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Abstract. The autotype equation of color synthesis with four inks was established, one of the inks serves as a parameter. A computer 

program was developed. A color gamut of autotype colors synthesis was built using computer program. The results of theoretical 

analysis were confirmed by means of experimental data Fogra 
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The autotype synthesis is a basis of color reproduction in 

printing. The autotype equations of colors synthesis on a 

paper in four-ink halftone printing were described in the 

Neuberg D. [5] and G. Neyhebauer [4] works. Theoretical 

model of autotype synthesis were confirmed experimen-

tally and proved its appropriateness by numerical methods 

[3, 7]. However, this model does not apply for digital im-

ages separations because of the autotype equations by 

Neuberg-Neyhebauer have no analytical solution. This is 

due to the fact that the coordinate transformation of the 

original RGB space with three variables to color space of 

imprint CMYK with four unknowns is not a direct and 

unambiguous. Therefore, the color management systems 

use the bases of experimental data, the so-called ICC-

profiles. The problem of images color separation in clas-

sical scheme is that the task of determining the percentage 

of inks CMYK (cyan, magenta, yellow, black) for the 

synthesis on a paper a color in color space RGB (red, 

green and blue channels) is multivalued. 

To resolve the problem of separation analytically, in 

works [8, 9] have been proposed a new information tech-

nology for images color separation based on analytical 

model of color synthesis on an imprint. The advantage of 

the technology is the analytical calculation of the relative 

dot areas of CMYK inks for each color of digital image 

with optimal ratios. 

The aim of this work is to develop a theory of colors 

synthesis based on Neuberg-Neyhebauer’s equations for 

classical separation technology and define the role of the 

third colored ink in the autotype synthesis of colors on an 

imprint. 

Theory. A color space ICaS was used for a theoretical 

description of the autotype synthesis of colors. Using this 

color space analytical solutions of autotype equations 

were obtained. 

The advantage of using color space ICaS is that each 

color of image is described by three coordinates  achro-

matic coordinate I, which describes the "dynamic range" 

of color images, and two chromatic coordinates C and S, 

which give detailed information about the color character-

istics of the image. Transformation of RGB color space 

coordinates into color space ICaS based on orthogonal 

transformation Hartley [1]: 
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It was established that the transformation (1) is the on-

ly symmetric orthogonal transformation of color images, 

in which are stored all color and metric characteristics of 

color space RGB [6]. 

In works [8, 9] the equation of autotype synthesis of 

color by two colored and black inks were described: 

,ˆ)1(ˆ)1(ˆ)1)(1(ˆ    ,)1( )2()2()3(
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where )3(
ICaSC  – vector of color in color space ICaS, 

synthesized by two colored and black inks; )2(
ICaSC – vec-

tor of color synthesized by two colored inks; 
WFĤ – vec-

tor of white paper; 
m n,mn FHFHFH ˆ ,ˆ ,ˆ – vectors of n-th 

and m-th colored inks and their double overlapping in 

color space ICaS; K – relative dot area of black ink; 

mn   , – relative dot area of n-th and m-th colored inks. 

In four-colored printing as n-th and m-th inks stands for 

cyan and magenta (CM), or magenta and yellow (MY), or 

cyan and yellow (CY). 

There is an autotype equation of color that is synthe-

sized by two colored and black inks with addition a third 

one: 

 )3()2()4( )1( ICaSnewjICaSKICaS CCC   , (3) 

where )4(
ICaSC  – color in space ICaS synthesized by 

four inks (CMYK), )3(
ICaSnewC – color synthesized by three 

colored inks (CMY). If a value of relative dot area of 

fixed ink 0j  will be added )2(
ICaSC  that corresponds 

to the synthesis of color by two colored and black inks, in 

the case where fixed quantity of a third ink is 1, reduced 

by the components of the second addend. 

An equation of achromatic coordinate 
(4)
AUI  takes the 

form (4) in the presence of a third colored ink: 
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where (2)

AU
I  corresponds to the achromatic color coor-

dinate which synthesized by two colored and black inks, 

the next addend also has the structure of (2)
AUI  coordinate, 

but accounted a basic vector of third colored ink and vec-

tor of overlapping the other two colored inks and vector 

double overlapping of all colored inks. The chromatic co-

ordinates are similar (4)(4) , AUAU SC . 

A relative dot area of black ink K  based on formula 

(4), substituted the expression in autotype equation for 

chromatic coordinates ( (4)(4) , AUAU SC ) and a system of non-

linear homogeneous equations (5) were obtained. The co-

efficients in the equations (5) have a new addend with a 

common multiplier j : 
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The system of autotype equations (5) has an analytical 

solution for two colored and black inks, in which the third 

j-th colored ink has a fixed value of the relative dot area. 

Thus, the development a theory for colors synthesis by 

four inks is an obtained equation of color synthesis in 

which one of the colored inks is fixed. This makes possi-

ble to apply the analytical solutions for the classic images 

color separation and get a range values of the relative dot 

areas of inks for each color reproduction of the original. 

Materials and Methods. An algorithm of modeling of 

autotype synthesis of colors based on the derived equa-

tions was described. A computer program "ICaS-Color 

Gamut Inks" allows analyzing and processing the charac-

teristic data in the new color space ICaS and simulation 

gamut inks. Characteristic data Fogra39 was selected for 

offset printing on coated paper under the standard ISO 

12642-2:2004 [2]. 

Discussion of results. The colors from characteristic 

data Fogra that are synthesized by two colored inks with a 

fixed value of the third colored ink were selected. The re-

sult presented with points on the chromatic CaS-diagrams 

(Figures 1a-d). 

 

 
а) b) 
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c) d) 

Fig. 1. The color surfaces on the CaS-diagram synthesized by two colored inks (a) and adding a fixed percentage of the third cyan 

(b), magenta (c), yellow (d) ink: points – experimental data Fogra 39. 

 

An autotype synthesis of colors according to equation 

(2) was modeled and three projections from a largest col-

or surface were received (Fig. 1 a). Also, by modeling an 

autotype synthesis according to equation (3) were ob-

tained projections of color surfaces synthesized by ma-

genta and yellow inks with a fixed value of 0 to 100 % of 

cyan in increments of 10% ( Fig. 1 b). Similarly received 

projections of color surfaces that synthesized by cyan and 

yellow with fixed value of magenta (Fig. 1 c) and those 

synthesized by cyan and magenta inks with a fixed value 

of yellow ( Fig. 1 d). Theoretical gamut matches with the 

experimental data. Projections of color surfaces with the 

addition of a third colored ink cross the origin of CaS-

diagram, moving region of achromatic colors in two dif-

ferent color areas, confirming the equation (3).  

The developed computer program "ICaS-Color Gamut 

Inks" makes it possible to generate a control scale based 

on equation (3) to evaluate and analyze the synthesized 

colors that are formed by double overlapping of two col-

ored inks with a fixed value of the third colored ink. 

 

 
a) b) 

Fig. 2. Control scale of double overlapping: magenta and yellow with adding 100% cyan ink (a), cyan and magenta colors with 

adding 100% yellow ink. 
 

Conclusions. The autotype equation of color synthesis 

with four inks with a fixed value of one of the colored 

inks was established. This makes it possible to apply the 

analytical solutions for the classic images color separation 

and get a range of values of the relative dot areas of inks 

for each color reproduction of the original. 

A computer program "ICaS-Color Gamut Inks" was 

developed by means of which, on the basis of derived 

equations can be carried out modeling synthesis of color, 
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and also have the ability to generate a control scale for the 

evaluation and analysis of colors which are synthesized 

by double overlapping of two colored inks with a fixed 

value of the third one. 
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Шовгенюк М.В., Семенив В.В., Ковальский Б. М. Развитие теории синтеза цветов четырьмя красками 

Аннотация. Выведено автотипное уравнения синтеза цветов четырьмя красками, из которых одна цветная краска выступает 

в качестве параметра. Разработана компьютерная программа, с помощью которой построен цветовой охват автотипного 

синтеза цветов на оттиске. Полученные результаты теоретического анализа подтверждены экспериментальными данными 

Fogra. 

Ключевые слова: автотипный синтез цветов, автотипное уравнения, цветоделение, компьютерная программа. 
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