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ABSTRACT: Numerous factors are considered while evaluating the print consistency.
Colour differences (AE Value) and Ink Trapping are crucial parameters amongst them.
Evaluating these parameters is of prime significance. Colour differences i.e. AE Value
describes the levels of mismatch between two hues. On the other hand, ink trapping
provides the indication of grade of ability of printed ink to accept the next subsequent ink
compared to how well paper accepts that ink. It becomes mandatory to comprehend
behaviour of both these technical aspects for print consistency. The main objective of this
research paper is to evaluate print consistency in terms of colour differences (AE Value)
and ink trapping using different digital printing methodologies on matt paper.
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Introduction

Digital methodologies for printing are known for their versatility and flexibility offering
various advantages over the conventional printing methodologies. These methodologies
offer direct printing of image, text, illustration and their combinations on large variety of
substrates by eliminating numerous intermediate steps used in conventional
methodologies. No master preparation is required for digital printing methodologies.
Digitized information is directly printed on the substrate by application of imaging unit.
Digital printing methodologies consists of complete cycle for one impression (printing)
with imaging process, inking process, toner transferring (printing), toner fixing process
and cleaning process as numerous sequential steps as shown in functional components.
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Figure 1: Digital Printing Methodology Process Functional Components (Nguyen et al., 2021)

Colour differences exhibited by any printing methodology are represented in terms of AE
Value. Delta E (AE) measurement plays a crucial role while evaluating the colour accuracy
during printing. Delta E is a standard measurement process which is used to quantify the
difference between two colour appear on printed or digital screen. This approach of finding
colour differences was developed by CIE i.e. Commission Internationale de I’Eclairage
which is an International Commission on Illumination using CIE Lab Colour Model.

CIE L*a*b* Colour Space: It (also known as CIELAB Colour model) was developed in 1976
by CIE, which is a uniform colour space used for the applications based on subtractive
mixing of colour in printing industry. In this colour space, three dimensions are

represented by ‘L’, ‘a’ and ‘b’- axis with the following descriptions:

» L-axis: L ranges from 0 to 100. (L=0 represents Black; L=100 represents

White)

» a-axis (Red-Green axis): It ranges from -100 to +100. Red (+a)-Green (-a)

axis.

» b-axis (Yellow-Blue axis): It ranges from -100 to +100. Yellow (+b)-Blue (-

b) axis.
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Black

Figure 2: CIE L*a*b* Colour Model (Image courtesy:www.mdpi.com)

Delta E: Delta E (AE: Colour difference) is based on AL, Aa and Ab colour values where:

» AL represents Lightness difference between printed sample and standard colour.

» Aa represents redness to greenness (Red-Green axis) difference between printed
sample and standard colour.

» Ab represents yellowness to blueness (Yellow-Blue axis) difference between printed
sample and standard colour.

o =\ (L3 — L1)? + (a3 — a1)? + (b3 — b)?

AE Equation (Courtesy of http://zschuessler.github.io/DeltaE/learn/)

Value of delta E ranges from 0 (less colour difference) to 100 (complete distortion). Lower
value of AE indicates greater accuracy while on the other hand higher AE indicates
significant mismatch.

Ink Trapping: Ink trapping describes the ability or inability to accept the second ink
transferred on the top of already printed first ink while printing process colour. The credit
of devising ink trapping formula was crowned to Frank Preucil in 1953. Ink trapping or
apparent trap is determined by using Preucil equation expressed as:

11304
Eur. Chem. Bull. 2023, 12(Special Issue 4), 11302-11316


http://www.mdpi.com/

Evaluation of Print Consistency contemplating Colour differences (AE Value) and Ink Trapping on Matt
Paper using different Digital Printing Methodologies

Section: Research Paper

% Ink Trap = D3P 100

D 2 Second-down

Ink Ink
\ D1 D3 D2 /

Paper

First-down

Figure 3: Ink Trapping (Chung, 2008)

Here C+M is overprinted where first ink laydown is cyan and subsequent ink laydown is
magenta colour as depicted in figure 3. The meaning is D1, D2 and D3 are enlisted as below:

a. D1:Firstinklaydown (Cyan colour printing) minus paper density

b. D2: Second/subsequent ink laydown (magenta colour printing) minus paper
density

c. D3: C+M overprint minus paper density

Apparent trap or ink trapping provides quantitatively the interaction of two process colour
during printing. In the other words value of ink trapping varies, the hue of the overprint is
also likely to change.

Research Objective of Study

Main objective of research work is to evaluate print consistency in terms of colour
differences i.e. AE value and ink trapping exhibited by different digital printing
methodologies on matt paper media.

Material and Methodology

For carrying out the study of Colour differences (AE Value) and Ink Trapping using various
Digital Printing Methodologies, first and foremost a Test (Master) Chart was developed
consisting of technical parameter as per printing standard. The flowchart for executing the
research process is as below:
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Figure 4: Research Methodology flow chart

During study, numerous digital printing methodologies were used which included M1: HP
Indigo, M2: Canon, M3: Xeikon, M4: Konica Minolta and M5: Xerox for printing on Matt
Paper under standard printing conditions. Each and every digital printing methodology
was calibrated before printing on matt paper substrate. In order to measure Colour
differences (AE Value) and Ink Trapping x-Rite i1 Pro Spectro-densitometer was used. After
proper calibration of Spectro-densitometer, the colour differences (AE Values for Cyan,
Magenta, Yellow, Black, Red, Green and Blue) and ink trapping (Red, Green and Blue
colour) were recorded under standard viewing conditions and analyzed.
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Data Analysis

The data was collected for analyzing the colour differences (AE Values) and Ink Trapping
for various colour whose finding are presented as:

1. AE Value i.e. Colour differences: To study colour difference using numerous digital
printing methodology on Matt paper substrate, namely KM (Konica Minolta), Xerox,
HP (Indigo), Canon and Xeikon digital printing methodologies were taken into
consideration whose results are presented as below:

i. Cyan (AE Value) Colour difference: The observations of AE Value of cyan
colour on Matt paper substrate using five different methodologies are depicted
in figure 5. The ranges of AE values of Cyan colour were observed in between
2.67 to 4.02; 5.21 to 6.60; 13.71 to 18.71; 12.64 to 14.15 and 6.64 to 8.23 in HP
Indigo, Canon, Xeikon, Konica Minolta and Xerox methodologies respectively. HP
Indigo methodology exhibited the minimum range (2.67 to 4.02) while Xeikon
methodology exhibited maximum range (13.71 to 18.71) followed by Konica
Minolta i.e. 12.64 to 14.15, AE values of cyan colour on matt paper substrate. The
minimum variations were observed in the AE values of cyan colour in case of
Canon methodology, while maximum deviations were observed in case of Xeicon
methodology.

Cyan Colour difference (AE Value) on Matt Paper
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Figure 5: Cvan (AE Value) Colour difference

ii. Magenta (AE Value) Colour difference: Figure 6 depicts the results of magenta
colour AE values on Matt paper substrate using five different methodologies.
Magenta colour AE values ranged 6.83 to 7.96; 3.50 to 4.88; 22.02 to 25.73; 6.35
to 8.78 and 7.82 to 11.56 while using HP Indigo, Canon, Xeikon, Konica Minolta
and Xerox methodology respectively. The AE values vary linearly in case of
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Canon methodology means variation during printing was very low. Minimum

range i.e. 3.50 to 4.88 of magenta colour AE values were exhibited by Canon
methodology and on the other hand Xeikon exhibited maximum range i.e. 22.02
to 25.73 of AE values of magenta colour on matt paper substrate. It was also
observed from the graph that AE values of Konica Minolta and Xerox
methodology were coincided on many points as shown in figure 6.

Magenta Colour difference (AE Value) on Matt Paper
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Figure 6: Magenta (AE Value) Colour difference
iii. Yellow (AE Value) Colour difference: Five different methodologies exhibited
the results for AE values of yellow colour are depicted in figure 7. The AE values
for yellow colour ranged 13.81 to 15.21; 3.58 to 5.10; 16.53 to 19.93; 5.92 to
10.51 and 4.75 to 6.53 for HP Indigo, Canon, Xeikon, Konica Minolta and Xerox
methodology respectively. Canon methodology exhibited the lowest range of AE
values i.e. 3.58 to 5.10 while Xeikon methodology exhibited the highest range
(16.53 to 19.93) followed by HP Indigo i.e. 13.81 to 15.21, AE values of yellow
colour on matt paper substrate. The behaviour of AE values of yellow colour by
Konica Minolta methodology was haphazard in nature and in contrast, HP Indigo

and Canon methodology trend was linear as shown in figure 7.

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
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Figure 7: Yellow (AE Value) Colour difference
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iv.  Black (AE Value) Colour difference: The AE values of black colour using five
different methodologies are depicted in figure 8 which revealed that the ranges
of HP Indigo, Canon, Xeikon, Konica Minolta and Xerox methodologies were
remained in between 2.03 to 3.75; 5.38 to 8.81; 12.21 to 16.27; 0.55 to 3.78 and
2.78 to 4.56 respectively. It was also observed that Konica Minolta methodology
exhibited the lowest ranges for AE values i.e. 0.55 to 3.78; while Xeikon
methodology exhibited the highesti.e. 12.21 to 16.27 followed by Canon i.e. 5.38
to 8.81. The behaviour of AE values of black colour in Xeikon methodology was
found inconsistent due to deviations while printing on matt paper substrate

(figure 8).
Black Colour difference (AE Value) on Matt Paper
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Figure 8: Black (AE Value) Colour difference

v. Red (AE Value) Colour difference: The results of AE values of red colour on
Matt paper substrate using five different methodologies are depicted in figure 9
which revealed that the range was found 4.06 to 5.7; 2.91 to 5.73; 21.14 to 25.77;
2.59 to 4.30 and 4.16 to 6.27 while using HP Indigo, Canon, Xeikon, Konica
Minolta and Xerox methodology respectively. The lowest range of AE values of
red colour was exhibited by Konica Minolta methodology i.e. 2.59 to 4.30; on the
other hand, Xeikon methodology exhibited the highest range i.e. 21.14 to 25.77
followed by Xerox which exhibited AE values range 4.16 to 6.27 while printing
on matt paper substrate. It was also observed from the graph that AE values of
HP Indigo and Xerox methodology were coincided on many points (figure 9).
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Figure 9: Red (AE Value) Colour difference

Green (AE Value) Colour difference: Observations of AE value of green colour
using five different methodologies are depicted in figure 10. The range exhibited
by green colour AE value by different HP Indigo, Canon, Xeikon, Konica Minolta
and Xerox methodology were found in the limit 6.57 to 8.62; 11.1 to 14.18; 18.36
to 22.43; 11.02 to 13.43 and 6.11 to 8.59 respectively. During observation it was
found that Xerox methodology exhibited the lowest ranges (6.11 to 8.59) while it
was found the highest i.e. 18.36 to 22.43 for Xeikon methodology followed by
Canon having range 11.1 to 14.18 for AE values of green on Matt paper substrate.

Green Colour difference (AE Value) on Matt Paper

008000505002 5004 50033530350\ 530 pet bt oSS0 0000
BRI A LA A A A an e AR g g

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

=@=—HP Indigo =@=Canon Xeicon =@=Konica Minolta ==@=Xerox

Figure 10: Green (AE Value) Colour difference

Blue (AE Value) Colour difference: Five different methodologies exhibited the
results for AE values of blue colour are depicted in figure 11. The AE values for
blue colour ranged 3.55 to 5.92; 5.6 to 8.66; 15.07 to 18.35; 4.43 to 6.03 and 6.04
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to 8.42 for HP Indigo, Canon, Xeikon, Konica Minolta and Xerox methodology

respectively. HP Indigo methodology exhibited the lowest range of AE values i.e.
3.55 to 5.92 while Xeikon methodology exhibited the highest range (15.07 to
18.35) followed by Xerox i.e. 6.04 to 8.42, AE values of blue colour on matt paper
substrate.

Blue Colour difference (AE Value) on Matt Paper
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Figure 11: Blue (AE Value) Colour difference

2. Ink Trapping: Ink trapping value for red, green and blue colour on matt paper
using M1: HP Indigo, M2: Canon, M3: Xeikon, M4: Konica Minolta and M5: Xerox
printing methodologies are presented as:

i. Ink Trapping for Red Colour: The results of red colour overprint on matt paper
substrate using five different methodologies are depicted in figure 12. Overprint
of red colour ranges 87% to 90%, 84% to 87%, 75% to 80%, 86% to 91% and
87% to 91% while using HP Indigo, Canon, Xeikon, Konica Minolta and Xerox
methodology respectively. The minimum range (75% to 80%) of red colour
overprint was exhibited by Xiecon methodology, on the other hand Konica
Minolta and Xerox methodology exhibited maximum range (86% to 91%) while
printing on matt paper substrate.
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Red colour Ink Trapping on Matt Paper
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Figure 12: Ink Trapping (Red Colour)

ii. Ink Trapping for Green Colour: Figure 13 depicts the results of overprint
green colour on matt paper substrate using five different methodologies. Ink
trapping for green colour ranges 93% to 96%, 87% to 89%, 85% to 88%, 95%
t098% and 92% to 94% while using HP Indigo, Canon, Xeikon, Konica Minolta
and Xerox methodology respectively. Minimum range of green colour overprint
was exhibited by Xeikon methodology and on the other hand Konica Minolta
exhibited maximum range of green colour overprint on matt paper substrate.

Green colour Ink Trapping on Matt Paper
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Figure 13: Green colour Ink Trapping on Matt Paper

iii. Ink Trapping for Blue Colour: Observations of blue colour overprint using five
different methodologies are depicted in figure 14. Blue colour overprint range
exhibited by different HP Indigo, Canon, Xeikon, Konica Minolta and Xerox
methodology were found in the range 95% to 96%, 85% to 88%, 89% to 93%,
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89% to 91% and 88% to 91% respectively. During observation it was found

Canon methodology exhibited lowest ranges (85% to 88%) for blue overprint.
Moreover, the value of blue overprint range was found maximum (95% to 96%)
for HP Indigo methodology on matt paper substrate.

Blue colour Ink Trapping on Matt Paper

100
95 00 00-020-0200002%9-0-0-0-0-0-0-0°%9-0-0-020-0- 02" % - 0-0-0-0- 0" 00000

» RS edh
85
80

75
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

=@=HP Indigo =@=Canon Xeikon ==@=Konica Minolta ==@=Xerox

Figure 14: Blue colour Ink Trapping on Matt Paper

Results and Discussion

Information collected during the research was evaluated in order to conclude. During study
it was observed that the values of Colour differences (AE Value) and Ink Trapping exhibited
by various digital printing methodology (M1: HP Indigo, M2: Canon, M3: Xeikon, M4:
Konica Minolta and M5: Xerox) on matt paper substrate were not only reiterated many
times, but also as per the acceptable range in context to print quality. An outline of the
value of Colour differences (AE Value) and Ink Trapping is tabulated in table 1 and 2
respectively.

Koni
AE Value HP Indigo Canon Xeikon f)nlca Xerox
Minolta

13.81 3.58 16.53 5.92 4.75
\Max.\ 15.21 \ 5.10 \ 19.93 \ 10.51 \ 6.53

Yellow
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Table 1: AE Value on Matt Paper using different methodologies

Konica

Ink Trapping | HP Indigo Canon Xeikon Minolta Xerox

Table 2: Ink Trapping on Matt Paper using different methodologies

Conclusion

This research work has depicted the outline of the print consistency evaluation in terms of
Colour differences (AE Value) and Ink Trapping exhibited by various digital printing
methodology (M1: HP Indigo, M2: Canon, M3: Xeikon, M4: Konica Minolta and M5: Xerox)
on matt paper substrate. As per the results of aforesaid research study, it was noticed that
the values of Colour differences (AE Value) and Ink Trapping were in relation to the
printing standards. The collected information may be explained from two distinct
perspectives. The first approach is to assess colour variation produced by various digital
print methodologies. Another method is to compare different digital printing
methodologies for individual colour.

i. Colour differences (AE Value): First approach outlined that Canon exhibited
lowest AE Value for red colour while other remaining (HP indigo, Xeikon, Konica
Minolta and Xerox) digital methodologies exhibited lowest AE Value for black
colour. On the other hand, while using another approach i.e. to compare different
digital printing methodologies for individual colour, the lowest exhibited AE Value
was found in case of HP indigo for Cyan and Blue, Canon for Magenta and Yellow,
Xerox for Green and Konica Minolta for Black and Red colour.

ii. Ink Trapping: While assessing ink trapping exhibited by various methodologies it
was observed that HP indigo exhibited highest Ink trapping for Green and Blue
while Canon, Konica Minolta and Xerox for Green and Xeikon for Blue colour. In
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contrast to this using another approach revealed that Konica Minolta exhibited

highest ink trapping for Red and Green while HP Indigo for Blue colour.
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