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Abstract

The print quality in digital printer like Epson 31g Pro 7900 is influenced by the various printpayameters and among these dot
shape, screen resolution and paper are considepeletthe major. The study conducted here was tluaeathe print quality in
terms of the maximum number of color that it capreduce on two different printing substrates affediént dot shapes and
resolutions by maintaining other printing paramet@onstant. Linearization and profiling of the Bpsstylus Pro 7900 printer for
all these combinations were completed using IT8GMBYK standard test target using Harlequin RIP V8d&ware. Then the color
gamut volumes are analyzed using Taguchi’'s Desfgexperiments in Mini Tab software. This is donestaluate the significant
parameter that has a major influence on the colamgt. From the result obtained in the project itswancluded that change in the
dot shapes and resolutions have less influencé®wralor gamut than the substrate’s surface propérhe glossy effect of the Epson
proofing commercial 187 GSM paper has shown a B@amt change in the color gamut in comparison witle other paper
properties and printing attributes. There are diffiet paper substrates available which are mainlydméor use in ink jet printer and
since these digital devices are widely used foofing and by photographers, it is better to takeikr type of study to know the
print quality on different paper substrates and imgka profile for each paper is a must for achigyvia consistent print in more

economic way.
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1. INTRODUCTION

Advancements in digital printing has made it pdssio use
inkjet printers to get a high quality print for ghgraphy and
proofing work. When we say a four color printingngscyan,
magenta , yellow and black inks, it is not onlygbeolor inks
that are involved in reproducing a desired printlijy, but
along with that there is a fifth analog color; fhegper [1].

Printing on a paper substrate using inkjet prodegsives a
number of process parameters that one should @msidyet
a quality and consistent output. Quality of a prsactually
measured by its color gamut and every printers igito get
the optimum print quality by controlling the prosesriables.
The smoothness and roughness factor of printingmphas a
significant role in producing maximum color gam}[ When
ink is laid on the paper substrate, the ink wijl tb penetrate
into the pores of the paper and the vehicle whethesrwater
or solvent tries to evaporate or get absorbed agent will
settle on the surface. Surface roughness of therpeiph affect
the pigment deposition and this also contributes tfoe
reduction in the color gamut [3].

When inkjet printers are used to produce the prémfscolor
matching or photograph printing, it is very difflcto get the
color match in a regular printing or writing papé&or this
reason papers are manufactured especially fortimpkjaters.

These papers are coated with different surfacagiziaterials
to improve their print quality. These coatings m#ke surface
glossier, smoother and fill the pores of the papeeproduce
a higher color gamut [4]. Due to these coatingssiireading,
absorption and light reflection of the ink layer llwbe

improved and that is why a proofing paper will gigher
color gamut than that can be produced in a wriging regular
printing paper [5]. The surface coating is prepandth some
optical brightening agents (OBA) that further impes the
reflection, color gamut, print stability and ligfastness on
inkjet coated papers [6].

Most of the ink jet inks are standardized in terafstheir

optical and physical properties. So there will hetany such
variations in the ink for a particular manufacturgat another
major parameter which is of serious concern is ghater

condition and the settings. To bring the printermistandard
condition or to stabilize it a linearization proses carried out.
With linearization a printer is said to be in a toled

position. A consistent and good quality print isgible only if
the printer is linearized using some software facke and
every combination of paper and image profile. [7].

Linearization and printing is accomplished usindfedent
raster imaging processing [RIP] tools. Every printe
supplied with its own RIP software and we can alse some
other third party RIP software also. When differeriP
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software is used the color gamut may vary, esfdgdialcase
of RGB platform as each RIP has its own color cosioa
algorithms which cannot be controlled by the udgut in
CMYK platform it will not produce much more differee in
color gamut [8].

Linearization is also carried out to understand rieximum
and minimum print density of the printer. Theseueal are
denoted by Ra.x and D, which provides an idea about the
maximum and minimum ink film thickness that can be
deposited by this printer on a certain paper diquaar printer
settings. RQax and Dy, of inkjet printer depends on the ink
formulations, nozzle settings and the mechanisnd frseink
deposition and these values also contribute foreaming
color gamut in the printer [ 9].

Along with linearization of the printer the next stégmportant
print attribute which will affect the quality of twr is the
image settings. The resolution, dot shape, scregies and
the dpi of the image are of most important to geigh quality
image without affecting the clarity of the originahage. As
the printer resolution is increased it will produae image
which will be more like a continuous tone and belcm
certain limit there will not be any further increais the color
gamut. So a printer should know the optimum regmtufor a
particular dot shape, screen angle, paper, dpi fandhe
printer. It is also true that different dot shapa8 result in
different amount of dot gain which will be furtheupported
by the resolution. Screen angle is one which iset@ontrolled
to get a clear image without any moiré pattern [10]

2. METHODOLOGY

The project “Evaluation of quality of output in Epsinkjet
Printer using Design of experiment method” is @riout
using the following steps. Two types of paper stabes,
Gloss (Epson Proofing commercial 187 GSM) and Matte
(Epson Semi matte proofing paper 90 GSM) with ddfe
optical and physical properties were selected. captand
physical properties of the paper substrate weresured using
appropriate testing devices. Epson stylus Pro 79Kjet
printer was selected and its initial settings aodate checking
were carried out as per the manufacturer’s indonst post
RIP software is installed in the system to prodtiee output
through Epson Printer. Two types of dot shapesndoand
elliptical were selected and these dot shapes wentéed on
the above said papers with two different resoli@20x720
and 1440x 1440 maintaining screen angle for CYAN15,
Magenta 75, Yellow 0 and Black 135 degrees. Lizaion
and calibration of the Epson ink jet printer is damsing the
RIP software for both types of paper at two differe
resolutions and dot shapes. Characterisation and
standardisation of the Epson printer was donewortypes of
paper at two different resolutions and dot shapest target
IT8.7-3 CMYK(fig 1.) is generated using X-Rite PRitef
Maker 5.5 software to evaluate the print qualitynbgasuring
color gamut in the Epson printer. Test target wastgd on
two types of papers using post RIP software atregolutions
and at two types of dot shapes. The color valugsiofed test
targets were measured using iliO spectrophotomater
conjunction with X Rite Profile Maker 5.5 measureolt
software and profile for these measured data weremted
using CHROMIX Color Think Pro software. Color gamut
values[2] were tabulated into MiniTab software &malysing
at three factors and two level experiments usingidpe of
Experiment method. Subsequently the analysis watkema
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Fig11T8.7-3 CMYK iliO Test target

3. RESEARCH FINDINGS

Table 1 Opacity values of two types of paper substrates

Paper Name Reflectance | Reflectance Reflectance | Print Opacity Averag | Average
(black (White (Paper Opacity Contrast | e Print | Opacity
backing) backing) backing) (Rb/Rp) % | (Rb/Rw) Opacity | Contrast
% Rb % Rw % Rp % % %

Epson Proofing 87.9 93.7 93 94.52 93.81

commercial  Paper 90.3 93.1 92.6 97.52 96.99 96.38 95.83

187 GSM 90.6 93.7 93.3 97.11 96.69

Epson Semi matte 82.4 89.3 86.8 94.93 92.27

Proofing paper 90 81.8 88.4 87 94.02 92.53 94.11 92.41

GSM 81.6 88.3 87.4 93.36 92.41

Table 2 Brightness and L a b color values of two typepager substrates
Brightness (%) L a b
Paper
Values Average L Average | a Average | B Average
Epson Semi 83.40 91.28 2.86 -3.69
Matte  Proofing| 83.40 83.63 91.35 90.86 2.89 | 2.72 -3.76 | -3.95
paper 90 GSM | 84.10 89.95 2.42 -4.39
Epson Proofing 88.80 93.96 2.00 -2.75
commercial 88.90 88.80 93.98 94.02 2.02 | 1.99 -2.81 | -2.73
Paper 187 GSM | 88.70 94.12 1.96 -2.64
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Table 3.Gloss values of two types of paper substrates

Paper GLOSS Values( GU)
20 Degree 60 Degree 85 Degree
Average Average Average
Values Gloss (20| Values Gloss ( 60| Values Gloss (85
Degree) Degree) Degree)
Epson Semimatte2 3.6 9.40
Proofing paper 90 2 2 3.6 3.60 9.30 9.50
GSM
3.6 9.80
15.6 55.1 93.80
Epson  Proofin
commercial Paper 18.9 17.8 55.7 55.63 90.60 92.83
187 GSM
18.9 56.1 94.10

Table 4 Comparison of color gamut in various combinatiohprint parameters

Color Gamut
Name of the paper Dot Shape Resolution (Number of colors)
Epson Proofing Commercial(187 GSM) Round 720 x 720 437289
Epson Proofing Commercial(187 GSM) Round 1440x1440460105
Epson Proofing Commercial(187 GSM) Elliptical 72020 440085
Epson Proofing Commercial(187 GSM) Elliptical 144040 474562
Epson Semi Matte Proofing (90 GSM) Round 720 x 7200 265433
Epson Semi Matte Proofing (90 GSM) Round 1440x1440282805
Epson Semi Matte Proofing (90 GSM) Elliptical 72020 270908
Epson Semi Matte Proofing (90 GSM) Elliptical 144040 285338

Table5 Factors and levels for Design of experiment

Factors Paper type Dot shape Resolution(DPI)
Level 1 Epson Semi matte proofing paper (90 GSM) urikio 720 x 720
Level 2 Epson Proofing commercial paper (187 GSM) Elliptical 1440 x1440

Table 6 Combination of factors and levels in MiniTab scdte full factorial design

Std Run Center Pt Blocks Paper Type Dot shape Resolution
order | Order

2 1 1 1 Epson Comm Round 720

7 2 1 1 Semi Matte Elliptical 1440

1 3 1 1 Semi Matte Round 720

3 4 1 1 Semi Matte Elliptical 720

8 5 1 1 Epson Comm Elliptical 1440

5 6 1 1 Semi Matte Round 1440

6 7 1 1 Epson Comm Round 1440

4 8 1 1 Epson Comm Elliptical 720
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4. ANALYSIS

4.1 Full Factorial Design

Factors: 3 Base Designs: 3,8
Runs: 8 Replicates: 1
Blocks: 1 Center pts (total): 0

All terms are free from aliasing.

4.2 Design Table (randomized)

Run AB C
+ - -
-+ +

-+ -
+ o+

+
-+
+

++]

+ -

O NO|OD[WIN|F-

Factorial Fit: Color Gamut versus Paper Type, Dudpe,
Resolution

4.3 Estimated Effects and Coefficients for Color
Gamut (coded units)

Term Effect CoeE Soef T P
Constant 364566 1825 .7290.003

Paper Type 176889 88445 18%%45 0.013
Dot shape 6315 3158 182573 0.334
Resolution 22274 11137 88%.10 0.103

Paper Type*Dot shape 2311 1156 182%3 @.641

Paper Type*Resolution 6373 3186 18257510.331

Dot shape*Resolution 2180 1090 18256000.657

S=5162.94 PRESS = 1705980872
R-Sq=99.96% R-Sq(pred) = 97.33% R-Sq(adjpF D%

4.4 Analysisof Variance for Color Gamut (coded

units)

Source DF Seq SS Adj SS dj MS F P

Main Effects 3 63651618174 63651618174 21R6038
795.97 0.026

4.5 Estimated Coefficientsfor Color Gamut using
datain un coded units

Term Coef
Constant 331155
Paper Type 78885.5
Dot shape -112.00
Resolution 30.9358

Paper Type*Dot shape 1155.63

Paper Type*Resolution 8.85104

Dot shape*Resolution 3.02743

4.6 Least SquaresMeansfor Color Gamut

4.7 Paper Type

Mean SE Mean

Semi Matte

276121 2581

Epson Comm

453010 2581

4.8 Dot shape
Round 361408 2581
Elliptical 367723 2581

4.9 Resolution

720

353429 258

1440

375703 P58

4.10 Paper Type*Dot shape

Semi Matte Round

274119 3651

Epson Comm Round

448697 3651

Semi Matte Elliptical

278123 3651

Epson Comm Elliptical 457324 3651

Mean SE Mean

4.11 Paper Type*Resolution

Semi Matte 720

268171 3651

Epson Comm 720

438687 3651

Semi Matte 1440

284072 3651

Epson Comm 1440

467334 3651

4.12 Dot shape*Resolution

2-Way Interactions 3 101410258 1014102583803419 Round 720 351361 B65
1.27 0.560 Elliptical 720 355497 651
Residual Error 1 26655951 266559526655951 Round 1440 371455 165
Total 7 63779684384 Elliptical 1440 379950 365
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4,13 Effects Plot for Color Gamut and Pareto for Color Gamut

Half Normal Plot of the Standardized Effects Pareto Chart of the Standardized Effects
(response is Color Gamut, Alpha = .05) (response is Color Gamut, Alpha = .05)
Effect Type 12.71
984 ® Not Significant I Factor Name
B Significant A Paper Type:
A B Dot shape
o5 Factor Name c Resolution
A Paper Type
B Dot shape c
90 ny [ Resolution
E 85 AcH
g £
)
e 704 hd F 3
601 °
50-1 4
ol ° AB
30
20 BCH
10
o T T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Absolute Standardized Effect Standardized Effect
(a) (b)

Fig. 2 (a) Half Normal plot and (b) Pareto Chart of tharfslardized effects

4,14 Half Normal Effects Plot and Residual Plotsfor Color Gamut

Residual Plots for Color Gamut

Normal Plot of the Standardized Effects Normal Probability Plot Versus Fits
(response is Color Gamut, Alpha = .05) 2000

Effect Type
® Not Significant
W Significant

1000

Residual

— Factor Name B

§ ‘S‘g: Histogram Versus Order
ID: E 3 = 1000 \ / \
' 10 20 30 40 50 ~2000: L/ \—‘
Standardized Effect 200 1000 Resiudw 10 2 v im,caﬁ.,..smei 78
(c) (d)
Fig. 3 Normal Plot of the standardised effects and Redidlots for color gamut
CONCLUSION FROM THE DESIGN OF coefficients table shows the p-values associatetth wach

individual model term. The p values indicate thastjone

EXPERIMENT OUTPUT: main effects paper (p = 0.013) is significant. €&taype has a

The analysis of variance table gives a summaryhefrhain maximum effect of 176889 on the color gamut andsit

effects and interactions. This shows that Main afeare significant as p value is below 0.05. Next termt fisshaving

significant than two way interactions. highest effect is resolution but it is not signdgit as its p
value is greater than 0.05.

Effect P-Value Signifita B )

Main Effects 0.026 yes In the normal probability plot of the effects, pithat do not
fall near the line usually signal important effectisportant

Two-way interactions 0.560 no * significantapha = 0.05 effects are larger and further from the fitted litiean

After identifying the significant effects (main efft) in the unimportant effects. Unimportant effects tend.t.o dmealler

analysis of variance table, the estimated effectsl a and centered around zero. The normal probabiliby pseso
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= 0.05, by default. The plot in this experiment\wshdhat term
paper is only significant and dot shape and regwiuthange
are insignificant.

The Pareto chart displays the absolute value oétfeets and
draws a reference line on the chart. Any effect #hdends
past this reference line is potentially importarte reference
line corresponds to alpha = 0.05, by default. FtbenPareto
graph generated in this experiment shows the papgras the
significant term.

The DOE analysis says that the change in dot sfrape
round to elliptical and resolution from 720 x 720 1440x
1440 dpi has not shown any significant change®mparison
with the change of paper substrate. This is quitdous due
to the small change in the dot shape from roundlliptical
and due to the higher end resolution that was teldor the
printing. If the dot shapes selected were round smdare or
square and elliptical there would have some siggaifi results
on color gamut. Similarly the printer shows simileolor
gamut when it is printed using 720 x 720 or 144@4Q dpi
resolutions this is due to the fact that both resohs are of
high end and printing with 720x720 dpi is optimuan paper
substrates. In addition to this when an optimunolid®n is
achieved i.e. 720x720 dpi as here further incréagbe ink
deposition will not contribute for enhancing colmut instead
it will increase the amount of ink deposition anth i
consumption which is not economical. The result kdave
some significant effect if it printed with 720x72ipi and
360x360 dpi or other dpi of lower range.

The DOE analysis strongly says here that changa &pson
semi matte proofing paper (90GSM) to Epson proofing
commercial (187 GSM) has a significant change & ¢blor
gamut. When we compare the optical properties eddtpaper
grades, we can see that opacity, brightness anH {iadues of
these papers are somewhat similar with smallegatiam. But
when we compare the gloss there is a huge changfeein
property. To get the gloss normally paper subsirate coated
and calendared with special treatment during mantwifang.
The glossy surface makes the light to reflect iacsar way
and since these surfaces are coated they will It @nk to
get absorbed into the pores of the fibers and du¢hése
properties of the coating the pigments of the ik stay on
paper surface and reflect all the colors resultmgiaximum
color gamut.

The residual plot versus Fits and fitted value peeted to
have values uniformly spread above, below and tjtrout the
length of the zero line then the model is correchwerage for
all fitted values. In our experiment due to lack dsta we
could see only eight values but they are equalbfrithuted
from zero level so the model is quite fine andsitandom in
nature. The Normal Probability plot also expectediave the
residual plots values uniformly aligned with théerence line

to conclude the errors are distributed normally aheé
normality of errors assumption is valid. But in @xperiment
they are not so aligned and more data might benedjto get
clearer picture.

SCOPE FOR FURTHER WORK

In this experiment the two types of dot shapes rtakere
having similar curvature and that could be the meson for
having no significance of the dot shape on the rcghimut.
There are so many other dot shapes available inRilre
software, which have square, line and other shapds using
such dot shapes similar experiment can be perfortoeske
whether the dot shape is significant or not. The tasolutions
taken for this experiment are of high end and foura
significant effect on the color gamut. The resalntioptions
available are vary from printer to printer and $ambstudy can
be conducted to see their significance level.

The entire project is carried at a constant sceegte which is
one of the standards screen angle followed by titing

industry. Some the printers based on the type odganm
whether it is high key or low key pictures screeamgla is

changed for individual colors. Further study canpbenned
for other industry standard screen angles.

The significant factor that was found in this expemt was
the paper type. The glossy surface of the papestguificant
effect and the color gamut was nearly double whapep is
changed from semi matte surface to glossy surfdtes

experiment can also be used by the paper manuéactar
evaluate the improvements that happens due to utace
modification of the paper on the color output.
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