CHAPTER 4
RESULTS AND DISCUSSION

This chapter shows the results‘ discussions of the experiment. They are

divided into four sections: in@ ‘é}ption of ink, determination of the

optical properties and appw gamut MEand gamut comparison.

=

4.1 Inks calibration

W

by diluting with water into

black background coated and

y
=
g Al

— i + =-
Color Eye 7000 spectrophotometer, thef; v}&a database of the ink set. The

spectrophotometric co our matching and gamut matching. The followings are the

results of the %s%ﬁa@nﬁﬂ%%%&lﬂ@ ﬂp%s. Figure 4-1 () and

Figure 4-1 (b) show the plots of the reflectance spectrum of the Direct Black (reddish)
ink anﬂq)jgt’glﬁﬁlmlﬁlmellmg g Meﬂt’lasﬂ concentration
printed on coated paper. Figure 4-2 (a) and the figure 4-2 (b) show the plots of the
reflectance spectrum of the black inks printed on uncoated paper. The figure 4-2 (a) is
reddish black ink and the figure 4-2 (b) is bluish black ink. Figure 4-3 (a-c) show the
plots of the reflectance spectrum of the Acid Red 289 ink (a), Basacid Red 510 ink (b)

and the reflectance spectrum of Acid Magenta 1 ink (c) printed on coated paper.
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Figure 4-2The %ﬂectance spec of Black (reddish) ink (a) the reflectance
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From Figures 4-1 and 4-2, the reflectance spectra of substrates show that the
brightness of coated paper is higher than that of uncoated paper. Both black inks give
a darker shade on the coated substrate than on the uncoated substrate. This is because

these is less light scattered within the coated layer than within the fiber layer.
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Figure 4-3 The reflecidr eke), Basacid Red 510 ink (b)

W

and Acid Magenta 1 (c) printed on coated paper.
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Figure 43 (a-c) showrthe plots of the rreﬁkg:tapce spectrym of the Acid Red
289 mlaq)mm fll)‘ilm ;J mgg::m ﬂcm cid Magenta 1
ink (c) printed on uncoated paper. Figure 4-5 (a-c) show the plots of the reflectance
spectrum of the Acid Yellow 23 ink, Direct Yellow 132 ink and Direct Yellow 86 ink
printed on coated paper. Figure 4-6 (a-c) show the plots of the reflectance spectrum of
the Acid Yellow 23 ink, Direct Yellow 132 ink and Direct Yellow 86 ink printed on

uncoated paper.
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Figure 4-4 The refle ctance Basacid Red 510 ink (b)

and Acid Magent |
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Figure 4-5The reflectance spectrum of Acid Yellow 23 ink (a) and Direct Yellow 132

ink (b) printed on coated paper.
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Figure 4-6 The reflectance spectrum of Acid Yellow 23 ink (a), Direct Yellow 132

ink (b) and Direct Yellow 86 ink printed on uncoated paper.



43

Figure 4-7 (a-b) show the plots of the reflectance spectrum of the Direct Blue

199 ink (a) and Acid Blue 9 ink (b) printed on coated paper.
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Figure 4-7 The reflectangé spéct i he Direct Blue 199 ink (a) and the reflectance
AR
spectrum of Acid B
Figure 4-8 (a-b) s e spectrum of the Direct Blue

199 ink (a) and Acid Biue
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Figure 4-8 The reflectance spectrum of the Direct Blue 199 ink (a) and the reflectance

spectrum of Acid Blue 9 ink (b) printed on uncoated paper.



Figure 4-9 show the plots of the reflectance spectrum of the orange ink printed

on coated paper (a) and printed on uncoated paper (b).
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Figure 4-9 The reflectang® s : ange ink printed on coated paper (a) and
printed on uncoated pz
Figure 4-10 (a-b) show the flectance spectrum of the green ink
printed on coated pa

(@) (b)
Figure 4-10 The reflectance spectrum of the Green ink printed on coated paper (a)

and printed on uncoated paper (b).
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Figure 4-11 (a-b) show the plots of the reflectance spectrum of the violet ink

printed on coated paper (a) and printed on uncoated paper (b).
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Figure 4-11 The reflefang spebtrum of the Violet inik printed on coated paper (a)
and printed on un
; VA T, e
Figure 4-12 (a-b) show the plots ¢ reflectance spectrum of the Basonyl
Red 540 ink printed o
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Figure 4-12 The reflectance spectrum of Basonyl Red 540 ink printed on coated

paper (a) and printed on uncoated paper (b).
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The fluorescent effect of the Basonyl Red 540 ink is seen remarkably when it
is printed on coated paper (Figure 4-12 (a)). At the wavelength of 570-700
nanometers, the reflectance of ink printed on coated substrate is a lot higher than
substrate itself, where as the reflectance of ink printed on uncoated substrate is
slightly higher than the reflectance of substrate at the wavelength of 590-700

nanometers (Figure 4-12 (b)) ‘ of the optical properties of the ink

\d@ coated paper. As seen from
N

that contains ﬂuorescent

The lightness of i

the reflectance spect
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4.2 Absorption of theink

)
-

i

coated and uncoated payers The coated paper has a receiving layer, which is

absorbed 1ayerﬁ.% as ’}mrﬁjp%}t‘%r WEJL{] ;ﬂeﬁng layer as shown in

Figure 4-13. The depth of ink receiving layer whigh is equal thraughout the sheet is
the thicaeﬁffi]ﬂa'n\jlﬂsj mgﬁlonﬂ:]gamrﬂa ﬁsunt and the ink
receiving material is homogeneous. Therefore, the thickness of the ink layer is known.
It was assumed that the ink layer was semitransparent as the ink layer of lithographic
ink. Unlike, lithographic printing, various colours in inkjet cause by mixing of inks

“within the receiving layer.
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Figure 4-13 shows the cross-section of coated paper. The photo was taken at
magnification of 50 by the light microscope. The scale of the ruler equal 0.0038 mm.
The receiving layer was filled with the Direct Blue 199 ink. It was distributed
homogeneously since the coated paper used was a micro-porous paper. The
characteristic of micro-porous affects the s of ink absorption. The ink is absorbed

into the ink receiving layer sc "x 1at @t leave the unsmooth gradation as
x 'l

seen in the cross section picture in Fig

? Ink receiving layer

.. 3\

AN

\

> Base

Figure 4-13 The crosg sectlon of coated paper printed ﬂmg Direct Blue 199 ink.
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The coloﬂ difference between the print oyer white and the,print over black
was aboa mqﬁe@aﬁ ml“am ’] gjm Ilar&lparent Table
4-1 shows the colour difference between the print over white and the print over black
of 6 inks.

Figure 4-14 shows the cross-section of uncoated paper that is printed using
Direct Blue 199. The magnification is the same as in Figure 4-13. The ink penetrates

into the fibre of paper that is not homogeneous as seen in Figure 4-14. This may affect
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the scattering of light entering and the two-contant KM model may be not able to

explian this phenomenon very well.

Table 4-1 The colour difference between the print over black and the print over

white.
Colourants dE*

Direct Black (reddish) 8
Direct Black (bluish) 4
Direct Blue 199 40
Acid Blue 9 40
Acid Magenta 1
Violet
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Figure 4-14 The cross-section of uncoated paper printed using Direct Blue 199 ink.
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4.3 Determination of the optical properties

4.3.1 Concentration dependence of K and S
The reflectance spectrums obtained were subsequently used to determine the

opaque reflectance, absorption coefficients and scattering coefficients. The absorption

with the volume concentrations as
2 @ﬁou strengths is shown using

in arity of the plots for water-based

coefficients of the dyes have
shown as an example in
the plots of four wavelen
inkjet ink is similar to tk 't ‘ : \ g ’~:,- hic ink. However, the nonlinear
dependence of absorptig i’ _ _' o ften appears as a saturation
effect. This causes a plg nst concentration forming a
convex curve rather than

y then can be characterised by

; i
fitting the data to a power series:
LRI j.

Ink volume/%

Figure 4-15 Concentration dependence of K for an acid magenta 1 inkjet ink

printed on coated paper (PR 101).
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The nonlinear dependence of K on C of water-based ink jet ink can be
characterised by the following equation:

K= aC+bC2 Equation 4-1

4.3.2 Determina ..u;.,;.,.,::: eﬂﬁ

The opaque refl rmined 1 order to be used in the calculation

of K and S by using y to use. The flowchart of the

calculation is shown 4 ple of calculation of the opaque

reflectance of magenta i

AULINENINEINS
PRIAATUAMINYAE
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Input

Measured reflectances of printed panel over white (Rw), that
of printed panel over (Rb), that of white substrate (Rg,w), and

that of black substrate (Rg,b)
See part 1 of spreadsheet of Table 4-2

See part2 of spreadsheet of Table 4-2

Set B to B(adj)
1.00001

See part4 of spreadsheet of

= HUE7 fﬂﬁwawni
ARDAY

K Obtain R of
opaque layer / Output

Figure 4-16 Flowchart of the determination of Re,
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4.3.3 Determination of K and S

The K and S are determined using the same spreadsheet as for the calculation
of opaque reflectance. The ink can be selected from the dropdown list to determine K
and S as shown in Figure 4-17. The flowchart of the calculation is shown in Figure

4-18. An example of the calculation

fnta ink is presented in Table 4-3 and Table

.

-

4-4.

= Direct
- | Acid
1} Greer
| Violet

;_\J
o Ao

and S.

e rﬁucﬂcﬁd@% RUAST I B AE) G ot soven i

concentration levels for each ink stored systematigally in the database sheet. By doing
this it %waa ﬁ ﬁtﬂ imuu malllxlcm Heﬂtﬁir&l for which it is
desired to determine K and S, is selected from the dropdown list. Once the coloured
ink is chosen, K and S are determined. The K and S and R, of the thirteen coloured

inks are shown in Table 4-5 (on coated paper) and Table 4-6 ( on uncoated paper).
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Measured reflectances of substrate Rg, that of sample at

Input

every concentration level and that of opaque layer.

Sepat 1of e 43

'

Divide those percentage reflectances

by1 00 to ge S

s
Obtai ]';.._,.{ e

=2

See part2 of Table 4-3

See part3 of Table 4-3

See part4 of Table 4-4

SetKw(c) to 0
./

P

E

LU

Output Obtain Kw(c)
and Sw(c) See part6 and part 7of Table 4-4

Figure 4-18 Flowchart of calculation of K and S.
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Table 4-6

paper.

(continue) K, S and R., of the dye-based inks printed on uncoated
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Opaque R S

400 0.1919 2.4580 1.7983 0.2552 0.1024 0.0942
410 0.2038 2.3856 0.2718 0.0910 0.0933
420 0.2174 0.2790 0.0745 0.0799
430 0.2202 | 10.2684 0.0623 0.0625
440 0.2128 1303602387 0.0699 0.0576
450 0.2102 0.0930 0.0639
460 0.2116 0.1277 0.0852
470 0.2165 0.1770 0.1233
480 0.2270 0.2448 0.1849
490 0.2386 0.3220 02651
500 0.2472 0.4160 0.3653
510 0.2640 0.5472 04914
520 0.2608 0.6808 0.5930
530 0.2455 0.7742 0.6338
540 0.2242 0.8835 0.6652
550 0.2111 1.0558 0.7222
560 0.1994 =___04120 02569 0.200; 1.1875 0.7434
570 0.190 1.1710 0.6812
580 0.1831 1.1093 0.6102
590 0.1796 ¢ 0.9852 0.5258 , | 0.1798 1.1465 0.6127
© 600 y EJ ’}ﬂ EJ nﬁ w g)(] n ‘jl 2463 0.6679
610 185 1.1933 0.6651
620 1937 18911 ¢ 11271 | S0.1936 0.9433 0.5615
oo ) Powl I A iut)d SR DHBE) Voke) owse
640 9| 0.2054 2.2333 1.5753 0.2156 03347 02346
650 0.2010 2.2652 1.7602 0.2282 0.1585 0.1215
660 0.1892 2.3779 2.0875 0.2437 0.0634 0.0540
670 0.1730 2.5694 2.6424 0.2882 0.0203 0.0231
680 0.1706 2.6141 3.3224 0.4687 0.0020 0.0067
690 0.1895 2.3671 4.0033 0.6711 0.0000 0.0000
700 02272 1.9561 4.6643 0.8149 0.0000 0.0000
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The R, K and S determined and shown in Tables 4-3 to 4-6 were carried out
after the surface correction. The method of determining the correction coefficients
used for surface correction according to Saunderson correction was to minimise the
average colour difference, dE,,* between the predicted reflectance and the measured

reflectance. The database a, b, ¢, K, a S obtained were transferred to another

RO the detail given in 4.4). Then the

average dE,* was calc‘@e 49). l\@e spectral shape of predicted
spectrum and measured ¢ ¢om M 4-19). In this research, the

N
photocopying paper w ! ing shpere instrument are shown in

correction coefficient

Table 4-8

Table 4-7 The colour differénce, be

g

reflectance of 13 dye-based.i _gn ated anduncoated paper.
»
(A

Dye-based inks - -
4 Uncoated paper

Black (redish) No match under the specified dE*

e [ USTINENTHENTT

Acid Red 289 53
Basacid Red 510

R QNG NH TN P

Acid Yellow q3

Direct Yellow 132 3 78
Direct Yellow 86 7 No match under the specified dE*
Direct Blue 199 1 97
Acid Blue 9 5 74
Orange 4 26
Green 3 43
Violet 7 47
Average 4 53
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Table 4-8 The corrected coefficients for inkjet ink on Canon PR-101 and

photocopying paper.
Substrates Te T te t;
Canon PR-101 | Print 0.007 0.600 0.993 0.400
Subtrate | 0.021 0.979 0.400
Photo copying | Print 40,020 0.980 0.375
Paper Subtrate L 0.025 ” _ 1 0975 0.400

The average colo d R and the measured R on

Canon PR-101 was 4.1t wa n the colo inks that gave the high colour

of the inks that contained

i )
fluorescent dyes. These dye ;;E#e | Red 289 and the Basonyl Red 540 which
ey 22320,

P

appeared the fluorescent effect in the 590 10 7

o .,‘r»-,.. «

The two-constgt M theo nita léﬁ‘or prediction of the optical

property on uncoated paper because thegaverage colour difference between the

it . n oA kb k V) e e 7.
’S]Wﬁ%ﬂ‘“ﬁw Iﬂj‘ Tﬁlﬁrﬁ Wﬁfﬁ’lﬂcolow inks on

uncoated paper. The S values of inks are high since the fibres of the uncoated paper
scatter the incident light. The uncoated paper is a heterogeneous as shown in Figure

4-14. This characteristic lead to higher the S value also.
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Figure 4-19 Comparison of the reflectance spectrum between the prediction and the

measuring of the Direct Black (reddish) ink (a), the Direct Black (bluish) ink
(b), the Acid Magenta 1 ink (c), the Acid Red 289 ink (d), the Basacid Red 510

ink (e) and the Acid Yellow 23 ink (f) printed on coated paper.
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Figure 4-19 (continued) Comparison of the reflectance spectrum between the
prediction and the measuring of the Direct Yellow 132 ink (g), the Direct

Yellow 86 ink (h), the Direct Blue 199 ink (i), the Acid Blue 9 ink (j), the

Orange ink (k) and the Green ink (1) printed on coated paper.
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Figure 4-19 (continued !n n th@espectrumbetweenthc
prediction and the mg -/ f the h@ printed on coated paper.
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- ‘ .;__(;;- -
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(©) (d)
Figure 4-20 Absorption and scattering coeffcients of the Direct Black (reddish) ink
(a), the Acid Red 289 ink (b), the Direct Yellow 132 ink (c) and the Acid Blue 9

ink (d) printed on uncoated paper.
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4.4 Applications

4.4.1 Application to gamut simulation

The database of inks including K and S, a, b, and ¢ from the K and S
determination spreadsheet is used to determine the predicted reflectance of inks when

they are mixed and printed on a subs

77 The steps of calculation of the predicted

.

the;lmn@ to be used in the formulation

reflectance can be defined as ft
1. Select the table corre

from the table list (fi Hach table contains the various amount
for each component.

2. Select the inks to b tabase list.

Select the table

ﬂ Ui =1 U
Difect blue 199 [
i - [AcidRed 283, ' - .
~ 2} | Dectyelow 132, m
3 W 6 i & Y |6\ &
Select thg inks —| Clear " -
______ T S
M) R T O
adee -
| Clear =
Clear

Figure 4-21 The front page of the spreadsheet used to determine the predicted

reflectance of inks.
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3. Calculate the total absorption, Ky and total scattering Sy coefficients by summing the
contributions from each component in the formulation, taking into account the relative

thickness D of the layer, at each wavelength in the spectrum (Equation 4-2)

Equation 4-2

4. Calculate the reﬂecr h depends on Ky, Su and the

reflectance of the en to Equation 4-3),

Equation 4-3

where o is a function of both the : tance R, and R, (Equation 2-6) and R,

is given by Equation 4- R 4

D 3
ﬂuﬁ?ﬂﬁw?w T -

s QT P R FBE U0 roe o

relative to that used for the calibration print.

B=exp(2Z)-1 Equation 4-5

where Z is defined by Equation 4-6
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Z=D\K, (K, +2S,,) Equation 4-6

5. Correct the Ry value by taking into account the effect of the coating-to-air
- interface (Equation 2-13)

e recipe reflectance spectrum.
For more detail about ations h&sheet, the flowchart of the

calculations is shown i chart, it gives the tristimulus

6. Calculate the colour coordinates

values and CIEL*a* ulation that are stored

continuously row by r

The amount of i n Figure 4-21 is set as shown

in Table 4-9. The total 100 and the increased step is

25. This five levels was found th f .-i cient combinations of mixtures to

observe the colour gamut. mibunts of each ink in the test

A
. ; / : )
formulations that consists o! ks ifi the recipe. Therefore, the

total of unique fonnulaio'n is 70 recipes (5 inks in the recipe), 126 recipes (6 inks in
o

the recipe), 21@&%&[7 ’la(% E}Hiﬁ?;w&éaeﬂﬁmin the recipe) and

715 recﬁas ﬁo inks in the recipe).fThe detail oﬁregvﬁ)es is presented in Appendix

SANTIIEU NIV IR E

(Tables B-1
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Input a,b,c, K, S, r, r, R and amount

of ink.

SetK=0
SetS=0

ue R is obt Equation 4-5 and Equation 4-4

Thgﬂrﬂectance of layer, E,J's

ﬂ u E’Wﬁ%ﬁ w Qﬁwfjs and Equation 2-12

reflectance is calculated

ARIANTTITR: NYIA

Output Obtain XYZ and
CIEL*a*b* coordinates

Figure 4-22 Flowchart of the calculation of reflectance spectrum and the tristimulus

values from the specified amounts of the components in the formulation.
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Table 4-9 Type of recipe in the 5-ink test set.

Type of recipe Number of unique formulation
100, 0,0, 0,0 5
75,25,0,0,0 20
50,50,0,0,0 10

— .,-/-‘d'

50, 25 SSmonee— 30

..--""'" 1| S~
SN
/X" N\

From Figure 4-21, the pan, se J ct tl ber of components and the inks

in the formulation. The K an ‘_ e fromet and S determination spreadsheet

were used in the gamut sunulatxﬁhe colour, gamut of the Pantone Formula Guide

.-"f'l"-f "

==
, LT
747XR is used to reptesent ga i er to estimate the colour gamut of each ink

set. Therefore, it canﬁ | ited number of inks could be

used to cover a large pargo the gamut prodused by several inks.

The coﬂrw Qs mlﬂ nsgwfgrn@ ﬁthe set. The ink can be
selectehfrﬁ ,ﬁuﬁan L]uﬁ gﬁ 51| iljﬁ1 ?% gkﬁ]an Elof 7 inks were
chosen in formuI}E on to investigate which dye based ink set gave the widest

colour gamut. It was found that the ink set consists of four inks (Direct Blue 199,

Acid Magenta 1, Direct Yellow 86 and Black (reddish)) give the widest colour gamut
on coated paper (Figures 4-23 to 4-25). Figures 4-23 to 4-25 show the a*b* colour
gamut of four inks in the formulation under the different illuminations: D65, D50 and

A on coated. Figures 4-26 to 4-31 show the L*a* colour gamut and the L*b* colour
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gamut on coated paper at the different illuminations. The colour gamut of this ink set
printed on coated paper almost covers the gamut of the Pantone book, under different
illuminations. Figures 4-32 to 4-49 show the colour gamut of six inks and seven inks
that were printed on coated paper. The six inks consist of four inks from the best set

oreen. Seven inks consist of four inks from

shown above and two inks of orange a

inks extends the gamut in th en region greatly, as seen in

/ \\ \m is added the gamut of the

Figure 4-23 and Figure 4

Pantone book can be coyére

Figure 4-23 The a*b* colour gamut of four inks: Direct Blue 199 ink, Acid
Magenta link, Direct Yellow 86 ink and Black (reddish) ink, printed on coated

paper, D65/10.
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Y
Figure 4-24 The a*h ‘ﬁ \\\ ect Blue 199 ink, Acid
Magenta link, D. - ' .. i u \\
_ﬁ i3

L\

Cn o m——

eddish) ink, printed on coated

paper, D50/10.

AN &Nﬂfi" R A N8y

* ink-set

-100
a*

Figure 4-25 The a*b*colour gamut of four inks: Direct Blue 199 ink, Acid Magenta
link, Direct Yellow 86 ink and Black (reddish)ink, printed on coated paper,

A/10.
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1 0 pantone book

*_ink-set

~ /;//\\\\

Figure 4-26 The L*a# colc ’ Direct Blue 199 ink, Acid
Magenta 1 ink, Digect ¥e w ke \ eddish) ink, printed on coated
w4 f
paper, A/10. ..M oL \

B2

Figure 4-27 The L*a* colour gamut of four inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink and Black (reddish) ink, printed on coated

paper, D50/10.
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-

Figure 4-28 The L*a# colc Direct Blue 199 ink, Acid
Magenta 1 ink, Digect Xe w : 1 chsh) ink, printed on coated

paper, D65/10. qu LYEr
Iaedins < 4

Figure 4-29 The L*b* colour gamut of four inks: Direct Blue 199 ink, Acid

Magenta 1 ink, Direct Yellow 86 ink and Black (reddish) ink, printed on coated

paper, A/10.
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Figure 4-30 The L*b#colouy g ...,t \ : Direct Blue 199 ink, Acid
: \
Magenta 1 ink, Digéct ¥ellow 86 1 ‘ reddish)ink, printed on coated

Mé" %
paper. D50/10. ARG

Figure 4-31 The L*b* colour gamut of four inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink and Black (reddish) ink, printed on coated

paper, D65/10.
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: \‘\*\\:\ 199 ink, Acid Magenta

f s \

1 ink, Direct Yel 36 ink, Black(: -\ h) ink, Orange ink and Green ink,
[l \

printed on coated paper l(lgﬁ .y

T = 4

Figure 4-33 The a*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, A/10.
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5 2%°% PO-00— 1
100 -80 -66, 0O p 100

Figure 4-34 The a*b*€0loi x*’\\\\\\\\\ 199 ink, Acid Magenta

1 ink, Direct Yellgw 86 i i.'5 A .n\.\\:%‘ Orange ink and Green ink,

&
# - By

—t

printed on coated paper D50/10: ~
JGEEd <

AR A

Figure 4-35 The a*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D50/10.
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Figure 4-36 The a*b*s€olon
1 ink, Direct Yellow 36

printed on coated paper, D65/} f

.f ot _:,.5_4_';'.: =

ARNANTIWTI N4t

Figure 4-37 The a*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D65/10.
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Figure 4-38 The L*a* ir gamut of si t Blue 199 ink, Acid Magenta
1 ink, Direct Yellg ‘ K, Orange ink and Green ink,
printed on coated pape %‘{%ﬁ ey

SPaEd s

ST L

\7

A

ﬂuB*

6 %o

2

o
o"o

Figure 4-39 The L*a* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, A/10.
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: ///ﬂ\\\\\
% \\

Figure 4-40 The L*a¥Colouz ks: Direet Blue 199 ink, Acid Magenta
1 ink, Direct Yellow 86 nk, Orange ink and Green ink,

&b 4
printed on coated paper,D50/1 ‘_,-t -
‘,"..1.1"' :

_ )

Figure 4-41 The L*a* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D50/10.
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Figure 4-42 The L*a*s€olot ' cct Blue 199 ink Acid Magenta
1 ink, Direct Yellg

printed on coated pape 65
!‘r < 1.!"' :

Figure 4-43 The L*a* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D65/10.
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Figure 4-44 The L*b* t-of six lue 199 ink, Acid Magenta
%
1 ink, Direct Ye : 1nk, Orange ink and Green ink,
YE
printed on coated 0. ﬁ' by
e
A
i . 8330 5’60 °o°G =
06020
- maﬂ'%é.{%g %0 m
Pl YUY FINEAT
g © Pantone book
‘ nk.
4
‘qq W 'L 40 20 40 "% 10 El
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Figure 4-45 The L*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, A/10.
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o :‘T‘: Blue 199 ink, Acid Magenta

v.l"l*ﬁ ; ink. Otange ink and Green lﬂk,

Figure 4-46 The L*b*€0lou
1 ink, Direct Ye

D50/10.

Figure 4-47 The L*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D50/10.
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Figure 4-48 The L*b* gblou ,_ j ‘s\\ﬁ 199 ink, Acid Magenta

1 ink, Direct YelloV i : lack(re ish) Orange ink and Green ink,

s

d

Figure 4-49 The L*b* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D65/10.
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The reason for this is that the uncoated paper is not designed for inkjet
printing. The inkjet ink is designed for coated paper where the ink will be deposited
within the coated layer. The two-constant KM model probably cannot describe the

effect of ink absorbed into paper. Generally, in lithographic printing, that the two-

constant KM model can describe verﬁ 1], the lithographic paste ink does not absorb

remarkably into a substrate Q}\‘ ’)oes on the uncoated substrate.
Therefore, the optical wf the 1rﬂ-¢o-:hd on uncoated paper that are
H

determined using the

performance colour di.

The colour gamut of a coloul-;ful picture ' ’, used for the original

with the colour gamut of
three ink set that conm&t of four inks, 51x inks and seven inks in formulation.

Sukkaew ' deﬂ wﬁ}@Aﬂ@ %?Wﬂ}ﬁ@lw values of digital

images. The RGB values then were transformed te=CIEL*a*b* cosordinates using the
standarldiuﬁ:tla@‘ ﬂnﬂn; muulg nf%l;)l @hﬂIEL*a*b* co-
ordinates were taken from her study for the application of gamut comparison. It can
be investigated that which inks in the formulation that can cover the colour gamut of

the original.
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Figure 4-50 The woo a8 used to ‘comparison.

25AM

—_— =t
Figures 4-51 to 4-39's the gploé,gamut of the ink set and the colour gamut
. r-‘ LY JJ'-:,;‘ v‘

aperdtﬂluﬂ%anon/obsérver D65/2. It was found that

- 1
the colour gamut of four inks m_the formufﬁ}) can cover the colour gamut of the

of the wool picture on coat

'-.. Il----
wool picture. Howevir at a hghmess of T'ower than 1(}; the colour gamut of this
— Y

picture can not be rewﬁ_e'd by four inks, six inks and seve_q-x

4 1
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Figure 4-51 The a*hisCololiy gas 1rect Blue 199 ink, Acid

Magenta 1 ink, Digect \ k an - dlSh) ink, printed on coated

paper, D65/2.

¢ 60

QW']&I\“IT]?EIJ W]’Jﬁﬁf] d

Figure 4-52 The a*b* colour gamut of six inks: Direct Blue 199 ink, Acid Magenta
1 ink, Direct Yellow 86 ink, Black (reddish ) ink, Orange ink and Green ink,

printed on coated paper, D65/2.
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b*

AL
Figure 4-53 The a*b jamui of seven inksi\Direct Blue 199 ink, Acid

Magenta 1 ink, Digect/Ve ‘ink, Blz "f___'sh)ink,Orangeink,Green

ink and Violet ink,

[~

Figure 4-54 The L*a* colour gamut of four inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink and Black (reddish) ink, printed on coated

paper, D65/2.
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Figure 4-55 The L*a#olofirfamut of six inks: DirectBlue 199 ink, Acid Magenta

1 ink, Direct Yellg Orange ink and Green ink,

Figure 4-56 The L*a* colour gamut of seven inks: Direct Blue 199 ink, Acid
Magenta 1 ink, Direct Yellow 86 ink, Black (reddish ) ink, Orange ink, Green

ink and Violet ink, printed on coated paper, D65/2.
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120

irect Blue 199 ink, Acid

ish ) ink, printed on coated

A N3
PRATRNIIEINY

Figure 4-58 The L*b* colour gamut of six inks: Direct Blue 199 ink, Acid Magenta
1 ink, Direct Yellow 86 ink, Black (reddish ) ink, Orange ink and Green ink,

printed on coated paper, D65/2.
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Figure 4-59 The L*b

Magenta 1 ink, Digect Ye wﬁ .- ish ) ink, Orange ink, Green

ink and Violet ink, pfin -
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