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ABSTRACT

It has been known that apparent trapping percentages caused by changing printin g
sequence (or printing order) affect the color appearance of the overprint areas. However,
no other studies in the past were done in a standard color measurement system- that is the
CIE system.

This thesis was conducted in order to learn how the selected printing sequences--
yellow-magenta-cyan-black, black-cyan-magenta-yellow, yellow-magenta-cyan-black, and
cyan-magenta-yellow-black-- of a monotack process ink yield the color gamuts on the CIE
LAB color space. Since the two sequences: yellow-magenta-cyan-black and cyan-
magenta-yellow-black, were recommended to be adopted as standard sequences for SWOP
inks, this reseach attempted to prove that these sequences printed by a web-offset press
yielded the similar color gamut on the CIE LAB color space. How the abovementioned
selected printing sequences affected the changes in the apparent trapping percentages were
also studied. The color differences between the color patches printed by changing printing
orders and those of the ideal inks were calculated and compared with one another in order
to find out whether the overprint colors visually differed from one another or not.
Moreover, how the trapping changed the color appearance of the print from what was
expected in terms of hue angles and chroma shifts were studied. Last but not least, the
colorimetric trapping percentages were also studied.

It can be concluded from the findings that the changes of ink sequence of the
monotack ink in the web-offset printing caused the wet-trapping percentages change. Thus

caused the hue angle and chroma shifts which resulted in different color gamuts. It was
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proved that the two sequences--yellow-magenta-cyan-black and cyan-magenta-yellow-
black-- did not have the similar color gamut on the CIE LAB color space; they produced
visually different green.

The relationships between ink trapping percentages and visually different color
appearance in this study can be explained as follows. It is found that the trapping of yellow
over magenta did not yield different color appearances from the trapping of magenta over
yellow. The trapping of cyan over yellow yielded different color appearances from the
trapping of yellow over cyan, but the trapping of cyan over magenta did not yield different
color appearances from the trapping of magenta over cyan.

The densitometric apparent trapping percentages calculated from the Preucil's
equation failed to explain the relationships between the red trapping and the color difference
of the red printed patches from the red ideal ink. The colorimetric trapping percentages
using the Preucil's concept was proved invalid.

Larger sample sizes and other ink sequences are recommended for the next study.
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CHAPTER 1
INTRODUCTION

One of the major factors in determining a proper printing sequence (or printing order)
is apparent ink trapping. The apparent trapping percentages of the inks in multicolor
printing, affect the color appearance on the overprint areas. Although printers mostly work
with halftone dots, each dot of each color does not trap exactly on each other when
printed: some are printed on top of other dots while some are on the paper. The trapping
percentages calculated from the solid ink densities of a color bar of a press sheet are good
indicators for the final color cast.! The trapping percentages are very important for printers
in order to calculate the degree of ink transfer onto a wet or a dry ink film which is first laid
down on the print substrate. Different trapping percentages affect the change in the hue,
saturation, and lightness of the overprints which can be measured by a colorimetric
method.2 Changing color sequences will cause changes in color and the inability to match
the colors on jobs that printed with the same inks and paper, but with different ink
sequences3, because it introduces different trapping percentages for a particular process

ink. Therefore, it is important to understand the background by which ink sequences are

chosen to study ink trap.

Back nd of chosing the ink n i
Theoretically, there are twenty-four ways to combine four process inks, and over

half of these have been recommended on occasions for either letterpress printing or offset



2

lithography printing. The choice of color sequence can be influenced by the type and
color-bias of the job and the press configuration, that is a single, two- or four-color press.4
In the past, the popular sequence in letterpress printing was yellow (Y), magenta (M), cyan
(C) and black (K). According to Terry Scarlet? the reasons for this were; firstly, the yellow
was an opaque chrome yellow and secondly, it was the solution of the backtrapping
problem caused by the thick films of letterpress ink. Backtrapping occurs when the
printing plate picks up some of the previous printed ink from the paper and feeds it back
into the roller train. If light colors are printed first, this effect will not be very noticeable
because the light colors will be absorbed into the subsequent darker colors. Gravure and
sheet-fed Offset Lithography tended to adopt this sequence until one found that laying
yellow down first was not always suitable for offset printing. The reason was that:

"...yellow is usually the most prevalent color in a series of separations; red and blue
are the most prevalent, with black the skeleton or key color. This means that by printing
yellow first, most of the other colors would have to lay down over the wet yellow ink.
Because of the thinner film of ink applied in offset printing , any tendency for poor trapping
is much more obvious than it would have been with the thicker ink films printed by
letterpress."6

Later, a newly developed yellow ink, transparent diarylides yellow, allowed printers
to rotate any color they wanted. Thus, the sequence was chosen according to the printers’
preferences. Gary G. Field wrote about this in the last major Graphic Arts Technical
Foundation (GATF) color survey in 1972, a co-study of web offset printers with Ingram in
1976, and the Graphic Communications Association (GCA) Spectrum'82 research project.

The results of these surveys are presented in Table 1.7



Table 1

Survey Results- Color Sequence Preferences in 1971, 1975, and 1982

Survey GATF- GATF GATF Spectrum'82
All printers Web Offset Web Offset
Year 1971 1975 1982
Number of Samples 123 78 16
Sequences KCMY 28 CMYK 40 KCMY 9
YMCK 22 KCMY 13 CMYK 4
YCMK 16 YMCK 11 YMCK 1
Other* 57 Other 14 CKMY 1
MKCY 1

*Fourteen sequences

From tablel, it is shown that the preference of black-cyan-magenta-yellow (KCMY)
in 1971 changed to cyan-magenta-yellow-black (CMYK) in 1975, and again to black-cyan-
magenta-yellow (KCMY) in 1982. In 1984, Gary Field conducted the so-called "The
Color Sequence in Four-Color Printing" research. He used a perfect trapping condition and
recommended that the two sequences: yellow-magenta-cyan-black (YMCK) and cyan-
magenta-yellow-black (CMYK), should be adopted as standard sequences for SWOP
inks.8 Recently, a 1986 survey on ink sequences illustrates that the two sequences are

popular, as is shown in the Table 2.9



Table 2
A 1986 Ink Sequence Survey

Printing Segments Sequence

YMCK CMYK
heet-f f;

Proofing 25% 62%

Production 6% 84%

Web Offset

Commercial - 100%

Publication 3% 97%

Table 2 shows that the two major sequences, YMCK and CMYK, are used in both
web-fed and sheet-fed offset printing. The YMCK sequence is less popular in commercial
web offset although it was recommended by Gary Field to be one of the standard ink
sequences. The sequence CMYK which is adopted in commercial web offset, however,
has not yet been approved as a standard for SWOP. Furthermore other printers use other
sequences. According to Mr. William Eisner,10 the director of research and development
of the Technical and Education Center of Rochester Institute of Technology, the sequence
that he selected for his web-offset press is KCMY. This choice of ink sequence in web
offset leads to the following question: "How do the two sequences which are equally usable
by a laboratory testing- YMCK and CMYK, affect the color gamut of a process ink used in
a real printing condition?" Moreover,the color gamut that each particular ink sequence
produces has not been studied in a psychometric way. The psychometric terms used are
defined by R. W. G. Hunt. He stated that Psychometric terms are

"terms denoting objective measures of physical variables that are evaluated so as to

relate to the magnitude of important attributes of light and color and such that equal scale



intervals represent approximately equal perceived differences in the atttribute considered.
These measures identify pairs of stimuli that produce equally perceptible differences in
response in a visual process in specified viewing conditions."!1

The ink sequences mentioned above lead to the choice for the most frequently used
ink sequences to study ink trap according to the historical background. They are YMCK,
KCMY, YMCK and CMYK. These sequences introduce different percentages of apparent
trapping, which are the total results of optical characteristics of ink layers. If the apparent
trapping is a phenomenon that cannot be avoided, it is interesting to study how the trapping
changes the color appearance of the print from what was expected, and how the color
gamut of each changing ink sequence differs from that of the ideal ink in order to predict the
color cast of the final reproduction. Moreover, it has been known that the colorimetric
method is more important than the densitometric method in measuring color. The question
is that: "Can the colorimetric method be used to find the valid percent trapping as well as the
densitometric method?"

These questions lead to the following statement of the problem:

ment of lem;

1. What is the color gamut of a process ink on a CIE LAB color space produced
by each selected ink sequence?

2. What are the color differences between the colors printed by each ink sequence
and those of the ideal inks?

3. What are the effect of apparent trapping percentages of each ink sequence to the
shifting of color appearance in a CIE LAB color space?

4. What are the densitometric trapping percentages of different color sequences ?

5. How can colorimetric trapping percentages be calcualated?



1. To find the gamut on a CIE LAB color space of each color printed by changing
the ink sequences. ‘

2. To find the color differences between the colors printed by changing ink
sequences and those of the ideal inks.

3. To find the hue and chroma differences of the overprinted colors from the
expected values of each selected ink sequence.

4. To find the densitometric apparent trapping percentages of each printing
sequence under study.

5. To find the colorimetric apparent trapping percentages of each printing sequence

under study.

imitations:
1. This study focussed on one widely used monotack process ink.
2. The ink sequences under study were: YMCK; YCMK; CMYK; and KCMY.

3. This study dealt with the wet-trap resulted from the web offset printing.

Hypotheses:

1.  Each of the four different ink sequences will yield different color gamuts on a
CIE LAB color space.

2. The YMCK and CMYK sequence will have similar color gamuts.

3. The ink sequence which yields the highest color differences from the colors of
the ideal inks will have the lowest Preucil's ink trapping percentages among

each laid-down color.



FOOTNOTES FOR CHAPTER 1

1. Leslie A. Watkins, "Trap Percentage in Four-Colour Printing", Monthly
Bulletin of the Research Institute for Newspaper Development vol.5, no.2 (February,
1984), p.2.
2. George W. Jorgensen, "Control of Color on Press: Overprints", GATF
Research Project, no. 118 (Pittsburgh: GATF,1983), p.1.
3. Michael Bruno, Principles of Color Proofing (Salem: GAMA
Communications, 1986), p. 82.
4. "Standardising Process Colour Printing", British Printing Industries
Federation (London: British Printing Industries Federation,1983), p.8.
5. Terry Scarlet,"The Controversy of Color Sequence”, Graphic Ar
Monthly vol. 52, no. 7 (July 1979), pp.140-4.
6. Ibid,
7. Gary G. Field,"Color Sequence in Four-Color Printing", TAGA
Proceedings (1984), p. 511.
8. Ibid., p.516.
9. Michael Bruno,"What 's (New)s in Graphic Communications.", Special
Report in_Status of Printing in the USA (1986), p. 13.
10. William Eisner, Interviewed by Author (August 2, 1987.)
11. R. W. G. Hunt, "The Specification of Colour Appearance I Con-cept and

Terms", Color R h and Application vol.2, no.2 (Summer 1977), p. 57.



CHAPTER 2
LITERATURE REVIEW OF THE STUDY OF INK TRAP

According to George W. Jorgensen (1982) ink trap can be defined as follows:

"Ink trap is the lift or transfer of ink from the printing element onto the surface of
a substrate. The substrate may be absorbent, such as paper, or non-absorbent, such as
metal or plastic. In addition, the substrate surface may already be covered, partially or
totally, with wet or dry ink film."1

The term wet-trap is used when the first down ink film is wet before being
overprinted by the second ink and, similarly, the term dry-trap is refered to a study in
which the first down ink film is dry.2 Jorgensen explained the measurable definition of ink
trap as follows:

"Ink trap in single color printing is expressed as the ratio of the film thickness
transferred on the substrate relative to the ink film thickness on the printing element before
impression. In multi-color printing, ink trap is expressed as the percentage of ink film
thickness on overprint areas relative to the same ink film thickness printed directly to the
substrate."3

Therefore the trapping equation would be

Trapping percentage = ink film thickness of ink onink _ * 100

ink film thickness of ink on paper

This definition helps to explain the concept of the Frank Preucil's ink trapping

equation which scated that:
% trap = (Dy, - D1)/D2*100



which Dj is the density of the first-down ink directly on the paper, D is the density
of the second-down ink directly on paper, and D 142 18 the density of the overprint of the
second-down on the first-down ink. The filters that are being used to measure trap must
be complementary to the overprint colors. For example, for the CMYK sequence; this
reads as follows:

% yellow over magenta trap = Dred-Dmagenta/ Dyellow*100 (all densities are read
through a cyan filter);

% magenta over cyan trap = Dblue-Dcyan/ Dmagenta*100 (all densitities are read
through a yellow filter); and

% yellow over cyan trap = Dgreen-Dyellow/ Dcyan*100 (all densities are read
through a magenta filter).

To explain that the Preucil's equation corresponds to the ink trap definition, let D
equal the density of the second-down ink on the first ink layer. This equation assumes that
D1,7 equals D;+D,. Therefore the formula should be

% trap = D,'/D7*100 .

Preucil called his method "apparent trap equation"4 because the way the ink film
thickness has been measured by using a reflection densitometer does not accurately
measure a physical trap. He, therefore, was interested in the total effect of the optical
densities of the two ink film layers.5 The effect of ink trap is hidden in the addivity failure
which means that the filtered density of a combination of inks is not equal to the sum of the
densities of the individual inks measured through the same filter.6 To illustrate, Zenon
Elyjiw stated that

"...the proportion of ink film thickness to density is one of the basic rules of

densitometry, but, it applies only to transmission densities. In reflection densitometry,



there is some maximum density that can be reached. Beyond that it cannot be increased
regardless of how thick a layer of ink is added." 7

According to Yule and Clapper3,the total effect which may be called "apparent trap"
is the result of a number of conditions:

1. First surface reflections. Matte surface papers and inks will cause light scattering
from the surface of ink films and their overlaps. The overlaps will have a higher gloss and
consequently will exhibit less light scattering than the individual ink films. This means that
the densities of the overlaps will be greater than each of the individual layers.

2. Multiple internal reflections. Some light rays, upon entering an ink film, will
reflect back and forth between the paper surface and the surface of the ink film. It
contributes to higher density measurements. For the thick ink films (overlaps), the factor is
less important than for the thin ink films. The overlaps will have a lower density than
would be expected from the sum of the individual ink films.

3. Opacity. The refractive indices of the pigments and vehicles in printing inks are
not identical, the printed ink films will exhibit varying degrees of opacity. Therefore, the
overprint color tends to be dominated by the second down ink color.

4. Ink trap. If a different ink film thickness is transferred to a previously printed ink
as compared to the unprinted substrate, the result is under or over trapping. The sum of the
ink film thickness of the individual inks will not equal the overprint ink film thickness.

5. Back Transfer Effects. In wet-trap, it is possible for the second down ink to
remove some of the first down ink. It thus reduces the thickness of the first down ink, and
consequently also reduces the thickness of the first down ink in the overprint area. The
second down ink will also be contaminated with the first down ink.

6. Spectral characteristics. The spectral response of the densitometer (especially the

filter selection) will influence the additivity of the densites.

10
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There are two more ink trap formulae. The first one has been suggested by Brunner?
It reads as follows:
% trap = 1-10-DS1+2/1.10-(DS1+DS2)* 100
The second one has been suggested by Childers.10 It reads as follows:
% trap = 10(DS1+2-D2-D1)* 1))

In these formulae Dg is the density of the first-down ink directly on the paper, Dg;
is the density of the second-down ink directly on paper, and Dg, is the density of the
overprint of the second-down on the first-down ink.

Zenon Elyjiw stated in 1981 that the preucil's equation was considered valid because
it calculates the whole range of possible trapping from 0% to 100%, and beyond that in
case of overtrapping.11 These three densitometric ink trap formulae have been evaluated in
laboratory experiment by Gary G. Field12 in 1985. He found that the Preucil's equation
was better than the others because it responded in a linear manner to changes in ink film
thickness while the Childers's and Brunner's formulae did not predict the magnitude of the
change quite well. Furthermore, he stated that the Childers's equation seriously
overestimated overtrapping and undertrapping, while the Brunner's equation seriously
underestimated undertrapping.

George Jorgensen!3also suggested that apart from the densitometric method, the
spectrophotometric and the colorimetric method could also be used. He claimed that the
application of the spectrophotometer to ink trap measurement was very similar to that of the
densitometer. Its primary advantage is that it can measure monochromatically at single
wavelengths, across the reflectance spectra of the print. For the colorimetric method, he
argued that it would be a possibility to derive ink trap measurements from colorimetric

values. It would require some mathematical treatment of the data which have not yet been



found in the literature. However, the additivity failure would still apply to both the
spectrophotometric and the colorimetric method.

The trapping has been studied because any change in ink trap affects the color
balance in multi-color printing. Unlike in single color printing, in which only the ink film
thickness can be monitored and only the color saturation and lightness of the ink are of
interest, in multi-color printing the hue, the third dimension of color, is also an important
control factor.14 Therefore, when the ink trap changes, the hue, saturation, and lightness
of the overprint change accordingly. Terry Scarlet supported that the trap or lay down of
one color over another is very important to produce a good secondary color.13 The
abovementioned statements have been confirmed in 1976 by the study of Francis L. Cox,
entitled "A Method for Establishing the Optimum Color Balance in the Trichromatic System
of Color Reproduction". He found that the trapping differences caused by rotation of two
ink sequences-YMCK and CMYK, change the trichromatic balance of a proof press from
that of a production press.16

In 1984, Gary G. Field 17 studied the color sequence in four-color printing by using
a dry-trap laboratory experiment and SWOP inks. He printed solid ink patches of four
sequences-KCMY, YMCK, CMYK and YCKM by achieving perfect trapping. He
evaluated the four-color solids of the paper prints by using the densitometric method and
plotted the values on the GATF color hexagon. He recommended that the follows two
sequences-YMCK and CMYK should be chosen as the standard sequences for the
publication industry because they can produce similar hue and saturation.

From the literature cited, it can be concluded that not only the ink sequence variable
but also the ink trapping varible affects the color appearance of the prints. In printing

condition, ink sequence and trapping caused by changing the sequence, will reinforce the

shifts of the prints' color appearance.

12



1 T h done in this fiel

1) In 1971, Michael Austin!8 studied the color gamut of five ink sets on U*, V*,
and W*color space and found the importance of a given difference in the gamut by
calculating the panel ranking results for the pleasing appearance of each ink set.

2) In 1980, John T. Chittick!? investigated the effects of screen frequency upon
pastel color saturation. He made single and two color overprint tints of 5, 10, and 15
percent printing dot areas with different screen rulings. Then, he measured the
reflectances of these colors with a colorimeter and converted them to CIE L*a*b* color
notation. He concluded that the pastel saturation increased when the screen ruling became
finer (with constant physical dot area), and lightness decreased whenever saturation

increased.

1.3
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CHAPTER 3
THEORY

It has been found that the densitometric system is not appropriate for measuring
colors. The percent hue error and grayness which require filtered densities were discussed
by John Yulel in 1967. He stated that there was a danger if they were used as a color
messurement system because the spectral sensitivities of the measuring instrument were not
related to the sensitivity of the eye. Nor does it correspond to the sensitivity of the
photographic film. He, therefore, stated that "since standard color measurement systems
already exist, it is undesirable to add another system."?

The standard color measurement system that he advocated will be discussed in detail.
It starts from the premise that colors of all surfaces can be ordered in a three-dimensional
space, i.e. the dimensions of lightness, hue, and saturation.3 A color order system based
on these three appearances is called a color appearance system.*

In 1905, A. H. Munsell proposed the use of a color appearance system which is
known to-day as the Munsell system.5 Instead of lightness the term value was used, and
chroma instead of saturation. This system is useful for the graphic arts. John Yule
suggested that the use of the Munsell value coordinates for the tone reproduction study
proved to be better than the density coordinates because it provided a visual uniformity
from light to dark where the density did not.6 The Munsell value can be converted into the

density value by the following equation’:
Y = 1.2219V-0.2311V2 + 0.2395V3 - 0.021009V# + 0.0008404V5

D = - log (Y/102.56)



where Y is reflectance, V is the Munsell Value, and D is the density.

While the Munsell system is the result of collections of physical samples, the color-
order system that was developed to be used in connection with color measurement
instruments is the CIE system of the Commission International de 1'Eclairage or the

International Commission on Illumination.8

IE an IE LAB color

CIE first set a standard color-order system called the CIE chromaticity diagram in
1931. The objective was to describe the qualities of a color with its chromaticity
coordinates x,y,and z. The x, y, and z are the ratios of the imaginary tristimulus values
X,Y,Z to their sum, X+Y+Z.9 The X, Y, and Z are mathematically transformed from the
amount of monochromatic primary stimuli at wavelength 700.0, 546.4, and 435.8
nanometer required by a person with normal color vision to match any of the spectrum
color, provided each of the spectrum light sources emits the same amount of power. 10 The
diagram is the horseshoe-shaped spectrum locus which can be used to tell whether two
colors match. (Two colors will only match if they have the same tristimulus values.)
Unfortunately, as Mc Laren stated, the disadvantage of the CIE system is that it is not
equally visually spaced:

"The CIE system of colorimetry has been in existence for fifty years as a means of
specifying color stimuli and predicting metameric matches. However, it has been known
right from the time of its adoption, that the system does not provide a direct way to predict
whether two slightly different color stimuli can be discriminated by the human eye. The
distance in CIE tristimulus (X,Y,Z) space or in the CIE chromaticity (x,y) diagram,

between two colors that are just noticeably different from each other is very far from being

constant."11

17
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Therefore, there was a great need to modify the CIE system to a uniform color space.

The officially recommended modification known as the 1976 CIE L* a* b* space, which
in 1978 received the official abbreviation CIE LAB , attempts to transform the CIE
tristimulus values X, Y, and Z to the three quantities L*, a*, and b*.12 The -CIE LAB's
idea concurs with the opponent-color coordinates which stated that somewhere between the
eye and the brain, signals from the cone receptors in the eye get coded into light-dark, red-
green, and yellow-blue signals.!3 Thus, the redness or greeness can be expressed as a
coordinate a*, which is positive if the color is red and negative if it is green. Similarly, the
yellowness or blueness is expressed by a coordinate b*, which is positive for yellow and
negative for blue. The third coordinate describes the lightness of the color, and is usually
called L*. The importance of the CIE LAB is that equal distances between colors in any
parts of the CIE LAB color space represent approximately equal perceptual differences
which are useful to determine color differences numerically.14 The L* a* b* values are
calculated from these equations:15

L* =116 (Y/Y)13-16

a* = SOO[(X/XO)IB-(Y/YO)I‘G]

b* = 200[(Y/Y ) /3-(Z/Zy)1 3]

Xo, Yo and Zj are tristimulus values of a perfect diffuser of the illuminant used.
The CIE LAB is recommended for daylight illumination (D65). Thus, X =95.018, Yy =
100.00 and Z( = 108.845. The L*a*b* co-ordinates are cartesian ones but they can be
converted into the cylindrical coordinates L*Cap* hyp, (lightness, chroma, hue angle) by
these equations:16
Cop* = [(a*)2+(b*)2]1/2
hap = arc tan b*/a*

The color difference between sample and standard will be calculated from the

equation AE,p= [(Aa*)2+(Ab*)2+(AL*)2]1/2. AEy, or the total perceived color difference,
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comprises the perceived lightness difference (AL*), the perceived chroma difference

(AC*ab) and the perceived hue difference (AH*,}) from the equation AE;p=
[(AHgp)2+(AL*)2 + (ACap*)2.17 The relationship between the Munsell system and the CIE

system is as follows:
V = Y12 (Y is the CIE Y value)

(V 1s the Munsell value)
Y = Yn [(L* +16)3/(116)3]
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CHAPTER 4
RESEARCH METHODOLOGY

1. Independent Variables
1.1. The ink sequence
The ink sequence means the order in which the process ink will be printed
consetutively in the four-color printing process. The sequences under study are YMCK,
YCMK, CMYK, and KCMY.
1.2. The apparent ink trapping percentage
The apparent ink trapping means the ratio of the acceptance of a new ink film by the
previous layer to that by the paper. The percentage of ink trapping will be calculated by

using the Preucil's equation.

2. Dependent Variables
2.1. Color gamut
The color gamut means the boundary of the color on the CIE LAB color space which
each ink sequence can produce.
2.2. Color appearance of the CIE LAB system

The color appearance is the lightness-darkness, redness-greenness, and blueness-
yellowness of a color.

2.3. Color differences

The color differences are the differences of the color appearances between standards

and samples. They can be divided into perceived lightness differences, perceived chroma



2.3

differences, and perceived hue differences. The standard color appearances are calculated

from the L*, a*, and b* values of the ideal red, green, blue, yellow, magenta and cyan ink.

3. Maerials
3.1. Four positive films of solid patches.
3.2. Four color separation films (high key, low key, normal key and flesh tone)
3.3. Four Kodak Polymatic positive plates .(size 17 1/2 * 21 1/2 in.2)
3.4. A set of G.P.I. monotack process inks.
3.5. Three rolls of Mead coated paper 80 1b (35-inches width.)
3.6. Three plies of W.R. Grace Polyweb compressible blankets.
3.7. Ross fountain solution no.5.

3.8. Graph papers.

4. Equipment
4.1. A Gretag D186 densitometer for process control,
4.2. A MacBeth TR 927 densitometer for filtered density measurement,
4.3. A Thwing-Albert Inkometer,
4.4. A Hunterlab Labscan LS 5100 spectrocolorimeter,
4.5. A Macintosh Plus personal computer and a Jazz spreadsheet program,
4.7. A Harris Graphic M-1000 web offset printing machine (four units).

5. Experimental Pr I
5.1. The four positive flats were exposed to the four positive plates.
5.2. The first sequence:KCMY, was printed by operating the web-offset

machine. By using the printers' eye ball the density of cyan, magenta, and yellow was
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adjusted until the three-color overprints achieved a neutral gray. The numbers of the
printing sheets were 2,000.

5.3. The reflection density of each color was measured by the Gretag
densitometer. The recorded densities for the first sequence were black = 1.60, cyan =
1.20, magenta = 1.15, and yellow = 1.00.

5.4. Other sequences for 2,000 sheets each were printed and the densities to the
recorded densities in 5.3 with the tolerance between +.07 and -.07, were adjusted.

The printing conditions for printing the four sequences are as follows:

5.4.1. The packing of all plates was .001" above bearers.

5.4.2. The packing of all blankets was .005" above bearers.

5.4.3. The printing speed was 1,000 feet/minute.

5.3.4. The conductivity of the fountain solution was 2,600; the pH was 3.9.
5.3.5. The web dryer temperature was 255 F.

5.5. The 30 samples were selected from the 2,000 sheets of each sequence by
picking one sample out of every 50 sheets.

5.6. The red filtered, green filtered, blue filtered, and visual filtered densities of
the color patches on every sample were measured by using the MacBeth TR 927.

5.7. The L*, a*, and b* values of each color patches of each sample were
measured by using the Hunterlab spectrocolorimeter.

5.8. The ink tack was measured by using the Twing-Albert inkometer at 1,200

round per minute and the 90 F temperature.

6. Data Analyses

6.1. The L* a* b* values of ideal cyan, magenta, yellow, red, green, and blue

inks were calculated as follows:
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6.1.1. By using the Jazz spreadsheet program, the X,Y,Z values of each
ideal ink were calculated from the following equation:

X =k [S*O*x or X = k $S*O*x

Y =k [S¥O*y or Y =k £S*O*y

Z =k [S*O*z or Z = k $5*0*z

k = 100/S*y

S = the spectral power distribution of CIE Standard Illuminant D65.
O = the spectral transmittance or reflectance of the object which is either 1 or O for the
ideal inks.
X, ¥, z = 10 standard observer color matching functions (1964 CIE)
6.1.2. After obtaining the X,Y,Z values, the L* a* b* of each ink were
calculated by the following equation:

L* = 116(Y/Y0)1/3-16

a* = 500[(X/X0)1/3-(Y/Y0)1/3)

b* = 200[(Y/Y0)1/3-(2/z0)1/3)

6.2. The mean and standard deviation of the L* a* b* values of cyan,
magenta, yellow, red, green, and blue patches were calculated from the 30 samples of the
four ink sequences.

Mean = Xx/n

SD. = (T (x-x)2/n-1)1/2

6.3. The color difference values between the L* a* b* values of cyan, magenta,
yellow, red, green, and blue of the ideal inks and those of the practical inks were
calculated. The color difference equation is as follows:

AEab = [(Aa*)2+(Ab*)2+(AL*)2)1/2
6.4. The mean and standard deviation of the red filtered, green filtered, blue

filtered, and visual filtered densities (subtracted out the paper densities) of the cyan,
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magenta, yellow, red, green, and blue patches of the 30 samples of the four ink sequences
were calculated. The formulae are as stated in 6.2.
6.5. The densitometric trapping percentages from the average filtered den sity of
red, green, and blue colors from the four different ink sequences were calculated.
% trapping of Y over M = (Rdensity-Mdensity/Ydensity) *100
(the densities were read through a blue filter)
% trapping of M over Y = (Rdensity-Ydensity/Mdensity) *100
(the densities were read through a green filter)
% trapping of Y over C = (Gdensity-Mdensity/Ydensity) *100
(the densities were read through a blue filter)
% trapping of C over Y = (Gdensity-Ydensity/Cdensity) *100
(the densities were read through a red filter)
% trapping of M over C = (Bdensity-Cdensity/Mdensity) *100
(the densities were read through a green filter)
% trapping of C over M = (Bdensity-Mdensity/Cdensity) *100
(the densities were read through a red filter)
6.6. The expected average L* a* b* values of the red, green, blue patches,
produced from each ink sequence, were calculated by the following procedure:
6.6.1. The expected average L* a* b* values of the red patch were
calculated.

6.6.1.1. The reflectance of the red patch from each sequence were

calculated.
Since D of R(expected) = D(Y+M)r + D(Y+M)g +D(Y+M)p

R of Ry(expected) = -antilog D(Y+M)r
R of Rg(expeclcd) = -antilog D(Y+M)g
R of Rp(expected) = -antilog D(Y+M)p
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D of R(expected) = the total density of the red patch
D(Y+M); = the red filtered density of the yellow patch + the red filtered density of

the magenta patch

D(Y+M)g = the green filtered density of the yellow patch + the green filtered density

of the magenta patch
D(Y+M)p, = the blue filtered density of the yellow patch + the blue filtered density of

the magenta patch

R of R(expected) = the expected reflectance of the red patch in the red region of the
spectrum

R of Rg(cxpccted) = the expected reflectance of the red patch in the green region of

the spectrum
R of Rp(expected) = the expected reflectance of the red patch in the red region of the

spectrum
6.6.1.2. The X, Y, Z values from R of Ry, R of Rg, and R of Ry, were

calculated by using the spreadsheet program as stated in 6.1.1
6.6.1.3. The L* a* b* values of the expected red were calculated by
using the spreadsheet program as stated in 6.1.2
6.6.2. The expected average L* a* b* values of the green patch were
calculated.

6.6.2.1. The reflectance of the green patch from each sequence was

calculated.
Since D of G(expected) = D(C+Y), + D(C+Y)g +D(C+Y)p

G (expected) = -antilog D(C+Y)y
Gg(expcctcd) = -antilog D(C+Y)g
Gp(expected) = -antilog D(C+Y)p

D of G(expected) = the total density of the green patch



D(C+Y); = the red filtered density of the cyan patch + the red filtered de nsity of the
yellow patch
D(C+Y)g = the green filtered density of the cyan patch + the green filtered density of
the yellow patch
D(C+Y)p = the blue filtered density of the cyan patch + the blue filtered density of
the yellow patch
R of Gp(expected) = the expected reflectance of the green patch in the red region of
the spectrum
R of G g(expected) = the expected reflectance of the green patch in the green region of
thespectrum
R of Gp(expected) = the expected reflectance of the green patch in the red region of
the spectrum
6.6.2.2. Calculated the X, Y, Z values from R of G, R ong, and R of

Gp by using the spreadsheet program as stated in 6.1.1

6.6.2.3. Calculate L*a*b* values of the expected green by using the
spreadsheet program as stated in 6.1.2
6.6.3. Calculated the expected average L*a*b* values of the blue patch

6.6.3.1. Calculated the reflectance of the blue patch from each sequence.
Since D of B(expected) = D(C+M); + D(C+M)g +D(C+M)p
R of B(expected) = -antilog D(C+M);
Rof B g(cxpectcd) = -antilog D(C+M)g
R of Bp(expected) = -antilog D(C+M)p
D of B(expected) = the total density of the green patch
D(C+M), = the red filtered density of the cyan patch + the red filtered density of the

magenta patch
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D(C+M)g = the green filtered density of the cyan patch + the green filtered density of

the magenta patch

D(C+M)y, = the blue filtered density of the cyan patch + the blue filtered density of

the magenta patch
R of By(expected) = the expected reflectance of the blue patch in the red region of the

spectrum

R of Bg(expected) = the expected reflectance of the blue patch in the green region of

the spectrum
R of Bp(expected) = the expected reflectance of the blue patch in the red region of the

spectrum
6.6.2.2. The X, Y, Z values from R of B, R of Bg, and R of By were

calculated by using the spreadsheet program as stated in 6.1.1
6.6.2.3. The L* a* b* values of the expected blue were calculated by

using the spreadsheet program as stated in 6.1.2
6.7. The AC,p and AHyzp between the average measured L* a* b* values and

those of the expected values calculated from 6.6 for the red, green, and blue patches of each
sequence were calculated.
Cab* = [(@*)2+(b*2]1/2
ACyp*= Cap*(measured) - Cap* (expected)
AHgp = [(AEgh)? - (AL*)2-(ACab*)2]1/2
6.8. The trapping percentages from the average measured L* value of the red,

green, and blue patches of the four sequences were calculated. The procedures were as the

followings:

6.8.1. The L* values to the CIE Y values were transformed by this

equation: Y = 100[(L*+16)3/(116)3]
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6.8.2. The CIE Y values to the Munsell value(V) were transformed by this
equation: V = Y1/2
6.8.3. The reflectance values from the V values were calculated by this
equation: Reflectance = 1.2219V-0.2311V2 + 0.2395V3-0.021009V4 + 0.0008404 V>3,
6.8.4. The density values from the reflectance values were calculated by this
equation: D = -log(Reflectance/102.56)
6.8.5. The trapping percentages were calculated from the density values by
using the following equations:
% trapping of Y over M = (Rdensity-Mdensity/Ydensity) *100
% trapping of M over Y = (Rdensity-Ydensity/Mdensity) *100
% trapping of Y over C = (Gdensity-Mdensity/Ydensity) *100
% trapping of C over Y = (Gdensity-Ydensity/Cdensity) *100
% trapping of M over C = (Bdensity-Cdensity/Mdensity) *100
% trapping of C over M = (Bdensity-Mdensity/Cdensity) *100
6.9. The L* a* b*color gamuts from the cyan, magenta, yellow, red, green,
and blue colors of the four sequences were plotted.
6.10. The expected L* a* b* values of the red, green, and blue colors were

plotted in order to show the AC;p* and AHgp,
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CHAPTER 5
RESULTS

I. The Characteristics of the variables under study

1. Table 3: The L* a* b* values of the ideal inks.

L* a* b*
Ideal Cyan 95.17 -30.14 -2.00
Ideal Magenta 63.57 68.57 -55.13
Ideal Yellow 95.65 -15.00 123.02
Ideal Red 48.37 80.50 110.99
Ideal Green 90.40 -52.50 -85.80

From table 3, the L* a* b* values of the ideal inks were very high because they were
generated from the assumption that the ideal cyan, magenta, and yellow inks should absorb
one-third and reflect two-thirds of the spectrum band. The ideal red, green, and blue inks

should absorb two-thirds and reflect one-third of the spectrum.
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2. Table 4: The mean of the L* a* b* measured from 30 samples of the YMCK,
YCMK, CMYK, and KCMY sequences.

CYAN MAGENTA

L* a* b* L* a* b*
YMCK 61.12 -3339  -36.66 4995 5885  -11.70
YCMK 60.75 -3484  -36.36 4880  59.77 -11.07
CMYK 6097 -34.82  -36.26 50.18  59.65  -11.60
KCMY 6094 -3470 -37.19 49.55  60.88  -10.78
YELLOW RED
L* a* b* L* a* b*
YMCK 84.15 -5.67 96.74 53.17  42.45 57.88
YCMK 8399  -8.10 97.02 4970  46.30 55.32
CMYK 8496 -6.74 93.98 48.62  52.38 45.81
KCMY 8503 -6.62  95.67 48.15  53.75 48.11
GREEN BLUE
L* a* b* L* a* b*
YMCK 5576 -57.08 3491 3230 1934 -39.42
YCMK 56.54 -56.81 37.69 3235 1046  -41.02
CMYK 5475 -59.20  26.58 34.16 1087  -41.23

KCMY 54.13 -59.71 29.45 32.47 12.67 -41.68
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From table 4, the L* a* b* values of the cyan, magenta, and yellow patches of the
four sequences did not vary much from one another. On the other hand, the L* a* b*
values of the red, green, and blue patches do differ from one another.

The red patches, the L* a* b* values of YMCK, YCMK and CMYK, KCMY were
close to each other.

The same is seen for the green patches, where the L* a* b* values of YMCK,
YCMK and CMYK, KCMY were alike.

However, for the blue patches, the L* a* b* values of YCMK, CMYK, and KCMY
were alike, but they were different from those of the YMCK.
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Figure 1. The color gamuts of the four different ink sequences plotted on the CIE

LAB color space.




35

3. Table 3: The color differences of the cyan, magenta, yellow, red, green, and blue

colors between the practical process inks under study and the ideal inks.

AE Cyan AE Magenta AE Yellow AERed AE Green AE Blue

YMCK 48.70 46.54 30.17 65.51 88.49 98.35
YCMK 48.86 48.29 29.32 65.35 85.57 105.48
CMYK 48.64 46.33 34.36 70.99 96.68 104.81
KCMY 49.31 48.06 30.51 68.34 94.31 102.87

The matching acceptable tolerance for lithographic reproduction is in the order of 6
CIE LAB color difference units.! The table 5 can be explained as follows:

The colors of the primary printing inks (: cyan, magenta, and yellow) of the four
sequences were not visually different from one another because the color differences of
each color did not differ from one another over the 6 CIE LAB color difference units. This
statement proves that the process control of the solid ink densities of the four sequences
was successful. For the red colors of the four sequences, the red color differences of each
sequence were not higher than 6. It can be concluded that the red color produced by the
four printing sequence were not visually different. For the green colors of the four
sequences, the green color of the YMCK and YCMK sequences were not visually different
from each other, as well as those of the CMYK and KCMY. However, the green colors of
the YMCK,YCMK and the CMYK,KCMY are slightly different. For the blue colors of the
four sequences, the blue colors of the YCMK, CMYK, and KCMY were not visually
different from one another. The blue of YMCK was visually different from those of the

YCMK and CMYK: but it was not visually different from that of the KCMY.
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4. Table 6: The mean of the filtered densities (subtracted off the paper densities) of

the cyan, magenta, yellow, red, green, and blue patches of the four ink sequences under

study.
YMCK SEQUENCE
CYAN MAGENTA YELLOW RED GREEN BLUE
R filter  1.21 0.13 0.02 0.10 1.06 1.00
Gfilter 0.39 1.08 0.06 0.82 0.40 1.24
Bfilter  0.11 0.55 0.99 1.38 0.88 0.50
Vfilter 0.28 0.74 0.22 0.83 0.55 0.88
YCMK SEQUENCE
CYAN MAGENTA YELLOW RED GREEN BLUE
Rfilter  1.25 0.13 0.03 0.12 1.03 1.17
Gfilter 0.39 1.12 0.05 0.93 0.38 1.18
Bfilter 0.10 0.57 1.05 1.44 0.87 0.54
Vfilter 0.28 0.76 0.23 0.92 0.53 0.85
CMYK SEQUENCE
CYAN MAGENTA YELLOW RED GREEN BLUE
R filter  1.26 0.12 0.02 0.17 1.12 1.83
Gfilter 0.40 1.10 0.05 1.04 0.42 1.13
B filter 0.11 0.55 0.99 1.33 0.79 0.52

Vfilter  0.29 0.74 0.23 0.97 0.56 0.82
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KCMY SEQUENCE
CYAN MAGENTA YELLOW RED GREEN BLUE

R filter 1.27 0.12 0.02 0.12 1.19 1.15
Gfilter  0.40 1.13 0.06 1.08 0.43 1.20
Bfilter 0.11 0.57 1.03 1.40 0.85 0.55
Vfilter 0.29 0.76 0.23 0.99 0.58 0.86

5. Table 7: The densitometric trapping percentages of the four ink sequences under

study.
% TRAP (DENSITOMETRIC VALUES)
RED GREEN BLUE
YMCK 70.46 86.74 71.91
YCMK 78.01 79.71 69.99
CMYK 79.11 68.76 66.67
KCMY 80.29 71.65 70.85

This table shows that the trapping percentage of the red color for the KCMY
sequence was the highest (80.29%). Second ranked was that of the CMYK sequence
(79.11%), third that of the YCMK sequence (78.01%), and fourth that of the YMCK
sequence (70.46%).

The trapping percentage of the green color for the YMCK sequence was the highest
(86.74%). Second ranked was that of the YCMK sequence (79.71%). Third was that of
the KCMY sequence (71.65%), and fourth was that of the CMYK sequence (68.76%).
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The trapping percentage of the blue color for the YMCK sequence was the highest
(71.91%). Second was that of the KCMY sequence (70.85%); third that of the YCMK
sequence (69.99%); and fourth that of the CMYK sequence (66.67%).

6. Table 8: The expected L* a* b* values of the red, green, and blue colors which

were calculated from the filtered densities of the primary cyan, magenta, and yellow inks.

L* a* b* Expected from the Filtered Densities
RED GREEN BLUE
I a* b* | B a* b* By a* b*
YMCK 44.69 50.50 4440 60.01 -24.00 46.00 29.51 9.00 -36.00
YCMK 37.62 63.50 36.60 59.83 -27.50 48.00 27.69 7.50 -31.20
CMYK 44.46 51.00 4480 59.92 -24.00 4540 29.79 10.00 -37.20
KCMY 43.87 50.00 46.00 59.16 -24.55 46.60 28.88 9.00 -37.00

From the table, the L* a* b* expected values proved to be different from those of the

measured ones.

7. Table 9: The ACyp* and AH,p, between the Cap* and the Hyp values of the

expected red, green, and blue and the measured red, green, and blue.

ACy, AHgp
YMCK RED 4.53 15.03
GREEN 15.02 31.48

BLUE 6.80 8.51
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ACa AHg,

YCMK  RED 1.15 25.40
GREEN 12.85 28.28

BLUE 10.24 0.51

CMYK  RED 1.70 0.15
GREEN 13.53 37.55

BLUE 4.12 0.20
KCMY  RED 4.19 0.95
GREEN 13.91 36.56

BLUE 56.48 2.30

For the red color, the ACy, of the YMCK was the highest (4.53). Second ranked

was that of the KCMY sequence (4.19); third was that of the CMYK sequence (1.70);
and fourth rank was that of the YCMK sequence (1.15). The AH,p of the YCMK

sequence was the highest (25.40). Second ranked was that of the YMCK sequence
(15.03); third that of the KCMY sequence (0.95); and fourth rank that of the CMYK

sequence (0.15).
For the green color, the AC,p, of the YMCK sequence was the highest (15.02).

Second ranked was that of the KCMY sequence (13.91); third rank that of the CMYK
sequence (13.53); and fourth rank that of the YCMK sequence (12.85). The AH g, of the

CMYK sequence was the highest (37.55). Second ranked was that of the KCMY sequence
(36.56); third that of the YMCK sequence (31.48); and fourth that of the YCMK sequence

(28.28).
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For the blue color, the ACyp, of the YCMK sequence was the highest (10.24).

Second ranked was that of the YMCK sequence (6.8); third that of the KCMY sequence
(5.48); and fourth that of the CMYK sequence (4.12). The AH 4}, of the YMCK sequence

was the highest (8.51). The second rank was that of the KCMY sequence (2.3); third rank
that of the YCMK sequence (0.51); and fourth that of the CMYK sequence (0.20).



Figure 2. The plots of hue angle and chroma shifts of the overprint colors from what

was predicted on the CIE LAB color space. (YMCK.)
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Figure 3. The plots of hue angle and chroma shifts of the overprint colors from what

was predicted on the CIE LAB color space. (YCMK.)
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Figure 4. The plots of hue angle and chroma shifts of the overprint colors from what

was predicted on the CIE LAB color space. (CMYK.)
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Figure 5. The plots of hue angle and chroma shifts of the overprint colors from what

was predicted on the CIE LAB color space. (KCMY.)
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8. Table 10: The trapping percentages of the four ink sequences calculated from the

L* values.
% TRAP (COLORIMETRIC VALUES)
RED GREEN BLUE
YMCK 64.65 79.61 66.58
YCMK 70.94 75.53 61.68
CMYK 15.37 55.87 55.51
KCMY 13.94 61.69 58.10

This table shows that the trapping percentage of the red color for the YCMK
sequence was the highest (70.94%). Second ranked was that of the YMCK sequence
(64.65%), third rank the CMYK sequence (15.37%), and fourth rank the KCMY sequence
(13.95%).

The trapping percentage of the green color for the YMCK sequence was the highest
(79.61%). Second ranked was that of the YCMK sequence (75.53%); third rank that of
the KCMY sequence (61.69%);and fourth that of the CMYK sequence (55.87%).

The trapping percentage of the blue color for the YMCK sequence was the highest
(66.58%). Second ranked was that of the YCMK sequence (61.68%); third that of the
KCMY sequence (58.10%); and fourth that of the CMYK sequence (55.51%).
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II. The analysis of
the relationships between

the dependent and independent variables

1. Table 11: The relationships between the percent ink trapping and the AE of the

overprint colors between the practical and the ideal inks.

RED

% TRAP AE
YMCK 70.46 65.51
YCMK 78.01 65.35
CMYK 79:11 70.99
KCMY 80.29 68.34

GREEN

% TRAP AE
YMCK 86.74 88.49
YCMK 79.71 ; 85.57
CMYK 68.76 96.68

KCMY 71.65 94.31
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BLUE
% TRAP AE
YMCK 7191 98.35
YCMK 69.99 105.48
CMYK 66.67 104.81
KCMY 70.85 102.87

For the red color, the different trapping percentage was not visually different in the
red patches of the four sequences. This means that the trapping of yellow over magenta or
magenta over yellow yielded the same visual effect. The percent trappings of 70.46,
78.01, 79.11, and 80.29 were not different in producing the same color appearance.

On the other hand, for the green color, the different trapping percentages did cause
the visually difference in the green patches of the four sequences. The percent trapping of
86.74 %for the YMCK sequence, and of 79.71% for the YCMK sequence, yielded the
same visual effect because the AE values were not over 6 units. The percent trapping of
68.76 for the CMYK sequence, and 71.65 for the KCMY sequence, also yield the same
color appearance because the AE values were not over 6 units. The color appearances of
green produced from the YMCK and YCMK sequences (cyan over yellow) were slightly
visually different from those produced from the CMYK and the KCMY sequences (yellow
over cyan) because the AE values were different from each other over 6 units, but not more
than 12 units.

For the blue color, the different trapping percentages did not satisfactorily prove that
they cause the different color appearances. The trapping of 71.91% for the YMCK
sequence (AE=98.35) yielded the different color appearance from the trapping of 69.99%
for the YCMK sequence (AE= 105.48), of 66.67% for the CMYK sequence (AE=104.81),
but not different from the trapping of 70.85% for the KCMY sequence (AE=102.84). The
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trapping of 69.99 % for the YMCK sequence, the trapping of 66.67% for the CMYK
sequence, and the trapping of 70.85% yields the same color appearance since AE values did
not differ for more than 6 from one another. It can be concluded that the trapping of
magenta over cyan, or cyan over magenta did not yield a significantly perceivable difference

in color appearances.

2. Table 12: The relationships between the percent ink trapping calculated from the
L* values and the AE of the overprint colors between the practical and the ideal inks.

RED

% TRAP AE
YMCK 64.65 65.51
YCMK 70.94 65.35
CMYK 15.37 70.99
KCMY 13.95 68.34

GREEN

% TRAP AE
YMCK 79.61 88.49
YCMK 75.53 85.57
CMYK 55.87 96.68

KCMY 61.69 96.68
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BLUE
% TRAP AE
YMCK 71.91 98.35
YCMK 61.68 105.48
CMYK 55.51 104.81
KCMY 58.10 102.87

From the table, for the red color, it was shown that the trapping of magenta over
yellow was far more different than that of the yellow over magenta. However, they
produced the same color appearance because the AE value did not differ for more than 6
from one another.

For the green color, the different trapping percentages did cause visually differences
in the green patches of the four sequences. The percent trap of 79.61 % for the YMCK
sequence and of 75.53% for the YCMK sequence yielded the same visual effect because
the AE values were not over 6 units. The trapping of 55.86% for the CMYK sequence and,
61.69% for the KCMY sequence also yield the same color appearance because the AE
values were not over 6 units. The color appearances of green produced from the YMCK
and YCMK sequences (cyan over yellow) were slightly visually different from that
produced from the CMYK and the KCMY sequences (yellow over cyan) because the AE
values were different from each other over 6 units but not more than 12 units.

For the blue color, the different trapping percentages did not satisfactorily prove that
they cause the different color appearances. The trapping of 66.58% for the YMCK
sequence (AE=98.35) yielded the different color appearance from the trapping of 61.68%
for the YCMK sequence (AE= 105.48), of 55.51% for the CMYK sequence (AE=104.81),
but not different from the trapping of 58.10% for the KCMY sequence (AE=102.84). The
trapping of 66.58% for the YMCK sequence, the trapping of 55.51% for the CMYK
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sequence, and the trapping of 58.10% for the KCMY sequence yields the same color
appearance since AE values did not differ for more than 6 from one another . It can be
concluded that the trapping of magenta over cyan or cyan over magenta did not yield a
signigficantly difference in color appearances.

It is worth noticing that the Preucil trapping equation did not work well in the
application to the colorimetric trapping values because it underestimated the trapping of the

yellow over magenta.

III. Visual evaluation of the prints

All the images printed by changing the four printing orders were viewed under the
5000 K light. The subjective evaluation of the images are as follows:

For the high key images, all printing orders produced similar color reproduction;

For the flesh tone domained images,the sequences YMCK and YCMK produced
yellowish skin tone; the sequence KCMY produced reddish skin tone; but the CMYK
produced normal skin tone;

For the normal key images, there were no noticeable difference;

For the low key images, the sequences YCMK-CMYK produced brownish gray but
KCMY-YMCK produced neutral gray;

For the color patches, all the sequences produced similar green; the sequences
YMCK and YCMK produced different red from KCMY and YMCK; and the sequences
KCMY and YMCK produced different blue from YCMK and CMYK.
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FOOTNOTES FOR CHAPTER 5

1. Milton Pearson,"Image Reproduction Colorimetry"”, Color Research and
Application vol. 11, no. 1 (Spring 1986), p.48.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The hypotheses testing
1. The first hypothesis: each of the four different ink sequences will yield a different
color gamut on the CIE LAB color space, was rejected.

_-~From table 5, the YMCK and YCMK sequences yield insignificantly different color
gamut and so did the CMYK and KCMY sequences. The sequence CMYK yields
significantly different color gamut from the YMCK and YCMK.

2. The second hypothesis: the YMCK and CMYK sequences will have similar color
gamuts, was rejected.

From table 5, theYMCK and CMYK have significantly different color gamuts.
They produced visually different green.

3. The ink sequence which yields the highest color differences from the colors of the
ideal inks will have the lowest percent ink trapping among each laid-down colors.

Table 13: The total percent trapping of red, green, and blue and the total AE values of

the four ink sequences.

TOTAL % TRAP AE
YMCK 229.11 252.35
YCMK 227.71 256.40
CMYK 214.54 272.48

KCMY 222.79 265.52



53

From the table, the sequence CMYK had the highest color differences and it had the
lowest percent ink trapping. Therefore, the third hypothesis was failed to reject.

The most suitable ink sequences for this study are the sequence YMCK and YCMK
because they yielded similar color gamuts and had lower A E of all colors than the others.

It can be concluded that the changing of ink sequences of the monotack ink in the
web-offset printing caused different color gamuts on the CIE LAB color space. The
apparent wet-trapping degrees caused the hue and chroma shift which resulted in the
different color gamuts. However, the different gamuts on the CIE LAB color space, which
were dealt with two values: the redness-greenness and the yellowness-blueness, did not
indicate that they were the results of changing printing orders. The study of the color
differences, which are the total effect of the redness-greenness, the yellowness-blueness,
and the lightness-darkness, can tell whether the change of the printing orders affect the
color appearances or not.

It was found that, for the monotack inks under study, the trapping of yellow over
magenta did not yield different color appearances from the trapping of magenta over
yellow. This means that the red colors produced by alternating yellow and magenta were
alike. Furthermore, the trapping of cyan over yellow yielded a different color appearance
from the trapping of yellow over cyan. This means that the green colors produced by
alternating yellow and cyan were visually different. And the trapping of cyan over magenta
did not yield a different color appearance from the trapping of magenta over cyan. This
means that the blue colors produced by alternating cyan and magenta were alike. These
findings did not correspond to the visual evaluation under the light source of 5000 K .

The subjective evaluation found that the red patches produced by alternating yellow
and magenta were slightly different. The green patches produced by all printing orders
were alike. The blue patches produced by alternating cyan and magenta were slightly

different. The difference between the color temperature of the instrument used (6500 K)
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and the viewing light (5000 K) may be the major cause of metamerism. For the high key
images, all printing orders produced similar color reproduction. For the flesh tone
domained images, the sequences YMCK and YCMK produced yellowish skin tone; the
sequence KCMY produced reddish skin tone; but the CMYK produced normal skin tone.
For the normal key images, there were no noticeable difference. For the low key images,
the sequences YCMK-CMYK produced brownish gray but KCMY-YMCK produced
neutral gray.

The two sequences, YMCK and CMYK, which were recommended by Gary Field to
be adoped as standard sequences for SWOP inks, did not have the similar color gamut on
the CIE LAB color space. They certainly produced visually different green. Furthermore,
it was found that the most suitable ink sequence was yellow-magenta-cyan-black because it
gave the highest trapping percentages and had the least total color differences from the ideal
inks.

The densitometric apparent trapping percentages calculated from the Preucil's
equation explain the higher percent trap, the lower color differences of the green and blue
from the ideal inks well, but fail to explain the red trapping.

The colorimetric apparent trapping percentages which calculated from the L* values
by using the Preucil's concept was not valid because it resulted in a very wide range of
yellow-magenta trapping which contradicted the insignificant color differences.

The recommendations for further study are as follows:

1. Larger sample sizes are required.

2. Other ink sequences should be studied.

3. The method of calculating the colorimetric trapping percentage is yet to be found.
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[able 14: The L* a* b* values of the ideal cyan ink

avelen... O KY x 1y z Beex — B30y TR Key
380 i 30, 00002 00007 0,01 00,03 ()
350 1 547600024 00003 00105 013104 0018381 0.5 001638
400 i 82806191 0,002 0086 T 3814801656 71208, 0.16%6
410 ] §1.507T0.0847: T 0.0088 038941 7.750050.8052 4363017 0.8052:
4307 ] 93402045 00214 TS 191008 T 9986 90318 199876
430, i 861 0.314% 70,0387 1859580 284497 H 35829 154 688473135529
440; 1 104.9: 03837 0.0621 19673 4025013 6.51429; 9063608 6.51420:
450 i 1177708707 00895 9948 A 319104718 23873918 104715,
460 1 117877030230 0.12821  1.7454:735.610094: 15.10196: 205.608]: 15.10196:
470; ] 11487 0.1956 0,183 03196 32474447 31731948 "36.49224 21727948
480 i 1159 0,005 02336 077211 9329981 29 392 34T8Y 488382539204
450 | 1088 70,0162 033011 4183 1 16256 36 89408 43184647 36 89408
500; 1 109.40/0038 04608 04185 T0.41875 3041183 S3.9639. 8041152
510 1 107877700975 7 0.6067: T 0.112; 4104256540226 12,0736 65.40226
530; i 1048 00177 07618 0.0607 12334967 79 83664 6.36136. 79.83664;
530 ] T4 02968 085300508 8 41105 94559047 508 4RS]94.55904°
5407 1 104403768 0985 60137 4033192 00 43387 143078 T100.4328,
350: 1 10408368 00918 T 0.004 8310993 103,145 0,416 103.1472
$60° i 100: ™ 0.7052 0:9973 O 10829918 0955
570° 1 5637088 T 09558 0 BAET8R1T92 02428 U 97105458
S80: i 98T 1.0142 0.868% 0:797.16036 8324062 0 "8324062:
550 i g8 14185 01194 09921095 6893558 0 6595538
800; | OO 112406583 01011685247 039247,
610 0 89.6:  1.0305 0.528 0 1 1} 0 473088
620 [ 87908563 0.3981 13 0: [0} 0345135
630 0 B33 0.6475 7 0.2835 13 0 [ 0 25.81555:
840; 13 B3 TT0.4316 0,198 0 0 0 0: 1504926,
6350 (13 80 02683 0.i076 O [i; 0 0 8608
860 [0 §3737 01528 0.0603 0 [} 0: 0 495688
610 [0} 82300 00318 i} 0 [ 0361714
630: [0 18300409 0.0159 0 0 0 01,2449
650; 0 6977010199 0.0077 1 0 [1; 0 T0.5966Y:
100 [ 116 T0.0096: 0.0037 0 0 13 0: "0.264972
710! [1} 45700046 0.0018 0 1} &> 0013374
730; 0 61.6 " 0.0022 ™ 0.0008 1 0 U 0 0.04928
T30 0 69.9 0.601;  0.0004 i} 0 [+ 0 0.02796
140, [ 4815 770.0008; T 0.0002 0 0 0 0 0.01%02
7150 0 63.6; " 0.00030.0001 [ 13 0 O 0.00838
160" (i 4647 0.0001 i [ i [ v (13
T 0: 66.8: 0.0001 1} 1} [} 1} 0 0:
780: i 634 [1; 0 i 0 0 0: b:
3 ol oK 0ARY TO2LekE TidLRES 16502
“factor | 0.086036
VAL YVAL T ZVALUE =
68.675441 88 00824 9749189
L¢= = =
§807 T -30.14 3
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Table 15: The L* a* b* values of the ideal magenta ink

Wavelen... 0 i x Z Bs0rxTREORy TTRIAS; ey :
380! i 3000007 066007061 00035 )
390 i 34.6: 0.0024: " 0.0003 06105 0.13104] 00183803748 06164
400, i 82.8 0.0191 0.002: 0086 158148 "0.1656: 7.1208 " 0.1¢356
410: i 91.5  0.0847 " 0.0088 " 0.3894: 15008 08052 T H8 630108052
420 i 03402045 001400728 10 608 T 0086 TR0 BT T 068 76
430, 1 86.7: 03147 0.0387. 1853577 38449 38850" 134 6884743556
440; 1 104.9: 0.3837 " 0.0621: 196734025013 6514297 406.3698 651499
450 i 117; 03707 0.0895: " 19648 Ay 37109 104715 9335916104913
460; i 117.8: 0.3023  0.1282 19454 58 61094 1510196 206476081 18107196
470; i 114.9:  0.1956: 0.1852:0.3176! 22 474447 21 279487 38 452347 51 5994%
480; L A13.90 0.0BOS: 02536 00721 Y 32995 R 390547 8Y 4R63Y. 29 39234
490: ] 108.8  0.0162; 0.3%97 04153 1.16256 38 89408 43.18464 36 89408
500 1 109.4:  0.0038 04608 0.2185: 70,4157 5041152 339039 5041183
510 0; 107800373 06087 0112 0: (1 0 "65.40226.
830 1} 1048 00170 0761800607 i} (1) 0; 79:83664:
$30; (1} 107702365 68953 T 0.0508 i} (1 094725904
840 0. 104404768 0962 0.0137 i} 0 0 100.4328:
350 4 104:  0.5298:  (.9918 0.004 0 0 0 103.1_5‘,"2';
560; 0 100;  0.70%2 0.9973 O 0 O O 9973
570 0 G873 0878709556 1} 0 0 079202428
$80: i} 948 1014208689 it i} i 08324063
850 i 8811185 0.4 0: i} i; 0:"68.95538;
600 i [ 1.12470.658% 0 10118 59.237 0594
610; 1 89.6;  1.0303 0.528 G 923338 473088 0 473088
620 1 8.1 0.8563:  0.3981 0 75.09751: 349133 0 3491337
€30: i E979770.6475 09813 05193875 9181888 02381558
640 1 83.7 04316, 0.1798 O 36.12492; 15.04926 0: 7 15.04926:
650 i 80 02685 0.107¢ 0 21484 8,608 13 8.608:
660; i B2370.1526 70,0603 01234372 4755666 0: 495666
610 i g2.47 00813 0.0318 0! 669099 T 6iYi4 0 L6114
680 i 785 70.0409; 7 0.01%9 0 A20247: 12449 0: 71,2449
650 i 697100199 0.0077 G 138703 051669 0 0.8%66%
700 i 1.6 0.0096 " 0.0037 0068136 T 0.2649% 0028492
N i FAATT00046 T 0.6018 O 034178 0.13374 0013354
730 1 €16 0.0022 " 0.0008 0013552 0.04928 00049728
130 i 699 0.001; " 6.0004 6 0.0699: 7 0.03796 0102796
Y40, i 7510 0.0003; " 6.0002 0. 0.03783 " 6.01302 0 0.01%02
750 | 6367706003 0.0001 ¢ 0.01908 " 0.00638 0000856
160 i 4647 0.6001 i} 0 0.00484 i} [0} 1)
116 i 66.80.0001 1} 0000668 it i} O
780: i 634: (1} 1} U [1; 0: b b:

amol 1 6T4 SIS Y8 0010, TI09318 11627059
K-factor | 0.086058
VAL T YVAL T2 VALUE =
B3 BE5TT AN AN IG5 46367
[ 4= ¥= =
3811 TT8E 8T T(35.1%)




Table 16: The L* a* b* values of the ideal yellow ink

avelen... O S X 7 Be0ex ROy TTREOR TRy :
380 0 800,000 000007 0 0 0 0;
360 0 5460002400003 TTBI0108 i} 0 BT0T638:
400 0: 828 0.0191 0.002 0.086: i} i} 0:70.1656
410 0 §71.577770.0847 0008803894 0 V; 008052
450 0 [k - Y - LT X1 v - X L 0 1} 0 TR T8
430 i} B6. T 0T U038 T 85Y! 0 ) 01335579
440 i 104903837 0062119673 0 it 0651429
450 i} 117703707 60895119948 0 i; 0104715
460 1 11787 030237 0.128271.7454 0; 0: 0 15.10196:
470 0 114.9 0.1956 0.1852: 03176 0 0 0: 21.2794%:
480 [0 11595 00808 02538 67121 0 1) 029854
490" (i} 1088 0.01620 0336104153 0 0 0 36789408
800 i 109.470.0038 0. 4808 0218804182 5041182 H4 0039 5041152
510 i 107877003757 0.6067 0112 40435 65 400561207567 6540246
520 1 104.8 0.1177 0.7618 0.0607; 1233496 19.83664 636136 7983664
B30 i 1070 02568 08 00305 28 4105 64 35004 T 98485 94 735904!
ZETSAD i 104404768 0985 00T 50 I9Y 1004338 T 45058 1604348
550 1 104 0.5298 0.9918 0.004: 55.0992i 103.1472 0.416; 103.1472:
860 i 100: 09052 0.9973 0 16,52 99773 0 99.73;
570! 1 965 TT0ETEY 9358 O HAGTRRT 9202428 019503428
BE0: i G5 BTTT0142 08689 0! 97 160361 8324062 08324067
850 i 3 S A W VL W ki 09931099 6895538 0: "68.95538:
g00 i o0 1124706583 o V1 08 U S WY (CEN WY Y
610 i §9.67 120503 0528 G 9343847 3088 04T 088
630! i B0 856303081 01409751 3479133 0034791337
650 i i Yic A1 W9 b KT W X K 1 03393678 918153 02581555
640 1 B3.7 04316 0.1798 (0 36.12492 15.04926 & 15.04926:
630 i 80; 026830076 091464 £ 608 08608
860 i g2 30526 0.0603 0: 1284312469566 0493668
8710 i §2.3 700813 0.0318 0:76.69099; " 2.61714 0261714
6E0: i FEATTTTO0400: T 0.0159 O 0247 T 44T 010440
690; 1 E1TTTO0T99 000 0 1748703053669 008566
J00 i 416 0.0096 0.0037 0068736026497 0026493
710 i JA3TT0.0046 T 0.0018 0! 034178013374 0013374
150 i G185 0.0025 006008 0013552 T0.049%8 00.04928:
P50 i 69.9 0.001;0.6004 & 010699 002796 0603796
41 i 48170005 T0.0002 003755001502 o 0.01502
150 | §4870I0004: T 0.0001 0001008 000638 o 000638
160 i 46477700001 0 0000464 o 0 0
6 i 668 0.0001 0: 0:0.00668 0: i} 0
780; | 634 1 0 i} O: 0 0 b
Sum of HO% 4549 10360347 4746999 1162.029
K facior F U.086056
VAL... ;YVAL... ZVALUE=
76 88741 8915735 4085054
] ¥ = a*= h*=
98631 (I5.00% 12302
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Table 17; The L* a* b* values of the ideal red ink

Waveien... 0 i ) z S0 x TTIRRORy TSR ORZ TSRy :
380 0: 50:0.0002 0 0.0007: 0 0 0 .
390; b: 5476 0.0024: 00003 T0.0105! 0 1) 0001658
4b0; (13 858700191 0.60%: " 0.0%6: 0 0; 00656
410 0 018 0.0847: 00088 T G.3804 0: 1] O RDsD
430 1) 6347702045 00214709728 0 0 01049876
430° 0 867 0 314Y; U038 T I88S 1} i) 07335529
440" 0104 G TR 6062119603 0 0 0: 631429
430 b 1177703707, 0.0895 19448 0 1) 0 T0 418
460 OO 117803023 00128219454 0 0 0. 15.10196;
470 1) 114.9: 0.19%6  0.18%2 063176 (1} (1} 0721737948
480 o} 115900805 0.2536 07721 0 (1) 09646254
450, O TO8E T B0i82 T 03351 0.4153 0 0 0. 3689408
300 [0} 109.4:  0.0038 0.4608 0.218% 1} 0: 05041152
510 1} 107800575 0.6087 0112 1} 1} 06540256
830 i) 1048 0917 09618 6.0607 i} (1 07983664
£30 o 107702563 U852 610308 i} 1} 094795504
L4 [1} 104403768 0982 0.0137 i} o 01004328
850 i} 104 08298 04918 0.0604 i} i} 01031472
360 1} 100 0.7052: 69973 0 1 0 i 99773
£10 0 G674 T O R8T 09556 ¢ i} 0 QLY X pL YIS
S80: O 95.8 1.0142:  0.8689 i} [} 0 0; 8324062
560 O B8.7 1.1185 0.7774 0 0 0 0: 68.95538:
600 | o9 112406583 610116 59,247 0789247
610 1 89.6 1.0305 0.528 0 923328 473088 O 473088
620 i B ETTO e 013981 0509781 3413 03491339
610 i 3 P HI 1 W7 b LT 1 Yo 1 K 1 (SRR Lk N S L] 0 23781353
640 1 83,/ 04316 0.1798 0 36.12492 15.04926 0 15.04926
630 i B0 02885 01078 021464 8,608 i} 8,608
660 | B22TT0I%6 T 0.0609 O 1234972 495666 0495668
670 1 82.3 0.0813 0.0318 0 6.60099: 261714 0 2.61714
680; i Y83 6.6409; 0.01%9 G 450247: 13449 0124497
650: i 6971770.019% 7 0.0077 018703 0.59669 0 0.8568Y:
[0 i 416 0.0096 " 0.0037 O 0687361 0.36492 O 0.2649%
IO i 4400046 0.0018 05341787 0.19374 (A EEY
7350 i 6176 0.0022 " 0.0008 0019552 0.04928 0 0.04928
130 i 699 0.601 " 0.6004 0 0.069%; T 0.027986 0002796
140 i 48160005 0.0002 6:0.0373% T 0.61502 0 b.01502
750 | 83.67770.6003 7 0.0001 0001508 000638 000636
Y60 i 46.475.0001 [1; 0:"70.00464 0 i} 1)
T10: 1 66.8 0.0001 [ 0 0.00668 0 0 i}
7E0: | 634 1} 1} 1 i; 0 0: b:

um of 4082457 1985947 0 1162.0%9
iK-factor 0.086056
VAL Y VAL T ZVALUE=
4TI I0%034T 1}
[ a*= o
AEAYTTE0R0 T TTI09Y
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Table 18: The L* a* b* values of the ideal green ink

Wavelen... 0 N B z Be0rx Re0sy T WsE T ey
380; 0 5000007 0" 0.0007: 0 0 0 0
390 0 847600024 00003 0.0105 G 0 BV TU01638
400; o B2B 00191 0,002 0,086 0 0 001656
410 1] 91.5 70,084 0.0088: 0.3894 0! 1] 0 0.8052
430, [1) G347 02045 00214 T69Y! o 0: 0199876
4307 0’ B6 703147003871 .8535 1} 0 0335529
440 O I04.9; O AR 00621 T 9673 13 0 07651429
450: i 117777003707 0089519048, 0 o 07104715
480; 1} 117803023 01282 1.74%4; i} 0 0 1810166
470; (V) 114.9770.1956 7 0.1852: 63176 0 0 021 2?@53‘
480" 1) 11597"0.0805: 02596 07121 0 (1} 0! 2939254
450 O 1088 0.0162 0359104183 [ 0 0. 36.89408:
S00: 1 109.4 0.0038: ~ 0.4608:  0.2185 041572 3041152 235039 5041"1'52'
510 i 1070037506087 0114 40428 6540538 1407566840536
520 1 1048 00177 076181 0.0607. 1233496 19 83664] 636136 19.83664°
830 i 107702365 0.878% T 0.0308! 28.471057 94.35904] 5284859425904
540 1 10440368 0 G8E 0TI A A2 TIO0 AR T 43058 1004338
&30 1 104 0.5298)  0.9918; 0.004; 45.0992:103.147%2; 0.416; 103. 14"?2’
560: 1 100 0.7052: 7 0.9973: 0 10.52 99.73: O 99,

{7TR10; | 96470878 T 0955%¢: 0! B4 818K1T 9202428 “"“‘“‘“""D’"b:! 02423
SBO: 1 95k 1.0142:  0.8689: 079716036 134062} 0 83, 24062
390 1 B8.7 1.1185 0.7774: 0 99.21095; 68.95538 0 6898838
00 | [0 1124 08584 O I0T 6 T86.24Y 086347
610 [i; 89.6 1.0305: 0.528 0: 1] 0 O 473088
630 B g 0856813081 i} it i) 034791337
630; 1} 8373706475 TT0.0813 1! O v 04 B1853
640° 13 B3.1TT0.4316 0.1798 i} 0 1} 0 15.04926
€50 i} 800288501076 i} 0: i; 1} 8608
660 0 8220152600603 1} i} 1} 0 495666
610 i} 823700818 00918 1! 1} i} O EEITI4
680: (1 8.3 0.0406: " 0.0159: 0 0 0 0:1.2449%
(30 [1] 8y 00199 0.0077 G 0: it 0085669
00 i} W6 00096 6.0037 0: i} 1 0 0.26493
710 (i} J447 00046 0.0018: i} 1) 0 0015374
730 i} §1.6770.002% T 0.0008 it 1} it 0004928
150: i} 699 0.001: " 0.0004 0: i} o 0:"0.02796
140 0; 15.1 0.0005 0.0002 0 1 0 -0 0.01502
750 b 63,677 0,0003 " 0.000) G 1} 0 O T0.00636
60 0 464 0.0001 1} 0 v; i [V o:
110 i} 668 6.0001 1} i} 1} i} 1} (i
780: 0 634 0 [1; 0: (1} 0 i} 0

am ol T 8893718 066867 4K 46599 T165.0%99
Jactor | U.08803
VAL, YVAL... ZVALUE=
8071916 77.16559: "4.085094
L2 %= b=
90,401 (5250 116.20
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Table 19; The L* a* b* values of the ideal blue ink

Wavelen..” O S B z Be0Fx %08y WA sy
330 i 8000002 6010007 0.01 60038 0
350° i 546 0.0024; 0.0003T0.0105 03104 001838 T 03753001638
400 1 82800191 0.002 0.086: T 387148 0.1656 7120801656
4100 1 91.5;  0.0847: 0.0088 0.3894 Y 15005 080527 HS 63017 08052
430’ If 93.4: 02045 0021409728 IO 008 T TGRYE TR0 BTS00 Ye!
430! ] 86.7; 03147 " 0.0387; 18835372844y, "4 385391 134 6884 3135529
440 1 1049 0.3837: ""0.0621: " 1.9673:"40.25013: 6.51429, 3061698 6.51429"
450 i 1170 70.3707 7 0.0898: 19948 AN 3119104718 234916104718
460 1 117.8: 030230 "0.1282 1.94%4 58 61004 1310196 2056081 1810196
490 1 114.9.  0.1956:  0.1852 03176 22474447 3121948 36 49234 21727948,
480 i 115.9: " 0.0805 " 0.2536 07721 " 9.339851 29 59274" RYAK6NY DY 39104
490 i 108.8 0.0162: " 0.3391: ""0.41583; 1.16256 3689408 45 1846436 89408,
860 i 109.41 " 0.0038 " 0.4608 02185 041892 $0.471%2 4390639 041183
510 o} 107800375 0.6067 0112 1] 1] 06540226
520; O 1048 0177 09618 TT0.0807: [0} 0 01983664
530 0 107.7 0.2365 0.8752: 70,0308 0 0 094725904
540 i; 1044 0.4768; 0962 0.0137 0 U: 0 100.4328:
850x 4 104 0.5298 0.9918 0.004 4 0; 01031472
560: 4 100:  0.7052:  0.9973 0: [V 13 0: 99.73:
590 i} 9631 OETEY 09558 1! 1 (1} 092102428
L{:0 1} 958 10142 0.868%: 1} 12 1} 0: 8324063
850 O BET T 10188 01174 b O 1] 06895538
600, 0 [0 1.124:770.6583! i} 0 i} O 8G 247.
610: i 89.6 1.0305 0.528 [V G i O 473088
630 (i} g7 08565 0,308 i} [¢; i} 04479193
630 0 831708475 702815 1} 0 b 261555
640; 0 837 04316 0.1798 4 [i} O 0 15.04926
630 v} 80 0268501076 i} 0 i} O R 608!
() 1} 822701526 0.0603 1; U: [1; 0: 495666;
810: 0 g82.3 00813 0.0318: 4 0 O 0 261714
680 i} 83700409 0.0139 i} 0 i; 0:""1.24497
650 i} 69700199 0.0077 1] i} U 0 0.5586%
JoO i} J1.6 0.0096 0.0037 1} 13 1} 0 0.26492
AL i; Y44 0.0046  0.0018 i} (14 [v; 0013374
730" i} 616700022 0.0008: [v; [ [s; 0 "0.04928:
10 i} 699 0.001:  0.6004 b 0: O: 0:0.02796:
140 i; 453500005 0.0002 1} i} 0 O 0.01%03:
750 1} §3.677 00003 0.0001 1} i3 b 0 0.00836;
160 i} 46.47 70,0001 0: G i i [ 0
TI0: i 66.8: 0.0001 1} 1 0 [ i (13
TE0: b: 634 i} 1} 0 0: o} 0: b

Sum of 2090731 176.4063 11093167 1162.029
-factor 0.08605
X VAL... :YVAL... ZVALUE=
1799206 15 . 1BOBE: 95,4636
L™ a%= e
A3 BETT0500 ] (85.80)
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APPENDIX B
The L* a* b* Measured from the 30 Samples of Each Ink Sequence
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APPENDIX C
The Color Differences between the Colors: Cyan, Magenta, Yellow, Red, Green, and Blue
of the Process Inks and Those of the Ideal Inks Calculated for the Four Ink Sequences
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Table 24: The color difference values calculated for the YMCK sequence

DECT. DELY BELT. T DECT " DECT T DELYA'E
CYAN “'MAG... 'YELL .. RED "~ \GREEN BLUE
498848 6305418 AT RS 08 To8 8%
48147 46 88 29631 65.10: 88.79: 99.03
49 1974668301365 .03TTRG 3RO 43
4908 T 48T 29 AR T TS.29 T ER 8T TR 4
4788 TTE6 47044 TeS 0T R Y
486374685 30.0% 66,10 8888 oES4
4817 746.49 1 30.227 8500 TEBRY 9794
48254681 30.56 7 68947 BY 81T
471871 746.197F 2629 65507 BB8Y 98149
4812 AR TR ST RS B4 TR 6T TR 6T
4786 46537 50.04 76565 BT 99820
48756 YS9 TT66.06 T TEE ST 8L
AR AR T84T Y T ER 4979798
49.19: 46.01: 2993: 65.26: B89.07: 9858
83045 B 29.89 7 6550 BRBY T TORY4
4947177746307 29.007 68,55 T B Y OR €Y
49987746347 2861 65.01 ER 94 9B 96
4827 4641: 29.11: 6538 BE.38: 98.16
4888748197049 65601 B80T 9B 4Y
4T ES A6 A TA YT 6560 TR 98 84
48.53: 46.69: 3061; 65.27: B1.69: 98.66
4968774659000 8503 T R B 9820
48301 4638 30.52F 6493 BB46: 9809
48764656 297965140 BR08 . 9811
48847 ARG EY TTRASS R 34Ty
49 By AT 03R48 ESe T RN
49760408 ATI09 T 8598 T 8R4 98 44
4875 AT A2 T 6569 R 22T
498174692 32472 6647: 88.47: 98.11
4941471986897 89041 9863
ean= Mem= Mean= Mean= Mecan= Mean=
g0 46847130177 6551 8849 1 9835
STD =" TD="8TD="81D="1$TD = "$1TD =
0821057093 T08S T 06059




Table 25: The color difference values calculated for the YCMK sequence

DELTA DELTA ":DELTA DELTA "DELTA DELTA™
CYAN 'MAG... 'YELL. RED " GREENBLUE ™
TAGAETA0T 30946589 RS 0 10358
4898489 IG5 A8 TR 2 104187
49 854 8T 9806814 871810898
481 TR IS A8 68 AT T E600° 105,14
4888 AT ST IE99 T ES 31T EA 97110493
TA9ATTETAT Y IE94 64 8T 8549710533
4894 A0 AR TS TR R T108010
4891 TAT24 39196408 T ESI0 105,10
4883 AT 09888 Y T E39 108120
49107 AT EY TGy T RSB ES07 104,98
4898 4TS A99Y g a8 TR 38 105139
A8 BATAT 2079006497 84187 105.03
4862 VAT 4008 T 6s 188508 10567
489 AT IEI6T 6868 EA8T 108113
4819 AT AT I TRAST T8 697 106.38
497367 ARG TES YT UES N 106,05
4847 AT IR TG 65 43T 84 897 103.98
4838 AN 36T A9547 65801 B 80 105.51
TARYY AT AT YR8 A1 853 106,03
4898112 TE AT 64507 BS540 105768
A8BOTTATY BT 688y T 8892110622
4891 AN 06981 T 888N T EEI04 105142
4879 AN07E9.50°7 65,907 8633710586
48 85143809651 65867 8494710572
48457748507 295316538 R4 10560
480474 3809491681810 105,
483677746917 799.187 65427 86.831105.09
4874748997 288265100 86921 10551
494474067 29417 86,167 86,91 105.40
4886746917304 76587 T BSE1 110890
ean=  Memn=""iMean="Mean="Mean=""Mean=

A8867 A9 TTA9.87 7 6585 T 885710348
RIS D= DTS TSI T

P08 04y 03809204




Table 26: The color difference values calculated for the CMYK sequence

SELTA DELTATIDELTA”DECTA DELTA IDELTA ™
CYAN MAG... YELL..."RED ":GREEN:BLUE
AR A0 O8O0 10403
49.48:46.66 1 33.997:10.30 ) 96.62:104.23
48 447464880431 T96.9970164799
4887 VA6 4067 098 T8 8T 104751
49307 46.43 1 34RE 0,66 97197 104.67
49007 746.4277 8539714879766 104196
4900 T4 YN TT0 55T 94799710478
49.32: 46.39: 3505: 70.75: 95.43:104.71
4971277 46,357 734957 0911 978171 104.56
4942746507 348569647 105,00
4866 4612 34537 770.727795.927:106.01
480074621543 TTT0.58T 0634 104.61
A8 R8RS T 008 TR0 T 104 76Y
49064631 40271 ST 42710561
489971 46.2671 34,16 11331 96.287 105.49
494474884 TTTN082 T G628 10426
4947 644544 T 044964710514
470874616 R4 TI0397T 9540710557
4877074636 Y408 08 95195104743
494646173489 T0 39T 9510477
48921 46461 3349 71327 97.34:104.71
497187486 Y RTTT092TT96.567 104,54
4T E6197 4647 1036 66,941 10372
473546247 AR T 9T 67 105,67
P\ B T R (3% T S Y T3 W R T R Y S R 15 Y )
47.627746.15: 34451 11.48 96.99: 104.20
TATAYTT46.497 34131 71,601 95.94 104.80
A7 AT TR 96437 105.01
4764714607384 IN067T 9723 104,87
47 B TTE6 380 2195681 105.02
Mean=  Mean=Mean= ean= :Mean= iMean=
486446337 3436709977 96,68 104,81
3 D S 0 SR 0 S 0 S y ) SRy D
S0 0 S e LT S ) W Y )




Table 27: The color difference values calculated for the KCMY sequence

DELT... DELT... DELT DELCT BELT. DELTAE
CYAN "IMAG... C'YELL RED ] GREENBLUE
CUARYS AT 880,007 8815 T 93,90 110360
LT VAN V30D B 10 T Y I S S VR DR Ly Rk
4918V ER 2998 T A TG T TI0237
4918774810 30,607 68.27 T 94501 102.93
492374773038 68T 94012710274
494247927 80.987 6758 19510 10328
4980 YIRS TTRT 0 TN 60102 A1
49407479371 30.337 68105 96,1171 103.458
4934747 94130257 6761 94127110383
4943747 470987 RB0 T Y5 28036y
4946: 4758 30.38: 6830: 94.20: 102.83
490G AT AT I087 R4y 1951710326
ARG S TTAY TR ET T e 11T 960410375
4938 AT 8T 30487 68T T 9581 103,81
497147ABTT 3081 686477 9650 102.80
405074817098 Te8.96 9500 {
49 577 4R Y2 30237 68127 9375110235
4930 VAR RS TH085 T 6945 95,16 102.58 :
497607 4R8S T S0.057 67,197 94 447 102.24”
4937V 4B 901 68927 94.05:102.60
4805 4811 30377 68.04: 9257:102.53
AT UARIIR Y9 TR 07942910252
TAOOTT AR T R1.06 6881 9496 10252
4941 T AR 4RO T 6T 66 T B A9 101.67
4975974880 TI0 TG A8 T95.03 102,18
AGAY AR ATA0064 7 88 T2 T 98 4T 10248
A9 TTAR AT 30.68 7 68.8571 94.30: 102.35
49067494709 89 037 95,19 103.20
A9 81V TAYI4TR0.11 6832 9536 103.38
49444V IR0 6E 66 9398 1 104.22
ean=  itdean= iMean= can=  iMem=" iMean=
4973174806 3081 68 3494 T 102,87
=TT ST D= ISTD= ST
018703408y 052 9806

o

=4
b
~
oo




APPENDIX D
The Densities of the 30 Samples Measured from the Yellow, Magenta, Cyan, Red, Green,
Blue, Black, and White Patches Through a Red, Green, Blue, and a Visual Filter
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Table 28: The red filtered densities of the YMCK sequence

YELL"MAG T EYAN TTIGREENBLUE
0.08: 0. RS T S L T T X
09020 2SO T 0
030 019 1247018 T4 08
2,008 009 1280 TS 08
O8O T T8 T 0%
0.08 0,09 129 0T T I TTT6
______ 0.08:0.20: "1.23: 017403
0097019 1300 TS 08
0.09: 0.9 "1.27 007 11208
L,0.09:70.20: 125007 TS 06
009 0N TR0 TS 07
0.08: 019 12570171866
CT0.09 0192800 1.127777.08
0.09: 020 13208 TS T TII08
0.09: 020 12710177 T4 T08
0.06: 020 13T 007 13T
0.0 020 1327018 1177771108
0007 021 1237 0.8 10857108
0.09: 021 130: 0.18: 1.12: 1.08
0.00 021 12409 I TIOR
0.09: 0217 1287 0.8 18110
001 0211 "1.31F 0197 118 1.09
0.10: 0.2 132: 0.19: 1.16: 1.07
0100211 1.297 0,187 1118511010
0.017F 021 133008 1014108
[ SN = N O I - 1)
011777023 1327770200 114110
0017702471307 0267 1161110
OI12TT0AT AT 20T T T
0107703 T AT T T8 TR
iMean="Mean=" :Mean=" iMean= = iMean= Mean= Mean=
0.09" 02028018 LA 17 194 008
0.01; T R T S L)

77



Table 29: The red filtered densities (subtracted out the paper densities) of

the YMCK sequence

C-Wt Wi iG-WL o BWL KAWL
T8 7709071071067 R
1777001 1.05 101 ig9
1.18 0.12 1.08 1.02 1.90
1.2 0107108 TO9RTT L RE
1.19 0.09 1.04 0.96 1.83
1227776007 710471600187
196770007 71.07:77096: 18T
1.24 0.11 1.09 1.00 1.91
12077701677 1.087 098 8Y
IR 7000777 1.08: 099771837
P21V 0107T T 06700 T Re
TATT000TT08 008 90
1.18 0.107771.05 0.98 i.9i
T80 1171087098 9
1.20 0.10 1.07 1.01 1.90
17247770707 710670388
17255770001 I 098 TR
1,167 7011 1.0877770.98 .83
P2T7770.007 103770991 1088
117 0.12 1.04 101 1.84
120577010 1.07:7771.02 1.91
1.22 0.10 1.09 1.00 1.87
I SRS CORE D N AN L -
121770067 71.07:71.02:1.90
1.257770.10 1.06 1.000 187
B2 SR 16 [ A 00 Y-S (1 S W

""""" 123777011 1.0% 1.01 1.76

1.19 0.09 1.05 0.99 1.78
1257770011 1.08 10377180
A0 TTTO IS

Mean= Mean= iMean= Mean= Mean=
FATTTTOA0T AT T00T T8

[ 1 Sy 0 S g i b Uy ¥ Sy D
GO3TTTO0TTTTO027 .02 TT0.04
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Table 30: The green filtered densities of the YMCK sequence

VELL T MAG. . EYAN GREENBLUE " BLACK WitiTe
0047 102770807 0092049 TS 02609
(DS IND W ) NS (B T T4 L W e S " R VB
018 T8 08070987 0497 IAYTTTY03 AT
0.14 1.16 0.49 0.89 0.50 1.32 1.96 0.09 :
O 08 TR Y 040007048 TTT AT TTT09
(O TS U8 £ 0T (X 7 1 W /S S Wy X L3
O D U R LR Ve S O Y A S )

SO T O - T 2L B S U S < B S (0
0767 1171 0487 0,921 049 1321967 010
016 T8 049 T TR0 ATY T TG
018 A0 TS0 4TI AT 010
0:16: 1,19 0503092 0.50: 1347197 010
1777120777050 0091 TTO807TTTAA YT O

______ (08 LSS VS WA LT R0 3 I S W B WS 9 B
0.16 i 0807 092 051 347077187 1770.10
0.16 1.16: 049 0.90 0.50 1.32 1.93 016
0.15 1.18 .49 090 050 1347777200 0.10
0.16 1.18 0.50770.89 0.30 1357777867 0100
O 17T TTO49 096 080 T34 98T 010

______ S CHI B L N RN 7S L e K S S O
0017107049091 D080 T8 TR0E 000

""" 0.16 1.22 0.52 0.92 0.51 135 2.03 0,16
0170702 08078 T TT000
OIYTTTTAGTTTTE AT TR0 T34 Y00 001
017 12208270093 080 TS TI92T 002
ORI T ARTTOT 04T T T
01612070810 080T TR 00

""" 0.16 17247777052777094F 0508 1.39 1793777011
(300 (S 1 0 1 (0 0 1 S V5 B B A Y- R IV B |
016 TG TT0.95 T TR Y IS8 98T 0,10

ean= Mean= Mean= ean= :Mean= Mean= Mean= Mean=
OIS U R U6 1 T 0 {0 JERMNN 0 T 2T 60 S Whc Y- S WY AR /S U1}

STH="" ST D= =TI TS TTISTDE S TDS " D=

0.01 0.02: 77001 0.027777001717002 004 0.01

79



Table 31: The green filtered densities (subtracted out the paper densities) of

the YMCK sequence
Y-Wi MWL C-WL W G-WU T BAWUTTTEKSW
0.05 1.03 0.41 0.83 0.40 1.26 1.93
0.04 1107038708270 58 1227577189
0.047 1077039717082 038 1.21 1.91
0.05 1.07 0.40 0.80 0.41 1.23 1.87
0.06 1.09 0.38 0.81 0.39 1.25 1.88
0.06: 1.09 0.39 0.84 0.40 1.25 1.88
0.0 1.08 038 0.81: 039 1.24 1.87
______ 0,05 10808y O80T 04T AT IS
0.06 1.07 0.38 0.82 0.39 1.22 1.86
0.06 1.08 0.39 0.85 0.40 1.21 1.85
0.&6 1.10 0.40 0.82 0.39 1.23 1.88
0061091 040083040 T4 TR
0.06 1.0977703077770.807 039123190
______ 0.05T 108038080407 T8 TR
0.06 1.07 G407 0827 0.41 1.24 1.87
0.06 1.06 0.39 0.80 0.40 1.22 1.83:
005 1.0% 0.39 0.80 0.40 1.24 1.90 :
0.06 1.08 0407 70.797770.40 125 1.86
0.07 111 0397770867 0407124 T8
0.05 6810308 0.39 1.23 1.85
""" 0.07 1770077039081 040 126 1.92
0.06 102:770427770.827 041 128757779%
00771100417 0827 0407126 1.89
00 S T R ¥ [ S W S L
60510 0407 08T 03823 TR0
008 IO TOAR O T 0TI
""" 006 A0 TTOET ORI 040125 1T
“0.08 10377770417 770.837 0391128 1.82
U008 111 0397082 TTTO407TTTTEE T T
""" 0067 112170407 08T 041128 1.83
Mear—=  Mean= iMean= iMean= Mean= Mean= Mean=
e T 0 S S eV
ST TD= TSI TS DTS TD=
0.01 002777001 0.02 0.01 0.02 0.04

80



81

Table 32: The blue filtered densities of the YMCK sequence

YELL"MAG, ICYAN RED " IGREEN BLUE " BLACK WHITE
1107777064 021 1447098066 TTI9e T 00"
O S S T 11 S OV A 1 1 b A I T SR W T (S [0
1.09: 0651 020 14877 0.661 06611981 0.09
1.14757770.6475770.28 1457770670660 192009
1040630267 14857098 088 IGO0
106 0,64 0971467770961 06798009
105777064 0207 14T 09508698009
1051 0631 0.20: 1447098570651 196000
1.078 70641 0207 146095066809
113063 7020 147098694 T 06
DO O 2T S 11 BN U0t S 0 1 - W37 T B I ) 11
1.045770.65 0.19 1.47:7700967 067197008
1127 0641 0207 1467 096066798009
10708470207 147006084009

LL07: 064 0200 1470967066 98 TR0
1.08 0.64 0207 1.4 0.97 0.66 1.95 0.09
11770647 0207 ARG T8I TTT0I10
100 ~0.64: 0207 1477 70977067 1967 0.09;
1087 7065 0207 T AR TTTTO98 O TR 06
10970657 0207 146097 TO6R T T8 T0L100
1.03 065 020 14877098706 TTTR02TTT009
1.11 066 70207 15070099068 TR0 008
10708502 149068 0ER 98 TTT010
1.08% 065777021 1467777097087 TR0 00
107770667021 T8 087 TOeR T T4 009
S I 2 O T S 0007 2 S U (R 07 A 3 T O B 1 6
1.067770.670.21 14977099069 TR T 0T
1.07 0.69 0.21 1.50 0.99 0.70 1.86 0.11
1067708802 151 1000607 86T
1071770671022 T80 1.007%770.707 189 001

iMean= :Mean= iMean= Mean= Mean= Mean= Mean= Mean=

A BT W S 1 | 14877097087 9800

L D 0 Sy o/ 0 S D S 1 D Sy i 0 S ) S 0 S

i 0.03 0.02 0.02 0.02 0.01 0.01: 0.04 0.01




Table 33: The blue filtered densities (subtracted out the paper densities) of

the YMCK sequence
Y-Wi MWW Wi IG-WL T B-WL Wi
1.01 0.55 012 1.35 0.86 0.5% 1.87
0.95 0.55 0.10 137777087 0.56 1.86
1.00 0.56 0.11 1.39 0.87 0.57 1.89
1,057 08570191 36 088 08718
1.04 0.53 0.16 1.35 0.8% 0.56 1.87
10708 TG0 I 087058 Y
0.96 0.55 0.11 1.38 0.86 0.57 1.86
0.96 0.54 0.11 1.35 0.86 0.56 1.87
0.98 0.55 0.11 1.37 0.86 0.57 1.86
1.04 0.54 0.11 1.38 0.87 0.56 1.85
1.03 0.55 0.11 1.3% 0.89 0.58 1.88
0.98 008800 T IAE TUORT T TO88 T T
1.03 0.55 0.11 1.37 0.87 0.57 1.89
"""" 0.9% 0.55 0.11 1.38 0.87 0.56 1.85
""" 0.97 0.54 0.10 1.37 0.86 0.56 1.8%
0.99 0.55 0.11 1.38 0.88 0.57 1.86
1.01: 0.54 0.10 1.38 0.87 0.56 1.87
1.01 0.55 0.11 1.38 0.88 0.58 1.87
0967770567 0.11 1467770897 TOERT T80
0.99 0.55 0.10 1.36 0.87 0.58 1.86
094705601 IAY TR TO8E IS
1.027770.57 0.11 1.41 090777059 1.91
087 0.35 0.11 1.39 0867058 1.85
008 08T T T O TTT089T 90
098777057 012 142088 0.59:  1.85
1.01 0.57 0.11 1.38 0.87 0.58 1.80
095:77703%56: 0.10 1387777088 058 .77
0.96 0.58 0.10 1.39 0.88 0.59 1.75
0.95 0.57 0.10 1.40 0.89 0.58 1.75
0.96 0.56 0.11 1.40 0.89 0.59 1.78
Mean=  iMean=  Mean= iMean= Mean= iMean= Mean=
0099 O3S T ATT IS T 08T ST RS
N 0 S /D S 0 SIS y 0 SR 0 SRy D =y y
i 0.03 0.01 0.02F 0.02 0.01 0.01: 0.04

82



Table34: The visual filtered densities of the YMCK sequence

YELL"MAG. " ICYAN RED GREENBLUE BLACK WHITE
B 5 S 0 S B S K 00 S 0 S W B Y11
) 084 03B 0937084 TTOORTTTIIO0 T 69
0.30 0.82 0.39 0.95 0.64 0.97 1.99 0.09:-
0.31 0.81 0.3% 0.91 0.64:70.96 1.95 0.08
0.31 082 03870927 08T T 08 T 09
0.32: 0BT 0371 0980631 066 T8 T0.08
034 082:770.36:770.91 0.64: 77095 1.957770.09
031 081 0.367F 7092770696009
03277 0820360980 1.937770.09
0.31 (O N i b A B 7 o s - N (W91
""" 031 082036 0927064 0996009

0.30: 082: 036: "0.91: 0647 0,961 197 0106
032777081 0377776.92777063777096 199777009

L0350 AR 09209664 T0.08
031: 082: 036: 0.92:" "0.64% 098 1,967 009"
031: O81: 0367 0.917 066 0957 719477610
0.30: U84 037093 084TTTOYTTTET 009
031: 084: 0387 0937 0647 098 194770710

""" 029 "0.83: 0377 0,937 0641096 TTIE8TTT009
0.30; 083 0387091084097 92T 008

B2 7 2 N S A XS L A S R X
0331 0.85: 0.37:1 70,937 0630089004
031 082 03B 002 0809 TS T 00
031: 083: 038: 093: 064: 0.8 1987 0.04

0.32 0.85 0.38 0.94
032 0.84 0.39 0.91 _
0.33 0.85 0.38 0.92 0.9§ 1.90 0.10
0.33 0.86 0.38 0.93 1.00 1.92 0.09
0.37 0.85 0.38 0.94 ; 0.95 187 011
0.32 0.8% 04070951 0.67 0.99 1.90 0.10
ear= Mean= iMean= Mean= ean= Mean= Mear= Mean=
0.32 083 0.37 0.93 0.64 0.97 194 0.09
STD="""STD= "I STD="8TD="8TD="8TD="18TD=
0.01:0.0T 6.6 001001 6.01:0.047; 0001

0.98 1.93 0.09
1.00:  1.85: 0.11

Soloiaio!
O On: O O O
Ly <2 L Ly Uiy




Table 35: The visual filtered densities (subtracted out the paper densities) of
the YMCK sequence

SWETTTIMAWE ECWUTTRAWLTEGI W TTTIBEWTTTICWTT
02410941 0387688086088 Y
0.22 0.75 0.29 0.84:770.55 0.89 1.90
0.21 0.73 0.30 0.867 0.55 0.88 1.90
0.23 0.73 0.29 0.83 0.56 0.88 1.87
0.22 0.73 0.27 0.83 0.34 .88 1.83

______ 0.24 0.73 0.29 0.87 0.55 0.88 1.90
0.25 0.73 0.27 0.82: 0.55: 0.86 1.86
0.22 0.72 0.27 083 0.54 0.88 1.92
0.23 0.73 0.27 0.83 0.54 0.86 1.84
0.22 0.74 0.28 0.84: 0.55 0.86 1.80
0.22 0.73 0.27 0.83:77055 088 .87
0.21 0.73 0.27 0.82: 7055 0.87 1.83
0.23 0.72 0.28 0.837 0.54 0.87 1.90
0.2 074 0.30 0.84 0.56 0.88 .86
0.22 0.73 0.27 0.83 0.55 0.89 1.87
0.21 0.71 0.26 0.81 0.56 0.85 1.84
0.21 0.75 0.28 0.84 0.55:0.88 188
0.21 0.74 0.28 0.83 0.54 0.88 1.84
0.20 0.74 0.28 0.84 0.55 0.87 .86

"""" 0.22 0.75 0.30:0.83 0.56 0.89 .84
0.23 0.74 0.28 0.84:  0.56 0.88 1.86
0.24 0.76 0.28 0.84 0.56 0.89 1.86
0.22 0.73 0.297 70.83 0.54 .88 189
0.22 0.74 0.29 0.84 0.55 0.89 1.89
0.23 0.76 0.29 0.85: 0.56: 089 1.84
0.21 0.73 0.28 0.80: 0.54 0.89 174
0.23 0.75% 0.28 0.827 055 088 1.80
0.24 0.77 0.29 0.84 0.58 0.91 1.83
0.20 0.74 06.27 0.83 0.54 088 176
0.22 0.75 0.30: 0.85 0.57 0.89 1.80

ean= iMean= iMean= ean= :Mean= iMean= Mean=

""" 023 UIAT 08T OBy 0SS URY T TEs

0 SRS 5 SNy i ) S y Sy y 0 Sy » Sy y 0
0.01 0.01 0.01 0.01 0.01 0.01: 0.04




Table 36: The red filtered densities of the YCMK sequence

YELLMAG. CYAN RED " IGREENBLUE BLACK *WIHITE ™
(019 T SN 1.2 S W b A 0 i c 1S 0 T S U S B [ B O I
015 028 141028 T YA T e
0.14: 7024 T8 024 T 6T AT T
0.16: 0251 1387024 1187129719661
(10 1S N0 B 7 1 0 S B A 00 B~/ SR O B
0.140.24 1397 023 A TTTAG T T TS
0.06: 023 1Yo YA T T2

_____ (10 LS 0 T W LT 0 0 T B 8 S W (0 M 1 O W )
00 S 2 S W ¥ SN 1 SR U RS 1 R 08 L SR O B
(018 A TR . S 1. S O c T S W A - SR 1 S 10}
012 022 1 A8y 08y TS T TR YT
013 025 13 028 T TTAR TTIRGTTT0
0.14 0.23 1.36 0.22 1.12 1.29 1.85 0.11
()8 1 BN 0k S Wc TS 4 AN O c S WS U A S 6
004 023 1 AT O TR T8 010
004 022 1 38 0y T T T Ae T TG0 e
(O SRR 2 SRS W TS S A U 5 (S Uy O W T A W B
0.3 023 1347028 T AT TR T2
(F SO Y T U i A 0 SR S B TS O T - AV W B
[0 0S8 7 S Whc Y S 017 S O M O 10 A O B 1 |
[0 T SERNN 002 S S Wi I S 1 - S U - W1 B O R B B
[0 SR 2 SRS W Y- SERN 0 1 - D U0 U S U T A 0§ 1 5 )
01877 026 1387 0285 T 1A TTTIA0T TTRTTTT012
0.16 0.23 1.35 0.24 1.14 1.28 1.89 0.12
0.15 0.23 1.36 0.23 1.12 1.28 1.89 0.11
(OSSN N TS W S 017 S S U0 S W A B C S I W B |
0.15 0.24 1.38 0.23 1.14 1.27 1.87 0.11
0.14 0.23 1.35 0.23 1.17 1.2 1.84 0.11
(5 SR - S Wc ¥ S 1 1 T U0 - NS O S W L R 0 B
0.18 0.25 1.34 0.23 1.13 1.31 1.85 i 0.12

Mearn=  iMean= iMean=  Mean=  iMean= iMean= Mean= iMean=

""" 0.1% 0.24 1.36 0237 1.14 1.28 1.84 0.11

STD="TD=" ST D= DI DE T T D= D

P01 OO0 03T 00T 002 00T 0080001




Table 37: The red filtered densities (subtracted out the paper densities) of

the YCMK sequence
:Y~WI M-Wie C-We R-W T IGEWTTTBIWTTTTIR W
0.00 0.11 1.24 0.10 1.00 1.15 1.65
0.047770°18 1.30 0.12 1.05 1.18 1.63
0.03 0.13 1.27 0.13 1.05 1.20 1.71
0.05 0.14 1.24 0.13 1.04 1.18 1.68
0.05 0.12 1.2% 0.13 1.04 117 1.63
0.01 0.11 1.26 0.10 1.01 1.16 1.64
0047777011 1.251770.11 1.06 1.15: 1.65
0.04 0.11 1.23 0.11 1.03 1.18 1.68
0.04 0.13 1.23 0.12 1.03 1.18 1.74
0.07 0.15 1.24 0.12 1.03 1.17 1.73
0.01 0.11 1.24 0.11 1.04 1.15 173
0.03 0.15 123 0.13 1.00 1.18 1.79
0.03 0.12 1.25 0.11 1.01 1.18 1.74
0.03 0.12 1.28 0.11 1.02 117177176
0.04 0.13 1.27 0.15 1.07 1.18 1.77
0.03 0.11 1.27 0.12 1.00 1.15 1.79
0.04 0.12 125 0.11 1.00 1.1 175
0.01 0.11 1.227770.11 1027771187177
0.03 0.12 1.26 "0.12 1.04 1.17 1.".-'8'
0.03 0.13 1.25 0.12 1.04 1.19 1,78
0.04 0.13 1.26 0.13 1.05 1.18 1.74
0.02 0.11 1.24 0.12 1.02 1.17 1.69
0.03 0.14 1.24 0.13 1.03 1.18 1.69
0.04 0.11 1.23 0.12 1.02 1.16 1.77
0.04 0.12 1.25 0.12 1.01 1.17 1.78
0.04 0.14 1.23 0.13 1.60 1.16 174
0.04 0.13 1.27 0.12 1.03 1.16 1.76
0.03 0.12 1.24 0.12 1.06 1.16 1.73
0.04 0.13 1.23 0.12 1.03 1.17 1.74
0.06 0.13 1.22 0.11 1.01 1.19 1.73
ean= Mean= iMean= Mean= Mean= Mean= Mean=
0.03 0.12 1.25 0.12 1031071 1.73
Y D g 0 Sy D SR i ) Sy ) Sy 4 0 Sy y p
0.01 0.01 0.02 0.01 0.02: 001: 0.05




Table 38: The green filtered densities of the YCMK sequence

______ LL.. 'MAG... ‘CYAN GREEN BLUE BLACK
0.16 1.23 0.51 1.03 0.48 1.29 1.79 0.12
0.17 1.25 0.52 1.05 0.49 1.29 1.75 0.11
0.16 1.24 0.51 1.07 0.49 1.30 1.83 0.11
0067 1.26: 051 1.061 0.49 130 "1.80% 0.11
0.15 1267 049 1097 049 131 1757011
0.16 1.23: 051 1.03: 049: 1.28: 1.78: 0.12
0.17 1.24 0.51 1.04 0.49 1.28 1.78 0.11
0177 1237 70507 1057 0350 1327 71817 0.12
0.16 1.25 0.50 1.04 0.49 1.30 1.85 0.15
0.19: 1.25: 050: 1.05: 0.48 1.20: 1.86: 0.09
0.14 12377049 71051 0.48 T2 7187770100
0.05: 1.22: 7049 "103: 047 1.27: 190: 0.10
0.15 1227770497 771.047 70477 126 1861 0.10
0167 122770507 1047 047 128 189: 0.10
0.15 1237049 1.05: 7048: 1.27: 1887 0.10
0.16 1.18 0.51 1.00 0.48 124 1.90 0.10
0.16 1.21 0.49 105770477 1261 1917 0.10
0.15 1.21 0.48 1.037 048 1297 1891 0.11
0.15 1.22 0.49 1.03 0.48 1.27 1.90 0.10
0.15 12277049 71.03: 048 126757180 0.1
0.16: 1.22: 7049 "1.02¢ 0.48 125 i85 0.10
0.16 1.21 0.49 1.03 0.48 1.26 1.82 0.10
0177 7124 70497 1.04: 048 12675180 0.10
0.16 122777049 71058 048 1280 1.90: 0.11
0.16 122049 1017047 1277 1.897 0.10
0.16 1.23 0.49 1.04 47 1.31 1.85 0.10
0.06; 1.24: 0.50: 1.00 487777128 1867 0.10
0.17 1.21 0497 101 048 1.287 71.841 0.10
0167 71294048 1007047 T2 1R 0000
0177771247049 1.02¢1 049 1257186 0.10

Mean= " Mean=" iMean= Mean= Mean= Mean= iMean=_:Mean=

FUTOAETTTTIYTTTOS0T 104 0.4 1287185 0.1

Y DY 0 Sy D Sy D Sy ) Y O T Y 1O

i 0.01 O3 TTO01T 02T 061 002 0.058  0.01

87



Table 39: The green filtered densities (subtracted out the paper densities) of
the YCMK sequence

Wi MW CWE TREWETTTIGEW
0.04 1.11 0.39 0.91 0.36
0.06 1.14 0.41 0.94 0.38
0.05 1.13 0.40 0.96 0.38
0.0% 1.15 0.40 0.95 0.38
0.04 1.15 0.38 0.9% 0.38
0.04 1.11 0.39 0.91 0.37
0.06 1.13 0.40 0.93 0.38
0.05 111 0.38 0.93 0.38
0.01 1.10 0.35 0.89 0.34
0.10 1.16 0.41 0.96 0.39
0.04 1.13 0.39 0.95 0.38
0.05 1.12 0.39 0.93 0.37
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.---.—-..n.—-.—-.—-o_-g

B i o b
00! ~F ¥ ~¥ O On: OnE N Oni ¥
cqqc\aqmicmi
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ed e e i e S b et e B e e b ] et el o) i paf d
O0; 002 = =J ~F WX On: LA OO~ 000 O ~F ~F OO0 On =K O O LA OX = On O WD WD O~

0.05 1.121 0.39: 0941 0.37 1.76
0.06 1.12: 040: 054 037 1.79
0.05 1.13 039: 095: 038 1.78
0.06 1.08: 041 0.90: 0.38 1.80
0.06 1.11 0397 0957 037 1.81
0.04 1108 0371 0.92F 0.37 1.78
0.05 1.02: 0.39: 0.93: 038 1.80
0.04 1.11 038: 092: 037 1.79
0.06 112 039: 0.92: 0.38 1.75
0.06 1.11 039: 093i 0.38 112
0.07 1.14: 039: 054: 0.38 1.70
0.05 1.11 0.38 0.94 0.37 1.79
0.06 1.12:  0.39: 0.9] 0.37 1.79
0.06 1.13: 039: 054: 037 1.75
0.06 1.14: 040i 090: 0.38 1.76
0.07 1.11 0391 091 0.38 1.74

0.06 1.13 0.38 0.90 0.37
0.07 1.147:770.3977092  0.39
Mean="":Mean= " iMean="Mean= Mean= =
0.05 1.12 0.39 0.93 0.37 1.74
STD="I$Th="I8TD="8TD="18TD= = STD=

0.01 0.02:70.01 0.02 001 0.0270.05

1.75
1.76

v
Prfioe
o i UN Ox
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g




Table 40: The blue filtered densities of the YCMK sequence

YELL " "MAG."iCYAN GREENBLUE BLACK WHITE
1.1% 0.68 022 1.54 0.98 0.63 197777001
1080707 0.21 18477 089" 06880
1047777068021 186770069 0.657 I82TTTO
10877700697 0.21 1587577097067 1797777001
1.02 0.69 0.22 1.59 0.99 0.66 1.75 0.12
11357067 0237 15537097 0.66: 1.787 0.1
1477770687020 1567097065 TR0
10608770621 RE TSI K T T ) - B [ R N B
1067 068 0207 T 86T 069066 R4 T
108 068 70207 1867 1000667 86T 010
L6 087 022 188087 08T 18T
1165770877021 1857777069064 T80 TTTOI0
1167770687021 1867709970651 T84 TT0.12
T 08T 02 188700806 RET 0T
17770687021 1847509710667 186 0,12
157770667081 1880997065190 00
I SR 4 S 0 1 2 S T A 0 L T 1 % S (D A S B
1.16 0.67 0.21 1.55 0.99 0.66 1.88 0.12
O T 4 S 4 W S 0T 1 S 1 T O A 1B ¥
1177068081 13470690667 189 70,12
17777067 :70.21 155777099065 1847 013
1.16 0.68 0.21 1.54 0.99 0.65 1.81 0.11
6T 089 T 02T TR TG0 T06E T80T 0012
T8 70687021 1567710070667 1897011
1167770687 0.21 13811007065 1.887T 071
08 - X3 S 0 2 S S X A o - A % -5 1 S B
I8 WA o [ v | 1357770096066 TI8TTONI
1.18 0.67 0.21 1.55 0.98 0.65 1.85 0.11
IS S ) | A1 X T 1 A B (R A 8
1.17 0.68 0.22 1.55 0.99 0.65 1.85 0.12

Mean="{Mean=" iMean= Mean= iMean= :Mean= Mean= iMean=
i 1067 0.68i 0.2] 135777098 0.66 i84770.11
STD="TITD=TITD="T SO D= STD=""8TD=" $1TD=

{77003 0.01 0.01 001: 001; 001: 0.04: 0.01




Table 4]: The blue filtered densities (subtracted out the paper densities) of

the YCMK sequence

Wi IM-WL :C-WL -Wi G-Wie B-WE KWL
1.04 0.57 0.11 1.43 0.87 0.54 1.66
1.05 0.59 0.10 1.43 0.88 0.54 1.72
1.03 0.57 0.10 1.45; 0.88 0.54 1.71
1.07 0.58 0.10 1.47%F 086 0.56 1.68
0.90 0.57 0.10 147777087 0.54 1.63
1.02 0.56 0.12 1.44 0.86 0.55 1.67
1.03 0.57 0.10 1.45 0.86 0.54 1.67
1.05 0.56 0.10 1.44 0.88 0.55 1.68
1.05 0.57 0.09 1.45 0.88 0.55 173
1.08 0.5%8 0.10 1.46: 0.50 0.56 1.76
1.05 0.56 0.11 1.44 0.86 0.54 174
1.06 0.57 0.11 1.45: 0.89 0.54 1.79
1.04 0.56 0.09 1.447 0.87 0.53 1.72
1.06 0.56 0.10 14477 7087 0.55 1.7
1.05 0.56 0.09 1.42: 0.85 0.54 1.74
10477705857 0007 144080549
1.05 0.57 0.11 1.447 088 0.53 1.80
1.04 0.55 0.09 1.43: 0.87 0.54 1.76
1.06 0.57 0.11 1.45 0.87 0.54 1.78
1.05 0.56 0.09 1.4270.87 0.54 1.7
1.04 0.54 0.08 1427 0.86 0.52 1.71
1.05 0.57 0.10 1.43 0.88 0.54 1.70
1.04 0.57 0.10 1.43 0.87 0.56 1.68
1.07 0.57 0.10 1.45 0.89 0.55 1.78
1.05 0.57 0.10 1.44 0.89 0.54 1.77
1.05 0.57 0.11 1.44 0.86 0.56 174
1.06 0.59 0.10 1.44 0.85 0.55 1.76
1.07 0.56 0.10 1.44: 0.87 0.54 1.74
1.04 0.57 0.10 1.42 0.87 0.56 1.75
1.05 0.56 0.10 1.43 0.87 0.53 1.73

iMean="iMean=iMean= iMean= i{Mean= :Mean= Mean=
1.04 0.57 0.107 "1.447 087 0.54 1.73

STD=""1$TD=""I8TD="8TD="8TD="STD= STD=
0.03 0.01 0.01: 0.01 0.01 0.01 0.04




Table 42: The visual filtered densities of the YCMK sequence

YELL... MAG...:CYAN "RED GREENBLUE "BLACK "WHITE
033080407 108066 T 0967 I8 T 0,10
0.34 090: 040 1.03:0.65: 095 1.75:7770.10
0347777088 039 1.04: 0.64: 097 1.831  0.11
0.34 0.88 0.39 1.04 0.65 0.96 1.79 0.12
0.32: "0.87:70.3% 1.06: 0.65: 097 1.74: 011
034: 0.88: 040 1.02: 0.64: 0.95 1.77:770.11
0.33; 0.87 040: 1.04: 065 095 1977 0.12
0347 086 039 1.04: 065 097 180011
034 088 039 1021 065 096: 1.847 70.13
0.34: 70.88 0.39 1.03: 0.63: 0.96 1.83:0.09
0.32: 70.85 0.39 1.02: 0.63: 0.94: 7184 0.09
032: 086: 0.37 1.01 0.62: 094 1.88: 0.09
0.32: 0.87 0.37 1.02: 0.62: 094 1.841 0.09
0.32: "0.84:770.37 1.02: "0.63: 70,94 1877 0.09
0.32: 0.87 0.37 1.02: 0.63: 093 1.86: 0.09
032 0.83 0.37 1.01 0.63: 093 1.91 0.10
032; 084: 037 1.02; 0.62: 70.92 1.90: 0.09
032: 084: 037 1.01 0.63: 0.94 1861 0.10
0.33 0.85: 038 1.01 0.63: 0.94 1.88:  0.09
032: 084: 038 1.01 0.63: 0.96: 188 0.00
032: 086: 037 1.01 0.64: 092 1.83: 0.10
0335087 7037 101 0630947 19T 01
032: 08Be: 039 1.02: 0.63: 094: 1787 0.09
033: 085: 037 1.02: 0.63: 094: 188: 0.10
034: 085: 037 1.00: 0.62: 094: 1.87: 0.09
034 087: 038 1.02; 0.62: 096: 18B4: 009
034; 088: 038 1.00: 062: 094 1.85: 0.09
033770831 0.37 1.00f 0.63: 094: 1.83: 0.09
032: 7085: 7037: 099 "063: 094: 184: 0.09
035: 086: 0.39 1.00: 063: 093 1.84: 0.09

Mean= iMean= :Mean= Mean= Mean= Mean= Mean= {Memn=

{0337 08 038: 102: 063: 0.95 1.837 0.10

P SHRECy 5 S 9 Sy Sy SSRy y  Sy  p S ST=

i 0.10: 0.13 0.11: 0.12 0.10 0.12 0.21¢ 0.11

91



I'able 43: The visual filtered densities (subtracted out the paper densities) of
the YCMK sequence

YIWCTTIMIWTTTIE W WU GIWETTTIB W TR W
0.23 0.77 0.30 0.92 0.56 0.86 1.68
0.24 080 0300908 0.85 1.65
0.23 0.77 0.28 09377053 0.86 1.72
0.22 0.76 0.27 0.92 0.53 0.84 1.67
0.21 0.76 0.28 0.95 0.54 0.86 1.63
0.23 0.77 0.29 0.91 0.53 0.84 1.66
0.21 0.75 028: 092: 0.53 0.83 1.65
0.23 0.75 0.28 0.93 0.54 0.86 1.69
0.21 0.75 0261 089: 052777083 1.71
0.25 0.79 0.30 0.94 0.54 0.87 1.74
0.23 0.76 0.30 0.93 0.54 0.85 1.75
0.23 0.77 0.28 0.92 0.53 0.85 1.79
0.23 0.78 0.28 0937 70,53 0.85 1.75
0.23 0.75 0.28 0.93 0.54 0.85 1.78
0.23 0.78 0.28 093: 054 0.84 1.77
0.22 0.73 0.27 0.91 0.53 0.83 1.81
0.23 0.75 0.28 0.93 0.53 0.83 1.81
0.22 0.74 0.27 0.91 0.53 0.84 1.76
0.24 0.76 029: 0927 0,54 0.85 1.79
0.23 0.75 0.29 0.92 0.54 0.87 1.79
0.22 0.76 0.27 0.91 0.54 0.82 1.73
0.22 0.76 0.26 0.90 0.52 0.83 1.68
0.23 0.77 0.30 0.93 0.54 0.85 1.69
0.23 0.75 0.277770927770.53 0.84 1.78
0.25 0.76 028: 091 0.53 0.85 1.78
0.25 0.78 0.29 0.93 0.53 0.87 1.75
0.25 0.79 0.297 0.91 0.53 0.85 1.76
0.24 0.74 0.28 0.91 0.54 0.85 1.74
"""" 023 0.76 0.28 0.90 0.54 0.85 1.75
0.26 0.71 0.30 0.91 0.54 0.84 1.75
ean= iMean= iMean= Mean= Mean= iMean= Mean=
0.23 0.76; 0.28 0.92 0.53 085 1.74
SO D="" 8T D="" 8T D= D= TD=T 8T
0.11 0.13: 0.11 0.12 0.08 0.11: 0.23




Table 44: The red filtered densities of the CMYK sequence

YELL " MAG. T CYAN "RED " IGREEN BLUE BLACK ;
0:09: 0,21 1347 0307 T4 TR 908
0.09: 02013850207 TR 19477007
00077770207 1,36 0201247180 193777008
01077021 1367770200 128 TTTATYTTTIeY YO0
0.11 022 1347021 LS U A UK S S [
0.127770.21 136777021 1287 1.227771.927770.08
0.1177770.23 BRI 2 S WSS U1 T B B L S W B
0117021 137777031 12677714977 1957770.9
01277702277 1317021 12877771267 1977770.09
01102 133777031 1267 1227718277009
(138 2 1 o | I AR 0 5 S W S W N - L S W B
01177023 1377770231 1267149777194 7011
0.12 0.23 1.39 0.21 1.25 1.19 1.93 0.09
011 0237138777021 ) B AR W 1 T SR (X
011:770.21 136777021 12677191 1967 009
0127 7022 138 022 aTTTTTAY YIS0 T T
01177021 135777020 B S W 0 S X SR 0 N
0037770227188 Y031 1265 1.227777195770.09
011777023 AT 032126 T 1917770090
01277043 i3¢Y 021 T3 128711000
0.1 022 I8 TT030 12877 1225777195T770 10
0117770227 14277031 1271280009
011 (1) 2R W £ SE 1 )| . S W S W S N
011777021 134777021 128577120 18677009
0.127770.22 1.347770.227 7120 1247771047770.01
011 027 1397777021 I AR W SR B8 - A 1 X
0.12 0.22 1.33 0.21 1.29 1.19 1.91 0.10
0.11 0.22 1367 022777126 1247 1947770.10
0127708 TA5T702y 7 AR TTTRE T 0,10
0.127770.23 1340286 TN 0010

Mean=  Mean= iMean= Mem= Memn= :Mear= Mean= ean=
O 1777082713870 12671287 1980

L S 0 Sy b 0 S 5 Sy ) S 0 S ) 0 S g D &

170,01 G661 00270101002 003 0,01

93



Table 45: The red filtered densities (subtracted out the paper densities) of

the CMYK sequence

YW IMEWTTIEOWITTTIR WIS TR W TR W
0.01 0.13 1.26 0.12 1.16 1.10 1.85
0.02 0.13 1.28 0.13 1.19 1.14 1.87
0.02 0.12 1.28 0.12 1.16 1.13 1.85
0.00 0.11 1.26 0.10 1.15 1.07 1.83
0.01 0.12 1.24 0.11 1.16 1.07 1.83
0.04 0.13 1.28 0.13 1.20 1.14 1.84
0.00 0.12 1.24 0.13 1.15 1.14 1.84
0.02 0.12 1.28 0.12 1.17 1.10 1.86
0.03 0.13 1.22 0.12 1.16 1.17 1.88
0.02 0.12 1.24 0.12 1.17 1.13 1.83
0.01 0.10 1.26 0.11 1.16 1.13 184
0.00 0.12 1.26 0.10 1.15 1.08 1.83
0.03 0.14 1.30 0.12 1.16 1.10 1.84
0.02 0.13 1.27 0.12 1.18 1.13 1.89
0.02 0.12 1.27 0.12 1.17 1.12 1.87
0.03 0.13 1.26 0.13 1.18 1.14 1.81
0.02 0.12 1.26 0.12 1.16 1.11 1.84
0.04 0.13 1.29 0.12 1.17 1.13 1.86
0.02 0.14 1.29 0.13 1.17 1.12 1.82
0.02 0.13 1.26 0.11 1.18 1.12 1.81
0.01 0.12 1.28 0.11 1.18 1.12 1.83
0.02 0.13 1.23 0.12 1.18 1.16 1.81
0.02 0.13 1.26 0.12 1.18 1.13 1.85
0.02 0.12 1.25 0.12 1.19 1.12 1.77
0.01 0.11 1.23 0.11 1.16 1.13 1.83
0.02 0.12 1.30 0.12 1.18 1.14 1.78
0.02 0.12 1.23 0.11 1.19 1.09 1.81
0.01 0.12 1.26 0.12 1.16 1.14 1.84
0.02 0.11 1.25 0.13 1.18 1.13 1.76
0.02 0.13 1.24 0.12 1.16 1.12 1.81

ecan= Mean= Mean= ean= :Mean= :iMean= :Mean=
.02 0.12 1.26 0.12 1.17 1.12 1.83

PO TTTD="I8TD=" 8 TD=" iSTD= STD= STD=
i 0.01 0.01 0.02: 0.0l 0.01 0.02 0.03

94



Table 46: The green filtered densities of the CMYK sequence

YELL."MAG.CYAN GREEN BLUE " BLACK "WHITE"
0.1 1.21 0.48 1.16: 7050 1.24 1.937770.10
0.1% 118777049 11470827 12819770709
0.1% 1205770507 113051 1.23 198777010

______ 0.15 11977770807 11277051 1.23 1.96770.09
0.1% LI AT T2 T 082 2% 195777012
0.17 1.21 0.50 1.15 0.52 1.21 1.93 0.09
0.13 120770497 118777052 1.24 1.97:7770.11

______ 016 121 (o ST R U6 G B 1 V! .25 197:7770.10
017 1.23 0.49 1% 052 1.26 1.99¢70.11
0.1% 1200770497 7 1.057 082 1241961010
0.1% X0 TR 01 10 TS U0 8 S 6 - S W B S N A 0 8 [

0.16 119080 1137082 1.967770.10
0.14 1.1 7051 114777082 1219771937001
0.1% U - S 610 TR U6 B S 1 I 2 B Wk 1.967770.10
0.5 1.20: 7050 1457 T0.52: 120 197 0.10
0.1% 1.19 0.50 1.15 052 1.22 192 0.09
0.1% TR 08077116 05212 195777009
0.1% 1.21 0.81 174777653 1.23 197777010
0.16 122777051 1377708272 1.947776.10
0.17 17870850 TAT77082 124740010

TTOASTTTIA0TT0.50 T T4 082 I 1980010
0.1% 1.19 (.49 1.14 0.52 123777195 0.11
0.1% PN E- R (D O U 5 7 O L A 1)
016 1197777049 TIOR3 TG TTTRE 010
0.15 1.18 0.49 1.15 0521 71.21 1.96 0.10
(USRI L 3 S W O 7 0 Vo A W O 3 L)
0.15 1.18:  0.49 1.14 054: 1.23 1.93 0.10
0.1% 1719717770507 108 0,34 1257771967 010
016 I8TTT080TTTIIe T 052 98188777010

""" 016 1.21 0497771147053 12377717947770.10

Tean=  Mean= Mean= Mean= Mean= iMean= Mean= iMean=
0.1% IS LT D 1 DR U I SR 1 6 ¥ S W k| 195777010

D= RSSO TDE"ISTD=" STD=  STD= STD=
0.0171 T 0.01 0.01 0.017 001 0.0177770.0870.01




Table 47: The green filtered densities (subtracted out the paper densities) of

the CMYK sequence

Y-We MW i C-Wie R-Wie o iG-Wie B-WiL K-WL
0.04 1.11 0.38 1.06:0.40 1,14 1.83
0.06 1.08 0.40 1.05 0.43 1.14 1.8%
0.05 1.10 0.40 1.03 0.41 1.13 1.85
0.06 1.10 0.41 1.03 0.42 1.14 1.87
0.03 1.07 0.37 1.00 0.40 1.11 1.83
0.08 1.12 0.41 1.06 0.43 1.12 1.84
0.04 1.09 0.38 1.04 0.41 1.13 1.86
0.06 1.11 0.40 1.03 0.42 1.15 1.87
0.06 1.12 0.38 1.04 0.41 1.15 1.88
0.0% 1.107:776.39 1.05: 042 1.4 1.86
0.05 1.10 0.40 1.03 0.42 1.12 1.87
0.06 1.09 0.40 1.03 0.42 1.11 1.86
0.03 1.08 0.40 1.03 0.41 1.10 1.82
0.05 1.08 0.40 1.05 0.42 1.13 1.89
0.05 1.10 0.40 1.05: 042 1.i0 1.87
0.06 1.10 0.41 1.06 0.43 1.13 1.83
0.06 1.09 0.41 1.07 0.43 1.12 1.86
0.05 1.11 0.41 1.04 0.43 1.13 1.87
0.06 1.12 0.41 1.03 0.42 1.11 1.84
0.07 1.08 0.41 1.03 0.42 1.14 1.84
0.05 1.10 0.40 1.04 0.42 1.11 1.85
0.04 1.08 0.38 1.03 0.41 1.12 1.84
0.05 1.08 0.40 1.06 0.42 1.14 1.86
0.06 1097770367108 0.43 1147 108
0.0% 1.08 0.39 1.05: 042 1.11 1.86
0.05 1.08 0.41 1.04 0.42 1.13 1.80
0.05 1.08 0.39 1.04 0.44 1.13 1.83
0.05 1.09 0.40 1.05 0.44 1.15 1.86
0.06 1.08 0.40 1.06 0.42 1.12 1.78
0.06 1.11 0.39 1.04 0.43 1.13 1.84

Meane Mean= Mean= iMean= iMean=  iMean= ean=
0.05 1.09 0.40 1.04 0.42 1.13; 1.85

SIS TR T EE TSTD="TIT D= STD=
0.01 0.01 0017 770.01 0.01 0.61:  0.03
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Table 48: The blue filtered densities of the CMYK sequence

YELL MAG.ICYAN GREENBLUE ™ BLACK WHITE
1080065 0094086 061 T8 T 6009
O S T S W S S 3 N KL X
0800880307409 081 T8 T 600
10070847 0,207 1407087 063198 TG00
106 0.647 0207 14y TR 08T T4 T 000
S (O X ) R X I L K7 R A )
A0 0064 08T A TR 0063 06 T 000
0 S L S W R X 7 I KL BN L)
10800647 "0.207 41T 08T Y061 U194 T0.10
10000656207 40T R T U060 T 198 T0.69
0085 0,207 143 0T 0ET T I98 0.0
A S S X S X S I S RS 1
1097084030148 T 086061198 T 0,10
1000880307 A T RS T 080T TT98 009
100084031 AA TR 060 199 T 0.0
106706377050 1T AS 089060194 TTT008
(O .Y S VXS W T )
0.8 02T T T4 8E T80T 99 T6.10
O 1 N W O A T
(SN W - O £ B 8 ()
0.6 00 T A TR YT T 94 T 0.09
; ; 089061 T TI98TT0.00
(O Y A O CEN X U S VAL
063705043 TORE 060 T T 96T 000
064 0BT T AR08 T T80T0.600
X
0

[ S LT P e Y Py -
S OO X O D O i i
(o=t
f=
[ =
[
'
%
LV, -

: 0.20 139 0.90: 0.61 1.93:  0.09

651 0.21 142: 0.89: 0.62 1.95: 0.10
1.10: 064 0.20: 146: 088: 0.61 1.88: 0.09
1.09: 0.65: 0.21 1.41 089: 0.62: 193: 0.10
1.05: 0.65: 020: 1.40: 088: 0.6] 1.871 0.09

P ! : ! i

1.08: 0.65 0201 143: 0. 88 0611 1947 0.09

STD=""8TD="181D="8TD="8TD="8TD="81D=""181D=

i 0027 001 0.01: 0.02i 0.01 001; 0.03: 0.0

—
o
r




Table 49: The blue filtered densities (subtracted out the paper densities) of

the CMYK sequence
WUTTIMEWTTEOWTTTIRWTTIG W RS TTTIRCW
0.99 0.56 0.10 1.34 0.77 0.53 1.84
1.01 055 0.2 1.33 0.81 0.53 1.88
0.96 0.56 0.11 1.32 0.80 0.52 1.86
1.00 0.55 0.11 1.31 0.78 0.54 1.86
097 0.35 0.11 1.33 0.79 0.52 1.85
1.00 0.57 0.11 1.33 0.77 0.50 1.82
1.00 0.54 0.11 1.33 0.79 0.52 1.86
1.01 0.56 0.10 1.35 0.79 0.52 1.88
0068 70547 70,10 131777097051 1.84
1.00 0.56 0.11 1.31 0.78 0.51 1.86
1.00 0.35 0.10 1.33 0.80 0.51 1.85
09777055 010 1.33: 0.8 0.51 1.83
0.99 0.54 0.10 1.35 0.76 0.51 1.88
1.00 0.56 0.11 1.33 0.79 0.51 1.87
1.00 0585 0.2 1357098051 1.83
0.97 0.54 0.11 1.36 0.80 0.51 1.85
0.99 0.57 0.10 1.34 0.77 0.51 1.86
1.01 0.55 0.11 1.31 0.78 0.50 1.83
1.01 0.54 0.12 1.34 0.80 0.52 1.84
0.96 0.55 0.10 1.33 0.78 0.50 1.83
1.00 0.56 0.11 1.33 0.78 0.52 1.85
09777055 0.11 1367 080 0527 1.87
0.99 0.55 0.13 1.36 0.78 0.53 1.78
0.97 0.56 0.11 1.34 0.79 0.51 1.87
0.96 0.55 0.12 1.33 0.78 0.52 1.81
0.594 0.55 0.11 1.30 0.81 0.52 1.84
09777055001 1327099 0521 1.85
800D S S T 0 S DT e A T I )
0.99 0.35 0.11 1.31 0.79 0.52 1:83
0.96 0.56 0.11 1.31 0.79 0.52 1.78
ean=  iMean= iMean= iMean= Mean= Mean= iMean=
0997770355 0117 1330079058 TR
1550 SR 0 Sy i Sy ) » SNy y 0 Sy y D LY 0
R R IO} O O ) ) W) )




Table 50: The visual filtered densities of the CMYK sequence

YELL"MAG, " IEYAN CREENBLUE " BLACK "WHITE
031757084648 0.64: 092771947009
OO T8 064091 19777000
0.37 0.83 0.38 0.64 0.92 1.95 0.09
0327770 83170.39 0.65: 706077 96T 009
032717085 U3E 0657 091 19570.1%
_____ 0.32:70.8576:39 0.65: 7090198010
032:70.84 0.40 0.65: 70927 19677011
0.33 0.85 0.39 0.65 0.92 1.96 0.10
0.34 0.85 0.38 0.65 0.93 1.99 0.0
0.31 0.84 0.39 1.06 0.65 0.92 1.94 0.09
032 084038 IO TTTO88 U0 1967009
0.323 0.82 0.38 1.05 0.66 0.90 1.95 0.10
0311 08471 03971067 0680617 1947611
0.32 0.83 0.38 1.07 0.64 0.91 1.99 0.09
0.33: 0.85: 03971106 064 TTORYTTTO8TUEG
0.32 0.83 0.38 1.06 0.64 0.91 1.93 0.09
031 083 039 108 068 091 98T 000
033 085 00T OO T 00
0.32 0.84 0.39 1.06 0.66 0.92 1.93 0.09
BN 2 X7 - S W 8 S 2 S ) A T K S 01
0.31 0.84 0.39 1.05 0.66 0.90 1.94 0.09
0.33 0.84 0.38 1.06 0.65 091 1.91 0.10
0327 081 O3 TTTT08TTT088 U0 1887009
0.32 0.83 0.38 1.07 0.64 0.92 1.87 0.10
0.3i1 0.83 0.38 1.06 0.65 0.90 1.95 0.09
(253 X S 0§ 1 S U0 S T 0, 1 X | 1895000
0.31 0.82 0.38 1.05 0.66 0.91 1.93 0.09
0327770830387 T T086 00O T 00
032 08T 08T 10877085 OO0 TTTTRY T
0337084 038 TTTTIO5 T8 OO 16T 009
ean= Mean= iMean= Mean= Mean= Mean=" iMean= iMean=
AP 2 A SN T S
STD=""1STD="18TD="81D="181D="181D=""81D="18' =
00010011 00T 00T 0010017008 T 00i

el e e L L e
[SH = folfete ot leto




Table 51: The visual filtered densities (subtracted out the paper densities) of

the CMYK sequence
Y-W MW ECWETTR-WE TG W R WET TR IWTT
R R R = . o)
(001 SR (i 7 N1 Y 1 TR X S (T 1 ) 188
0287770947029 T698T 085 KA i.86
0237770947770307 0.95770.56 .81 1.87
______ 02070876287 OO 183
0227777095777 0.291770.96T 035 T0.80 1.83
O02177709370.29:770.95 0,34 0.81 1.8%
(01 SER 0 i L TR W TN X S S T S 1 -2 1.86:
0257770767029 0087 0567084 K
0.22 0.75 0.30 0.97 0.56 0.83 1.85
023705 0257096 036083 187
023770937 6.487770.957 03677 0.80 185
0.20 0.73 0.28 0.95 0.54 0.80 1.83
0237047688 T 08T 38T 08 1y
0.23 0.75 0.29 0.96 0.54 0.79 1.86
035704409 TTTOeT 085082 1,84
(027 SR SR T T S 1 L B T S X 186
0247570967030 098 085082 189
0.23 0.75 0.30 0975 7057 0.83 1.84:
(00 S 1 £ SR+ Y L T 1 S T 1 X 1784
0227709510307 006 08T O8] 183
0.23 0.74 0.28 0.96 0.55 0.81 1.81
0237 0477770297097 TTT0STTTTUES 187
0227 0437704877007 T 04082 k)
0.22 0.74 0.29 0.97 0.56 0.81 1.86
0327504770301 096055082 1%
0.22 0.73 0.29 0.96 0.57 0.82 1.84
0.23 0.74 0.29 0.98 0.57 0.83 1.86; .
0T ATTTEGTT089T 058 081 18
0.24 0.75 0.29 0.96 0.56 0.82 1.84
Mean=  Mean=  iMean=  Mean= Mean= Mean= iMean=
S S Z S VA T L S S X R -7k
ST STD=""TD= """ 8TD="18Th="81D="81TD=
0010010011000 001 T0.0177 70,0294

100



Table 52: The red filtered densites of the KCMY sequence

'YELL MAG CYAN RED GREEN BLUE LACK WHITE ™
012777022 1.33 0.22 1.27 1.25 1.80 0.10
0.12 0.22 1.35 0.22 1.28 1.26 1.82 0.11
0.13 0.23 1.34 0.24 1.27 1.25 1.78 0.10
0.13 0.23 1.36 0.21 1.28 1.23 1.78 0.11
0.13 0.23 1.38 0.22 1.28 1.26 1.76 0.11
0.14 0.23 1.37 0.23 1.30 1.24 1.77 0.11
0.14 0.22 1.36 0.22 1.27 1.26 1.77 0.10
0.12 0.22 1.36 0.21 1.32 1.26 1.77 0.10
0.13 0.22 1.37 0.22 1.29 1.26 141 0.11
0.13 0.23 1.37 0.26 1.30 1.26 1.76 0.11
0.13 0.23 1.39 0.24 1.31 1.24 1.79 0.11
013:770.23 1357770227130 124 950010

S R R L B D AR BT E
012 0.23 1.39 0.22 1.30 1.27 1.78 0.12
0.13:770.24 T8 022 1307125 176 0.10
0.13 0.22 1.37 0.23 1.29 1.26 1.79 0.10
0.12 0.23 1.43 0.22 1.30 1.26 1.79 0.11
0.13 0.23 1.38 0.23 1.30 1.25 1.79 0.11
0.13:7770.23 1367770257 1300 1.28 17877011
0.13 0.23 1.39 0.22 1.31 1.25 1.78 0.12
0.13: 0.3 1397770.23 15077124180 0.11
013777023 149770387 129 126 167 0.11
0.14 0.23 1.38 0.23 1.30 1.26 1.74 0.11
0.13 0.23 1.37 0.24 1.29 1.26 1.78 0.11
0.13:0.23 139Y770257 130126 176 011
0.13 0.25 1.41 0.24 1.30 1.25 1.76 0.11
0.14 0.23 1.37 0.24 1.30 1.25 1.75 0.11
0147 0.4 1387770287130 125 1991 0.11
0.13 0.25 142 0.22 1.29 1.26 1.75 0.11
0.13 0.23 141 0.23 1.29 1.26 1.80 0.11

Mean= ~Mean=  iMean= iMean= Mean= iMean=""iMean="‘Mean=
R R L E S SR C R E ERE X - LA AL

.01 0.01 002 0.01: 0.01 0.01: 0.02 0.01
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Table 53: The red filtered densities (subtracted out the paper densities) of

the KCMY sequence

W TIMEWLE TTICWLT R-WE T IG-WE T BB-WE iKW
0.02 0.12 1.23 0.12 1.17 1.15 1.70
0.01 011 124777001 1Y 713 i
______ 0.03:770.13 1247770947117 713 i.6%
0.02 0.12 1.25 0.10 1.17 1.12 1.67
00277042 12T 01 117 i'i% .65
0.0377701% 1.267770.127771.19 1157771766
0.04: 7012 1267 01277117 1.16:771.67
00277012 1728777011 1227777116718
00277701 126777011 1.18 1.157771.66
0027012 126701510915 168
(o 30T 28 4 76 0 S W2 S 4 10 A 11 S 0 K S S
0.0% 7013 280127 12071047768
0.02 0.11 1.26 0.11 1.18 1.15 1.64
0.007 011 I277770.0077 71018 1577166
0.03: 0.14 1287770027 TR LIS 66
00302 YTTOAYTTTIA9 6T 1.69
001 01% 357001 T 187168
0.027776.1% P27TTT002T 19T 114 168
0.027 7012 128777002 771.19 1.17 1.67
0.01 0.11 27770007109 173777166
0.027770.12 1287770927119 1137771069
0.02 0.12 12877012 1.18 .13 i.6%
0037012 X A S S IS U R W & 1763
0.02177012 1267701371018 1057 71.67
0.02: 012 1287776047119 105 1.65
0027014 130701871009 114777188
003777012 12670137119 171475777164
0.037770.12 287770027 1.9 1147777168
0027014 131 0.71 118 iis 1764
0.02 0.12 1.30 0.12 1.18 1.15 1.69
ean= Mean= iMean= Mean= ean= iMean= iMean=
06202 U AR S b 2 U6 (A S - I Y

PR TD= " IRTDE T RTD="T8TD="$TDh=_ STD=
70,01 0.01 G020 e 001 0.02
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Table 54: The green filtered densities of the KCMY sequence

YELL "MAG. CYAN "RED ™ iIGREEN BLUE BLACK WHITE
0.15 1.23 0.48 11677052 1.29 1.83:770.09
0.16 1.23 0.49 11977052 .31 183770001
0.1% 1.2% 0.48 119777052 1.32 1.807 0.8
0.16 1247770497111 0527 771.267 1817 0.10
0.1% 1227708507 1067 0527 T TR 009
016 1.21 0.51 115777054 1287181 0T
0.16 1.21 0.49 1.18 0.52 1.31 1.80 0.09
0.167771.2070.4Y 1.167770.56 .28 18077009
018 171 0507 1.6 053 1.297771.807T 7010
0.13% 1.21 0497 7117777053 1267 71.80F 70,10
0.13% I T DT N U B A T 0 72 D U (R -5 I O ()
0.15 1.21 0.49 1.16 0.53 1.29 1.719 0.09
0.1% .71 049 1177 0527771277 7179777010
0.14 12370497 T 16T 05T T TR0 T
0.16 1.23 0.50 1.17 0.53 1.30 1.79 0.10
0.16 12277704977 117777053 1297181 0.09
015 128081 1167777053 1347777 1837770010
0,167 712870507 187053 1327771837 770.10
015 127770507 71197 053 17347771827770.10
0.1% 17257777051 11877053 13071807010
0.1% 126 0.51 1.19:770.54 1327771857770.10
018 71247776507 1.20% 0.53 i31 1.767770.09
016 121 0.51 1177053 i3 177777090
0.1% 1.26 0.49 1.21 0.53 1.33 i.807 0.10
0.1% 126777050 121 0.53 337771807 0.09
015 T8 0s07: 1207053 i X S W £ N B 1)
0.16 1.22 0.50 1.20 0.53 1.30 1.78 0.09
0.16 1.20 0.50 1.18 0.53 1.29 1.81 0.09
0.1% 12277651 116808 T2 T I T0010
0.1% 1207770507 1,19 0.52 1277771831 70.10

Mean="Mean="Mear= iMean=" Mean=" Mean="Mean= Mean=

PO TS50 I8 053 T30 1801 0.10

BT TD= DS TR TDE S TD=T STD=" §TD=

F0.01 0.03770017 002 001 0.02 T 0.02:0.01
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Table 55: The green filtered densities (subtracted out the paper densities) of

the KCMY sequence
Y -WTTTIMEWTTTIEEWTTTIRCWI TG WITTTTIB WL Wi
0.06 1.14 0.39 1.07 0.43 1.20 1.74
______ XSS B VL S N - R S W7 U e
0.06 1.16 0.3% 1.10: 7043 123 1.1
0.06 1.14 0.39 1.01 0.42 1.16 1.71
0.06 1.13 0.41 1.07 0.43 1.21 1.72
0.05 1.10 0.40 1.04 0.43 1.17 1.70
_______ .07 TE 040000 As T AT
0.07 1.11 0.40 1.07 0.47 1.19 171
0.08 1.11 0.40 1.06 0.43 1.19 1.70
0.05 1.11 0.39 1.07 0.43 1.16 1.70
0.05 1.09 0.40 1.07 0.42 1.20 1.71
0.06 112 0.40 1.07 0.44 1.20 1.70
0.05 1.11 0.39 1.077770.42 1.17 1.69
0.03 1.1_2 0.3% 1.05 0.41 1.15 1.69
0.06 1.13 040: 1.07 0.43 1.20 1.69
0.07 1.13 0.40 1.08 0.44 1.20 1.72
0.05 1.18 0.41 1.09 0.43 1.24 1.73
0.06 1.15 0.40 1.08 0.43 1.22 1.73
0.05 1.17 0.40 1.09 0.43 1.24 1.72
0.05 1.15 041 1.08 0.43 1.20 1.70
0.0% 1.16: 0.41 1.09: 7044 122 173
0.06 1.15 0.41 1.11 0.44 1.22 1.70
0.06 1.11 0.41 1.07 0.43 121 1.67
0.05 1.16 0.39 1.11 0.43 1.23 1.70
0.06 1.17 0.41 1.12 0.44 1.23 1.71
0.05 1.17 0.40 1.10 0.43 1.23 1.69
0.07 1.13 0.41 1.11 0.44 1.21 1.69
0.07 1.11 0.41 1.09 0.44 1.20 1.72
0.05 1.12 041 1.06 0.43 1.19 1.68
0.05 1.10 0.40 1.09 0.42 1.17 1.73
ean=  Mean= Mean= iMean= Mean= iMean= iMean=
0.06 1.13 040 1.08 0.43 1.20 ¢ 1.71
ST IS ISTD="" 8 TDE " 8TD="iSTD= STD=
0.01 0.02 0.01: 0.02 0.01 0.02: 0.02
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Table 56: The blue filtered densities of the KCMY sequence

VELL MAG. . CYAN SREEN BLUE BLACK WHITE
1.12577770.67 0.20 1.50: 7096: 0.64 1.83:770.10
1.15 0.68 0.21 1.52 0.96 0.65 1.86 0.10
1.15 0.69 0.21 1.52 0.97 0.66 1.84 0.10
113777087 770.207 T 487005063 IS T 012
1.16 0.67 0.22 1.48 0.96 0.66 1.85 0.09
187060224 T 096 068 T TTRE T 0N
1.13 0.67 0.21 1.49 0.95 0.66 1.84 0.10
i.14 0.67 0.21 1.50 0.97 0.65 1.82 0.10
1.14 0.67 0.21 1.52 0.96 0.65 1.84 0.10
1.12 0.67 0.22 1.48 0.94 0.63 1.85 0.11
1.13 0.66 0.21 1.51 0.95 0.65 1.87 0.11
1147 066 0.22 1497 095 0.64 1.827 0.10
1.14 0.66 0.21 1.50 0.94 0.63 1.83 0.11
1.13 0.67 0.21 1.4977770.93770.64 18577011
1.13 0.67 0.23 1.50 0.93 0.66 1.85 0.11
1.13 0.67 0.21 1.51 0.97 0.65 1.87 0.11
1.13 0.71 0.23 1.52 0.9% 0.68 1.88 0.1'1'7‘
113770697 7022 1507 094 0.68 1.867  0.12
1.13 0.69: 0.22 1.53: 098: 067 187770711
1.14 0.6% 0.21 1.49 0.94 0.65 1.85 0.11
1.14 0.71 0.22 1:53 0.98 0.66 1.86 0.11
1.14 0.68 0.21 1.51 0.96 0.66 1.83 0.10
1.11 0.6/ 0.21 1.50 0.93 0.66 1.81 0.10
1.14 0.69 0.21 1.53 0.95 0.67 1.86 0.10
1.12 0.69 0.22 1.50 0.94 0.67: 1.85 0.10
1.15 0.69 0.21 1.51 0.92 0.67 1.83 0.10
1.14:70.67 0.21 1852777095 0.66 1.8370.10
1.13 0.66 0.22 1.47 0.95 0.65 1.85 0.11
1.14 0.67 0.22 1.51 0.94 0.65 1.83 0.11
1.14 0.66 0.22 1.51 0.97 0.64 1.88 0.10

Mean= Mean= iMean= iMean= iMean= Mean= Mean= iMean=
1.13 068 0.21 1.50 0.95 0.65 1.85 0.11

STO="ISTD=""I8TD="8TD=""8TD=" 8TD=STD= STD=
0.01 0.01;  0.01 0027770.02;: 001 0.0270.01
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Table 57: The blue filtered densities (subtracted out the paper densities) of

the KCMY sequence
YW OIMAWET W T TR-WET EIGAWL T BAWE KWL
1027087007 T4 TOEE T84 75
1.05 0.58 0.11 1.42 0.86 0.55 1.76
1.05: 77055011 14270870564
1.01 0.55 0.08 1.36 0.83 0.51 1.73
1.07 0.58 0.13 1.39 0.87 0.57 1.76
1.02 0.56 0.11 1.38 0.85 0.54 1.75
1.03 0.57 0.11 1.39 0.85 0.56 1.74
1.04 0.57 0.11 1.40 0.87 0.55 i O 2
1.04 0.57 0.11 1.42 0.86 0.55 1.74}
1.01 0.56 0.11 1.37 0.83 0.52 1.74
00 2BV 6 S S 00 [0 TS 7 O 0 V- S ) .- S W [ %
1.04 0.56 0.12 1.39 0.85 0.54 1.72
1.03 0.55 0.10 1.39 0.83 0.52 1.72
1.02 0.56 0.10 1.38 082054 1.74
1.02 0.56 0.12 1.39 0.82 0.55 1.74
1.02 0.56 0.10 1.40 0.86 0.54 1.76
1.02 0.60 0.i2 1.41 0.87 0.57 1.77
1.01 087 TeA0TTTARTTTOEY 086 TS
10270587001 TAZT 08T 086 I
1.03 0.57 0.10 1.38 0.83 0.54 1.74
1.03 0.60 0.11 1.42 0.87 0.55 1.75
1.04 0.58 0.11 141 0.86 0.56 1.73
.01 087 14070 EY 086 T
1.04 0.59 0.11 1.43 0.85 0.57 1.76
1.02 0.59 0.12 1.40 0.84 0.57 1.75
1.05 0.59 0.11 1.41 0.82 0.57 1.73
1.04 0.57 0.11 1.42 0.85 0.56 1.73
1.02 0.55 0.11 1.36 0.84 0.54 1.74
1.03 0.56 0.11 1.40 0.53 0.54 1.72
1047708670121 141 087 054 1.8
= iMean= iMean= Mean= ean= Mean= Mean=
TR SRV A0 § ST - I S e LS
159 8D SR 0 SRSy i ST ) 0 Sy ) S ¥ ) Sy )
0.01 0.01:  0.01 0.02 0.02 0.02:  0.02
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Table 58: The visual filtered densities of the KCMY sequence

CUMAGTTHEYAN GREENBLUE " BLUACK WHITE
______ 0311 0850360066 0958 1.81:  0.09
O TTTEEA T8I0 066 095 18 0.08
0AYTTTORETTTTEAETTI00T 066 0951 1.807  0.09
0377 TOESTTTOATTI04T 065 092 181 0.09
O Ty o4 OETTI06 T 065094 1R T0.08
033 TR Y08 087 093 182 0.08
033 08403608065 095 188 0.08
0T TR T6 T Oy T 092 1.9 T 0.07
.0.32 0.83 0.37 1.07 0.66 0.93 1.79 0.08
03O O YIAGT 0065 091 T 1.81F 0.10
O34 Oy 0ATTT08 T 0 6e 093 18T 0.09
OATYTTORS O YI08 T 0667 093 177 0.08
O TTOEITTTOAY T 066092 1071 0.09
O4TTTTOEATTTTEATTT06 T 0ee T 092 181 0.08
0T oRATTTOATTTTOYI 068 094 1.8 0.09
GATY T ORATTTOATYTTIOT 066 096 1.80F  0.08
OTETUOERTTTOARTI00 066 097 1821 0.08
0.31 ORET oA T8 T 68096 18T 0.9
OATTTORETOAETTI00T 08T 096 181 0.09
"""" OSTTOES Y TTEAR T 066 094 180 0.08

0.32: 0.8/ 0.37 1.08: 0.66: 0.96 1.8] 0.09
0.31 0.85 0.37 1097 066 095 1778 0.09
0.32 0.84 0.37 1097 0651 0.95 176 0.08
0327 0.86 037 1.067 0.66: 0.96 i80% 0.08
0.31 0.86 0.38 1.09%7 0.66: 0.96 1.79:  0.08

1

1

1

1

0.32 088 0.38 .09 0.66 0.96 1.76 0.08
03277085 037 o066 094 10T 0.09
0.32 0.84 0.3/ .07 0.66 0.93 1.81 0.08
0.32 0.85 0.38 .07 0.66 0.95 1.71 0.08
0.35 0.83 0.37 1.07 0.66 0.92 1.82 0.08
= iMeane Meane iMean=iMean= Mean=_ iMean= Mean=
0TS T TR 066 094 T TEOT 008
T3 S o ) SRS v b SN ¥ 0 SR y DY D O i$1h=
0.01 0.02 00177001 0.01 0062 0.03: 001




Table 59: The visual filtered densities (subtracted out the paper densities) of

the KCMY sequence
SWETTIMAWETTEWETTIRIWTTTIGIWUTTBIWTTTRIWG
022: 076 027 008 057 0.86: 1.72
0.24 0.76:  0.28 1.02; 0.58: 0.87 1.77
023: 0.77: 0277 1.000 057: 086 1.71
022: 076: 028: 095: 0.56: 083:  1.72
023: 076: 030: 098: 0357: 086 1.70
0.24: 0.75 0.29 1.00: 059 0.85 1.74
025 0.76: 0.28 1.00: 057: 087 1.80
0241 0.75 029: 09 0.62: 085 1.72
024707510297 0997 0581 0.85: 171
022: 0.72: 0.27 1.001  0.55: 0.8] 1.71
025: 0.74: 028: 05 057: 0.84 1.72
______ 0.23: 0.75: 029: 098: 058: 085: 1.69
0231 0747 "028% 0987 057 083 1.68
0.23: 076: 029: 098: 058: 0.84: 1.73
0.22: 0.75 0.28: 098: 0.56: 0.85 1.69
023: 076: 029: 099 058: 088: 1.72
023: 0.80: 030: 1.01 058: 0.89: 1,74
022770971 0280997 0561 087 1.72
0.22777077176297 1.00: 058  0.87: 1.72
02377077 030 059 058: 0.86 1.72
023: 0.78 028 099 0.57: 087 1.72
02277770967 0287 1007 0571 086 1.68
0.24 0.76 0.29 1.01 057:  0.87 1.68
024777078029 1.02: 0358: 088: 1./2
0237770980307 1.01: 058 0.88: 1.71
024: "080: 030: 1.01 0.58: 0.88 1.63
023777076 028 1.0 0571 085 1.68
0247770760297 099 058: 085 1./3
024: 0.77 03077099 058 0877 1.6
027707570297 0997 058 084 1.74
can=  Mean=  Mean= iMean= Mean= Mean= iMean=
O30 TOAY 09T 0S8 08 1L
N DY O Sy Sy ¥ » Sy v S YO o
0.01 0.02: 001 0.01 0.01 0.02; 0.03
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APPENDIX E
Hue Error, Grayness, and Densitometric Ink Trapping Percentages of

the Four Ink Sequences



Table 60: Hue error, grayness, and densitometric ink trapping percentages of

the YMCK sequence
YELLOW “MAGENTA CYAN GREEN LUE
%HUE E 391 44775 25.66
FGRAY 1.82 11.85 9.28
FINK TRAP 70.46 86.74 71.91
M/Y) {C/Y) {CM)
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Table 61: Hue error, grayness, and densitometric ink trapping percentages of

the YCMK sequence
i W MAGENTA CYAN ™ "RED GREEN ™ BLUE
GHUEE.. i 6% 44754 38748
GRAY... 325 11,13 8.02
%INK TRAP ) X)) 6999
; M) RENTTAMIC)




Table 62: Hue error, grayness, and densitometric ink trapping percentages of

the CMYK sequence
YELLOW MAGENTA TYAN RED GREEN BLUE
9%HUEE... 362 44.14 25.00
%GRAY... 8% 11723 8.64
9 INK TRAP 79.11 68.76 66.67
(Y/M) {Y/C) {M/C) i




Table 63: Hue error, grayness, and densitometric ink trapping percentages of

the KCMY sequence
W IMAGENTA CYAN RED GREEN LUE
Y% HUE E. 547 4487 38706
%GRAY... 214 10.69 8§58
% INK TRAP 8029 11783 70,85
{Y/M) (Y/C) (M/C) i




APPENDIX F
The Expected L* a* b* Values of the Red, Green, and Blue Patches of the Four Ink
Sequences. (Calculated from the Filtered Density Values.)



The Calculation of L* a* b* Expected for the YMCK Sequence
RED
1. Find the expected reflectance values from the filtered density values
Dr = D(Y+M)r + D(Y+M)g +D(Y+M)b
= (0.018+0.128) + (.056+1.08) + (0.99+0.554)
=0.146 + 1.136 + 1.544

Since -log R = -log Rr-logRg-log R
-log Rr= 0.146
Rr=0.714
-log Rg = 1.136
Rg =0.073
-log Rb = 1.544
Rb = 0.029

2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(M+Y) =44.6
a* = 50.5
b* =444
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Jable 64: The expected L* a* b* of the red patch of the YMCK sequence

‘avel... 0 iS x iz B30 x IS0y IR0 TR T
IR0 0029 TR0 60007 G 0.0007 "29E4 6 0.0010: ¢
3900029848 0.0024; 00003 0.0105; 0.0038 475E40.0166"0.0164°
400, 0.029) 858 00191 ""0.002. 0,086 0.04590.0048 072065 0.1636
.410.770.029 91800847 “OO08E0.4894 02948 0.0334 11633368053
420:0.029 Y347 70.20450 70,0214 0.9725) 70,5539 "0/0380! 2 6341! 1 998K
430 " 0.029; 86703147 0,038 185381019137 00973319060, 33553
4400 0.029. 77104290385 006211 T 9613 16T 01886, 8984 68143
450°0.029 V17073707 " 0.0895 Y 9948 1728578703037 ¢ 1684 10471
460 0.025 1178 0302370012821 19484110527 0.4380: 8962615102
47070.029: 114901956 0.1852: 03176 0.6518 061711 1.0583 2129
CTTTARDTOI9; T T15.9T 010805 002836 021 02708 085241 1808114y 4y
490.0.029. 108800162 "0.33970.4183 0.05111.0699 1.3104° 56,894
500, 0.025 "109.4.0.0038: "0.4608 " 0.2185: "0.0121; 1.4€19: "0.6932 501412
S10770.0737T107.8 0 0375 0 08T 012029517 4717440 8R 1465407
820:70.073 10408001177 061800607 0.9008 S 8281} 0/4644: 99 837
$30.0.073 1077 70,2365 0815200305 185947 6. 8809, 02398 94.359;
40007310404 0 3T6R 0962 0017 R RTIY T A%16 0104410043
$560.073 104703268 6.9918;0.004; 4.0222; "1 834", 70.0304. "103.1%
$60 0073 1000 01052: 70,9973 0: "8 1480 12803 0994
[ 87070073 983 O RTEY 09556 08T TR 09204
S80 0073988 T 0143 0 K649 G005 6068 0: 83241
8§90 007588 T 18801194 O 7. 34248035 0: 768,953
000073 901172406583 (o Y7 W Y L 0: 59247
61077014896 10305 0,528 0: 65928 43I0 4308
62050 TATTTRYY O 8563 03981 0 $3.6200 24,928 0 34973;
630 0.714 B34:706475 70,2835 (TS ) I UL S W = X3 (5
6407014 TR0 431601198 09899310945 0:15.049
65670114 8002683701076 O 18895 76,1461 O 08
660 T4 TTTREY 015261 0.08603 089562 15367 049587
616 70.114; 82,5, 0.0813 0.0318 0:741714; "1 8686 (i XN
680 014 E S T0.0409: 0.0159: 0:"2 3866 08889 0 1.24380:
8900714 89700199 0.0077 0:70:9903; 0,382 0:"0.5387:
YOO 04T e 0.0096; 0.0037 0:70.4908; 0.18%2 0 0.2649;
Y00 48TT0.00467 T 0.0018 0:0.2440] "0.6955 00,1957
7300148180 0.002% T 0.0008 0:0.0968; 0.0352 00,0493
YAG O I4TTTT69.9: 0001 0.0004 0:70.04%99; 0.0200: 00,0280
Y400 TATTTIETT0.00050.0002 0:0.0288; 0.6107 0:0.0150:
750D 1466 0 0003 T0.0001 0 "0.0136: "0.0043 ¢ 0.0084
W80 T4 46 4T T0.0001 i} 0:0.0033 1 i} i
00,114 66,8 0.0001 0 00,0048 % [ [\
T80 0114 634 i 1. 1 1 i (i} i
Simal 136617 " 16873843890 T182.0:
K-Tactor | "0.0861
KVA T YVA.TZVALUE=
V006 147319729165
| - at= b=
4469778085077 44.40
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GREEN

1. Find the expected reflectance values from the filtered density values.
Dr  =D(C+Y)r + D(C+Y)g +D(C+Y)b
= (1.207+0.018) + (.393+0.056) + (0.112+0.990)
= 1.225 + 0.449 + 1.102
Since -log R = -log Rr-logRg-log Rb
-log Rr =1.225
Rr =0.06
-log Rg = 0.449
Rg =0.36
-log Rb =1.102
Rb =0.079
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(C+Y) = 60.01
a* =-24
b* =46.0



Table 65: The expected L* a* b* of the green patch of the YMCK sequence

Wavel {0 S X y iz S¥0%x 8 0Fy ISEDR; TIREy T

380:0.679 507 0.0002 00,0007 T9EA ¢ 0.0038 ¢
390,009 846100024 0.600%, T 6.0105! 001047 0.001% " 0.04%3 00784
400 0.079; 828! 0.0191F 0.002:0.086: 701249 0.0131:70.5625: 01656
410:70:079: 9151 0.0847: "0.0088 63894 7061237 0.0636 5 §148 68652
420:770.079: 93470020450 70,0214 709725 150890187918 199
430: 0.079: ~"86.7:0.3147.0.0387: 1.5535: 21555 036511 10,640 3.3553
440:0.079;104.9: 0,383 70.0621; 1.9673: %1798 03146 16303 6.5143
45070679 1177073707 "0.0895: "1.9948: "3.4364; 08272 18438 "10.471
460: 0.079: T 117.8:0.30237 0.1287 1. 74540 8133 11931 16,243 15,162
470:770.079: 114,91 70,1936 0.18521 03176 1717557 T16811; 2.8899: 21.279
480:0.070: T T15.0: 010805 025360 AT O AR AD00:Y.0604 99 59%
490 70.079: " T108.8: 0.0162: 0.3391; T0.4153: 70.1392 291461 3.5696: 36.894
500 0.079: 1064 0.00381 04608 02185 0.0528 36825 1.88841 80,412
ST0:770.36 1078 0.0375 70,6067 0,112 145537935454 3465165402
820003610487 0117 00961800607, " 4.4406; 3874159901 9 837
3300361077 70.2365 T0.8152 70,0505 9. 16961 33,9331, 1833 94359
540036 104.4: 037680982 0013141182 981158. 05149 100,43
55003604 0.52987 09918 0.004: 19.836 37,1331 70,1498 103,13
860 0.36 100: 70,1052 0.9973 25387 35.903;
900360963 0RYE T 016558 30,4637 43,129
880036098 R 101428 0,868 349839 967:

89003688118 0.7774 387116; 34,834 68.95%
600036 N0 24T 06583 36418217329 8954
616 0.06 896 110303 0338 $73400, "7 8385 47309
620 0.06 87 6.8563] 03981 4730881 3.0948! 34913
636 U0.06 RS 018475 0.2833 33363 14169 35616

2.1675; 0.9030:
1.2878; 0.5165
0.7526; 0.2974
0.4015: 0.1570

640 0.06 83.7: 0.4316; 0.1798
650006 8O: 02683 0.1076
€60 TTUI06) TR E S T0.1528] T 0.060%3
670 0.06 82.3: 70.0813; 0.0318

== = = = = = == L= = = = = = === =
.
=
=

680 0.06:  7B.3: 0.0409: 0.0159 0.1921: 0.0747

690 0.06:  69.7: 0.0199: 0.007/ 0.0832: 0.0322: 0.5367
700:0.06:0 71.6; 0.0096; 0.003/ 0.0412; 0.0159 0.2649
Tite0.06: 14.3:0.0046: 0.0018 0.0205; 0.0080: 0.1337
720 0.06 61.6: 0.0022: 0.0008 0.0081: 0.0030: 0.0493
73670060 69.9:  0.001; 0.0004 0.0042; 0.0017 0.0280:
74070060 75.1F 0.0005: 0.0002 0.0023 9.01E4 0.0150;
T5070.06: T 83.6: 0.0003; 0.0001 0.0011: 3.82E-4: 0.0064
760 0.06:  46.4: 0.0001 o; 2.18E4: i; 0,
TIeT0.06: 66.8: 0.0001 [i; 4.01E-4; [1; Jb;
T80 0.06: 634 G o, G 0 [0;

T e 5% 06 96,130, 11620
K facior 070861

X VA... YVA... ZVALUE=
217297 28.137: 8.2717

L av= o,

600171 (24.00) 46.00




BLUE
1. Find the expected reflectance values from the filtered density values.
Dr = D(C+M)r + D(C+M)g +D(C+M)b

= (1.207+0.128) + (.393+1.08) + (0.112+0.554)

=1.335 + 1.473 + 0.666
Since -log R = -log Rr-logRg-log Rb

-log Rr = 1.335

Rr = 0.045

-log Rg = 1.473

Rg = 0.034

-log Rb = 0.666

Rb =0.216
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.

L*(C+M) = 29.51

a* =9

b* =-36
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Table 66: The expected L* a* b* of the blue patch of the YMCK sequence

Wavel.. 1

y z Ke0sx ROy IR0z IRy
3800516 300,000 G 0.0007 00033 G 6.0078 TG
390702168461 T0.00247 00003 0.01050.02830.0035 01438 010164
400 027682800191 0,002 0,086 0.3416 00358 15381 0. 1656:
4107021677915 00847 0.0088 03894167407 0139769610 8057
A0 T02T6TTTO AT 03045 00214 0978 TAA T 0481 I 8200 T 00EE:
430 0.216; ~86.7: 0.3147: 0.0387: "1.5535: 589347 0,724 29,093 3.3553;
440770216 1049 70.3837; 00621 T1.967318.6940; 14071 4487668143
45070316 TT770.3707: 00895 19048 "¢ 4683 5. 0618 50.413 10471
46070.2160 11787030237 012821945477 69307 " 26301 44 41118107
470 0.216: 114.9:70.1956: 0.1852: 03176 4 8545 4.5964: 1 88232129
4800218 T80T 00805 00836 6 TAT 0153 T8 54K 190! 99 3Y%)
4900216 TI08 8 00162 0391 0.4155: 03807 T 0691 9.7599: 46,804
$00:0.216 109,40 0.0038 04608 0.2185: 60,0898 10.889: 8 1632 501412
S10T0034T07.8 0035 0806 OO 14T AN U 4105 6542
§20:70.0%40 1048 01177 0761800607 0.4194F 2 14402165 9.837
5300 0.034: 107.7: 0.2365 0.8752: 0.0305: 0.8660: '3.2048: 0.1117: '94.259
S40: 0034104 40 R TT0.965 00T YIS Y A147, 70,0486 100,43
850:0.094: 1041 70,8298 "0.9918:0.004; 1.8734; 15070 0.0141: 103.1%
560 0.034 100: 0.7052; 0.9973 0 2.3977: 33908 0: 99.73
S100.0%4 9631 0 8T8 09556 [V [ B WL 0! 9%.0%4!
5800  0.034 95.8: 1.0142: 0.86%9 0: 3.3035; 2.8302 0 83.241
$60:770.0%4: R T ATES 074 095735 15443 0: 68,953
000634 50112470 6583 0: 343947 20144 059,947
6100770.046 896 10305 0528 0: 42493731763 6409
G307 T0.046 TR T 085631 0,508 0! ¥ 454516060 0947913
BA0TO0AETTRY T84 750,283 0! 4 A8T1 10863 U 94616
640 0.046 B3.7: 04316 0.1798 0: 1.6617: 0.6923 0 15.049
65070.046 80:0.2683 0.1076 0; 0,987 0.3960 0:H.608
68010046 RS Y T0.1528; 7 0.0603 0: 0377003280 049587
E1070.046) R 3 008131 00318 0 03018 0.1204 02611
6RO 0046 E 3 0.0400: 70,0159 00,143 00573 01,2450
RS0 TT0.046: 9T T0.0199; 00077 0:0.0638: 70,0247 00,5387
WO0T0.046 16T 10,0096 0,003 0 0.03160.0122 002649
V100,046 V4300048 0.0018 0: 00187 0.0062 00,1337
73070048616 0. 00221 00008 0! 0.0062 0,002 0:0.0443
i0 0046 69.9:0.001:0.0004 0000532 0.6013 0:0.0280:
940 70.046 5.1 70.0005; 0.0002: 0: 0.0017: 6.91E4 0 0.0150;
5000460636 0.0003]0.0001 0 B ISEA 2 Y3EY 0:0.0064
Y60 T0.046 46 41 0.0001 1 0 213K 4! i i} 0
00,0460 66,81 0.0001 [\ G A0TES i (i} v
TEG 0046634 i; [V i; r: 1 0: 0
Simof T AR 34041 11630
K factor : "0.0881
X VA. YVAZVALUE =
B.R143776.3068 20,689
| .= ia%= b*=
AETTT007(36.00)
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The Calculation of L* a* b* Expected for the YCMK Sequence
RED
1. Find the expected reflectance values from the filtered density values.
Dr =D(Y+M)r + D(Y+M)g +D(Y+M)b
= (0.034+0.125) + (.054+1.123) + (1.045+0.567)
=0.159 + 1.177 + 1.612
Since -log R = -log Rr-logRg-log Rb
-log Rr =0.159
Rr = 0.69
-log Rg =1.177
Rg = 0.067
-log Rb =.77
Rb =0.17
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(M+Y) = 27.69
a* =75
* =31.2



Table 67: The expected L* a* b* of the red patch of the YCMK sequence

Wavel.. [0 z HY oL S*O*y S=0*Z §%y
380 0.0%4 570,000 00100072 4E S O AL v
390, 002454 600024700003 00103 0.0051; 3L L0018 010164
400 0.024: 82781 0.019110.002 0,086 "0.0380; " 0.0040: 0.1906; 01636
410 0.024; 91781010847 0.0088: " 6.38941 01860 00193683816 805
4200024 Y3 A0 5045, 0.0214]0.9725!0.4584;0.0480; 5180019988
430: 0,024 86T 03147 0,038 118538 076548 00805 53384 5553
440:0.024: 1049103837 0.06211 110673 09660 015631 4 9539 "€ 5143
4500054 T 03707, 00895 10948 T 0400 03818 S g0 AT 4
460 0,024 1178 70,3023 70,1283 1454 08547 078634 F 934618163
470:70.024) 11497 70,1956 70,1833 0,316l 0.8364 0 810408718851 450"
48000241150 00803 U536 U1 05050 0084 S 14T Ay 5y
450 0,024 108 80,0162 0.339T 0.4183! 700423 0 8888 T 6844 A€ 864
500:0.024; 10974 00038 0.4608 0218500100 T 5099 0.843% " 80.41%
S10: 00171078 0037506067 0112 0068 T I TTE 008 R 40%
S20T0017TI04 80T 0618 060702097 T 483 6081 9 637
S30 0017 I07. T 02363 0883610305 0433001 6024¢6.0858 64 589
B40: 00170440 T8 T OIYE S U018 01868 T 04 BI04 16043
850:0.017T041T0.529% 09918 0,004 09387 1838660910818
8600017100 01083T 69973 0171988 178984 (IR
10T U0 RTE Y 09338 0114388178844 0:93.054;
880001 O8R! T014% 08686 01681 141581 0 837341
860001 RE Y T 1188014 016866 T 123 068,958
8O0 001 8012470658 0118 10073 059794
6107060 TEIE T 03080358 083710 42643 04309
GO0 O8G0 886305981 08T 8T 94090 0347914
630 080! RS 016478 RS 031816968 (UL S
640060 TR 04316001198 0 94976010384 018,049
650:0.69 8003683071678 014810759398 078608
B80T 080! B A0 1526 0.0603 08 858 Y407 04958
6707080 TURY AT 610813 0.0518 0 48168 T H088 06T
B8O TTO89 YRS T0.04000.073% 0250908590 013430
6907 0,898 00199 66077 009871003703 00,5386
FO0: 06001800096 0,008 004743701828 0073649
W00 A 00046 0.001E 0F 03338100973 R EkY)
Y0060 TS 00053 0008 00,0955 .6340: 000493
P300.69] 899101001 0.0004 00,0482 00193 0 0.0280:
YEOTTO6GTE 00008 0,000 00,0539 0.0704 0610150
TE6CG89 TR Y g OI000 .00 0/ 0.013% " 0.6044 000064
TE0TU89 46T 0,000 o 0!0.005% o i 0
606066800001 o 0 0.0046 7 i o
8008983 A b 0 i : 1 ; i
Sum of 1A RS T TTA Y 054 11650

K factor 10,0861
VA Y VA ZVALUES
1973500 9 876753358
L a*= b*=
Y S I

122



GREEN
1. Find the expected reflectance values from the filtered density values.
Dr =D(C+Y)r + D(C+Y)g +D(C+Y)b
= (1.24740.034) + (0.39+0.054) + (0.1+1.045)
= 1.281 + 0.444 + 1.145
Since -log R = -log Rr-logRg-log Rb
-log Rr = 1.28
Rr = 0.52
-log Rg = 0.444
Rg =0.36
-log Rb = 1.145
Rb = 0.072
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(C+Y) = 59.83
a* =-27.5
b* =48.0



Table 68: The expected L* a* b* of the green patch of the YCMK sequence

Wavel... O S x iz 520*x 8504y TIEGe TRy
380:0.072 30:0.0002 G 0.0007 T IEA & 0.00%% &
390 0.072: 547600024 00005 0.6105; 0.0094° 0001300415 00764
400; 0.072: "82.8:0.0191; 0.002 0,086 70,1139 0.0119 0415761636

410 0.0720 T91.8TT0.0847) 0.0088:0.3894: 0 8580, 0058019 8654 0 8657
420 0.072: YA 050450021 4! 09728 TS 0143868396 T 60%%
430 0.072;  86.7: 03147 0.0387: 1.5535 119645 62416 96976 435373
440:  0.072:  104.9; 0.3837:0.0621: 1.9673: 2.8080: 0.4690' 14.859: 65143
45070072 117 0.3707 " 0.0895 1.994%: 3 12587 0. 1539: 187804 10,471
460:  0.072: 117.8: 03023 0.1282: 1.7454; 2 5640: "1.0873; 1480415102
470 0.072: 114.9:70.19567 0.1852: 0,316 1.6182 718331 9.6394) 31559
480 0.072: 115.9:70.0805; 02536 0. 77211 08718 211658443094 49%
490 0.072: 108.8: 0.016% 0.3301: 64193 0.1969° 265641 Y 585546 804
500° 0,072 10947 00038 0.4608: 0218500299 %6396 192111 80413
S10:0.36: 1078003757 0.6067: 0112 145535 35 5454548865 40%:
520 0.36:  104.8: 0.1177:0.7618: 0.0607: "4.4406! 28 741129601 49§37
530 0.36 107.7:70.3365 0.8752: 0.0305:9.1696; 33933 1.1825: 94.259
S40 036 104.47 037680962 00137 1416236156 051460043
550 0.36 104: 05298 0.9918:  0.004 19.836 37.1%370.1498"71031%;
560 0.36 106:70.7052: 70,9973 0: 25.387; 35.903 0 99.73

UGO8 YRS OB 09558 0304673 48129 0793024
58003695 8T 0142 0.6689 0: 3498 39987 0: 837241
590 0.36 BB.7: 1.1185% 0.7774 O 35.716: 24.824 0 68.955;
600036 90: 112470 638% O 3641821908 0: 59247,
610 0.052 896 1.03050.528 0: 48013 24601 0747309
620 0.0%2 8T 0856303981 0!"3.90517 "1.8153 034,973
8300085 R ST0.64751 0 988 0:"2 BO4T 1 3380: 091816
640 0.052 83.7: 0.4316; 0.1798 O: 1.8785: 0.7826 0 15.049;
650°0.052 80: "0.2683 70.1076 G161 0.4476 0B 608!
6600052 TR E Y 0 1528106803 0;70.6523] 70,2577 07495067
6700052 TRZ A0 081400318 0!70.34°79 0,136 02611
680 0.052: TR T0.0400: 70,0159 0:70.1665;0.0641 0:"1.2450:
6900058900199 06077 07007211 00279 00,5387
To0TT0.052 71.6: 0.0096; 0.0037 0 0.0357: 0.0138 0 0.2649:
Fio0.082 4.3 000467 0.0018 0! 0,018 0.0070: 001337
TIOTTO082 8600022 0.0008 0! 0.0070:0.6026 0:0.0493
V300052699 0.001:0.0004 0:70.0036; 0.6013 0:0.0280:
TAOTTO0528ETT0.00050.0002 0:0.0020: T81E4 00,0130
TEGEO052RS.E 0 000100001 0 992EL Y 3TES: 00,0064
Yoo 0.052 T 46.4: 0.0001 i 0: 241E4 i; it 1}
TI0TTT0.052: T 66.8;0.0001 i, 0:347ES i; 0: i
THOO08% 834 [V I, i} 17 [1; [0} 0
Sum of 1243897 43461 B8 38811620

K-factor? "0.0861
XVA YVA ZVALUE=
20902 279341 7.6035
j IS =
SG85T(27.50) 48.00
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BLUE

1. Find the expected reflectance values from the filtered density values.
Dr = D(C+M)r + D(C+M)g +D(C+M)b

= (1.207+0.128) + (.393+1.08) + (0.112+0.554)

= 1.335 + 1.473 + 0.666
Since -log R = -log Rr-logRg-log Rb

-log Rr = 1.335

Rr = 0.046

-log Rg =1.473

Rg =0.034

-log Rb = 0.666

Rb =0.216
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.

L*(C+M) = 29.51

a* =9

b* =-36



Table 69: The expected L* a* b* of the blue patch of the YCMK sequence

Wavel... 0 i5 & 7 S04 ROy ISR TIRE T
3800 30! 70,0007 G 0.0007 700017 o 0.605% ¢}
390 0077846 0.0024; U000 0.0105;0.02337 0 0028 0.0978! .01 64
400007 82.8: 0.0191: 0.002; 0.086 0.2689: 0.0282: 1.2105 70,1656
410 0.17: 91,51 0.084" 00088 03804 T 31501369 608710 8053
420 007 YN AT0.2045) 00214 0TS T AT 008 TS A4 T 0%
430 0.17: " "86.7 03147 0.0387: 1153351 "4 63841 0.5704; 33897 43853!
440 0.17: 104.9: 0.3837:0.0621: 1.9673:€.8435 "1.1074! 35683 647143
4507017 117: 03707 70,0895 19948 3155 11803 56 671044
460 0.17: 117.81 030237 0.1287 1.74%4:6.0539: 38673 347943147103
476 007 1149 0.1956! 0.1852 0316 EE207 8195 62039 a1 59
4B 017 11570 0.0805: 02336 U T 8881 A0 IS I Y Y
490 0.7 108 80,0162 70,3391 041831 T0.29567 63750 Y 68141 A6 894
300 0071064 0.0038; 0.4608; 0.2185: 70,0707 8890040634 40,412
5100031 107800378 0606 0 1140 1958 08 YS U A4S 8 40
520 0.031: 104801177 07618 0.0607: 0.48347 24149 01972 4G §AY
530 0.031: 1077 70.236%: 08752 70.0305: 01896 94990 0.1018: 94.259
340 0.031: T4 40 Y68 0965 00T T ATYS T4 00443 10043
§50:70.031 104: "0.5298; 09918 0.004: 1 H081T 1976 0.0199: 10314
60 0.031 100: 01052109973 0i 218617 3.0916 0: 94773
5700031983088 09556 026242 " B8R 092,024
380 0.031: 058101421 0. 8689 0:73.0120: 725805 0: 83241
590: 0,031 BE7 T T804 0:%.0755 21376 0: 68,953
600 0.631 90: 1 12470 6583 0731360018187 0: 59,247
6108 0.042 Y6 T.0%05 0528 0; 38780 "1.9870: 047309
€2050.0421 R T 0 8563 04981 03718411 T 4664! 0! 34,913
630 0.042 83.3:70.6475: 02833 0: 2.2653; 0.9919: 0: 23,61
640 0,042 RE T 0431601198 0:71.517270.6321 0 15.049
650 0.04% 80; 0.7683;0.1076 0:70.5015 0.3615 0:"8.608
660 O.04% TR0 15267 0.060% 0! 0.5268; 02082 049587
6700042 RS ATT0.0813 003 TE! 0! "0.2810 0,109 026171
680 0.042 78.3:0.0409: 0.0159 O 0.1345; 0.0523 0: 1.2450;
600042 RGO 99060 0: 70,0583 "0.0228 005367
J00: 0.042 71.6; 0.0096: 0.0037 0: 0.0289;: 0.0111 0: 0.2649
IO 0,042 48 0.00461 0.0018 0:70.01441 "0.0056 00,1337
YI0O04% 1.6 0 0022 0.0008 00,0057 0.0021 0:0.0493
130:0.042 699100011 6,0004 000029 0.0073: 00,0280
T400.042:8.110.00050.0002 0:0.0016; 6.31E4 0:70.0150;

TR TTO.043 6.6 T0.0003] 70,0001 OB OTEA 2 6TEAL 0:" 0.0064
J60: 0042 46.47 0.0001 i; 0: 1.95E-4 i, 0: i
T TT0.042: 66,8 0.0001 [i; 0 281E4; [i; [i; i
YEO:T0.04%: T84 [1; i; 0: v o 0: 0
Sumof 16682 62078 8931 11620

K-factor } "0.08861
X'VA..YVA. ZVALUE=
U180 53421118492
] = a%= b*=
51691307 (31.20)
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The Calculation of L* a* b* Expected for the CMYK Sequence

RED
1. Find the expected reflectance values from the filtered density values.
Dr =D(Y+M)r + D(Y+M)g +D(Y+M)b
= (0.034+0.123) + (.053+1.095) + (0.986+0.552)
=0.141 + 1.148 + 1.538
Since -log R = -log Rr-logRg-log Rb
-log Rr=0.141
-~ Rr=0.73
-log Rg = 1.148
Rg = 0.07
-log Rb = 1.538
Rb = 0.028
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(M+Y) =44.46
a* =51.0
b* =448



Table 70: The expected L* a* b* of the red patch of the CMYK sequence

avel... O z S30%x IS0y I8¥0%z  S*y :
380001058 30: 10,0067 000007 2 8ES 0 oRES (0
3500028846 T0.0024! 00003 0105 0.003%; 439E4 00161001640
400 0:028: 2800191 0002 0,086 0 0443 00046 0/1994: 01656
410:0.028:91.8770.0847 0.0088: 03894 031407 010255 " 6:9976i 0.8052
42000028 YN AT 02045 0021400755 0785480105805 54931 T 9988
430:0.028 86,7 03147 0.0387! 1.5535! 70,7640 0.0939¢ 73,7713 3.3553!
4400002810479 03837 70,0621 19673 11207 01185418841 T6.8143;
45000028 P17 70.70%: 70,0895 179948 14144 072953 "6.8350: " 10°471
4600.028 1178 0,303 012871454 0,991 0.4339; 879870 18,102
70002811497 70,1956 0. T852 074160162930 0.5958¢ 10218 91,279
480 U028 TTT50 00805 02538 01103612 08 230: 18086 99,392
490 70,028 1088 T0.01630 0,339 04183 0.04947 T 03%50: 19683 46,894
$60: 007 109.4 00038 04608 02188 0.02911 38288 116933 80.417
ST000% IO E 0038 08087 0112 048300 4 883 084831854072
8300007 I04TE 0T 06 1R 00807 0 8834T 8 8886 0.443%! 9 837
8300007 IO 0336808752 60508 T 830! 639811 0.2399! 94,359
B40 007 IO 740 TERTTO96 001 S 0303 0.1001: " 100.43
350 0.07 104; 70.329%: 09918 0.004; 3.8569; ¥.3203 70,0291 10313
360:0.07 100: 077053109973 04793641 89811 079973
00078 OB TR 09858 08948441 019 0%4
880007988 10142 0.8689 068013 S EI6E 0837241
890007 TURE T RS04 69448 "4 8569 0468953
8O0 002 [ Wb 4Tk VDX kL VIRt (WY
G002 89,61 T.03050 0,528 66,4800 34,063 04309
B0 Y 0 8863 0,498 0 84,0707 98 148 00347913
TS (1N B A i W A (X L T W] K ] O E 884100 094618
B40L O T0.4316 70,1198 0 26.010; "10.833 015,049
630093 80103683 0.1076 018743461978 08608
GO0 RS 0.1526] 1.0603 090318 35888 0 4956
G0 oMU ATT0.0813 0.0318 048181 8R4l (P R3Y)
B80S STT0.0409; 0.0159 0230881 0.8964 0! 1 72430;
GO0 A TR 0.0199; 0,007 00508 03884 00538
MO0 06 T0.0096 0,003 0:"0.494%70.1907 0: "0.2649
FIOETOE 48] 0.0046] 0.0018: 0 0.3461] 0.0963 00,133
YOO BT8O 0028 0.0008 0000078 00333 0 0.0493
G069 0,001 T0.0004 0: 00503 0.0201 00,0280
WA0TTTTOATTETT0.0005! 0.0002 0 0.0276: " 0.0108 0: " 0.0150:
WE0ETTO A8 0.0003] "0.0001 00,0147 0.6046 0:0.0084
S0 0T A6.4A: 0.0001 [ 00,0033 : i 0
GO 66,81 0.0001 i; 00,0048 i (i [
2R A XX i [i; (i 0 b (i (i
! S of AT 405,14 814 11820
K -Tactor ; 0.0861
VA Y VA ZVALUE=
AR 8886520013
= ia%= b=
444875100 4480
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GREEN

1. Find the expected reflectance values from the filtered density values.
Dr =D(C+Y)r + D(C+Y)g +D(C+Y)b
= (1.261+0.018) + (0.397+0.053) + (0.109+0.986)
=1.279 +0.45 + 1.095
Since -log R = -log Rr-logRg-log Rb
-log Rr=1.279
Rr = 0.053
-log Rg =0.45
Rg = 0.355
-log Rb = 1.095
Rb = 0.08
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(C+Y) =59.92
a* =-24.0
b* = 45.4



Jable 71: The expected L* a* b* of the green patch of the CMYK sequence

avel... i . y " BEGeX TISSORY ISRV ISy
380008 50 0.0002 ¢ 0:0007;0.0008! & 0.0028: i
390008 TTR4L6: 00024 0,000 0.0105)0.0103; "0.0013.0.0459. 70,0164
400: 0,08 RZET0.0191:0.002: 0,086 0.1265: 0.0132: 0.5697; 0.1656;
4107008718 T0.0847 00088 0.3894:0.62000 0.06447 12,8504 08052
420008 Y34 T0.2048 0031409725 5280 0.1599;1.2665! 1 9k
43070.08] 8603147, 0,038 115535 218281026841 "10.775; 33553
44070080479 0389 0.0621: 71,9673 422000 0.5211: 16.510: 6.5143
4507008 11770870, 6089319948 "3 4698 0.8377: 18.871: 10471
60008 TR 030230 012821 74542 84897 1.2082 16.449! 15,102
450008140 019568 01852031761 17980 1.7024: 2.9194: 21.279
AR08 TTIS9 00805 02838 O TE 014641 5 35141 158G 29,397
490 0.08: 1088 0.0162: 70.3391: 70,4193 70.1410; 2.9515; 3.6148: 36.894
§60:0.087 100,47 0.0078: 04608 02185 0.03337 4.03%9; 1.9123! 50.412
10046 TTI07.8 00375 08067 0112 1 45531 23 54543465 65.402
5000361048 0T 0. 7618 0.0807; 4 4406; 28.741: 2.2901: 79.837
E30TTTOA6TI07 70733651 0.8742: 7 0.030%:79.1696; 33933: 1.1825: 94,259
SA0TTT086I04.4T0 Y68 0965 00137 147182 36.156; 0.5149; 100.43
500,96 TO4: 078298 099180004 19,836 37,1337 70,1498 103.15
560 0.36 100: 0.7052: 0.9973 0:25.387: 35903 0: 99.73
100888 0B TR 09556 0: 304637 43128 692024
SRGTT036 9880142 0.8689 0! 3491829967 083241
60036 RET 11185 0.7774 0: 457716 24824 0:"68.955
600038 B0 1154006588 O 64182128 059347
610 0.05 89.6: 1.0305: 0.528 0 "4.6166; 2.3654: 0: 47309
620:0.05 BT T T0.8563; 0.3981 0475497 11450 0! 34913
&30 0I05TTTRE S0 6475 02833 02 6968 1.1808 095616
640 0,08 R Y 0.4316: 0.1798 0: 71,8062 70,1525 0:15.049:
650:0.05 80: 0.2683770.1076 0:71.073%3 70,4304 8 608
660005 TTRY T 0.1526]0.0603: 0!70.6272 02478 G 4958
6907008 T8 2.3170.0813; 0.0318: 60,3348 01309 ([ XSk
GEOC 005 TR S 0.0409: 0.0159 0 0.1601; 0.0622: 01,2450
§900.05TTTRY Y T0.0199; 0.0077 00,0694 "0.0268 0: 705367
0070056 T0.0096 0,003 000344 0.0132 0 0.2649
FIOUTTTGI08 T4 80,0046 0.0018 0! 0.0171E0.6067 0:0.1337,
wAGTT0L08:TTRT6 0,002 0.0008 00,0068 00023 60,0493
wiDT0.05:T89.9 0,001 0.0004 0! 0.0035:0.0014: 60,0280
WAL U081 0.0005;0.0002 0:0.0019: 7.51E4 0:0.0150;
80005 TT83.6T 0.0003] 0.0001 0984S IRES 0 0.0084
Wex 0,05 46,41 0.0001 [i; 0: 2324 i} i} i
G 0.05 66.8: 0.0001 [0 0: 334E4; 1. 0 i
806005 634 i; [i; i} 1; i; O 1>
i T MY X LI Y N L L 8 L
K-facior i 0.0861
VA, YVA... ZVALUE=
20.994; 28032 B 3672
*— ia.= b‘=
4979751 (24.00); 45740
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131

BLUE

1. Find the expected reflectance values from the filtered density values.
Dr = D(C+M)r + D(C+M)g +D(C+M)b

= (1.261+0.123) + (.397+1.095) + (0.109+0.552)

=1.384 + 1.492 + 0.661
Since -log R = -log Rr-logRg-log Rb

-log Rr = 1.384

Rr = 0.04

-log Rg = 1.492

Rg =0.032

-log Rb = 0.661

Rb =0.22
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.

L*(C+M) = 29.79

a* =10

b* =-37.2



Table 72: The expected L* a* b* of the blue patch of the CMYK sequence

:Wavel... 0 x Y z S*O*x iS*O*y :S*0*z S*y |
380633 80;0.0002 ¢ 0.0007: "0.0022 ¢ 0.0077 i
A0TSR 00024 00003 0.010%: 0 028400036 0.1261: 00764
400623 RIRT0.0191] 0,002 0.086;0.3479; "0.0364; 1.5666: 0.1636:
47070298 0.0847: 70,0088 0.389411.7030; 0.1771:7.8386; 0.8052
A500TTOSTTTYN AT 02045 00214 09125 A 05104397 19985 1 998
A500TTTOAETTTRE T OB TAN 0038 T I838 600260 0 383 29 6311 Y 355!
44070221 T104°9: 03837 0.062111.9673; 8 8530; 1.43311 45,4011 8.5143
4507022 V17703707 70,0895 "1.9948: 95418 "2 3057 51346 10471
46002217 8030237012821 1.74541 T 83447 1324459341 15102
A0TT082 149001956 0.18%2) 03176 494447 4 6815 8.0283: 21.279
AB0TTTTOETTTTIS9U 00805 02536 07T A 0846 6.4665: 19 687 25,342
490022 TIOR8 R 0I0162: 03391 0.415%: 70,3878 "B 1167 9.9406 36.894
500 0221064000387 04608 0.2185 00015 11.091; 5.2589: 50.412
1050032 107800375 0606 012 012947 T 0929 0.38641 65,402
S50 0032771048 0117707618 0.0607: 70,3947 25548 0.2036: 79.837:
$5070.042 10770 2865 08752 0.0305: 0.8151; 3.0163: 0.1051; 94.259
S40 0093104403768 01962 0.0137: 11258832138 0.0458 100.43
4§50 0.032 1047 70/529% 0.9918)0.004: 1163233007 0.0133: 103.15
560 0.032 100: 7070527069973 0: 7 2.2566: 3.1914 0 99.73
S700.032: 9631 T0BT8Y: 0.9556 0: 72707829448 005024
580 0.032 95.8: 1.0142; 0.8689 0 31091 2.6637 0 83.241:
590;: 0.032 887 1.1185: 0.7774 031748 2.2066 0 68.955:
gO0 0032 BOi 112470658 0% 287118959 05y 24T
610 0.04TRYE1.0305 0.528 0! 41693318924 04 309
62007004 RTT 0.8%63: 0.3981 0! "3.6039: 1.3965 0: 34913
B30 O04: TTURY S 0 845 0 2RS 009187506448 094816
640 0.04 837 70.4316; 0.1798 0 1.4450: 0.6020: (: 15.049
650 0.04 g0 '0.26837 0.1076 0 0.8586; 0.3443 0 B.608
ge0 004! TTTRE 0 15261 0.0603 0! 03017 01983 04558
61 0.04 8£2.3: 0.0813; 0.0318: 0:70.2676: 0.1047 0 2.6171
680 0.04 W83:70.0409: 0.0159 G: 012817 0.0498 0 1.2450;
O0TT0.04: 89 0 0199; 0.0077 0:70.0555 00213 670,538
T00: 0.04 W1.6170.0096; 0.0037 0 0.0275 0.0106 (0 0.2649
wioETTTO04TE ST 00046 0.0018 000157 70,0053 001337
720 0.04 61.6: 0.0022: 0.0008 0:70.0054;:  0.0020: 0:70.0493
¥E0T0.0477769.9: 0.001: 0.0004 0! "0.0028: 0.0011 00,0280
4000478015 0.0005;0.0002: 6:70.0015: 6.01E4 G 0.0150;
80004836 0.00030.0001 0 T63E4 2 34E 4 0:0.0064
wetr 0044647 0.0001 i; 01 B6E4 [i; [i: 1}
TG 0.04 66.8: 0.0001 i, 0 2.67TE-4: [1; [¥; 1
780004634 0 0 o} 13 1 : [i;
Sl 1006 i 464) BA4 80T T162.0

K factor : 0.0861
X VA, YVA. T ZVALUE =
g.6280 6 1499 21067
= a¥= =
3679671 10.00'T (37.20)
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The Calculation of L* a* b* Expected for the KCMY Sequence

RED
1. Find the expected reflectance values from the filtered density values.
Dr =D(Y+M)r + D(Y+M)g +D(Y+M)b

= (0.022+0.121) + (.057+1.132) + (1.03+0.571)

=0.143 + 1.189 + 1.601
Since -log R = -log Rr-logRg-log Rb

-log Rr =0.143

Rr =0.72

-logRg =1.189

Rg = 0.065

-log Rb = 1.601

Rb = 0.025
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.

L*(M+Y) =43.87

a* =50.0

b* =46.0



Table 73: The expected L* a* b* of the red patch of the KCMY sequence

Wavel.. 10 S X y z +0x IS 0Fy TISFGYZ ISy
380001623 30! 70.0007 O 0.0007 ISEL 08 3ES Fy:
90008 USE 6 T0/0024T 00005 T 0.0T05! 000513, 4 0L 00143 0.07164
400:70.028TEER0.0191: 0,002 010861610395 0.6047: 0 18001656
410 0.025 91.5: 0.0847: 0.0088: 0.3894: 0.1938: 0.0201: 0.8908; 0.8052
4300028 TN AT 0504500214 TGS T OATIS TO.0500) 08! T 998
A500770.025 6T 03147 0.0387 175535 068311 008391 336721435583
4400025 T04.9: 03837 0.0621 19673 110063 01629 5. 18921 6 8143
A50:0.058 117073707 00893 19948 110843 02618 5.8548 " 10.471
460:0.025117.80.3023: 70,1282 1.7454;0.8903 0.3975!3.140215.102
700025114791 0.19560.1852) 03176 05619 T0.8350! T0.9193: 217059
48000251501 008051 02336 0T 02888 O 34BNy Ay
450:770.025 108 80,0162 0.4997: 0.4153: 70,0441 09224 11296 96894
5000 0.025: 109.4; 0.0038: 04608 0.2185 0.0104: 1.2603: 0.5976; 50.412
107006510787 0.0375 06067012 006381 4S80 IR4E 65 402
85070068 104,801 0618010607 T0.8018! 818047 04198 19 83T
5300 0.065:  107.7: 0.2365: 0.8752: 0.0305: 1.6556: 6.1268: 0.2135: 94.259
400065 T04 4T O TERTTTOIY6S U0 880 8 5 A8 0.0930) 100,43
5500 0.065 104 0.5208 0.9918;  0.004: 3.5814; 6.7046; 0.0270: 103.15
800,065 100104053 66973 01 4483876 4854 0 99778

T T 0.065: 6.3 0B TEY 09556 07550021 56816 0054
SE0T0.065 9881101471 0.8689 66413454106 083941
5600065 BR800 T4 G 6.44877 74,4831 0687655
600 0,065 B0 40638 (VA AT K LY B (WY
610 0.72 89.6: 1.0305 0.528 0: 66.480: 34.062 0: 47309
G0 TO TR 08863 0,508 0840038188 6447913
(0N | N i A . W KT 1 - 0 E AT 1003 695818
640 0.72 83.7: 0.4316; 0.1798 (: 26.010: 10.835 (0 15.049
630C70.72 80: 026831 0.1076 0: 18,4847 76,1978 b8 608
g0 TR E AT 015281 0,060 090315 Y 5688 O 49567
670072 82.3: 0.0813; 0.0318 04 8175 1.8843 02,6171
EEOTTOME YR ATT0.0409: 010159 0430581 0.8964 012430
BOOTTTOETTTRY Y 00198 .00 0099803864 605387
SO0 ETTTYTL6TT0.0096 0,003 60,4949 70,1907 U0.2649
FTOCTTTO A48T 00046 0,001 8 0024617 06963 6701337
A0 TTTET 6T T0.0022 010008 00010976 00353 00,0493
WEOETO0ETTT69.91 0,001 0.0004 00,0503 70,0201 00,0280
WAGTTTO AT TT0.00050.0002 0:70.0270: 0.07108 0: 70,0130
A6 0,000 0.0001 000147 0.0048 60.0064
PO O 46T 0.0001 o T0.0093 [i; O o
0668 0.0001 i 00,0048 [, 1 i
VOO T34 0 1 0 v [ : 0
Simof 1654 1898 9368 11620

KTactor: 0.0861
X VA. YVA " ZVALUE =
95 8R5T 145184
. in*= b*=
43871 50.00° 7 46,00

134



135

GREEN

1. Find the expected reflectance values from the filtered density values.
Dr =D(C+Y)r + D(C+Y)g +D(C+Y)b
= (1.27+0.022) + (0.40+0.057) + (0.109+1.03)
=1.292 + 0.457+ 1.139
Since -log R = -log Rr-logRg-log Rb
-log Rr=1.292
Rr = 0.05
-log Rg = 0.457
Rg =0.35
-log Rb=1.139
Rb = 0.073
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.
L*(C+Y) =59.16
a* =-24.55
* =46.60



Jable 74: The expected L* a* b* of the green patch of the KCMY sequence

avel... 0 y z B¥0%x I8 0%y O, SEy
38000573 560003 GO0 O e B W7 000056
RGO RA G 0,004 00003 T070105E0:0098 0001 0.0416 00184
400:. 0.073 g£2.8: 0.0191 0.002: 0.086: 0.1154! 0.0121: 0.519%: 0.1656:
A1 0073 S 0084 0.0088 073894 0.8638:0.0888 36010, 0,805
F50TO 0T YR A0 3048 0 0S40 Ss T 04 E G A%y 6650 90RE:
43¢ 0.073 86.7: 0.3147: 0.0387: 1.5535: 1.9918 0.2449: 9.8323: 33553
44070073049 038800631 19678 S 938804738 181063888143
A0 T T OIG 6. 0895: 0948 Y 1661 0,164 1T .038 10471
F60OOTE T R 030930 0.138% 1 74540 58996 171094 15,009 15103
470 0.073 114.9: 0.1956; 0.1852: 0.3176: 1.6406: 1.5534: 26639 21.279
500,073 T80T 0I080%, 005361 0 TAT 08811} L1458 85333 49393
A90 00T I0R 80,0163 033011 04183 014K L 6953: 5,298 8! 6,894
§O0 008 T004T 010058 0.4608 04185 0.0303 368000 19450 80,412
S0 048I0 8000378 06060112 141497 S 891 A IS8, 65,402
O AR 04 O T T O B G060Y, A TS T 043¢ S 368! 9 83T
B R 0  0 33680882 076305 8914945991 111497 94,539
SO0 T4 A 0T TR 0968 001316888 18105006, 10043
B80T ART I 04T 08998 6.9918 0,004 19,385 36,107 0.14%6; 103,18
$60:038TT00, 01053 0.9973 044 68344 903 LT
(L R T H O L W KT 0 G 61408 0! 95 054!
580 04509881 1,014 6.8689 0440067 39,134 083541
8§50 048R 118801194 0343434134 068633
800688 o0 134T 06383 038 408 50138 659 547,
BI05 0680896 103050538 04 6186 35654 647,309
30008 R 08863 04981 05 4849" T 484 044 613
§30 008 T EE AT 0648 0938 0!"3 80681 T80K LRS!
€40 008889 0.4316 70,1798 0 8063 0:1%23 013,049
650008 8003683 0:1076 61073504304 b8 608
€80 608 BT 0. 1556, 0.060% 008572 05478 049587
G0 T008 34T 00813 60518 064345 01309 046141
GEOT0I08 88 T0.0400; 00189 0 61601; 0.0623: 015450
BO0 00880 00199 B 007 0: 0069400268 605387
SO0 008 T 60,0006 0,005 060344 06133 005649
FLOE 084S 0.00460.0018 0700141 6.008" 001337
TR0l T0.0093; U 0008 0 0:0068; 00023 00704573
W0CTTT08 B0 0,001 0.0004 066038 0.6014 6 6:0280
WAGT008E TR AT 070008 0.0002 06700197 T 31EA 006130
86008 85,6 0,600 0,001 09 34E A 1 18E4 0070064
R0 b8 464! 0.0001 i O SIS 0 i 0
b8 66.8T 0,000 i R 0 b 0
- N L X i 0 it o 0 o 0
i ol 6600 416,047 89238 11620
K facior ] 0.0861

VA Y VA VALUE S

203617 219 T8

L= n%= b=

89761 (3488) 4680
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BLUE

1. Find the expected reflectance values from the filtered density values.
Dr =D(C+M)r + D(C+M)g +D(C+M)b

= (1.2740.121) + (.393+1.08) + (0.109+0.571)

= 1.391 + 1.532 + 0.68
Since -log R = -log Rr-logRg-log Rb

-log Rr = 1.391

Rr = 0.041

-log Rg =1.532

Rg = 0.029

-log Rb = 0.68

Rb = 0.21
2. Find the L* a* b* expected from Rr, Rg, and Rb by using the Jazz spreadsheet
program.

L*(C+M) = 28.88

a* =9

b* =-37



Table 75: The expected L* a* b* of the blue patch of the KCMY sequence

Wavel... 0 x y z S*O*x  S*0Fy IR0 TSy
380021 500 0.0002 G 0.0007: "0.0021 ¢ 0.0073: 0
350021 54.6: 0.0024: "0.0003;0.0105:0.0275: "0.0034" 01504 00764

400020 82.8: 0.0191: "0.002: "0.086:0.3321: 0.0348 "1.49%4" 701656
410 031 91.5: 0.0847: 0.0088 0.3894: 16275 0,161 4853 06.805%
420 0.21 930045 0021409728 AT 04T T8 9oRE:
430 0.21 86T 031400387 18538 Y 9T 0046 58 8% 3.355%:
440 0.21: 104.9: 0,383 0.0621: 196731 84535136800 43338 € %143
4507021 117, 0.3707; "0.0895:1.994%: "0 1081 ™3 19060, " 49.01% {07441
460 . 0.21:  117.8 03023 0.1282"1.9454 7 47835 191443198 18163
470 0.21: 114.9: 70,1956 0.1852 03176 47196 44687 663431 356"
48G  0.21: 1135.9: 0.0805: "0.2536 071211 19893 "8 1 724! 18 495! 5y 3y
490:  0.21: 1088 0.0162 03391 641831 037011 1 148! 6. 4888! 46 854
500 0.21 109.4: 0.00387 0.4608:0.218% 0,084 16886 36198 80,41
510 0.029:107.81 0.0375: "0.6067 0. 11201172 189800350168 402
520 0.026: 10481 0117707618 0.0607 03847 35153 0.1843"79.837:
530 0.029: 107.7:70.2365; 0.8752: 70,0305 0738729358 070053! 94 959!
540 0.029: 10474 0. 3768096500197 T 1408 50198 0041800743
550: 70.029 104: 0.5298 0.99180.004: "1.3979: 29913 0.0121: 1031
560 0.029 100: 70,7052, 709573 0: 204317 38923 08973
5700029963 O BTRT 09558 0:"2.4559! "2 6687 092024
580G 0.029: 958 T 0143 0 8689 O 28111 L ATAD 083241
590 T0.029: BB T85O TYT4 O 281999 0:68.935
800 0.629 [ T WS 7 E O W ST K 0:" 2535817182 0859247
610¢0.041 8961 1.03050.528: 0:"%.1856] 1,939 041309
620 0.041 877 0.8%563: 70,3981 0:"3.0790! "1.4314 0! 447913
6300041 TR0 8475 0 2ES 0:"221147 70,9682 029818
640 0.041: R T04%16:70.198 0:" 14811 70.8176 015,049
650 0.041 80, 07683 70.1076 0: " 0.8800; "0.3%79: 0;"8.608
6600041 TR 0 1526700603 0: 031437 072033 049587
610 0.041 82.3: 0.0813;: 0.0318 0: 0.2743: 0.1073: 0 2,611
680  0.041 78.3; 0.0409: 0.0159 0 0.1313: 0.0510 & 1.2450:
690 0041800199 0607 0:70.0569; 0.0220: 0:0.5367
700 0,041 716 70,0066 0.0037 00,0282 00109 0:0.2649
TioE 00411 7430 0046 00018 0:70.0140;0.60353 0:0.1337
200,041 61.6: 0 0022 0.0008 0:70.0058; 0.0020 0:0.0493
T30:770.041 69.9: 7 0.001: T0.0004 0:70.0029; T0.0011 0:"0.0280:
740 0.041 75.17 0.0005; 0.0002 0: 0.0015: 6.16E4 0: 0.0150:
TE0TT0.0471 88600003 0.0001 0 7T RIEA S BIES ;70,0064
Teh 0,041 4647 0.0001 [i: 01 90E=4: i; 0 0
Ti6 0.04] 66.8: 0.0001 [1; 0:2.714E4 i; 0 0
T8O T0.041 634 i; [1; 0: 0 17 i} [v:

! T B W & (1) I K X S S L X
K facior 1 0.0861
VA YVA. ZVALUE=
€.3210:5.79161 20,108
L‘: at= b*=
2888719007 (37.00)
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APPENDIX G
The Total Color Differences, Chroma Differences, and Hue Angle Differences between the

Expected Red, Green, and Blue Patches and the Measured Ones of the Four Sequences



Table 76: The total color differences, chroma differences, and hue angle differences

between the expected red, green, and blue patches and the measured ones

of the YMCK, YCMK, CMYK, and KCMY sequences

R (expected) iR (measured)  :AE*ab :AC*ab :AH*ab
Lt a— Ebt Lt Ea‘ bl
D0 (O R L (T . 8 S S - W Cy L )
(0] V1 NG A TN U TN V-3 T 1T LY S HI e 1 38 V(S0 WS L L 1
CMYK {44746 S1TTTAARTTTAR 62 TS A TSR 4497819035 70.1501
CMY AR 30 46 AR RS AR 1T 60690 41951 0951
G (expected G (measured) " AEvab IACHab iAH¥ab
L. -a“ . L‘ :a‘ 'b"

TR 60.01 A 46 5576 5708 3491 35147 15.025 31.4%9
YCMK | 3983 273 48 36.64 5681 137.60 31.234 12856 28.286
CMYK T 785463 AR A TTRA TS890 a6 88 40, 249; T 18.340! 47349
CMY : 30.16. 2455 466 54.13 -50.71; 29.45 39.442. 13906 136.364:

:B (expected) B (measured) AE*ab :AC*ab iAH*ab

] in® h* Lt ig* h*
CMK TG 51 [ i V- T FRR (V0 V- i 0 IS . ER (0 0T S
YCMK ™ 27769 AT TS 0,461 AT .02 11,2681 10.244;0.5074:
CMYK | 29.79: 10 -37.2. 34.16. 1087 -41.23. 6.0079: 4.1182; 0.1958:
KOMY ™38R 9 NS AT AT 6869469 S 4R4% S 3008;
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APPENDIX H

The Colorimetric Trapping Percentages



Table 77: The colorimetric trapping percentages

1 H*me... Ymea... Vmea.. Rm Ormea... GTRAP
YMCEK T RED 31707212021 4605164046796 T 64648
YMCER GREEN T 38607 23874 T 4 866 T 1858010143 15615
YMCK BLUE ":32.300 7.219: 2.687: 52831 "1.2887 66.580
YMCK YELL.i84.150F 64.354 ¢ " 8.022 139,491 10,237
YMCK "IMAG... 4995071 18377 472871319811 0883
YMCK ICYAN 161,120 29385 85421 23770635
CMK RED 49.700 : 18.169: 4.262: 13.805: 0.871: 70.935
YCMK GREEN': 568401 24,556 4.9557 16367072477 15526
YCMK BLUE 3235071 72417 26917 52997 12877 61.619
YCMK IYELL 839907 64,0471 810031 59,1507 0239
YEMK IMAG. T4 800 T 1432 T 4 IAI8Y T 0891
YEMK ICYAN 160,750 28964 75 382 IR 0647
CMYK RED 48,620 17.287: 4,158 13.066: 0.895: 15.374
CMYK GREEN T 347507722 68877 47163 TTN0T 0165 T 55,869
CMYK BLUE :34.160: 8.085: 2.843: 5.895: 1.240: 35.514
CMYK :YELL...: 84960 : 65.920: "8.120: 61.241 : 0.224
CMYK TMAG. S0 180T 1R5T0T 43091141447 0.860
CMYK }CYAN 160970 29.2147 5405 23.618 | 0.638
KCMY RED 48180716919 4118129547 09057 13.946
KOMY SGREEN 3413071 22007147017 17,1867 70,776 €1.661
KEMY BLUE 1324707172987 2.701 5336 "1.284 ; 58.100
KEMY " YELL 850301 66.066 1 8.128 1 61.364: 0.223
KOEMY MAG. 49350 180447 4248137017 0.874
KCMY SCYAN ":60.940 29.180; 5.402: 23.586 : 0.638
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APPENDIX 1
Inkometer Tack Readin g
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Table 78: Inkometer tack reading

Company GPI
Type monotack ink

Purpose Tack Measurement

Color Process Yellow 10+ 35386

20 sec. 10.1 1 min. 10.6 6 min. 17.9
1 min. 10.6 2min. 119 7 min. 19.2
3min. 133 8 min. 20.7
4 min. 14.8 9 min. 22.3
20 sec. 10.1 Smin. 16.3 10 min. 24.0

Color Process Magenta 10+ 35387

20 sec. 10.6 1 min. 11.3 6 min. 19.8
1 min. 11.3 2min. 13.0 7 min. 21.6
3 min. 145 8 min. 233
4 min. 164 9 min. 25.1

20 sec. 10.6 5min. 18.1 10 min. 26.8

Color Process Cyan 10+ 35388

20 sec. 10.2 1 min. 11.1 6 min. 19.6
1 min. 11.1 2min. 12.6 7 min. 21.7
3min. 144 8 min. 23.9
4 min. 16.1 9 min. 26.0

20 sec. 10.2 S5min. 17.8 10 min. 28.3



Color Process Black 10+ 17980

20 sec. 10.6 1 min. 11.7
I min. 11.7 2 min. 13.6
3min. 153
4 min. 169
20 sec. 10.6 5min. 187

145

6 min. 20.4
7 min. 22.2
8 min. 23.8
9 min. 24.4
10 min. 24.4
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Eigure 6: Ink tack graph
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APPENDIX J.

The Color Patches, the Normal Key, the High Key, the Low Key, and the Skin Tone

Pictures Printed by Using the Four Sequences
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Figure 7: Color patches printed by using the YMCK sequence
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Figure 8 : A normal key picture printed by using the YMCK sequence
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Figure 9: A high key picture printed by using the YMCK sequence
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Figure 10: A low key picture printed by using the YMCK sequence
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Figure 11: A skin tone picture printed by using the YMCK sequence
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Figure 12: Color patches printed by using the YCMK sequence
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Figure 13 : A normal key picture printed by using the YCMK sequence
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Figure 14: A high key picture printed by using the YCMK sequence
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Figure 15: A low key picture printed by using the YCMK sequence
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Figure 16: A skin tone picture printed by using the YCMK sequence
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Eigure 17: Color patches printed by using the CMYK sequence
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Figure 18 : A normal key picture printed by using the CMYK sequence
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Figure 19: A high key picture printed by usin g the CMYK sequence




Eigure 20: A low key picture printed by using the CMYK sequence
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Figure 21: A skin tone picture printed by using the CMYK sequence
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Figure 22: Color patches printed by using the KCMY sequence
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Figure 23 : i i
A normal key picture printed by using the KCMY sequence
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Figure 24: A high key picture printed by using the KCMY sequence
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Figure 25: A low key picture printed by using the KCMY sequence
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Eigure 26: A skin tone picture printed by using the KCMY sequence
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