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High-chroma – high pigment inks
CMYK – Cyan magenta yellow and black used in printing
Color gamut – number of color reproducible by a printing process.
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Introduction

 There have been many research and development activities over
the past 30 years to expand color gamut. This includes

1. Printing with higher ink film thickness

2. Printing with more-than-CMYK inks, e.g., hexachrome, CMYKOGYV,
etc.

e There is limited research that uses high-chroma inks to expand
the CMYK color gamut. This presents an opportunity to conduct a
research on expanding color gamut for the offset using high-
chroma inks.
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Presentation Notes
Our reaction to color is almost instantaneous and has a profound impact on what we choose everyday. The problem of communicating and matching color has gripped the printing industry since its inception. In the current printing industry, there is a drive to maximize color gamut for achieving more colorful reproduction. However, there are limitations to achieving pleasing and colorful pictorial reproduction, as well as brand color match.  



Background & Literature Review

IFT, density, and Tollenaar and Ernst equation

Press calibration using G7 methodology

CRPCs and color gamut
XCMYK, SID, and color gamut

= Pigment concentration



IFT, Density, and Tollenaar Equation

* Printing is putting an ink layer on paper.

e The relation between ink film thickness and density was modeled
in the work of Tollenaar and Ernst (IARIGAI, 1961).

e Tollenaar and Ernst Equation: d = SD [1-exp (™W)]

SD is the density of an infinitely thick ink film (Saturation Density)
m is the rate at which the Saturation Density is approached

w is the ink layer thickness

d is the density of the print
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Presentation Notes
Ink film thickness is difficult to measure. For printing process control, density is used to indicate and control ink film thickness. 
The thickness of this layer, also known as ink film thickness (IFT), is difficult to measure. In printing process control, IFT can be controlled by measuring solid ink density (SID). 


IFT, Density, and Tollenaar Equation

 The beginning of the plateau is d = 5D [1-exp(-mw)]

termed “Saturation” Density SDF-————--—-——-——-—----<=<
(SD).

e Solid ink densities cannot be
increased indefinitely. d

* In other words, when
contemplating to expand

color gamut by increasing ink w
film thickness, the first thing  pensity (d) vs. ink film thickness (w) on the paper.
is to find out Saturation SD is the Saturation Density

Density of the inks used.
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Presentation Notes
IFT and density are not linear relationship- has a limit 
SID and IFT are linear until SID approaches its plateau, a state of little or no change. The beginning of the plateau is termed, Saturation Density. 


Press Calibration Using G7

e Press calibration is the process of adjusting a press’s current
printing condition to match a set of printing aims (Chung, 2017).

e Traditional printing aim points were based on a specified paper
color, e.g., ISO 12647-2.

e Dataset-based printing aims are derived from a reference print
condition, e.g., ISO/PAS 15339.

e G7 is the press calibration procedure, the commercial

implementation of which is described in TRO15 (David McDowell,
2013).
L

®
o ®
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Presentation Notes
In addition, CGATS TR015 specifies the use of the paper relative approach, also known as G7 Color Space, to print to specifications.


Public Available Standard 


CRPC and Color Gamut

e CRPC (Characterized Reference Printing Condition) describes the
relationship between tonal values and CIELAB values of a reference
CMYK device (ISO/PAS 15339-2, 2015)

* |CC profile is generated from CRPC with the use of ICC-based profiling
software.

e Color gamut volume of a CMYK device is generated from profile
inspection software.

‘ - CRPC1 CRPC2 CRPC3 CRPC4 CRPC5 CRPC6 CRPC?7

Volume

. 84,280 151,311 165,764 253,711 331,416 389,023 525,551
(Cubic Lab)

Ratio 0.22 0.39 0.43 0.65 0.85 1.00 1.35
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Presentation Notes
Ink gamut can be defined as the range of colors that can be interpreted by a color model or generated by a specific device (X-Rite, n.d.). 


XCMYK, SID, and Color Gamut

e |DEAlliance XCMYK Expanded -Gamut SID SID
CMYK Beta Program CRPC6 | XCMYK

e XCMYK implies increasing C, M, Y, K solid E Lt 1LES
ink densities above traditional levels M 1.4 1.85
without unwanted side effects.

(IDEAlliance, 2016).
e Goal - to identify practical solid CIELAB K 1.7 2.0

target values so that a new dataset could
be developed

Y 1.0 1.20

* There is no explanation how to achieve
the XCMYK solid ink density aims and
specifically in relation to Saturation
Density (SD)
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XCMYK, SID, and Color Gamut

 |f obtainable, the comparison between color gamuts of CRPC6
and CRPC7 to XCMYK2017 are shown below (ColorThink Pro 3.0).

e XCMYK gamut is 46% larger than CRPC6 gamut.
e CRPC7 gamut is 35% larger than CRPC6 gamut.

Color Gamut Gamut Volume “

CRPC6 389,309 1.0

XCMYK2017 569,984 1.46

CRPC7 525,551 1.35
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Presentation Notes
CRPC6 is the reference, 
XCMYK gamut is 46% larger than CRPC6 gamut.
CRPC7 gamut is 35% larger than CRPC6 gamut.



Pigment Concentration

11
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Pigment concentration is a factor in relationship to gravure printing
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Pigment Concentration

e Toyo Kaleido ink

* High-chroma inks are specially formulated inks with higher pigment
concentration.

e

10111374CJ o =
AQL KALEIDO INK MAC

¥ Ik Amarica, LLC 1-800-227-5808 —
AQUALESS KALIDO ; Wiy Aquacess rae0
5 -

TIL14878C5 00103351C5  5.00LB
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Toyo Ink America launched Kaleido ink in April 2008.
The ink is formulated to expand the CMYK gamut to provide similar results to 6- or 7- color printing via 4-color process. This results in inks to offer richer, deeper colors than conventional four-color process inks. (www.toyoink.com/products/kaleido) 
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Summary of Background & Lit Review

e G7 is a press calibration method that provides common neutral
appearance across different printing devices and color gamuts.

e Expanding color gamut by printing with four inks can be done by
printing at higher SIDs and printing with high-chroma inks.
» IDEAlliance explored the use of higher SID to expand color gamut.

» This research explores expanding color gamut by printing with high-
chroma inks.

e Saturation Density is the limiting factor of ink film thickness for
reaching higher density values.
» This study uses Tollenaar and Ernst model to explore the influence

of pigment on solid ink density and its resulting color gamut under
G7 calibrated press conditions.
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Research Questions

* There are two research questions in this research:

1. Isthe Saturation Density of high-chroma inks significantly larger than
that of standard inks?

2. Isthe color gamut of the high-chroma inks significantly larger than
the color gamut of the standard inks?

e Two printing conditions will help to evaluate color gamut and density
are:

1. Printing with Toyo OSF inks (standard)
2. Printing with Toyo Kaleido inks (high-chroma)

_

Independent Ink pigment condition (OSF, Kaleido)

Dependent Saturation Density and color gamut volume
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Methodology — Saturation Density

1. Conduct Ink drawdowns Study of OSF and Kaleido using Little
Joe with a graduated wedge (0-10 micron range)

e Apparatus: Little Joe press with graduated gauge (0-10 mm)
e Substrate: Tango C1S

Little Joe proofer Graduated gauge



Presenter
Presentation Notes
Inks are laid down on the gauge / Excess inks are removed using a doctor blade / inks are transferred from the gauge to the blanket cylinder and to the paper.
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Methodology — Saturation Density

2. Measure and analyze Spectral Reflectance Curves (SRC) of
CMYK ink at various IFT.

 Raw data table of Relative IFT vs. spectral reflectance values

3. Determine SID based on the analysis of Relative IFT vs. SID of
CMYK.

4. Use JMP, a statistical analysis s/w, to determine saturation
densities.

5. Hypothesis testing and data analysis



Results: Cyan Ink Drawdown

e Kaliedo cyan has more ink strength or chroma than OSF cyan.

* The cyan ink’s maximum absorption is in the long wavelength (red)
region.
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As seen in Figure 9, left-side panel, Kaliedo cyan ink appears more saturated and intense than the OSF cyan ink. When the reflectance spectra of these inks are plotted in the Figure 6, right- side panel, one can see that Kaleido cyan ink shows relatively more absorption in the long wavelength (red) region compared to the OSF cyan. Consequently, the relative reflection in the blue-green region of the spectrum is higher.



Results (Part 1): Cyan Ink Film Thickness
& Saturation Density

e For a given IFT, the Kaleido SID
is higher than the OSF SID.

e Based on the Tollenaar and
Ernst model,

e The Saturation Density of
OSF cyan ink is 1.68.

e The Saturation Density of
Kaleido cyan ink is 2.35.

Print Density
=
[3*]

=
o

o
I~

0.2

Kaleido_reg
X Kaleido data
OSF_reg

& OSF data

- = KLDO C
- = 0SF C

0 1 2 3 4 5 6 7 8 9 10
Rel Ink Film Thickness
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The points on the graph represent the measurements obtained through the drawdowns. The continuous curves are generated using JMP software.  For a given IFT, the Kaleido SID for cyan is higher than the OSF SID cyan. Using Tollenaar-Ernst equation and non-linear modeling in JMP, the calculated Saturation Density of OSF cyan ink equals 1.68 and that of Kaleido cyan ink is 2.35.



Results: Magenta Ink Drawdown 19

e Both inks have different light absorption characteristics — Kaleido
magenta ink (solid) has more blue reflectance and less green
reflectance than OSF magenta ink (dotted line).

e The maximum absorption is in the the medium wavelength (green)

region.
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Toyo OSF and Toyo Kaleido magenta inks display different light reflectance characteristics. There is an increased reflectance in short (blue) wavelengths region and decreased reflectance in medium-long wavelengths region of the spectrum. As a result, Kaleido magenta inks appear more saturated and less red, compared to the OSF magenta inks. These characteristics are considered desirable because they improve color reproduction in blue region of color gamut.



Results: Magenta IFT & Sat D

e For a given IFT, the Kaleido
SID is higher than the OSF Ny
SID. 1.8 ]

e Based on the Tollenaar and
Ernst model,

Print Density
=
N

e The Saturation Density 08

X Kaleido_data

of OSF magenta ink is s S
1 66 0.4 SatD_KLDO_M
‘ ‘ 0.2 — — SatDOSF M
e The Saturation Density 00
¢} 1 2 3 4 5 6 7 8 9 10
Of Kaleldo magenta ink Rel Ink Film Thickness
is1.77.
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the Kaleido SID for magenta is higher than the OSF SID. 


Results: Yellow Ink Drawdown 21

* Both inks have similar light absorption characteristics. Kaleido
yellow ink has more ink strength than OSF yellow ink.
e The maximum absorption is in the the short wavelength (blue)

region.
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), the appearance for the yellow inks, is similar. This similarity of appearance is based on the similar spectral reflectance characteristics shown on the right-side panel of figure 13. The maximum reflectance is in the mid-long wavelength and minimum is in the short wavelength of the spectrum.


Results: Yellow IFT & Sat D

e AsIFT exceeds 5 um, the
Kaleido SID is higher than the
OSF SID.

e Based on the Tollenaar
regression model,

e The Saturation Density of
IS

e The Saturation Density of
IS

Print Density

O OSF_data

OSF_reg

KLDO Y
OSF Y

Kaleido_reg
X Kaleido data

0 1 2 3 4
Rel Ink Film Thickness
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Unlike for the previous sets of inks, in the region below 5microns, the Kaleido SIDs are lower than that of OSF inks. As IFT exceeds 5microns, the Kaleido SID for yellow is higher than the OSF SID. Using Tollenaar-Ernst equation and non-linear modeling in JMP, the calculated Saturation Density of OSF yellow ink equals 1.16 and that of Kaleido yellow ink is 1.59

Projection 



Results: Black Ink Drawdown 23

 Both inks have similar light absorption characteristics. Kaleido
black ink and the OSF black ink show no visual difference.
e The maximum absorption is in all regions of visible spectrum.

0.9 A

OSF  Kaleido .
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Both ink sets show similar spectral reflectance characteristics, and the reflectance is nearly constant for the entire spectrum.
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Results: Black IFT & Sat D

e Based on the Tollenaar
regression model, 22 b T oo li----Lf-- i

e The Saturation Density of

OSF black ink is 2.12.

e The Saturation Density of
Kaleido cyan ink is 1.84.

Print Density
=
2%

= Kaleido reg
X Kaleido_data

e For a given IFT, the Kaleido SID 5 oo s
is surprisingly lower than the N Ceex
OSF SID. 00

0 1 2 3 4 5 6 7 8 9 10
Rel Ink Film Thickness
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Unlike for the previous sets of inks, the Kaleido SIDs are lower than corresponding OSF SIDs. According to the ink expert, when this finding was discussed, the black inks for high-chroma and standard inks should be very similar and exhibit nearly identical behavior. Using Tollenaar-Ernst equation and non-linear modeling in JMP, the calculated Saturation Density of OSF black ink equals 1.84 and that of Kaleido black ink is 2.12.

Chroma of CMY- 
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Results: Hypothesis #1 Testing

e The Saturation Density values Sat_D
for both ink sets were Kaleido

calculated using the Tollenaar 1.68 235  <0.0001
regression model and JMP

€6 M 1.66 1.77 <0.05
software.

. L . g Y 1.16 1.59 <0.0001
e Statistical significance was

calculated using t-test. K212 1.84  <0.0001

 The low p-value indicates
significant difference between
OSF and Kaleido saturation
densities.

 Note: OSF Black ink was used
in the Kaleido press run.


Presenter
Presentation Notes
The above statistics indicates that there is significant difference between saturation densities of high-chroma inks and standard inks.

CMY affect the chroma. 
Black affects lower half of the gamut 
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Discussion — SID Determination

2.4

* For the OSF press run, the starting solid ink
densities are the same as CRPC6. y

18 e —————

1.6

* For the Kaleido press run, the following
procedure is used to determine the starting
SIDs.

1.4

1.2

Print Density

=——KLDO_C
X KLDO_data
0SF_C
Q  OSF_data
=== Hori_1
== Vert
= ==Hori_2

1.0

0.8

o

6

1) Start from the regression lines for OSF
and Kaleido inks.

0.4

0.2

o

0

2) Usethe GRACoL Cyan SID (1.40) to L ——
locate the intersection with the OSF Rel Ink Film Thickness
regression line.

3) Bounce to the Kaleido regression line
to locate the corresponding Kaleido
SID (1.82).

4) Repeat steps 2-3 to determine other
SIDs.
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Discussion — SID Determination

e Using the ray-tracing techniques,
the Kaleido SIDs, having the same
ink film thickness as the OSF inks,
are determined.
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Methodology — Gamut Volume

1. G7_OSF press calibration
a) Run 1, starting with the SID aims (Slide #27)
b) 1-D curve generation
c) Run 2, including SID adjustment to meet G7 requirements
d) G7 conformance verification

2. G7_Kaleido press calibration
a) Run 1, starting with the SID aims (Slide #27)
b) 1-D curve generation
c) Run 2, including SID adjustment to meet G7 requirements
d) G7 conformance verification

3. Compare differences in gamut volume, SID, and chroma between OSF
and Kaleido inks

4. Hypothesis testing and data analysis
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Resources

e Printing conditions

e Toyo OSF and Toyo Kaleido
e Paper: Endurance Gloss
e RIP: Harlequin FM RIP
e Offset press: Presstek 52Dl
* Waterless plate
* On press imaging

e Common impression
cylinder

* Ink sequence: KCMY
e Test form

e TC1617 (a variation of
IT8.7/4)

e P2P51
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Resources

e Color measurement instruments
e i1 Pro 2 (M1 measurement conditions)
e i11Sis 2 (M1 measurement conditions)

e Software

e Adobe InDesign (used to create test
form)

e Curve3 (to create adjustment curves
and analyze G7 conformance)

e ChroMIX ColorThink Pro 3 (data

analysis and graphing) = @""g} :

ColorThlnk " Q

- The Osiginad G Cotlliation Took
e
. -
CHROMEX ™= Hyren
: oo )Inl&

S ——— CHROM; H

rrtam s ot st Bt ek B Bawre
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Results — G7 Calibration OSF inks

Gre3 GGBBE

= Castran

* Run 1 gamut corners show conformance to Tt Iem T —imes

A e s

CRPC6 solids.

e Run 1 tone reproduction is out of
conformance. T =

 Run 1 gray balance is in conformance.

Cre3 ~ OREBS

cashr

e s [+ e

« Four 1-D adjustment curves are generated & =~
using Curve 3.

.........
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Results — G7 Calibration OSF inks

e Based on P2P measurement

L4 Ru n 2 CO nforms tO G7 G ray. o CRPC6 —=—=-Border_Ref % OSF Border_Sample
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—p (5 Y

e Gamut projection shows similar
results.
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Results — G7 Calibration Kaleido inks

e Run 1 — Solid ink densities aims were from ink Cm3 GO@@S
drawdowns. Instead of printing with linear plates, & — = _—
four OSF 1-D adjustment curves were applied. | 33

e Background tinting (in cyan and yellow) | -2
observed. An ink additive from Toray was e T
used as a fix. . o= —

e Two distinct “bents” in the green and red [ e

overprint ramps.

e Tone reproduction and gray balance are out R
of conformance. R

e Four 1-D adjustment curves, applied in Run 2. |


Presenter
Presentation Notes
We do not know how to fix the bents.
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Results — G7 Calibration Kaleido inks

* Run 2 Kaleido does not conform to G7 Gray. ?%f{?""g

o Run 2 -Verificationl

e Solids between Run 1 and Run 2 are not , o T e

f— Y

repeatable. |

el ]

[Fre T,

* The repeatability for CMYK are T
reasonable, large differences are | -
observed for the two-color overprints,
especially green and red.

Solids - Kaleldo;funl = T Kaleldo;funz - AE 00
46.9 68.0 41.4 47.5 66.8 53.8 5.8
46.6 80.6 -204 46.9 79.3 -15.4 1.7
18.4 354 -61.5 18.8 37.2 -58.9 2.1
47.9 -33.9 -55.0 51.1 -355 -52.6 34
41.2 -66.6 144 42,9 -65.7 28.6 6.3
88.7 -3.2 101.1 83.0 -14 105.9 14
46.9 68.0 414 47.5 66.8 53.8 5.8
10.9 0.7 -2.7 74 0.1 0.0 3.6
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The spikes can be seen at around 85% tonal values, which result in the bents seen on Figure 25.
R and G values 5.8 and 6.3

This can be explained by the bents observed in red and green overprints due to the additives which cannot be properly controlled. 




Results — Gamut Volume of Kaleido

e When comparing with Run 2 OSF inks,

the color gamut of Run 2 Kaleido is 20%

larger than OSF inks.

* Blue section of the gamut is increased.

* The gamut volume is not optimized
and is limited due to the bents, i.e.,

poor ink trapping, in reds and greens.
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|

Gamut
p
Volume .
L* [a* | b* | L* |a* |b* | L* |a* [b* | L* |a* | b* | L* |a* |b* | L* |a* [b* ]| L* [a* | b* ] L* | a* | b* Diff.
OSF 9% |1 | 5|54 |-34(-54|48 |75 | -3 |90 |-7 |98 |15 |1 2 |48 |68 (50 149 |-70 | 26 | 23 | 20 (-47 |482,265 20%
Kaleido 96 |1 | 4|51 |-35(-53|47 |79 |-15 |88 | -1 |106|11 | O 0 |48 |67 |54 |43 [-66 (29 | 19 | 37 |-59 |579,451
AE 00 14 28 48 34 3.2 2.2 6.0 7.5
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Results: Hypothesis #2 Testing

e |t is not possible to decide if there is significant gamut volume
differences between the OSF inks and the Kaleido inks based on

one data (volume) point.

e Therefore, metric chroma of CMYRGB of the two inks are used in
the hypothesis testing.

* The p-value, <0.0001, indicates that there is significant chroma
difference between Toyo OSF and Kaleido CMYRGB ramp colors.

Value

LAB_C Kaleido 45.91

Value

4.3376

LAB_C OSF 42.639 71

Mean Difference 3.27
Prob >|t| <0.0001

Standard Error 0.755
Prob > t <0.0001

72
Prob<t 1.000

Correlation 0.98
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Presentation Notes
This proves that there was significant expansion of gamut for the Kaleido high-chroma inks compared to the standard OSF inks. Therefore, it is proved that there is significant difference in the color gamut achieved by Toyo OSF and Toyo Kaleido inks. 

On the surface, gamut colors, 72- CMYRGB
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Conclusions

* Ink film thickness and density are not linear. Saturation Density
dictates how much solid ink densities can be pushed for color
gamut expansion. If Saturation Density is not taken into
consideration, valuable time and resources can be wasted.

e High saturation densities of high-chroma inks will result in higher
solid ink densities (SIDs), thus, expand its color gamut compared
to standard inks.

* |n this research, gamut volume expansion using high-chroma inks
was not optimized due to ink trapping of two-color overprints and
printing repeatability of waterless offset process.


Presenter
Presentation Notes
The gamut expansion is limited due to the bents at red and green overprints. There is a possibility of achieving further expansion in the red and green areas of the gamut. 
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Further Research

e The calibration of Kaleido inks for G7 was not successful due to
repeatability problems and poor ink trapping. Future experiments
can be focused on achieving printing stability.

e A practical and important future study will need to address the
cost vs. performance evaluation and comparison of printing
conditions for standard inks and high-chroma with various levels
of solid ink densities and ink film thickness.


Presenter
Presentation Notes
Ink makers can help 
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