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a color gradation conversion, providing psychological 
or colorimetric accuracy;

•   transition stage or the plate-making stage, in which 
the selected components are recorded (color-sepa-
rated images). The recording on the photographic 
materials, on magnetic media, on forming materials 
(plates) or on the forming cylinders (in gravure print-
ing, digital printing, DI-technology). It also includes 
necessary technological operations: screening, cor-
rection of nonlinearity of the recorder, etc.;

•  printing process of the image on a physical medium 
(paper, plastic, etc.) and receiving a final print. It in-
cludes overlaying and combination of color-separat-
ed images with appropriate colors of the synthesis 
and formation of the images on a print. This stage is 
defined as a synthesis of color images on the print or 
printing.

2. Digital workflow of the color graphic  
information
The process of color reproduction in printing consists of 
the following stages [1]:

•  analytical stage is represented by reading the color 
information of each element of the original image 
and its translation in the form of three color compo-
nents corresponding to the transmitted (reflected) 
light streams in three zones of the visible spectrum - 
red, green and blue (RGB);

•  at the stage of gradation and color correction the im-
age converts into a suitable form for the next print-
ing process. This stage includes the transformation of 
color information from the source to the target color 
space (from RGB to CMYK or another model through 
the device-independent color space Lab) mapping 
the original color space into a target color space with 

1. Introduction
One of the important directions of development of the  
image processing and printing industry is the integration 
of prepress, press and postpress technologies under man-
agement information systems. For this process it is neces-
sary to pass from isolated solutions of the management  
of the information transformation and quality control  
of printed production to a systematic review of the to tal 
technological and technical problems. Thus, all stages of 
technological process are combined into the information 
flow that provides joint work of equipment of the printing 
company. This flow is managed by an automated man-
agement information system (MIS).

MIS is a system that provides information required 
to manage organizations effectively. This modular soft-
ware and hardware system consists of multiple compo-

nents, some of which are shown in Figure 1. Data trans-
fer in the system based on open standards: JDF or PPF - 
job definition format or print production format; ICC – al-
lows to match a color when moved between applications 
and operating systems, from the point of creation to the 
final print.

The structure (figure 1) defines the interaction of ma-
jor functional subsystems of MIS between them. In this 
case accumulation, storage, transmission and conversion 
of the color information are forming a separate class of 
problems of the technological process. The important part 
of management information system is color management 
system. It is required for graphical information process-
ing by input, display and output color reproduction devic-
es and implementing data processing algorithms and for 
other aspects.
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Color management allows to control and standardizes the process of color reproduction from the original input (a scan or 
digital capture) to the eventual output (a printed page or website) via the intermediate devices (designers monitors and 
proof prints). Color management is intended to ensure a good matching of colors in a modern digital workflow. Such process 
becomes possible due to a spectral analysis of printed colors. Color device profiles are the components required to transmit 
color information within the color management system. ICC profiles are created on the basis of spectrophotometric measure-
ments. Such profiles describe the deviations in device-independent color space of the specific device and allows the system to 
manipulate them.
On the other hand, for the same image we often have different reproduction requirements depending on the reproduction pro-
cess itself and the stage in the workflow at which the reproduction is made. For example, an image on a computer display may 
be required to accurately match the color of the original image, or to be a pleasing (idealized) reproduction of that image, or to 
be a color match to a printed reproduction of the original (soft-proofing), which, in turn, may be a color accurate or a pleasing 
copy of the original. 
The investigation focuses on development of optimal digital workflow of color data depending on the aim of the color repro-
duction process and kinds of printed production. For these reason we have made a formal description of color reproduction pro-
cess. All important decisions about a kind of reproduction required at each stage of a workflow has to be made by a designer 
and taken into account during color management system setup. Therefore, the development of an predictable workflow of color 
data is a very difficult and important task.

Figure 1: Structure of the MIS
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devices. ICC-compatible color management system are 
cross-platform ones. The ICC industry consortium has de-
fined an open standard for a Color Matching Module 
(CMM) at the OS level, and color profiles for the devic-
es and for working spaces (color spaces the user works 
in) as well as devicelink-profiles representing a complete 
color transformation from source to target.

tion of the device requires the obligatory presence of such 
information [4].

For the effective implementation of ICC-profiles in the 
work of printing company we should pay a special atten-
tion to the fact that the efficiency and effectiveness of 
CMS is entirely depends on the stability of all the devices 
of the technological process from data input into a com-
puter publishing system to final product output. Normal-
ization of the technological process can guarantee such 
stability as well as following the standard which consti-
tutes tolerances for color reproduction.

The process of characterizing the color reproduction 
devices is represented by diagnostic and establishing a 
connection between the hardware signals and the device-
independent color coordinates. As a result of the charac-
terization we can get a device profile.

To create a profile of the color reproduction device it 
is necessary to establish connection between device-de-
pendent color space and device-independent space Lab 
for all grid points of a multidimensional LUT-table.

color space of the target device with the purpose of goal 
of the reproduction. The number of such transformations 
is undefined [3].

Color management helps to achieve the same appear-
ance on all devices, which are capable of delivering the 
needed color intensities.

Parts of this technology are implemented in the oper-
ating system (OS), helper libraries, the application, and 

Therefore, by means of color management system, name-
ly, the profiles of color reproduction devises we can con-
trol and correct the reproduction process in order to 
achieve the required accuracy of color reproduction print.

4. Calibration and profiling process
For the correct operation of the color management sys-
tem it is necessary to consistently calibrate the equip-
ment, normalize the technological process of manufactur-
ing printed products, as well as characterize all the color 
reproduction devices, namely, create a profile of each de-
vice involved to manufacture of printed products.

Calibration is the process of setting up color device for 
a given state, for example, in case of monitors to a cer-
tain white point and gamma correction. Calibration en-
sures that color reproduction system from day to day and 
from machine to machine will produce stable results. Cal-
ibration can be performed in the absence of information 
about the relationship between hardware signals and col-
orimetric coordinates, while the colorimetric characteriza-

and then, the simple von Kries adaptation model is used 
to get the corresponding cone signals for the output im-
age using viewing condition parameters. Therefore, we 
have three stages: direct transformation, gamut mapping 
and  inverse transformation. For these transformations we 
need profiles of input, display and output devices.

•  colors of the original image should resemble the color of 
the print, or, if correction of these colors is made, print-
ed colors should be as close as possible to the colors of 
the image on monitor; 

•  colors of the original image must be accurately repro-
duced by the monitor;

•  colors of the soft proof or digital proof should be pre-
cisely reproduced during the printing process.
To be successful, color management must consider the 

characteristics of input and output devices in determin-
ing the appropriate color data conversions for these de-
vices [2].

The principle of operation of the color management 
system is as follows: using the color data obtained from 
the device profiles, the software module converts the 
color of the input device's color space to device-independ-
ent color space and then simulates the same color in the 

Mathematically, color transformation is presented on 
the ICC-based color management scheme. Digital im-
age is transformed into hard-copy image as follows: de-
vice dependent signals (RGB) are transformed into de-
vice-independent color space (XYZ) through the source 
profile; then XYZ are transformed to cone signals (LMS); 

In workflows where multiple devices might be used, and 
particularly where the devices may not be known at the 
time of image capture or generation, proprietary systems 
are often impractical. It was primarily for such workflows 
that the specification for ICC profiles was established. Its 
goal is to provide a mechanism for defining the color of 
image data in a way that makes it possible to exchange 
images between systems, while retaining any color re-
quirements imposed on the image [2].

3. Structure of the Color Management System 
(CMS)
The main objective of color management system is to pro-
vide matching between the gamuts of various colorimetric 
systems (scanner, monitor, printer) used in color reproduc-
tion process. The main goals of color management system 
in prepress process are following: 

Figure 2: The scheme of digital color data transformation

Figure 3: Structure of the color management system
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convert the device-independent coordinates to de-
vice control signals with relative colorimetric render-
ing intent;

3.  Conversion to output. Creation of series of nu-
meric values for reproduction the required colors on 
the output device. To carry out the separations of 
the file with layout in color space Lab we should to 
connect profile of an output device and to convert 
the device independent coordinates to CMYK;

4.  Soft proof. It is needed to check the colors of the 
layout before printing. The system produces two 
color reproduction conversions: convert device-de-
pendent CMYK values of output device to device-in-
dependent color coordinates Lab with absolute col-
orimetric rendering intent to simulate a paper color, 
and convert the device independent Lab values to 
device-dependent RGB color coordinates of color 
proof device with relative colorimetric rendering in-
tent.

Therefore, in order to ensure accurate image reproduc-
tion process conversion between the colors of the device 
and device-independent color should be done with pin-
point accuracy. Active competition in the development of 
a various color management modules indicates that the 
current model of transformation, as well as a method of 
converting color data are far from perfect and requires a 
detailed analysis of all factors affecting the quality of op-
erations of color transformations.

5. Formal description of the color reproduc-
tion process
To organize the optimal digital workflow between differ-
ent parts of the printing system we need to develop an in-
formation model of the system. The process of develop-
ing an information model includes two stages. Namely, 
development of a system model and of a data flow dia-
gram. This allows analysing and synthesizing an informa-
tion about the different stages of the reproduction pro-
cess and identify bottle neck. Modifying  these stages we 
can achieve required quality of color reproduction.

The sequence of transformations of color information 
into a system is shown on data flow diagram (figure 4). 

Formally, the color reproduction process can be de-
scribed by a system model that includes structural, para-
metric and functional descriptions,as well as goal of the 
reproduction process [7]: 

We propose to use the effective methods of forward and 
reverse color transformation for creating LUT-tables of 
profiles [5]. They allow reducing error during the process 
of transformation of color coordinates of images within 
the reproduction process.

For color information transformations in a comput-
er publishing system it is necessary to have information 
about the input color device, i.e. a profile of this device, 
and the target output device profile to indicate the desti-
nation. Each profile contains data for the color transfor-
mation in the form of matrices, CLUT-tables and paramet-
ric curves, which allow us to define the color images in 
an open format. Open profile format allows us to embed 
profiles into any system compatible with the ICC stand-
ard. Since the various color management modules pro-
vide different result after conversion, one of the essential 
components for producing high-quality print production 
is to choose the method for converting the color informa-
tion depending on the tasks of color reproduction tech-
nology [6].

Color management in the computer publishing sys-
tem can be implemented in two ways: in applications spe-
cifically designed to perform specific tasks of color man-
agement and in the applications and device drivers us-
ing color management at the level of operation system. In 
both cases it is necessary to define the parameters of the 
device-dependent and device-independent working color 
spaces for each color model and a mechanism for their 
use. All the processes of color management can be divid-
ed into four main stages:

1.  Image input. Input information of an image into a 
computer publishing system. The color information 
is recorded by input device (scanner, digital camera) 
and converted into a device-dependent color coor-
dinates RGB of input device. In further processing 
of the original image for publication in accordance 
with the concept of device-independent color repro-
duction these signals are converted to device-inde-
pendent coordinates Lab using the CLUTs of the in-
put profile. For these conversions it is used CLUTs 
of the input profile and relative colorimetric render-
ing intent;

2.  Color correction. During the process of color cor-
rection transformation of color information occurs 
within a color space Lab. In addition, for display 
the graphical information on the screen you need 
to connect the profile of the display device and to 

pendent color spaces for j-th color rendering intent; ε – 
error of color gamuts matching; U are parameters of a 
management: the operators of correction and conversion 
of the image gradations; C are viewing conditions of a 
print product (spectral characteristics or color coordinates 
of a "white point" illumination); M are characteristics of 
system "ink-paper"                      where   

where                               is a set of coordinates of ele-
ments of the image, characteristics of the print;
                               is a set of coordinates of pixels of the 
image, characteristics of the original;
                    is the profiles of devices defined by a set of     
      and        , performing direct and reverse transforma-
tions between i-th device-dependent and device-inde-

Figure 4: Data flow diagram
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and technological discipline has done, and formed an in-
ternal standard of the company, as well as the quality of 
the prints reproduction is controlled. It is necessary to de-
termine just how precise a color match needs to be before 
they are satisfied. Improving accuracy costs money to pur-
chase more accurate measurement tools. It takes time to 
perform calculations for creating ICC profiles that could 
provide more accurate digital prepress workflow.
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are color coordinates of a white point of paper,   
                            is reflection spectrum; F is the opera-
tor describing technological process of color reproduction 
in color imaging system; Q is criterion of an estimation 
of quality of color reproduction. The aim of reproduction 
process is to obtain the required color on a print by solv-
ing the problem: 

 

 
 

where P is color difference, which is defined by the met-
rics ∆E in device-independent space Lab, and X* are de-
sirable values Lab of coordinates of a print for the set type 
of illumination. 

If investigate all the factors and limitations, which have 
an influence on the graphic data workflow in the digital 
systems, it has become possible to create the methods of 
creating CLUTs which will provide the basis for improve-
ment of accuracy digital color data transformation for cor-
rect image processing.

In order to solve the problem, the multidimension-
al color look-up tables of profiles with a glance of ac-
tual viewing conditions of prints for color image repro-
duction and recording devices based on this model have 
been created [5, 8]. Different printing tasks require dif-
ferent methods of color reproduction. Namely, one may 
need to print some firm colors, to match the input images 
as closely as possible or to print some photos with mem-
orable colors. Suggested information model realized cor-
responding color reproduction to obtain color appearance 
across different media and devices.

6. Conclusions
In time of intensive development and implementation of 
information technologies, computer and instrumentation 
technologies in the management processes it is neces-
sary to provide effective joint equipment work of the en-
tire printing company. That’s why appear actual tasks of 
development and improvement of the various modules of 
the information management system to provide more ac-
curate and predictable color reproduction.

The need for color management results from the possi-
bility of producing variable system configurations combin-
ing differing individual components produced by different 
manufacturers. But implementation of ICC-management 
system in color reproduction performance of the printing 
company may be performed when work on the marketing 

Natalia Gurieva

Department of Digital 
Art and Management, 
Division of Enginee-
ring, University of 
Guanajuato, Mexico 
Road Salamanca – 
Valle de Santiago, Km 
3.5 +1.8, Salamanca, 
Gto, Mexico

Tel.:  
(+52 464) 6479940

Fax:  
Ext. 2311

E-Mail: 
gurieva.natalia@
gmail.com  

Volodymyr
Tkachenko  

Department of  
Engineering and 
Computer Graphics, 
Kharkiv National 
University of Radio 
Electronics, Lenin av., 
14, 61166, Kharkiv, 
Ukraine

Tel.:  
(+38 057) 702-13-78 

Fax:  
(+38 057) 702-18-91

E-Mail: 
tvicg@kture.kharkov. 
ua


