Sun Micr osystems, Inc. 2550 Garcia Avenue Mountain V iew, CA 94043 415 960-1300 FAX 415 969-9131

For U.S. Sales Of fice locations, call: 800 821-4643 In California: 800 821-4642

Australia: (02) 413 2666 Belgium: 32-2-759 5925 Canada: 416 477-6745 Finland: 358-0-502 27 00 France: (1) 30 67 50 00 Germany: (0) 89-46 00 8-0 Hong Kong: 852 802 4188 Italy: 039 60551 Japan: (03) 221-7021 Korea: 822-563-8700 Latin America: 415 688-9464 The Netherlands: 033 501234 New Zealand: (04) 499 2344 Nordic Countries: +46 (0) 8 623 90 00 PRC: 861-831-5568 Singapor e: 224 3388 Spain: (91) 5551648 Switzerland: (1) 825 71 1 1 Taiwan: 2-514-0567 UK: 0276 20444

Elsewher e in the world, call Corporate Headquarters: 415 960-1300 Inter continental Sales: 415 688-9000

38 The Need for Color Management— April 1994 the scene on a piece of paper or film may not be satisfactory . Moreover, as the photograph is most often viewed in an envir onment that dif fers from that of the original scene, a colorimetric r eproduction would be inappr opriate.

A pleasing likeness, ther efore, does not always mean an exact copy . This applies not only to photography , but also to desktop publishing. In some cases you may want an exact duplicate of the original. But in most cases, people prefer images that ar e not mer ely copies of the original scene. The Kodak Color Management System strives to maintain the appearance of the original image while allowing the user the necessary flexibility to achieve the desir ed creative effects.

Kodak has over a century of experience in imaging. Kodak has learned how to make a print or slide pr oduce an excellent r epresentation of the scene. This is one of the str engths of the Kodak Color Management System: Kodak’s expertise expr essed in color pr ofiles that pr oduce the r esults you expect.

Physiological V ariables 37

Physiological Variables

The detection of color is made possible by the cones (the color r eceptors) in the eye. The ef fective spectral sensitivities of these r eceptors can vary slightly fr om one individual to the next. Other dif ferences among observers r elate to age. As a person ages, the lens of the eye yellows, altering the per ception of color .

Thus, color per ception can dif fer from person to person. Observers may disagr ee on whether two colors match. The gr eater the spectral dif ference between the colors being matched, the mor e pronounced this ef fect.

Then, of course, ther e’s the problem of color -vision deficiency or “color blindness.” About eight per cent of the males and one-half per cent of the females in the U.S. ar e color-vision deficient. Of these color -vision deficient persons, most have r educed sensitivity to gr een or r ed variations in color .

In the futur e, a color management pr ogram may be able to simulate this type of color-vision deficiency so that persons with normal color vision can better target a pr esentation of color over heads to a lar ge audience sur e to contain some color -vision deficient viewers.

Psychological Effects

Not everyone interpr ets color in the same way . Expectations vary fr om one individual to another based on personal experiences. One person may expect the golds of autumn leaves to be r eproduced as one shade of yellow while another person r emembers autumn gold to be a darker , redder color . The difference becomes heightened when one individual bases his “autumn gold” on Colorado’s aspens and the other person bases it on her experience of upstate New Y ork’s maple tr ees.

Your Expectations of Color

You expect colors to look a certain way . If you take a photograph of a person under a tr ee with a blue sky over head, the slide or print that you get back fr om the photofinisher should r epresent the scene in a way that looks right to you. That does not mean that the photograph identically matches the original scene; rather , the skin tone, tr ee, and sky should be the colors that you expect, colors that you r emember of that scene. In fact, an exact colorimetric r eproduction of

36 The Need for Color Management— April 1994

The output of printers also changes for a variety of r easons. For example, in a thermal-wax printer , the pr essur e of a print head against the media varies. In color laser and ink-jet printers, the colorant supply decr eases in unequal quantities, depending on use. In a color laser printer , the temperatur e and pressur e of the fuser r oller changes. In an ink-jet or dye-sublimation printer , the internal temperatur e fluctuates and causes changes in the amount of colorant r eleased to the paper . In any printer , the electr onics drift with age.

Even ambient temperatur e and humidity can af fect the performance of a scanner , monitor , or printer . For these r easons, all devices r equir e calibration to keep them working consistently .

Viewing Conditions

The envir onment in which we view colors varies dramatically . This variation affects the per ceived colors. Some ef fects ar e due to physics; others ef fects ar e strictly per ceptual.

For example, the colors of a printed piece may look dif ferent under fluor escent light than in daylight, and different still under an incandescent bulb due to the different spectral output of these light sour ces.

Ambient lighting may add stray light to an image. This r esults in a physical loss in ef fective dynamic range and in the desaturation of colors. For this reason, monitors should be set up in an appr opriate viewing envir onment away fr om bright lights or windows.

Because of the dif ferent surr ounds of the viewing envir onments, our perception of the same transpar ency is dif ferent when it is placed on a light table than when pr ojected into a darkened r oom.

Media

Not only do the viewing conditions make a dif ference, but the medium on which you view the r esult—displayed on a monitor , projected on a scr een, or printed on paper—af fects the gamut of colors that can be r eproduced and the perceived r esult. Even the type of paper that you use for printing—glossy or matte—makes a significant dif ference in the final output.

35

The Need for Color Management

Device Differences

Desktop publishing lacks consistency in color . What is stor ed is not always what is displayed because every device in a computer system uses dif ferent numbers to describe the same color .

This holds tr ue even within a single desktop publishing pr oduct line. The color values ar e not linked by a common color description, so the same image data produces dif ferent r esults fr om monitor to monitor and fr om printer to printer . A lavender color on one monitor may look pink on another , while the printed color may turn out purple.

The pr oblem is compounded by the use of additive (RGB) color devices and subtractive (CMY/CMYK) color devices within the same computer system.

Without color management, the only way to pr edict color would be to use trial and err or and to work backwar d from color swatches pr oduced on your own printer . The Kodak Color Management System automates the pr ocess of matching the color on the monitor to the color output on your printer .

Device Instability

Devices also tend to drift—for example, their color balance changes over time. Scanners emit light to scan an image, and the color balance of this light may shift with use and time.

A monitor ’s colors change fr om the time you turn it on until it is warmed up. As the unit ages, the colors on the monitor drift because of variations in the electronics and a decline in the ef ficiency of the electr on guns. But the most common cause for a shift in colors is the adjustment of the brightness and contrast contr ols. Once a monitor is calibrated, these contr ols should not be touched.

34 Color on Desktop Publishing Devices— April 1994

Calibration

Calibration is the pr ocess of corr ecting any deviation fr om a standar d. Calibration pr ovides the ability to duplicate the same colors and images over time. Devices must be adequately calibrated in or der to r un the Kodak Color Management System successfully .

Scanners r equir e calibration to ensur e that the scanner light, mechanics, focus, and filters ar e adjusted so that the color components will be separated correctly. Many scanners ar e calibrated to a tar get, a page or transpar ency with appr opriate patches that can be r ead in to determine how the scanner is behaving r elative to how it’s expected to behave. When a scanner is calibrated, the new calibration data is used to update the scanner color pr ofile.

Monitors should also be calibrated at whatever fr equency is necessary to ensur e consistent colors on the display . Displays drift fr om changes in temperatur e, especially during warming up, which af fect the electr onics and thus the colors. Color balance and other factors also change fr om the aging of components, and fr om changes in alignment and intensity of electr on guns. Calibration solves the pr oblem of variations in monitors. As in scanner calibration, new calibration data for monitors is used to update the monitor color pr ofile.

If color quality appears to have changed, try r ecalibrating the device.

Characterization 33

Each device color pr ofile must take into account not only the peculiarities of the device, but also the conditions under which the device is to be operated (such as ambient lighting condition and the media on which the r esult is viewed) and the intended form or interpretation of the data. For this r eason, ther e may be several dif ferent sets of color pr ofiles applicable to a single device.

A device color pr ofile can be used to:

• Maintain consistent color fr om device to device

By taking into account a device’s gamut and other characteristics, the Kodak Color Management System can use the DCP information to manipulate color data to pr ovide constant colors fr om device to device.

• Adjust colors to simulate device limitations

Because of the dif ferent gamuts for printers and monitors, some colors that the monitor is able to pr oduce cannot be r eproduced by a printer . And some colors that a printer can print cannot be displayed on a monitor . Device color pr ofiles specify the range of colors a device can encompass and thus make it possible to simulate on the monitor scr een what the printed r esults will look like on your printer(s).

• Compensate for the ef fects of dif ferent media

An image looks dif ferent printed on transpar ency material versus paper . And glossy paper gives the final r esult mor e contrast than a print on plain paper . These dif ferences can be compensated for to some degr ee when an image is cr eated on dif ferent media. However , the color gamuts of some media ar e mor e restricted than others, so some distortions or changes will be necessary to have the most acceptable images in each medium.

A device must be characterized for it to be able to r un a color management program. W ith a characterized device, you can input a given set of values and know what colors will come out. A characterized device converts input color data to the appr opriate “color -corrected” output color data, colors that the device can actually cr eate.

Because device behavior changes over time, device color pr ofiles may be updated when devices ar e calibrated.

32 Color on Desktop Publishing Devices— April 1994 single biggest factor af fecting gamut. Ambient lighting can add stray light to an image displayed on a monitor , thus desaturating the colors. Monitors should be set up to minimize stray light r eaching the scr een.

Color gamuts of dif ferent printers can dif fer significantly fr om one another because of the colorants used, r esulting in varying ranges of colors. The dynamic range (lowest to highest density) of each colorant af fects gamut. The type of media used for printing also af fects gamut. The gamuts obtainable on glossy paper ar e larger than those possible on standar d copier paper . Transpar encies typically have a gamut that’s even lar ger than that of glossy paper because of the way they ar e viewed.

The principal dif ference between monitors and printers is that monitors use the RGB additive primaries and emit light while printers use the CMY subtractive primaries to cr eate prints that r eflect light. Often, some RGB colors ar e outside a typical CMY color gamut. However , some printed cyans and yellows may be outside a monitor ’s gamut.

Generally , it’s easier for additive systems to pr oduce light, high-chr oma colors, but it’s easier for subtractive systems to pr oduce dark, saturated colors.

Gamut adjustment is the r egulation of colors (by compr ession or expansion) to account for device capabilities and limitations. W ith gamut compr ession, a color r epresentation that contains colors beyond the capabilities of a device can be mapped into colors that the device can actually pr oduce. If gamut compr ession was not used, the r esult would be that colors existing outside the gamut would block up against the periphery of the gamut in an undif ferentiated mass.

Characterization

The Kodak Color Management System pr ovides consistent color acr oss input, output, and display devices. The key to the Kodak Color Management System is characterization: the description of a device’s characteristics, which include color gamut, operation, dynamic range, interaction of colors, and color data transfer characteristics.

The characterization information is encapsulated in digital form and included in your system as a device color pr ofile or DCP . Other information that can be included in a device color pr ofile includes the type of media used and the viewing conditions.

Gamuts of Devices 31

First, a static char ge is applied to a photor eceptive dr um. A laser beam exposes areas not to be printed, leaving the ar eas that ar e to be printed char ged. A negatively-char ged dry toner is applied and sticks to the char ged ar eas of the drum. The image on the dr um is transferr ed electr ostatically onto positivelycharged paper . Once the plastic toner is transferr ed to the paper , heat and pressur e fuse the toner to the paper to pr oduce an image. The entir e process is repeated for each color .

Media

Print quality depends on several factors: the type of printer used to cr eate the print, the amount of ink printed on the page, how the ink is printed, and the kind of medium on which an image is printed.

Transpar encies have a gamut lar ger than that of paper and most closely simulate the appearance of color on a monitor . Smooth, glossy paper is better than r ough paper . The reflective pr operty of glossy paper incr eases the gamut of color pr oduced by the printer , especially for ink-jet printers, which do not produce highly r eflective colors.

The coating of glossy paper holds the colorants near the surface of the paper instead of absorbing them. When the paper surface is r ough, the light rays reflecting fr om the surface ar e scatter ed, and thus the color fr om any given spot is diluted.

Gamuts of Devices

The range of colors that a particular device can pr oduce is known as its gamut. The potential gamut for a physical device is determined by its color primaries, such as the phosphors of a monitor or the colorants of a printer . The potential gamut may not be r ealized on an actual device, however , due to optical limitations and other r estrictions of the system. The fact that devices have different gamuts is one of the major r easons that color management is necessary .

Gamuts of monitors vary because of the color dif ferences of the RGB phosphors used to pr oduce the r ed, gr een, and blue primary colors. The dynamic range (dif ference between lowest and highest intensity) of each color channel also af fects gamut. In addition, the viewing conditions may well be the

30 Color on Desktop Publishing Devices— April 1994

After one color has been transferr ed, the print engine transfers successive colors in a similar fashion. As the paper is peeled away , the melted dye sticks to the paper while the unmelted wax or plastic r emains on the ribbon. Thermal-wax prints usually ar e made on smooth paper because the colors don’t flow into the voids between raised fibers. Ink binds onto the surface of the paper .

A pr oblem with thermal-wax printers is that the dyes ar e not completely transpar ent. If you choose a color that is cr eated by adding two subtractive primaries, such as r ed, the top layer of dye becomes the dominant color . Black created fr om the thr ee primary colors can have an undesirable tint, so usually four-color printing that has a separate black is pr eferable.

Thermal Dye Transfer Printers

Thermal dye transfer printers, such as the Kodak XL7700 printer , use a continuous-tone pr ocess. Dye is transferr ed from the ribbon to the paper or transpar ency by the application of heat. Thermal dye transfer printing does not requir e the cr eation of a dither cell, so ther e are no visible patterns.

The str ength of each color is contr olled by the temperatur e of the heating element: the hotter the element, the mor e dye is r eleased. Because they do not have to lay down individual dots, thermal dye transfer printers have the smoothest transition of colors and pr oduce the highest quality prints. However , thermal dye transfer printers r equir e special coated paper and dyes on color donor ribbons, which ar e expensive.

The dyes used for thermal dye transfer printing ar e transpar ent, and when placed on the coated paper or transpar ent support, they can pr oduce photographic-quality r esults.

Thermal dye transfer printers ar e also called dye-sublimation printers, dye diffusion thermal transfer printers, dye-dif fusion printer , and sublimal-dye printers.

Color Laser Printers

Color laser printing is an expensive and complex system. It uses the same technology as most of fice copiers and black-and-white laser printers, except that a color laser printer r uns every page thr ough the entir e process four times, each time with a dif ferent color toner .

Color Devices Used for Desktop Publishing 29

Ink-Jet Printers

Ink-jet printers use a variety of techniques to print color . Basically, small nozzles spray tiny ink dr oplets onto paper . The variations in design change how the dr oplets ar e produced or how the paper is positioned.

In continuous ink-jet printing, a thin jet of ink is for ced at high pr essur e thr ough a nozzle. The jet of ink is br oken up into tiny r egularly-spaced dr oplets, which are dir ected towar ds the paper . Each dr oplet either is char ged and then deflected into a r ecycling r eceptacle or is left unchar ged and allowed to pass onto the paper .

Drop-on-demand ink-jet printers ar e mor e common and less complex. Dr ops of ink ar e created and expelled, usually by a piezoelectric crystal, only when needed. It’s not necessary to r ecycle ink.

Bubble jet ink-jet printers use heated bubbles to for ce ink thr ough nozzles towar ds the paper . Ink dries somewhat faster with this method, but otherwise it’s similar to dr op-on-demand.

The above thr ee types of ink-jet printers should be used with special claycoated paper . If rough paper is used, the paper fibers spr ead the ink, causing the dot edges to blur . Clay-coated paper pr events this.

Phase-change ink-jet (also called solid-ink or hot-melt ink-jet) printers use color ink-sticks that ar e solid at r oom temperatur e, but ar e melted into a liquid during printing. A small r eservoir holds the molten ink at the pr oper temperatur e until needed. T o produce a pictur e, the printer draws a small amount of the r equir ed ink, heats it further , then pr opels the tiny dr oplet of ink towar ds the paper . The melted ink immediately solidifies and adher es to the surface of the paper or transpar ency, giving it an embossed look. A coldpressur e fusion pr ocess smooths the surface of the image after printing.

Thermal-Wax Printers

Thermal-wax printers melt dots of color ed wax or plastic supplied on wide ribbons of page-sized blocks of cyan, magenta, yellow , and sometimes black. The transfer mechanism in the print head is often a set of heated elements, wires, or pins. The wax containing the dye is transferr ed onto paper by mechanical pr essur e.

28 Color on Desktop Publishing Devices— April 1994

Dithering

Dithering is used by both printers and monitors to expand the range of displayable or printable colors.

On a monitor , dithering is a way of cr eating the illusion of an unavailable color by interspersing two available colors. At viewing distance, the eye blends the two colors into a thir d color .

In printing, dithering is a way for printers to expand their color palette by varying the arrangement of fixed-size dots. T o produce the appearance of a color outside the palette of eight basic colors, a set of dots or pixels is gr ouped into a lar ger pixel or dither cell, which is made up of single pixels arranged in a pattern. Dither cells ar e arranged in r ows and columns, like a mosaic of tiles.

The size of the dither cell dif fers for dif ferent printers and with dif ferent softwar e. For example, a dither cell could contain 4 dots in a simple 2 by 2 matrix. Since each primary color (CMY) can have fr om 0 to 4 dots turned on (that is, printed), five combinations ar e possible for each color . Because the colors can be overlaid, the possible combinations incr eases to 5 x 5 x 5, or 125 colors. If the matrix is incr eased fr om 2 by 2 to 4 by 4, nearly 5,000 appar ent colors can be pr oduced (17 x 17 x 17).

There are many dif ferent types of dither patterns. One way to dither is to cr eate a pattern. The pattern r epeats in each dither cell. Another dither pattern is scatter . For scatter , dots ar e placed randomly within the dither cell. This reduces the geometric dot patterns that you can see with pattern dithering. No single dither pattern is best for all images. Each gives a very dif ferent effect when r epeated thr oughout a page.

While dithering expands the color palette of a printer , it does so at the expense of resolution. The printer ’s resolution is defined by the number of dots per inch (dpi) that it prints. The mor e dots per inch, the sharper and cleaner the image. In a 300 dpi printer , for example, using a 4 by 4 dither cell r educes the effective printout r esolution to 75 dpi. An 8 by 8 cell would r educe the ef fective resolution further to 37.5 dpi.

Moiré, an undesirable and distracting pattern, is caused by a bad dither pattern when the pixels of two or mor e of the ink dots form conspicuous interfer ence patterns. It can be particularly obvious at low r esolutions.

Color Devices Used for Desktop Publishing 27

Printers

Most printing is cr eated by a pattern of dots. Although you per ceive a full spectr um of color fr om a distance, close inspection of a printed page thr ough a magnifying glass will r eveal minute dots of the thr ee subtractive primaries, cyan, magenta, and yellow . Each individual dot is so small that your eye blends it with neighboring dots. For example, magenta dots next to or on top of yellow ones appear r ed. By overlaying dots of the thr ee colors of ink, a printer can pr oduce a wide gamut of colors.

There are two ways to print: using a thr ee-color (CMY) pr ocess or a four -color (CMYK) process. Thr ee-color printing is based on cyan, magenta, and yellow colorants; four -color printing also uses black. K is used to r efer to black to avoid confusion with B for blue. The additional black colorant impr oves contrast and pr ovides a blacker black than the printer ’s CMY colorants could produce.

The type of ink and the printing method af fect the quality and range of attainable colors. Some inks ar e transpar ent; others ar e opaque. Inks can be laid down in coarse dots or vaporized to a gas so they blend befor e reaching the paper .

While traditional printing pr esses that use halftone can vary the size of the dots used in printing, desktop printers ar e restricted either to laying down a dot or to leaving the spot blank. Only the color and position of the dots can be varied. A printer can overlay two or mor e dots, cr eating dots of dif ferent colors. For example, cyan and yellow dots overlaid cr eate gr een dots.

By overlaying dots of the thr ee subtractive primaries, a basic palette of eight colors is cr eated:

• Cyan • Magenta • Yellow • Red (magenta + yellow) • Green (cyan + yellow) • Blue (cyan + magenta) • Black (cyan + magenta + yellow) • White (no colorant)

26 Color on Desktop Publishing Devices— April 1994

The accuracy of the color on the monitor is af fected by many factors, including the pr ecision of the electr on guns and the adjustment of gain and of fset of each of the guns.

When electr on guns fir e precisely and in balance, gr ey is pr oduced. If any beam varies fr om the others, the gr ey will have a color cast, and if that is the case, every image will have an unwanted tint.

White Point

In “The Natur e of Color” we discussed the color temperatur e of various light sour ces consider ed “white light.” Monitors also cr eate “white light,” and the color temperatur e of that white light can vary fr om monitor to monitor . A monitor ’s white, when all thr ee phosphors ar e lit to maximum level, is called its white point. The white points of monitors can range fr om 5000 Kelvin to above 9300 Kelvin (a bluish cast).

White point is a function of the monitor ’s internal adjustments (“set-up”). Different manufactur ers set the white point of their monitors at dif ferent color temperatur es. Also, due to variations in manufacturing, monitors fr om the same manufactur er can have dif ferent white points. Even the same monitor can change white point over time because of changes in its electr onics.

The white point of a monitor is an important factor . It affects all the colors on the display .

Gamma

The amount of light emitted by the phosphors and the voltage levels that drive the electr on guns ar e not linearly r elated. An incr ease in voltage does not r esult in a linear incr ease in light output. If voltage and light output ar e plotted on a logarithmic scale, the slope of the r esulting r elationship is called the gamma of the display .

Gamma is a physical characteristic of the individual monitor , and along with white point, can change with the age of the monitor , temperatur e, humidity , and other factors.

There are many factors that af fect color in monitors, but the variance among monitors may seem small when compar ed to the fundamental dif ferences between monitor images and printed pieces.

Color Devices Used for Desktop Publishing 25 wher e the RGB color values ar e converted to voltage levels. These voltage levels contr ol electr on guns, which pr oduce str eams of electr ons that strike the phosphors to pr oduce the colors on a monitor .

Phosphors

The pictur e tube in a color monitor , like that in your color TV , is a cathode ray tube. The images that you see ar e produced by glowing phosphor escent material lining the fr ont interior of the tube. These phosphors ar e arranged in stripes, triads (gr oups of thr ee), or other patterns of the additive primary colors.

All the colors you see on a monitor ar e created by adding dif ferent pr oportions of light fr om the r ed, gr een, and blue phosphors, which ar e excited by thr ee beams of electr ons pr oduced by the electr on guns (Figur e 19). The electr on guns ar e aimed dif ferently so that each strikes only its own phosphor color .

Figure 19 Light Generation Inside a Monitor

When str uck by electr ons, a phosphor emits light. The amount of light given off by each phosphor element depends on the str ength of the electr on beam, which can be varied individually for each phosphor by adjusting voltage to the electron guns. The individual spots or stripes of phosphor ar e not discernible at a typical viewing distance, so the eye blends the phosphors into the colors you see.

Electron guns Shadow mask

Electron guns

Phosphor dots inside a screen

Phosphor stripes inside a screen

Grill

24 Color on Desktop Publishing Devices— April 1994

Most desktop scanners ar e captur e devices that br eak down images into thr ee channels of information. Scanners r educe images into per centages of the thr ee primary colors for each pictur e element (pixel). A scanner digitizes a color image by measuring its r eflected or transmitted r ed, gr een, and blue light, and then assigns a value to each of the thr ee colors.

Monitors

Monitors use the additive color system to display color . To produce a representation of the scanned image on a monitor , the computer must translate the digital files cr eated by the scanner into signals appr opriate for the monitor . Using these signals, a monitor r ecreates a likeness of the original on scr een. By lighting combinations of the r ed, gr een, and blue phosphors that line the inner surface of the pictur e screen, a monitor pr oduces a wide range of colors.

The color gamut (the range of colors that can be pr oduced) of a particular monitor depends, in part, on the color characteristics of its r ed, gr een, and blue phosphors. Color characteristics dif fer from one manufactur er to another as well as fr om one monitor to the next. The settings of brightness and contrast also change the possible range of pr oducible colors. The same scanned image displayed on two monitors will often look quite dif ferent.

To achieve dif ferent colors on a display , ther e must be at least one bit for each primary color , or thr ee bits per pixel. Each bitplane contr ols the intensity of one of the thr ee electr on guns for the r ed, gr een, and blue colors in a display . Thus the bitmap specifies the color of each pixel.

The two most common displays have 8-bit or 24-bit color . The gr eater the bit depth, the gr eater the number of colors that can be simultaneously available on-scr een. Both systems select fr om a palette of millions of colors, but an 8-bit setup can display only 256 (2 8) different colors at once. In contrast, the 24-bit system has 16.8 (2 24) million color values and theor etically can display any of 16.8 million colors at a time. However , the human eye cannot distinguish that many colors, so many of the 16.8 million color values r esult in the same color .

A color look-up table (CLUT), a softwar e matrix of all colors that can be displayed on the scr een at one time, is used to determine which colors will be selected and under what cir cumstances. For colors to get to the display , they need to be converted into voltage levels. The color value selected fr om the CLUT is sent to the digital-to-analog converters, one for each color component,

23

Color on Desktop Publishing Devices

Color Devices Used for Desktop Publishing

A desktop computer system is made up of several components: a captur e or input device (such as a scanner , digital camera, or video camera); a display device (the monitor); an output device (such as a printer or plotter); and the softwar e and har dwar e in between (Figur e 18). Each component can limit the selection of colors pr oducible with your system.

Figure 18 Desktop Publishing System

To help you understand why colors dif fer among the system components, this chapter explains the way scanners, monitors, and printers function.

Scanners

A scanner is a device for converting photographic images, line art, halftones, or continuous-tone artwork into digitized data. Flatbed scanners are used for flat art, slide scanners for transpar encies or negatives.

monitor

scanner printer

22 The Nature of Color— April 1994

Color Or der Systems 21

CIE Color Space

In 1931, the Commission Internationale de l’Eclairage (International Commission on Illumination) standar dized a system for color measur ement (colorimetry). The CIE system is based on the pr emise that color is a combination of object, light sour ce, and observer .

The Commission standar dized a methodology for deriving numbers that provide a measur e of a color seen under a defined sour ce of illumination by a standar d observer . The standar d observer is r epresentative of the average human population having normal color vision.

A color is expr essed by a set of thr ee numbers known as tristimulus values X,Y , and Z. These numbers can be computed fr om the spectral r eflectance of the object, the spectral power distribution of the light sour ce, and the spectral responsivities of the standar d observer . With this system, minute color differences can be expr essed and communicated.

20 The Nature of Color— April 1994

RGB Color Space

RGB (red, gr een, and blue) color space is the native space and industry norm for color monitors. RGB r elates dir ectly to the monitor , describing color in terms of the intensity of the thr ee phosphors that pr oduce colors on the scr een. (For mor e information, see “Monitors” on page 24.)

RGB color space can be thought of as a solid cube. If you stood the cube on one corner , the bottom corner would be black and the top corner white. Of the remaining six corners, thr ee are red, gr een, and blue, and opposite each of these primaries is its complementary secondary color: cyan, magenta, and yellow.

There are many RGB color spaces, each based on dif ferent sets of RGB primaries. An RGB color space can be based on the actual RGB primaries in a device, such as a monitor ’s phosphors, or on hypothetical primaries. Also keep in mind that although monitors and some scanners use RGB color spaces, these color spaces ar e not the same and ar e not dir ectly inter changeable. Even the RGB color spaces used by monitors fr om dif ferent manufactur ers ar e different.

If you transfer RGB values dir ectly from one device to another that uses a different RGB space, the values will not pr oduce identical colors.

CMY and CMYK Color Space

CMY and CMYK ar e the native spaces for color printers. These spaces define a color with basic components of cyan (C), magenta (M), yellow (Y), and sometimes black (K) colorants, depending on the printer . Not all printers use a black colorant.

There are many CMY and CMYK color spaces, each based on dif ferent sets of primaries. A CMY or CMYK color space can be based on the colorants (inks, dyes, or waxes) used by a device, or on hypothetical primaries.

If you transfer CMY/CMYK values dir ectly from one device to another that uses a dif ferent CMY/CMYK space, the values will not pr oduce identical colors.

Color Or der Systems 19

Pantone Matching System

Another color system that r elies on visual samples is the Pantone Matching System (PMS). It was cr eated in 1963 to enable the graphic arts and printing industries to specify color .

Pantone colors ar e used mainly for specifying spot colors: localized ar eas of a particular color , often accents, logos, or headlines. However , many Pantone colors can also be simulated by the standar d thr ee subtractive primary colors typically used for inks.

Pantone colors can also be specified on certain computer platforms, softwar e programs, and printers.

Device-Dependent and Device-Independent Color Spaces

Color spaces ar e color or der systems used for arranging and describing color . A color space might be based on particular samples (like Munsell and Pantone), on specific devices, or on colorimetric quantities (see “CIE color space” later in this chapter).

A device-dependent color space is one that is measur ed in terms of the characteristics of a specific device or family of devices. A device-dependent color space is limited by the physical capabilities of the device that generates it, such as the primary colors of phosphors in monitors or colorants used by printers.

A device-dependent color space may r epresent a characterized family of devices, in which case it is somewhat idealized, or it may r epresent a specific device as calibrated at a particular time.

A device-independent color space does not r ely on the characteristics of any physical device.

The color space that a device uses internally to r epresent colors is usually device-dependent and may not be suitable for exchange of color data. An internal color r epresentation should be converted to a standar d deviceindependent color space for exchanging color data with other devices.

On the other hand, for a device to print or display color data, it needs to convert the data fr om a device-independent color space to one specific to it, such as RGB for a color monitor or CMY for a printer .

18 The Nature of Color— April 1994

Color Order Systems

Colors ar e created by two main methods: adding or subtracting light. Once created, colors can be categorized in a number of dif ferent ways, depending on both need and pr eference.

Why or ganize colors into color or der systems? Colors ar e organized and labeled to enable people or machines to communicate a specific color , to compar e colors, to find a particular color , or to match it. It’s impossible to verbally describe a shade of gr een, even bright lime gr een, so that another person knows exactly which shade of gr een you have in mind. Not only is that an impossible task, but also matching colors fr om memory cannot be done accurately .

Without an exact specification fr om a pr ecise color or der color system, you simply cannot communicate colors accurately . And if you cannot communicate colors pr ecisely, you cannot r eproduce them on desktop publishing systems.

The following sections describe some of the common color or der systems.

Munsell Color System

Artist Albert H. Munsell r ecognized the pr oblem of impr ecise color communication. In 1905, he devised an early system based on human perception for or ganizing and defining colors. His system uses number/letter designations to specify a particular color .

The Munsell system is a per ceptually uniform system. Adjacent color samples represent appr oximately equal intervals of visual per ception along each axis of the thr ee Munsell color attributes— hue, value, and chroma.

Munsell hue refers to the name of the color , a pr operty described with the wor ds red, yellow , green, blue, and purple. Munsell value refers to the lightness of a color. Value is the quality that distinguishes a light color fr om a dark one. Munsell chroma refers to the str ength of a color , how far it departs fr om neutral grey, the intensity of the hue.

The Munsell color system is available as a collection of color chips published in the Munsell Book of Color.

What ar e Primary Colors? 17

Figure 16 Color Wheel

Opposite each color on the wheel is its complementary color . For example, the complementary color for r ed is cyan. Y ou can think of complementary colors as opposites. T o make a print less r ed, you can add mor e cyan. To make an image redder , you can take out cyan and thus make it mor e red.

A color wheel can be expanded by placing additional colors between these six main colors. When you mix adjacent colors, you come up with a color wheel as illustrated in Figur e 17.

Figure 17 More Detailed Color Wheel

Even this wheel can be subdivided further . But no matter how often you subdivide the wheel, you ar e still left with impr ecise names for colors that leave much r oom for interpr etation.

What is needed then is a system that describes color mor e precisely. Color order systems fill this need.

yellow

green

cyan red magenta

blue

yellow

yellow-green

green

green-cyan cyan cyan-blue blue violet magenta magenta-red red orange

16 The Nature of Color— April 1994

Figure 15 Subtractive Color Primaries

Cyan, magenta, and yellow , the subtractive color primaries, absorb (subtract) particular wavelengths of light, thus r emoving them fr om the light that r eaches the eye. Magenta, for example, absorbs mostly gr een (its complementary color) and transmits r ed and blue light, which together appear magenta. Cyan absorbs mainly r ed light, and yellow absorbs primarily blue. Black, which is a combination of all thr ee subtractive primaries, absorbs most light so that very little r eaches the eye.

While monitors combine the additive primaries to cr eate colors, printers use the subtractive primaries to r eproduce colors. The subtractive color system includes not only inks, dyes, and other colorants on paper and other r eflection media, but also slides and over head transpar encies, which filter white light, subtracting out parts of the spectr um and letting others pass thr ough.

The Color Wheel

If you place the additive and subtractive color primaries in a cir cle with their secondary colors between them, you have a color wheel that applies to both the additive and subtractive color systems (Figur e 16).

What ar e Primary Colors? 15

Figure 14 Additive Color Primaries

Notice that in the ar eas wher e two primary colors overlap, a secondary color appears. Gr een and blue cr eate cyan when overlapped. Blue and r ed pr oduce magenta. Red and gr een pr oduce yellow . When added in equal pr oportions, red, gr een, and blue r esult in white light. The absence of all thr ee results in black. Intermediate colors ar e created by varying the pr oportions or intensities of two or thr ee of the additive primaries. A wide range of colors can be produced fr om the thr ee additive color primaries.

Subtractive Color Primaries

The thr ee subtractive color primaries—which ar e also the secondary colors for the additive color system—ar e cyan, magenta, and yellow (CMY). They ar e the basis of the subtractive color system, which deals with colorants on surfaces (Figur e 15).

red

green blue magenta yellow

cyan white

14 The Nature of Color— April 1994

Effect of Observer on Color

People per ceive colors dif ferently fr om one another . Not only ar e colors associated with personal pr eferences and memories, but because of slight variations in the spectral r esponses of observers with normal vision, colors may appear dif ferent fr om one person to the next. T wo objects may appear identical in color to some observers and dif ferent to others. This is called observer metamerism. The ef fect becomes mor e pronounced as the dif ferences in spectral composition between the samples become lar ger.

Another dif ference among observers stems fr om age: because of the gradual yellowing of the lens in the eye, observers with a wide range of ages do not perceive colors the same way .

What are Primary Colors?

Primary colors ar e the building blocks of color . There are two basic systems of producing color: the additive and subtractive color systems. Each system is built on thr ee different primary colors. When the thr ee primary colors in each system ar e mixed together , they pr oduce a wide range of colors.

Additive Color Primaries

The additive color system, which r eproduces colors by adding color ed lights, has r ed, gr een, and blue (RGB) as its three primary colors (Figur e 14). When mixed together in various pr oportions, the additive color primaries of r ed, green, and blue give you a wide range of the colors that you see. Examples that use the additive color system ar e color televisions and monitors.

What is Color? 13

Effect of Chromatic Adaptation

Chromatic adaptation is the adjustment of the visual mechanism in r esponse to the overall color of a stimulus field to which the eyes ar e exposed. For example, when your eyes ar e exposed suf ficiently long to a r eddish-yellow stimulus, such as tungsten light, the ρ cones (sensitive to long wavelengths) become r elatively desensitized, and the β and γcones (sensitive to short and medium wavelengths) become mor e sensitive in comparison.

As with other per ceptual adaptation ef fects, chr omatic adaptation does not occur so r eadily in viewing pictur es. This is tr ue in part because a r eproduction usually fills only a small part of the observer ’s field of view . You take clues from the r oom and consider the pictur es as one object in a lar ger setting.

Because images pr oduced by a desktop imaging system may be viewed under a variety of light sour ces or displayed on monitors with dif ferent white points, the color management system has to take into account the chr omatic adaptation of the observer to those varying conditions.

Effect of Psychology on Color

When you view a r eproduction of a scene (such as a photograph), you generally do not see it side by side with the original. Even so, you ar e usually quite certain about how the colors in the scene ought to appear; you seem to know instinctively what the pr oper colors ar e. This effect persists r egardless of the length of time that passes between viewing the original and the reproduction. In fact, you feel certain that you can accurately judge certain aspects of a r eproduction’s color fidelity (such as the color of the sky or of a person’s skin) without ever having seen the original at all.

This means that you ar e not r eally comparing the r eproduction with the original, but with our conception of the original’s colors. This conception is based mainly on certain colors called memory colors.

Memory colors ar e colors that you see r egularly , remember , and expect to look a particular way . Skin color , green grass, and blue sky ar e the most common memory colors. For an image to look right, memory colors, and especially the skin tone, should appr oximate our memory of the r eal object’s color. If memory colors ar e off, the image looks unnatural. Other colors in an image ar e usually less important.

12 The Nature of Color— April 1994

Effect of Background on Color

When two identical samples of color ar e displayed against two dif ferent backgr ound colors, one light and the other dark, the sample seen against the dark backgr ound appears lighter than the sample seen against the light backgr ound (Figur e 12).

Figure 12 Identical Gr ey Spot Against Light and Dark Backgr ound

Also, the color of a backgr ound af fects the per ceived hue of an object in the direction of the color complementary to the backgr ound. For example, if you view a patch of the same gr een against both a dark blue and a yellow backgr ound, the gr een on the blue backgr ound appears lighter and mor e yellow. The gr een on yellow looks darker and bluer (Figur e 13).

Figure 13 Identical gr een spot against blue and yellow backgr ound

The bluish cast of a monitor ’s “white” surr ounding the image displayed on your scr een affects your per ception of all colors in the image.

What is Color? 11

Rods, which number about 100 million in each eye, ar e sensitive to light intensity , but possess almost no color function. Because r ods give you mainly “black-and-white” vision, they cannot distinguish between changes in intensity and changes in wavelength (color). The pigment found inside r ods, formed from vitamin A and a pr otein, is sensitive to blue-gr een light and is virtually insensitive to r ed. That is why r ed objects appear black at night.

Rods operate in low light, such as full moon and darker , when cones cannot function. “Night blindness” occurs when a person’s r ods do not work. Rods play little or no part in vision in daylight.

Cones, the color r eceptors, function in bright light. Each of the appr oximately 6 million cones per eye contains one of thr ee distinct mechanisms that preferentially absorb light of dif ferent, but overlapping sections of the spectr um. Each type of cone r eacts to a range of wavelengths. The ρ (rho) cones are sensitive to longer wavelengths (r ed region of the spectr um), the γ (gamma) cones to medium wavelengths (gr een region), and the β (beta) cones to short wavelengths (blue r egion). Consequently , cones make a thr ee-part decomposition of light.

The light-sensitive mechanism in the cones pr oduces nerve impulses when light hits them. These impulses ar e converted into r ed-gr een or blue-yellow color dif ference signals, plus an achr omatic signal that indicates lightness or darkness.

Basically, color is determined in terms of opponent colors: how r ed or gr een it is, and how yellow or blue. These ar e the four unique hues that the brain identifies. A color cannot be r eddish gr een since these colors ar e on the same axis. However , a color can be r eddish yellow .

The Perception of Color

Although color starts as a physiological pr ocess, color itself is a per ception that exists only in the mind of the observer . This per ception is influenced by adaptive and psychological factors, which af fect the r elationship between the physics of a color and our per ception of that color .

10 The Nature of Color— April 1994

Standar d illuminants ar e defined by spectral power distribution. The CIE Daylight D series of illuminants, such as D50 and D65, r epresent average natural daylight. D stands for daylight. The 65 stands for a corr elated color temperatur e of 6500 Kelvin. The 50 stands for 5000 Kelvin.

The Physiology of Color

When light r eaches the eye, it first passes thr ough the cornea, the transpar ent membrane that pr otects the eye, then thr ough the lens (Figur e 11). The cornea and lens work together to focus an inverted image dir ectly on the r etina, the light-sensitive membrane that lines most of the interior of the eye.

The retina consists of nerve cells and two types of visual r eceptors: r ods for sensing light in dim conditions and cones for detecting color . These cells translate the light r eaching them into nerve impulses that travel to the brain via the optic nerve . The point wher e the optic nerve connects to the r etina is not sensitive to light and is ther efore called the blind spot.

Figure 11 Structur e of the Eye

The retina is not uniform in sensitivity . The pr oportion of r ods and cones varies from only cones in the fovea, the central 1- 1/2 °�of the visual field, to mostly rods beyond 40 ° from the visual axis. This outside ar ea is essentially monochr omatic and used mainly for the detection of movement.

fovea

blind spot

optic nerve

retina cornea

pupil

iris

What is Color? 9

On the other hand, two objects may appear to match—that is, to have the same color—when viewed under one light sour ce, but not under another sour ce. These objects ar e exhibiting what is known as metamerism. Metameric colors look alike under one light, such as tungsten, but appear dif ferent under another light sour ce, like the sun. This is why you may match two items of clothing inside a stor e only to wear them outside and find that they no longer match.

As you use your desktop publishing system to make prints, keep in mind the light sour ce under which the final r esult will be viewed. The print you make under one light sour ce may be viewed under another , such as daylight, which itself varies gr eatly, changing with the time of day and the weather conditions (Figur e 14-10). Incandescent or tungsten light, per haps the most common household indoor illumination, tends to be r edder than daylight. Fluor escent lamps emit lar ge amounts of ener gy at several distinct wavelengths. While they may have corr elated color temperatur es similar to daylight, the spectral power distribution is fundamentally dif ferent.

Figure 10 Spectral Power Distribution of Light Sour ces

Because ther e are so many dif ferent light sour ces, several standar d light sour ces and illuminants have been defined by the International Commission of Illumination (Commission Internationale de l’Eclairage, or CIE).

8 The Nature of Color— April 1994

Light Sources

Light sour ces turn other kinds of ener gy into visible radiation. A candle uses chemical ener gy. The sun uses nuclear ener gy. Most common light sour ces use electrical ener gy.

Light sour ces affect the appar ent color of objects viewed under them, including images displayed or printed by desktop publishing systems. Each light sour ce or illuminant emits a dif ferent pr oportion of ener gy at dif ferent wavelengths of the visible spectr um. For example, the spectr um of a tungsten light contains proportionally less short wavelength light (blue and violet) than does sunlight.

The pr oportions of wavelengths that an illuminant radiates can be expr essed as color temperatur e. Color temperatur e, expr essed in degr ees Kelvin (K), may be assigned to any light sour ce by referencing the sour ce to a blackbody radiator . A blackbody is a hollow chamber whose color looks black only when cold. When heated, a blackbody’s color temperatur e, and ther efore its color , depends only on its temperatur e and not on its composition. T ungsten filaments, such as those used in incandescent bulbs, closely appr oximate blackbodies.

The temperatur e at which the blackbody spectrally matches the color of a light sour ce is the color temperatur e of the sour ce. Many non-blackbody light sour ces can be described by the color temperatur e of the blackbody that they most closely r esemble visually . This is also called their correlated color temperatur e and is expr essed in degr ees Kelvin. Degr ees Kelvin ar e also used to describe the color of a monitor scr een’s white point (see ““Monitors” on page 24).

Because the human visual mechanism tends to adapt to the color of dif ferent light sour ces, humans tend to per ceive each light sour ce as white. When the light sour ces are side by side and you cannot adapt to them individually , you are mor e awar e of the dif ferences among them.

Take one example of a light sour ce: the white light on a computer monitor . When viewed alone, the white pr oduced by a monitor may appear to be “white.” But if you view two monitors side by side, you may find that the white that each pr oduces is quite dif ferent. One “white” may appear mor e yellow; the other “white” may appear mor e blue.

As described befor e, the specific color spectr um of “white” light af fects the appearance of an object viewed under that light. The same object may look different under dif ferent light sour ces.

What is Color? 7

When considering the gr een glass, a white light sour ce was used, which contains a mixtur e of all wavelengths. Now imagine that the light sour ce is not white light, but r ed light. How would the gr een glass look if r ed light wer e projected thr ough it? Which part of the spectr um would r each the eye?

The answer is that little light would r each the eye. Most of the r ed light would be absorbed and the glass that appear ed gr een with a white light sour ce would now look black (Figur e 9).

Figure 9 Red Light and Gr een Glass

You can see that the color of an object depends not only on the object itself, but also on the light sour ce. Objects do not r eally have an inher ent color because the light sour ce plays such a critical r ole. Color of an object is assigned by the brain based on how the object r eflects or transmits various wavelengths of the light that strikes it.

The appearance of color objects varies depending on the type and amount of light used to illuminate them. Incandescent light brings out the warm colors, such as r eds and yellows, which explains why it is often used in displays of fruits and vegetables. Fluor escent light usually brings out the blues and violets—not quite as appetizing for fr esh pr oduce. Dif ferent fluor escents with special phosphors can be used to enhance colors of vegetables or other foods, such as meats.

red light source observer

green glass

6 The Nature of Color— April 1994

Figure 7 Light Reflecting Fr om a Red Rose

Objects that transmit light, such as a stained glass window or a 35mm slide, let pass certain wavelengths while absorbing others. The wavelengths that pass through ar e the ones that you see and thus determine the color of the object. For example, a piece of stained glass that appears gr een absorbs most light from the blue and r ed ends of the spectr um while letting the gr een wavelengths pass thr ough (Figur e 8). However , as with the light r eflected fr om a red rose, the light transmitted thr ough the gr een glass may also contain smaller amounts of all the visible wavelengths.

Figure 8 Light Transmitted Thr ough Gr een Glass observer white light source

red rose

white light source

green glass observer

What is Color? 5

The color seen depends on the interaction of light with an object. Dif ferent objects interact with light in dif ferent ways.

Opaque objects r eflect some wavelengths of light while absorbing others. The color per ceived for the object depends primarily on the part of the spectr um reflected fr om the object that r eaches the eye.

An item, such as a sheet of paper , appears white if it r eflects a high per centage of all wavelengths of a white light sour ce equally (Figur e 6). If an object absorbs all the light that r eaches it and r eflects none back, its color appears black. Gr ey occurs when all wavelengths ar e reflected about equally , but at a lower level than for white. Hues occur when the r eflected wavelengths ar e out of balance, that is, some wavelengths ar e reflected mor e than others.

Figure 6 Light Reflecting Fr om a Sheet of White Paper

Most colors you see, such as the r ed of a r ose or the r ed on a printed page, do not consist of a single wavelength. Colors ar e usually combinations of many wavelengths. Analysis of the light r eflected fr om the r ed rose shows that it contains light of all wavelengths, but a gr eater amount of light comes fr om the longer -wavelength (r ed) end of the spectr um than fr om the shorter -wavelength (blue) end (Figur e 7).

white light source

observer

white paper

4 The Nature of Color— April 1994

Figure 4 Prism Bending Light

The Color of Things

When light falls on an object, the chemical and physical str uctur e of the object divides the light into thr ee parts (Figur e 5):

• Reflected light bounces back fr om the object, like a ball fr om a floor . • Transmitted light passes thr ough the object. • Absorbed light is actually trapped in the object and does not escape.

Trapped light is usually turned into heat, which cannot be seen.

Figure 5 Reflected, T ransmitted, and Absorbed Light

sun prism

light

reflected

light transmitted light

absorbed light

What is Color? 3

Figure 3 Visible Spectr um

Newton’s Experiment

White light, such as sunlight, is generally made up of all the visible wavelengths of light. White light can be separated into its dif ferent wavelength components by bending it with a prism, as Sir Isaac Newton did in his 1666 experiment. He made a small hole in the wall of a dark r oom and then dir ected rays of the sun onto a glass prism. The prism separated the light into a spectr um of colors like that of a rainbow (Figur e 4). The longest wavelengths (seen as r ed) wer e bent the least while the shortest (seen as violet) wer e bent the most.

2 The Nature of Color— April 1994

Neither color can be said to be the “r eal” color. Not only does color depend on the object, but it also depends both on the type of light sour ce under which it is viewed and on the observer .

Although colors may be defined in terms of physical quantities, they ar e actually per ceived as sensations in the mind. T o understand fully the natur e of color, you must ther efore consider all sides of the story: physical, physiological, and psychological.

The Physics of Color

Like radio waves and x-rays, visible light is a form of electr omagnetic radiation, which is made up of electrical and magnetic vibrations. Although wavelengths of electr omagnetic radiation vary fr om over a mile (for some radio waves) to a millionth of a millimeter (for x-rays) and less, the human eye is responsive to only a very narr ow range of these electr omagnetic waves (Figur e 2).

Figure 2 Electromagnetic Spectr um

This small segment of electr omagnetic radiation is called visible light, which ranges fr om appr oximately 400 nanometers (abbr eviated nm) to about 700 nm in wavelength (Figur e 3). One nanometer is a millionth of a millimeter , or 10-9 of a meter . The radiation that you see fr om all the things ar ound you, with all their colors, falls within this narr ow portion of the electr omagnetic spectr um.

1

The Nature of Color

A fundamental knowledge of color can help you understand how color is used by imaging systems and how it is managed on the desktop computer . This white paper helps you to better understand some of the complexities of the color pr oblems that confr ont today’s desktop computer systems and the solution that the Kodak Color Management System pr ovides.

This chapter intr oduces the physical, physiological, and psychological aspects of color.

What is Color?

Color is the eye’s r esponse to a mixtur e of different wavelengths of light. It is a visual sensation that r equir es thr ee things: an object, a light sour ce, and an observer . Light travels fr om a sour ce, reflects fr om or transmits thr ough an object, and r eaches the eye of the observer (Figur e 1).

Figure 1 Light Sour ce, Object, and Observer

The color of an object, such as a r ose, seems to be in the object itself. However , if the object is viewed under sunlight, then under a tungsten lamp, its color may appear dif ferent. Which is the “r eal” color, the color under the sun or the color under the lamp?

light source

object observer

Please Recycle

© 1994 Sun Micr osystems, Inc. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A.

Copyright Eastman Kodak Company , 1994. Modified by Sun with permission fr om Kodak.

All rights r eserved. This pr oduct and r elated documentation ar e protected by copyright and distributed under licenses restricting its use, copying, distribution, and decompilation. No part of this pr oduct or r elated documentation may be reproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX^® and Berkeley 4.3 BSD systems, licensed fr om UNIX System Laboratories, Inc. and the University of California, r espectively . Third-party font softwar e in this pr oduct is pr otected by copyright and licensed fr om Sun’s Font Suppliers.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the United States Government is subject to the r estrictions set forth in DF ARS 252.227-7013 (c)(1)(ii) and F AR 52.227-19.

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, for eign patents, or pending applications.

TRADEMARKS Sun, Sun Micr osystems, the Sun logo, Sun Micr osystems Computer Corporation, the Sun Micr osystems Computer Corporation logo, SunSoft, the SunSoft logo, Solaris, SunOS, OpenW indows, DeskSet, ONC, ONC+, and NFS ar e trademarks or register ed trademarks of Sun Micr osystems, Inc. UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc., a wholly owned subsidiary of Novell, Inc. All other pr oduct names mentioned her ein ar e the trademarks of their r espective owners.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SPARCstation, SP ARCserver , SPARCengine, SP ARCworks, and SP ARCompiler ar e licensed exclusively to Sun Microsystems, Inc. Pr oducts bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc.

The OPEN LOOK^® and Sun™ Graphical User Interfaces wer e developed by Sun Micr osystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xer ox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agreements.

X Window System is a trademark and pr oduct of the Massachusetts Institute of T echnology .

THIS PUBLICATION IS PROVIDED “AS IS” WITHOUT W ARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED T O, THE IMPLIED W ARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT .

THIS PUBLICATION COULD INCLUDE TECHNICAL INACCURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALLY ADDED TO THE INFORMA TION HEREIN; THESE CHANGES WILL BE INCORPORA TED IN NEW EDITIONS OF THE PUBLICA TION. SUN MICROSYSTEMS, INC. MA Y MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE PROGRAM(S) DESCRIBED IN THIS PUBLICA TION AT ANY TIME.

2550 Garcia Avenue Mountain V iew, CA 94043 U.S.A.

IntroductiontotheKodakColor ManagementSystem

Revision A, April 1994