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ABSTRACT

Duotone refers to an image with various shades of a hue mapped in an vector or wedge through a color space. The
colorant, the gradient curve, and the number of colorants used deyne the slice through the color space. The image is
printed with two or more analogue colorants. The colorants may be custom formulated or selected from a named color
system. Typically two colorants are placed on a substrate by a halftone procedure, and the visual result, the mixture of
the two colorants, is a third color. A gamut map of the colorants requires an accurate model of the thrid color that results
from halftoning and printing the two inks. Color management procedures convert this gamut model to a vector through a
monitor RGB color space and then to CMYK for prooyng. This paper describes such a color management procedure.
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1.0 INTRODUCTION

A duotone is an image reproduced with two or more colorants. Images created with more than two colorants often
consists of less saturated analogue equivalents of the primary colorants, e.g., mid-tone gray ink is the analogue equivalent
of 50% screened black ink The categorizing function is that the coloration of the image is the product of a craft, not
deyned through a standard color-space description and not color managed. In this paper, for simplicity, duotone is used
generically, i.e., for any image appearing to be represented in a single hue regardless of the actual number of colorants used.

1.1 History

Duotone is an emulation of a photographic print process popular at the at beginning of the last century, e.g., calotype,
cyanotype, and albumen. The resulting photographic print have tones of sepia, cyan, brown, and purple. The tonality
is the result of the color of the metallic salt or crystals used in the photographic development process and density from
the black of the carbon or oxidation process. The greater the exposure to light, the darker and more saturated the result.
Saturation in this case refers to the purest hue of the metallic color. In this paper, chroma is expressed as the a* and b*
coordinates of L*a*b* color space. The actual chroma may be very light in a colorimetric saturation scale and its gray
component, (expressed as L*), is always lighter than the darkest density of the oxidation.

The salt particles are evenly distributed on a paper substrate. Light darkens the salt particles in direct proportion to

the light sourceds duration or intensity. Ultraviolet light is the signiycant source.! The salts are about 12 microns to 24
microns in diameter and arranged in a semi-random order. The result is similar to a photograph printed with frequency-
modulated screening on an inkjet printer. The traditional duotoneds smooth gradient consists of particles increasing in
darkness and in number, and of various sizes.
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Figure 1: Example of a cyanotype separation (Cyan: left. Black: right)




1.2 Current duotone reproduction methods

Three methods of producing a duotone are considered.

1. Production run on an offset press. The photograph is reproduced with two or three inks. The coloration of the photo is
the result of the mixture of ink colorants and the halftone reproduction process.

2. Soft proofed on a computer monitor. Displayed as a vector through an RGB color space.

3. Hard proofed on a CMYK output device The result of a color-space transformation from monitor RGB.
3.1. Onan inkjet printer using six or seven colorants

Examples of contemporary duotones are:
1. Four or six shades of black colorant in Iceyelds quadtone inkjet printing system.®

2. The Epson Stylus Photo 2200 inkjet printer which produces duotones with seven colorants. (The seven colorants chart
three primary axes. 1. Gray to black, 2. Light cyan to saturated cyan, 3. Light magenta to saturated magenta, and 4.
Yellow. (See Figure 2.)

3. Adobebs Photoshopbs duotone mode displyed in RGB monitor color space .
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Figure 2: Example of a light magenta/magenta inkjet print (Light magenta: left. Magenta: right.)

1.3 Typical duotone color-managed workpow

A typical workpow includes soft prooyng on a monitor, hard prooyng on an inkjet printer and production printing on an
offset press. Normally the workpow moves from color selection at the scanner or monitor through prepress and prooyng
to the press. However in the case of duotones, the color selection begins at the end of the workpow with the selection of
offset inks. These colorants are named colors such as those of the Pantone color system or custom mixed colorants.

1.3.1 The workpow procedure

1. Convert the analogue colorants to L*a*b* spatial coordinates with spectrophotometer measurements, or by selecting
the Pantone colors using the Pantone L*a*b* color-space guideline.

2. Use any of the well documented color mixture formulas to forecast the resultant vector of the mixture.? 34567

3. ICC proyles can be used to convert the L*a*b* color vector to a RGB working color space and then to the RGB
monitor color space.®

4. Conversion to CMYK for hard prooyng is easily accommodated with ICC proyles.®
5. The photo is production printed with the two named colorants and is not part of the coor management workpow.
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Figure 3: Typical duotone workpow

1.4 The color pipeline
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2. Each channel is reproduced with an analogue colorant. The colorant changes the luminous values of the grayscale
channel from L* values to a vector in a chroma direction. (See Figure 4.)

3. The resulting vectors are described in L*a*b* coordinates.

4. The vector of the mixture of two or more colorants in L*a*b* color space is forecast with subtractive mixing

formulas? ® or lookup tables derived from the formulas.

5. Color management then follows ICC proyle conventions.
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Figure 4: Grayscale data reproduced with a colorant changes the vector direction through color space



2.0 ANALYSIS OF ADUOTONE COLOR SPACE

2.1 Single axis duotone

A 1 colorant of 1 to N shades

The duotone consists of several analogue colorants mapped along one vector. The result is increasing densities, or
saturation, from the combination of an increase in colorant density and halftone dot density. (See Figure 5.)
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Figure 5: Example of a neutral-gray tritone gamut

2.2 Two axes duotone
A 2 colorants of 1 to N shades

The duotone consists of two vectors. Each vector consists of several analogue colorants. The result is increasing
densities, or saturation, from the combination of colorant density and halftone dot density. (See Figure 6.)
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Figure 6: Example of a duotone gamut






