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THE COLORS OF RIDGWAY AND METHUEN (KORNERUP & WANSCHER): AN EYE-BALL CONCORDANCE

BY RONALD H. PETERSEN

All students of mushrooms and their relatives are painfully aware that monographs and floristic publications by Alexander H. Smith, Lexemual R. Hesler, Howard Bigelow, Harry Thiers and several others, attempt to accurately communicate colors through citation of names from Ridgway (a volume often, but not always cited in bibliographies, and materials and methods). Because the book (see below) was published in a limited edition (folklore indicates only 500), suffers from light-exposure (as warned by Ridgway himself), and is now almost totally unavailable, recourse to Ridgway colors are a source of frustration. Copies of Ridgway are absent from large parts of the world, much less the hands of most North American mycologists. Conversely, most modern basidiomycete taxonomists own or can get the color manual commonly known as "Methuen," compiled by Kornerup and Wanscher. A concordance between the two sources would seem of significant utility, therefore, and is furnished below.

The following items are pertinent and should be read before using the concordance:

The concordance is strictly eye-ball. No technology or scientific comparison was used. I think I have pretty good color perception, but others may not think so.

The method of color printing was very different in the two volumes and this often makes comparison of individual colors more difficult. Colored papers for Ridgway were printed individually, with the color covering the paper evenly as though painted with a brush. This gives the colors a matt but solid, often somewhat vibrant quality. The large papers were then cut into small swatches and glued [glu:d- pielīmētas] individually on the gray-background papers of each page. "Methuen" colors, conversely, are printed directly on the papers used for pages, in the usual color process with minutes dots of color. The result is that colors are never as bright or vibrant as those in Ridgway, and often comparison of the two books is not easy.
The choice of copies (especially of Ridgway) is important. The publisher’s hope and claim has been that "Methuen" is both color-permanent and reproducible; that is, the colors do not fade in light, and colors of various editions are essentially equal.

The copy of Ridgway used below has seen very little use. It was owned by S.M. Zeller (purchased in 1919 for $8.00) and Helen Gilkey (purchased in 1949 for $25.00) among others, and I bought it in 1996 for $125.00. Although the endpapers have been pulled from the binding, the interior of the volume is almost pristine. The formal citation is as follows:

Ridgway, Robert. 1912. Color Standards and Color Nomenclature. Washington, D.C., published privately (by the author). 43 pp + 53 color pls.

The copy of "Methuen" used below is the second edition and is well-worn, although rarely taken in the field. Color plates are still as they were when new. The book can be cited as follows:
Kornerup, A., and J.H. Wanscher. 1967. Methuen Handbook of Colour. Second edition. Methuen Co., London. 243 pp + 30 two-page color plates.

The concordance is composed of two charts. The first is an alphabetical list of Ridgway colors preceded by their closest homolog in "Methuen." The second is the reverse of the first, and probably will see little use. But the concordance itself is instructive, as follows:
A glance at the second chart will reveal that many Methuen colors do not find a match in Ridgway. This is little wonder, for the number of colors in Methuen far outpass those of Ridgway.

Also obvious in the second chart, many Methuen colors have more than one Ridgway match. For example, Methuen 9A3 finds matches in Ridgway colors "hermosa pink," "vinaceous pink," and "light Congo pink." This means that I can find little difference among these Ridgway colors, and all are very close to Methuen 9A3.

When there is no match in Methuen for a Ridgway color, it it often one of the more sensational Ridgways colors, especially the very irridescent blues (Ridgway was an ornithologist).

As is the practice in the mycological literature, Methuen colors are cited by color plate number (i.e. 9), column designation (i.e. A) and row number (i.e. 3). Therefore, 9A3 refers to plate 9, column A. row 3. Ridgway colors are cited merely by the name used by Ridgway (i.e. light Congo pink).

5. Finally, I strongly urge those who are able to read the introductory materials in both volumes. That material is instructive not only to the nomenclature of colors, but to the sources and production of the plates. For example, Ridgway has several colors with the name "Rood’s" as a modifier (i.e. "Rood’s blue," "Rood’s lavender," etc.) This means nothing until one knows that Ogden N. Rood was the compiler of a previous color manual and a source for Ridgway colors.
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Date: The American Robert Ridgway proposed a colour-system for identifying the colours of flowers, birds and insects in 1912.
Country of origin: USA

Basic colours: 36 pure solid (full) colours with intermediate distances perceived as approximately equal

Form: Double cone

Application: Scientific description of colours

Related systems: none
Summary: The systematic order of colours starts with a circle comprising 36 pure, solid colours which, from the perceptional point of view, are given approximately equal spacing. From the base circle (equator), a double cone is constructed to accommodate the monochrome colours from white to black along its axis.

Bibliography: R. Ridgway, Color Standards and Color Nomenclature, Baltimore 1912; G. Wyszecki, Farbsysteme, Göttingen 1960. 

The American ornithologist and botanist Robert Ridgway (1850-1929) encountered an almost infinite number of colours on his many voyages of discovery through the world of nature. In the course of time, he also became aware that the accuracy required for a scientific description of colours would only be possible through some form of standardisation. He therefore proposed a colour-system which was published in 1912 under the title Color Standards and Nomenclature.

Ridgeway's system exploits the possibilities of additive colour mixing. The basis for the required systematic order of colours is a circle subdivided into 36 pure, solid colours (full colours) which, from the perceptual point of view, are given approximately even spacing. This circle appears here as the outer circumference of the right-hand figure, which also reproduces the numbering from 1 to 71 as originally used by Ridgway. While each basic colour loses saturation towards the centre by means of the progressive, additive mixing of a medium grey, its hue [krāsa] remains virtually unchanged. Ridgway achieves his set of colour standards by placing five steps — identified by concentric lines — between the outer ring of full colours and the central grey. In order to maintain their visual equidistance, the six concentric rings do not contain the same number of colours. Through progressive, additive mixing of white or black to each of the 159 colours within the full colour-circle, Ridgway eventually succeeds in attaining the three-dimensional diversity of non-self-illuminating colours. Three steps are involved in each direction. Towards black these are called shades, and towards white they are tints [toņi]. Ridgway thus creates a register of 7 x 159 = 1113 colours which, with the two tips, give 1115 colour standards, intended for use in the identification of the colours of birds.

Alternatively, the three-dimensional arrangement of these standard colours can be illustrated by the (dissected) double cone. The full colours are placed around the equator, with the grey colours running along the central axis from white through to black.

© echo productions — www.colorsystem.com
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Most biologists refer to Robert Ridgeway's "Color Standards and Color Nomenclature," with its 1,115 named colors accurately defined.
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Because of the absence of a generally accepted system of color nomenclature, to refer

to individual colors by name is an unsatisfactory form of identification. ...

Color is defined as visual sensations produced upon the retina by lightwaves of varying length, and the first thing to remember about it is that it has no tangible [taustāms] form. It is an impression produced by the ability of a surface to reflect certain parts of white light and to absorb others. The impression depends upon the presence of light; where there is no light, there is no color.
Sir Isaac Newton was the first to show, in 1666, that a ray of light passed through a prism of glass is broken up into a series of bands of the different colors which are the constituent parts of the ray. The image presented by this process is known as the spectrum.

The colors of the spectrum are: red, orange, yellow,green, blue and violet; the limits of each are not sharply defined but merge into each other, and between them are an indefinite number of intermediate colors.

The space occupied by blue and violet is rather bigger than that taken up by any other adjacent pair, so it is customary to include another color - purple; these six (or seven) colors are known as the colours of the rainbow for they can be seen, in varying intensity, when there is a rainbow in the sky.

It is necessary to distinguish between the color which depends on light alone (e.g. when a ray of light is passed through a prism) and that which results when a ray of light is partially absorbed and reflected by a substance such as a pigment; it is the latter form of colour which the painter and decorator is chiefly concerned.

There are numerous sets of rules formulated with the idea of assisting the beginner to devise [izdomāt] color harmonies based on scientific lines. The value of these systems must be regarded as limited; it is true that they will indicate certain colors which harmonise with each other but they can give no idea of the proportion in which each color may be used. In practice, the successful grouping and management of colours is largely a matter of proportions.

In fact,a skilful [prasmīgs] and experienced designer will sometimes combine two or more colors which, according to the rules, ought [nevajadzētu] never to be combined and still obtain a perfectly satisfying result. 

Classification of Colors(colours). 

There are broad principles on which colors are classified. 

Speaking in terms of pigmentary color (which, for this purpose, includes not only paints [krāsas] but also stains [krāsvielas] and dyestuffs[krāsvielas]), there are three PRIMARY colors, so called because they cannot be obtained by combining any other hues. These are: red, yellow and blue. 

There are also three secondary colors. These are: orange, purple and green, obtained by mixing equal parts of two of the primaries. Red and Yellow make Orange. Red and Blue make purple. Yellow and Blue make Green. 

By mixing together two secondaries, we get a third group, known as Tertiaries. These are: russet [rūsgana], citron and olive, obtained by mixing two parts of one primary with one part each of the other two primaries. Orange and Purple make Russet. Orange and Green make Citron. Purple and Green make Olive. 

There is sometimes confusion between prismatic "color-light" (i.e. non-pigmentary) and pigmentary color. In theory the three primaries, if compounded in the exact proportions, should produce a white but in fact produce a grey. In practice, because of the complex nature of pigments, it is impossible to reproduce the range attainable by the purity of colored-light.
On the computer we can produce a wide range using the RGB (red, green, blue) system. The green incorporating the other primary; yellow. The range is often stated as 16.7 million colors. This is arrived at by combining 256(red) x 256(green) x 256(blue), which gives 16,777,216 combinations. In fact computers count from 0 to 255; 0,0,0 equalling black and 255,255,255 equalling white. 

If you use the same number between 0 and 255 for red, green and blue you will only get a graduation between black and white, mostly greys; the very lower numbers appear as black and the very higher numbers as white. 

Complementary [papildu] colors are the color which contrast most with each other. A note of contrast is often of value in adding strength to a decor which may otherwise seem dull [neass]. On color wheels the complementaries are always opposite each other on the wheel.

Color(colour) Terminology. 

The most important terms used in connection with color are the following:

Hue [nokrāsa] – The predominant impression given by any particular color, irrespective of its tint or shade. Hue may be regarded as being synonymous with colour.

[Webster’s: 1.
a gradation or variety of a color; tint: pale hues.
2.
the property of light by which the color of an object is classified as red, blue, green, or yellow in reference to the spectrum.
3.
color: all the hues of the rainbow.]
Tint [tonis] – Modifying the color by adding white.

Shade. - Modifying a color by adding black to it.

Tone. - The degree of lightness or darkness of a color , in comparison to black or white. Usually referred to as Lightness in computer paint applications.

Purity. - The relative purity of a color depends to the extent to which it has been contaminated or greyed by the admixture of another color. Usually referred to as Saturation in computer paint applications. 

[Webster’s saturation: the degree of chroma or purity of a color; the degree of freedom from admixture with white.]

Methods of Combining Colors(colours). 

Color schemes are broadly classified under various headings, of which the most important are:

Mono-chromatic. - By this is meant treatment based on the use of a single hue, variations being obtained by the additions of white or black to the color. There is no reason why such a scheme should be in the least dull since the range of effects possible is very wide. For example, the same color used on two differently textured surfaces will show a subtle variation, due to the fact that the reaction to light is dissimilar.

Analogous coloring. - This implies harmony which is the result of combining colors which have a close affinity to each other. Use the color wheel to employ colors which are adjacent to each other; the number of colors used like this should be four at 

the most.

Contrasting coloring. - You can produce an effective scheme by introducing a note of contrast. This can be done by using a complementary or contrasting color. Making a color wheel of your own (with 12 colors like the one at top of this page) is more helpful than studying a book or browser as the colors are not always faithfully reproduced. Conrasting color are opposite each other on the wheel. 

Color(colour) Values. 

Relative value of colors. certain colors are described as advancing because they give prominance to surfaces and make them stand out. REDS, YELLOWS and ORANGE possess this property and to a lesser degree do the darker shades of most colors. Advancing colors must be used with discretion in a small room or they can make it even smaller looking than it really is.

Other colours have the contrary effect and are known as receding colours; these include the lighter tints, especially blues and greens. 

Color(colour) Harmonies. 

Color harmony is mainly a matter of proportion and a combination of colors which appears discordant can often seem pleasing if the proportions of one or more of them are carefully adjusted.

Because of the absence of a generally accepted system of color nomenclature, to refer to individual colors by name is an unsatisfactory form of identification. Often a color of the same name by different manufacturers will not produce a match.

There is an official standard for colours for various purposes, e.g. building, the BS number or British Standard.(Other countries have similar, e.g. Australian Standard.) The main relevance of these BS numbers is in building and contract Specifications; usually the name of the paint manufacturer is stipulated as well.

The Audsley List of Color Harmonies. The following is abridged from the Audsley list and is shown as a basis for practical experiment and not as color dogma.

Blue harmonises with orange; with gold or bright yellow; with maize; straw colour; salmon; crimson; pink; lilac(pale); drab; stone colour; fawn(pale); grey(weak and cold); chestnut; chocolate; brown; bright white; black; orange and black; scarlet and purple or lilac; orange and green; brown, crimson and yellow or gold; orange, black and white.

Red harmonises with green( a pink and an apple green is one of the brightest); gold or yellow( strong and bright); blue; grey; white(very bright); yellow and black; yellow or gold, black and white.

Scarlet harmonises with blue-green; blue; purple or (dull)lilac; violet( sombre); slate; blue and grey-blue; blue and white; black and white; black and yellow or gold. 

Crimson harmonises with yellow-green; yellow or gold; orange; maize; purple; drab; brown; black.

Yellow harmonises with purple; blue; violet; deep crimson; lilac; chestnut or chocolate; brown; black; white; purple, scarlet and blue.

Green harmonises withred; scarlet; russet; if containing blue, tinge with orange; if deep, with a strong yellow or gold; black; white; scarlet and blue; crimson, blue and bright yellow or gold.

Orange harmonises withblue; olive; violet; chestnut; deep brown; crimson and green; crimson and blue; purple and scarlet; blue, scarlet and green; violet, scarlet, white and green.

Purple harmonises withyellow; citrine; bright yellow or gold; maize; matt black; white; scarlet and yellow or gold; scarlet and white; scarlet, blue and orange; scarlet, blue, yellow and black.

Lilac harmonises with bright yellow or gold; primrose; maize; cerise;crimson; grey; white;black; crimson and yellow or gold.

Violet harmonises with yellow or gold; orange; maize.

White harmonises with most colours and colour mixtures.

Black harmonises with white; bright yellow; orange; maize; primrose; salmon; pink; scarlet; cerise; yellow-green; drab; fawn; buff; slate; grey; olive; citrine; scarlet and blue-green; crimson and lemon-yellow; crimson and yellow-green. 

Color(colour) and Illumination. 

A common illusion that the use of a high-gloss paint or other glossy finish will make the room lighter than a matt finish of the same hue. In fact each will reflect the same amount of light with this difference;

When light strikes a surface, it is thrown back at various angles depending on the texture of the surface. 

Color(colour) Symbolism. 

For those called upon to undertake church decoration, there is a symbolic significance of colors used in ecclesiastical work.

White: light and purity

Blue: contemplative faith

Red: militant faith; fire; charity

Green: hope

Black: mourning 

Various saints also have a traditional association with certain colors.

St.Matthew: green; St.Mark: purple; St.Luke: blue; St.John: red; St.Peter: blue;St.George: red and white; St.Paul: purple and white; St.Thomas: grey; St.Andrew: red; St.Mary: blue; St.Patrick: green and gold. 

Heraldry. 

The colors in heraldry, known as tinctures, should be as bright and as pure as possible. White may used for silver and yellow for gold.

gules red; azure blue; vert green; purpure purple; sable black; argent silver; or gold. 

Personal Choice of Colors(colours). 

Choosing the right paint color is a dilemma we have or will face at some time in our lives. Due to the different elements in everyone's home, there is no exact science that will apply to all. The amount of natural light, artificial light, flooring colors, furniture colors and personal taste will all effect the outcome of the painted surfaces. Use your key item as a starting point for paint colors. Pick the paint samples that most closely match or blend with your key items. Buy the smallest quantity you can, and test it in the room to be painted. 

Here is the best way to test paint colors. Start with white walls because any other contrast will give you a false impression of the color you are testing. If the walls are not white, apply a coat of primer, which is naturally white and can be used later. Roll one large swatch about four feet square onto the darkest wall, typically the window wall, and another on the sunniest, typically the one opposite the windows. Live with it a few days. If you are not pleased and drawn to the color, try something different. 

Deciding on the woodwork color for your home interior can also be confusing but is really easy. Remember that white goes with virtually anything. Keep it simple and the same throughout your home. Let's assume you have different colors on the walls throughout your home, whether they are subtle in difference or dramatic. A very unifying way to treat your woodwork and ceiling is to paint them all the same color. For example: Your master bedroom may be painted a pale blue, your daughter's room lavender, the study has a textured neutral wallpaper, the main living areas are painted warm beige, and the kitchen has a patterned wallpaper in blues, lavenders, and whites. You would now paint all of the woodwork in your home, white or a custom blend of very soft beige. Though the effect is subtle, it keeps all of the rooms related to each other. Let's assume you are painting your walls a neutral or light color, such as taupe, beige, cream, ivory, or pale yellow. For your moldings and doors, etc. have the paint store mix a blend of your color choice cut with white. A common formula for this is one part color to three parts white. Remember to always test a sample before total application. This same blend of color and white will be perfect for your ceiling, too. 

Don't worry about white ceilings, as decorators we realize that most new home construction gives you a basic white ceiling throughout your home. If it is cost prohibitive to do anything else, then the pure white ceilings are fine. It is much more important to address other decorative necessities. Please do not loose any sleep over having pure white ceilings. If your ceilings are pure white, then consider painting all your woodwork pure white as well. Sometimes this is more desirable. Personal preference plays the larger role in this decision, rather than a decorating right or wrong. Although, if budget and personal preference leads you to using a color on the ceiling, use the above formula as a general rule. Using dark or contrast colors can be a wonderful look, but must be carefully considered and tested. A dark ceiling will make the ceiling seem lower. 

One idea that can be a compromise and stunning is painting the ceiling a very soft blue or lavender, evoking the sky. In many of the new homes across the country, tray ceilings are very popular. This style ceiling provides wonderful opportunities to paint part of the ceiling in an accent color that coordinates with your scheme without overwhelming the whole room. This does not mean you would use this color on your door and floor skirting boards. The ceiling treatment is for accent only. I cannot stress enough how strongly I recommend testing paint colors. It can be the difference in disappointment and happiness with your design project. 

Krāsas latīniski-angliski

Fries
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Geesteranus made me aware of the paper cited above, in which the color names ...
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Dr. Robert Ridgway was an ornithologist who photographed the trees and forests along the lower Wabash River during the late 1800s. His photographs capture the forests at a time when they were rapidly disappearing as the result of a booming timber industry.  

Ridgway recorded the height, crown width, and diameter of many of the larger trees he photographed. Original forests and old growth trees of immense proportions are immortalized through his photographic work. The Illinois State Museum has in its collection 

Robert Ridgway (1850-1929)

Robert Ridgway was born in Mt. Carmel, located in eastern Illinois on the Wabash River. His early interest in wildlife, especially birds, led him to become an ornithologist. He worked with the Smithsonian Institution as an ornithologist and as a curator of birds from 1874 until his death. 

He also founded the American Ornithologist's Union in 1883. It is a professional organization that is devoted to the scientific study of birds, but amateurs are welcome to join.

Ridgway wrote many books during his career. They include an eight-volume set of a study of North American birds, and a two-volume work called Birds of the Galapagos Archipelago (1896). He also illustrated many of his books with paintings he made of birds. 

He is known for developing a system of color standards for scientists to use when describing birds. It is called Color Nomenclature for Birds. This color system has a color wheel of 36 basic colors, with tints and shades of grayed colors adding up to 1115 named colors. It is still used today by ornithologists. 

Ridgway retired in 1916 to Olney, Illinois, in the same part of the state in which he was born. He set aside sixteen acres of his land for a Bird Haven, where he grew native plants and made a sanctuary for wild birds.
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Naming the rainbow : colour language, colour science, and culture

(Volume 274, Synthese Library, Kluwer Academic Publishers, 1998)

DON DEDRICK

INTRODUCTION

In the middle of the 19th century William Gladstone, classicist and Prime-Minister, argued that Homeric Greeks perceived colour differently from contemporary Europeans. Gladstone's evidence for this claim was scholarly and philological. The colour words one found in Homer differed from contemporary colour words. Gladstone proposed an evolutionary explanation for this difference: colour vision must have evolved between antiquity and the nineteenth-century. 

Gladstone's Homer and the Homeric Age was published in 1858, contemporaneously with Darwin's Origin of the Species (1859). The idea of evolution was in the air and studies of colour language differences among cultures—not just Gladstone’s—appropriated them. When, in the eighteen-seventies, the German ophthalmologist H. Magnus sent a ten-chip colour test with sixty-one missionaries and traders the findings returned were interpreted in an evolutionary manner as well. But—unlike Gladstone—Magnus argued that it was colour vocabulary that evolved and not colour vision. 

A further twist to the evolutionary hypothesis was introduced by W. H. R. Rivers. As a part of the Royal Anthropological Institute's turn-of-the-century expeditions to Australia, Africa, and India, Rivers tested the natives as to their ability to discriminate colours and collected data on native colour vocabularies. Rivers agreed that colour perception was pretty much invariant and, also, that colour vocabularies were different. He took the further step of connecting social development with mental development. Societies evolved, as did the minds of their members. One could use colour vocabulary to gauge the social and mental evolution of a culture: "the order in which these four tribes are thus placed on the grounds of the development of their colour languages corresponds with the order in which they would be placed on the grounds of their general intellectual and cultural development."

More than a half century later the anthropologist Brent Berlin and the linguist Paul Kay, both of the University of California at Berkeley, published Basic Color Terms: Their Universality and Evolution (1969). In this book they argued, very much like Rivers, that "there appears to be a positive correlation between general cultural complexity (and/or level of technological development) and complexity of colour vocabulary" (p. 16). Berlin and Kay hedge this claim more than Rivers did. The rank-ordering of cultures in terms of complexity had been out of favor for many years—especially among anthropologists. Herein lies a story of interest. Berlin and Kay had no idea of the long tradition of investigating colour perception and naming, and of framing that sort of investigation in terms of evolutionary hypotheses. They are candid about this in an appendix to their book:

After our theory had been developed it became clear that a search of the literature for relevant evidence was essential. We recalled that some psychological testing had been carried out during the Torres Straits expedition led by A. C. Haddon at the turn of the century, and we consulted the reports of that expedition as part of our search for additional data. It was here, in the opening pages of W. H. R. Rivers' section entitled "Colour Vision" that we first became aware of the long history of the study of the development of color nomenclature. (1969, p. 134)

It is not that hard to explain why this research was unknown to the authors of Basic Color Terms. In the half century prior to the publication of their book anthropology had left evolutionary, comparative models of cultural study behind. The influence of Franz Boas in America had been profoundly "relativistic" and anti-evolutionary. In so far as anthropologists spoke of colour language and evolution it was to disparage the latter notion. V. Ray, in 1953, asserted that "each culture has taken the spectral continuum and divided it upon a basis which is quite arbitrary except for pragmatic considerations" (Ray 1953, p. 102). This was pretty much the party line, in the nineteen-sixties as well, and it is echoed in the short introduction to Basic Color Terms: 

Ethnoscience studies, and studies of color vocabulary in particular, have firmly established that to understand the full range of meaning of a word in any language, each new language must be approached in its own terms, without a priori theories of semantic universals . . . . The essentially methodological point made in such studies has frequently been misinterpreted by anthropologists and linguists as an argument against the existence of semantic universals. The research reported here strongly indicates that semantic universals do exist in the domain of color vocabulary. Moreover, these universals appear to be related to the historical development of all languages in a way that can properly be termed evolutionary. (1969, p. 1)

In commenting on the relation of their work to that of their precursors Berlin and Kay claim a "rediscovery" of "ideas found in an earlier period" (1969 p. 134). This, they take it, is common in science. Yet their own introduction indicates a very different problematic than that of, to take an example, Rivers. They had to contend with the entrenched relativism of ethnoscience—which they pay homage to in the first sentence of their book. Indeed, the opposition for Berlin and Kay is relativism, an issue that was not pressing (if it existed at all) for earlier writers concerned with the application evolutionary notions to non-Western people and their cultures.

This book is an extended discussion and evaluation of a research tradition that, despite its historical antecedents, begins with Basic Color Terms. It is important to emphasize the word "tradition." Berlin and Kay have continued to write about colour language. Related work by other anthropologists, linguists, psychologists, vision scientists, and neuroscientists has enriched—or excoriated—the position originally stated in Basic Color Terms. The universalist tradition in colour naming research has, as a consequence, changed considerably over the last thirty years. To give the reader some idea of the scope of this research tradition: when Basic Color Terms returned to print in a 1991 paperback edition it included (as its only addition) an up-to-date bibliography that runs to 232 items.

Having marked Basic Color Terms as the contemporary locus classicus for universalist and evolutionary views about colour naming the reader may be surprised to find that Chapter I opens with a discussion of experimental work in cognitive psychology. Ironically, the psychologists Roger Brown and Eric Lenneberg had, in the nineteen-fifties, taken colour naming to be an appropriate domain in which to defend a relativistic, "Whorfian" hypothesis about thought. Their influential "A Study in Language and Cognition" (1954) was taken to have established such a thesis as true. It was not until the early nineteen-seventies that another cognitive psychologist, Eleanor Rosch, demonstrated that the relativist view of colour naming that had been described by Brown and Lenneberg was unsupported. Together with the groundbreaking work of Berlin and Kay, Rosch's psychological experiments on colour prototypicality lay the groundwork for the universalist tradition. 

In Part One—"The foundations of the universalist tradition in colour naming research"—I describe the initial work of Berlin and Kay, and of Rosch as well as the relations of their work to the psychophysics and the neurophysiology of colour. (For narrative reasons most criticism of this foundational work is discussed separately in the Appendix, "Criticism of Berlin and Kay, and Rosch.") I set out a persuasive if unsophisticated account of how the surprising claim that certain colour words are "universal" might plausibly be thought to be true. The text of Part One is more-or-less chronological and provides a much needed history of some of the key developments in the universalist tradition of colour naming research. I am not, however, a historian nor is it my intention to write a history. The first part of the book is roughly chronological because we are better able to understand universalist claims (and their strengths and their weaknesses) if we view them as grounded in a particular research strategy. Speaking roughly, but accurately, this strategy proposes to relate facts about naming in languages to facts about perception and, also, facts about the brain. Part One is a primer on colour naming research. It introduces essential studies, key concepts, and a general explanatory model. It is designed to bring us to the point where we can begin to think seriously about universalist claims.

In Part Two—"Colour naming: Constraints, cognition, and culture"—I consider developments in the universalist tradition that complicate the unsophisticated account developed in Part One. The point is to track the ways in which universalist claims have developed and changed—the ways in which, as Berlin and Kay might like to say, they have "evolved." I develop, in a general way, a psycho-semantics for colour names. I also provide an account of why a seemingly provincial debate about colour naming has generated a great deal of ongoing controversy (most recently as the subject of a highly critical target article in Behavioral and Brain Sciences—Saunders and van Brakel 1997). 

Let me say a few words about these different projects—each of which is the subject of a chapter.

Berlin and Kay claimed two striking discoveries in their original work. (1) There is a limited number of "basic color terms"—as defined by stipulated criteria—in any language. In English, which possesses all eleven terms, the words are red, yellow, green, blue, brown, purple, pink, orange, black, white, and grey. (2) Speakers who share a basic term (within and across languages) are in agreement as to which colour samples are the best examples of their basic terms. Berlin and Kay called these best examples "focal colors." A further claim was advanced on the basis of term distribution. Languages were said to be ordered in an evolutionary sequence: a fixed vector of development, a set of seven "stages" that, the authors argued, any language would have to pass through as its colour vocabulary changed. 

These claims were breath-taking in their generality. All the more so because they apply to the motley of human languages and cultures rather than the impersonal physical world of forces and particles. Karl Popper, who urged scientists to propose highly general "conjectures," would clearly have been impressed by the hypotheses on offer in Basic Color Terms. Thus it is hardly surprising to find, in the literature that is critical of universalist claims, the charge (also congenial to Popper the falsificationist) of refutation. While I disagree with such strong claims (see the Appendix) it is certainly true that Berlin and Kay’s original views were deeply problematical. It turns out that there are more basic colour terms than the eleven they propose; that there is no one basic colour term that is present in all languages; that focal colours—the supposedly shared "best examples"—are not as predictable as the original research suggested. On the other hand, there is a lot less variation in the number and the nature of basic colour terms than one might expect; a rather significant overlapping of basic colour terms, cross-culturally; a patterning of foci that seems remarkable even if it is merely "statistically significant" rather than universal. Nearly thirty years of research following in the wake of Basic Color Terms has not so much refuted that work’s claims as welcomed its central ideas into the real world of interdisciplinary, cross-cultural research. Chapter V tracks many—hopefully most—of the significant alterations to the universalist tradition and tries to draw some conclusions as to the nature of the perceptual-biological constraints on colour naming.

Aside from the difficulties mentioned, there is one particular problem that has puzzled me. Colour naming is a social activity, and the learning of colour words involves the mastery of a social practice. While this is obviously so, very little attention has been paid to the questions of what a speaker must know and do in order to have and use colour words like those discussed by Berlin and Kay. It is as if we set out to give, to speak philosophically, an extensional characterization of some semantic phenomenon—an account of term reference—while never realizing that the problems we continually encountered were due to the fact that an intensional account—one that concerns the knowledge of speakers—was needed. These philosophical notions sit uneasily with the literature to be discussed yet there is something right about the distinction they exemplify. So much attention paid to re-describing low-level properties of the vision system in terms of ever higher, ultimately full-blown linguistic practices (the former "determining" or "constraining" the latter). So little to the question of the abilities speakers need to possess if they are to use colour words correctly in a social context. Chapter VI develops a psycho-semantic theory for colour naming that is indebted to early work on the topic by the philosopher Bernard Harrison (1973).

This book begins with a discussion of colour and culture—Brown and Lenneberg’s relativistic claims from the 1950’s. I finish up in Chapter VII with the same topic. I am generally sympathetic to the universalist tradition in colour naming research but I do not believe that its claims are devastating to anthropological (and other) accounts of culture that stress culture’s holistic nature and its autonomy. I consider some of the reasons why, historically and conceptually, anthropologists and their fellow-travellers have been hostile to claims like those of Berlin and Kay. I suggest that there are reasons—not the least of which is an appreciation of the limited scope of legitimate colour naming generalizations—which leave room for both cultural specificity and for universality. On my own view the conceptualization or "cognition" of colour is essential in mediating between culture and our biologically determined sense-perceptual experience.
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The RHS color chart numbering system 

The fields for describing the colors of leaves, flowers, bark, dyes, and other interest use either the Royal Horticultural Society’s color numbering system or common names.

First developed in 1966, the RHS system uses a set of “paint chips” each with a small hole in the center. The color strip is placed over the leaf or blossom and is matched [pieskaņota] by peering [salīdzināšanas] through the hole. In all there are 884 different colors arranged in four fans. Growers, registration authorities, and specialist organizations use these colors to precisely describe plants.

Note that the colors shown on your monitor are only approximations of the true RHS color.

The alternative to using RHS colors is to use the less precise, but much more imaginative system of common color names.  You can use the category view to define you own color names or you can use the basic or expanded set of names supplied with the software.

Bostock

[Bostock]

BOSTOCK M.,  *w

http://www.webmaster.bham.ac.uk/colorpicker/
Color Picker 2.0

By Michael Bostock, Netscape Production Engineer

A TRULY POWERFUL COLOR PICKING TOOL

One of the hardest tasks of a web publisher today is picking colors. If you want to pick a color for your web page, often you have to resort to opening Photoshop or a

shareware utility to get the color that's just right. If you use Photoshop, you will still have to convert your color to Hexadecimal (using a handy pocket calculator, if you sport such a fashion statement). A shareware tool may do the job, but in either case, you have to load up another application for the sole purpose of choosing a color. Furthermore, neither solution is free. There has to be a better way.

In an earlier article for Netscape's Open Studio, I wrote a DHTML color picker that let you choose your color by adjusting different levels of red, green, and blue. This worked well to convert between RGB values and Hexadecimal values, but was mediocre [viduvējs] at picking colors. The problem was that choosing colors in RGB is inherently difficult; you have to understand the additive property of light. In other words, if you want a nice orange-yellow, you have to know that you need three parts red and two parts green. If you want to adjust the overall lightness or darkness of the color, you have to adjust the R, G, and B values individually, and if you don't do it just right, you'll lose your color.
An easier way to choose colors involves using HSB or HLS instead of RGB. These color spaces, as they are called, have been developed as an intuitive way of picking colors. Until now, no in-browser color picker supported these easy-to-use color spaces. With the new DHTML Color Picker 2.0, however, you can have the power of Photoshop's color picker directly inside your browser.

Open Color Picker 2.0

HOW TO USE COLOR PICKER 2.0

When you open up the color picker, you will see three tabs in the upper-left-hand corner (labeled "RGB", "HLS", and "HSB"). Click on anyone of these tabs to switch to the respective color space.

The large box in the middle is the color you have chosen. The values of the current color for the current color space (H, L, and S for HLS, for example) will appear to the right of the color. The value of the current color in Hexadecimal (for web page use) will appear at the bottom of the window.

You can choose a color in three different ways. First, you can adjust the sliders for the different values (H, L, and S, for example). To do this, drag the white pointers next to the bars. Second, you can enter explicit values. To do this, enter values into the form elements on the right side of the window. Finally, you can enter in a Hexadecimal value into the form element at the bottom of the window.

If you would like to see the complementary or triadic colors for the current color, pick a different item from the "Hues" menu at the bottom of the window. These other colors will then show up in the bottom part of the main color box. You can click on these different colors to pick them as the current color.
In the upper-right hand corner are two smaller color boxes. The one on the left represents the current color (identical to the larger current color box). The one on the right represents the nearest web-safe color. If these colors are not the same, an exclamation point will appear to the right. Click on either the web-safe color box or the exclamation point to jump to the nearest web-safe color.
WHAT'S WITH THESE COLOR SPACES, ANYWAY?

As I mentioned above, RGB, HLS and HSB are called "color spaces." If you're interested in knowing a bit more how these colors spaces work, read on.
RGB Color Space

The RGB color space is known as a "hardware-oriented" color space. It exists because hardware, such as your computer monitor, needs to know how to display the color on the screen. The R, G, and B values correspond to the relative strengths of the red, green, and blue guns in the CRT. Here is how red, green and blue are combined to make other colors:

Red, green, and blue are known as primary colors - they can be combined to make any other color. For example, red and green combines to make yellow. While RGB may be perfect for hardware, it's not an intuitive color space for picking colors because humans don't think of complex colors (such as vermilion) as combinations of primary colors.

HLS Colorspace

Instead of describing colors by combinations of primary colors, it's helpful to start by thinking of hues. The hue is the part of the color independent of its brightness or dullness [blāvums]. For example, if we wanted to pick a dark red, we would start with a red hue and then simply make it darker by adjusting the lightness. Here is a two-dimensional representation of hue against lightness (with saturation at 100 percent):

*w

The reader is probably asking now, what is saturation? Saturation, unlike lightness, determines how "colorful" a color is. A highly saturated color will be vibrant, like fluorescent yellow, whereas a completely desaturated color will be grey. Here is a graph of hue against saturation, at a chosen lightness of 25%:
*w

Thus, HLS is clearly much more intuitive than the RGB colorspace for picking colors. All you have to do is start with the hue you want, and adjust saturation and lightness until you get the color you desire. No fiddling [niekošanās] with primary colors necessary!

HSB Colorspace

HSB stands for hue, saturation, and brightness. It is extremely similar to HLS, except that instead of dealing with how "light" a color is, it deals with how "bright" a color is. If you set saturation to 100 percent, 100 percent brightness in HSB corresponds to 50 percent lightness in HLS. To get a feel for the differences between the two color spaces, it's best to play around with the two and see which one you like better.

ABOUT THE AUTHOR

Michael Bostock is a junior at Princeton University, in Princeton, NJ. He is currently working towards a B.S.E. degree in Computer Science. When not programming, writing articles, or doing homework, he enjoys photography and playing tenor saxophone in the Princeton Band. For more information, see his web page: http:// www.princeton.edu/~mbostock/
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RHS Colors on a monitor

Summary

CIE-measurements of the RHS colour chart colors were transformed into RGB and L*a*b* co-ordinates. With these co-ordinates colored squares on screen were made and adapted to match as closely as possible to the original colors. The possibillities of using these colored squares in database descriptions was discussed.

Introduction

If we want to make a description of a plant like Fuchsia, we have to describe the colors of the flowers. We can use words like red and pink or fancy [iztēles] words like Etruscan Orange and Jasmine Yellow, but if we want to make a good description of the color, we have to use a more exact method. Very exact is the use of C.I.E. (Commission Internationale de l'Eclairage) co-ordinates in a color space, but more common used for description of plant colors is the RHS (Royal Horticultural Society) colour chart. Each color on the chart has a different number. This RHS number (like 104B or 3A) is given in a description.

Goal of the research

In a database with descriptions of fuchsias one can use the RHS numbers to describe the flower colors. The problem is that not everyone who wants to use the database has a (expensive) RHS-color chart. You can use additional words like red-pink and purple to give an indication for those users, but that is not very exact. So why not using coloured squares in a database? On paper that would be too expensive, but on a computer that is perhaps possible. To make the exact colors on a computer is impossible (for many reasons), but is it possible to make colors on screen which give an better idea of a color than a word like red-pink? How close can you match [pieskaņot] colors on a monitor to the RHS colors? The goal of this research was to find out how close you can come to the real RHS colors on a monitor and if it is useful to use those colors in a Fuchsia database. So my hypothesis was:

'You can make colors on a monitor which match closely enough to the RHS-colors to give an better idea of color in a description than the use of words to describe a color.' 

Materials

A reprint of the R.H.S. colour chart was used, made the Royal Horticultural Society, Brittain in co-operation with the Flower Council of Holland. (The edition in the grey box.) The chart consists of 4 fans. A fan has sheets with four colored fields on it. Each sheet has a number and each field on a sheet has a letter (A, B, C or D). There are 202 sheets, so there are 808 colours (1A..202D).
A table of cross references with CIE measurements of the same edition of the RHS-chart (there are three editions, this is the second, most common used edition) was used. Editors, year and place of publication are unknown. You can find the table in the library of the Dutch Fuchsia Society, NKvF. Measurements of the color co-ordinates were obtained with a Hilger and Watts J.40 Colourmeter. The co-ordinates x, y and Y were measured. 

A computer monitor Nec Multisync 2A with a Pentium PC was used, with software to make and view colors and drawings (Adobe Photoshop 4, Corel Draw 7, MS Explorer). The black level control ('brightness') of the monitor was set as follows: a predominantly black picture was displayed. The black level was adjusted so that the monitor reproduced true black on the screen, just at the treshold were it is not so far down as to 'swallow' codes greater than the black code, but not so high that the picture sits on a pedestal of dark grey.

Method

It is strongly recommended that you read the following articles first to understand more about color and to understand the used method:

-Frequently Asked Questions about Gamma

-Frequently Asked Questions about Color

(written by Charles A. Poynton poynton@inforamp.net)

You can find these articles at www.inforamp.net/~poynton
The xyY values in the tabel of cross references cannot directly be used, they have to be translated to another color system, for instance RGB or L*a*b*. The CIE x and y co-ordinates are chromaticity co-ordinates ('pure' color in absence of brightness), Y (gamma) is the luminance.

The xyY values can be translated into XYZ tristimulus values using the following method:

X= x / y * Y 

Z= 1-x-y / y * Y

Y=Y

These CIE XYZ values were translated into Rec.709 RGB values using the following matrix:

*w

The CIE XYZ values were also translated into CIE L*a*b* values using the formulas:

*w

For Yn, Xn and Zn the value 100 was used (maximum value of X, Y and Z)

The translations were done in Excel.

In CorelDraw a picture with colored squares was made. 

The squares were filled with a RGB or L*a*b* color in Photoshop, in RGB or Lab mode. 

RGB color consists of Red, Green and Blue, the primaries in an additive system (colors made with light). The primaries in a subtractive system (colors made with ink) are CMY (Cyan, Magenta, Yellow). 
L*a*b color consists of a luminance, or lightness component (L) and two chromatic components: the a component, which ranges from green to red, and the b component, which ranges from blue to yellow.

The monitor settings in Photoshop were: Gamma = 1.80 (this is the closest setting to a uncorrected gamma and gives the same colors as in many other programs, for instance MS Explorer). White Point = 6500 Kelvin (in the formulas Rec. 709 was used). Phosphors: Triniton. The monitor was callibrated. You can adjust these settings in File/Color settings/Monitor setup.
In each drawing with colored squares less than 256 colors were used, to make it possible to save in GIF format with exact palette. As background the color white is used (L*,a*,b* = 100,0,0).

The CIELab and Rec. 709 RGB values on screen were compared with the RHS Colour Chart. This was done by visual comparing the colors and differences between those (as good as possible) under north daylight circumstances.

Results and discussion

Using the calculated RGB values on screen did not give a good color matching with the RHS chart. The colors looked much to dark. For instance 155D, nearly white looked more like silver grey (202C). What was wrong? Some error in the used method? Were the RGB values in percentage? The values were divided through 100 and multiplied with 255 (the maximum value). The results looked better, but still not good. Did one have to use some sort of gamma correction? The following correction method was used:

first the linear RGB values were transferred into non-linear R'G'B' values using the 0,45 power law from the Rec. 709 transfer function. For example calculating R':
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After that the non-linear R'G'B' values were transferred into linear RGB values.

An idealized monitor would transfer those values as follows:

*

(gamma = 1 / 0,45 = 2,22)

But a monitor is not ideal, so the 2,5 power law was used (the numerical value of the exponent of this power function is colloquially known as gamma). For instance R' to the 2.5 power. The values obtained in this way showed even worse colors as the previous method (darker), see the tabel.

RHS color 155D

measured x, y, Y
x = 0,319
y = 0,330
Y = 88,6 


calculated R,G, B
R = 94
            G = 87
             B = 86


(R,G,B/100) * 255
R = 241
G = 222
B = 220


R, G, B gamma corr.
R = 205
G = 187
B = 185


R, G, B * 3
            R = 283
G = 261
B = 259


R, G, B ideal
            R = +/- 255
G = +/- 255
B = +/- 255


Ideal would be R,G,B values of about 255, 255, 255 ('pure' white). But who knows if the gamma of my monitor is 2,5 and not 2,55 for instance? Using a value of 2,55 already showed better results.

A third method was also used: the RGB values just multiplied with 3. This gave a lot of colors with values above the maximum (255). Those values were just rounded to 255. This was a very rough method, but showed pretty good colors on the monitor. 

Because RGB values did not give satisfactory results, L*a*b* values were calculated and used. The advantage of CIE L*a*b* is that it is designed to be device independent; that is, it creates consistent color regardless of the specific device, such as the monitor, printer, or computer, that you use to create or output the image.

The use of the CIElab values showed much better results, but not ideal results. Trial and error showed that the use a correction factor gave better results. The increase of L* with about 3, a* with about 6 and b* also with about 6 resulted in colors on the monitor which matched very closely with the colors on the RHS chart. But why is such a correction factor needed? Is that because the monitor that was used was not exact enough, or is there another reason? And why uses the software CorelDraw a* and b* values between 0 and 60 instead of a normal -120 to +120? After using the correction factor some colors still didn't look good. I corrected those manually, comparing them with the color chart. (the colors 4D, 8C, 19A, 19B, 19C, 28A, 29A, 29D, 33A, 34A, 34B, 34 C, 40A, 40B, 40C, 40D, 41A, 41B, 41C, 41D, 46D, 49A, 49B, 49C, 49D, 55A, 55B, 55C, 55D, 56A, 56B, 56C, 56D) That could be necessary because a fan measured was yellowed for example (measure errors), or because values were rounded. The use of a value of 6 for 5,43 could show better results than the use of value 5.

the figure below shows the different results of some of the discussed methods above for the first RHS colour fan. It is a JPEG picture, so the colors are not exact!

The corrected L*a*b* colors match closer to the RHS-chart as the RGB x 3 colors. You can also see more differences between the different colors.

To get more info about the correction factors that have to be used the values of the RHS colors 155D (almost white), 202A (almost black), 202B (dark grey) and 202C (silver grey) were viewed. See picture from above to below.

De left 4 colors are the colors made with the calculated L*a*b* values. One can see that the colors are to 'blue'. That indicates that there have to be not only a correction factor for L*, but also for a* and b*. It seems also if the light colors, like 155D have to be made lighter, and the dark colors have to be made darker. The colors in the middle are made with a correction of trial and error and comparing a lot of colors: L* +2, a* +6, b* +6. De right 4 colors look about the same as the corresponding RHS colors. Those are made with a correction of +4 for a*, +5 for b* and L* +4 for light colors to -4 for dark colors with the following formula: L*/100 x 108 - 4. Trying these correctionfactors on other colors showed fairly good results, but most colors looked better if b*+10 was used. There was also an indication that high positive a* and b* values needs a larger correction factor, but that is difficult to check. It seems that with the use of the correction factors, some colors still have to be adapted manually.

It seems clear that you can make colors on a monitor which match quite closely to the RHS-chart. Closely enoug to give a better indication than only a word like pink. As example the following pictures. A color description of 'Pussycat' in words would be: tube pink-orange, sepals light red-orange, petals dark rose.

If other description characteristics are also used, with a kind of program which combines such characteristics, you can get something like the picture on the right, which looks quite well.

Conclusion

On the monitor used, colors could be shown matching quite good with the RHS colors. The best results were achieved using measurements in xyY values, transformed into L*a*b* values and these values corrected with a correction factor. The optimum correction factors seemed to be: 

L*/100 x 108 - 4

a* + 4

b* + 10

This resulted not with all colors in equally good results. With a drawing program (photoshop) the values could be transformed into colors.

Recommendations for further research

It is recommended to compare the used values with values from other measurements.

It is also recommended to research how and how much the colors differ on different equipment, if the same values are used. It is likely, for example that the same values show lighter colors when used on a Mac. Perhaps it is possible to adjust the colors with different correction factors for different equipment.

It is recommended to make a table with the optimum L*a*b* values, RGB values and hexadecimal RGB values (for html code for example).

Perhaps it is also possible to create a computerprogram which creates a 'reconstruction drawing' with correct colors and shapes from a description.

paintshop

Paint Shop 4

Color Depth

Most raster formats support more than one level of bits-per-pixel, and therefore more than one level of color. The following table lists all of the bits-per-pixel ratios in the raster formats that Paint Shop Pro supports, and shows the corresponding maximum number of colors. 

Bits-Per-Pixel
Maximum Number of Colors

1
2

4
16

8
256

16
32,768 or 65,536 (depends on format)

24
16,777,216

32
16,777,216

Color Definition Methods

There are several methods for defining the projected colors that appear on a computer monitor. The two most common methods (which are also the methods used by Paint Shop Pro's functions and dialog boxes) are red, green, and blue and hue, saturation, and luminance. The following table outlines the Color Dialog Box RGB and HSL settings for the standard white light color spectrum. 

Color
  RGB Settings
HSL Settings
            Red     Green
Blue    Hue      Sat
Lum

Red
255
0
0
0
240
120

Orange
255
128
0
20
240
120

Yellow
255
255
0
40
240
120

Green
0
255
0
80
240
120

Azure
0
255
255
120
240
120

Indigo
0
0
255
160
240
120

Violet
255
0
255
200
240
120

Red, Green, and Blue (RGB)

The most popular method for defining a projected color is as a combination of red, green, and blue. For example, pure red is defined by red = 100%, green = 0%, and blue = 0%. Pure black has red, green, and blue values of 0%, and pure white has red, green, and blue values of 100%. 

Hue, Saturation, and Luminance (HSL)

A projected color can be defined by the three components of hue, saturation, and luminance: 

Hue describes the color's shade [nokrāsa] or tint [tonis]. It is measured on a circular spectrum running from red to green to blue and returning to red. 

Saturation describes the hue's purity. A color with a saturation of 100% is bright and vivid, and a color with a saturation of 0% is a shade of grey. 

Luminance describes the color's brightness. A color with luminance of 100% is always pure white, and a color with luminance of 0% is always pure black.

Color Functions

Color Adjustment Functions

Paint Shop Pro has five functions for adjusting an image or selection's color. The functions all use a similar dialog box and operate in a common manner. 


Brightness / Contrast Function


Gamma Correct Function


Highlight / MidTone / Shadow Function


Hue / Saturation / Luminance Function


Red / Green / Blue Function

Hue / Saturation / Luminance Function

…You can use the Hue/Saturation/Luminance Function to modify these three components for the entire image or selection. 

Using a Color Adjustment Function

Parameter
Effect

Hue
Increases/decreases hue. Moves all colors up or down the color spectrum.

Saturation
Increases/decreases saturation. -100% converts image or selection to grey scale.

Luminance
Increases/decreases luminance. -100% produces pure black. +100% produces pure white if original histogram is in top half of luminance spectrum.

Brightness / Contrast Function

You use the Brightness/Contrast Function to brighten or darken an entire image or selection, or to increase or decrease the range of luminance (contrast) within an image or selection. In other words, the Brightness Setting shifts the entire histogram, and the Contrast Setting stretches or compresses it. 

Using a Color Adjustment Function

Parameter
Effect

Brightness
Shifts entire histogram in the direction of change. Positive 100% turns image or selection pure white. Negative 100% turns image or selection pure black.

Contrast
Positive change flattens histogram, producing wider range of luminance. Negative change tightens histogram, producing narrower range of luminance.
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Take our Paint Shop Pro tutorial. It starts at the beginning and takes you step-by-step through each topic a Paint Shop Pro tutorial should cover. 

Paint Shop Pro Tutorial

Copyright © 1999-2004 BayCon Group, Inc. All rights reserved
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COLOR 

This lecture is on color: how color is determined and how to select foreground and background colors. 

Definitions:


Hue –
A color or shade of color. Paint Show Pro's hue settings are used to determine color.


Lightness – Amount or intensity of light found in a color. A setting of zero is equal to black. A setting of 255 is equal to white.


Saturation –
The strength of hue or the amount of gray in a color. A color with a high degree of saturation has very little gray. 


Active Colors
The colors available to you while you are working with Paint Shop Pro. Paint Shop Pro allows you two active colors, called the foreground and background colors. Press the left mouse button to apply the foreground color to the image; press the right mouse button to apply the background color to the image.


Three methods are used to define and describe color. They are the RGB method, the HSL method, and the CMYK method. 

Computer monitors use the RGB method. RGB stands for Red Green Blue. This method uses combinations of the three primary colors red, green, and blue to present all of the colors that display on the computer monitor. Each of these primary colors has a range of values from 0 to 255. Setting all of the values to 0 produces black. Setting all of the values to 255 produces white. By adjusting the Red, Green, and Blue values, you can produce the full spectrum of colors. 

The HSL method uses hue, saturation, and lightness to define color. Each of these elements is assigned a value from 0 to 255. Hue is a color or shade of color. Lightness refers to the amount or intensity of light found in a color. A lightness setting of zero is equal to black, and a lightness setting of 255 is equal to white. Saturation refers to the amount of gray. A saturation value of 0 means there is a lot of gray, and a saturation value of 255 means there is no gray. 

Paint Shop Pro arranges hues around a color wheel. You select the color you want by moving the pointer around the wheel. Saturation and lightness are represented by a square in the center of the color wheel. You increase lightness by moving from the top to the bottom of the square. You increase saturation by moving from left to right. Your selection displays in the Current Color frame. 

The CMYK (Cyan/Magenta/Yellow/Black) method is most often used in printing. Cyan, magenta, and yellow are combined to produce the other colors, with the exception of black. Black is the fourth color. 

The colors available to you while you are working with Paint Shop Pro are the "active colors." Paint Shop Pro allows you two active colors, the foreground and background colors. Press the left mouse button to apply the foreground color to the image, and press the right mouse button to apply the background color to the image. 

Things You Need to Know: 

The Color Panel 

Color_Panel.png

To use the Color panel to select your active colors: 

Move the pointer to the Available Color panel. The pointer will change to a dropper. As you move the pointer around the Color panel, the current color displays in the Current Color box.

 Find the color you want. Left-click to select the color as the foreground color. Right-click to select the color as the background color.
The Color Dialog Box 

Color_Dialog_Box.png

The Color dialog box is the default dialog box and is available if you are working on a 24-bit image and your preference is not set to use the standard Windows Color Picker. 

Basic Colors 

To select a color by using the Color dialog box’s basic colors: 

Click once on the foreground or background color, depending on which one you wish to set. The Color dialog box will appear. Paint Shop Pro supplies 48 basic colors, located in the upper left corner of the dialog box.

Click on a basic color and then click on OK to select the color.
The Color Wheel 

You can also select colors by using the color wheel. 

Click on the color wheel and move your pointer to select the desired hue.

Click on the saturation/lightness box to select the saturation and lightness. Move the pointer from left to right to increase saturation. Move the pointer from top to bottom to increase lightness.

Click on OK to select the color.
RGB and HSL Values 

If you know the color's RGB or HSL values, you can type the values in the appropriate boxes of the Current Color frame. HTML is the markup language used to create Web pages. Each color is assigned a code. If you know the color's HTML code, you can enter the value in the HTML Code field. 

Custom Colors 

The Color dialog box has sixteen boxes you can use to store custom colors (a custom color is any color you want to save in a custom color box). To move a color to one of the custom color boxes: 

Select the color.

Right-click on the Add Custom button.
Selecting Color from an Image 

Click on the Dropper icon. Move the pointer to the area of the image where the color is located. The selected color displays in the Color box. Left-click to make the selected color the foreground color. Right-click to make the selected color the background color.

The Color Palette 

If you are working with an image that has 256 colors or less, you can click on the foreground or background color to display the Select Color From Palette dialog box. Select the color you want by clicking on it. You can sort the colors by palette order, luminance, or hue. The RGB value and HTML code appear at the bottom of the screen. 

Recent Colors Dialog Box 

If you right-click on the foreground or background color, the Recent Colors dialog box will open. The colors shown in the top of the box are constant. The colors shown in the bottom of the box are the most recently used colors. If your image is less than 24-bit, some of the colors might not be available to you. Simply click on a color to select it. 

Exercises: 

…
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In video, computer graphics, and image processing, the gamma symbol  represents a numerical parameter that describes the nonlinear relationship between pixel value and luminance (or what you might loosely call "intensity"). Having a good understanding of the theory and practice of gamma will enable you to get good results when you create, process and display pictures. 

Table of Contents

…

1. What is brightness?

In a grayscale image, each pixel value represents what is loosely called brightness. However, brightness is defined formally as the attribute of a visual sensation according to which an area appears to emit more or less light. This definition is obviously subjective, so brightness is an inappropriate description of, or metric for, image data. 

Grayscale image data is normally based upon luminance. Color image data is normally based upon tristimulus values. Usually, image data is coded nonlinearly: luminance, or tristimulus values, are subject to a nonlinear transfer function that mimics the lightness perception of human vision. 

To understand why luminance or tristimulus values are the basis for pixel values, you must have some familiarity with these terms: radiant intensity, radiance, luminous intensity, luminance, and lightness. If you are familiar with these terms, proceed to What is gamma? 

2. What is intensity?

Radiant intensity refers to radiant power (flux) in a particular, specified direction. Formally, it is the rate at which radiant energy is transferred, per unit solid angle. Radiant intensity is expressed in watts per steradian (W · sr-1). It is what I call a linear-light measure. 

Radiant intensity potentially has a large spatial extent, but imaging systems use pixels with small area: It is inappropriate to use intensity as a metric for image data. A more suitable quantity is radiance, defined as radiant intensity per unit projected area. It is expressed in watts per steradian per meter squared. Image data stored in a file - such as TIFF or PPM - may be proportional to radiance; however, as I have mentioned, pixel values are usually subject to a nonlinear transfer function. 

3. What is luminous intensity?

In physics, radiant intensity and radiance are integrated across a wide range of wavelengths. In color science, we are interested in power only in the visible band. Radiant intensity, weighted by the spectral sensitivity associated with the brightness sensation of vision, is luminous intensity. It is expressed in units of candelas (cd). The weighting curve is defined numerically and standardized by the CIE; it is called the luminous efficiency of the Standard Observer. It is all-positive, and peaks at about 555 nm. 

4. What is luminance?

Luminance is luminous intensity per unit projected area. It is expressed in candelas per meter squared (cd · m-2). 

Luminance, denoted Y, is proportional to power; in that sense it resembles intensity. However, its spectral composition is intimately related to the lightness sensitivity of human vision. To learn about the relationship between physical spectra and perceived brightness, and other color issues, refer to the companion Frequently Asked Questions about Color. 

Strictly speaking, luminance should be expressed in units such as candelas per meter squared. In practice, luminance is often normalized to 1 or 100 units with respect to the luminance of a specified or implied white reference. For example, a studio broadcast monitor has a white reference whose luminance is about 100 cd · m-2, and Y= 1 refers to this value. So in image science, luminance is more properly called relative luminance. (A different quantity, luma, is often carelessly referred to as luminance, as I will explain below under the question What is luma?)

Luminance can be computed as a properly-weighted sum of linear-light red, green, and blue primary components - technically, tristimulus components. For contemporary video cameras, the coefficients are these: 

{ColAtt1.png}

5. What is lightness?

Human vision has a nonlinear perceptual response to luminance: A source having a luminance only 18% of a reference luminance appears about half as bright. The perceptual response to luminance is called lightness, and is defined by the CIE 

 Publication CIE No 15.2, Colorimetry, as a modified cube root of luminance: 
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Yn is the luminance of the white reference. If you normalize luminance to reference white then you need not compute the quotient. 

Although the exponent 1/3 appears in the equation, owing to the offset and the scale factor, the overall curve is close to a 0.4-power function. 

The CIE definition applies a linear segment with a slope of 903.3 near black, for (Yn) < 0.008856. The linear segment is unimportant for practical purposes but if you don't use it, make sure that you limit L* at zero. L* has a range of 0 to 100, and a delta L-star of unity is taken to be roughly the threshold of visibility. 

Stated differently, lightness perception is roughly logarithmic. You cannot detect a luminance difference between two patches when the ratio of their luminance values differs by less than about one percent. 

Video systems approximate the lightness response of vision using R'G'B' signals that are each subject to approximately a 0.5-power function. This is comparable to the 1/3-power function defined by L*.

6. What is Value?

Value, not to be confused with tristimulus value, refers to measures of lightness apart from CIE L*; for example, Munsell Value. Imaging systems rarely, if ever, use Value in any sense consistent with accurate color. 

7. What is luma?

Video systems approximate the lightness response of vision by computing a luma component Y' as a weighted sum of nonlinear R'G'B' primary components: Each RGB signal is subject to a square root function, comparable to the 0.4-power function defined by L*. Luma is often carelessly referred to as luminance. For more information, consult the companion document Frequently Asked Questions about Color.

8. What is gamma?

The luminance generated by a physical device is generally not a linear function of the applied signal. A conventional CRT has a power-law response to voltage: luminance produced at the face of the display is approximately proportional to the applied voltage raised to the 2.5 power. The numerical value of the exponent of this power function is colloquially known as gamma. This nonlinearity must be compensated in order to achieve correct reproduction of luminance. 

As mentioned above (What is lightness?), human vision has a nonuniform perceptual response to luminance. If luminance is to be coded into a small number of steps, say 256, then in order for the most effective perceptual use to be made of the available codes, the codes must be assigned to luminance levels according to the properties of perception. 

Here is a graph of an actual CRT's transfer function, at three different settings of the picture control: 
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This graph indicates a video signal having a voltage from zero to 700 mV. In a typical eight-bit digital-to-analog converter on a framebuffer card, black is at code zero, and white is at code 255. 

Through an amazing coincidence, vision's response to luminance is effectively the inverse of a CRT's nonlinearity. If you apply a transfer function to code a signal to take advantage of the properties of lightness perception - a function similar to the L* function - the coding will be inverted by a CRT. For details on measuring gamma, see Roberts. 

9. What is gamma correction?

In a video system, luminance of each of the linear-light red, green, and blue (tristimulus) components is transformed to a nonlinear video signal by gamma correction, which is universally done at the camera. The Rec. 709 transfer function takes linear-light tristimulus value (here L) to a nonlinear component (here E'), for example, voltage in a video system: 
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The linear segment near black minimizes the effect of sensor noise in practical cameras and scanners. Here is a graph of the Rec. 709 transfer function, for a signal range from zero to unity:
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An idealized monitor inverts the transform: 
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Real monitors are not as exact as this equation suggests, and have no linear segment, but the precise definition is necessary for accurate intermediate processing in the linear-light domain. In a color system, an identical transfer function is applied to each of the three tristimulus (linear-light) RGB components. See Frequently Asked Questions about Color.

Incidentally, the nonlinearity of a CRT is a function of the electrostatics of the cathode and the grid of an electron gun; it has nothing to do with the phosphor. Also, the nonlinearity is a power function [which has the form f (x) = xa], not an exponential function [which has the form f (x) = ex]. For more detail, read the Gamma chapter in Poynton's book Charles Poynton, A Technical Introduction to Digital Video. Chapter 6, "Gamma" is available online at (Acrobat PDF format, nnn bytes).. 

10. Does NTSC use a gamma of 2.2? 

Television is usually viewed in a dim [krēslas] environment. If an images's correct physical luminance is reproduced in a dim surround, a subjective effect called simultaneous contrast causes the reproduced image to appear lacking in contrast, as demonstrated above. The effect can be overcome by applying an end-to-end power function whose exponent is about 1.1 or 1.2. Rather than having each receiver provide this correction, the assumed 2.5-power at the CRT is under-corrected at the camera by using an exponent of about 1/2.2 instead of 1/2.5. The assumption of a dim viewing environment is built into video coding. 

 {attēls}

11. Does PAL use a gamma of 2.8? 

Standards for 625/50 systems mention an exponent of 2.8 at the decoder, however this value is unrealistically high to be used in practice. If an exponent different from 0.45 is chosen for a power function with a linear segment near black like Rec. 709, the other parameters need to be changed to maintain function and tangent continuity. 

12. I pulled an image off the net and it looks murky.

If an image originates in linear-light form, gamma correction needs to be applied exactly once. If gamma correction is not applied and linear-light image data is applied to a CRT, the midtones will be reproduced too dark. If gamma correction is applied twice, the midtones will be too light. 

13. I pulled an image off the net and it looks a little too contrasty.

Viewing environments typical of computing are quite bright. When an image is coded according to video standards it implicitly carries the assumption of a dim surround. If it is displayed without correction in a bright ambient, it will appear contrasty. In this circumstance you should apply a power function with an exponent of about 1/1.1 or 1/1.2 to correct for your bright surround. 

Ambient lighting is rarely taken into account in the exchange of computer images. If an image is created in a dark environment and transmitted to a viewer in a bright environment, the recipient will find it to have excessive contrast. 

If an image originated in a bright environment and viewed in a bright environment, it will need no modification no matter what coding is applied. But then it will carry an assumption of a bright surround. Video standards are widespread and well optimized for vision, so it makes sense to code with a power function of 0.45 and retain a single standard for the assumed viewing environment. 

In the long term, for everyone to get the best results in image interchange among applications, an image originator should remove the effect of his ambient environment when he transmits an image. The recipient of an image should insert a transfer function appropriate for his viewing environment. In the short term, you should include with your image data tags that specify the parameters that you used to encode. TIFF 6.0 has provisions for this data. You can correct for your own viewing environment as appropriate, but until image interchange standards incorporate viewing conditions, you will also have to compensate for the originator's viewing conditions. 

14. What is contrast ratio?

Contrast ratio is the ratio of luminance between the brightest white and the darkest black of a particular device or a particular environment. Projected cinema film, or a photographic reflection print, has a contrast ratio of about 80:1. Television assumes a contrast ratio, in your living room, of about 30:1. Typical office viewing conditions restrict the contrast ratio of a CRT display to about 5:1. 

15. How many bits do I need to smoothly shade from black to white? 

At a particular level of adaptation, human vision responds to about a hundred-to-one contrast ratio of luminance from white to black. Call these luminance values 100 and 1. Within this range, vision can detect that two luminance values are different if the ratio between them exceeds about 1.01, corresponding to a contrast sensitivity of one percent. 

To shade smoothly over this range, so as to produce no perceptible steps, at the black end of the scale it is necessary to have coding that represents different luminance levels 1.00, 1.01, 1.02, and so on. If linear light coding is used, the "delta" of 0.01 must be maintained all the way up the scale to white. This requires about 9,900 codes, or about fourteen bits per component. 

If you use nonlinear coding, then the 1.01 "delta" required at the black end of the scale applies as a ratio, not an absolute increment, and progresses like compound interest up to white. This results in about 460 codes, or about nine bits per component. Eight bits, nonlinearly coded according to Rec. 709, is sufficient for broadcast-quality digital television at a contrast ratio of about 50:1. 

If poor viewing conditions or poor display quality restrict the contrast ratio of the display, then fewer bits can be employed. 

If a linear light system is quantized to a small number of bits, with black at code zero, then the ability of human vision to discern a 1.01 ratio between adjacent luminance levels takes effect below code 100. If a linear light system has only eight bits, then the top end of the scale is only 255, and contouring in dark areas will be perceptible even in very poor viewing conditions. 

16. How is gamma handled in video, computer graphics, and desktop computing?

As outlined above, gamma correction in video effectively codes into a perceptually uniform domain. In video, a 0.45-power function is applied at the camera, as shown in the top row of this diagram: 
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Synthetic computer graphics calculates the interaction of light and objects. These interactions are in the physical domain, and must be calculated in linear-light values. It is conventional in computer graphics to store linear-light values in the framebuffer, and introduce gamma correction at the lookup table at the output of the framebuffer. This is illustrated in the second row. 

If linear-light is represented in just eight bits, near black the steps between codes will be perceptible as banding in smoothly-shaded images. This is the eight-bit bottleneck in the sketch. 

Desktop computers are optimized neither for image synthesis nor for video. They have programmable "gamma" and either poor standards or no standards. Consequently, image interchange among desktop computers is fraught with difficulty. 

17. Voltage relates to luminance through a 2.5-power function, but how do RGB code values relate to voltage?

In a pseudocolor (or indexed color) framebuffer, each pixel value in the frame buffer (e.g., 43) is presented to the color lookup table (CLUT); the CLUT returns an RGB triple (e.g., 135, 206, 235). Each mapped value, plus or minus a black-level error, is proportional to voltage. 

In a hicolor framebuffer (for 16-bit color, on a cheap-o PC), with five bits for each of red, green, and blue, each component (0 to 31), plus or minus a black-level error, is proportional to voltage. 

In a truecolor framebuffer, each of the three 8-bit components is mapped through one of three lookup tables (LUTs, one for each of red, green, and blue) to produce a code from 0 to 255. Each lookup table can impose an arbitrary transfer function. The mapping may be determined by application software or system software; it may or may not be accessible to the user, and may be well documented, poorly documented, or undocumented. Each mapped value, plus or minus a black-level error, is proportional to voltage. 

the companion Frequently Asked Questions about Color for more information about colormapped, hicolor, and truecolor systems. 

18. What is the gamma of a Macintosh?

Apple offers no definition of the nonlinearity - or loosely speaking, gamma - that is intrinsic in QuickDraw. But the combination of a default QuickDraw lookup table and a standard monitor causes luminance to represent the 1.8-power of the R, G, and B values presented to QuickDraw. It is wrongly believed that Macintosh computers use monitors whose transfer function is different from the rest of the industry. The unconventional QuickDraw handling of nonlinearity is the root of this misconception. Macintosh coding is shown in the bottom row of the diagram. More detail is available in Poynton's article Gamma on the Apple Macintosh available on the Internet (Acrobat PDF format, nnn bytes). 

The transfer of image data in computing involves various transfer functions: at coding, in the framebuffer, at the lookup table, and at the monitor. Strictly speaking the term gamma applies to the exponent of the power function at the monitor. If you use the term loosely, in the case of a Mac you could call the gamma 1.4, 1.8 or 2.5 depending which part of the system you were discussing. 

I recommend using the Rec. 709 transfer function, with its 0.45-power law, for best perceptual performance and maximum ease of interchange with digital video. If you need Mac compatibility you will have to code luminance with a 1/1.8-power law, anticipating QuickDraw's 1/1.45-power in the lookup table. This coding has adequate performance in the bright viewing environments typical of desktop applications, but suffers in darker viewing conditions that have high contrast ratio. 

19. Does the gamma of CRTs vary wildly?

Gamma of a properly adjusted conventional CRT varies anywhere between about 2.35 and 2.55. 

CRTs have acquired a reputation for wild variation for two reasons. First, if the model luminance = voltage is naively fitted to a display with black-level error, the exponent deduced will be as much a function of the black error as the true exponent. Second, input devices, graphics libraries, and application programs all have the potential to introduce their own transfer functions. Nonlinearities from these sources are often categorized as gamma and wrongly attributed to the display. 

20. How should I adjust my monitor's black level and picture controls?

On a CRT monitor, the picture control, often misleadingly labelled contrast, adjusts overall luminance. The black level control, often misleadingly labelled brightness, adjusts offset. Display a picture that is predominantly black. Adjust black level so that the monitor reproduces true black on the screen, just at the threshold where it is not so far down as to "swallow" codes greater than the black code, but not so high that the picture sits on a pedestal of dark grey. When the critical point is reached, put a piece of tape over the black level control. Then set picture to suit your preference for display luminance. 

21. Should I do image processing operations on linear or nonlinear image data?

If you wish to simulate the physical world, linear-light coding is necessary. For example, if you want to produce a numerical simulation of a lens performing a Fourier transform, you should use linear coding. If you want to compare your model with the transformed image captured from a real lens by a video camera, you will have to "remove" the nonlinear gamma correction that was imposed by the camera, to convert the image data back into its linear-light representation. 

On the other hand, if your computation involves human perception, a nonlinear representation may be required. For example, if you perform a discrete cosine transform on image data as the first step in image compression, as in JPEG, then you ought to use nonlinear coding that exhibits perceptual uniformity, because you wish to minimize the perceptibility of the errors that will be introduced during quantization. 

The image processing literature rarely discriminates between linear and nonlinear coding. In the JPEG and MPEG standards there is no mention of transfer function, but nonlinear (video-like) coding is implicit: unacceptable results are obtained when JPEG or MPEG are applied to linear-light data. In computer graphic standards such as PHIGS and CGM there is no mention of transfer function, but linear-light coding is implicit. These discrepancies make it very difficult to exchange image data between systems. 

When you ask a video engineer if his system is linear, he will say Of course! - referring to linear voltage. If you ask an optical engineer if her system is linear, she will say Of course! - referring to linear luminance. But when a nonlinear transform lies between the two systems, as in video, a linear transformation performed in one domain is not linear in the other. 

22. What are the I, B, L, and V components in HSI, HSB, HLS, and HSV?

To conform with the definition of luminance as being proportional to physical power, the I component of HSI should represent a linear-light quantity. The CIE has defined no objective measure for brightness, but it is clearly a perceptual quantity. Lightness is a perceptual quantity that has been quite precisely defined by the CIE. The CIE has not defined Value, but several different definitions are in use, such as Munsell Value, and all have a perceptual basis and are comparable to lightness. 

In most formulations of HSI, HSB, HLS, and HSV used in computer graphics, the quantities are computed from R, G, and B primary components but no reference is made to the nonlinearity in the primary components, that is, the relationship of the primaries to linear light. So it is impossible to determine whether the calculated HSI, HSB, HLS, or HSV represents a physical or a perceptual quantity. 

The brightness component of HSI, HSB, HLS, and HSV should be based on luminance, computed as a properly-weighted sum of red, green, and blue. But in the usual formulations, the brightness component is computed as either the maximum of the three components, or the average of the minimum and the maximum of the three. This highly nonlinear calculation introduces spokes into the hue circle. 

Finally, the color produced by an RGB triple translated from HSI, HSB, HLS, or HSV depends on the chromaticity of the RGB primaries, but none of the usual formulations of HSI, HSB, HLS, or HSV takes primary chromaticity into account. 

For these reasons, any use in computer graphics of I, B, L, and V quantities is suspect. For detail, see Frequently Asked Questions about Color. 

23. What's the transfer function of offset printing?

A image destined for halftone printing conventionally specifies each pixel in terms of dot percentage in film. An imagesetter's halftoning machinery generates dots whose areas are proportional to the requested coverage. In principle, dot percentage in film is inversely proportional to linear-light reflectance. 

Two phenomena distort the requested dot coverage values. First, printing involves a mechanical smearing of the ink that causes dots to enlarge. Second, optical effects within the bulk of the paper cause more light to be absorbed than would be expected from the surface coverage of the dot alone. These phenomena are collected under the term dot gain, which is the percentage by which the light absorption of the printed dots exceeds the requested dot coverage. 

Standard offset printing involves a dot gain at 50% of about 24%: when 50% absorption is requested, 74% absorption is obtained. The midtones print darker than requested. This results in a transfer function from code to reflectance that closely resembles the voltage-to-light curve of a CRT. Correction of dot gain is conceptually similar to gamma correction in video: physical correction of the "defect" in the reproduction process is very well matched to the lightness perception of human vision. Coding an image in terms of dot percentage in film involves coding into a roughly perceptually uniform space. The standard dot gain functions employed in North America and Europe correspond to luminance being reproduced as a power function of the digital code, where the numerical value of the exponent is about 1.75, compared to about 2.2 for video. This is lower than the optimum for perception, but works well for the low contrast ratio of offset printing. 

The Macintosh has a power function that is close enough to printing practice that raw QuickDraw codes sent to an imagesetter produce acceptable results. High-end publishing software allows the user to specify the parameters of dot gain compensation. 

I have described the linearity of conventional offset printing. Other halftoned devices have different characteristics, and require different corrections. 
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This document clarifies aspects of colour specification and image coding that are important to computer graphics, image processing, video, and the transfer of digital images to print.
I assume that you are familiar with intensity, luminance (CIE Y), lightness (CIE L*), and the nonlinear relationship between CRT voltage and intensity (gamma). To learn more about these topics, read the companion Frequently Asked Questions about Gamma. {w:iepr. raksts}
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Another source of information concerning color is the document Frequently asked questions about Colour Physics, by Steve Westland <coa23@cc.keele.ac.uk>.
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1. What is colour?

Colour is the perceptual result of light in the visible region of the spectrum, having wavelengths in the region of 400  nm to 700  nm, incident upon the retina. Physical power (or radiance) is expressed in a spectral power distribution (SPD), often in 31 components each representing a 10  nm band.

The human retina has three types of colour photoreceptor cone cells, which respond to incident radiation with somewhat different spectral response curves. A fourth type of photoreceptor cell, the rod, is also present in the retina. Rods are effective only at extremely low light levels (colloquially, night vision), and although important for vision play no role in image reproduction.
Because there are exactly three types of colour photoreceptor, three numerical components are necessary and sufficient to describe a colour, providing that appropriate spectral weighting functions are used. This is the concern of the science of colorimetry. In 1931, the Commission Internationale de L'Éclairage (CIE) adopted standard curves for a hypothetical Standard Observer. These curves specify how an SPD can be transformed into a set of three numbers that specifies a colour.
The CIE system is immediately and almost universally applicable to self-luminous sources and displays. However the colours produced by reflective systems such as photography, printing or paint are a function not only of the colourants but also of the SPD of the ambient illumination. If your application has a strong dependence upon the spectrum of the illuminant, you may have to resort to spectral matching.
Sir Isaac Newton said, "Indeed rays, properly expressed, are not coloured." SPDs exist in the physical world, but colour exists only in the eye and the brain.
2. What is intensity?

Intensity is a measure over some interval of the electromagnetic spectrum of the flow of power. Intensity is what I call a linear-light measure. The standard SI unit for luminous intensity is the candela (cd).
The voltages presented to a CRT monitor control the intensities of the colour components, but in a nonlinear manner. CRT voltages are not proportional to intensity.

For information on issues of nomenclature and units surrounding intensity, See the article Getting Intense on Intensity, by James M. Palmer. You might be interested in his FAQ on Radiometry and Photometry.

3. What is luminance?

Brightness is defined by the CIE as the attribute of a visual sensation according to which an area appears to emit more or less light. Because brightness perception [izpratne] is very complex, the CIE defined a more tractable quantity luminance which is radiant power weighted by a spectral sensitivity function that is characteristic of vision. The luminous efficiency of the Standard Observer is defined numerically, is everywhere positive, and peaks at about 555  nm. When an SPD is integrated using this curve as a weighting function, the result is CIE luminance, denoted  Y.

The magnitude of luminance is proportional to physical power. In that sense it is like intensity. But the spectral composition of luminance is related to the brightness sensitivity of human vision.

Strictly speaking, luminance should be expressed in a unit such as candelas per meter squared, but in practice it is often normalized to 1 or 100 units with respect to the luminance of a specified or implied white reference. For example, a studio broadcast monitor has a white reference whose luminance is about 100  cd*m -2, and Y  =  1 refers to this value. 

4. What is lightness?

Human vision has a nonlinear perceptual [uztveršanas] response to brightness: a source having a luminance only 18% of a reference luminance appears about half as bright. The perceptual response to luminance is called Lightness. It is denoted L* and is defined by the CIE as a modified cube root of luminance:
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Yn is the luminance of the white reference. If you normalize luminance to reference white then you need not compute the fraction. The CIE definition applies a linear segment with a slope of 903.3 near black, for (Y/Yn)  <=  0.008856. The linear segment is unimportant for practical purposes but if you don't use it, make sure that you limit L* at zero. L* has a range of 0 to 100, and a "delta L-star" of unity is taken to be roughly the threshold of visibility.
Stated differently, lightness perception is roughly logarithmic. An observer can detect an intensity difference between two patches [plankumiem] when their intensities differ by more than one about percent.

Video systems approximate the lightness response of vision using R'G'B' signals that are each subject to a 0.45 power function. This is comparable to the 1/3 power function defined by L*.
5. What is hue?

According to the CIE [1], hue is the attribute of a visual sensation according to which an area appears to be similar to one of the perceived [uztvertās] colours, red, yellow, green and bue, or a combination of two of them. Roughly speaking, if the dominant wavelength of an SPD [spectral power distribution] shifts, the hue of the associated colour will shift.
6. What is saturation?

Again from the CIE, saturation is the colourfulness of an area judged in proportion to its brightness. Saturation runs from neutral gray through pastel to saturated colours. Roughly speaking, the more an SPD is concentrated at one wavelength, the more saturated will be the associated colour. You can desaturate a colour by adding light that contains power at all wavelengths.
7. How is colour specified?

The CIE system defines how to map an SPD to a triple of numerical components that are the mathematical coordinates of colour space. Their function is analagous to coordinates on a map. Cartographers have different map projections for different functions: some map projections preserve areas, others show latitudes and longitudes as straight lines. No single map projection fills all the needs of map users. Similarly, no single colour system fills all of the needs of colour users.
The systems useful today for colour specification include CIE  XYZ, CIE  xyY, CIE  L*u*v* and CIE  L*a*b*. Numerical values of hue and saturation are not very useful for colour specification, for reasons to be discussed in section 36.
A colour specification system needs to be able to represent any colour with high precision. Since few colours are handled at a time, a specification system can be computationally complex. Any system for colour specification must be intimately related to the CIE specifications.
You can specify a single "spot" colour using a colour order system such as Munsell. Systems like Munsell come with swatch [paraugu] books to enable visual colour matches [pārus], and have documented methods of transforming between coordinates in the system and CIE values. Systems like Munsell are not useful for image data. You can specify an ink colour by specifying the proportions of standard (or secret) inks that can be mixed to make the colour. That's how PANTONE[tm] works. although widespread, it's proprietary [privātīpašniecisks]. No translation to CIE is publicly available.
8. Should I use a colour specification system for image data?

A digitized colour image is represented as an array of pixels, where each pixel contains numerical components that define a colour. Three components are necessary and sufficient for this purpose, although in printing it is convenient to use a fourth (black) component.
In theory, the three numerical values for image coding could be provided by a colour specification system. But a practical image coding system needs to be computationally efficient, cannot afford unlimited precision, need not be intimately related to the CIE system and generally needs to cover only a reasonably wide range of colours and not all of the colours. So image coding uses different systems than colour specification.
The systems useful for image coding are linear RGB, nonlinear R'G'B', nonlinear CMY, nonlinear CMYK, and derivatives of nonlinear R'G'B' such as Y'CBCR. Numerical values of hue and saturation are not useful in colour image coding.
If you manufacture cars, you have to match the colour of paint on the door with the colour of paint on the fender. A colour specification system will be necessary. But to convey a picture of the car, you need image coding. You can afford to do quite a bit of computation in the first case because you have only two coloured elements, the door and the fender. In the second case, the colour coding must be quite efficient because you may have a million coloured elements or more.
For a highly readable short introduction to colour image coding, see DeMarsh and Giorgianni [2]. For a terse, complete technical treatment, read Schreiber [3].
9. What weighting of red, green and blue corresponds to brightness?

Direct acquisition [iegūšana] of luminance requires use of a very specific spectral weighting. However, luminance can also be computed as a weighted sum of red, green and blue components.
If three sources appear red, green and blue, and have the same radiance in the visible spectrum, then the green will appear the brightest of the three because the luminous efficiency function peaks in the green region of the spectrum. The red will appear less bright, and the blue will be the darkest of the three. As a consequence of the luminous efficiency function, all saturated blue colours are quite dark and all saturated yellows are quite light. If luminance is computed from red, green and blue, the coefficients will be a function of the particular red, green and blue spectral weighting functions employed, but the green coefficient will be quite large, the red will have an intermediate value, and the blue coefficient will be the smallest of the three.
Contemporary CRT [cathode ray tube] phosphors are standardized in Rec.  709 [8], to be described in section 17. The weights to compute true CIE luminance from linear red, green and blue (indicated without prime symbols), for the Rec.  709, are these:
This computation assumes that the luminance spectral weighting can be formed as a linear combination of the scanner curves, and assumes that the component signals represent linear-light. Either or both of these conditions can be relaxed to some extent depending on the application.
Some computer systems have computed brightness using (R+G+B)/3. This is at odds with the properties of human vision, as will be discussed under What are HSB and HLS? in section 36.
The coefficients 0.299, 0.587 and 0.114 properly computed luminance for monitors having phosphors that were contemporary at the introduction of NTSC television in 1953. They are still appropriate for computing video luma to be discussed below in section 11. However, these coefficients do not accurately compute luminance for contemporary monitors.
10. Can blue be assigned fewer bits than red or green?

Blue has a small contribution to the brightness sensation. However, human vision has extraordinarily good colour discrimination capability in blue colours. So if you give blue fewer bits than red or green, you will introduce noticeable contouring* in blue areas of your pictures.
11. What is "luma"?

It is useful in a video system to convey [nodot] a component representative of luminance and two other components representative of colour. It is important to convey the component representative of luminance in such a way that noise (or quantization) introduced in transmission, processing and storage has a perceptually similar effect across the entire tone scale from black to white. The ideal way to accomplish these goals would be to form a luminance signal by matrixing RGB, then subjecting luminance to a nonlinear transfer function similar to the L* function.
There are practical reasons in video to perform these operations in the opposite order. First a nonlinear transfer function - gamma correction - is applied to each of the linear R, G and B. Then a weighted sum of the nonlinear components is computed to form a signal representative of luminance. The resulting component is related to brightness but is not CIE luminance. Many video engineers call it luma and give it the symbol Y'. It is often carelessly called luminance and given the symbol Y. You must be careful to determine whether a particular author assigns a linear or nonlinear interpretation to the term luminance and the symbol Y.
The coefficients that correspond to the "NTSC" red, green and blue CRT [cathode ray tube] phosphors of 1953 are standardized in ITU-R Recommendation BT.  601-2 (formerly CCIR  Rec.  601-2). I call it Rec.  601. To compute nonlinear video luma from nonlinear red, green and blue:
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The prime symbols in this equation, and in those to follow, denote nonlinear components.
12. What are CIE XYZ components?

The CIE system is based on the description of colour as a luminance component Y, as described above, and two additional components X and Z. The spectral weighting curves of X and Z have been standardized by the CIE based on statistics from experiments involving human observers. XYZ tristimulus values can describe any colour. (RGB tristimulus values will be described later.)
The magnitudes of the XYZ components are proportional to physical energy, but their spectral composition corresponds to the colour matching [salīdzināšanas] characteristics of human vision.
The CIE system is defined in Publication CIE  No  15.2, Colorimetry, Second Edition (1986) [4].
13. Does my scanner use the CIE spectral curves?

Probably not. Scanners are most often used to scan images such as colour photographs and colour offset prints that are already "records" of three components of colour information. The usual task of a scanner is not spectral analysis but extraction of the values of the three components that have already been recorded. Narrowband filters are more suited to this task than filters that adhere to the principles of colorimetry.
If you place on your scanner an original coloured object that has "original" SPDs [spectral power distributions] that are not already a record of three components, chances are your scanner will not very report accurate RGB values. This is because most scanners do not conform very closely to CIE standards.
14. What are CIE  x and y chromaticity coordinates?

It is often convenient [ērti] to discuss "pure" colour in the absence of brightness. The CIE defines a normalization process to compute "little" x and y chromaticity coordinates: 
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A colour plots as a point in an (x,  y) chromaticity diagram. When a narrowband SPD comprising power at just one wavelength is swept across the range 400  nm to 700  nm, it traces a shark-fin shaped spectral locus in (x,  y) coordinates. The sensation of purple cannot be produced by a single wavelength: to produce purple requires a mixture of shortwave and longwave light. The line of purples on a chromaticity diagram joins extreme blue to extreme red. All colours are contained in the area in (x,  y) bounded by the line of purples and the spectral locus.
A colour can be specified by its chromaticity and luminance, in the form of an xyY triple. To recover X and Z from chromaticities and luminance, use these relations:
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The bible of colour science is Wyszecki and Styles, Color Science [5]. But it's daunting [biedējoša]. For Wyszecki's own condensed version, see Color in Business, Science and Industry, Third Edition [6]. It is directed to the colour industry: ink, paint and the like. For an approachable introduction to the same theory, accompanied by descriptions of image reproduction, read R.W.G. Hunt, The Reproduction of Colour [7]. 

15. What is white?

In additive image reproduction, the white point is the chromaticity of the colour reproduced by equal red, green and blue components. White point is a function of the ratio (or balance) of power among the primaries. In subtractive reproduction, white is the SPD of the illumination, multiplied by the SPD of the media. There is no unique physical or perceptual definition of white, so to achieve accurate colour interchange you must specify the characteristics of your white.
It is often convenient for purposes of calculation to define white as a uniform SPD. This white reference is known as the equal-energy illuminant, or CIE Illuminant E.
A more realistic reference that approximates daylight has been specified numerically by the CIE as Illuminant D65. You should use this unless you have a good reason to use something else. The print industry commonly uses D50 and photography commonly uses D55. These represent compromises between the conditions of indoor (tungsten) and daylight viewing.
16. What is colour temperature?

Planck determined that the SPD radiated from a hot object - a black body radiator - is a function of the temperature to which the object is heated. Many sources of illumination have, at their core, a heated object, so it is often useful to characterize an illuminant by specifying the temperature (in units of kelvin, K) of a black body radiator that appears to have the same hue.

Although an illuminant can be specified informally by its colour temperature, a more complete specification is provided by the chromaticity coordinates of the SPD of the source.

Modern blue CRT phosphors are more efficient with respect to human vision than red or green. In a quest for brightness at the expense of colour accuracy, it is common for a computer display to have excessive blue content, about twice as blue as daylight, with white at about 9300  K.

Human vision adapts to white in the viewing environment. An image viewed in isolation - such as a slide projected in a dark room - creates its own white reference, and a viewer will be quite tolerant of errors in the white point. But if the same image is viewed in the presence of an external white reference or a second image, then differences in white point can be objectionable.

Complete adaptation seems to be confined to the range 5000  K to 5500  K. For most people, D65 has a little hint of blue. Tungsten illumination, at about 3200  K, always appears somewhat yellow.
17. How can I characterize red, green and blue?

Additive reproduction is based on physical devices that produce all-positive SPDs for each primary. Physically and mathematically, the spectra add. The largest range of colours will be produced with primaries that appear red, green and blue. Human colour vision obeys the principle of superposition, so the colour produced by any additive mixture of three primary spectra can be predicted by adding the corresponding fractions of the XYZ components of the primaries: the colours that can be mixed from a particular set of RGB primaries are completely determined by the colours of the primaries by themselves. Subtractive reproduction is much more complicated: the colours of mixtures are determined by the primaries and by the colours of their combinations.
An additive RGB system is specified by the chromaticities of its primaries and its white point. The extent (gamut) of the colours that can be mixed from a given set of RGB primaries is given in the (x,  y) chromaticity diagram by a triangle whose vertices are the chromaticities of the primaries.

In computing there are no standard primaries or white point. If you have an RGB image but have no information about its chromaticities, you cannot accurately reproduce the image.
The NTSC in 1953 specified a set of primaries that were representative of phosphors used in colour CRTs of that era. But phosphors changed over the years, primarily in response to market pressures for brighter receivers, and by the time of the first the videotape recorder the primaries in use were quite different than those "on the books". So although you may see the NTSC primary chromaticities documented, they are of no use today.
Contemporary studio monitors have slightly different standards in North America, Europe and Japan. But international agreement has been obtained on primaries for high definition television (HDTV), and these primaries are closely representative of contemporary monitors in studio video, computing and computer graphics. The primaries and the D65 white point of Rec.  709 [8] are:

            R            G              B           white       

x      0.640       0.300       0.150       0.3127      

y      0.330       0.600       0.060       0.3290      

z      0.030       0.100       0.790       0.3582    

For a discussion of nonlinear RGB in computer graphics, see Lindbloom [9]. For technical details on monitor calibration, consult Cowan [10].
18. How do I transform between CIE  XYZ and a particular set of RGB primaries?

RGB values in a particular set of primaries can be transformed to and from CIE  XYZ by a three-by-three matrix transform. These transforms involve tristimulus values, that is, sets of three linear-light components that conform to the CIE colour matching functions. CIE  XYZ is a special case of tristimulus values. In XYZ, any colour is represented by a positive set of values.

Details can be found in SMPTE RP  177-1993 [11].

To transform from CIE  XYZ into Rec.  709 RGB (with its D65 white point), use this transform:
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This matrix has some negative coefficients: XYZ colours that are out of gamut for a particular RGB transform to RGB where one or more RGB components is negative or greater than unity.

Here's the inverse transform. Because white is normalized to unity, the middle row sums to unity:
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To recover primary chromaticities from such a matrix, compute little x and y for each RGB column vector. To recover the white point, transform RGB=[1,  1,  1] to XYZ, then compute x and y.
19. Is RGB always device-dependent?

Video standards specify abstract R'G'B' systems that are closely matched to the characteristics of real monitors. Physical devices that produce additive colour involve tolerances and uncertainties, but if you have a monitor that conforms to Rec.  709 within some tolerance, you can consider the monitor to be device-independent.

The importance of Rec.  709 as an interchange standard in studio video, broadcast television and high definition television, and the perceptual basis of the standard, assures that its parameters will be used even by devices such as flat-panel displays that do not have the same physics as CRTs.
20. How do I transform data from one set of RGB primaries to another?

RGB values in a system employing one set of primaries can be transformed into another set by a three-by-three linear-light matrix transform. Generally these matrices are normalized for a white point luminance of unity. For details, see Television Engineering Handbook [12].

As an example, here is the transform from SMPTE  240M (or SMPTE RP  145) RGB to Rec.  709:
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All of these terms are close to either zero or one. In a case like this, if the transform is computed in the nonlinear (gamma-corrected) R'G'B' domain the resulting errors will be insignificant.

Here's another example. To transform EBU  3213 RGB to Rec.  709:
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Transforming among RGB systems may lead to an out of gamut RGB result where one or more RGB components is negative or greater than unity.
21. Should I use RGB or XYZ for image synthesis?

Once light is on its way to the eye, any tristimulus-based system will work. But the interaction of light and objects involves spectra, not tristimulus values. In synthetic computer graphics, the calculations are actually simulating sampled SPDs, even if only three components are used. Details concerning the resultant errors are found in Hall [13].
22. What is subtractive colour?

Subtractive systems involve coloured dyes or filters that absorb power from selected regions of the spectrum. The three filters are placed in tandem. A dye that appears cyan absobs longwave (red) light. By controlling the amount of cyan dye (or ink), you modulate the amount of red in the image.

In physical terms the spectral transmission curves of the colourants multiply, so this method of colour reproduction should really be called "multiplicative". Photographers and printers have for decades measured transmission in base-10 logarithmic density units, where transmission of unity corresponds to a density of 0, transmission of 0.1 corresponds to a density of 1, transmission of 0.01 corresponds to a density of 2 and so on. When a printer or photographer computes the effect of filters in tandem, he subtracts density values instead of multiplying transmission values, so he calls the system subtractive.

To achieve a wide range of colours in a subtractive system requires filters that appear coloured cyan, yellow and magenta (CMY). Cyan in tandem with magenta produces blue, cyan with yellow produces green, and magenta with yellow produces red. Smadar Nehab suggests this memory aid:
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Additive primaries are at the top, subtractive at the bottom. On the left, magenta and yellow filters combine to produce red. On the right, red and green sources add to produce yellow.

23. Why did my grade three teacher tell me that the primaries are red, yellow and blue?

To get a wide range of colours in an additive system, the primaries must appear red, green and blue (RGB). In a subtractive system the primaries must appear yellow, cyan and magenta (CMY). It is complicated to predict the colours produced when mixing paints, but roughly speaking, paints mix additively to the extent that they are opaque (like oil paints), and subtractively to the extent that they are transparent (like watercolours). This question also relates to colour names: your grade three "red" was probably a little on the magenta side, and "blue" was probably quite cyan. For a discussion of paint mixing from a computer graphics perspective, consult Haase [14].

24. Is CMY just one-minus-RGB?

In a theoretical subtractive system, CMY filters could have spectral absorption curves with no overlap. The colour reproduction of the system would correspond exactly to additive colour reproduction using the red, green and blue primaries that resulted from pairs of filters in combination.

Practical photographic dyes and offset printing inks have spectral absorption curves that overlap significantly. Most magenta dyes absorb mediumwave (green) light as expected, but incidentally absorb about half that amount of shortwave (blue) light. If reproduction of a colour, say brown, requires absorption of all shortwave light then the incidental absorption from the magenta dye is not noticed. But for other colours, the "one minus RGB" formula produces mixtures with much less blue than expected, and therefore produce pictures that have a yellow cast in the mid tones. Similar but less severe interactions are evident for the other pairs of practical inks and dyes.

Due to the spectral overlap among the colourants, converting CMY using the "one-minus-RGB" method works for applications such as business graphics where accurate colour need not be preserved, but the method fails to produce acceptable colour images.

Multiplicative mixture in a CMY system is mathematically nonlinear, and the effect of the unwanted absorptions cannot be easily analyzed or compensated. The colours that can be mixed from a particular set of CMY primaries cannot be determined from the colours of the primaries themselves, but are also a function of the colours of the sets of combinations of the primaries.

Print and photographic reproduction is also complicated by nonlinearities in the response of the three (or four) channels. In offset printing, the physical and optical processes of dot gain introduce nonlinearity that is roughly comparable to gamma correction in video. In a typical system used for print, a black code of 128 (on a scale of 0 to 255) produces a reflectance of about 0.26, not the 0.5 that you would expect from a linear system. Computations cannot be meaningfully performed on CMY components without taking nonlinearity into account.

For a detailed discussion of transferring colorimetric image data to print media, see Stone [15].

25. Why does offset printing use black ink in addition to CMY?

Printing black by overlaying cyan, yellow and magenta ink in offset printing has three major problems. First, coloured ink is expensive. Replacing coloured ink by black ink - which is primarily carbon - makes economic sense. Second, printing three ink layers causes the printed paper to become quite wet. If three inks can be replaced by one, the ink will dry more quickly, the press can be run faster, and the job will be less expensive. Third, if black is printed by combining three inks, and mechanical tolerances cause the three inks to be printed slightly out of register, then black edges will suffer coloured tinges. Vision is most demanding of spatial detail in black and white areas. Printing black with a single ink minimizes the visibility of registration errors.

Other printing processes may or may not be subject to similar constraints.

26. What are colour differences?

This term is ambiguous. In its first sense, colour difference refers to numerical differences between colour specifications. The perception of colour differences in XYZ or RGB is highly nonuniform. The study of perceptual uniformity concerns numerical differences that correspond to colour differences at the threshold of perceptibility (just noticeable differences, or JNDs).

In its second sense, colour difference refers to colour components where brightness is "removed". Vision has poor response to spatial detail in coloured areas of the same luminance, compared to its response to luminance spatial detail. If data capacity is at a premium it is advantageous to transmit luminance with full detail and to form two colour difference components each having no contribution from luminance. The two colour components can then have spatial detail removed by filtering, and can be transmitted with substantially less information capacity than luminance.

Instead of using a true luminance component to represent brightness, it is ubiquitous for practical reasons to use a luma signal that is computed nonlinearly as outlined above ( What is luma? ).

The easiest way to "remove" brightness information to form two colour channels is to subtract it. The luma component already contains a large fraction of the green information from the image, so it is standard to form the other two components by subtracting luma from nonlinear blue (to form B'-Y' ) and by subtracting luma from nonlinear red (to form R'-Y' ). These are called chroma.

Various scale factors are applied to (B'-Y' ) and (R'-Y' ) for different applications. The Y'PBPR scale factors are optimized for component analog video. The Y'CBCR scaling is appropriate for component digital video such as studio video and MPEG. (JPEG is described in the literature as using Y'CBCR; however, no footroom or headroom are used for either luma or chroma. Luma is scaled to an excursion of 255. CB and CR run -128 to +127; code +128 is clipped.) Kodak's PhotoYCC[tm] uses scale factors optimized for the gamut of film colours. Y'UV scaling is appropriate as an intermediate step in the formation of composite NTSC or PAL video signals, but is not appropriate when the components are kept separate. The Y'UV nomenclature is now used rather loosely, and it sometimes denotes any scaling of (B'-Y' ) and (R'-Y' ). Y'IQ coding is obsolete.

The subscripts in CBCR and PBPR are often written in lower case. I find this to compromise readability, so without introducing any ambiguity I write them in uppercase. Authors with great attention to detail sometimes "prime" these quantities to indicate their nonlinear nature, but because no practical image coding system employs linear colour differences I consider it safe to omit the primes.

27. How do I obtain colour difference components from tristimulus values?

Here is the block diagram for luma/colour difference encoding and decoding:
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From linear XYZ - or linear R1 G1 B1 whose chromaticity coordinates are different from the interchange standard - apply a 3 x 3 matrix transform to obtain linear RGB according to the interchange primaries. Apply a nonlinear transfer function ("gamma correction") to each of the components to get nonlinear R'G'B'. Apply a 3 x 3 matrix to obtain colour difference components such as Y'PBPR , Y'CBCR or PhotoYCC. If necessary, apply a colour subsampling filter to obtain subsampled colour difference components. To decode, invert the above procedure: run through the block diagram right-to-left using the inverse operations. If your monitor conforms to the interchange primaries, decoding need not explicitly use a transfer function or the tristimulus 3 x 3.

The block diagram emphasizes that 3 x 3 matrix transforms are used for two distinctly different tasks. When someone hands you a 3 x 3, you have to ask for which task it is intended.

28. How do I encode Y'PBPR components?

Although the following matrices could in theory be used for tristimulus signals, it is ubiquitous to use them with gamma-corrected signals.

To encode Y'PBPR , start with the basic Y', (B'-Y' ) and (R'-Y' ) relationships:

Eq 1 {attēls}

Y'PBPR components have unity excursion, where Y' ranges [0..+1] and each of PB and PR ranges [-0.5..+0.5]. The (B'-Y' ) and (R'-Y' ) rows need to be scaled by  0.5/0.886 and 0.5/0.701. To encode from R'G'B' where reference black is 0 and reference white is +1:

Eq 2 {attēls}

The first row comprises the luma coefficients; these sum to unity. The second and third rows each sum to zero, a necessity for colour difference components. The +0.5 entries reflect the maximum excursion of PB and PR of +0.5, for the blue and red primaries [0,  0,  1] and [1,  0,  0].

The inverse, decoding matrix is this:
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29. How do I encode Y'CBCR components from R'G'B' in [0, +1]?

Rec.  601 specifies eight-bit coding where Y' has an excursion of 219 and an offset of +16. This coding places black at code 16 and white at code 235, reserving the extremes of the range for signal processing headroom and footroom. CB  and CR have excursions of +/-112 and offset of +128, for a range of 16 through 240 inclusive.

To compute Y'CBCR from R'G'B' in the range [0..+1], scale the rows of the matrix of Eq 2 by the factors 219, 224 and 224, corresponding to the excursions of each of the components:

Eq 3 {attēls}

Summing the first row of the matrix yields 219, the luma excursion from black to white. The two entries of 112 reflect the positive CBCR extrema of the blue and red primaries.

Clamp all three components to the range 1 through 254 inclusive, since Rec.  601 reserves codes 0 and 255 for synchronization signals.

To recover R'G'B' in the range [0..+1] from Y'CBCR, use the inverse of Eq 3 above:
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This looks overwhelming, but the Y'CBCR components are integers in eight bits and the reconstructed R'G'B' are scaled down to the range [0..+1].

30. How do I encode Y'CBCR components from computer R'G'B' ?

In computing it is conventional to use eight-bit coding with black at code 0 and white at 255. To encode Y'CBCR from R'G'B' in the range [0..255], using eight-bit binary arithmetic, scale the Y'CBCR matrix of Eq 3 by 256/255:
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To decode R'G'B' in the range [0..255] from Rec.  601 Y'CBCR, using eight-bit binary arithmetic:

{attēls}

Eq 4

The multiplications by 1/256 can be accomplished by shifting. Some of the coefficients, when scaled by 1/256, are larger than unity. These coefficients will need more than eight multiplier bits.

For implementation in binary arithmetic the matrix coefficients have to be rounded. When you round, take care to preserve the row sums of [1,  0,  0].

The matrix of Eq 4 will decode standard Y'CBCR components to RGB components in the range [0..255], subject to roundoff error. You must take care to avoid overflow due to roundoff error. But you must protect against overflow in any case, because studio video signals use the extremes of the coding range to handle signal overshoot and undershoot, and these will require clipping when decoded to an RGB range that has no headroom or footroom.

31. How do I encode Y'CBCR components from studio video?

Studio R'G'B' signals use the same 219 excursion as the luma component of Y'CBCR.To encode Y'CBCR from R'G'B' in the range [0..219], using eight-bit binary arithmetic, scale the Y'CBCR encoding matrix of Eq 3 above by 256/219. Here is the encoding transform for studio video:

{attēls}

To decode R'G'B' in the range [0..219] from Y'CBCR, using eight-bit binary arithmetic:

{attēls}

The entries of 256 in this matrix indicate that the corresponding component can simply be added; there is no need for a multiplication operation. This matrix contains entries larger than 256; the corresponding multipliers will need capability for nine bits.

The matrices in this section conform to Rec.  601 and apply directly to conventional 525/59.94 and 625/50 video. It is not yet decided whether emerging HDTV standards will use the same matrices, or adopt a new set of matrices having different luma coefficients. In my view it would be unfortunate if different matrices were adopted, because then image coding and decoding would depend on whether the picture was small (conventional video) or large (HDTV).

In digital video, Rec.  601 standardizes subsampling denoted 4:2:2, where CB and CR components are subsampled horizontally by a factor of two with respect to luma. JPEG and MPEG conventionally subsample by a factor of two in the vertical dimension as well, denoted 4:2:0.

Colour difference coding is standardized in Rec.  601. For details on colour difference coding as used in video, consult Watkinson [16].

32. How do I decode R'G'B' from PhotoYCC[tm]?

Kodak's PhotoYCC uses the Rec.  709 primaries, white point and transfer function. Reference white codes to luma 189; this preserves film highlights. The colour difference coding is asymmetrical, to encompass film gamut. You are unlikely to encounter any raw image data in PhotoYCC form because YCC is closely associated with the PhotoCD[tm] system whose compression methods are proprietary. But just in case, the following equation is comparable to in that it produces R'G'B' in the range [0..+1] from integer YCC. If you want to return R'G'B' in a different range, or implement the equation in eight-bit integer arithmetic, use the techniques in the section above.

{attēls}

Decoded R'G'B' components from PhotoYCC can exceed unity or go below zero. PhotoYCC extends the Rec.  709 transfer function above unity, and reflects it around zero, to accommodate wide excursions of R'G'B'. To decode to CRT primaries, clip R'G'B' to the range zero to one.

33. Will you tell me how to decode Y' UV and Y' IQ?

No, I won't! Y' UV and Y' IQ have scale factors appropriate to composite NTSC and PAL. They have no place in component digital video! You shouldn't code into these systems, and if someone hands you an image claiming it's Y' UV, chances are it's actually Y'CBCR, it's got the wrong scale factors, or it's linear-light.

Well OK, just this once. To transform Y', (B'-Y') and (R'-Y') components from Eq 1 to Y'UV, scale (B'-Y') by 0.492111 to get U and scale R'-Y' by 0.877283 to get V. The factors are chosen to limit composite NTSC or PAL amplitude for all legal R'G'B' values:

{ColAtt15.png}

To transform to Y' IQ to Y' UV, perform a 33 degree rotation and an exchange of colour difference axes:

{attēls}

34. How should I test my encoders and decoders?

To test your encoding and decoding, ensure that colourbars are handled correctly. A colourbar signal comprises a binary RGB sequence ordered for decreasing luma: white, yellow, cyan, green, magenta, red, blue and black.

{attēls}

To ensure that your scale factors are correct and that clipping is not being invoked, test 75% bars, a colourbar sequence having 75%-amplitude bars instead of 100%.

35. What is perceptual uniformity?

A system is perceptually uniform if a small perturbation to a component value is approximately equally perceptible across the range of that value. The volume control on your radio is designed to be perceptually uniform: rotating the knob ten degrees produces approximately the same perceptual increment in volume anywhere across the range of the control. If the control were physically linear, the logarithmic nature of human loudness perception would place all of the perceptual "action" of the control at the bottom of its range.

The XYZ and RGB systems are far from exhibiting perceptual uniformity. Finding a transformation of XYZ into a reasonably perceptually-uniform space consumed a decade or more at the CIE and in the end no single system could be agreed. So the CIE standardized two systems, L*u*v* and L*a*b*, sometimes written CIELUV and CIELAB. (The u and v are unrelated to video U and V.) Both L*u*v* and L*a*b* improve the 80:1 or so perceptual nonuniformity of XYZ to about 6:1. Both demand too much computation to accommodate real-time display, although both have been successfully applied to image coding for printing.

Computation of CIE  L*u*v* involves intermediate u' and v ' quantities, where the prime denotes the successor to the obsolete 1960 CIE u and v system:
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First compute un' and vn' for your reference white Xn , Yn and Zn . Then compute u' and v ` - and L* as discussed earlier - for your colours. Finally, compute:

{attēls}

L*a*b* is computed as follows, for (X/Xn, Y/Yn, Z/Zn )  >  0.01:

{attēls}

These equations are great for a few spot colours, but no fun for a million pixels. Although it was not specifically optimized for this purpose, the nonlinear R'G'B' coding used in video is quite perceptually uniform, and has the advantage of being fast enough for interactive applications.

36. What are HSB and HLS?

HSB and HLS were developed to specify numerical Hue, Saturation and Brightness (or Hue, Lightness and Saturation) in an age when users had to specify colours numerically. The usual formulations of HSB and HLS are flawed with respect to the properties of colour vision. Now that users can choose colours visually, or choose colours related to other media (such as PANTONE), or use perceptually-based systems like L*u*v* and L*a*b*, HSB and HLS should be abandoned [atmesti].

Here are some of problems of HSB and HLS. In colour selection where "lightness" runs from zero to 100, a lightness of 50 should appear to be half as bright as a lightness of 100. But the usual formulations of HSB and HLS make no reference to the linearity or nonlinearity of the underlying RGB, and make no reference to the lightness perception of human vision.

The usual formulation of HSB and HLS compute so-called "lightness" or "brightness" as (R+G+B)/3. This computation conflicts badly with the properties of colour vision, as it computes yellow to be about six times more intense than blue with the same "lightness" value (say L=50).

HSB and HSL are not useful for image computation because of the discontinuity of hue at 360 degrees. You cannot perform arithmetic mixtures of colours expressed in polar coordinates.

Nearly all formulations of HSB and HLS involve different computations around 60 degree segments of the hue circle. These calculations introduce visible discontinuities in colour space.

Although the claim is made that HSB and HLS are "device independent", the ubiquitous formulations are based on RGB components whose chromaticities and white point are unspecified. Consequently, HSB and HLS are useless for conveyance of accurate colour information.

If you really need to specify hue and saturation by numerical values, rather than HSB and HSL you should use polar coordinate version of u* and v*: h*uv for hue angle and c*uv for chroma.

37. What is true colour?

True colour is the provision of three separate components for additive red, green and blue reproduction. True colour systems often provide eight bits for each of the three components, so true colour is sometimes referred to as 24-bit colour.

A true colour system usually interposes a lookup table between each component of the framestore and each channel to the display. This makes it possible to use a true colour system with either linear or nonlinear coding. In the X Window System, true colour refers to fixed lookup tables, and direct colour refers to lookup tables that are under the control of application software.

38. What is indexed colour?

Indexed colour (or pseudocolour), is the provision of a relatively small number, say 256, of discrete colours in a colormap or palette. The framebuffer stores, at each pixel, the index number of a colour. At the output of the framebuffer, a lookup table uses the index to retrieve red, green and blue components that are then sent to the display.

The colours in the map may be fixed systematically at the design of a system. As an example, 216 index entries an eight-bit indexed colour system can be partitioned systematically into a 6 x 6 x 6 "cube" to implement what amounts to a direct colour system where each of red, green and blue has a value that is an integer in the range zero to five.

An RGB image can be converted to a predetermined colormap by choosing, for each pixel in the image, the colormap index corresponding to the "closest" RGB triple. With a systematic colormap such as a 6 x 6 x 6 colourcube this is straightforward. For an arbitrary colormap, the colormap has to be searched looking for entries that are "close" to the requested colour. "Closeness" should be determined according to the perceptibility of colour differences. Using colour systems such as CIE  L*u*v* or L*a*b* is computationally prohibitive, but in practice it is adequate to use a Euclidean distance metric in R'G'B' components coded nonlinearly according to video practice.

A direct colour image can be converted to indexed colour with an image-dependent colormap by a process of colour quantization that searches through all of the triples used in the image, and chooses the palette for the image based on the colours that are in some sense most "important". Again, the decisions should be made according to the perceptibility of colour differences. Adobe Photoshop[tm] can perform this conversion. UNIX[tm] users can employ the pbm package.

If your system accommodates arbitrary colormaps, when the map associated with the image in a particular window is loaded into the hardware colormap, the maps associated with other windows may be disturbed. In window system such as the X  Window System[tm] running on a multitasking operating system such as UNIX, even moving the cursor between two windows with different maps can cause annoying colormap flashing.

An eight-bit indexed colour system requires less data to represent a picture than a twenty-four bit truecolour system. But this data reduction comes at a high price. The truecolour system can represent each of its three components according to the principles of sampled continuous signals. This makes it possible to accomplish, with good quality, operations such as resizing the image. In indexed colour these operations introduce severe artifacts because the underlying representation lacks the properties of a continuous representation, even if converted back to RGB.

In graphic file formats such as GIF of TIFF, an indexed colour image is accompanied by its colormap. Generally such a colormap has RGB entries that are gamma corrected: the colormap's RGB codes are intended to be presented directly to a CRT, without further gamma correction.

39. I want to visualize a scalar function of two variables. Should I use RGB values corresponding to the colours of the rainbow?

When you look at a rainbow you do not see a smooth gradation of colours. Instead, some bands appear quite narrow, and others are quite broad. Perceptibility of hue variation near 540  nm is half that of either 500  nm or 600  nm. If you use the rainbow's colours to represent data, the visibility of differences among your data values will depend on where they lie in the spectrum.

If you are using colour to aid in the visual detection of patterns, you should use colours chosen according to the principles of perceptual uniformity. This an open research problem, but basing your system on CIE L*a*b* or L*u*v*, or on nonlinear video-like RGB, would be a good start.

40. What is dithering?

A display device may have only a small number of choices of greyscale values or colour values at each device pixel. However if the viewer is sufficiently distant from the display, the value of neighboring pixels can be set so that the viewer's eye integrates several pixels to achieve an apparent improvement in the number of levels or colours that can be reproduced.

Computer displays are generally viewed from distances where the device pixels subtend a rather large angle at the viewer's eye, relative to his visual acuity. Applying dither to a conventional computer display often introduces objectionable artifacts. However, careful application of dither can be effective. For example, human vision has poor acuity for blue spatial detail but good colour discrimination capability in blue. Blue can be dithered across two-by-two pixel arrays to produce four times the number of blue levels, with no perceptible penalty at normal viewing distances.

41. How does halftoning relate to colour?

The processes of offset printing and conventional laser printing are intrinsically bilevel: a particular location on the page is either covered with ink or not. However, each of these devices can reproduce closely-spaced dots of variable size. An array of small dots produces the perception of light gray, and an array of large dots produces dark gray. This process is called halftoning or screening. In a sense this is dithering, but with device dots so small that acceptable pictures can be produced at reasonable viewing distances.

Halftone dots are usually placed in a regular grid, although stochastic screening has recently been introduced that modulates the spacing of the dots rather than their size.

In colour printing it is conventional to use cyan, magenta, yellow and black grids that have exactly the same dot pitch but different carefully-chosen screen angles. The recently introduced technique of Flamenco screening uses the same screen angles for all screens, but its registration requirements are more stringent than conventional offset printing.

Agfa's booklet [17] is an excellent introduction to practical concerns of printing. And it's in colour! The  standard reference to halftoning algorithms is Ulichney [18], but that work does not detail the nonlinearities found in practical printing systems. For details about screening for colour reproduction, consult Fink [19]. Consult Frequently Asked Questions about Gamma for an introduction to the transfer function of offset printing.

42. What's a colour management system?

Software and hardware for scanner, monitor and printer calibration have had limited success in dealing with the inaccuracies of colour handling in desktop computing. These solutions deal with specific pairs of devices but cannot address the end-to-end system. Certain application developers have added colour transformation capability to their applications, but the majority of application developers have insufficient expertise and insufficient resources to invest in accurate colour.

A colour management system (CMS) is a layer of software resident on a computer that negotiates colour reproduction between the application and colour devices. It cooperates with the operating system and the graphics library components of the platform software. Colour management systems perform the colour transformations necessary to exchange accurate colour between diverse devices, in various colour coding systems including RGB, CMYK and CIE  L*a*b*.

The CMS makes available to the application a set of facilities whereby the application can determine what colour devices and what colour spaces are available. When the application wishes to access a particular device, it requests that the colour manager perform a mathematical transform from one space to another. The colour spaces involved can be device-independent abstract colour spaces such as CIE  XYZ, CIE  L*a*b* or calibrated RGB. Alternatively a colour space can be associated with a particular device. In the second case the Colour manager needs access to characterization data for the device, and perhaps also to calibration data that reflects the state of the particular instance of the device.

Sophisticated colour management systems are commercially available from Kodak, Electronics for Imaging (EFI) and Agfa. Apple's ColorSync[tm] provides an interface between a Mac application program and colour management capabilities either built-in to ColorSync or provided by a plug-in. Sun has announced that Kodak's CMS will be shipped with the next version of Solaris.

The basic CMS services provided with desktop operating systems are likely to be adequate for office users, but are unlikely to satisfy high-end users such as in prepress. All of the announced systems have provisions for plug-in colour management modules (CMMs) that can provide sophisticated transform machinery. Advanced colour management modules will be commercially available from third parties.

43. How does a CMS know about particular devices?

A CMS needs access to information that characterizes the colour reproduction capabilities of particular devices. The set of characterization data for a device is called a device profile. Industry agreement has been reached on the format of device profiles, although details have not yet been publicly disseminated. Apple has announced that the forthcoming ColorSync version 2.0 will adhere to this agreement. Vendors of colour peripherals will soon provide industry-standard profiles with their devices, and they will have to make, buy or rent characterization services.

If you have a device that has not been characterized by its manufacturer, Agfa's FotoTune[tm] software - part of Agfa's FotoFlow[tm] colour manager - can create device profiles.

44. Is a colour management system useful for colour specification?

Not yet. But colour management system interfaces in the future are likely to include the ability to accommodate commercial proprietary colour specification systems such as PANTONE[tm] and COLORCURVE[tm]. These vendors are likely to provide their colour specification systems in shrink-wrapped form to plug into colour managers. In this way, users will have guaranteed colour accuracy among applications and peripherals, and application vendors will no longer need to pay to license these systems individually.

45. I'm not a colour expert. What parameters should I use to code my images?

Use the CIE  D65 white point (6504  K) if you can.

Use the Rec.  709 primary chromaticities. Your monitor is probably already quite close to this. Rec.  709 has international agreement, offers excellent performance, and is the basis for HDTV development so it's future-proof.

If you need to operate in linear light, so be it. Otherwise, for best perceptual performance and maximum ease of interchange with digital video, use the Rec.  709 transfer function, with its 0.45-power law. If you need Mac compatibility you will have to suffer a penalty in perceptual performance. Raise tristimulus values to the 1/1.8-power before presenting them to QuickDraw.

To code luma, use the Rec.  601 luma coefficients 0.299, 0.587 and 0.114. Use Rec.  601 digital video coding with black at 16 and white at 235.

Use prime symbols ( ' ) to denote all of your nonlinear components!

PhotoCD uses all of the preceding measures. PhotoCD codes colour differences asymmetrically, according to film gamut. Unless you have a requirement for film gamut, you should code into colour differences using Y ` CBCR coding with Rec.  601 studio video (16..235/128+/-112) excursion.

Tag your image data with the primary and white chromaticity, transfer function and luma coefficients that you are using. TIFF  6.0 tags have been defined for these parameters. This will enable intelligent readers, today or in the future, to determine the parameters of your coded image and give you the best possible results.
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Never used a scanner before?

For those who have not worked with a scanner before, here is a very basic introduction to get started, a brief overview of how it works, how you would actually "use" a scanner. 

The flatbed scanner is very much like a copy machine, to the extent that it has a glass plate under a lid, and a moving light that scans across under it. Except that scanners can do great color too, and have more controls possible. And like a copy machine, a flatbed scanner allows you to scan photos, paper documents, books, magazines, large maps, or even 3-dimensional objects (those that don't have a lot of depth, coins for example), etc. It scans very much like a copy machine. But instead of creating another piece of paper like a copy machine does, we instead create an image in memory, which we can do with as we please. We have acquired a digital image, and we can show it on the screen, or write a file and email it, or print it, anything we wish. 

We must use software to operate the scanner. Some scanner software can operate by itself, and some cannot. Most image editor programs (like for example Adobe PhotoDeluxe or JASC Paint Shop Pro or Ulead PhotoImpact, etc) have a menu at File - Acquire or File - Import or File - Scanner that you use to scan an image. Sometimes there is a toolbar Scanner icon too. This menu starts the scanner's software, called a TWAIN driver. A fancy word, it is really just another program, but TWAIN is a software standard that all the scanner manufacturers agree to use, intended so that all image programs can operate all scanners. It wasn't always that way, not so long ago you could use only the one image program that came with the scanner. Today you have your choice of any. 

TWAIN is often said to be an acronym for Technology Without An Interesting Name (humor), but the FAQ at the www.twain.org organization says it is not an acronym for anything. They say it instead comes from Rudyard Kipling's line "East is East, and West is West, and never the twain [divi] shall meet" (The Ballad of East and West, 1889). 

The TWAIN driver itself is simply the software provided by the scanner manufacturer to operate the scanner (the user interface), and it is also the interface between the graphics program and the scanner hardware. Twain refers to that separation, now photo editors dont have to know how to operate scanners. The Twain driver will always have another name too, Microtek calls theirs ScanWizard, Umax has two, VistaScan and MagicScan, and HP had a version called DeskScan, and the current is called PrecisionScan. The TWAIN driver comes with the scanner, and knows how to operate this one brand of scanner hardware. Each scanner manufacturer provides their own TWAIN driver for their hardware. You can use any image program, but you typically must use the provided TWAIN driver. 

From our human viewpoint, the TWAIN driver ordinarily has the controls that we use to specify the scan; we set the mode (Color or B&W or Line art), we set 100 dpi or 200 dpi resolution, we set the area on the flatbed glass that we wish to scan, and there are controls to help correct the tonal quality and color balance of the scanned image. After the scan completes, the TWAIN driver transfers the image into the image program memory. That is, the new image just appears back in the image program. Then you can tweak the image more, or print it, or save it to a disk file. 

The scanner would be used like this:

Start the image program (probably furnished with the scanner, but it can be any, PhotoImpact, iPhoto Express, Photo Deluxe, Photoshop, Paint Shop Pro, etc). 

Select the FILE - ACQUIRE menu, or often there is a toolbar button for it. The newer PhotoImpact version calls it FILE - SCANNER. Some software calls it FILE - IMPORT instead, same thing, it is just to keep you on your toes. 

Here is a look at a few samples of menus of various popular image programs that shows the Acquire/Import menu used, and how to find it. 

Usually there is also a submenu called SELECT SOURCE where you select your TWAIN driver (called TWAIN32 now). You might have two scanners and you will see both of them there. You must make the scanner selection the first time, but only the first time, until it changes. Then subsequentially, you select Acquire again, and Select Image, and the scanner's TWAIN driver will start and appear. 

If it is PhotoImpact, an intermediate dialog always appears. Do not select anything there except for Destination = New Image. Do NOT select the Calibration button for the E3, it doesn't need it. Click OK and ScanWizard appears.

Microtek ScanWizard looks like this, and others are similar in that there are Preview and Scan buttons, and a Preview view of the glass bed. 

{Scanwizard.png} 
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The first step is the Preview button. When you press the Preview button (or Overview in this case), you get a quick overview scan of entire scanner bed, or as much of its length as you have previously selected (at the Preferences menu). The Preview is a quick low-resolution scan, and that image of the scanner bed appears in the Preview Window. The units along the top and left edge are inches. This is a 3.5 x 5 inch photo shown on the 14 inch bed of this flatbed. Often there are magnification tools, but the final scan is the important view. 

To describe the position of the subject on the glass bed to the scanner, you use the mouse to mark a rectangle on the image of the bed, describing the area you want to scan (that's the dashed line shown). You can mark the entire photo area, or can crop the image to be scanned, by marking only a part of it, or perhaps just a 1-inch square area from it. The Scan button will then scan only the area that you have marked with the mouse. 

TYPE is shown selecting the Color Mode, see below for Type. You specify the Scanning resolution here too. The 300 dpi shown creates a large image, but you specify whatever you need for your purpose, normally 75 to 300 dpi is common, but purposes do vary (2400 dpi is used to enlarge film - forget all about using 2400 dpi to scan photo prints). Scanning resolution is specified in dpi or ppi (both terms same exact same meaning, Dots Per Inch means Pixels Per Inch). 

This resolution number determines the number of samples (pixels) taken from the photo, and therefore the size of the image you will get, like 800x600 or 300x200 pixels. If you scan 6 inches at 100 dpi, you create 6x100 = 600 pixels. This is covered in the Video Resolution Basics section. You can change the units from Inch to Pixels or Cm to see the final image size in pixels or cm. 

The Settings screen above shows that we selected 4.92 x 3.42 inches on the photo on the flatbed glass (the red dashed line box shown). At 300 dpi, this will create an image size of 1476x1026 pixels (this size can be shown if units are switched from inches to pixels above). This size image will consume 4.4 MB of memory (also shown). 

If we wanted to scan say 4.5 x 3.0 inches instead, we could simply overtype the size numbers here to get it, or we could remark with the mouse. The resolution multiplied by the size of the marked area determines the image size in pixels (see the Video Resolution Basics section). We can change the displayed units from inches to pixels, to see and predict the image size in pixels on video screens. This is all covered in detail later in the Basics 101 section. 

There are many controls you can use to improve the image, but for now, I'm trying not to confuse things with details. The additional controls provide a way to get even better scans. In ScanWizard, the tiny button at the right end of the lower toolbar reveals a large RESET button that sets all the defaults, to achieve a known starting point for the scan. 

Then you set the TYPE of scan (above). Scanner modes offer the following choices to get image types illustrated by these 50 dpi scans of a small photograph. 

Color - "Millions of Colors" above. Scans three color samples per pixel, one each for Red, Green, Blue (RGB), the combination of which is the one resulting color from the 16.7 million color choices possible with 24 bit color. Older scanners made three passes to do that, but today's scanners are single pass, one trip does it all. 


Gray Scale, 256 shades of Gray - Like a Black and White Photograph, for scanning photos, pencil drawings, etc. 


Line art - only 2 colors, either White or Black. This is the same as fax, or clipart, i.e., no gray. The name comes from ink drawings. It is a very poor choice for photographs, it is much too contrasty. 


There are ways to improve such images with software, called dithering [uzbudināšana]. This image was scanned as Gray Scale, and was then dithered to 2 color B&W, and could be faxed. Other than fax, you'd need a good reason not to use one of the better modes for photos. This one could be better if it were larger. 


Line art - However, Line art mode is ideal for pages of printed text, which might look like this. This is 12 point text scanned at 300 dpi from a magazine. It would appear normal size when printed on the printer. 


Halftones - this scanner mode is for images to appear in magazines and newspages. However, this mode is normally NOT used at home, and halftones are never used for video screen images. Our printer drivers instead provide default halftones that are normally used instead. This is a 4x4 halftone screen, and it needs a much larger image, matching the Line art printer resolution at 600 or 720 dpi to look right. Instead, it's only 50 dpi here for the video screen size. 


To continue - You press the Scan button and the scanner will scan. It takes 15 to 60 seconds perhaps, depending, and then the image will automatically appear back in the original image program, the same as if you had opened an image file. You have now "acquired" an image. 

You can modify this image in the image programs if desired, lighten it, darken it, crop it, resize it, change its color balance, touch up small areas, edit it drastically, apply various filters like sharpening filters or descreen filters, etc, etc. Or with some TWAIN drivers, you can do all these things as you scan. Often you need to do nothing more if you got it right in the driver. And, of course, you can always discard this image, make a small change, and see the next try in a minute or so. It's not at all unusual to scan an image a couple of times before getting it exactly right. It depends on the purpose and how critical it might be, and if you keep getting better ideas. <grin> But the beauty of a flatbed scanner is that the photo lies motionless on the scanner bed all this time, it doesn't move, and you don't have to keep marking the crop area for every scan. Nothing changes except the settings that you change, so you simply tweak the control, and hit the Scan button again. Nothing to it. 

When the image is as you want it, then you can either print it or write it to a disk file, or both. You would use the FILE - SAVE AS menu to specify a file format like TIF or JPG, and a file name. Then you have an image that you can put on a web site or email to someone (see here about how to email an image). 

Hardware Requirements for a scanner

Computer speed is not a big issue, 400 MHz seemed very usable, but 1.1 GHz is faster. Images are often several megabytes now, so system memory is extremely important. 32 MB used to be a lot, but it is quite inadequate today. People talking about 32 MB today probably mean in their video board. 128 MB is the norm today for Win98/ME, and that may be skimpy if you will print full-page images. You will want at least 256MB with Windows XP, and maybe more with a film scanner too. Memory is inexpensive now, think very seriously about adding more. Memory is too cheap to suffer now, just do it! Memory is the best single improvement you can make.  

Disk space - YES! Lots of large images will consume lots of disk space, more than you can imagine. If you will be active, figure on several hundred megabytes space. Huge fast 7200 RPM 40 gigabyte disks are only about $120 now, and they make a very dramatic difference in speed. 

In previous years when memory chips were expensive, video board memory was often too limited to allow large screen sizes. But today's boards have generous memory because it is cheap, and because 3D games need much more memory than photos. Video boards with 4 MB memory will allow 2D 24 bit color mode at higher resolutions (like up to 1168x768 pixels) on a 17 inch monitor, and 8 MB is fine for 2D on a 19 inch monitor, at say 1280x1024 pixels, or more. Scanner images are 24 bit color mode (needs True Color setting in Windows video). 

Check at the Windows Control Panel - Display - Settings, to be certain 24 bit True Color mode is selected. If 32 bits is offered, select it instead, for more hardware efficiency than 24 bits (32 bit mode is faster, but it is still 24 bit color). If a larger pixel size or higher color depth setting is not available, it means there is insufficient video board memory present to support it. 

If your video is set to 256 color mode for games, it will be very unsatisfactory for a scanner. If you are currently seeing poor quality photo images (but maybe graphics are OK), then your video system being set to only 256 colors is a common cause. Photo images will look bad at 256 colors. In 256 color mode, the 24 bit images from the scanner will be dotted and grainy, speckled and mottled. That is not the scanner image at all, it's probably fantastic. It's just that you can't see it due to the very limited way a 256 color video mode can show a 16.7 million color image. There is a sample of what this looks like on the Video board section page. 

Things you can do with a scanner

This is really an ambitious undertaking for me to attempt, there's just really no limit... 

Scanning photographs for printing, for web pages, for Windows wallpaper, for emailing images to friends and relatives, images for newsletters or genealogical notebooks, for PowerPoint slides shown at meetings, etc, etc.   And since these photos are now digitized, you can use editing software to combine images, create special effects, etc. This is an endless artistic field. 

Flatbed scanners are very versatile for about all purposes except one. If wanting a huge image for printing 8x10 inches or A4 size prints on a photo quality printer, then a film scanner is much better. This is a limitation when enlarging the color print itself rather than the scanner, but scanning the original negative or slide is the answer. 

Copying documents. Use the flatbed scanner with a laser or inkjet printer as a way to have a good copy machine at home. And unlike a real copy machine, you can use the scanner controls to edit and improve these documents too. A flatbed scanner is particularly versatile, and will allow scanning books and magazines without removing the pages. Some people mention that they scan their important papers and receipts as a way to store them (but frankly, that seems more awkward to me than putting the paper in a file cabinet). But I love having a copy machine at my desk now, it gets lots of use. 

Faxing documents with a fax modem. You can fax text files from a word processor of course, but if that text is printed on a piece of paper instead, or maybe in a book or magazine, you can simply scan the paper and fax it too. You fax those scanned images the same way, by "printing" to the fax driver. 

OCR - scan documents and use OCR (Optical Character Recognition) software to convert the image back to editable text, suitable for loading into a word processor. Most scanners include free sample OCR software, but for extensive use, you'd probably want to spend $80 for better. 

What is OCR?

If you scan a page of text, like a magazine page, you will get a graphics image of the page, just like any other image. It is not text, it is a picture of a page of text, and can only be viewed or printed as an image. Its form is a graphics image, like a scanned photograph of your dog. Its form is not at all the same as if you had retyped the characters from the page into your word processor, which are individual text characters instead. 

But the purpose of OCR software is to decode that scanned image of the page, decoding the individual pixel patterns, and it will generate real text characters in your word processor, the same as if you did retype the page yourself on your keyboard. This analysis of the pixel patterns is an easy job for the human brain, but it's a very difficult job for a computer. 

Scan real items - coins, cloth, autumn leaves, the cat, whatever. Scanning fabric or wood boards can make some great textures, used maybe for your web page background, etc. 3D objects to be scanned should be more or less flat, without much visible height, well less than an inch for best sharpness. This is not to say you won't get good results with the doll or teddy bear, but the more distant parts will not be sharp or in focus. Shiny metal objects often cause reflection problems, and rotating the object, or perhaps tilting it slightly to change the angle, is about the only lighting control possible. The scanner certainly cannot replace a camera in every case, but it can do a lot. Lighting and depth are the main problems, where cameras offer much more control. 

Throw some things on the scanner bed and give it a go. These are real 3D objects, real flowers (Autumn flowers are intensely colored). Then the scanner bed was covered with a white sheet of paper, scanned at 150 dpi with the Black and White Points adjusted as described in the section A Simple Way. The colors are good, notice that the white paper is white, without a color cast. Then the spots were touched up with a Clone Tool, the image was resampled to half size for the web page and mildly sharpened with USM. Flat objects are better to scan, but life is a compromise. The paper on the right side is an inch above the glass, and the light intensity falls off. 

Below are a few real sea shells, placed on the scanner bed and scanned at 150 dpi. 

What did I forget?   Things like scanning the kid's art to email to Grandma, all these things become very easy to do. 

How did we ever get along without a scanner? 

Drawing by Brittany Binder, 1997 

Hint: This scanned image was converted to a 16 color indexed palette using the "nearest color" method in Paint Shop Pro. It purifies the colors considerably (cleans up the muddy shades where one color gets mixed into the adjacent one), and it gives it more of a "poster" affect. 

Cazabon,1998.

Cazabon K., 1998.

Screen & Printer Color Matching

The Search for System Color Calibration

From: "Kevin Cazabon" <kcazabon@rogers.wave.ca>

Newsgroups: rec.photo.digital

Subject: Re: 

Screen & Printer Color Matching

Date: Tue, 14 Apr 1998 20:53:50 -0700

… nothing that's as easy as adjusting the balance of your monitor. Adobe Photoshop comes with a utility which allows you to adjust the Gamma, White Point, Black Point, Mid Tone Point, and the color balance of each of those areas (Gamma control panel for Mac, Monitor Setup in PC), but that STILL has a long way to go to be able to make your monitor MATCH [pieskaņot] your printer. 

The basic underlying problem is that of Color Gamut [gamma]: the range of colors that a device is capable of displaying/printing. A monitor has the ability to display certain colors very well, but the range is limited due to the phosphors, the nature of the design of CRT tubes, the contrast range, etc. It uses RGB data (or HSB data)   (HSB (HSB - Hue, Saturation, Brightness, Wayne)   to produce these colors, and the RGB color space in itself has a particular range or gamut. 

When you send an image to your printer, if it's a typical dye-sub printer, it doesn't even use the same color space as your monitor: it uses 4 colors (Cyan, Magenta, Yellow, and Black) to produce it's images, and the CMYK color gamut is significantly different from RGB. CMYK can produce a few colors that are simply beyond the capability of RGB, but overall the CMYK color gamut is much smaller than the RGB one. 

The simplest way to prove this is to take a single color which I KNOW you will never to produce on your printer: pure numerical green (0, 255, 0). It'll look a very bright, saturated, lime [liepa] green on your monitor, but will probably reproduce as a deep forest green on the printer. Every time. 

Now, there are ways of mapping the color space of two devices together, but here's where it gets tricky [grūti]. 

First, if you're printing to a CMYK device from Photoshop, before you print, go to the "View" menu, and select "CMYK preview". You'll notice it does some calculations, then the color on the screen will change to give you an approximation of the CMYK response to that data. You can also have the "Out Of Gamut" colors highlighted with a warning color this way so they are easily identifiable. This color change is only to the screen image, not to the original data, and the amount of change is based on the Printing Inks Setup under the Color Preferences menu. 

You can spend a long time tweaking the Printing Inks Setup to get the CMYK preview to match the output you are getting, but the default will be a good approximation for many devices. 

You'll also notice something else in Photoshop: when you're selecting a color in the palette, you might see a little triangle with an exclamation point in it appear: this is a warning that the color you've selected is outside of the color gamut of a typical CMYK output device (once again based on your Printing Inks Setup). You can also use the EyeDropper tool to check colors in your image. 

For typical home use, this arrangement will usually do, but for professional color matching, you must look into a type of Color Management software. These software packages are currently only available for the Macintosh system due to the easier integration of color management into the Operating System, but there's work being done on PC versions. 

A typical color management system consists of a program that creates "Device Profiles" which measure the color gamut and color response of each device individually (or, in specific combinations, but this is not preferred). Usually, you scan a reference target supplied to you (or bought separately from Kodak or whoever, like a "Q60 reference image", based on a standard IT8 target), then run the resulting data through the program. 

The program knows what the data is SUPPOSED to look like (through a reference data file provided with the test image), so it can calculate the response of your device and create an "Input Profile". 

You then print a test image (from known data provided through the color management software), and read the resulting print into the computer through either a previously calibrated scanner or a separate "Spectrophotometer" (preferred). From this, the program knows the response of your printer, and calculates an "Output Profile". 

Now, that takes care of everything except the monitor... always a tricky [grūts] point. The only way to set a monitor balance properly is to use a special type of monitor calibrator (such as some spectrophotometers or special devices sold for or with high-end monitors) which suction-cups onto the screen. The program then displays many ranges of colors and measures the monitor's output to create a monitor profile which can be used for several things: First, the program can calculate an Adobe Photoshop Monitor Profile, which can be used within Photoshop, it can create (for the mac) a system monitor setup, and it can create a Monitor Soft Proofing Profile. 

The soft proofing profile is the most useful, because it's used usually within the color management software itself. If you've calibrated all of your devices, it knows the entire range of colors that each device can produce, and it can restrict the larger-gamut devices to the color range of the smaller-gamut ones, producing the most accurate on-screen approximations. 

Anyways, the idea is that you filter your image data through the "Input Profile" for your input device when you scan the image. This turns the "Device Dependent Color Space" from your scanner into "Device Independent Color Space", which should be universal. 

You use the monitor profiles to simulate the best approximation of the actual data onscreen, although you're still limited to the gamut of your monitor, which lacks in some areas. 

You then filter the data through the "output Profile" for the printer you will use to turn in back into "Device Depandent Color Space", and print it. 

Hope all that ramble helps... I'm actually in the middle of writing a book on the subject, so you asked at a good time. 

Kevin Cazabon

Adobe Certified Instructor for Adobe Photoshop 4.0 


If you really want to understand Color Management, to learn what it is, and how to use it, then fortunately, there is finally an excellent answer now. You need the book Real World Color Management by Bruce Fraser, Fred Bunting, Chris Murphy (Peachpit Press, Jan 2003). Very highly recommended. 


Links to additional Color Theory and Color Management Systems (CMS) information 

Map,2003

МАРГУЛИС Д., 2003.

Photoshop для профессионалов. Интерсофтмарк, 464 стр.

PHOTOSHOP

…

Hue – cwetowoj ton; saturation – nasyščennostj; brightness – jarkostj

…

:28

Mūsu acis jūt noteiktas krāsas. Rupji runājot, tās ir sarkanā, zaļā un zilā. Kad tās acīs nonāk vienādos daudzumos, mēs to uztveram kā neitralitāti vai krāsas trūkumu: balts, melns, pelēks.

…

CMYK standarts

Katra krāsa, ko veido pamatkrāsas var tikt izteikta procentos. Tā, krāsa 70C0M100Y nozīmē, ka tajā ir 70% no maksmilāli pieļaujamās gaišzilās, dzeltenās maksimums, bet purpurkrāsa vispār nav. Ja melnā krāsa ir 0, to neraksta.

…

Krāsu receptes:132

…

:150

ASV žurnālu vairumam … krāsu summārais saturs nedrīkst pārsniegt 300%, pie kam izdevumu vairumam tas ir 280%. Tas tādēļ, ka ātrgaitas drukā rodas problēmas ar krāsu žāvēšanu… Zemākas kvalitātes papīram maksimālais līmenis ir vēl zemāks… Avīzēm tas parasti ir 240%.

…

RGB ir CMY

Failu vairums sāk savu dzīvi RGB, bet beidz CMYK. Kad notiek pāreja, atkarīgs no mums. …

Ir speciālisti, kas strādā RGB un tādi, kas atzīst tikai CMYK. …

LAB un CMYK krāsu telpas ļoti atšķiras. Arī RGB atšķiras no CMYK, bet mazāk. …

Liela lēto printeru daļa pieprasa ieejā RGB failu un kā prasdami paši pārvērš to par CMYK.

…

RGB jo gaišāks kanāls, jo spilgtāka krāsa. … CMYK ir pretēji – jo kanāls ir gaišāks, jo mazāk krāsas uzklās uz papīra. …

HSB ir LAB

…

Šajā nodaļā runa būs par 2 krāsu telpām, kas ļauj atdalīt kontrastu no krāsas, ko nespēj ne RGB, ne CMYK.

…

HSB nozīmē Hue, Saturation, Brightness (tonis, piesātinājums, spilgtums). Dažās programmās … lieto citu saīsinājumu: LCH, t.i. Luminance, Chroma, Hue (swetlota, krāsainība, tonis). Tas ir tas pats. …

L saīsinājumā LAB nozīmē Lightness (jarkostj). A un B nav šifrējuma. Oficiāli šo krāsu telpu apzīmē CIELAB (CIE – starptautiskā krāsu satndartu komisija) vai L*a*b.  

…

Abās telpās viens no kanāliem, LAB tas ir L, bet HSB tas ir B, satur visu informāciju par kontrastu un neko neizsaka par krāsu. Tātad, šos kanālus var uzskatīt par melnbaltiem krāsainā attēla zīmējumiem. Abi pārējie kanāli nosaka krāsu, bet pilnīgi atšķirīgā veidā.

…

Piesātinājums raksturo krāsas tīrību vai sulīgumu.

…

Saprast kanālu A un B mijiedarbību daudz grūtāk (ja vispār iespējams) nekā H un S mijiedarbību.

…

Mūsdienās ir daudz kalibrēšanas paņēmienu.

…

Kalibracionisti uzskatīja, ka attēla pārnešana no vienas krāsu telpas uz citu (pm, no RGB uz CMYK), ir iespējama bez zaudējumiem. Bet tas [jau tīru teorētisku iemeslu dēļ] tā nav.

…

Pieņemsim, ka vēlamies, lai attēls monitorā būtu tuvs tam, ko iegūsim uz sava printera. Lai to sasniegtu, nav svarīgi, kādā telpā, CMYK vai RGB, strādājam. Šī uzdevuma veikšanai ir vairāki paņēmieni:

· manipulēšana ar monika iestādnēm, līdz attēls kļūst līdzīgs izdrukai;

· izmenenie opredelenija RGB vai CMYK, lai attēls ekrānā kļūtu tumšāks vai gaišāks, nemainot skaitliskās vērtības;

· printera drukas raksturlieluma ieregulēšana;

· ICC-profilu pāra izmantošana faila mainīšanai drukāšanas laikā;

· Līkņu veidošana, kas pielietotas failam, padarīs tā attēlu monitorā līdzīgu izdrukai u.t.t.

…

Ja darba galda fonu nepadarīsiet pelēku, jebkurai monitora kalibrācijai nebūs jēgas. PM, ja galda fons ir zils, visi attēli uz ekrāna šķitīs pārāk dzelteni.

Krāsu ieregulēšana nav tas, ko var vienreiz padarīt un aizmirst. To jākontrolē nepārtraukti. Monitora stāvoklis mainās katru dienu.

…

Poulsen,2004

Poulsen L., 2004.

Color terms

Color terms

Lee Poulsen

wpoulsen at pacbell.net 

Tue Sep 21 13:04:35 EDT 2004 

Previous message: [pbs] Color terms 

Next message: [pbs] Re: color names 

On Sep 21, 2004, at 8:33 AM, Rodger Whitlock wrote:

> I don't know if the CIE coordinates for the RHS color patches have > ever been worked out.

A quick Google search turned the following item. Maybe it can be found in someone's personal library or in a publicly accessible library.

A Contribution Toward Standardization of Color Names in Horticulture, 

Application of the Universal Color Language to the Colors of the Royal 

Horticultural Society's Colour Chart, by Robert D. Huse and Kenneth L. 

Kelly, Edited by Donald H. Voss. The American Rhododendron Society 

Publications Committee 1984. Although this is an old publication, it is 

worth knowing about. One of the tables lists the RHS Colour Chart 

numbers with their corresponding ISCC-NBS color names and numbers, 

Munsell notations, HCC colour names and numbers and CIE chromaticity 

coordinates (x, y) and Daylight Reflectance (Y).

http://lists.ibiblio.org/pipermail/pbs/2004-September/019583.html
http://www.azaleas.org/index.pl/azcolorhelp.html#ucl
color terms 

bloom color - the major color as viewed from a foot or less away. For example, light yellowish pink.

value/chroma - one term for the combined value (lightness, from pale to dark) and chroma (intensity, from grayish to vivid) of the color. Example - the light in light yellowish pink. The relationship of these terms to each other is shown below on the UCL color chart.

hue modifier - the secondary color. Example - the yellowish in light yellowish pink.

hue - the primary color. Example - the pink in light yellowish pink.

The menus terms can easily be combined to create impossible or useless color names, such as reddish red, so exercise judgement to define only those relatively few valid names shown below on the UCL color chart.

synonyms - any known color synonyms. Examples (for light yellowish pink) - salmon, RHS 27C

color variation 1...6 - describe one variation at a time, by clicking its enter button. That loads a separate page with menus to describe it. The description is then stored on the primary data entry page.

Describe the most obvious variation first, . . . , least obvious variation last. Most of the satsuki variations are pictured in Galle (note that most of these variation names are commonly followed by the term shibori which translates as variation), and is omitted here.

To describe a color fading or shading to another color, or with an undertone of another color, use the bloom color menus to describe the major color, and then enter the variation color without specifying a pattern. Example (for 'Copperman') - bloom color = deep yellowish pink and variation 1 = shaded orange.

garden color - the overall flower color as viewed from a distance, such as 20 feet away

 color systems 

A great deal of study has gone into color definitions over the years. Click plant colors for information about some other color systems that have been used for this purpose.

The Universal Color Language (UCL) used in these color menus was defined by the Inter-Society Color Council - National Bureau of Standards in 1946. It gives an idea of the named color without reference to color chips, by combining a very few standard and fairly well understood color names. A valid UCL color name can be a value+chroma plus a hue modifier plus a hue, e.g. light yellowish pink; or a value+chroma plus a hue, e.g. light pink; or a hue modifier plus a hue, e.g. yellowish pink; or a hue only, e.g. pink. Although each such name describes a rather broad range of colors, and thus is not useful for plant identification, it is quite useful for garden planning purposes. 

Some other color names used to describe azaleas translate to these UCL colors as: 

Color


UCL color
    
Color


UCL color 


amber

moderate orange yellow
lavender

pale purple


apricot

moderate orange

lemon


greenish yellow

beige

pale reddish brown

lilac

pale reddish purple


blood red
moderate red


magenta

purplish red


brick red
reddish brown


mahogany

reddish brown


bronze

yellowish brown

maroon
deep reddish brown


buff

yellowish brown

mauve

moderate reddish purple

burgundy
purplish red


ocher


dark yellow


canary

light yellow


orchid

light purplish red


carmine
purplish red


peach

light yellowish pink


cerise

bright red


periwinkle
light blue


chartreuse 
pale yellowish green

plum

reddish purple


chestnut
reddish brown


rose

purplish pink


cinnamon
yellowish brown

ruby red
deep red


copper

reddish brown


rusty

reddish brown


coral

deep pink


salmon

yellowish pink


cream

yellowish white

scarlet

reddish orange


crimson
deep red


silver

grayish white


dusty

grayish



strawberry 
red


fawn

pale yellowish brown

tan

yellowish brown


fuchsia

reddish purple


tawny

yellowish brown


gold

greenish yellow

vermilion

red


ivory

yellowish white

wine


purple


 ucl color chart 

The circular Hue chart shows the valid UCL colors, which are the only hue modifier and hue combinations that should be chosen with the menus. Most of the color names are shown on the circle, with lighter colors on the outer arc and darker colors on the inner arc.

The lower Value/Chroma chart shows the terms used to describe the color value or lightness as it varies from top to bottom, and the color chroma or saturation as it varies from left to right.

ucl_color_chart.png

colors 

Accurately describing the colors of azalea flowers is difficult. One approach is to describe a color by matching it to a complete and consistent set of color charts and names for each of the many thousands of different colors. Toward that end, a number of color charts and sets of color names have been created over the years. 

Accurate color charts are difficult to print, and are therefore expensive. All but one of the color charts designed for horticultural use are out of print. The remaining chart, the Royal Horticultural Society Colour Chart of 2001, is available for around $200. Rather than naming the colors, it has 202 numbered pages, each with a different hue, with 4 color chips to a page to show the hue with deepening intensity. This gives color numbers of, for example, RHS 53D, to indicate chip D of page 53.

These definitive color names or numbers are not very useful without seeing a color chip or flower of that color. The RHS 53D number, for example, is not meaningful by itself, nor or many of the color names used in the past, such as "chatenay pink" or "neyron rose".

The National Bureau of Standards Special Publication 440, Color Universal Language and Dictionary of Names, 1976 instead names 267 blocks in the color spectrum with a value (lightness), chroma (strength), hue modifier and hue, to give a name such as light yellowish pink. It also lists a large number of equivalent color names. The strength of such names is their rather universal understanding without reference to a chart. The weakness of such names is their generality--light yellowish pink, for example, covers too broad a range of different colors to be useful for identifying a specific plant by color.

Updated September 23, 2002


© Copyright 1999-2004 Azalea Society of America

Questions/Comments: webmaster@azaleas.org 


http://fileforum.betanews.com/detail/Monitor_Calibration_Wizard/1048118399/1
KO LASĪT?

CIE system

*w

http://nvl.nist.gov/pub/nistpubs/sp958-lide/html/025-027.html
.. that led to inter-national consensus [7]. In 1931, the CIE adopted the system for

quantitative color nomenclature that has continued to be used for 70 years. ...

PASKAIDROJUMS: CIE

COMMISSION INTERNATIONALE DE  L'ECLAIRAGE; INTERNATIONAL COMMISSION ON ILLUMINATION; INTERNATIONALE   BELEUCHTUNGSKOMMISSION. CIE Central Bureau   Kegelgasse 27   A-1030  Wien  Austria. 

As its name implies, the International Commission on Illumination - abbreviated as CIE from its French title Commission Internationale de l'Eclairage - is an organization devoted to international cooperation and exchange of information among its member countries on all matters relating to the science and art of lighting. 

The CIE is a technical, scientific and cultural, non-profit autonomous organization. It has grown out of the interests of individuals working in illumination. 

Since its inception 90 years ago, the CIE has become a professional organization and has been accepted as representing the best authority on the subject and as such is recognized by ISO as an international standardization body. 

Site last updated: December 2004

© CIE 2000

RHS,1966

R.H.S. Colour Chart, 1966

London

R.H.S. Colour Chart, 1966

Introduction

In 1941 the Royal Horticultural Society published the two-volume “Horticultural Colour Chart” prepared by Mr. Robert F. Wilson. This Chart consisted of 2000 sheets of colours each with three lighter tints [toņiem], making 800 separate colour patches [ielāps] in all. Each basic colour was given a ‘colour name’ with the hope that these names would provide some mental picture of the colour and become widely used. …

Experience during the past 25 years has shown certain defects in the Chart from the point of view of the practical user. …

The New Chart

The mew chart is printed, in nearly all the sheets, in solid colour and the patches therefore do not suffer from the greying inevitable [nesasniedzams] in the lighter tints with a screen process. In order, however, to secure the brightness required  by certain hues in the red-purple and blue range, it has been necessary to insert a few sheets printed by the half-tone screen process. The process used for all the main leaves means that every colour must be independently selected, and then matched by the printer. Since colour is essentially a subjective phenomenon this has involved of some 800 separate colour patches and their arrangement in a systematic order. The use of specific colour names has been abandoned and instead the basic colours have been numbered consecutively from 1–202 and the tints derived from them lettered A, B, C, D in descending order of saturation.

…

How to use the chart

…

The C.I.E. Co-ordinates

…

The C.I.E. specifications of the new R.H.S. Chart have been obtained from measurements with a Hilger and Watts J.40 Colourmeter on proofs supplied by the printer. …

RHS colors on monitor

*w

http://www.geocities.com/RainForest/Vines/2259/art-rhs-on-monitor.htm
RHS Colors on a monitor

http://members.tripod.com/~Hatch_L/tlannom.html
!!!!

http://www.w3schools.com/html/html_colornames.asp
HTML krāsas!

www.laurenhaworth.com/publications/SASwithStyle2.PPT
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http://www.billmurphy.com/Art/COLOR_CHARTS.HTM
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Department of Computer Engineering and Computer Science

California State University, Long Beach

Describing color

Most of the things that you will design with computers—user interfaces, Web pages, and even printed documents—will use color in some way. This tutorial is designed to help you understand and specify colors. It does not address the topic of effective use of color, which is covered in other course materials.

Many of the graphics programs that we use present us with a bewildering array of choices for color selection. The most frequently used of these are covered here, in addition to some basic information that will help you understand why there are so many different color systems. The tutorial is designed to be followed in order, at least the first time through. But you may want to refer again to specific pages from the index at left. Systems covered include:

• Paint colors

• Visible light

• HSB: hue, saturation, and brightness

• Greyscale

• RGB: red, green, and blue

• Web safe colors

• CMYK: cyan, magenta, yellow, and black

• Spot color

Paint colors

This is the system that you probably learned in grade school, using poster paints or crayons. It is included here for the sake of comparison, since many people will remember it and perhaps wonder why the colors we use on computers are different. It is still valid for paints, although artist's colors generally are selected from color guides, using generic or proprietary names such as “cadmium red,” “burnt umber,” “thalo blue,” and so on. These colors could be described (approximately) by most of the systems that follow (HSB, RGB, etc.), but they usually aren’t.

Paint_colors.png.


Primary colors: red, yellow, blue

Secondary colors: orange = red + yellow, green = yellow + blue, purple = blue + red.

All colors: red + yellow + blue = muddy brown.

Black and white are separate colors, which may be mixed with others to make lighter or darker shades or tones.

Visible light

…

HSB: hue, saturation, and brightness

This scheme provides a device-independent way to describe color. HSB may be the most complex scheme to visualize, especially since color selection software has to reduce its three descriptive dimensions to two dimensions on the monitor screen. But once learned, it can be useful in many instances.

The easiest way to visualize this scheme is to think of the H, S, and B values representing points within an upside-down cone. At the edge of the cone base, think of the visible light spectrum (preceeding page), cut from the page and pasted into a circle with shading added to smooth the transition between the (now joined) red and magenta ends.

• Hue is the actual color. It is measured in angular degrees around the cone starting and ending at red = 0 or 360 (so yellow = 60, green = 120, etc.).

• Saturation is the purity of the color, measured in percent from the center of the cone (0) to the surface (100). At 0% saturation, hue is meaningless.

• Brightness is measured in percent from black (0) to white (100). At 0% brightness, both hue and saturation are meaningless.

Brightness as it is described here refers only to relative values within a source that we are looking at (for example, a display screen or printed document). The actual luminance (of a light source) or reflectance (of an object) is a different issue—these values are measured with devices such as photographic light meters. The distinction between levels of brightness is actually logarithmic, not linear as the HSB scale would imply.

Greyscale

You can think of the greyscale as the brightness dimension of the HSB scheme (or the axis of the HSB cone)—with saturation held to zero, and hue therefore meaningless. The greyscale is used by photographers, and it is also useful in many documents where variations in gray can be used in place of costly color printing.

Our eyes can actually distinguish about ten different shades of grey, a phenomenon which has been described most eloquently by the famous photographer Ansel Adams, with his “Zone system” of black-and-white negative exposure and print making.

The only possible confusion with a grey scale—always described in percent—is to distinguish between the brightness scale (black = 0, white = 100) and the complimentary scale (100 minus brightness) that printers and photographers use to describe it.

• Black = 0% brightness, 100% grey.

• White = 100% brightness, 0% grey.

• Grey is most often specified from white = 0, thus 10% grey = 90% brightness.

RGB: red, green, and blue

This is the scheme that you will use most often when you are dealing with colors on a computer monitor—in graphics packages, in programming, or in Web pages. RGB describes colored light which is viewed coming from its source (colored light bulbs in a theater, the colors of a video display, or reflection from a white object). It is called an additive color system, since you add light from the primary colors to make new colors.

The values for red, green, and blue may be specified in percent (0–100); this scale is useful for conversion from the CMYK model (following). However, it is more common to use a scale from 0–255 (decimal) or 00–FF (hex)—where 255 or FF = 100%. All modern video cards, which are capable of 16M colors, use one byte each (per pixel) for the R, G, and B values, so the 0–255 and 00–FF scales are more useful in this context. Remember: higher numbers mean more of each color light. More is lighter, less is darker! 

[RGB.png] graphic by Prof. Bryan Wyville, Univ. of Calgary

Primary colors: red, green, blue

Secondary colors: yellow = red + green, cyan = green + blue, magenta = blue + red.

All colors: white = red + green + blue (#FFFFFF); black = no light (#000000).

Web safe colors

If every image contained 24 bits of RGB color information for each pixel, file sizes would be unmanageable even in these days of CD-ROMs, multi-gigabyte hard drives, and fast connections. We can build an index of some smaller number of colors (out of 16M), and use just those colors in a specific image. This index is usually called a palette, and it frequently consists of 256 colors (which can be indexed in one byte). Older video cards often used a 256-color palette, to limit the size of video RAM.

The Web standardized years ago on a pre-defined palette of 216 colors, which are always supposed to display correctly in any browser. You can select from these “Web safe” colors for use in HTML tags or (preferably) style sheets. The pre-defined colors are those in which R, G, and B values are equal to 00, 33, 66, 99, CC, or FF hex (0, 51, 102, 153, 204, or 255 decimal; 0, 20, 40, 60, 80, or 100 percent). For example, the light tan bar at the top of this page is #FFCC99 or RGB(255,204,153); the darker brown bar at the left is #996633 or RGB(153,102,51). All current graphics software for Web development will allow you to choose Web safe colors.

If a display card cannot handle all of the colors it is given, then intermediate colors may be displayed by mixing pixels of the two nearest possible colors. This effect is known as dithering, which usually produces an unpleasant appearance. Web-safe colors will always avoid dithering, so they are best used for large areas of color (like the bars at the top and left of this page). In practice, very few browers today will have problems even with colors that don’t conform to the standard. 

Trivia question: You’ve heard that graphics cards use 32-bit color, but we’ve only talked about 24 bits. What happened to the other 8 bits? Answer: they are called the “alpha channel,” and carry information about transparency. Your graphics software takes care of this—you don’t have to specify or worry about it.

CMYK: cyan, magenta, yellow, black

This scheme is also known as process color, since it is used to print full-color images (such as photographs) with only four passes through the printing press—one for each color of ink. Your color ink-jet printer uses the same system. CMYK is a subtractive system, since it deals with light that is reflected from the printed page. 

What we preceive as color on a surface actually is the result of ink (or paint, etc.) absorbing some of the frequencies of the light that is striking it. When you compare CMYK to RGB, you will see that they are exactly complimentary. This is because cyan ink absorbs red light and reflects green and blue—remember than green + blue light = cyan. If we want a printed surface to appear blue, we need both cyan ink (to absorb red), and magenta ink (to absorb green)—so the only additive color left to be reflected is blue.

Values for C, M, and Y are specified in percent (0-100; larger numbers are darker). Since even 100% C+M+Y does not result in a really perfect black (due to limitations of the printing process and inks), a fourth run through the press is made with black ink (also specified in percent, just like the greyscale). Full-color images are prepared for printing by making color separations—one black-and-white image for each of the primary color components. Modern graphics software will do this automatically. The printer’s job is to get the four passes through the press lined up exactly on top of each other; this is checked with small crosses outside the image itself, which are known as registration marks.

graphic by Prof. Bryan Wyville, Univ. of Calgary

Primary colors: cyan, magenta, yellow

Secondary colors: blue = cyan + magenta, red = magenta + yellow, green = yellow + cyan.

All colors: black = cyan + magenta + yellow (in theory). Black (K) ink is used in addition to C,M,Y to produce solid black.

white = no color of ink (on white paper, of course).

Spot color

If you only want to print one or two colors on a page, it makes no sense to use the four-color CMYK process. Instead, printers mix inks according to formulas to produce specific colors. The formulas are developed by ink manufacturers and by independent graphics companies.

Spot colors are selected from books or charts that contain printed color samples, each of which is identified by some number. Usually, the numbered colors are also described in the CMYK system. One widely used numbering scheme is known as the Pantone® Matching System, or PMS. Professional graphics software packages provide color selection from this and other spot color systems. Spot color inks can also be printed in percentage tones, just like black ink with the greyscale. This gives the designer a wide range of "color" effects for much less than the cost of four-color printing.

Example: One Pantone® color that is very similar to the light tan border above is PMS 148C. In RGB, it is #FBD09D; in CMYK, 1C 20M 41Y 0K; in HSB, H3 S37 B99.

Colors will not look the same on your monitor as they do on a printed page, even if you have a true-color display card and you enter the RGB or CMYK values precisely as given. Professional graphic artists use high-end monitors that have been calibrated to show colors as closely as possible to the printed page—but even then, direct and reflected light just aren't the same thing.

http://www.colorvision.com/profis/profis_view.jsp?id=361
Spyder2™ - the new standard for affordable monitor calibration - with printer color correction and Adobe® Photoshop® Elements 3.0. 

http://www.pacificnet.net/~johnr/calib.html
…

Off site links that are sure to whet your thirst. 

The Color Management Resounce 

Charles Poynton's FAQs on Gamma and Colour 

Microsoft's Color spec - Hardware 

Microsoft's Color spec - Software 

International Color Consortium 

SMPTE related links - Video / Broadcast 

Poyntons Links 

More Color links 
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Calib1.png

Distribution permitted as long as the respective Copyrights are left intact and the color values left unretouched.

I created these bars out of necessity in that the world is lacking in correct and functional Calibration tools for Computer Graphics (CG). High end graphics creation programs like Adobe Photoshop, Video boards like Matrox Millenium and systems like SGI have what is called "Gamma Correction" built in however that correction needs to be referenced to the Viewing program that the rest of the world will be using, your internet browser, and only after your Monitor is adjusted correctly. If your system has none of the above referenced items then you can just skip ahead to the Monitor Adjustment part below. 

Typically internet browsers and general image viewers like AcDsee or Lview Pro have null (no) gamma correction built in so when viewed through one of these programs an image will look as it would to the rest of the world, if there are no other "system" corrections, which is what 80% of all others will see. but if your video board or system has gamma correction and it is not set proper then what you percieve as your "just made work of art" might look less than that to others. If you fall into this group then you need to disable all gamma correction before monitor adjustment. If there are several interacting variable Gamma functions affecting the way an Image is produced or percieved then we need to break the system down into the individual parts, in the correct order, and adjust them Singly. The order would be Monitor, System, Video board and last but not least Graphics program. Your system does have the first, may have the second and/or third and probably has the forth but they must be isolated. 

Perform this procedure to setup your monitor, then go through the calibration / gamma procedure on your system/video/graphics program in an isolated fashion and that order, using the above image to reference to without retouching your monitor adjustment. If your gamma correction is in an image editing program or is system level where it would recalculate the gamma of an image then the latter procedure would involve just loading this image and then saving it, under a different name so as not to corrupt the original, and verifying that the image levels have not changed any appreciable amount beyond the original. High end computers like Sun or SGI have, inherent in their OS, a system gamma function yet when an image created on the Iris is viewed on the Sun, Mac or PC the image is much too dark, conversely when created on the Sun and viewed on the Iris it is washed out. Paul Haberti has a page on this anomoly Here however he has not defined whether the aberation is caused by monitor misadjustment or an incorrect gamma function inherent in a system. In a week or two I will be back to an SGI indy and I will check out the problem then.

Alas the quick and easy procedure is as follows:

A monitor is properly adjusted when it meets two conditions. First, black should produce true black, to help maximize contrast. Second, white should produce the desired / proper intensity. 

Typically there are 2 controls that we are concerned with:

 Picture level / Contrast and  Black level / Brightness. 

IN PROCESS............... 

The easiest way to adjust a monitor is to perform the following three steps in sequence: (1) turn the Picture control to minimum and display a black picture, (2) adjust the Black Level control to reproduce black correctly, then (3) adjust the Picture control to display the brightness level that you desire. and lastly there should be an even graduation of all the shades in between.

For the die hard details, Read the following:

There exist standards for video (NTSC, PAL, SECAM) calibration techniques however there is a strong differention between video and desktop graphics calibration requirements. There are also several standards for Color Bars - EIA, SMPTE, EBU, IBA, and BBC are the most dominant. Of these they have variations in Saturation and Amplitude which we wont go into here, what we are concerned with is the fact that color bars were designed to exploit the deficiencies of Video / Television transmission.

Typical modern color bars have 3 main parts to them, The main color bars, The duo toned blue areas (-I and +Q) with white between them in the lower left and the Pluge in the lower right. In video usage the transition between certain adjacent colors produces various anomolys such as dot crawl caused by NTSC interlacing or null (undefined color) areas because it takes up to the recipricol of the burst frequency, in time, for the next color to become valid, scanning from left to right. The dual blue areas were defined for a previously used and superior modulation technique that has been almost universally replaced by Y, R-Y, B-Y which is basically the same except for a slight equation and phase difference. They along with the Color of the main bars are used to set the Phase (Hue). Finally the Pluge area is there for Monitor level adjustment. Standard Pluge bars (3 small verticle bars) are grayscale bars at black -4 Ire, Black and Black +4 Ire. 

Defining the needs of CG professionals, I have devised these bars. They are a modified version of the standard NTSC video pluge bars, Intended for all in one usage. The verticle Color bars themselves are all 100% Saturation with Amplitude and IRE being irrelevant. They and the dual blue areas are included for proper color balance, as in video, but they will not show up the dot crawl/ null anomolys as in video however in CG they do show the "dot pitch" spacing of your monitor, on very close examination and with a sharp monitor, ie: between green and magenta.

In the pluge area, Ire and blacker than black have no meaning in CG yet we need a similar function so I have placed a graduated gray scale from 81% to 99% K (black) in RGB steps of 4 out of 256. In addition I placed a dual set of dots, surrounding the scale and signifying the proper Black level (brightness) adjustment, which is total diminishment by that horizontal point of 93% black (16 RGB). My intent was to show one end of this bar bright enough for those that have monitors so far out of adjustment, to notice it, yet retain a resonably fine step. I also added a linear grayscale for at-a-glance gamma linarity ie: evenness through out the spectrum.

Charles Poynton's adjustment procedure He is the Rocket Scientist in regards to Gamma and Colour, Other pages on his site do get a little deep however he wrote the FAQs. 
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Gamma Images for Brightness and Contrast adjustment 
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Netscape Colorcubes and full color Images for reference 

Calib7.png

…
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Adobe's Calibration Images from Premier but not of any Standard 

Calib9.png
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Other misc images related to calibration but of questionable value 

…

http://www.rdpslides.com/pptfaq/FAQ00448.htm
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Color Calibration on the Cheap

There are plenty of expensive ways of calibrating your system for color output. Problem is that they're a) expensive, b) not always compatible and c) intended for CMYK output. If you want your slides to look reasonably close to what you see on your monitor, you may find that you're "out of the loop" when it comes to calibrating your system.

The only 100% accurate way to ensure that you get the colors you want is to do actual tests. Make sample "color chips" in the software of your choice and have the images made into slides. And yes, we know that this isn't always practical, so we've come up with an alternate method. Like any calibration method, it's not completely accurate, but even if it won't ensure a home run every time you're at bat, it'll at least put you in the right ballpark.

Why don't the colors match and what can I do about it?

Your monitor and the film recorder that shoots your slides use completely different technologies to produce color. It should come as no surprise that the colors they produce are sometimes different, and in fact they generally will be.

While it's theoretically possible to adjust color at the film recorder end, this simply isn't practical in a production environment, and even if it were, the cost would be astronomical. Instead, you'll adjust your monitor and your working methods so that the colors your monitor produces are as close as possible to what the film recorder will produce.

Even though you can’t rely on color calibration when you're making slides, you can adapt the basic calibration idea to your needs:

Assume that the film recorder is beyond your control, but that it will be consistent 

Shoot a test image on the film recorder 

View the slide and adjust your monitor so that the screen display of the original image matches the slide as closely as possible 

Did somebody say "Test Image"? Here's one for you:

Cheap.png

This is an image we used to use for testing and calibrating our film recorders and displays.

Rightclick this link and choose Save target As to download RDPCAL.TIF (our 99k test image) - You'll need it a little later on.

It contains a wealth of useful information. Here's a quick explanation of what each part of the image tells you:

A series of rectangles stepping in from the outer margin at 1/16" intervals Facts of life: film recorders don’t all produce exactly the same size image on film and each may position the image differently relative to the film edges. Slide mounts crop off a bit of the image. It's useful to know how much of your page represents "live" image area, the portion that won’t get cropped by the slide mount. If you have a slide made from this test image and mounted in the type of slide mount you customarily use, these rectangles will tell you how much "safety margin" to allow at the edges. 

A black-to-white 255-step gradient on a black background Sometimes gradients "break" differently on film than they do on your display. Comparing the image on your monitor with a slide made from the image will help you get a feel for any differences. 

Black patch test - a series of squares evenly spaced from 5R 5G 5B to 50R 50G 50B (nearly black to dark gray in steps of 5) on a black background. Perhaps the most difficult thing to "see" on a monitor is the way darker colors appear on slides. Most monitors exaggerate dark colors, making them appear brighter than they really will be on slide film. This can lead you to use darker colors than you ought to. You'll use this test to locate the darkest square that can be distinguished from the background black on the slide. 

A set of pure red, green, blue, cyan, magenta and yellow patches and 0 to 100% gray patches (in steps of 10%) Your monitor may permit you to adjust color and gamma. These patches provide a target to adjust to. 

White patch test - a series of squares evenly spaced from 253R 253G 253B to 235R 235G 235B (nearly white to very light gray in steps of 2) against a white background. You'll use this test to locate the lightest square that just separates from the white background. 

Another black to white gradient, this time against a white background. 

How to use the test image

The first thing you'll need is a slide of the test image. Send the image to your usual service bureau and have them shoot a full frame slide of it.

Calibrating your system to the test slide

Import RDPCAL.TIF into the program you plan to use for making your slides. Size it up as large as possible - fill the screen with it if you can. 

Compare the test image on your monitor with an actual slide made from the same image. Different lighting conditions and projection setups can make a big difference in how slides look, so it's important to match the actual projection conditions as closely as possible when you do the calibration. The more closely you can match these conditions, the more accurately you'll be able to calibrate your system. 

Turn off your software's color calibration features if it has any. Software color calibration works by translating the colors you choose into RGB colors for display. If the calibration is set up properly, you end up with an image on screen that's a reasonably close match to what your image will look like when printed on some specific printer or other output device. There's the hitch: what output device? We know of no software that includes calibration information for film recorders. No matter how good the calibration software is, unless it knows about our specific equipment, what you see on screen will be wrong, so until software vendors start supplying film recorder profiles, turn calibration off. 

Examine the black patch test (#3 above) on the test slide Locate the darkest patch that you can just distinguish from the black background around it. Similarly, locate the lightest white patch (#5 above) that you can distinguish from the white background. 

Adjust your monitor contrast and brightness controls The goal is to have the same squares just lift off black and white on screen as on the slide. It may take a little back-and-forth fiddling to accomplish this, since contrast adjustments have an effect on brightness and vice versa. You'll get there faster if you first set the brightness so that the correct black patch is visible against monitor black, then adjust contrast so that the correct white patch is just visible against the white background. 

If your monitor allows it, adjust the color to get the closest possible match to the color patches in the test slide (# 4 ). 

Check for cutoff If you normally use a different type of slide mount than our test slide is supplied in, remount the test slide and note whether any of the outer lines (#1 above) are cut off by the mount. This will tell you how much room you'll need to leave at the edge of each slide for a safety margin. For example, if the first three lines are cut off, you should keep any important text or graphics at least 3/16" away from the edge of your slide, assuming your program works with standard 7.33 x 11" slide page sizes. If your software uses a different size, you'll need to work out the proportions. Generally, if you allow margins of 1/4 to 1/2" all around, nothing will get cut off by the slide mount. If you're working in PowerPoint, you needn't even worry about margins; we automatically reduce all PowerPoint slides so that nothing gets cut off. 

Finally, do a little "mental calibration". Beyond a certain point, you can't really calibrate your monitor to match slide output precisely, so you'll have to rely on your eyes and brain for the rest. The test slide and test image are a good place to start your education. Compare the gradients on the test slide with what you see on your monitor. Create an identical gradient using your software's color fills. Make a mental note of any differences in the way the different gradients "break" - where the gradual change in value appears more sudden than in other parts of the gradient. Compare the colors you see on the test slide with the way they appear on your monitor. It takes a bit of experience, but in time you'll develop a surprising ability to predict how your slides (on screen) will translate to slides (on film). 

Now go forth and CREATE!

Now that you've calibrated your system, you can go ahead and create your final slides with a reasonable degree of assurance that what you see on your monitor (after a few well-chosen mental adjustments) is pretty darn close to what you'll get back on your slides. But first, we have a few more tips for you:

Stick with RGB colors exclusively. Both the film recorder and your monitor are RGB devices. When you use other color systems (CMYK, Pantone, etc.) colors are translated to RGB for display on your monitor, so what you're seeing is not the real color, just an RGB approximation. Colors are also translated to RGB for film recorder output, but the translation at your end may not be the same as the translation at our end, which further complicates the situation. By sticking with RGB colors in the first place, you neatly sidestep both of these problems. No translations are needed. 

It's also important to understand that many Pantone colors don't have exact CMYK equivalents. Even if they did, many CMYK colors can't be converted accurately to RGB. No amount of calibration and tweaking will change that, so once again it’s best to avoid the problem completely. Stick with RGB colors when you’re making slides. 

Is Calibration-on-the-Cheap perfect?

If it were perfect, would we be selling it at these prices? We won't kid you … when precise color matching is important, the answer is simple: No.

You may need to make several rounds of tests to get just the color you want, and you may have to accept that some colors simply can't be reproduced identically on all devices.

Color Calibration on the Cheap

http://www.rdpslides.com/pptfaq/FAQ00448.htm
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Calibrate your scanner.

http://desktoppub.about.com/cs/colorcalibration/a/cal_scanner.htm
Bear J.H., 2005

Calibrate Your Scanner

From Jacci Howard Bear

The Secret to Good Scanning: why and how to calibrate your scanner 

If you have trouble getting scans that look right, the problem may not be with your scanning technique. Calibrating your scanner can go a long way toward insuring that what you scan and what you see on-screen and what you print are all the same. Scanner calibration goes along with monitor and printer calibration to help get the best color match possible from three very different devices. 

Color correction can be done within Adobe Photoshop, Corel Photo-Paint, or your other image editor of choice. However, if you find yourself having to make the same types of corrections over and over — scans that are consistently too dark or have a reddish cast to them, for example — calibrating your scanner can save much image editing time.

Basic Visual Calibration

The first steps in calibrating your scanner are to calibrate your monitor and calibrate your printer. 

Sponsored Links

Calibration

Calibrate systematic errors with mechanical waveguide standards

www.agilent.com/find/calkitselect
Chromix.com

ColorGear, custom ICC profiles, ColorThink 3D color graphing

www.chromix.com
Calibration Repair & Nist

Formerly Mfg by GenRad/QuadTech A2LA, ISO-17025, Ansi-Z54, ISO-9001

www.ietlabs.com
The next step is to scan something and make adjustments [koriģēšanas] until your scanned image, your monitor display, and your printer output all accurately reflect the same colors. This step requires that you first become familiar with your scanning software and the adjustments available.

If you've calibrated your printer by printing a digital test image (as described in Calibrate Your Printer), you can scan your print of that test image and use it to visually calibrate your scanner to the output of your printer. Or, use any high quality photographic image with a good range of tonal values. Before scanning for calibration be sure that all automatic color correction is turned off. After scanning, adjust the controls (on your scanner or within your scanning software) and rescan until what you scan matches your monitor display and printed output. Note all adjustments and save them as a profile for future use. Scan, compare, and adjust. Repeat as necessary until you are satisfied that you've found the optimal settings for your scanner.

Color Calibration with ICC Profiles

ICC profiles provide a way to insure [nodrošināt] consistent [konsekventu] color. These files are specific to each device on your system and contain information about how that device produces color. If your scanner or other software comes with a pre-made color profile for your scanner model, it may give good enough results using automatic color correction.

ICC profiles: Get an ICC profile for your monitor as well as your printer, scanner, digital camera or other equipment.

Calibration or profiling software may come with an IT8 scanner target — a printed piece that includes photographic images, grayscale bars, and color bars. Various manufacturers have their own images but they all generally conform to the same standard for color representation. The scanner target requires a digital reference [atsaukšanās] file specific to that image. Your calibration software can compare your scan of the image to the color information in the reference file to create an ICC profile specific to your scanner. (If you have a scanner target without its reference file, you can use it as your test image for visual calibration as described above.) 

Scanner targets and their reference file can also be purchased [nopirkta] from companies that specialize in color management.

Targets and Test Images

Whether visually or with color management software, target images provide a range of color and grayscale for calibrating monitors, printers, scanners, and digital cameras. Find free and commercial scanner targets, their reference files, and other test images.

Scanner calibration should be redone every month or so, depending on how much you use your scanner. And if you make changes to your software or hardware, it may be necessary to re-calibrate.

Calibration Tools

Color Management Systems include tools for calibrating monitors, scanners, printers, and digital cameras so they all "speak the same color." These tools often include a variety of generic profiles as well as the means to customize profiles for any or all of your devices. 

Color Management Systems

Choose the calibration tools that match your pocketbook and your needs for accurate representation of color on screen and in print.

Tas pats Bear,2005, kas iepriekš.

Calibrate your printer.

http://desktoppub.about.com/cs/colorcalibration/a/cal_printer.htm
Desktop Publishing

Calibrate Your Printer


From Jacci Howard Bear,

WYSIWYG Printing: why and how to calibrate your printer 

Have you ever printed a graphic that looked "Christmas" red and green on screen but when printed you ended up with purple and lime green? Even if the differences were not quite so dramatic, the way images look on screen differs from the way they look in print. Calibrating your monitor provides a screen display that simulates what prints on paper. Calibrating your printer insures that what you print is consistent with what you see on-screen. The two go hand in hand. 

There are many reasons why and ways that monitor displays and printed output are dissimilar including:

*Monitors use additive RGB color while printing uses subtractive CMYK pigments, each a different way of reproducing color. 

*In print, ink layering and overlapping causes subtle [plānus] shifts in color not found in the individual pixels that make up a screen image. 

*Printed images don't have the same range, saturation, and contrast as a monitor making the colors typically darker and less vibrant than on screen. 

Paper texture and brightness also affect — and change — the printed image.

How to Calibrate

The first step in printer calibration is to calibrate your monitor. Then, make sure you use the correct printer driver for your printer. Within the printer driver you will find controls for finetuning the overall appearance of color from your printer. Depending on your needs, this may be sufficient to get the color you want.

Two general methods for additional printer calibration: visual and mechanical. The sometimes more expensive and accurate option is to use a hardware device that can read the output from your printer and make adjustments as necessary. For most typical users, visual calibration or the use of generic color profiles for your hardware is adequate.

Basic Visual Calibration

Using test images with a wide range of tonal values — ideally consisting of a number of color bars, photographs, and blocks of colors — and your eyes you can visually match up screen and print colors. You would display and print a test image then compare and adjust grayscale and color output in whatever controls provided for your printer. 

Obtain digital test images from the Web and from some software or hardware manufacturers. 

Targets and Test Images

Whether visually or with color management software, target images provide a range of color and grayscale for calibrating monitors, printers, scanners, and digital cameras. Find free and commercial scanner targets, their reference files, and other test images. 

Norman Koren describes one way to use these test images for monitor and printer calibration without using color management sytem software.

Color Calibration with ICC Profiles

ICC profiles provide a way to insure consistent color. These files are specific to each device on your system and contain information about how that device produces color. With printers the ideal situation is to create separate profiles based on various combinations of ink and paper because this affects the appearance of the printed material. However, the stock or default profiles for your printer model (available with your software, from your printer manufacturer, or from other Web sites) are often adequate for most desktop printing. 

For more precise color management needs, you can use color management software to develop custom ICC profiles for any device. Additionally, some online sources that create custom profiles for you. One such vendor is chromix.com. 

ICC profiles 

Get an ICC profile for your printer as well as your monitor, scanner, digital camera or other equipment.

Calibration Tools

Color Management Systems include tools for calibrating monitors, scanners, printers, and digital cameras so they all "speak the same color." These tools often include a variety of generic profiles as well as the means to customize profiles for any or all of your devices. 

Color Management Systems

Choose the calibration tools that match your pocketbook and your needs for accurate representation of color on screen and in print. 

Don't stop with your printer. Calibrate all your color devices: Monitor | Scanner | Digital Camera

Samsung CLP-500N

Printing properties overview

There are three types of settings that affect printing: Printer properties, printing preferences, and print server properties.

Printer properties

… 

Document printing preferences

…

Print server properties

From the Print Server Properties dialog box, you can change settings that affect all printers installed on the print server. These options include:

…

Printer drivers overview

A printer driver is a software program used by computer programs to communicate with printers and plotters. Printer drivers translate the information you send from the computer into commands that the printer understands. Usually, printer drivers are not compatible across platforms, so various drivers must be installed on the print server to support different hardware and operating systems. For example, if you are running Windows 2000 and you share a printer with users running Windows 3.1, you might want to install additional drivers so the users won't be prompted to install the missing drivers.

In general, printer drivers are made up of three types of files:

Configuration or printer interface file. Displays the Properties and Preferences dialog boxes when you configure a printer. This file has a .dll extension.

Data file. Provides information about the capabilities of a specific printer, including its resolution capability, whether it can print on both sides of the page, and what size paper it can accept. This file could have a .dll, .pcd, .gpd, or .ppd extension.

Printer graphics driver file.

These files, which are usually accompanied by a help file, work together to make printing possible. For example, when you set up a new printer, the configuration file queries the data file and displays the available printer options. When you print, the graphics driver file queries the configuration file about your selections so that it can create the proper printer commands.

Installing.

…

Color Management overview

Image Color Management (ICM) 2.0 is an operating system application programming interface (API) that helps to ensure that colors will be accurately and consistently represented on all of your publishing devices. Traditionally, color reproduction across scanners, monitors, printers, and applications have varied considerably for several reasons. Without a standard color management system, color results varied widely between both programs and hardware devices. Each program had to supply color profiles not only for the software itself, but also for many kinds of devices. As a result, color consistency was achieved largely through trial and error.

A color management system helps to overcome these limitations by providing a communication framework for software and publishing devices. A color profile is installed when a new device is added to your computer, and this profile is used every time colors are scanned, displayed, or printed. For simple publishing programs, color management can be configured to work automatically. However, full control is available for users with specialized needs, such as graphic artists and desktop publishers, who can manually specify which color profile a scanner, monitor, or printer uses, or which rendering intent is used for images or pages with special color-reproduction requirements. ICM provides a simple method for choosing alternative profiles.

You can use Display in Control Panel to configure some color management settings. Or, for additional information about using ICM 2.0, see Related Topics.

To install a color profile

In My Computer, usually in the systemroot\System32\Spool\Drivers\Color folder, locate the color profile you want to install. 

Right-click the profile, and then click Install Profile. 

The file icon will change from a gray color to a white color.

 Notes

Color profiles communicate the color characteristics of a device to the color management system. Associating the correct color profile with all of your publishing tools helps to ensure consistent color application throughout the publishing process. 

Installing a profile modifies the registry and makes it available to the color management system. 

To synchronize color between a monitor and printer

In the graphics program in which you are creating your page or image, on the File menu, click Color Management. 

Select the Enable Color Management check box, and then click Basic color management. 

In Monitor Profile, click the color profile you want to use for your monitor. 

In Printer Profile, click the color profile you want to use for your printer. 

In Rendering Intent, click the rendering intent you want to use. 

 Notes

Your graphics program must support Image Color Management 2.0 in order to implement color management options. 

Color profiles communicate the color characteristics of a device to the color management system. Associating the correct color profile with all of your publishing tools helps to ensure consistent color application throughout the publishing process. 

For a description of the items in Rendering Intent, see Related Topics. 

http://www.color.org/
The International Color Consortium was established in 1993 by eight industry vendors for the purpose of creating, promoting and encouraging the standardization and evolution of an open, vendor-neutral, cross-platform color management system architecture and components. The outcome of this co-operation was the development of the ICC profile specification. 

  The intent of the International Color Consortium (R) profile format is to provide a cross-platform device profile format. Device profiles can be used to translate color data created on one device into another device's native color space. The acceptance of this format by operating system vendors allows end users to transparently move profiles and images with embedded profiles between different operating systems. This permits tremendous flexibility to both users and vendors. For example, it allows users to be sure that their image will retain its color fidelity when moved between systems and applications. Furthermore, it allows a printer manufacturer to create a single profile for multiple operating systems. 

  The ICC specification is now widely used and has been specified in many International and other de-facto standards. It is now itself going through accreditation as an International Standard. To see which of many other standards refer to the ICC profile specification click on the link below. 

Standards that specify ICC profiles

The specification continues to evolve and the current version represents a major improvement over the older versions. The change is such that profiles conforming to it are called version 4 (v4) profiles. All vendors of color management products are being strongly urged to upgrade their products to be v4 compatible. Click on the link below to get a summary of the main improvements achieved by upgrading to v4. 

Advantages of v4 profiles 

Vendors of profiling software are now starting to release versions that produce profiles that conform to v4, and applications are available that will utilize them. For a list of products that currently support v4 click on the link below. 

Products that support v4 profiles 

  For those requiring further information about the specification, and color management generally, various documents and links are provided on this site: 

Introduction to the ICC profile format provides a brief summary of the specification and how it is used. 

The full specification provides substantially more detail and is designed for those who need to implement the specification in hardware and software. 

The ICC slide presentation gives an overview of the ICC and color management. 

Articles/Publications about ICC provides a variety of papers that cover color management and the use of the ICC specification that have been published in conference proceedings, journals and magazines. 

A grouping of Links to sites that provide useful information about color management. 

A set of FAQs answering the most Frequently Asked Questions about color and color management. 

A collection of white papers that provide additional information on various aspects of colour management that have been approved for publication by ICC members and therefore properly reflect the ICC position on these topics.

Koren,2004

Koren N., 2004

Making fine prints in jour digital darkroom.

http://www.normankoren.com/makingfineprints.html
Making fine prints in your digital darkroom 

Getting started 

by Norman Koren

updated Jan. 10, 2004

…

Monitor calibration and gamma

Setting up your monitor

#Your monitor should be operated in subdued light; strong direct light should not reach the screen. Dark areas of the screen should appear dark to the eye. I work in a semi-darkened room with a lamp to the left of my screen (positoned so no direct light reaches the screen). Total darkness is unnecessary. CreativePro.com has nice articles about ambient light and viewing lights.

#Set your monitor's color temperature (white point) to 6500K, D65, or sRGB, which is equivalent to 6500K. This is preferable to setting it on video card or monitor calibration software. My monitor selections are 5000K (D50), 6500K (D65), and 9300K. Older monitors with no color temperature setting default to around 9000-9300K, which is far too blue to comfortably match prints viewed under incandescent light, which has color temperatures between 2600 and 4200K. The 5000K setting appears too dull and yellow on most CRT monitors.

Note the confusing terminology: Artists call higher color temperatures (bluer) "cooler" and lower color temperatures (yellower) "warmer." The huge variety of available hardware can make setting color temperature confusing. You may have the option of setting color temperature on the monitor (preferred) or with video card or monitor calibration software. Do not set it in both; this may result in an overcorrection-- your monitor will appear dim and yellow. Software settings work correctly if the monitor is uncorrected, i.e., about 9000-9300K. Unless you have a calibrator you'll have to trust your eyes: White and gray images (where R = G = B) should appear tonally neutral, i.e., they should have no visible tint. The Gamma and monitor test patterns are excellent for this purpose.

#Your display adaptor software should be set to 24 or 32 bit color (True Color). To see the setting, right-click on the Windows wallpaper (the background outside any open windows), then click on Properties, Settings.

#I use a SoLux Desk Task Lamp with a 4700K 36 degree 50W bulb for viewing prints. (Thanks, Luca Salgarelli.) The SoLux has a CRI (color rendering index) of 0.98. CRI is a measure of how accurately a light source can render color. 100 is maximum; 90 is OK. I purchased it from www.lightbulbsdirect.com (click here for the Desk Lamp). At the 6500K monitor setting, a white sheet of paper viewed under the SoLux lamp looks a tiny bit yellower (warmer) than white areas on the monitor screen. This is not a problem since the eye adapts quickly when moving from the monitor to the print. The SoLux color temperature is actually quite close to the monitor; much closer than a halogen lamp. It has an orange cast on the periphery, which some users may find annoying.

#Alternative lamps: Two promising choices are Ott-Lite's 18W VisionSaverTM series, which has a color temperature of about 5300K and CRI = 0.95, and Sunwave 5500K fluorescent bulbs, which come in both tubes and compact screw-in models, have good brightness and CRI = 0.93. The Philips 287813 15 watt screw-in daylight compact fluorescent bulb: 5000K, CRI = 0.82, is available at Home Depot, SKU #652746, about $15. It's quite bright. Other compact fluorescents: SunPro, Panasonic, and Verilux.

#I keep a halogen desk lamp nearby to see what the print will look like in typical indoor lighting.

#Set the Contrast to maximum unless the image is too bright or harsh.

#Adjust gamma, the parameter that describes the nonlinear relationship between image pixels and monitor brightness, and Brightness (black level) using the Gamma and black level chart, below. Several procedures are abailable. There is some interaction between brightness and gamma adjustments, so you may have to go back and forth between them.

#Digital Dog's test image should look good, though I find the skin tones to be somewhat cool (very slightly blue) on my monitor. The image of the dog (center; the digital descendant of Victor's "Nipper") should appear neutral gray except for the few specks of color. You may want to look at other calibration images, such as the Robyn Color calibration scan.

Monitor size and resolution settings

…

Test images 

A good test image is useful for evaluating your monitor's quality and calibration as well as the match between the monitor and printer. I found a nice image on The Digital Dog's website. Go to http://digitaldog.imagingrevue.com/tips/ and shift-click on Printer Test File. (You can also right-click, then click on Save ... as.) Winzip (or a similar utility) must be installed on your system to turn this file, whose default name is PrinterTestfile.jpg.hqx, into a JPEG. The 1600x2000 pixel image, shown greatly reduced on the right, includes a portrait with good skin tones, color and grayscale step charts, and the Gretag Macbeth® ColorChecker color rendition chart. (ColorChecker RGB values for various color spaces-- sRGB, Adobe 1998, BruceRGB, etc.-- can be found in a page by Bruce Lindbloom.) While you're at Digital Dog's site, check out his many excellent articles and tutorials. 

[Color management information: The file has an embedded ICC profile tag for Apple ColorMatch color space (gamma = 1.8). In non-ICC aware applications, or in ICC-aware applications with color management turned off, this tag is simply ignored. No problem. But if you are using color management you must be aware of it. You should use an ICC printer profile rather than Color Controls settings, as described below. Why? Because when color management is enabled, there is a translation between the file color space and the monitor (display) color space. Other files, without profiles or with different profiles, translate differently. The Color Controls settings ignore the profiles-- no translation takes place; the relationship between print and monitor appearance won't be consistent. But all will be well if you use an ICC printer profile (that's what they're for). I don't recommend converting to another color space, though simply removing the profile tag doesn't do much damage (the Gretag Macbeth Colorcheker displays slightly dark).]

Another standard test image (below, right) originated with PhotoDisc, Inc., which has been absorbed into Getty Images (no connection with the Getty Museum). They have a nice page of articles on color theory and management. A 10 MB (large) high quality JPEG of this image can be downloaded from Inkjetart.com-- one of my favorite sources of printing materials. The image size is 3225x5055 pixels. The colors are unsaturated (far from Velvia), apparently because the file data is for the Adobe RGB (1998) color space (see Color management for an explanation of color spaces), but the file contains no embedded Adobe RGB (1998) profile. (Also, most web browsers do not recognize profiles-- they assume all images are in the default sRGB color space.) 

[Color management information: The file (PDI-Target.jpg) has no embedded ICC profile tag. The file data is apparently for Adobe RGB 1998. That's why colors appear unsaturated in web browsers and image editors that assume sRGB file data. To get proper appearance-- correct saturation-- in a color managed workflow, you must add an ICC profile tag without changing the image data. In Picture Window Pro, you do this by clicking Transformation, Color, Change Color Profile..., then setting New Color Profile: to SMPTE-240M (or Adobe RGB, which is identical) and Change: to Profile Setting Only (not the default).]

The same Inkjetart.com page has a very nice 2.6 MB 1080x1680 pixel TIFF test image. A 686x539 pixel test image which can be downloaded from Robyn Color Labs is shown below. 

These color balance and tonalities of these images can give you a qualitative indication of how well your monitor is calibrated. They can also be used for checking printer calibration. 

Gamma and black level

Gamma describes the nonlinear relationship between the pixel levels in your computer and the luminance of your monitor (the light energy it emits) or the reflectance of your prints. The equation is, 

Luminance = C * valuegamma + black level

C is set by the monitor Contrast control. Value is the pixel level normalized to a maximum of 1. For an 8 bit monitor with pixel levels 0 - 255, value = (pixel level)/255. Black level is set by the (misnamed) monitor Brightness control. The relationship is linear if gamma = 1. The chart on the right illustrates the relationship for gamma = 1, 1.5, 1.8 and 2.2 with C = 1 and black level = 0. [Gamma.png]

Gamma affects middle tones; it has no effect on black or white. If gamma is set too high, middle tones appear too dark. Conversely, if it's set too low, middle tones appear too light.

Gamma, as defined above, is also called display gamma-- the product of monitor's native gamma and video card lookup table (LUT) gamma. (Most video cards have LUTs.) As we shall see, it is closely related to film gamma, which is the average slope of the film response curve.

Black level is the monitor luminance or print reflectance for value = pixel level = 0; i.e., it is the deepest black in the monitor or print. It is a constant that includes the effects of viewing flare (stray light). In good monitor viewing environments it can be very small, less than 0.01, relative to a normalized maximum Luminance of 1. It's also around 0.01 for high quality prints (higher for mediocre paper/ink combinations). Sometimes black level appears inside the exponent, but it makes little difference since it's a constant.

Geeks only! The correct gamma equation for sRGB color space


The simplified, ideal equation for the sRGB color space (the standard color space of Windows and the Web; gamma = 2.2) is


     y = x2.2,  where y is the luminance and x is the normalized pixel level.


But the correct equation from the sRGB standard is


     y = x/12.92  for x <= 0.03928;   y = ((0.055+x)/1.055)2.4   otherwise.   [See obscure note.]


The curves for the two equations are very close, as illustrated here. The correct curve is linear below x = 0.03928, y = 0.003035. This corresponds to a pixel level of 10 for images with a bit depth of 8, where the maximum pixel level is 255. For the ideal curve at pixel level = 10, y = 0.0008 (much lower). The difference is even more striking at pixel level = 5 (x = 0.0196): y = 0.00152 for the correct equation; y = 0.000175 for the ideal curve. This has consequences for setting the black level.


[Obscure note: the two links above give different values of x for the boundary between the linear and exponential curves: 0.03928 and 0.04045. Annyoing, but the equations are nearly identical because the slopes of the two curves are very close around x = 0.04.]

Why gamma?

The eye doesn't respond linearly to light; it responds to relative brightness or luminance differences. The smallest luminance difference the eye can distinguish in bright light (Delta L) is expressed by the Weber-Fechner law, 

Delta L/L = 0.01 = 1%

(G. Wyszecki & W. S. Stiles, "Color Science," Wiley, 1982, pp. 567-570). Most video cards display 8 bits per color (256 levels), even if you store and edit in 16 bits per color channel. With gamma = 1, the relative luminance difference at the highest luminance levels would be less than 0.004 (1/256)-- much less than the eye can distinguish, but it increases rapidly for lower levels. In dark areas it can be large enough to cause perceptible banding between levels. This can be corrected by applying a gamma curve, as illustrated in the graph on the right, which shows the relative luminance difference between pixel levels for gamma = 1, 1.5, 1.8, and 2.2. The relative difference is most consistent for gamma = 2.2. It remains under 0.01 at high brightness levels, but it is lower than gamma = 1 for luminances under 0.2.

[Gamma1.png]

Relative differences are not displayed uniformly when luminance is plotted on a linear scale, but they are on logarithmic scales: relative differences such as doubling or halving the luminance (changing it by one exposure zone) occupy the same distance, independently of the absolute level. 

[Gammalog.png]

A deeper insight into the meaning of gamma can be gained by looking at a logarithmic plot of Luminance vs. Pixel level. If we take the logarithm of both sides of the luminance equation, above, and neglect black level (set it to zero), the equation becomes log(Luminance) = log(C * valuegamma) =  log(C) + gamma * log(value). In a logarithmic plot, gamma becomes the slope of a straight line, as illustrated on the left for gamma = 1 and 2.2. Now compare this plot to photographic paper, on the right.

For photographic film and paper, gamma is defined at the average slope of the response curve in its linear region. As we can see in this diagram for Kodak Polymax photographic paper, higher contrast corresponds to a steeper slope-- higher gamma. In comparing these two plots, note that the independent variable, Log10(Exposure) corresponds to Log10(Pixel level), while Log10(Luminance) corresponds to -Density. (Both slopes are positive because the paper is a negative material.) One unit on a Log10 scale (such as Density) equals 3.32 exposure zones (f-stops); one exposure zone equals 0.301 Density units. 

[Gammaphoto.png]

Comparing these two plots should make it clear that gamma in film is essentially the same as gamma in monitors: it is the slope of the characteristic curve that relates Density (-Log10(Luminance)) to the independent variable. In other words,

Gamma is contrast.

The Contrast control on monitors and television sets is actually brightness, and the Brightness control is, as we've seen, black level. The nomenclature is confusing but deeply entrenched. In television sets operating in typical viewing conditions, where high ambient light limits the visible dynamic range, the Contrast control affects the apparent contrast. 

The native gamma of monitors-- the relationship between grid voltage and luminance-- is typically around 2.5, though it can vary considerably. This is well above any of the display standards, so you must be aware of gamma and correct it. 

A display gamma of 2.2 is the de facto standard for the Windows operating system and the Internet-standard sRGB color space. The standard for Mcintosh and prepress file interchange is 1.8. Video cameras have gammas of approximately 0.45-- the inverse of 2.2. The viewing or system gamma is the product of the gammas of all the devices in the system-- the image acquisition device (film+scanner or digital camera), color lookup table (LUT), and monitor. System gamma is typically between 1.1 and 1.5. Viewing flare and other factor make images look flat at system gamma = 1.0. To learn more, go to links.

Gamma and black level chart

The chart below enables you to set the black level (brightness) and estimate display gamma over a range of 1 to 3 with precison better than ±0.1. The gamma pattern is on the left; the black level pattern is on the right. Before using the chart, the monitor should be turned for on at least 15 minutes (30 preferred). 

Gamma  is estimated by locating the position where the average luminance across the gamma pattern is constant. The corresponding gamma is shown on the left. You should be far enough from your monitor so the line pattern is not clearly visible. The example below shows what to look for. The solid areas are calculated from the equation, 

pixel level = 255*luminance(1/gamma) ;    luminance = 0.5.

This chart features gradual density changes along horizontal scan lines (thus eliminating risetime problems). It allows more precise gamma estimation than most traditional charts. I encourage you to download it and check it occasionally.

[Gamma2.png] [Gammablack.png]

Your monitor's gamma should be 2.2 or 1.8. 

2.2 is recommended for Windows, the Internet sRGB color space, and the popular Adobe RGB (1998) color space. 1.8 is the standard for the Macintosh and prepress file interchange (Mac users, see note below). I aim for gamma = 2.2. Most laptop LCD screens are poorly suited for critical image editing because gamma is extremely sensitive to viewing angle. 

You can adjust gamma using the techniques presented below.

I'll be happy to grant permission to reproduce it on your website if you e-mail me, give me credit and a link to this page.

….

Printer calibration

In this page we discuss the second step in matching monitor images with prints: printer calibration. The first step was Monitor calibration. 

We present two approaches. 

Using printer driver adjustments (Color Controls). This approach is simple in principle but can be somewhat cumbersome [apgrūtinošs] in practice. You may have to do quite a bit of trial-and-error to get a good match.

Using ICC profiles-- files that characterize the behavior of printer/ink/paper combinations. An increasing number of profiles are available; several are listed in Papers and inks. They allow you to use a variety of papers, including several brands of 100% rag (archival) fine art paper. ICC profiles are a key feature of color management. If you have a well-calibrated monitor and high-quality profiles, your prints should match your monitor image with little effort on your part. This approach is simple in practice, but error-prone unless you know what you're doing. The Epson 2200 printer driver v. 5.40 (labeled v5.4aA on the Epson USA download site) supposedly has the capability of applying ICC profiles, but it has bugs! Too bad, because if it worked (maybe in a future release), you wouldn't need an image editor that supports color management.

Color management is a set of tools and techniques intended to maintain reasonably consistent and predictable color appearance in images captured or displayed on devices with different color responses, or gamuts. With properly-implemented color management you can achieve optimum monitor/print matching and make prints with nonstandard inks and papers. Although it takes some effort to learn, it's simple to use once you've mastered it. I now use a fully color-managed workflow. 

http://www.color.org/
The International Color Consortium was established in 1993 by eight industry vendors for the purpose of creating, promoting and encouraging the standardization and evolution of an open, vendor-neutral, cross-platform color management system architecture and components. The outcome of this co-operation was the development of the ICC profile specification. 

  The intent of the International Color Consortium (R) profile format is to provide a cross-platform device profile format. Device profiles can be used to translate color data created on one device into another device's native color space. The acceptance of this format by operating system vendors allows end users to transparently move profiles and images with embedded profiles between different operating systems. This permits tremendous flexibility to both users and vendors. For example, it allows users to be sure that their image will retain its color fidelity when moved between systems and applications. Furthermore, it allows a printer manufacturer to create a single profile for multiple operating systems. 

  The ICC specification is now widely used and has been specified in many International and other de-facto standards. It is now itself going through accreditation as an International Standard. To see which of many other standards refer to the ICC profile specification click on the link below. 

Standards that specify ICC profiles

The specification continues to evolve and the current version represents a major improvement over the older versions. The change is such that profiles conforming to it are called version 4 (v4) profiles. All vendors of color management products are being strongly urged to upgrade their products to be v4 compatible. Click on the link below to get a summary of the main improvements achieved by upgrading to v4. 

Advantages of v4 profiles 

Vendors of profiling software are now starting to release versions that produce profiles that conform to v4, and applications are available that will utilize them. For a list of products that currently support v4 click on the link below. 

Products that support v4 profiles 

  For those requiring further information about the specification, and color management generally, various documents and links are provided on this site: 

Introduction to the ICC profile format provides a brief summary of the specification and how it is used. 

The full specification provides substantially more detail and is designed for those who need to implement the specification in hardware and software. 

The ICC slide presentation gives an overview of the ICC and color management. 

Articles/Publications about ICC provides a variety of papers that cover color management and the use of the ICC specification that have been published in conference proceedings, journals and magazines. 

A grouping of Links to sites that provide useful information about color management. 

A set of FAQs answering the most Frequently Asked Questions about color and color management. 

A collection of white papers that provide additional information on various aspects of colour management that have been approved for publication by ICC members and therefore properly reflect the ICC position on these topics. 

Click here for more information
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