
Lecture 6
Blending

Lighting & Materials
Notes on hw3

Blending

¥combine the color value of the fragment with that of 
pixel in frame buffer.

¥without blending - overwrite - ÒopaqueÓ

¥with (lower) alpha values - transparency, translucency
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Blending
Source & Destination

1. Specify how to compute source/destination factors

2. Combine using factors

Source
Rs,Gs,Bs,As

Destination
Rd,Gd,Bd,Ad

     Final
RsSR  
GsSG 
BsSB 
AsSA 

SR,SG,SB,SA DR,DG,DB,DA

+ RdDR,
+ GdDG,
+ BdDB,
+ AdDA E.T. 06

Blending
glEnable(GL_BLEND);

glBlendFunc(source_factor, destination_factor);

¥example factors: GL_ZERO, GL_ONE, GL_DST_COLOR, 
GL_SRC_COLOR, GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA

¥range [0,1]

glDisable(GL_BLEND);

glBlendFunc(GL_ONE, GL_ZERO);
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Blending
¥Back-to-Front, Front-to-Back Order Matters!

¥ if using z-buffer - if front object translucent 
overwrites z value of back opaque object -  no 
blending.

Solution

¥disable depth buffering and draw in order

¥make it read only when drawing translucent 
objects

glDepthMask(GL_FALSE)  : read only

glDepthMask(GL_TRUE)  : restore original
E.T. 06

Lighting

E.T. 06

Graphics vs. Physics

Color of an object

Intensity/Color of 
light ray

Intensity/Color of 
point light source

Reßection Spectrum:
Fraction of light of each frequency 

that gets reßected

Radiance Distribution

Intensity spectrum of a 
point light source
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Some physics...
¥Radiometry = measuring light

¥Photon : quantum of light with position, direction of 
propagation and a wavelength !  

¥speed c that depends on refractive index of medium

¥frequency f = c/!  : invariant to refractive index

¥energy q = hf = hc/!  , h ~1e-34 PlankÕs constant

E.T. 06
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Local lighting model

Describes interaction of the light with the surface.

Almost never trul y 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 ÒfrequenciesÓ: RGB, 

intensit y varies over a small range, typically  onl y 
255 discrete values/ color.

! 2005 Denis Zorin

Flow of light

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

Flow:

! " #$ #%! "#!

#%

"

! particle density

differential area

particle velocity
Flow: number of particles 

crossing a surface

(per volume)

E.T. 06
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Flux and Flux Density

Flux = particles/unit time; differential flux  through
a small area:

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

! ! ! " #"#$ !! $

! !
! $

! " #"#$ !
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Solid Angles

! !
$
%%

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

differential solid angle can be assigned 
a direction. Unit: steradian (fu ll sphere = 4" #

energy/unit time :   ! =
dQ
dt

, Q =

!

i

hc

! i

energy/(unit time unit area)

unit: watts

unit: watts/m2

E.T. 06

Reminder:
A regular angle 
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Flux and Flux Density

Flux = particles/unit time; differential flux through

a small area:

Flux density = particles/(unit time unit area)

! ! ! " #"#$! ! $

! !
! $

! " #"#$!
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Solid Angles

! !
$
%%

solid angle spanned by a cone

is measured by the area of 

intersection of the cone with a

sphere:

differential solid angle can be assigned 

a direction. Unit: steradian (full sphere = 4"#

Solid Angles

! =
l
R

circle has 2!  radians
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Radiance: Measure of Light

Radiance(Luminance): Number of photons(or Energy) 
arriving per time at a small area perpendicular to the 
ray from a particular direction 

Physical quantity equivalent to psychological concept  
of brightness as observed by us.

L (! ) =
d2"

cos#dAd!
=

watt
m2ster adians

E.T. 06
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Measuring light

For any point in space, we can consider directional
distribution of photons going through  a differential
area  at this point.

Radiance: energ y per unit time, per unit differential
area perpendicular to the ray, per unit solid angle
in the direction of the ray.
Measured in watts/meter2 /steradian

If                                is directional distribution of

photons of wavelength " #$going through the area              

!!! """ # !"

!!

#!! """#" #
$%
#
!!! """

! "

then radiance  is

energy  of a photon
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Constancy of Radiance 

radianc e is constan t along a ray:  consider the flo w of 
photons in a a th in pencil ; the numbe r of pho tons entering 
onthe right with the di rection inside        , exi t thro ugh the 
other  side ; equating the  expre ssions for entering  and exi ting
diff. flows we get

&"!

&! ! # # ! &"!&' ! # # " &""&' " # &! "

&' !&"! # &' "&""but so #! # # "
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Wavelength

In natural light all wavelength are present.

We cannot represent all of them.

Solution: use perception: light with arbitrary 
spectrum produces in a perceptual response 
equivalent to one produced b y a linear 
combination of 3 primar y wavelengths (red, 
green,blue).In In most cases, three numbers are 
ok.
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Local illumination model

Describes interaction of the light and the surface

! light can be reflected, absorbed and 
transmitted

! most important: reflection

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

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

Irradiance

¥Remember Radiance:

¥Irradiance :  Flux Density - Energy per Area

L(! ) =
d2"

cos#dAd!
=

watt
m2ster adiansL(! , " )

E (! , " ) = L(! , " ) cos" d! =
watt
m2
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ÒBRDFÓ
Bidirectional Reßectance Distribution Function

reßected radiance 
exiting a surface in 

direction r

  irradiance incident 
on the surface from 

direction i

( )

( )
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BRDF

irradiance: light flow per unit area of surface

flow of radiance ! "spanning solid angle        creates 
differential irradiance 

bidirectional  reflectance distribution function:

the ratio of reflected radiance in direction # to the 
differtial irradiance in the direction $

units: steradians-1

!%!! ! " #"!

%!!

!!"" "!!"

%&

' $!! (!" %&
%! " $!! (!" %
! ! ! "#"! %!!
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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:

the integral is over the upper hemisphere

!!"" "!!"

%&

f (ωi , ωr ) =
L r (ωr , θr )
Ei (ωi , θi )

unit : steradians-1
E.T. 06
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BRDF

irradiance : light flo w per unit area of surfa ce

flow of radiance ! "spanning solid angle        creates 
differential irradiance 

bidirectional  reflectance distribution function:

the ratio of reflected radiance in direction # to the 
differtial irradiance in the direction $

units: steradians-1

!%! ! ! " #" !

%! !

! !" " " !! "

%&

' $! ! ( ! " %&
%! " $! ! ( ! " %
! ! ! "#" ! %! !
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Reflection equation

! " !! " " #
!

#" !! $%! "" ! $!! $" $%&"$&! $

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

the integral is over the upper hemisphere

! !" " " !! "

%&
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SnellÕs law

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

SnellÕs 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                                         
where ! " and ! # are refraction
indices.

! ! !"# !! $ ! " ! "# !"

normal
!!

!"
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Refracted ray direction

V

T

N

! $ ! ! "%
!

! &"$#' !
"

( ! ! " &( ! &"$#' " '
#
#

! !

! $
! !

! "! "
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SnellÕs law

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

SnellÕs 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                                         
where !" and !# are refraction
indices.

!! ! "# ! ! $ !" ! "# ! "

normal! !

! "

! 2005 Denis Zorin

Refracted ray direction

V

T

N

! $ ! !"%
!
!&"$#' !

"
( ! !" &( ! &"$#' " '

#
#

!!

! $
!!

!"!"
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Illumination model

Two main components:

! light source charact eristics 
! position

! intens ity  for each freq . (color)
often, di ffer ent in tensi ty can be speci fied for  
different colors

! directional distribution

! surface properties
! reflec tance for each freq.  (colo r)

! differ ent reflectance can be speci fied for di ffuse  
and specular lig ht

! 2005 Denis Zorin

Reflection geometry

surface

N: norm al

L: direction to the
light sou rce

V: direction 
to the eye

R: reflected 
diection

R = 2(N,V)N - V
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Illumination model

Two main components:

! light source charact eristics 
! position

! intens ity  for each freq . (color)
often, di ffer ent in tensi ty can be speci fied for  
different colors

! directional distribution

! surface properties
! reflec tance for each freq.  (colo r)

! differ ent reflectance can be speci fied for di ffuse  
and specular lig ht
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Reflection geometry

surface

N: norm al

L: direction to the
light sou rce

V: direction 
to the eye

R: reflected 
diection

R = 2(N,V)N - V

And now graphics...

E.T. 06
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Local lighting model

Describes interaction of the light with the surface.

Almost never trul y 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 ÒfrequenciesÓ: RGB, 

intensit y varies over a small range, typically  onl y 
255 discrete values/ color.
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Flow of light

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

Flow:

! " #$ #%! "#!

#%

"

! particle density

differential area

particle velocity

Perception

Perceptual response to light with an arbitrary spectrum 

Perceptual response produced by a linear combination 
of 3 primary wavelengths. (R,G,B)

=

E.T. 06
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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

! 2005 Denis Zorin

Diffuse component

Diffuse surfaces are surfaces follo wing the 
LambertÕs law: the energy of the light reflected 
from a surface in a direction D is proportional to 
the cosine of the angle between the normal and 
D. As intensit y (radian ce) is proportional to the 
energ y times cross section of the ray, it does not 
depend on the view direction, but is proportional 
to the cosine of the angle between the normal 
and the directi on to the light.

small area A

A cos"
"

Ldiff = kdiff(L,N)

"  emissive: simulation of light 
originating from objects

¥LambertÕs Cosine Law : Color intensity is prop. to the 
cosine of the angle between surface normal and 
direction to light source

Diffuse (Lambertian) Component

n
l

 �

#

Ld <• cos # 
Ld <• (n " l)

Ld  = ld sd (n " l)
Ld  = ld sd max(0,(n " l))
(or = ld sd |n " l| )

Does not depend on view direction = scatters the same way in all directions

http://escience.anu.edu.au/lecture/cg/Illumination/lambertCosineLaw.en.html

E.T. 06
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A simple model

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

! diffuse relection: intensity 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 diffusely 
reflected from surfaces

! 2005 Denis Zorin

Diffuse component

Diffuse surfaces are surfaces following the 
Lambert’s law: the energy of the light reflected 
from a surface in a direction D is proportional to 
the cosine of the angle between the normal and 
D. As intensity (radiance) is proportional to the 
energy times cross section of the ray, it does not 
depend on the view direction, but is proportional 
to the cosine of the angle between the normal 
and the direction to the light.

small area A

A cos"
"

Ldiff = kdiff(L,N)

¥ Light comes from one 
direction

¥ Brighter if perpendicular to 
surface

¥ Once hits surface, scattered 
equally

Diffuse (Lambertian) Component

E.T. 06

Ambient Component

¥ Scattered light in the 
environment

¥ Seems to come from all 
directions

¥ When ambient light hits a 
surface, itÕs scattered in all 
directions

La  = la sa 

E.T. 06



Specular(Phong) Component 

n
l

 �

# #
r

e
!$

Highlights - part of surface where $=0 brightest 
highlight. ThereÕs also brightness when $  small.

r = 2(l " n)n-l

need a function s.t.  itÕs high 
when r=e and gradually falls 
off as r gets away from e.

lsss(e " r)

Ls = lsssmax(0, e " r)p

too large area, 
can be negative

E.T. 06

¥ Light comes from a particular 
direction

¥ Bounces off surface at a 
preferred direction

¥ Shininess

¥ Mirror - light from source 
reaches the eye only if r=e

Specular(Phong) Component 

10

! 2005 Denis Zorin

Specular component

Specular component approximates behavior of 
shin y surfaces. If a surface is an ideal mirror, the 
light from a source reaches the eye bouncing of 
a fixed point of the surface, only if the direction 
to the light coincides with the reflected direction 
to the ey e:

N

V L=R ideal mirro r 
sphere
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Specular reflection

For non-ideal reflectors, the reflection of the light is 
still the brightest when L=R but decays, rather 
than disappears, as the angle between L and R 
increases. One way to achi eve this effect is to 
use cosine of the angle to scale the reflected 
intensity:

N

V

R

"

Lspec=kspec (R,L)p

Phong exponent

E.T. 06
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Specular reflection

p = 0 p = 1 p = 2

p = 10 p = 25 p = 100

! 2005 Denis Zorin

Metal vs. plasitic

Natural look of metallic  surfaces is difficult to 
simulate, but the fir st 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 kspec=[c,c,c], where c is a constant, for more 
metallic lo ok set k spec= kdiff

plastic look metallic look
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Specular reflection

p = 0 p = 1 p = 2

p = 10 p = 25 p = 100

! 2005 Denis Zorin

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 kspec=[c,c,c], where c is a constant, for more 
metallic look set kspec= kdiff

plastic look metallic look



Emissive Component

¥simulates light originating from 
objects (ex: light bulb)

¥is not effected by any other 
light

¥does not add to light in the 
scene

E.T. 06

Le = se

Attenuation
¥In real life: Radiance goes down by 1/r2

¥Ex: Stars vs. Sun

¥Due to approximations inverse-square law 
results in very dark images

¥Solution : Let the user choose the 
attenuation factors (a,b,c)

1/(a + br + cr2)

Default -  (1,0,0) - no attenuation
E.T. 06

Complete Equation

Ld = ld sd max(0,(n " l))
La = la sa 
Ls = ls ss max(0, (e " r)) p

Total Radiance L =  A(La + % (Ld + Ls))

A = 1/(a + br + cr2)

E.T. 06

OpenGL 
Lighting Model

¥Ambient

¥Diffuse

¥Specular

¥Emissive

E.T. 06



OpenGL
Materials

¥Approximate color of material based on 
percentage of incoming light color it reßects

¥Ex. 

¥Red ball - in white light

¥Red ball - in red light

¥Red ball - in green light

E.T. 06

RGB Values
Lights vs. Materials

¥Materials (RM, GM, BM)

¥reßected percentage

¥Ex. (1,1,0) - reßects all red, all blue,  no green

¥Light (RL, GL, BL)

¥percentage of full intensity

¥Ex. (1,1,1) brightest white, (.5, .5, .5 ) gray

The color we see is given by: 
RL*RM + GL*GM + BL*BM

E.T. 06

OpenGL Steps

1. DeÞne normal vectors for each vertex of all objects

2. Create/Select/Position one or more light sources

3. Create/Select a Lighting Model

4. DeÞne material properties for the objects in the 
scene

E.T. 06

Normals

¥Orientation relative to light sources ( = how 
much light will it get)

¥all normals must be of unit length

¥ glEnable(GL_NORMALIZE)

¥ glEnable(GL_RESCALE_NORMAL)

(Normal must have been scaled uniformly 
and must have been unit initially.)

E.T. 06



Vertex vs. Face Normals

Smooth (Gouraud) vs. Flat Shading

ThereÕs also Phong Shading
E.T. 06

OpenGL Steps

1. DeÞne normal vectors for each vertex of all objects

2. Create/Select/Position one or more light sources

3. Create/Select a Lighting Model

4. DeÞne material properties for the objects in the 
scene

E.T. 06

glLight(light, pname, param)

GL_LIGHT0,
GL_LIGHT1,

...
GL_LIGHT8

Note: Default values
for lights 1-8

 �  Color: GL_AMBIENT, 
GL_DIFFUSE, GL_SPECULAR
 �  Position: GL_POSITION
(Directional/Positional Light)
 �  Spotlight Parameters 
(direction, angle)
 �  Attenuation Parameters
(constant, linear, quaratic)
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OpenGL Steps

1. DeÞne normal vectors for each vertex of all objects

2. Create/Select/Position one or more light sources

3. Create/Select a Lighting Model

4. DeÞne material properties for the objects in the 
scene

E.T. 06



Lighting Model

¥Global Ambient Light Intensity(.2,.2,.2,1.)

GL_LIGHT_MODEL_AMBIENT

¥Viewpoint - local to scene or at inÞnity(*)

GL_LIGHT_MODEL_LOCAL_VIEWER

¥Lighting - front(*) 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)

glLightModel(pname, param)
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Enabling Lighting

¥glEnable(GL_LIGHTING);

After parameter speciÞcations for light:

¥glEnable(GL_LIGHT0);

E.T. 06

OpenGL Steps

1. DeÞne normal vectors for each vertex of all objects

2. Create/Select/Position one or more light sources

3. Create/Select a Lighting Model

4. DeÞne material properties for the objects in the 
scene
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Material Properties
glMaterial(face, pname, param)

GL_FRONT
GL_BACK

GL_FRONT_AND_BACK

GL_AMBIENT
GL_DIFFUSE
GL_SPECULAR
GL_SHININESS
GL_EMISSION

call before glBegin()..glEnd() sequence - just like glColor

glEnable(GL_COLOR_MATERIAL);
glMaterial(face, pname)
glColor(.1,.1,.1,.1)

A Possibly Faster Method :

E.T. 06



Final Color 
Computation

Vertex Color = 

material emission at vertex 

+ global ambient light * material ambient property

+ attenuated combination of ambient, diffuse and 
specular contributions from each light source

E.T. 06

Final Color 
Computation

Vertex Color = 

material emission at vertex 

+ global ambient light * material ambient property

+ attenuated combination of ambient, diffuse and 
specular contributions from each light source

glMaterial : GL_EMISSION

GL_LIGHT_MODEL_AMBIENT glMaterial : GL_AMBIENT

GL_CONSTANT/LINEAR/
QUADRATIC_ATTENUATION

glLight: GL_AMBIENT,  GL_DIFFUSE, 
GL_SPECULAR

E.T. 06

Hw3 help

E.T. 06

light positioning tips

¥compute difference in x and y in screen coords.

¥computing motion in world coordinates 

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

¥up/down direction: vector t = view x s

¥in/out direction     : view vector
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