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Visualization

Illustration

Cartography

UI design

Multi-scale imagin

Medical imaging…

Design Principles (Tufte)

Relate to: vision/percetion, design, aesthetics, digital color models

Computational tools and models

Focus on RGB additive color

Relevant research in various fields

1) Tufte’s Principles

To label, To measure, To represent/imitate reality, To enliven/decorate

“Above all do no harm” – E.R. Tufte   (easy to use badly)

Fundamental uses: 

Color as a noun: identifiy, highlight, group/segment, layer(foreground/background) Information Visualization by Colin Ware

Count the 7’s

“Pop out”

Most mature languages have same basic colors

To Measure

Color as quantity – few intuitive orderings: greyscale, saturation scales (but hue never will)

Path thru color space: intensity, density, saturation

Perceptual orderin of color: lightness, saturation, hue – there is no intuitive order for hue!

Color scales – long history – Colin Ware early 80’s, Penny Rheingans, PRAVADA Color (IBM) Cynthia Brewer – Cartography, experiment w/ color scales using algorithms

To represent or imitate reality

Illustrative color – maps, Gray’s Anatomy

Suggest 3D shape – topo maps(relief), volumetric rendering

Color labels, shadows

Simulated Topo Map (Hanrahan, Standford)

Contour simplification, perceptual color scale

Acrhomatic channel defines shape and edges – no edge w/o lightness change! Eg. grayscale fade

Legibility – visiable edges, contrast w/ outlines, drop shadows

Color as beauty

2) Making Color Quantitative

RGB – 3 primaries, lights only, variable brightness (0…max), add to create color, pri sum to white, saturate on surface, gray sclale along diagonal, cube bounds gamut

Specify primary colors – precise hue, max brightness

Map Numbers o intensity, linear encodings, non-linear encodings(more common), both are valid

Specifiy pri colors:

CIE Colorimetry – encode spectrum as tristimulus values, two spectra produce same look same

Retinal cones – encode spectra as three values, Long Medium Short, 3D vector space

RGB are vectors: Affine transformation, gamut is rectangular parallelepiped absolute specification

CIE Chromaticity Coordinates – separate brightness from colorfulness

R, G, B are points: RGB Chromaticity – gamut is triangle

Pixels to Intensity – how pixels map to brightness – linear: intensity = k * pixel value

Non-linear: I = kp^(1/d) – perceptually more uniform – more efficient to code as pixels

RGB to xyz – encoding and decoding matrices

Colorimetry for Displays – Chromaticity usually constant, set by display technology, max brightness can vary (white color adj), pixel to intensity transfer fucntions – variable, CRT has a gamma curve, hardware and software controls

1. Specify RGB w/ respect to CIE XYZ

2. Pixel to intesity mapping

What RGB are you in?  sRGB default for PC monitors

Tristimulus Color Models (CIE XYZ) – absolute specification, many different variables for white and black.  Designed to answer: are 2 colors the same?

Perceptual Color Models – relative specification, unique white and black, how similar are two colors?

First level processing:

Opponent Color – back of retina: achromatic axis and opponent color axis: R vs. G and B vs. Y axis

Unique hues – no reddish-green

Afterimages – red-green, blue-yellow, black-white

Color vision deficiencies – red-green anomalies, blue-yellow anomalies

Perceptual color spaces: 

Munsell Color - Most common in US – euclidean distances for similarity, percetually uniform – paint chip spacings among lots of people – Munsell Atlas – now there are algorithms although light must be calibrated  http://www.munsell.com - interactive Munsell tool

CIELAB and CIELUV – lightness plus two color axis, designed for color differences – non-linear function of CIE XYZ – equations (cube root) goes from tristimulus values to perceptual color space, polar coordinates for hue and chroma

Lightness Scales – lightness is relative, brightness absolute, absolute intensity is light power (cd/m^2)

Luminance is perceived intensity – varies with wavelength – blue and green with same intensity have different luminance

L* is a perceptually uniform lightness scale (not cube root but 1/(2.43)

Pseudo-Perceptual Models

HLS/HSB, HSV 

Simple renotation of RGB (hexagon instead of cube) – cannot predict perceived lightness

Uses for these perceptual models:

Computer color diffs

Predict legibility, pop-out, color names

Intuitive color selection

Model for image compresion – achromatic axis

Foundation for color appearance

Color Appearance:

More than a single color

Adjacent colors (backgrond)

Viewing environment (surround)

Appearance effects: adaptation (how we change our definition of light), simultaneous contrast, spatial effects  (Mark Fairchild, book on appearance models)

Light/Dark Adaptation

Adjust to overall brightness

7 decades of dynamic range absolutely but 100:1 at any time

absolute illumination effects: Hunt effect – higher brightness increases colorfulness; Stevens effect – higher brightness increases contrast
Bartleson & Breneman – increase “gamma” of reproduced image as function of the viewing environment (daylight gamma 1:1), increases colorfulness and contrast;  standard practice in film and graphic arts (dark surround gamma 1:5)

Chromatic adaptation – how eye adjusts – our cones white balance as a function of illumination – scale cone sensitivies – von Kries adaptation – creates unique white – camera.  Linear transformations RGB to XYZ to LMS (ratio of white), adjust LMS then go back to RGB

CIELAB: Wrong von Kries – scales XYZ but Von Kries scales LMS

Simulataneous Contrast – “After image of surround adds to the color”? but no – reality cognitive effects – identical patch and surround.  Also affects lightness scale – what looks perceptually uniform (like L* for grey background)

Effect of Spatial Frequency – smaller color = less saturated (paint chip problem).  Pixel problem.  

Color Appearance Models – from measurements to color appearance – measure physical stimuli, then tri, then correlates of perceptual attributes (lightness, brightness, chroma, hue, colorfulness, etc.)

CIELAB, RLAB, LLAB, S-CIELAB, CIECAM97s, CIECAM02, Hunt, Nayatani, Guth, ATG

Color reproduction big for digital tech right now

Applicatoins of CAMs

Color repdocution across media, aid in mapping out-of-gamut colors

Model simultaneous contrast – predict confusing color symbols (Brewer)

Model colorblindness – flaw in opponent processing – Vischeck – simulates color vision deficiencies, web service/photoshop plug in 

3) Color design & appearance

Principles of Color Design (Wucius Wong)

Goals: highlight, group, illustrate depth, shape, evoke nature, decorate, analogy

Control value (lightness) – ensure legibility, avoid unwanted emphasis

Use limited hue palette – control color pop out, color grouing, avoid clutter

Use neutral backgrounds – minimize simultaneous contrast

Hue wheel (primary, secondary), chroma (saturation) – intensity or purity (distance from gray), Value (lightness)

Modelling Color Design – design spaces are perceptual spaces

Geometric interpretation of color design – color schmes based on hue circle, contrast and analogy.  Color schmes: analogous, Complementary, Split Complementary (thirds of color wheel)

Color Harmony – vary hue, color and lightness in various ways

Gradations – paths along axis – color to black or white, color to gray

Media specific, blending RGB blending

Tints and tones

Color selection tools: Metapalette, Canon Color Advisor (Beretta), Interactive Color Palette Tools (Meier at Brown U.)

Color for visualization: [Ware, Robertson, Levkowitz[, [Rheingans, Brewer, PRAVADA color], [Healy, Booth (popout and emphasis)], color names [Kelly & Judd – carved Munsell into volumes and to figure out “avocado green”]

Automating Color selection – what is it used for? Semantic descriptions, not RGB triples: names: foreground, spotlight, etc.  Model with perceptual color space paths, Accurately display modeled color: display, gamut, color management systems

4) Making Color Robust

Control Lightness – primary factor in good color design

Legibility (luminance contrast) – 5:1 contrast for legibility (ISO standard), 3:1 minimum legibility, 10:1 recommended for small text.

Avoid unwanted contrast

Luminance from RGB – not a fixed equation! depends on luminance of RGB individually, what display you’re using

Relative intensity values, depends on gamma curve

(remember the cube, parallelpiped, triangle)

Display Gamuts – mac vs. pc – difference in gamma curve (lightness) not colors.  Pure color – filter out most of wavelengths so not bright but displays need to be bright – size of triangle and how long battery lasts differs for laptops

Projector Gamuts

Monitor and Print in XYZ – monitor different shape and bigger than print gamut – no matrix for print, subtractive not additive do not map to each other

Cross-media color reproduction

Characterize media (as in RGB to XYZ)

Characterize image encoding

Map (images) from one medium to another

Color Mgmt Systems – profiles specify color – ICC

Process – characterize devices, iamges, map thru PCS, Gamut mapping – redfine black/white, map out-of-gamut colors, appearance transformation

Scan-display-print focus – device linked profile (different from information display)

Device-Independent Color

User-Center View – working space for digital media is RGB – what is the RGB?  Make it the same: primaries and transfer function

Picking RGB working space: display – easy to see all colors, missing some print and film colors, non-linear RGB  - extended RGB – covers print, film and display, must map gamut to display, non-linear RGB (like Adobe RGB)

D65 television standard.  D50 print.  D60 standard for computer monitors.  White point transformations not good yet (wrong von Kries).

Gamma curve: 2.2 for PC, 1.8 for Mac, Linear for CG – rendering space – remap for display, table look-up

Pick standard RGB color space depending on needs : sRGB for web), Linear RGB for computer graphics, Adobe RGB for film print

Characterize your display system

Control all important transformations

www.colormall.com
Visual characterizatoin  0display primaries from manufacturer, visually set “gamma curve” – flat panels have different primaries

Hooking to the CMS – mac: colorsync, adobe: photoshop, windows ICM display driver (off by default)

Color Mgmt made easier: active feedback, cameras can correct, cost-effective RGB characterization – color mgmt for information display – now all is digital – treat all as RGB.  Illustrations not images, very different

Robust Color – depends on quantitative color – know RGB and design in perceptual color space then color mgmt can help, effective info display.  Robust deisgn reads well in gray scale, minimizes red-green encoding, duplicated by shape, texture, etc.

Additional Resources: http://www.stonesc.com  in one week

“A Field Guide to Digital Color”

