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The article studies the problem of optimal color reproduction of images with specific
color content by means of offset printing. The limitation of universal ICC profiles from
the ECI organization for reproduction of monochrome images and portrait photography
with skin tones is substantiated. It is revealed that standard profiles with medium black
generation do not ensure optimal reproduction of all types of digital color originals.
An approach to creating specialized profiles is proposed by modifying the gradation
curves of color and black ink generation of the standard ISO Coated v2 (ECI) profile
using the ProfileEditor software. Profiles with heavy black generation for monochrome
images and profiles with skeleton black generation for portrait photography have
been developed while maintaining the colorimetric characteristics of FOGRA39. The
possibility of an individual approach to prepress preparation of images with different
subjects is demonstrated. The choice of technological parameters for color separation is
substantiated: early start of black ink, maximum black content and reduction of yellow
ink in shadows for monochrome originals; late start of black and dominance of triadic
inks for portrait images. The proposed approach ensures improved color reproduction
quality while maintaining standardized printing process parameters.

Keywords: color separation, print profiles, offset printing, GCR color separation
technology, standard, prepress preparation, digital original, gradation curves.

Problem statement. The main task of printing technologies is high-quality printing
of color images, as close in color as possible to the original. Based on current realities, a
large number of customers choose prepress centers and printing houses by the criterion
of price. However, there are also those for whom high-quality prepress preparation,
individual approach and assurance of color reproduction quality according to the target
values of ISO 12647 standard are important.

The key stage of the technological process of prepress preparation of illustrative
material is color separation. To ensure correct conversion of the image to the CMYK
color model, it is necessary at the prepress stage to comprehensively take into account
the set of factors that affect the quality of color reproduction in the process of polygraphic
reproduction of the color original. This task should be solved by ICC profiles. Profiles
describe the relationship between RGB and CMYK signals that control devices and the
specific colors reproduced using these signals. Profiles define the values of CIE XYZ and
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CIE L*a*b*, corresponding to a given set of RGB or CMYK numeric values. Standard
profiles are developed by specialized research institutes and organizations (ECI, Fogra),
which carry out development, standardization and implementation of technological
norms in the printing industry [1, 2].

However, there are originals with special subjects. For their mass printing it is not
possible to achieve high quality of color reproduction using universal profiles.

To ensure optimal color separation in specific cases, specialized profiles are needed:
with enhanced black ink generation for monochrome images and neutral tones, profiles
with skeleton black generation for reproduction of skin tones in portrait photographs.
However, the organization ECI.ORG provides only universal profiles, which do not take
into account the specifics of certain categories of images.

Analysis of recent research and publications. The use of printing system
profiles that can be customized in the Color Setting/Custom CMYK palette of Adobe
PhotoShop program for one’s needs by changing the main parameters of color separation
is problematic, because they are based on color characteristics that do not correspond
to the real printing parameters standardized by Fogra. The use of profiles with non-
standard color characteristics from Adobe leads to unpredictability of color reproduction
and significant deterioration of the quality of printed products [3].

In study [4] the possibilities of using XCMYK and eciCMYK color spaces with
an extended range of reproducible colors are analyzed, which confirms the need for
a differentiated approach to prepress preparation of images depending on their color
features. The authors substantiate the expediency of using profiles with extended color
gamut for images where green, yellow and red shades dominate, which indicates the
dependence of the choice of technological parameters of color separation on the specifics
of the subject and the color palette of the original.

The ECI organization expanded the Fogra characteristic data base, including
FOGRAA4S for offset on improved newsprint, as well as FOGRA49 and FOGRAS50 for
standardized offset printing with additional surface finishing with matte and glossy films
EciWordpress. A profile for printing on supercalendered paper SC-B (FOGRAS54) was
also published.

The main profile PSO Coated v3.icc is characterized by medium black generation
(GCR: Medium), maximum black ink content 96%, black generation start from 10%,
and total average covered (TAC) 300%. The profile PSO Uncoated v3.icc for printing
on uncoated paper has similar parameters with TAC 300%, maximum black 96% and
medium GCR with black generation starting from 10% [5].

The ECI strategy is focused on creating profiles for different paper-printing process
combinations, but the organization does not develop profiles with differentiated black
generation for images with specific subjects.

Third-party developers, in particular ColorLogic, created an alternative profile
PSOcoated v3 GCR_ColorLogic.icc, which applies maximum black generation in
neutral colors to prevent instability of gray balance in printing, and medium black
generation in skin tones to avoid grayness of skin in case of excessive black ink printing

[6].
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Purpose of the article. To perform analysis of technological parameters of color
and black ink generation in the process of building ICC profiles and to develop an
approach for creating specialized color separation profiles for specific categories of
images by modifying the gradation curves of the standard ISO Coated v2 (ECI) profile
while keeping the colorimetric characteristics of FOGRA39.

Presentation of the main research material. Printing system profiles contain
individual settings for specific printing conditions. The process of creating ICC profiles
involves setting a group of technological parameters of color separation, which determine
the conditions of image conversion at the prepress stage.

One of these parameters is the maximum total amount of ink that can be applied
at the same time to an image area during printing: Total ink limit (TIL), Total dot area,
Total Area Coverage (TAC). For offset printing profiles on coated paper, in many cases
the optimal value for this parameter is 300%. Higher TIL values do not lead to expansion
of color gamut and to an increase in contrast in shadows. There is also a risk of set-off
during printing and contamination in the last in order color units of the printing press,
especially the yellow one. With total ink percentage less than 300, coverage in deep
shadows decreases. ISO 12647-2:2013 [7] for coated paper and sheet printing sets the
limit very high — not less than 330% but not more than 350%; for web press with heatset
drying — up to 300% on coated paper and 270% for other types of paper.

The parameter Black Start in printing system profiles defines the tone value in percent
from which the addition of black ink (K) begins during color separation. It affects the
moment when black ink is added to the CMY mix: at a low value (for example, 0—10%)
black starts being used already in light tones, and at a high value (for example, 50%) —
only in dark areas of the image. Choosing the optimal value of Black Start is important
for keeping color balance, printing stability and correct reproduction of shades.

“Early” start means that the Black Start parameter is set close to zero on the percent
scale. With an early start, black ink begins to appear in the color separated image already
in light tones. Standard ECI color separation profiles developed based on Fogra data
usually assume quite early start (about 10%). However, for example, in color separation
of portrait images, the presence of black ink in light skin tones is undesirable, because on
the print an unattractive rash may appear on skintone. For such images it is reasonable to
set a late black start in the profile. At the same time, black start from zero is appropriate
in color separation of monochrome and achromatic files.

The parameter Black curve allows setting the shape of the gradation curve
of black ink and defines how much or how little of it will be in the color separated
images compared to color inks. In the printing process, two technologies are known for
minimizing color inks during color separation: Under Color Removal (UCR) and Gray
Component Replacement (GCR). They allow to adjust the black ink curve — how much
or how little of it will be in the separations relative to the color ones. It should be noted
that color separation using the UCR technology is not used in practice. Professional
programs for creating profiles Color Toolbox (Heidelberg) and i1Profiler (X-Rite) do not
offer this outdated method and abbreviation. In these programs, even if in highlights and
midtones a light generation of black is used, in shadows a heavy GCR is still created.
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Exactly in Color Toolbox from Heidelberg all current color profiles for offset printing
according to the international standard ISO 12647-2 were built, which are published
on the ECI website [1]. Thus, in the standard profiles from ECI a combined technology
is used, which is not purely GCR or UCR: in shadows intensive black generation is
applied, while in highlights and midtones — moderate.
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Fig. 1. Generation curves under Eurostandard (Coated), 9%, GCR:
a) Light; b) Medium; c) Heavy

For a clear presentation of the difference between the shapes of the curves, which
show the degree of replacing color inks with black in the GCR technology, graphs were
built (Fig.1), under conditions of Eurostandard (Coated), 9%, GCR, which were chosen
in Adobe PhotoShop. From the graphs one can evaluate the distribution of inks across
the tonal intervals of the image. The maximum amount of ink is in the shadows (on the
right), the minimum — in the highlights (on the left). The growth of the amount of triad
inks in the shadows is smaller, but there the amount of black ink grows exponentially.

When generating the gradation curve of black ink under heavy GCR conditions, a
significant advantage is that the stability of offset printing increases. The option heavy
and heavy+ when generating black by GCR technology in profile settings should be
chosen for color separation of monochrome and achromatic images (Fig.2).

When building print profiles, it is also necessary to set Maximum black — the limit
of black ink, Black width — the width of black, and some other parameters that do
not significantly affect the quality of color separation of color originals with different
subjects.

The limit of black ink can be set below the value of 100%, but there are no
technological reasons to limit black below 100 percent for coated paper in offset printing.

The setting of the Black width parameter (black width) determines the amount of
black ink in the separations when saturation increases: with small width black is present
only in neutral shades with low saturation; with medium width (about 50) — it appears
in shades with medium saturation, except grays; with maximum width (100) — black ink
is present even in shades with maximum saturation. It is recommended to set maximum
black width (100) in all cases. Small width reduces the color gamut in deep saturated
shadows, because the profile does not add neutral black ink to such shades; instead, the
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opposite color ink is used, which leads to a change of shade not only in lightness, but
also in saturation. Large black width does not distort saturation of shades, affecting only
their lightness.
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Fig. 2. Different types of originals and settings when creating profiles:
a) achromatic image; b) monochrome image; c) settings window of Color Toolbox

To study the possibility of changing the parameters of universal profiles to the spe-
cifics of the color content of particular originals, one of the most common standard ICC
profiles from ECI was chosen — [SOcoated v2 300 eci.icc. This profile is based on the
characteristic data of FOGRA39 (standard ISO 12647-2:2004).

Technological parameters included in the profile:

Paper: coated glossy (coated paper)

Type of printing: sheetfed offset

TAC (Total Area Coverage): 300%

Black generation: Medium GCR

Maximum black ink: 96%

Black Start: about 10%

New profiles will be based on the same Fogra 39 data, on the basis of the same
colorimetric measurements, but with the use of other separation methods, optimized for
different types of images. For this, the ProfileEditor program from the ProfileMaker pa-
ckage will be used, where it is possible to edit the curves of individual channels: Cyan,
Magenta, Yellow and Black.

We will proceed from the fact that the print profile contains six reference tables for
direct and reverse conversion according to each of the three Rendering Intents (Relative
Colorimetric, Perceptual and Saturation). By direct it means the conversion of the color
reproduced by the device into the LAB color space (conversion tables AToB), and reverse
conversion means the tables for recalculation from LAB into the color reproduced by the
device (conversion tables BToA). Thus, conversion LAB—-CMYK and CMYK—LAB
is carried out by different tables in the color profile. Programs build these tables colo-
rimetrically mirrored, so when editing profiles, if necessary, one should not forget to edit



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 21

both tables. Otherwise, visualization by profile on the screen, the so-called Soft Proof,
or on the CMYK—LAB proof print will not correspond to the LAB—-CMYK color
separation. ProfileEditor allows separately editing all profile tables.

In the ProfileEditor program window, we choose the “One ICC profile” editing
mode and load the source ICC profile ISO Coated v2.icc (Fig.3). ProfileEditor supports
selective color correction with the possibility to apply edits to one profile, with extended
channel control in the CIE LCH and LAB spaces.
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Fig. 3. Window of the ProfileEditor program

For monochrome and achromatic images, the most appropriate is the use of “heavy”
black generation GCR. Then black ink will dominate over color inks when reproducing
the gray scale even in high highlights at zero start.
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Fig. 4. Creation of a new profile for color separation of achromatic and monochrome images
(based on ISOcoated v2 300 eci.icc)
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In Figure 4 the settings of generation curves of the profile for color separation of
achromatic and monochrome images are shown, which will be identical in colorimetric
characteristics to the ISOcoated v2 300 eci.icc profile. Early (zero) start of black ink
will ensure heavy black generation across the entire tonal range and in large volume.
This will guarantee high contrast and stability of printing of the whole run. In deep
shadows the amount of yellow ink is significantly reduced to avoid lightening of black,
since yellow ink is printed last.

For color separation of images where skin tones dominate, the opposite task ari-
ses. It is necessary to provide skeleton black generation with late start to preserve the
naturalness and softness of skin. Unlike monochrome images, here it is critically im-
portant to minimize the amount of black ink in light and mid tones, because excessive
black leads to grayness and loss of natural skin shade. Black generation should begin at
about 30% of the tonal range, ensuring its use mainly in shadows to support image depth.
At the same time, the main role in reproducing skin tones is placed on the triad inks
(CMY), which guarantees smooth gradations, natural color and absence of unwanted
gray shades. In deep shadows an increase of black ink content is allowed to provide the
needed contrast, but the balance of color components must be preserved to avoid loss of
details in shadows and to maintain detail in dark areas of the portrait.

The profile for color separation of portrait images (Fig.5) is also based on the
characteristic data of Fogra 39. Late start of black ink. The distribution of color inks
in the shadows differs significantly from the settings of the ISOcoated v2 300 eci.icc
profile. To increase the print contrast in deep shadows, the influence of yellow ink on
color formation is reduced.
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Fig. 5. Creation of a new profile for color separation of portrait images
(based on ISOcoated v2 300 eci.icc)

To illustrate the flexibility of settings in the ProfileEditor program, we perform editing
of the ISOcoated v2 300 _eci.icc profile for color separation of a portrait photograph on
a gray background. The new profile is colorimetrically identical to ISOcoated v2 300
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eci.icc, but it has fundamental differences in the strategy of black generation. Heavy
black generation with early (zero) start is implemented, which ensures maximum use of
black ink in neutral and gray tones (Fig.6).
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Fig. 6. Creation of a new profile for color separation of portrait images on a neutral background
(based on ISOcoated v2 300 eci.icc)

When performing color separation in the PhotoShop program using the created
profiles, it is advisable to use the following settings from the Convert to Profile palette.

The choice of Rendering Intent Relative Colorimetric method (Fig. 7) is well
suited for most images, because it allows to achieve the maximum possible colorimetric
similarity of the colors of the original and the print, as well as visual similarity, since the
colors of the original are recalculated relative to the white point of the output device,
which will ensure the color relations between the white and the rest of the colors of the
original, and the white and the rest of the colors of the print. At the same time, as in
the previous case, the colors that do not fall within the gamut of the output space are
replaced with the nearest by color tone.

Convert to Profile X

Cancel

Preview

Advanced

Use Dither

Fig. 7. Color separation settings in Adobe PhotoShop program
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By understanding the specifics of reproduction in offset printing of different digital
originals by content, it is possible to flexibly adjust the gradation curves of color inks and
black ink for specific needs and at the same time keep the colorimetric characteristics
of standard ECI profiles. The checkbox Use Black Point Compensation is better to turn
on. The black point in different profiles may be different in lightness. The non-linear
algorithm Black Point Compensation is useful for matching the black point.

Conclusion. To solve the problem of color reproduction of images with specific
content, a method of modification of the standard ISO Coated v2 (ECI) profile using
ProfileEditor software is proposed. The method is based on preserving the original
colorimetric characteristics of FOGRA39, which guarantees compliance with the ISO
12647-2 standard, with simultaneous change of the generation curves of color and black
inks according to the content features of a specific digital original. Such an approach
makes it possible to create specialized profiles with enhanced (Heavy GCR) or skeleton
black generation for monochrome images, portrait photography and other categories of
originals, while keeping the standardized parameters of the printing process.

REFERENCES

1. European Color Initiative. URL: http://www.eci.org/en/start (in English).

2. FOGRA characterisation data for offset: International Color Consortium. URL: http://www.
color.org/FOGRA.html (in English).

3. Zanko N.V. Spectral measurements as the basis of standardization of color reproduction in
reproduction processes. Pysanchyn N.S., Kovalskyi B.M., Zanko A.S., Byhar M.V. // Printing
and Publishing: collection of scientific works. 2023, Ne2(86). 13—27 ISSN 0554-4866 URL:
http://pvs.uad.lviv.ua/static/media/2-86/3.pdf (in Ukrainian).

4. Semeniv M. R., Lapko V. V., Semeniv V. V. Use of XCMYK and eciCMYK color spaces for
image prepress. Printing and Publishing. 2021. Ne2 (82). P. 52—61 (in Ukrainian).

5. International Color Consortium: Specification of the ICC Profile Format. URL: http://www.
color.org.

6. PSOcoatedv3 GCR_ColorLogic.ICC profile.

7. URL:https://onlinehelp.colorlogic.de/en/colorlogics-printer-profile-psocoatedv3 ger
colorlogic-icc-explained/ (in English).

8. ISO 12647-2 Process control for the production of half-tone color separation, proof and pro-
duction prints (2013). Part 2: Offset processes. — Graphic technology. — Geneva, Switzerland. —
ISO/DIS 12647-2-2013.

doi: 10.32403/0554-4866-2025-2-90-16-25
MOIUPIKALIA I'PAJAIIAHUX KPUBUX ICC-TPOPLIIB
JJIA NIABUINEHHSA AKOCTI KOJBbOPOIIOALTY 3AJIEZKHO
BIJ CIOXKETY OPUI'THAJTY

A. C. 3anbko, H. B. 3anbko, b. M. KoBanbcbkuii



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 25

Hayionanonui ynieepcumem «Jlveiecvka nonimexunixay,
eyn. C. banoepu, 12, Jlvsis, 79013, Yrpaina
nataliia.v.zanko@Ipnu.ua@gmail.com

Y emammi oocniosceno npobnemy onmumanbHoeo KOIbOpOSIOMBOPEHHS OKPEMUX
munie 300pasicens 3acodamu oghcemnozo OpyKy. Bukonano ananiz ocnosHux napamempie
071 K01boponodiny, 3axnadenux 6 cmanoapmuux ICC-npoghinsax 6io €sponelicbkoi iHi-
yiamusu 3 xonvopy (ECI) ma exazano na neooniku, AKi GUHUKAMUMYMb 3d YMOBU iX
BUKOPUCMAHHS NPU 8IOMEOPEHHI MOHOXPOMHUX 300padiCceHb ma nopmpemHoi gomo-
epaghii. Bcmanosneno, wo cmanoapmui npogini PSO Coated v3 ma ISO Coated v2
3 CepedHbOIO 2eHepayicio YOPHO20, MAKCUMATLHUM éMicmom YopHoi ¢apou 96% ma
cmapmom eenepayii woprozo 3 10% ne mooicyms Oymu yHieepcaibHumMu 0Jist KOTbOPONo-
OIny pi3HUX 3a KOTIPHUM BMICIOM YUDPOBUX OpUiHALIS.

3anpononosano nioxio 0o cmeopenus cneyianizoeanux npoqhinie waaxom mMoougi-
Kayii epadayiiinux Kpusux eenepayii Ko1boposux i 4oproi ¢apod 6azoeoco npoginio 1SO
Coated v2 (ECI) 3 suxopucmannam npoepamu ProfileEditor (ProfileMaker). Memoouxa
baszyemovca Ha 30epedcenni y npogini konopumempuunux xapaxmepucmux FOGRA39
npu 3Mini napamempie eenepayii hapd 8i0n08IOHO 00 CHOAHCEMHO-KOLOPUCIUYHUX 0COO-
aueocmeti opuzinany. Pospooneno npogine 3 easickoro cemepayicio wopnozo (Heavy
GCR), pannim cmapmom ma 3MeHWeHUM 6MICIOM HCO8MOi hapou 6 minAX Onsi Mo-
HOXPOMHUX 300padicerdb, Wo 3abe3neuye 8UCOKUL KOHMmpacm ma cmabilbHicmb OpYKY.
Cmeopeno npoghins 3i «ckenemnoio» 2enepayicto 4oprHozo 3 nisniv cmapmom (30%) ma
OOMIHYBAHHAM MPIAOHUX Papb 01 NOPMPemHUX 300PAN’CEHb, WO 2aPAHMYE NPUPOO-
HICMb 8IOMBOPEHHS MileCHUX 8I0MIHKI6. [Ipo0emMoHCcmpo8ano Moxcaiugicmes CmeopeHHs.
KOMOIH08aH020 Npo@inio O/ NOpmpemie Ha HeUMpPaibHOMY (OHI 3 OOHOUACHUM 3a0e3-
neueHHsAM cmadilbHOCmi 6anaucy 3a Cipum ma npupooHO2o 6uenady KOAbopy WIKIpU.
Pesynomamu docriosicenns niomeepoicyroms epexmusHicme Ougheperyitiosanoeo nio-
X00y 00 KObOpONnooiLy ma 0eMOHCMPYIOMb NPAKMUYHY MONCIUBICHb A0ANMAayii cmat-
0apmu308aHux npoginie nio cneyuiyni 3a60anis 000PYKapCcvKoi nid2omosxu. 3anpo-
NOHOBAHUL NIOXIO 00380I5€ NIOBUWUMU AKICIb KOIbOPOBIOMEOPEHHS NPU 30EPediCeHHT
gionosionocmi cmanodapmy 1SO 12647-2.

Knrwuogi cnosa: konboponodin, npoghini Opyxy, oghcemuuii OpyK, mexHonro2is Koubo-
ponooiny GCR, cmandapm, 000pyKapcvka nio2omoexa, yu@dposuii opuinai, padayiuni
KpUei.
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