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Visualization
• Human brain has trouble making sense of large amounts of 

data produced by computational modeling and experimentation

• As more computational methods are applied, more and more 
information is being created 

• Scientific visualization is one way of making important 
information explicit and simple to process

• http://svs.gsfc.nasa.gov/



What is color?
• Reflected light = color of object

• Color is the set of wavelengths of 
light reflected from an object

• A light source can be a light bulb, 
the sun, etc or another object 



• Visual light is a tiny part

• How can we visualize these 
quantities in a perceptually 
useful way?

Electromagnetic Spectrum

From C.A. Simpkins, Design, Manuscript















Human perception of color
• Color constancy - our visual perception is constantly adjusting to 

compensate for changing surroundings

• Human color perception is context dependent 

• Ever try to perceive the difference between two colors of clothing 

in low light? 

• Movie example - Abyss Yellow/green light source, “Cut the blue wire with 

the white stripe, NOT the black wire with the yellow strip”


• Side note- how to fix this as the designer of the device? 

• Use one wire with dashes instead of a stripe - “Cut the wire with 

the dashes.” Person cutting: “Easy. It’s done!”  



Rods and Cones - Color vs. Intensity

Rods - sensitive to intensity (black 
and white sensitivity in low light 
conditions) 

Cones - three types, S, M and L 
corresponding to short, medium and 
long wavelength light sensitivities 



Perceptual example - afterimages



Perceptual example - afterimages



CIE Color Chromaticity Chart



Color Spaces

•Now that we have a sense of how we perceive light and color, 
we can define several MODELS of color

•Each color is assigned a coordinate which has three components 
relative to some color space model (i.e. RGB) 

•Some of these color spaces are additive, some are subtractive 



Additive vs. Subtractive Color



Additive vs. Subtractive Color
• RGB

• red-green-blue 
• Additive scheme  
• CMY

• Cyan-magenta-yellow 
• Subtractive scheme 
• Black (CMYK) is typically added to inkjet printers 

• Difficult to make exact black by mixing CMY, requires precision

• Typically one uses black the most so it makes sense to have a separate ink cartridge for black 


• HSV 

• Hue-saturation-value  
• Many feel this is a more natural way to describe color for humans  















Luminance Equation

• Perceived intensity due to a 
color 

• Different contributions of 

red/green/blue components 

• Empirically determined 

<latexit sha1_base64="Nzwn55zNxL5hefO9AuWGQacMmDo=">AAACDHicbVDLSgMxFM3UV62vqks3wSJIhWHG+lwIpS50WcU+pC0lk962oZnMkGSEMvQD3Pgrblwo4tYPcOffmD4W2nogcHLOuST3eCFnSjvOt5WYm19YXEoup1ZW19Y30ptbZRVEkkKJBjyQVY8o4ExASTPNoRpKIL7HoeL1Lod+5QGkYoG40/0QGj7pCNZmlGgjNdOZ+wvHzjnZW2jhA+zYx+fZKwkgRhfXzRZ4BCbl2M4IeJa4E5JBExSb6a96K6CRD0JTTpSquU6oGzGRmlEOg1Q9UhAS2iMdqBkqiA+qEY+WGeA9o7RwO5DmCI1H6u+JmPhK9X3PJH2iu2raG4r/ebVIt88aMRNhpEHQ8UPtiGMd4GEzuMUkUM37hhAqmfkrpl0iCdWmv5QpwZ1eeZaUD233xM7dHGXyhUkdSbSDdtE+ctEpyqNrVEQlRNEjekav6M16sl6sd+tjHE1Yk5lt9AfW5w97C5bc</latexit>

Y = 0.30 ⇤Red+ 0.59 ⇤Green+ 0.11 ⇤Blue



We perceive the world through contrast

• No contrast, no boundary

• No boundary, we cannot discern shapes and objects

• Understanding color contrast will help Data Scientists 

create color groupings that are easy to perceive



Contrast tables

From C.A. Simpkins, Design, Manuscript



Beware of Mach Banding



Recall that perceived color intensity is also context dependent



Perceived lightness is context dependent as well



False color representation and color maps
• Map values from any range to a map of colors

• i.e. a matrix of 0-1 range-> white-black



False color representation and color maps
• Gray Scale - get gray by setting all three color values the 

same


• Intensity and saturation color scales - we often feel black 
means nothing



More color maps
• Rainbow color scale - magenta is not directly in the EM 

spectrum


• Heated object color scale - intensity increases left->right



Color Gamut comparison
• The range of colors a device 

can display

• This can be a triangle or 

more complex shapes

• Typically a subset of human 

perception

• Stay away from what 

cannot be printed when 
creating for papers



Different display technologies have different limitations
• LCD 

• Slow response (faster than it used to be)

• Narrower color gamut than older CRTs, but improving

• Tough

• Not good for extreme temperatures

• Multiple resolutions are interpolated


• Film

• Wider color gamut

• Fairly good resolution typically



Different display technologies have different limitations

• Color Printers

• Narrow color gamut

• Subtractive color

• Requires special paper to realize maximum potential

• NTSC TV

• Narrow color gamut

• Slow refresh

• Interlacing



Output
• If you are creating visualizations for multiple contexts (video, 

computer monitors, printed papers, etc) be aware of device 
limitations


• Use redundant encoding of information if you don’t know 
what the output is or who will be looking at it

• Different fonts 

• Symbols 

• Fill pattern 

• Outline pattern 

• Outline thickness




