Achromatic Light
~ g

Attributes:
Luminance: Physical intensity
Brightness: Perceived intensity

Intensity Display:

O b: # bits to encode 2° levels of intensity.

[J How should levels be distributed?
Black: 0 White: 1

[J Linear scale: Uniformly distributed
Iy =k/2 0<k<2®

Intensity Perception:

[J Eyes perceive ratio of intensities.

[J Intensity 0.11 is to 0.1, perceptually the same
as 0.55 is to 0.5.
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— Typical values
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Logarithmic Displa
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Ideally: Each level should increase the intensity by
a constant factor.
n=2"—1, I,: minimum intensity, I, = 1.

I1 = TIO, 12 = 7'11 = 7'210, 13 = TI2 = 7'310.

1 1/n
I,=rm"Ij=10=>7r= (—)
Io

I =17m

Example: Iy =1/128,b=3,n
1 11

O Dynamic range: 1/I.
0O # Intensities: n = log,.(1/Ip).
[J Typical value of r: 1.01.
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amma orrectio al to e Appro imatio
a N\ a )

[J  ore intensity levels than allowed by the de
vice.

[J : Input voltage.

[J Integration of intensity over small areas.

[ : # electrons in the beam.
[J  small area is printed with black disks.
I=k =k 1.8< <25. [J Black area is proportional to 1 — I.
Y [0 ewspaper: 60 80 halftones per inch.
= (Z) . aga ine: 110 200 halftones per inch.

How do we determine the voltage for a perceived Example: 2 2 pi el area of bilevel display

. . rw. r v N AR
intensity? \ h 4 4 h 4L 4
r .rw r v 3
h h
1

h i\
[ Compute the I; closest to I. 0
_ o _ gl=i/n
= ound(log, —) =1, n  npi el matri generates n? 1 levels.
0 ;= ound((3)V ). 6 8 4
3 3 pi el matri values: 1 0 3
5 2 7

~ wpe N et
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al to e Appro imatio hromatic Light
s PP ) a € )

Color depends on:

O
aterial properties.
Spectral distribution of incident light.
edium in which light travels.
g

Background surrounding color.

daption of visual system.

~ wEe— N e~
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olor peci catio olorimetry
a ) a )

ue: istinguishes among colors. minant a e ength: Hue.

E ample: red, green, blue, purple. Wavelength of the color we see.
aturati n: istance from e ual intensity gray. citati n urit : Saturation.
E ample: red vs pink, royal blue vs sky blue. atio of pure light of the dominant wavelength

Lightness: Perceived intensity of re ected light. and the white light present in the color.

Luminance: Lightness, brightness.

Brightness: Perceived intensity of self luminous mount of light energy.

light.
g . \
2 .
Artist s ie : é Dominant
. . . - Wavelength
int: Saturation decreases with =)
white pigments. E
ha e: Lightness decreases E
with black pigments. =
400 700
Violet Red

ne: Combination of above.
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— olore Light uma isual ystem

etina has four main layers:
[0 Epithelium
[0 ods and cones

Colored light is distribution of energy over wave [J Bipolar cells
length (400 700 nm) [0 anglion cells
2
g [0 any morerods ( 120 ) than cones( 6 ).
3 [J  ods are more sensitive.
;5\ [J  ods are responsible for achromatic light.
T | [ Cones detect colors.
Voo Wavelength, nm o0 [J Cones are concentrated near ea: 147
cones mm.
Color can be speci ed by
[J dominant wavelength, ric romatic eory:
[J e citation purity, [J irst proposed by Thoms oung, 1801.
[J luminance. [J e ned by Herman von Helmhot , 1861.
[J Three types of cones: blue, green, red.
any spectral distributions produce the same 0 E plains color blindness.
color. Protanope (red blindness)

euteranope (green blindness)
Tritanope (blue blindness) very rare.

N . \. ‘ewg

Slide 11 Slide 12

CPS124, 296: CoMPUTER GRAPHICS COLOR MODELS Page 6



Trichromatic Theor
~ y

Bk kBN
5 5 5 & 8

Spectral esponse of

i
S

<)
&8

three types of cones.

Fraction of light absorbed
by each type of cone

o o
R 8

o
S

0 A
400 440 480 520 560 600 640 680
Wavelength (nm)

1
z
. . 3
Luminous e ciency. 2
c
Con ecture: Sum of f
>
the response of three §
[}
cones. o
0 I
400 Wavelength (nm) 700
Violet Red

on ecture: Colors can be speci ed by the posi
tive weighted sum of red, blue, and green
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Trichromatic Theor
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[0 : Same as luminance e ciency curve.

[J Each color isspeci ed as a positive weighted
sum of ,

O  ( ): Spectral distribution of .
=k () , =k () s

=k ()
O ( , , )specify a color called space.

Cone speci es all vis

ible colors.

Clipped at the plane
=1.
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Trichromatic Theor
~ y

Value

400 500 600 700
Wavelength, A = (nm)

, , B values needed to match the color lumi
nance for each dominant wavelength.

Some values are negative

Commission Internationale de 1Eclairage (CIE),
1931
e ned three primary colors: , ,

\ e -/
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[J depends on dominant wavelength  saturation.
[J Independent of luminance.

Chromaticity is encoded in the cross section of the
cone with the plane =1.

[J Interior and bound
ary contain all visible
chromaticities.

[J Spectral pure colors
lie along the bound
ary.

1 Lo L ,x
01 02 03 04 05 06 0.7 08

White light: Center dot ,near = = =1/3

\ e -
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~ Diagram
y
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0.1 0.2 03 04 05 06 0.7

olor addin :

[J Combination of two colors 1, 5 lies on the
segment 1 2.
is mi of white and

a of is
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olor amut
f

0 i ture of I, ,
produces colors in

I L L
0.1 02 03 04 05 06 0.7

S ort persistence on persistence
B B
0.61 0.29 0.15 0.62 0.21 0.15

y 035 059 0.063 0.33 0.685 0.063

[J Smaller gamut = fewer colors.

[J Can compare gamuts.

\ g~
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— Diagram ~N
omplementary colors:

0 i ing complementary colors 1, 3 produces
white
is the midpoint of the segment 1 3.

| and are complementary colors.
on spectral colors:

[J Cannot be de ned by a dominant wavelength

(e.g. ).

[J e ne dominant wavelength as:
ominant wavelength of its complementary
color.

[0 E citation purity remains the same.
E citation purity of : /

\ e -/
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[0  dditive color model.

[J Uses Cartesian coordinate system.
[J  rigin is black.

[0 rays: principal diagonal.

Blue = (0,0, 1) Cyan=(0,1,1)
1
|
Magenta = (1, 0, 1)
|
| White = (1, 1, 1)
|
L
)<~ ———+1---)Green=(0,1,0)
Black=(0,0,0F
Red = (1,0, 0) Yellow = (1, 1, 0)
Linear relationship between and col
ors.
L b
= 7‘ b
L b
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[J Subtractive primitives.

[J Cartesian coordinate system.

[J Start with white color is speci ed by what is
removed.

Example: color printer.

[J Cyan ink absorbs red light.

[J  agenta ink absorbs green light.
[0 ellow ink absorbs blue light.

= Black
odel: Use black ink ( : Carbon)

=min( , , ).
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[J Human eyes are more sensitive to luminance
than to chromaticity.

[J  ssigns more bandwidth to

4 H to
1.5 H tol
06 H to

[J Use values to disambiguate colors when con
verting to black and white T .

[J Db ects lying in a narrow eld of view:
Color is not so important.
Use only one color(I).
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o el
e N
0 Used for T broadcasting.
[ Compatibility with black and white T .
[0 : Primary color luminance e ciency.
[J  component is used by black and white T .

[J Chromaticity is encoded by I and

0.299  0.587 0.114
I = 059% —-0275 —-0.321
0.212 -0.523  0.311

B
0.67 0.21 0.14
y 033 0.71 0.09

White: =0.31, =0.316, and = 100.00

\ e -/
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[0 Top of he cone:
i =1 bright colors.

[0 : ngle around the
vertical a is:
=0, = 120,
=240 .

S

[J Complementary colors are 180 apart.

| 0,1 : ractional distance from the vertical
a is.

0 pe: Black ( = 0), whitee =10, =1,
gray <1, =0.

Green Yellow Blue Cyan

|
AmTTT Y
Magenta ‘,/1‘,,,‘/:
Cyan Red o Il
1, I
b _
/

Blue Magenta Red Yellow
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