Blending

Souce & Destination
1.Specify ho to compute souce/destination factors

2.Combine using factors

Lecture 6
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_ Blending
Blending

glEnable(GL_BLEND);

glBlendFunc(source_factor, destination_factor);

¥ combine the color value of the fragment with that ¢ ¥ example factorssL_zERO, GL_ONE, GL_DST_COLOR
pixel in frame buér. GL_SRC_COLOR, GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPH,

¥ without blending - eerwrite - OopaqueO ¥ range [0,1]
¥with (lower) alpha values - transgarcytransiucency

glDisable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ZERO);
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Blending Graphics vsPhysics

¥ Back-to-Font, Front-to-Back Oder Matters! Rel3ection Spectrum:

Color of an object  Fraction of light of each équency

¥if using z-budfr - if front object translucent that gets eRected

overwrites z value of back opaque object - n

blending. Intensity/Color of _ o
Solution light ray Radiance Distribution
¥disab|e depth buwgfing and drev in order
¥ male it read ony when draving translucent Intensity/Color of Intensity spectrum of a
objects point light souce point light souce

glDepthMask(GL_FALSE) :read ony

glDepthMask(GL_TRUE) :restore original
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Some pgsics...

¥ Radiomety = measuring light

- - ¥ Photon :quantum of light with positiordirection of
ng htl ng propagation and a walength!

¥ speed c that depends orifractive index of medium
¥frequency f = d/ :invariant to refractive index
¥energ/ q = hf = he! ,h ~1e-34 Planisizonstant
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Flow of light

Assumptions:
light consists out of particles (ignore wave nature)
propagates along straight rays (isotropic medium)

dA
/ °
\

Flow: vdt

| HSHY! "

I particle density (per volume)
#% differential area

particle velocity .
crossing a surface
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Flux and Flux Density

Flux = particles/unit time; differential flux through
a small area:
' =" #cosf'$
- dQ ,_" hec
energ/unittime : | ! = - @@= 7| unitwatts
|

Flux densit y = partic les/(unit time unit area)

11
—_ =" #cosb

S

energy/(unit time unit aea) unit: watts/n?
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Flow: number of paticles

SolidAngles

Reminder |
A regular angld = 2

solid angle spanned by a cone
is measured by the area of
intersection of the cone with a

sphere:
$

I I
L o

circle has 2 radians

differential solid angle can be assigned
a direction. Unit: steradian (full sphere = 4r)
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Radiancdvleasue of Light

Radiance(Luminanc®&umber of photons(or Energ)
arriving per time at a small aa perpendicular to the
ray from a paticular direction

() = > wait
e "~ mZ2steradians

cos#dAd!

Plysical quantity equivalent tolpsggcal concept
of biightness as obsged ly us

E.TO6



Constancy of Radiance

radianc e is constan t along a ray: consider the flow of
photons in a athin pencil ; the numbe r of photons entering
onthe right with the direction inside &uwjexit through the
other side; equating the expressions for entering and exiting
diff. flows we get

& 1 =#; &n& | =#5 &ur& =&
but & 18w; =& 28wy so #1:#2
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Local illumination model

Describes interaction of the light and the surface

1 light can be reflected, absorbed and
transmitted

! most important: |reflection

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

I reflection equation relates the outgoing
radiance in some direction to the incoming
radiance
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Irradiance

¥ Remember Radiance:

Lo ny= " watt
(1.")= os#dAdl ~ m2steradians

¥Irradiance :Flux Density - EnergperArea
EC,")=L(,")cos"d = —
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OBRDFO

Bidirectional RelRectance Distribution Functi

ref3ected radiance
exiting a surface in (O

directionr

irradiancencident

( on the surface fsm )
directioni

L, (Wr , 9r)

Ei(wi,6)

unit :steradians

f(wi,wr) =
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Reflection equation Refracted ray direction

the outgoing radiance in direction r is the sum

of the radiances due to radianc e from all incoming
directions: v N
! n
Ll # o #01 0b" 1l SRR g g L
the integral is over the upper hemisphere T

! : #
T$! nV% néV,N'! (I n'§! VN ' N
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SnellOslaw Reflection geometry

If a surface separates two media with different
refraction indices (e.g. air and water) the light
rays change direction when they go through. Ava N:norm a;{, oflected

L diection {f’

L: direction to the
light source

Snell@ law: the refracted ray is stays in the plane v: direction
spanned by the normal and the direction of the to the eye
original ray. The angles between the normal and surface

the rays are related by !, I'#6, $ ! I"#6-

where ! . and !, are refraction R = 2(N.V)N - V
indices. g, | normal

—

n
9 © 2005 Denis Zorin
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llumination model

Two main components:
I light source charact eristics

! position

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

I directional distribution

! surface properties
1 reflectance for each freq. (color)

1 differ ent reflectance can be specified for diffuse
and specular lig ht

I 2005 Denis Zorin

And now graphics...
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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 arbitrgrspectrurr

Perceptual esponse poduced ly a linear combinatior
of 3 primaty waelengths(R,G,B)
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A simple model

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

m diffuse relection: intensit y does not depend
on the direction to the viewer

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

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

[ 1] . . . . -
emissie:sinulation of light
originating fom objects
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Diffuse(Lambetian) Component

¥ Lambet® Cosine La : Color intensity is pop.to the
cosine of the angle bewen surface normal and
direction to light souce

http://esciencearu.edu.au/lectw/cg/lllumination/lambé&CosineLav.en.html

Lg <ecOs#
La <s(n")
n
| Lo =lase(n 1)
& La = lg e max(0,(n" 1)

(or=lgs|n™l])
Does not depend on vig direction = scatters the same wan all diections
E.TO6

Diffuse(Lambetian) Component

¥ Light comes fom one
direction

¥ Brighter if perpendicular to
surface

¥ Once hits surfacgscatteed
E.TO6 equau’

Ambient Component

La = lasa

¥ Scatteed light in the
ernvironment

¥ Seems to come ém all
directions

¥ When ambient light hits a
surfaceit® scatteed in all
directions
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¥ Light comes fom a paticular
¥ Bounces off surface at a

¥ Shininess

¥ Mirror - light from source
reaches the ye onl if r=e
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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 getswaay from e,

n
I r
o .. too large aea,
e 1<5(€"1) ¢can be negativ
Ls = lssmax(0ge "r)P
r=2("n)n-l

Specular(Phong) Component

direction

preferred direction

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 k. ..=[c,c,c], where c is a constant, for more

metallic look set Kspec= Kaitr

plastic look metallic look
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Emissig Component Complete Equation

¥sirmlates light originatingdm
objects (exlight bulb)

¥is not efected ty ary other

La = la sa max(0(n " 1))
La=lasa
Ls = Isssmax(0(e"r)) P

light A =1/(a+br+cp)
¥ does not ad to light in the
scene .
Total Radiance L -A(La + %(L4 + Ls))
le =S
Attenuation OpenGL
¥ In real lie:Radiance@es dovn by 1/r2 nghtlng Model
¥ Ex:Stars vsSun
¥ Ambient
¥ Due to goproximations iverse-squag lav .
results in ery dark images ¥ Diffuse

¥ Solution 1 et the user choose the ¥ Specular

attenuation factors (a,fz) ¥ Emissie

1/(a + br + cP)

Default - (1,0,0) - no attamation
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OpenGL
Materials

¥Approximate color of material based on
percentage of incoming light color ieRects

¥YEx.

¥ Red ball - in white light
¥ Red ball - ined light
¥ Red ball - in ggen light

RGBValues
Lights vsMaterials

¥ Materials (iR, Gu, Bw)

¥ reRected perentage

¥Ex.(1,1,0) - el3ects all ed,all blue no green
¥ Light (R, G, B

¥ percentage of full intensity

¥ Ex.(1,1,1) brightest whitg(.5,.5,.5 ) gra

The color we see is gen by:
R*Ru + G.*Gwm + BL*Bum

E.TO6
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OpenGL Steps

1.Debne normal ectors br each ertex of all objects
2.Create/Select/#sition one or moe light souces
3.Create/Select a Lighting Model

4.Debne material mperties or the objects in the
scene

Normals

¥ Orientation relatiwe to light souces ( = hav
much light will it get)

¥ all normals rast be of unit length

¥ glEnable(GL_NORMALIZE)
¥ glEnable(GL_RESCALE_NORMAL)

(Normal must hare been scaled uifmly
and nust hare been unit initiayl)
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Vertex vs.Face Normal

Smooth (Gouraud) vé$:lat Shading

There®also Phong Shading

OpenGL Steps

1.Debne normal ectors r each ertex of all objects
2.Create/Select/#sition one or moe light souces
3.Create/Select a Lighting Model

4.Debne material mperties or the objects in the
scene

glLight(lightpnameparam)

Color:GL_AMBIENT

GL_LIGHTO,
GL_LIGHT1, GL_DIFFUSESL_SPECULAR
Position:GL_POSITION

GL_LIGHTS

(Directional/®sitional Light)
Spotlight Parameters

(direction,angle)
Attenuation Parameters

(constantjinearquaratic)

Note: Default values
for lights 1-8
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OpenGL Steps

1.Debne normal ectors r each ertex of all objects
2.Create/Select/#sition one or moe light souces
3.Create/Select a Lighting Model

4.Debne material mperties or the objects in the
scene

E.TO6



Lighting Model

glLightModel(pname, param)
¥ GlobalAmbient Light Intensity(.2,.2,.2,1.)
GL_LIGHT_MODEL_AMBIENT

¥ViaNpoint - local to scene or at inbnity(*)
GL_LIGHT_MODEL_LOCAL_VIEWER

¥Lighting - font(*) and back faces of objects
GL_LIGHT_MODEL_TWO_SIDE

¥Specular separate or not(*)

GL_LIGHT_MODEL_COLOR_CONTROL (param =
GL_SEPARATE_SPECULAR_COLOR for correct texturing)

Enabling Lighting

¥ glEnable(GL_LIGHTING);

After parameter specibcationagrflight:
¥ glEnable(GL_LIGHTO);
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OpenGL Steps

1.Debne normal ectors r each ertex of all objects
2.Create/Select/#sition one or moe light souces
3.Create/Select a Lighting Model

4.Debne material mperties Pr the objects in the
scene
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Material Poperties

glMaterial(face, pname, param)

GL_FRONT  GL_AMBIENT
GL_BACK  GL_DIFFUSE
GL_FRONT_AND_BACK  GL_SPECULAR
GL_SHININESS
GL_EMISSION

call bebre glBegin()..glEnd() sequence - just §ikColor

A Possiby Faster Method :
glEnable(GL_COLOR_MATERIAL);
glMaterial(face, pname)
glColor(.1,.1,.1,.1)
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Final Color
Computation

\ertex Color =

material emission atevtex
+ global ambient light * material ambienbperty

+ attenuated combination of ambiertiffuse and
specular contributions &ém each light soure
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Final Color
Computation

\ertex Color =

material emission atartex glMaterial GL_EMISSION

GL_LIGHT _MODEL_AMBIENT  gIMaterial GL_AMBIENT

+ global ambient light * material ambienbperty

GL_CONSTRNT/LINEAR/
QUADRATIC_ATTENUATION . .
+ attenuated combination of ambiertiffuse and

specular contributions &ém each light soure
glLightGL_AMBIENT GL_DIFFUSE,

GL_SPECULAR
E.TO6

Hw3 help
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light positioning tips

¥ompute difference in x and y in screen coords.
¥omputing motion in world coordinates

¥ight/left direction : vector s = up x view

¥ip/down direction: vector t = view x s
¥n/out direction  : view vector
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