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Lecture?/: Color and Its use



Color

AMost powerful element in map symbolization

Alnvokes unconscious, perceptual and cognitive responses
ABoth input (eye) and output (video) concern in cartography
AColor rendering methods use additive and subtractive color

AColor models

A Hardware
A RGB
A CMYK
A Useroriented
A HSV
A Munsell
A HVC




AlIFAbout
MAPS

AR |




Color context




Context and illumination

Trial 1

Booth A Booth B d

Trial 2

Booth B

Allred, Sarah R., and Malkkoner® & ¢ KS 9FFSOG 2F . I
LEfdzYAYylIGA2Yy 2y [ 2f 2N LR&geismTAOF GA

Psychology (2013): 821PMC Web. 25 Apr. 2018
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Ac =299 792 458 m/ s
Ac=670 444 951 miles pérour

AEye carprocesaup to
AMoviesrun at24 FPS
ATVruns at30 FPS = 33 milliseconds/frame
AUsing 50 FPS, light can travel 5,995,849m between frames

AEffect on light is motion blur at high velocities




Wave theory oEMR: Polarization

E| electricfield
90 degrees
90 degree§ ™, direction of travel of the em wave

90 degrees
H

magnetic field

Dual Orthogonal /7|1
Fluctuating fields /, i ! |
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Particle Theory dEMR Photons
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EMR has a wavelength

AWavelengthl() =c /v
AFrequency (f) = 1/
AAmplitude (A)

Yawvelength
| |

s

Amplitude




Intensity ofEMR = Brightness

AEnergy content = E = f(# photons)
AE =hc/ |
ttyOd1Qa O2yadlyd 6KO
A6.626 x 10234 Joules/second
ABasic energy equation
AE.g. UV and visible light on skin
AUV shorter




Electromagnetic spectrum

\Hf.ﬁﬂfﬂ/

Microwaves Infrare d Uitraviolet K-ray Gamma Ray
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Light interactions

AShadowing (depth) ,
AReflection Direct Flash Bouneed Adsh

ARefraction
AScattering
AAbsorption
AReemission

Red
Orange
Yellow
Green
Blue
Indigo
Violet

White Light




Spectrum and Absorption
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Light: Electrical and magnetic dimensions
(Polarization)

The Polarized Lens Advantage

E
I

B~

Unfiltered (standard lens) Filtered (polarized lens)
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Rods and cones
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Fig. 2. The mean absorbance aspectra of outer segments of the four classes of human
photoreceptors. Curves labelled as follows: ‘498', mean of eleven rods; ‘420°, mean of
three blue-sensitive cones; ‘534°, mean of eleven green-sensitive cones; ‘564", mean of
nineteen red-sensitive cones.



Theories of color perception

ATrichromatic theory
ARGB cones

A Opponentprocess theory
ALightdark and two color scales, regteen and blugyellow

ABoth theories have value
ANerves fire at a constant rate
AAbove standard is excitation, below is inhibition



Simultaneous contrast




Almond illusion
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Rendering color

ADepends on medium, but one major contrast

ASubtractive color

A Assumes background color is white, uses filtering pigments to add to surface to
create color

A Add little color, unsaturated and light
A Add full color, saturated and darker
A Nonprimary colors are blends of MCY

AAdditive color

A Assumes background is black

A Adds illumination to achieve color

A More color more saturated, more light brighter
A Non-primary colors are blends of RGB



Additive Colors Subtractive Colors
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Offset color lithographic printing




Raster graphics

Copyright © 2009 Pearson Prentice Hall, Inc.



Raster imaging technologies

Delta In-line

Electron
guns

Electron

guns Blue
\ Phosphors \ Green

on glass
faceplate Q Red

Phosphors
on glass
faceplate
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Display details

Aliased
APixelization
AAliasing and anialiasing _ E—

ADithering Anti-Aliased
AFrame buffers and the refresh rate

AMovement periodicity
https://www.youtube.com/watch?v=smDpCsVVgPA



https://www.youtube.com/watch?v=smDpCsVVgPA

Liquid Crystal Display

__ Fluorescent
Lamp

| Liquid Crystal
Material

| TFT Layer (Thin
Film Transistors)

TFTs for red,
green, and

Polarized

Glass
Pixel composed of Intensity of light is altered as
red, green, and TFTs apply electrical current
blue subpixels to liquid crystals
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Light Emitting Diodes

A LEDpanels: conventional (using discrete LEDs) and surfamented device
(SMD)panels

A Acluster of red, green, and blue diodes is driven together to form acéudir
pixel, usually square

A Pixelsare spaced evenly apart and are measured from center to center for
absolute pixeftesolution

A LargestLED display in the world is over 500 meters limn§uzhouChina

A LargestLED television in the world is the Center Hung Video Display at
Cowboys Stadium, which49m x 22m

ALED TVs usir@MVDpixels ofred, green, and blue diodes mounted in a single
package, which is then mounted on the driverlde@rd

A Individualdiodes are smaller than a pinhead and are set very dlugpether

A Reduces maximumiewing distancdy 25% from the discrete diode screan
the sameresolution




Color models: Cube

A

Blue Cyan
(0,0,255) (0,255,255)
White
(255,0,255)

Magenta ; & (255,255,255)

Black | @ ----------{-mo - Green
(0,0,0) (0,255,0)

Red Yellow
(255,0,0) (255,265.0)
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Color production and reproduction

ARequires measurement
ABased on standards
ANames are subjective
AAppliesto foveal zone only
ARequires color MODEL

tiffanyblue robinegg

teal blue cerulean azure french blue

persian y .
cobalt blue Sapphire royalblue navyblue midnight




Color models: Wheel (Hue and Saturation)

Blue Cyan

Magenta Green

Red Yellow

Copyright © 2009 Pearson Prentice Hall, Inc.



CMYK: Subtractive primaries

Cyan, magenta, yellow, black

MAGENTA

FINAL CMYK

YELLOW

DETAIL VIEW

CMYK Color Code according to the Commission for the Geological Map of the World (CGMW),
Paris, France

(015/5/0)

Upper (0/5/15/0)

*lonian’ (0/5/20/0)

(0/5/30/0)

L
2l
o
el

Calabrian (0/5/25/0)

Gelasian (0/5/35/0)

Pliocene
(0/0/40/0)

Piacenzian (0/0/25/0)

Zanclean (0/0/30/0)

Miocene
(0/0/100/0)

Neogene (0/10/90/0)

Messinian (0/0/55/0)

Tortonian (0/0/60/0)

Serravallian (0/0/65/0)

Langhian (0/0/70/0)

Burdigalian (0/0/75/0)

Aquitanian (0/0/80/0)

Ol
(0/35/4510)

Chattian (0/10/30/0)

Rupelian (0/15/35/0)

Cenozoic (5/0/90/0)

Eocene
(0/30/50/0)

Priabonian (0/20/30/0)

Bartonian (0/25/35/0)

Lutetian (0/30/40/0)

Ypresian (0/35/45/0)

Paleocene
(0/35/55/0)

Paleogene (0/40/60/0)

Phanerozoic (40/0/5/0)

Thanetian (0/25/50/0)

Selandian (0/25/55/0)

Danian (0/30/55/0)

S| ezt

Maastrichtian (5/0/45/0)

Campanian (10/0/50/0)

Santonian (15/0/55/0)

Coniacian (20/0/60/0)

Turonian (25/0/65/0)

‘Cenomanian (30/0/70/0)

Albian (20/0/40/0)

Aptian (25/0/45/0)

Barremian 30/0/50/0)

Hauterivian (35/0/55/0)

Valanginian (40/0/60/0)

Phanerozoic (40/0/5/0)

Paleo zoic (40/10/40/0)

Uj
(30/0100)

Tithonian (15/0/0/0)

Kimmeridgian (20/0/0/0)

Oxfordian (25/0/0/0)

(50/0/5/0)

Callovian (25/0/5/0)

Bathonian (30/0/5/0)

Bajocian (35/0/5/0)

Aalenian (40/0/5/0)
Toarcian (40/5/0/0)

nurian (60/5/0/0
gian (70/5/0/0

Rhaetian (10/25/0/0)

Norian (15/30/0/0)

dua 0/0/0

Changhsingtan (0/25/20/0)

Wuchiapingian (0/30125/0)

Capitanian (0/40/35/0)

Wordian (0/45/40/0)

Gzhelian (20/10/15/0)

|Kasimovian (25/10/15/0)

Moscovian (30/10/20/0)

Bashkirian (40/10/20/0)

‘Serpukhovian (25/15/55/0)
Visean (35/15/55/0)

oo Ediacaran (0/15/55/0)
proterozoic | Cryogenian (0/20/60/0)
(OR0T000) ™ ian (0r2576810)
Stenian (0/15/35/0)
proterozoic | Ectasian (0/20/40/0)
st Calymmian (0/25/45/0)

Hadean (30/100/0/0)

The CMYK color code is an additive
model with percentages of Cyan,
Magenta, Yellow and Black. For
the CMYK color for Devonian

(20/40/75/0) is a mixture of 20% Cyan,
40% Magenta, 75% Yellow and 0%
Black. The CMYK values are the primary
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D Paibian (20/0/30/0)
7| (Saaaioy |_Drumian 25/5/3510)
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L | Fortunian (40/15/50/0)

Color composition by J.M. Pellé (BRGM, France)

system for g g the
official colors for these geological units.

Dec. 2011




HSV color model: Perceptual, but not all equal value

1¥F Saturation

Hue: Wavelength
Saturation: Amount of pigment
Value: Intensity or brightness



Saturation

Hue

Hue

Saturation

Saturation




Intensity

Hue

1¥ Saturation
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Munsellcolor model




Munselllayers




CIE color model

ACommissionnternationaledet Q9 Of I A NJ 3 S
AObijective way to specify color

ABased on three numbengxy

ATwo dimensional space for range of hue and saturation
ACentral whitepoint (or equal energy)

AUses RGB theory, color combinations and human subjects for color
repetition

AAttempt to rectify perceptual difference in luminescence as a function
of hue



CIE color spaces
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Greenness Values Vegetation Difference Values ] [ [ | B .

| [N —— e Difterence in Blomass A o Umeorne  lneressed

D«
Low Biomass High Biomass Watear Gresenness Change Greenness

Vegetation Difference Values [] [ E3 BE Vegetation Difference Values [l [ [E==] = .
Difference in Biomass Amounts Decreased Little or no Increased Difference in Biomass Amounts Decreased Little or no Increased
Greenness Change Greenness Greenness Change Greenness
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CIE stimulus adjustment

Tri-stimulus Values
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