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Investigation on the effect of different tone value sum (TAC) of inks on the color
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The goal of the present study is to define the correlation between the tone value sum (total area coverage - TAC) and
reproduction accuracy on heatset web offset images printed on LWC paper. In case of incorrect values usage - at
relatively high or low levels of tone-value sum, press problems such as big amount ink consumption, poor ink trapping,
back transfer and set-off due to insufficient ink drying might be encountered. That’s why it is necessary to find and
determine the optimal values of color separation parameters for each inks/paper/printing press combination.

A test form has been used that contains different control strips for densitometric, imetric measuring and test charts
used for ICC profiles.

The reflection spectra of measured color patches in entire visible spectrum are used for determination the effect of
different values of TAC. For study the effect of TAC values on color gamut and color accuracy, we have calculated
color differences AE*ab, surface area and volumes of 2D cross-sections and 3D shape body in CIE L*a*b* system.

The results achieved are important from scientific and practical point of view. For the first time in an experimental
way a well-grounded proof has been achieved with regard to the limits of the tone value sum and variation from the
optimal values for TAC for heatset offset press, by provision of differences in compliance with the international

standards.
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INTRODUCTION

The paper presents investigation of the effect of
different values of total area coverage of inks
(TAC) on CIE Lab color characteristics, color
differences and color gamut changes.

Total area coverage is the maximum total dot
percentage of cyan, magenta, yellow and black ink
used in the darkest areas and generally depends on
the printing process and the type of paper. Total
area coverage is a key factor for achieving of
maximal volume of color gamut, especially in dark
areas.

It generally depends on the printing process and
the type of the paper. The most important
parameters that have a significant influence on the
TAC values are the papers, inks and printing
presses specifications. For coated papers higher
total area coverage than for uncoated papers is
used. In addition, for web-fed printing presses, the
TAC values are lower than these for sheet-fed
printing presses. ISO 12647, Part 2, and
organizations such as the German Printing and
Media Industries Federation (bvdm) SWOP and
GRACoL have different TAC recommendations [1-
3].
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Total area coverage is a key factor for achieving
a maximal volume of color gamut, especially in
dark areas. Theoretically, the maximal amount of
process inksis 400 %, but in practice that will cause
problems with ink trapping, decreasing of adhesion
of inks layers, drying troubles, etc. Determination
of TAC values depends of the exact CMYK
combination, which is achieved with the highest
optical density and with the least amount of ink [4-
6].

The main goal of this study is development of
methodology, which gives objective and analytical
assessment, for determination of the optimal value
of total area coverage (TAC) of inks in offset
printing process. A practical implementation of the
correct and optimal value of TAC should improve
the print quality, printability, better ink layers
adhesion, trapping and reducing the quantity of
process inks [7-10].

The optimization and reduction of TAC leads to
financial and ecological profits. Reduction of inks
amounts used in print-production is a substantial
part of decreasing the total printing cost. The
ecological aspect of TAC optimizing is reduction of
the emissions during manufacturing of the inks and
the facilitation removal of the inks during the
process of paper recycling [11].
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EXPERIMENTAL

A special designed test form has been used for
study of the effect of TAC values on color gamut
and other reproduction parameters.The test form
contains many different components for process
control and spectra analyses: 100% solid patches
for cyan, magenta, yellow and black — for control of
optical density — Dv and characteristics, 80%
patches for estimating print contrast, patches for
estimating of dot gain and grey balance, strip which
contains raster lines in different slope for doubling
and slur control, registration marks, test charts
containing about 1500 patches for ICC color
profiles with different GCR and TAC values and
etc. All measuring components are with screen
value 60 cm* (150 Ipi).

The paper, which has been used, is 56 g/m?
LWC paper. A spectro-photometer/densitometer of
type SpectroEye of X-rite has been used for
measuring of optical density and the characteristics
in the CIE Lab system. All measurements are in
accordance with 1SO 12647-1: D50 illuminant, 2°
observer, 0/45 or 45/0 geometry, black backing and
excluded polarization filter. The test chart ECI
2002 is measured with ilProfiler software and X-
Rite i1i0 spectrophotometer and automatic scanning
device. The offset printing machine, which has
been used, is five heatset web-fed KOMORI. The
value of pH of dampening solution was 5.3 and the
temperature — 11°C. The relative humidity of the air
in the printing house was 60% and the temperature
near by the printing press —26°C.

We have made two printing runs on the heatset
offset printing press. The designation of first one
was to make the test of the printing system, and for
generating of ICC profile for the exact print
conditions. The main goals of second print run, was
to make a prints of test charts and images with
different TAC settings.

RESULTS AND DISCUSSIONS

In order to achieve the goals of the experiment,
series of measurements of Dv and Print Contrast
have been performed. For defining the optimal
inking by the method of maximum print contrast
for Cyan, Magenta, Yellow and Black, the samples
have been made by gradual smooth changes in ink
quantity - from under-inking to over-inking. A
statistical analysis of the results was performed.

Experimentally obtained values of optimal
inking expressed by optical density of solid 100%
tone - Dv and corresponding values print contrast
are shown in Table 1. All of test sheets in this
experiment have been printed using the values of
optimal inking shown in Table 1.

Investigation and comparison of 3D and 2D color
gamuts in dependence total area coverage

The graphically presentation of color gamuts
— 3D and 2D, gives valuable and comprehensive
information for the colors, that can be reproduced
in specific printing and color separation conditions.
In this study for precise determination of influence
of TAC settings we have investigated the changes
in 2D and 3D color gamuts volume and shape.

The color gamut range, especially the volume of
the tree dimensional (3D) color gamut body, is one
of the most important characteristics of an output
device. Research on the color gamut surface size
and shape is useful for many color science-related
tasks such as visualization, gamut volume and
surface calculation, and choosing of a color
rendering intent method. Reducing the TAC values
clips colors of the dark areas of the color gamut.

3D presentation and comparison of color gamuts
for 280% and 300% TAC are presented on figures 1
and 2. Two different software products were used
for more precise presentation of specific 3D body
shape in dependence of TAC values. It is clearly
visible from both figures 1 and 2, that the 3D body
of 300% TAC has biggest volume especialy in
middle and dark tones. The 3D shapes for 320%,
340% and 400% are not graphically presented,
because they are similar and equal to 300% TAC.

Table 1. Experimentally obtained values of optimal inking expressed by Dv and corresponding values print contrast

Process colors

Experimentally obtained values of optimal inking
expressed by Dv

Print Contrast - Cmax,
(highest value)

[Dv] [%]
Black 1.69 41%
Cyan 1.48 33%
Magenta 1.53 36%
Yellow 1.36 32%
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Fig. 1. 3D presentation of color gamuts in dependence of
TAC value in CIE Lab, (graph is generated by X-Rite
ProfileMaker).

In order to obtain complete assessment of the
effect of TAC values on gamuts, we have compared
the surface areas of 2D color gamuts for different
CIE L* coordinates.

A comparison of 2D color gamuts is performed
to obtain comprehensive characterization of colors
depending on TAC value. The presentation of 2D
color gamuts gives precise and detailed information
of colors that can be reproduced in the specific
conditions for all tonal range — from highlights to
dark tones. These 2D gamuts are cross sections of
3D gamuts at different values of the CIE L*-
coordinate. CIE L* is the coordinate corresponding
to color lightness and has value from 0 (black) to
100 (white) units. The other two coordinates of the

TAC=280%

TAC =300%

Fig. 2. 3D presentation of color gamuts in

dependence of TAC value in CIE Lab, (graph is
generated by Chromix Color ThinkPro).

CIE L*a*b* color system - CIE a* and CIE b*
correspond to red (+a*) — green (-a), and yellow
(+b*) — blue (-b*).

The graphical presentation for the surface areas
of 2D-cross sections in highlights, middle and dark
tones are presented at Figure 3

Fig. 3 shows, that in the dark tones, at CIE L* =
20 (b) the color gamut at 300 % TAC is the largest
one. The smallest color gamut is obtained at 280 %
TAC value.

The color gamuts at others TAC values are
similar to each other. They have surface area like
the color gamut at 300% TAC value and larger than
the gamut at 280 % TAC value, that’s why they are
not presented in the figures.

(a) Light tones
at CIE L*=75
Fig. 3. 2D presentation of color gamuts in dependence of TAC value in CIE Lab.
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(b) Dark tones
at CIE L*=20

(c) Middle tones
at CIE L*=50
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The conclusion is that TAC values havea
relatively significant effect on color gamuts in dark
and middle tones. The results show, that the 300%
TAC gamut is the optimal value (from 2D and 3D
point of view) with relatively big color gamut and
lower ink consumption compared to 280%, 320%,
340%, 400%.

Investigation of Color Gamut Volumes - 4E*, CIE
Lmin and Average Color Difference - AEab in
dependence of total area coverage

For better quantitative analysis and assessment of
the effect of TAC on color gamuts we have
calculated the color gamut volumes — AE®. Graphical
presentation of the results is given in Figure 4.
According to the results shown in Figure 4, the big-
gest color gamut volume is obtained at maximal
level of TAC at 400% and the smallest — at minimal
level of TAC at 280%. There is a relatively big
difference about 8% in volumes of color gamuts
between 280% and 300% TAC. The difference
between 300%, 320%, 340% and 400% is
insignificant — about 1-2 %. That means, that the
300% value of TAC is leading to one of the biggest
gamut volumes and in the same time is one of the
lowest ink consumption comparing to others
technological situations. One of the most important
factors that affect human perception is the
possibility to reproduce the darkest tones and
colors. That is one of the reasons to generate the
“rich black” from all process colors — C, M, Y, K.
The best way to investigate the darkest colors and
tones is measuring and finding the patch with lower
lightness coordinate - Lmin in CIE L*a*b* color
system.

The graphically presentation of influence of
TAC values on CIE Lmin is shown on Figure 5.

The results shows, that total area coverage
affects the darkest reproducible color. The biggest
difference between different TAC in CIE L*min
value is 4.80 units — 280% TAC has Lmin=15.20
and 400% TAC has Lmin=10.40 value. The
differences in L*min between 400%, 340%, 320%
and 300% TAC are between 0.40-1.70 units. The
results shows that the darkest and better from
human perception point of view colors could be
achieved with 400% TAC value. The worst results
are for 280% TAC. The experimental data swows
that the Lmin value for 300%, 320% and 340% are
almost equal each to other and they are close to the
best results for 400% TAC.
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Fig. 4. Color gamut volume in dependence of TAC
values.
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Fig. 5. CIE Lmin in dependence of TAC values.

One of the most important parameters, which de-
fines the effect of TAC on image quality, is the
color reproduction accuracy. Color difference
expressed by AE*ab gives very valuable and
reliable information for color reproduction
correctness. So we have calculated AE*ab from
spectral measurement data. The calculations for
AE*ab were performed to 400 % TAC value as a
reference. The obtained results for average colour
difference depending on TAC value for all 1485
patches are given in Figure 6.
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Fig. 6. Average difference in dependence of TAC

values.

The graph (Fig. 6) shows that the color
difference for printed dark tones for all TAC values
is lower than 4.01 units. The lowest value of
average color difference is obtained for total area
coverage 320 % - about 3.97 units. The difference
between them is only 0.04. It could be assumed that
the TAC value (280-340%) do not influence color
reproduction accuracy.

Except average color difference, we have
calculated maximal and minimal color difference
from the obtained spectral data for all 1485 patches.
The trend and the results for minimal and maximal
values are the same like average color difference.
So by cause of shortness they are not included in
the paper. According to the obtained results for
AE*ab, it could me made a conclusion, that all
TAC values are suitable, but from financial,
ecological and for more fast dryness reasons - the
lowest TAC values are preferable.

CONCLUSIONS

The results achieved are important from
practical point of view. They lead to the conclusion
that it is necessarily taking into strict consideration
the TAC value, because relatively big differences in
color reproduction parameters are occurred.

In an experimental way a well-grounded proof
has been achieved for a substantial difference in
color reproduction for 4 different TAC values with
comparison of different quality parameters.

According to the results of investigation of color
reproduction accuracy, switching the TAC values
leads to changes in color gamut volumes and
shapes (2D and 3D). The changes affect mostly
dark and middle tones. There is about 2-8%
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difference in surface areas and volumes between
different TAC values. The results shows, that total
area coverage affects the darkest reproducible
colour. The difference between different TAC in
CIE L*min value is up to 4.80 units.

The evaluation of all color quality reproduction
parameters from this research leads to conclusion
that the 300% TAC is the best and optimal value of
tone value sum. That is the lower TAC value,
which gives good color reproduction accuracy,
obtained and proofed by experiment performed in
real industrial ~ conditions. A practical
implementation of the correct and optimal value of
300 % TAC should improve the print quality,
printability, better ink layers adhesion, trapping and
reducing the quantity of process inks.

We have introduced a new methodology for
determination the optimal value of total area
coverage by assessing few parameters obtained by
measurement of big number of color patches. The
methodology includes investigation of reflection
spectra, 2D and 3D colour gamuts, color gamut
volumes, surface areas of colour gamuts,
achievement of darkest printed colour and colour
reproduction accuracy. The optimal value of the
TAC determined by this new methodology helps to
achieve a significant reduction of ink cost and a
maximal color gamut volume, i.e. improve the
quality of printed image and reduce financial costs.
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N3CJIEABAHE HA BJIMAHUETO HA CYMAPHOTO KOJIMYECTBO HA MACTUJIATA B
TBbMHUTE TOHOBE (TAC) BbPXY TOYHOCTTA HA TOHO- U
[IBETOBB3ITPOU3BEXIAHETO I1PU U30BPAXEHUA OTIIEUATAHU HA POJIEH
O®CETOB XUHUTCET IIEYAT

WN.T. Cmmpunonos™, P.K. boesa, T.1[B. boxxxosa, 51.B. Henenues

*Kameopa ,, Llenynosa, xapmus u noaucpagus “, Xumuxomexnonozuuen u memanypeuien Yunueepcumem,
oyn. Knumenm Oxpuocku 8., Cogpus 1756, Fvieapus

Tlocrprimna wa 30 romm, 2014 1.; npueta Ha 29 sHyapH, 2015 1.
(Pesrome)

LlenTa Ha HACTOSIIOTO HM3CIeIBaHE € pa3pabOTBaHE Ha METOJMKA 3a NedUHHpaHe Ha ONTUMAaJHU CTOWHOCTH Ha
CyMapHOTO KOJINYEeCTBO Ha MacTwiata B TbMHHTE ToHOBe (TAC) m ompenensHe BIMSHHETO My BBPXY TOUHOCTTa Ha
TOHO- U LIBETOBB3IPOU3BEXKAAHETO NPH pOJHHUA XuiitceT odceroB meuatr BbpXy LWOC xaprtusa. Ilpm unzbop Ha
HeonTUManHu cToiiHOCTH Ha TAC — MO-HUCKH U MO-BUCOKU OT HEOOX0AMMaTa, ce ToJydaBaT peauiia mpobieMu KaTo
BHCOK Pa3Xo]] Ha MacTHJIO, JIOIIA afXxe3usi Ha MacTHUjIaTa, HUCKH CTOMHOCTH Ha TPalMHIa, KOIMHpaHe IpH IedaT, 6aBHO
ChXHCHE Ha MacTHiaTa W JAp. ETo 3amo € W3KIIOYHTENIHO BA)XKHO Ja C€ ONpEeAeTAT ONTHMATHH CTOWHOCTH Ha
mapaMeTpUTe Ha [BETOOTHEITHE 3a BCSIKa pasNudHa KOMOWHAIMsA MACTHJIO/TIeYaTHa MamruHa/popMeHa
TEXHOJIOTHUS/XapTHUSL.

3a mocTuraHe Ha IENWTE HAa EKCICPUMEHTa € MOZETHpaHa CIIEIalHa TecToBa (GopMa, ChIbpKalla MHOKECTBO
Pa3THMYHHE KOHTPOJIHU SIIEMEHTH 32 JICHCUTOMETPHYHH, KOJIOPUMETPHYHH U3MEPBAaHUS M MOJCTHH CKaJIH 32 TeHEpUpPaHe
Ha |CC mpodmnm.

Upes u3cneaBaHe Ha pe3yNTaTUTE TMONYYEeHH OT U3MEPEHUTE CIEKTPAIIHU JaHHU BBB BHIUMAaTa 9acT Ha CIEKTHpa Ha
TECTOBUTE KOHTPOJHU CKaJlM U TI0JIETa € ONpPe/eIeHO BIMIHUETO Ha pa3nuyHuTe cToiHOCTH Ha TAC BBPXY IIBETOBUS
00XBaT M TOYHOCTTA HAa TOHO- M [BETOBB3MPOU3BEKIaHETO. V3uncenn ca 1iseToBute pasiuku AE*ab, momrra na 2D
paspesure u o6emute Ha 3D TPUMEPHOTO TSJIO Ha BETOBUTE 00XBatu B cucremara CIE L*a*b*.

ITocturnature pe3ynTatv U M3BOAM MMAT HAy4YeH M HAYYHO-TIPWJIOXKEH XapaKTep W IMPAaKTHUECKO NMPHIOKEeHHe. 3a
I'BPBH BT MO €KCIIEPUMEHTAJIEH BT Ca OIpEeJIeNIeHN TPAHUIIMTE Ha BapupaHe W onTuMaiHuTe croiHocTi Ha TAC 3a
XHHUTCET pOJIeH O(CeTOB IeYar, CHa3BailKu BCUYKH Je(UHHPAHW LBETOBU TOJEpaHCH Ha MexayHapomgaute 1SO
CTaHJapTH.
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