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Abstract

The performance of color matching in ICC-based Color Management Systems (CMS)
is being improved, and its workflow established. As part of the digital workflow, digital
proofing plays an important roll in the control of color from capture to the printed page,
but its method of evaluation is not clearly understood.

To evaluate the degree of color matching by digital proofing in an ICC-based CMS

between a reference image and a sample image, the AE,, calculated by averaging the

individual color differences is being used. Doing a qualitative evaluation, ICC-based

CMS should be able to stand behind the statement that the color space transformation

through the Profile Connection Space (PCS) is correlated to visual judgments. The AE,,

Distribution should provide more information than the average AE,, to evaluate the

degree of color matching in digital proofing.

In this research, the visual judgment between digital proof and a reference image
color matches is studied. Using a reference image, and digital proofs as sample images, a
psychometric evaluation based on the one-dimensional scaling technique is applied to
scale the visual assessments. From the three dimensions: lightness, chroma, and hue; the

lightness (L*) dimension was the only aspect addressed to scale the visual assessments.



The reference image was generated with the color characterization data for Type 1
printing ', and digital proofs with the input data characterization of 4-color process
printing (IT8.7/3 target) *°. Those digital proofs were presented to a panel of observers;
data were collected, and analyzed to develop a preference scale that represents the

qualitative evaluation of the color match.

To test the accuracy of the AE, Distribution for evaluating the degree of color

matching, a quantitative analysis was done. The AE,, Distribution was analyzed by the
cumulative frequency distribution technique between the reference image and the digital
proofs, for 182 patches of the IT8.7/3 target, and the best critical value to match the
visual scale was obtained. A quantitative evaluation between the digital proofs and the

reference image, based on the color characterization data for Type 1 printing ', was used

to scale the average AE., and the AE,, Distribution. Then, a classical statistical method

was applied to those metric scales and to the visual scale to infer that the degree of color

matching is better correlated between the visual judgement and the AE,, Distribution,

than between the visual judgement and the average AE,, .

Finally, using this method based on the qualitative analysis, a median of the AE,

Distribution of 52.8% would produce a visual match between the reference and the

sample.
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Chapter 1

Introduction and Statement of the Problem

In the Graphic Arts, the most important goals ' are color matching and pleasing color
images, as shown in Figure No. 1. With the formation, in 1993, of the International Color
Consortium (ICC), the development of the color management system (CMS) has been
promoted to provide color control solutions to Graphic Arts imaging requirements. With
the specification of the ICC-Profile Format 2, ICC is working on an open color
management system concept, with a multitude of solutions. Vendors want a unique .
product. Users want a unique solution. The workflow is clear but testing of workflows is

still unclear.

Figure No. 1. ICC-based CMS color control solutions for the Graphic Arts industry

Graphic Arts
Objectives

Pleasing Color ‘j r—p Color Matching

ICC-based CMS
multitude of color control solutions
with an open
Color Management System




[n the case of digital proofing, to evaluate the degree of color matching in ICC-based

color management between a reference image and a sample image, the AE,, calculated

average of the individual color differences is being used. Then, AE,, is being used as a

matching scale. A brief description of ICC-based color management concepts follows.
The Color Management System (CMS) is a three-component control of the color
reproduction process, from scanning to printing (including displaying and proofing). The

three components are:

1) The adoption of a Device-Independent color space, known as the Profile
Connection Space (PCS);

2) The establishment of a connection between device color space and the
Device-Independent color space, known as a device profile; and,

3) The transformation of the image from sources to output through a specific
color management module (CMM). A diagram of ICC-based CMS is shown

in Figure No. 2.

Figure No. 2. Diagram of ICC-based CMS

Profile
tnpnt Input Connection Output Qutput
Data | | Pprofile Space Profile Data

: (PCS)

Color Management Module (CMM)




A device profile is a file that has all the characteristics of the color reproduction of
that device. The most used device profiles are: input profile, monitor profile, and output
profile. An Input profile results from characterization of scanners or digital cameras,
output profiles from printers or proofers.

One portion of the Device-Independent color is the profile connection space (PCS)
that uses either the tristimulus values (XYZ) or a derivation proposed by the Commission
International de L’Eclairage (CIE), named CIELAB. The connection between device
profiles is a file that all devices can read. It is created after calibration and
characterization * steps that are done to adjust and describe the device behavior.

The CMM makes the transformation from the color space of one device to that of
another. In most of the cases, this transformation is done through one of several methods
for interpolation between color space data.

An important part of the color reproduction process is proofing. Proofing is a visual
verification. In the process of proofing, a simulation of ink-on-paper printing is done. The
proof can be made by two basic methods: analog off-press proof, and digital proof. In
spite of ICC supporting 3-color to 4-color management, the current CMS for digital
proofing has a preferred workflow: the CMYK-to-CMYK workflow, where the PCS is
CIELAB, the printers are calibrated to a known ink-paper-device condition, and the
printer profiles can use one of the three different available rendering styles: perceptual,
colorimetric (relative and absolute), and saturation style (those styles are discussed in

detail in Chapter 2: Theoretical Bases of the Study).



Due to the different ink-paper-device conditions used in the printing process and the
characteristics of the transformation from the color space of one device to that of another,
proofing styles, the press sheets and proofs may not match.* This lack of color control is
determined here by evaluating the color matching performance through a quantitative
study.

The quantitative study based on the CIE 1976 color difference is a common practice

in the Graphic Arts industry because it is easier than the perceptual analysis. The color

difference (average AE., ) is evaluated globally as an arithmetic mean in data from the

IT8.7/3 target.> This global AE,, evaluation, as has been demonstrated *’, assumes a

Gaussian distribution when it is done within the printing process.

In the digital proofing workflow, the global AE,, evaluation has been taken as valid.
However, this assumption has to be reconsidered because the sort of distribution resulting
between the press sheet and the proof may affect the color matching. In this connotation,
Dolezalek ® has recommended considering a distribution to achieve an accurate
determination of color matching.

Therefore, ICC-based CMS color matching may be better understood if the parameter

(AE.,) for color matching is studied from the point of view of a distribution.

The objective of this research is to study the following aspects of a CMS

performance:



(1)  The assumption of mismatch between the average AE,, scaling and the

perceptual scaling, and

(2)  The degree of color matching in digital proofing using ICC-based CMS

through the AE, Distribution process instead of the average AE,, .

The focus off this study is the use of AE,, Distribution in digital proofing to

determine how effective color matching is in the CMYK-to-CMYK workflow. The
assumption of another distribution, different from Gaussian, of IT8.7/3-based color
differences between the reference and the digital proof may help in the study of color

mismatching.
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Chapter 2

Theoretical Bases of the Study

The theoretical basis for this study has been divided into three parts: the color difference
formulae AE, proposed by the CIE, the ICC-based CMS, and the Psychometric
technique.

In the study of the color difference formula, the CIELAB color space, the lightness,
chroma and hue correlation, and the AE,, distribution topics are required concepts.
Those concepts are developed in this chapter before discussing the ICC-based CMS case,

with its CMM and PCS concepts. Finally the issues of the Psychometric technique are

discussed.

CIELAB color space
An ICC-based CMS is based on mathematic models derived from CIELAB, a brief
introduction to CIELAB color space and its derived AE,, color difference equation
follows.

The CIELAB color space involves nonlinear functions of the tristimulus values (X, Y,
7), and the reference substrate (X,, Ys, Zn) that usually correspond to those of the

standard illuminant with Y, equal to 100."



However, CIELAB is easy to interpret when a*/b* diagrams are used to view a color
gamut. In this diagram, a* is a representation of the redness-greenness, and b* is a
representation of the yellowness-blueness of the color, as shown in Figure No. 3. The
“circle” (continuous line) represents the maximum color gamut and the lines, coming
from the center (neutral color area) that meet the color gamut line, are the color lines

representing the tone scales for cyan (C), magenta (M), yellow (Y), red (R), green (G),

and blue (B).

Figure No. 3. Color gamut in the a*-b* diagram




The mathematics involved in this color space can be expressed as follows.

[*=] 16‘?(1J— 16
Yn

where

8 ) 0.008856
Ko
& < 0.008856

and equivalent equations for the ratios (Y/Y,) and (Z/Z,). The term L* is the CIE 1976

lightness.

For these calculations, the values for D50, 2° observer, and the white point with >

Xn=  96.422
Y.= 100.000
Ly= 82521

shall be used, as stated in the ANSI CGATS.5.2
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Color difference AE.,

The color difference AE,, is a comparison between a single color and its reference. The

mathematics of this color difference in terms of the CIELAB is called CIE 1976. The

color difference formula follows:

AE, =(AL*) +(Aa*) +(ab*)

Where the particular differences are:

in lightness AL* = L*ample — L* reference,
in a* coordinate Aa* = a*.umple — 8% reference,
in b* coordinate Ab* =b*umpie — b* reference

The interpretation of the color difference AE), is the difference between the spatial
position of a color (sample) and the spatial position of the other color (reference). Based
on Chung’s * and Beckmann and collaborators’ * work, the AE., yardstick may be stated
as shown in Table No. 1. At this point, it must be recognized that inaccuracy of

measurement can contribute a AE., equal to 1.2 unit +/- 0.5 units.®



11

Table No. 1. AE,, Yardstick.

AE,, units Match * Evaluation *

<0.2 Invisible

Excellent
02t01.0 Very low
1.0t0 2.0 Good Low
3.0t04.0 .
Medium
4.0t0 6.0 Fair
Poor to no longer ;
6.0 Considered as a match Hign

Lightness, Chroma, and Hue correlation

To identify those terms in the CIELAB color difference equation, the following quantities

are defined *:
Cu= '\J(‘f’“‘)2 +(b *)2
4 b*
hab = tan I[a*]
where

hgp is the CIE 1976 a,b hue-angle, and

C*, is the CIE a,b chroma.



This defines hue angles to specify hue numerically, with the following conventions:

0°<h, <90°, if a*>0, b*20
90°<h, <180°, if a*<0, b*>0
180°<h,, <270°, if a*<0, b*<0

270°< h, <360°, if a*>0, b*<0

Color difference AE,,

The CIE 1994 colour-difference, AE,, , introduces the parametric factors and weighting

functions ’ and the derivation of the Hue difference to improve the color difference AE,

equation in some applications.

Using the Hue difference as:

AH;, =/(Aa*) +(Ab*)’ - (AC*)

the improved color difference equation is 5

12
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,’ » %2 s %2 o \2
AEE =] AL N AC,, N AH ,
kS, ) keSe) kS

where the weighting functions:

SL =1
Sc=1+0.045 C.,

Su=1+0.015 C;b

when any of the two members of the color difference pair can be selected as the
reference, CIE recommends ® using the mean chroma for calculation of the weighting
functions Sc and Sy. When the mean is taken as the reference chroma, CIE recommends *

using the geometric mean chroma as:

C;b = \f C;b.rq&rm x Cab.sampa‘e
On the other hand, the parametric factors:
kL =1

kC=

kH'—‘l
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have been stated for the reference conditions ®:

[llumination: D65 simulation
[lluminance: 1,000 lux
Viewing mode: object

Sample color-difference magnitude: 0-5 CIELAB units

Surround field: uniform, neutral gray with L*=50

Based on research conducted by Robertson, a better choice for kc would be 2 units.’

AE;, and AE., Distribution
Evaluating AE, between two colors, color reference and color sample, is the meaning of
CIELAB color difference for those two specific colors. Evaluating AE,, between image

elements has two characteristics: central tendency, and range. The central tendency

includes the average AE,,, the median, and the mode. The range is given by AE,, . and
AE;b‘m values. An average of all the color differences, evaluated over all the colors in a

color target, may introduce an incorrectly weighted color variation when doing color

matching between a reference and a digital proof.
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It is a practice in the ICC-based CMS process to evaluate the average color difference
that assumes the color differences for individual colors have a Gaussian distribution.
When AE,, distribution is Gaussian, the average AE, will be equal to the AE,, median,
and equal to AE,, mode. The Gaussian distribution implies that a test target with more
patches will generate a high degree of color matching as it is interpreted by statistic
theory.'® Instead of an increase in accuracy with an increase in the quantity of patches,
what is observed 243 is a lower degree of color matching.

The theory is that CIELAB uses coordinates (L*, a*, and b*) to establish the position
of a color in the Euclidean space, and these coordinates are distributed with Gaussian
statistics because they vary around the mean value, in the positive and the negative

directions.
The evaluation of AE, is done by the sum of the squared differences between the
variables L*, a*, and b*. These square differences imply that AE, will hold only

positive values, although these positive values may follow an asymmetrical

distribution.'""'?

ICC-based CMS
As mentioned before, eight industry companies founded the International Color

Consortium (ICC) in 1993, for the purpose of:
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“...creating, promoting and encouraging the standardization and evolution
of an open, vendor-neutral, cross-platform color management system

architecture and components.”

Their goals were formally established later, in Palo Alto, California, in 1996

(Stokes, 1997) ¥

“1. The color management system should scale from automatic to
sophisticated user intervened conditions.

2. The ICC will incorporate new technology and standards in a timely
manner. ICC work will be offered to the relevant standards body for
consideration as an International Standard.

3. To create, promote, and encourage the standardization and evolution of
an open, vendor-neutral, cross-platform color management system
architecture and components.

4. The ICC will define a baseline CMM [color management module]
model and baseline CMM implementation that can be part of the
specification that will provide the same results with the same
numerical data.

5. The ICC will standardize on an appearance model(s) to get from source
to PCS and PCS to destination.

6. Colorimetric reproductions (absolute and relative) should be exact

within the tolerance of the device within the device’s gamut.”
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The development of color management has been promoted to provide color control
solutions to graphic arts imaging requirements. The CMS is a three-component control of

the color reproduction process. The three components are:

1) The adoption of a Device-Independent color space

2) The establishment of a connection between device color space and the
Device-Independent color space

3) The transformation of the image from sources to output through a specific

color management module (CMM).

A diagram of ICC-based CMS, with the CMM and the PCS, is shown in Figure No. 4.

Figure No. 4. Elements of ICC-based CMS

; . Monitor
Scanner . Printer
. CIELAB
. ICC-based profile | . colorspace . . |CC.based profile
. format specification | | (L*, a* b*) | | format specification |
i using profiling | A st USING profiling
software
! A N ST I N S S :
\ 4
Input | Prehls 0O : Output
Input Connection | utput Ly
. _’ .
Device I'| Profile Space Profile I »| Device
(PCS)

Color Management Module (CMM)

s i i g g 1 ) o s 1 5 s wd
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A device profile is a file that has all the characteristics of the color reproduction of
that device. The most used device profiles are: input profile, monitor profile, and output
profile. Input profiles result from characterization of scanners or digital cameras; output
profiles from printers or proofers.

One portion of the Device-Independent color is the profile connection space (PCS)
that uses the tristimulus values (XYZ) or a derivation proposed by the Commission

International de L’Eclairage (CIE), named CIELAB. PCS has been defined '*'¢ as:

“...the CIE Colorimetry which will produce the desired color
appearance if rendered on a reference imaging media and viewed in

a reference viewing environment.”

The connection between device profiles is created after calibration and
characterization ' steps (which are done to adjust and describe the device behavior) are
completed. Calibration is done to adjust a device to known values. Characterization
results from measurement of a device output from a known input.

The CMM makes the transformation from the color space of one device to that of
another. In most of the cases, this transformation is done through one of several methods
for interpolation between color space data.

In spite of ICC supporting 3-color to 4-color management, the current CMS for

digital proofing has a preferred workflow: the CMYK-to-CMYK workflow. Printers are
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calibrated to a known ink-paper-device condition, and the printer profiles can use one of
the three different available rendering styles: perceptual, colorimetric (relative and
absolute), and saturation style.

The perceptual rendering style (or intent) optimizes the image (appearance) quality,
maintaining the color-to-color relationship, as the colors are mapped to the printer gamut,

in spite of the fact that the color values can change. In other words ***¢;

“...specifies the full gamut of the image is compressed or expanded
to fill the gamut of the destination device....colorimetric accuracy

might not be preserved.”

The colorimetric rendering style optimizes the accuracy of colors, and can be realized
relative to the white point of the media, or absolute (white point of the standard).

In the relative colorimetric case, the out-of-gamut colors are transformed to color that
have the same lightness but fall just inside the gamut. In the absolute colorimetric case,
the white point matching is disabled when converting the colors.

The saturation rendering style maintains the saturation of colors. Thereby, the out-of-
gamut colors are transformed to colors that fall just inside the gamut with the same

saturation. Hue and lightness may lack accuracy.
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Psychometric experiment

To create a visual scale, a scaling method called Partition Judgments was used. This

technique is only one of eight scaling methods '*!?

that integrate the general
unidimensional scaling experimentation. In this research, a five-step process was applied

to use the Partition Judgments technique:

1. Preparation of the test images

2. Selection of the panel

3. Presentation of the images to the panel
4, Data collection

5. Data analysis

To prepare the test images, a digital proof profile was made using a profiling software
(described in Chapter 5: Methodology), the Color characterization data for Type 1
printing '? and the digital proof, as shown in the Figure No. 5.

After the generation of the digital proof profile, the production of several test image
profiles is required. These test images profiles were differentiated by different lightness
values around the lightness value of the digital proof profile, with the same five-unit
distance on both sides of the lightness scale of the profiling software. The psychometric
experiment was conducted in two parts: one with lower lightness value range (from 0 to

50 units) and the other with higher lightness value range (from 50 to 100 units).



Figure No. 5. Reference profile and output device profile generation
using a profiling software and the SWOP press profile

Tuning lightness from the selective color tool in the profiling software generates the
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perceptual difference between test image profiles, as shown in Figure No. 6. The test

image profiles were used to print the test images for the psychometric test, for both

ranges mentioned before, lower and higher lightness value ranges.
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Figure No. 6. Generation of the test image profiles by tuning lightness
from the selective color tool in the profiling software
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To select the panel, the Farnsworth-Munsell 100 Hue (FM 100 H) Test was applied to
a group of volunteers. The FM 100 H test is a test for normal color vision based on the
observer’s order decision over a set of patches covering different hues. This test is
recommended for the analysis of color defectives. Sometimes referred to as a test for
normal color vision because the abnormal color vision can be indicated by a wrong order
of the test chips. Once the group of volunteers was tested, a panel of observers was
selected from those volunteers who past the test.

The presentation of the images to each observer was performed after a brief set of
written instructions (see Appendix E), making sure the instructions were understood. The
images were presented to the panel of observers in a sequence of sets of samples
described in Figure No. 7 for both lightness value ranges, where:

e The set No. 1 was composed of images with uniform variations in lightness
around the medium lightness value between the digital proof (that match the color
of the reference) and the highest reasonable lightness value. From this set, each
observer selected a “half-way” lightness value.

e The set No. 2 was selected from images with uniform variations in lightness
between the lightness of the digital proof and the “half-way” lightness value.
From this set, each observer selected a “first-quarter” lightness value.

e The set No. 3 was selected from images with uniform variations in lightness
between the lightness of the “half-way” lightness value and the highest reasonable

lightness value. From this set, each observer selected a “third-quarter” lightness

value.
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Figure No. 7. Unidimensional Sampling processes to obtain a visual scale
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Finally, from the panel of observers’ judgments, a five step visual scale was

developed for the entire lightness value range, with equal intervals between them. In
Figure No. 8, the five-step visual scale and the relative AE,, value are shown for the

higher lightness value range. For lower lightness value range the geometric figure would

be in the opposite direction

Figure No. 8. Five-step visual scale and the relative AE,, value
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Chapter 3

Review of the Literature

Since the first color matching tests (Chung and Kuo "), digital proofing through ICC-
based CMS has been improving, but it is still yielding mismatched colors as Chung and
Komori * predicted: “Color matching using ICC-based CMS is no better than a calibrated
film-based proofing system.”

Color mismatching in digital proofing can be sorted into three groups: mismatching
due to the device, mismatching due to the software, and mismatching due to the
evaluation method.

In the first group, Wei, Shyu, and Sun * affirm that the most important cause of
mismatching is related to the device characterization. They have shown that the device
introduces color variation because of its limits of color reproduction, i.e., its color gamut.
Griffon, et al * studied the magnitude of these variations in color, introduced by the
device. They found that these device variations follow a symmetric distribution (similar
to Gaussian), when the device is a scanner; but that for a printer appears asymmetric as
may be the case for digital proofing. This means that color mismatching is strongly
dependent on the type of device. Chung and Komori ? determined that device calibration

and its relationship to the control of the printing process, is the source of the color error

introduced.
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In the second group, researchers have found that the color variations have an
important dependency on the software. Wei and his collaborators * had found that the
color space (PCS) used is one of the origins for variations. Griffon, et al * suggest that the
data processing done by the software is the cause. In their work, Chung and Komori *
found that the variation also depends on the characteristics of the profiling software.

In the last group, some researchers show that the color mismatching may be due to
the evaluation method. Dolezalek * has performed the most important work in this area.

The Dolezalek work relates the variation involved in the method itself and the test target

used. He states that the variations are related to the calculation method because they
follow an asymmetrical distribution in the AE, evaluation. This is opposite to the
practiced Gaussian distribution in CMS that can be related to the digital proofing
performance.

A group of researchers that has studied the AE;, Distribution (Dolezalek and Griffon,
et al) concluded that there are more things to study in order to understand the digital

proofing performance and the management of the color difference evaluation. In this

direction, some authors have dedicated their work to understand the performance by

studying the mismatch between visual assessment and the CIE average AE., ; Pointer

and Attridge,*” Witt,® and Guan and Luo ” all agree that color matching has not been

deeply tested.



Pointer and Attridge have found that the correlation between visual assessment and

AE,, is a very difficult task. This is a very subject-and-observer-dependent matching.'’

They have found great differences between the evaluation using different equations to
evaluate the color-differences. In addition, they suggest using other color-difference
equations. Witt states the color difference mismatch between the visual assessment and
the metric depends on the magnitude of the color difference. So, for small color
differences the color match between scales (visual and colorimetric) is better than for
large differences. Pointer and Attridge ’ state that “large” color differences using
CIELAB space can be greater than 4 units. Guan and Luo have determined that those

differences could be over 10 CIELAB units.
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Chapter 4

The Hypotheses

The objective of this research is to study the following aspects of a CMS performance:
a) The assumption of mismatch between the visual scale and the colorimetric scale,
and

b) The degree of color matching in digital proofing using ICC-based CMS through

the AE,, Distribution process instead of the average AE,, .

In order to reach this objective, in this chapter are founded the hypotheses, the further

analysis, and the limitation of the research.

The hypotheses

Based on the need to verify the mismatching between the visual scale and the
colorimetric scale in digital proofing, and because of the unidimensional analysis
conduced in this research for higher and lower lightness value ranges, two main

hypotheses have been stated as follows and shown in Figure No. 9:
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The first hypothesis:
Null hypothesis, HO,

“There is no relationship between the visual scale and the colorimetric scale
when using the average of CIELAB AE, color difference in ICC-based CMS for
lightness values in between 0 and 50 units.”

Alternative hypothesis, H1,

“There is a relationship between the visual scale and the colorimetric scale

when using the average of CIELAB AE., color difference in ICC-based CMS for

lightness values in between 0 and 50 units.”

The second hypothesis is:
Null hypothesis, HO,

“There is no relationship between the visual scale and the colorimetric scale
when using the average of CIELAB AE,, color difference in ICC-based CMS for
lightness values in between 50 and 100 units.”

Alternative hypothesis, H1,

“There is a relationship between the visual scale and the colorimetric scale

when using the average of CIELAB AE,, color difference in ICC-based CMS for

lightness values in between 50 and 100 units.”
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The hypotheses are tested by a non-parametric analysis between the visual scale and
the colorimetric scale. From this statistical analysis, the color mismatch is verified when
the null hypothesis fails to be rejected. Otherwise, there is a relationship between the

scales and the null hypothesis will be rejected.

AE’, Distribution analysis
ICC-based CMS color matching may be better understood if the parameter ( AE, ) for

color matching is studied from the point of view of a distribution, as it has been stated in
the introduction.

The further analysis is based on the study of the cumulative frequency distributions of
the color differences between the digital proof and its unidimensional variation samples.
The cumulative frequency distributions of the color differences are based on the
individual color differences for each of the 182 color patches of the 1T8.7/3 target. The
unidimensional variation is the uniform variation on the lightness scale available on the
Profiling Software Color Tools, and is done every five lightness units.

The further analysis will allow a major insight on the degree of color matching in

digital proofing using [CC-based CMS through the AE;, Distribution process instead of

the AE., . The AE,, Distribution process will provide a graph with a family of curves
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with different cumulative frequency distributions versus the color differences that will
determine a AE,, Distribution scale, based on a critic threshold.

Then, this analysis will possible to determine whether there is a relationship between
the visual scale and the colorimetric scale when using the AE, Distribution in I[CC-
based CMS. The determination has to be done through a non-parametric analysis between
the visual scale and the AE,, Distribution scale. From this statistical analysis, the

improved color match of the ICC-based CMS will be tested. If the determination is
positive, another important step in the digital proofing technology would have been

made.

Limitations

This research will be conducted under the following conditions:

1. Lightness scale analyses: Two separated analysis; from 0 to 50
lightness units, and from 50 to 100

lightness units

2. Operative System: Mac OS 8.6
3. System based CMS: ColorSync 2.6
4. Profiling Software: Kodak Colorflow Profile Editor 2.0

5. Pagination Software: QuarkXPress™ 4.0
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Figure No. 9. Testing Hypotheses in the Digital Proofing environment.
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Chapter 5

Methodology

This research verifies the mismatching between the visual scale and the colorimetric scale
in digital proofing, and investigates the AE,, Distribution as a predictor of digital
proofing performance. The sources to be used are described as follows, and the method to

accomplish this research is described below. It has been separated into eight steps

numbered from 0 to 7.

Step 0: Experimental sources
a. Software

i. MacOS 8.6

ii. ColorSync™ 2.6

iii. Kodak Colorflow™ Profile Editor 2.0

iv. QuarkXPress™ 4.0

v. Epson StylusRIP™

vi. GretagMacbeth SpectroServer

vii. Microsoft Excel®

38



viil. DensiPlot and ColorPlot templates
ix. Adobe® Photoshop® 5.0
b. Hardware
i. Macintosh (G3)
ii. GretagMacbeth SpectroLino/SpectroScan
iii. Epson Stylus™ Color 3000
c. Material
i. Images: Reference pictorial image ISO 12640 SCID S7
ii. Targets:
1. IT8.7/3 basic data set (Al to N13). Synthetic test target, with
CMYK ramps and a total of 182 patches
2. Kodak Colorflow target (to build profiles)
iii. Paper: Epson Photo Quality Glossy Paper
iv. Inks: Epson SC 3000 ink set
d. Experimental conditions
i. Psychometric test
1. FM-100 hue test for normal color test
2. Viewing Booth Dsy
ii. Colorimetric analysis (ANSI CGATS.5)
1. Sample backing material (ISO 5/4, Sec 4.7)
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3. CIE 1931 standard colorimetric observer (2° standard observer,

CIE 15.2)

4. Measurement geometry 45/0

iil. Profiling

1.

2.

3.

4.

o
iv. Special

L.

2.

Measurement geometry 45/0
Measuring diameter 4 mm
Light source type A

CIELAB

10 nm intervals

Imation™ Color Fidelity Module (CFM)

Test form for test targets

Step 1: Pre-experimentation

A device consistency test and a material stability test were conducted prior to performing

this research. Both tests are pre-experimentation processes required in any formal

research.

The device consistency test was conducted by printing four different times using the

Epson SC 3000. The printed form contains the test form shown in Appendix A. Epson

Photo Quality Glossy Paper was used in all the samples. Every one of the printed samples
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was measured at the same time after printed, and over the 182 patches of the IT8.7/3
target with the GretagMacbeth SpectroLino/ SpeciroScan. The colorimetric data gathered
were processed in a Excel template to calculate the average of each patch to be used as
reference. The color difference was evaluated between this reference and every sample
printed.

The material stability test was conduced printing in the same way as the device
consistency test described before. Each printed samples was measured every twenty
minutes, and over the 182 patches of the IT8.7/3 target with the GretagMacbeth
SpectroLino/ SpectroScan. As in the device consistency test, the colorimetric data

gathered were processed in an Excel template.

Step 2: Generation of Reference

Test forms were printed using the Epson SC 3000. The test form included the IT8.7/3
basic target (see Appendix A), and the gray patch related to the 50% of the black ramp of
the 1T8.7/3 target. Both will be used as the reference. The 1T8.7/3 basic target was used
to build the colorimetric scale, and the gray patch image was used to build the visual
scale. The reference profile was built using the Kodak Colorflow medium-size target (see

Figure No. 10 and Appendices C and F).



Step 3: Generation of Proofs

The IT8.7/3 Target and the gray patch files were printed using the Epson Stylus Color
3000, with different ICC-based CMS conditions described in Chapter 2. A detailed
diagram of the generation of proofs is shown in Figure No. 11. The proof profiles were

generated as in Step 2: Generation of Reference. In appendix G the Kodak Colorflow

profile generation used is explained.

Figure No. 10. Generation of Reference
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medium-size target
(see Appendix C)
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Figure No. 11. Generation of Proofs
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Step 4:Psychometric Experiment
The test images described in Chapter 2 were used for the psychometric experiment. The

test images were presented to the panel of observers, the data collected, and the analysis

made. The presentation to the observers was prepared as follows:

1. A group of volunteers within the Graphic Arts environment were invited.

2. A panel of twenty observers was selected based on the FM 100 Hue test for
normal color vision.

3. A brief set of written instructions was presented to each observer (as shown in
Appendix E).

4. The Unidimensional Scaling was developed in two parts: one with lower lightness
value range (from 0 to 50 units) and the other with higher lightness value range
(from 50 to 100 units).

5. The Panel observations were recorded, and the visual scale obtained (see Figures

7 and 8).
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Step 5: Colorimetric Evaluation

The samples were measured with the GretagMacbeth SpectroLino/SpectroScan, and the

global AE;, was evaluated. In Appendix “D” the Colorimetric data for all samples are

shown in Appendix D.

All the patches (182) contained in the IT8.7/3 target were evaluated in this step. The

L*, a*, b* values were recorded in a specific-built template to evaluate AE_,. The

template calculated the AE,, values for each patch, based on the L*, a*, b* coordinates.

The global AE,, for all the samples was evaluated against the reference. Then a

colorimetric scale was build based on the global AE_, values of the samples.

Step 6: Psychometric-Colorimetric Correlation
Based on the visual scales from step 3 (lower and higher range of lightness values), and
the colorimetric scale from step 4, a classical seven-step hypothesis-testing procedure
was applied, as shown in Figure No. 12, and given in Sanders, 1995.

As was discussed in the hypothesis chapter, the null Hypothesis (HO0) is that there is
no relationship between the color matching scaled by the psychometric experiment and

by the colorimetric evaluation (lightness value range 0-50 units for hypothesis H0,, and



50-100 units for hypothesis H0,). The alternative hypothesis (H1) will be that there is a

relationship when matching colors.

Figure No. 12. The classical seven-step hypothesis-testing procedure applied
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The classical seven-step hypothesis-testing procedure was carried out based on the
hypotheses H0 & H1, with a level of significance (o) equal to 95%. At that moment, a
formal decision rule was stated as reject HO and fail to reject H1 if the test ratio is higher
than its critical value. The test ratio was calculated from a table built with both visual

scales and the colorimetric scale (see Figure No. 12).

Step 7: AE,, Distribution Study
Once the patches had been evaluated, and the relationship between visual scale and
colorimetric scale had been tested, a AE,, Distribution study was conducted. The study

was based on the color differences between the reference color gamut and the digital
color proof gamut to determine the degree of color match between the reference and the

digital proof. The procedure is described in Figure No. 14. A scale for the color match

was built based on the AE,, Distribution statistics, basically, using a critical threshold of
the slope of the cumulative relative frequency distribution curves of AE, .

The analysis was based on the assumption that the AE_, Distribution more accurately

predicts the visual match between proofs and the press sheet.
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Figure No. 14. AE,, Distribution procedure
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Evaluation of relative frequency distribution, representing the
absolute frequency and the total number of evaluated AE,.
Order and list the relative frequency distribution values in
ascendant order.

Evaluation of cumulative relative frequency (CRF) distribution, as

the cumulative sum in the ascendant list created before.
Plot CRF versus AE,, classes.
Mark the visual scale.

Identify the critical value.

Establish conclusions.

An example of AE, distribution table and CRF distribution plot are shown in

Appendix K.



Chapter 6

The Results

The pre-experimentation

A device consistency test and a material stability test were conducted prior to performing
this research. The methodology of the test is described in Chapter 5. The colorimetric
data gathered were processed in an Excel template to get a reference value set averaging
all the sample values. The AE,, was evaluated between each sample value and the
evaluated reference. The color difference values are shown in Figure No. 15 and Table
No. 2. The average AE_, of 0.35 is practically small when contrasted against a real AE,
between two press runs '. Therefore, the Epson SC 3000 was determined to be consistent
device as shown before (Chan, 1999).

The material stability test was conduced as described in Chapter 5, and the results are
shown in Figure No. 16 and Table No. 3. As different from that done in a research over
the same proofer ', the substrate used in this research was the Epson Photo Quality
Glossy Paper, but the results on this material stability test are very similar. In addition, it
appears that greater stability is successful in the one-two hour range. Therefore, the

information derived from the period between two and four hours after printing is good for

usage.
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Figure No. 15. Average AE,, of device consistency test
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Table No. 2. Statistics of device consistency test

Total patches
Average AE,
Standard Deviation

Maximum AE,
Minimum AE,

Patches with AE,, > 1
Percentage
Patches with AE,, > 2
Percentage

2.912
0.32

0.23

2.54
0.01

47
1.61

0.14

—

- = m Papel-

Average
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Figure No. 16. AE,, of material stability test
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Table No. 3. Statistics of material stability test

Total patches
Average AE,,
Standard Deviation

Maximum AE,,
Minimum A,

Patches with AE, > 1
Percentage
Patches with AE,, >2
Percentage

1,274
0.18

0.16

1.99
0.01

10

0.78
0

0.00




The psychometric experiment

The psychometric experiment was conduced as described in Chapter 5, and the test
images described in Chapter 2 were used. The results are shown in Table No. 4 for 19

observers tested. The data showed a high consistency that was verified testing the same
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observer (one person) two times. For this reason, these judgments were omitted from the

visual scale.

Table No. 4. Observer’s judgments for the Visual scale
Observer Scale steps of Observer's judgments
No. 5 4 3 2 1 2 3 4 5
1 50 40 25 15 0 -20 -30 -40 -50
2 50 35 20 10 0 -20 -30 -40 -50
3 50 35 20 10 0 -25 -30 -40 -50
4 50 35 20 10 0 -20 -30 -40 -50
5 50 40 25 15 0 -20 -30 -35 -50
6 50 35 20 10 0 -20 -30 -40 -50
7 50 35 20 10 0 -15 -30 -40 -50
8 50 40 25 20 0 -20 -30 -35 -50
9 50 35 20 10 O -20 -25 -40 -50
10 50 35 20 10 0 -20 -30 -40 -50
11 50 35 15 5 0 -25 -35 -40 -50
12 50 35 20 10 0 -20 -35 -40 -50
13 50 35 15 5 0 -20 -30 -40 -50
14 50 35 20 5 O -20 -30 -40 -50
15 50 40 25 10 0 -20 -30 -40 -50
16 50 35 15 10 0 -30 -35 -40 -50
17 50 35 20 10 0 -25 -30 -35 -50
18 50 40 25 10 0 -20 -25 -35 -50
19 50 35 20 5 0 -20 -30 -40 -50

Average 50.0 36.3 20.5 10.0 0.0 -21.1 -30.3 -38.9 -50.0

Stdev

0.0 23 33 3.7 0.0 3.2

2.6

2.1

0.0




From left to right, both five-step scales are listed. At left the higher lightness value
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scale (light area), and at right the lower lightness scale (dark area). The evaluation of the

color difference for each Observer's judgment was done using AE,, (metric) scale shown

in Appendix I. Every visual test selected by an observer was match with the lightness

value, and AE, value was picked up. The results are shown in Table No. 5.

Table No. 5. Observer’s judgments transformed to Delta E equivalent value.

Observer Delta E equivalent value
No. 5 4 3 2 1 2 3 4 -
1 15.8 13.5 86 5.0 0.0 85 12,5 16.9 20.9
2 158 11.7 7.1 3.3 0.0 8.5 12.5 169 20.9
3 15.8 11.7 7.1 3.3 0.0 10.5 12.5 16.9 20.9
4 15.8 11.7 7.1 3.3 0.0 8.5 12.5 169 20.9
5 15.8 13.5 86 5.0 0.0 85 12.5 14.7 20.9
6 15.8 11.7 7.1 3.3 0.0 85 12.5 16.9 209
7 15.8 11.7 7.1 3.3 0.0 6.2 12.5 16.9 20.9
8 15.8 13.5 86 7.1 0.0 85 12.5 14.7 209
9 158 11.7 7.1 3.3 0.0 85 105 16.9 20.9
10 15.8 11.7 7.1 3.3 0.0 85 12.5 169 20.9
11 15.8 11.7 5.0 2.0 0.0 10.5 14.7 16.9 20.9
12 158 11.7 7.1 3.3 0.0 8.5 14.7 169 20.9
13 15.8 11.7 5.0 2.0 0.0 8.5 12.5 169 20.9
14 15.8 11.7 7.1 2.0 0.0 8.5 125 169 20.9
15 158 13.5 86 3.3 0.0 85 125 169 20.9
16 158 11.7 5.0 3.3 0.0 12.5 14.7 169 20.9
17 15.8 11.7 7.1 3.3 0.0 10.5 12.5 14.7 209
18 15.8 13.5 8.6 33 0.0 8.5 105 14.7 209
19 158 11.7 7.1 2.0 0.0 8.5 12.5 16.9 20.9
Average 158 122 72 34 0.0 89 126 164 209
Stdev 00 08 121200 13 1.1 09 0.0




Colorimetric evaluation
Using AE_, equivalent values (from Table No. 5) for the observer’s judgments to build

the visual scale, and plotting the lightness scale versus this visual scale with the Average

AE,, scale and the AE,, values together, a graphical representation of their relationships

can be observed, as shown in Figure No. 17 and Table No. 6. The color difference AE,,

was evaluated with the parametric factors and weighting functions described in Chapter
2: Theoretical Bases of the Study.

In this figure, a schematic plotting has been used as follows: from left to right, the
lower lightness value (the lower value of the dark area) to the higher lightness value (the
higher value of the light area); negative values for lightness has been assigned for those
lightness values of the lightness axis on the dark area.

The lightness axis is a representation of the gray patches used for the psychometric

experiment and described in Chapter 5: Methodology, as follows in a schematic way:

-50 -45 -40 Match with +4(0 +45 +50
the reference

A sorted table for both lightness ranges, from light to dark, is shown in Table No. 6,
where the common step (No. 1) is the match point with the reference gray patch. The

scales were built as described in Chapter 5: Methodology; and briefly described as
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follows: The visual scale was built based on the Partition Judgments. The test images
used for those judgments were differentiated by different lightness values around the
digital proof lightness value, with the same distance on both sides of the lightness scale.
In the Appendix H is described the method used to create the different lightness values

based on the Kodak Colorflow Profile Editor Color tools.

The metric scale for AE,, was built using the evaluation of AE_, for each patch and

averaging over 182 patches. The AE,, is evaluated by the sum of the squared differences

between the variables L*, a*, and b*. In Appendix D the data measured from each proof

sample considered in the visual scaling technique are shown.

Table No. 6. Visual, AE,, and AE,, scales for both lightness ranges
(Light area is equal to higher range, and dark area is equal to lower range)

Step  Visual Scale  AE., Scale AE,, Scale

5 15.81 15.81 14.82
4 12.17 12.59 10.75
3 7.20 8.63 6.36
2 3.39 4.15 2.74
1 0.00 0.00 0.00
2 -8.88 =5.29 -7.09
3 -12.63 -10.47 -10.53
4 -16.39 -15.76 -14.27

5 -20.85 -20.85 -17.84
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Figure No. 17. Color difference versus Lightness for
AE,, (Delta E) scale, Visual scale and CIE94 ( AE,, ) scale
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The research: psychometric-colorimetric correlation

This study was based on the color difference formulae AE,, proposed by the
Commission International de L’Eclairage (CIE), the ICC-based CMS, and the
Psychometric technique described in Chapter 5. Based on those statements, two testing

procedures and the further analysis were conducted and their results are shown in the next

sections.
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The interpretation of the color difference AE, has being used as the difference

between the spatial position of a color (sample) and the spatial position of the reference

color. In Appendix I the evaluation of the visual scale, the AE’, scale, and AE,, scale, is

described.

The process of verification of mismatching between the visual scale and the

colorimetric scale based on AE, in digital proofing, was done using the hypotheses

stated in Chapter 4: The Hypotheses. The hypothesis testing procedure between the visual

scale and the colorimetric scale based on AE, using the “t” Test described in Chapter 5:

Methodology, Step 6: Psychometric-colorimetric correlation, and Appendix J as specific

application.
In spite of the AE, distribution does not conform to the assumption of Gaussian

distribution in the “t” Test, this test is used in this research to help understand the

observed visual scale variations when compared against the colorimetric scale.

Testing hypothesis procedure for HO, A sorted table for higher lightness value range is

shown in Table No. 7. Those values are used as AE,, values in this procedure. A “t” Test

of the hypothesis that there is no relationship between the visual scale and the

colorimetric scale when using the average of CIELAB AE., color difference in ICC-

based CMS for lightness values in between 50 and 100 units was applied. The seven-step
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Table No. 7. Visual and AE,, scales for higher lightness range

Visual Scale ~ AE,, Scale

15.81 15.81
12.17 12.59
7.20 8.63
3.39 4.15
0.00 0.00

Table No. 8. “t” Test results for higher lightness range

Step Description
; HO2: 11 = Hape
H12: My # Hag
2 a=0.025
3 “t” Distribution
i df=18
t(1s,0.025) = 2.101
Reject HO, and accept H1; if
5 Maes < (Myisual-tCG) Or
Hae* > (Hvisuatto)
Otherwise, Fail to Reject HO,
nag+ and Lyisyal are shown in
° Table No. 7
7  Fail to Reject HO,
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Testing hypothesis procedure for H0,. A sorted table for lower lightness value range is
shown in Table No. 9. Those values are used as x values in this procedure. A “t” Test of
the hypothesis that there is no relationship between the visual scale and the colorimetric
scale when using the average of CIELAB AE,, color difference in ICC-based CMS for
lightness values in between 0 and 50 units was applied. The seven-step hypothesis-testing
procedure described in Chapter 5 was conducted and the results are summarized in Table

No. 10. From there, the color mismatch was verified when the null hypothesis HO; was

rejected. Therefore, a different color matching evaluation must be applied.

AE,, Distribution study
To apply a different color matching evaluation, the further analysis was conducted using
a cumulative relative frequency distribution of AE,, values, as described in Chapter 5:

Methodology. The assumption of another distribution, different from Gaussian, of
IT8.7/3-based color differences between the reference and the digital proof helps in the

study of color mismatching as can be appreciated from the sorted tables shown above.



Table No. 9. Visual and AE, scales for lower lightness range

Visual Scale ~ AE,, Scale

-20.85 -20.85
-16.39 -15.76
-12.63 -10.47
-8.88 -5.29
0.00 0.00

Table No. 10. “t” Test results for lower lightness range

Step Description
HOv: My = Mg
! Hlv: e # Hage
2 a=0.025
3  “t” Distribution
y df=18
ts,0.025) = 2.101
Reject HO; and accept H1; if
g et < (Mvisual-tc) OF
HAE* > (HvisualttO)
Otherwise, Fail to Reject HO;
pag+ and Lyisual ar€ shown in
° Table No. 9
7  Reject HO;
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The AE,, values for the cumulative relative frequency distribution are plotted in

Figure No. 18 for the higher lightness range (light area), and in Figure No. 19 for the

lower lightness range (dark area).

Figure No. 18. Cumulative relative frequency (CFR) distribution for AE,, values
of the higher lightness range (light area)
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Figure No. 19. Cumulative relative frequency (CRF) distribution for AE., values
of the lower lightness range (dark area)

Cumulative relative
frequency distribution

0 4 8 12 16 20 24 28 32 36 More
Delta E*

As can be seen, the cumulative relative frequency distributions for higher lightness
range are more vertical than those for the lower lightness range. This difference can be
related with the observed differences from the Figure No. 17, where the curves are

parallels for the higher lightness range, but not for the lower lightness range.



The critical case is the dark area, lower lightness range, where the curve of the visual

scale and the curve of the metric scale (AE,, scale) are not parallels, as can be observed

in the Figure No. 17. The curve of the visual scale is following the curve of the AE,,
scale, whose shape is not a straight line.

Analyzing this case by the cumulative relative frequency (CRF) distribution of AE,
values, for the scales given before, a plot of the cumulative curves and the visual scale
can be obtained, as shown in Figure No. 20. The figure shows only the step curves of
CRF for the lower lightness range (-20, -30, -40, and —50), where the color mismatch

problem is higher.

From this figure, a critical value of CRF equal to 52.8% looks like a better approach
for the evaluation of the color differences than the average of AE,, . In spite of that each
step curve (-20, -30, -40, and —50) has its own critical value, the global critical value has
been selected as the average of the Visual scale with values in equivalent metric color
difference. The line for 50% shown is the equivalent to the average of AE., that is used
by recommendation of CIE.

From this research, the critical value shown above is appropriate to describe how

visual perception linearity correlate with measured differences.



Cumulative Relative Frequency [%
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Figure No. 20. Cumulative relative frequency distribution for AE., values
of the lower lightness range (dark area) with the visual scale
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From this analysis, the improved color match of the ICC-based CMS was tested, and
concluded that fixing a critical value in the frequency distribution of AE_, curves, a

better color matching evaluation can result. With this new method, another important step

in the digital proofing technology application has been done.



Endnotes for Chapter 6
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Colorant Output.” TAGA Proceedings 1999, pp. 204-215

67



Chapter 7

Summary and Conclusions

The performance of color matching in ICC-based Color Management Systems (CMS)
may be improved using the AE,, Distribution method used in this research. In the case of

digital proofing, to evaluate the degree of color matching between a reference image and

a sample image, the AE., calculated average of the individual color differences is being

used as a matching scale, but as shown here, AE,, Distribution method may be a better

way to evaluate it.

In the digital proofing workflow, the global AE;, evaluation has been taken as valid.

However, this assumption had being questioned here concluding that it may be better to
consider a distribution to achieve an accurate determination of color matching.

In this research, the objective was to study two aspects of a CMS performance:

(1)  The assumption of mismatch between the AE,, and the perceptual scaling,

(2)  The degree of color matching in digital proofing using the AE_, Distribution

process instead of the average AE,, .

The assumption of another distribution, different from Gaussian, of IT8.7/3-based color
differences between the press sheet and the digital proof helps in the study of color

mismatching.
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This study was based on the color difference formulae AE., proposed ! by the

Commission International de L’Eclairage (CIE), the ICC-based CMS, and the

Psychometric technique.
The interpretation of the color difference AE., has being used as the difference
between the spatial position of a color (sample) and the spatial position of a reference

color. The evaluation of AE;, is done by the sum of the squared differences between the

variables L*, a*, and b*. These square differences imply that AE,, holds only positive
values, although these positive values may follow an asymmetrical distribution.'"'? Here,
the study of the AE,, Distribution as matching scale was shown to improve evaluation of
the accuracy of the performance of the digital proofing color matching. The scale for the

color match was built based on the AE, Distribution statistics, basically, using the slope

showed by a graph of the relative frequency distribution of the AE, curve.

The Psychometric technique was used to create a visual scale based on a scaling
method called Partition Judgments. The test images used were differentiated by different
lightness values around the digital proof profile lightness value, with the same distance
on both sides of the lightness scale. The panel of observers was selected through a color

defective or normal color vision test: the FM 100 H Test.
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Based on the need to verify the mismatching between the visual scale and the
colorimetric scale in digital proofing, this research had two main hypotheses stated in

Chapter 4: The Hypotheses. The first pair of hypotheses (H;) was tested by a non-

parametric analysis between the visual scale and the colorimetric scale based on AE., .

From this statistical analysis, the improved color match of the ICC-based CMS was
tested, and concluded that the null hypothesis HO; was rejected. In other words, there is
no relationship between the visual scale and the colorimetric scale when using the
average of CIELAB AE,, color difference for lightness values in between 0 and 50 units.
Therefore, a different color matching evaluation must be applied when doing digital
proofing over the dark area of the Epson Stylus™ Color 3000 gamut.

The second pair of hypotheses (H;) was tested by a non-parametric analysis between
the visual scale and the AE_, Distribution scale. From this statistical analysis, the color
mismatch was verified when the null hypothesis HO; failed to be rejected. In other words,
there is a relationship between the visual scale and the colorimetric scale when using the
average of CIELAB AE., color difference for lightness values in between 50 and 100
units. Therefore, the proposed ICC-based CMS color matching evaluation must be
applied when doing digital proofing over the light area of the Epson Stylus™ Color 3000

gamut.
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Recommendations for Further Investigation
Further analysis may require the use of different devices or methodologies as follows.
Use of an alternative digital proofing technology. Further analysis may require the

use of an alternative digital proofing technology to discern whether this methodology of
AE,, Distribution provides more insight into the performance of color matching in digital

proofing by ICC-based CMS.

Use of weighting functions. Further analysis may require studying the correlation
between qualitative and quantitative color matching through weighting functions. Based
on statistics and graphical analyses of the CIELAB values for five specific groups,
weighting functions can be used to improve evaluation of color matching in digital
proofing. Namely, the CIELAB values analysis should be conducted over the 182 patches
assembled in, at least, neutral, pastel, and special colors groups.

Use of any other dimension in the color space. The scaling experiment used here was
based on the test images differentiated by different lightness values around the digital
proof profile lightness value, with the same distance on both sides of the lightness scale.

Further analysis may require the use of an alternative dimension in the color space used
(CIELAB) to discern whether this methodology of AE, Distribution provides more

insight into the performance of color matching in digital proofing by ICC-based CMS.
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Glossary

Accuracy. “n — the closeness of agreement between a test result and an accepted reference
value. (1993). Discussion — The qualitative term accuracy, when applied to a set
of observed values, will be a combination of a random precision component and a
systematic error or bias component. Since in routine use random components and
bias components cannot be completely separated, the reported ‘accuracy’ must be
interpreted as a combination of these two elements’™

Achromatic. “In accepted colorimetric sense: 1. For primary light source, the colour of
the equi-energy spectrum (x =y = z = }4) is taken as achromatic. 2. For surface
colours the light source serving as illuminant is taken as achromatic. Note. On this
basis, an ideal white surface is always defined as achromatic whatever may be the
colour of the light.”!

ANSI. Acronym for American National Standard Institute.

API. “Acronym for Application Program Interface; for example, a feature in ColorSync
2.0 which provides color matching functions to application software using

standard architecture and profile format without the need to develop custom

routines.”™
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ASTM. Acronym for American Society for Testing and Materials.

Calibrate. *v — to find and eliminate systematic errors of an instrument scale or method
of measurement by use of material standards and techniques traceable to an
authorized national or international measurement system. (1994a)"

Calibration. “Adjustment of a device to know values; in open systems approach to color
reproduction, each and every device must be calibrated to ensure modularity and
connectivity.”

CGATS. Acronym for Committee for Graphic Arts Technologies Standards.

Characterization. “Use of test targets, color measurement, and computer programs to
determine the input and output relationship of an imaging device.”

Characterize. “v — to specify the parameters or performance of an instrument or method
of measurement. (1994)

Chroma. “n — (1) attribute of color used to indicate the degree of departure of the color
from a gray of the same lightness.... (2) C*, (in the CIE 1976 L*, a*, b* ...
system) the quantity C., = (a** + b**)'? ... (1989b). (3) attribute of a visual
perception, produced by an object color, that permits a judgment to be made of
the amount of pure chromatic color present, irrespective of the amount of
achromatic color. (1995)

Chromaticity coordinates. “n — the ratio of each of the tristimulus values of any viewed
light to the sum of the three. (1995)™2

Chromaticity diagram. “n — a plane diagram in which points specified by chromaticity

coordinates represent the chromaticities of light (color stimuli).(1995)"
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Chromaticity. “Colour quality of a colour stimulus definable by its chromaticity
coordinates, or by its dominant (or complementary) wavelength and its purity
taken together.”'?

CIE standard colorimetric observer. “Receptor of radiation whose colorimetric
characteristics correspond to the spectral tristimulus values x(1), y(1), z(1)

adopted by the International Commission on Illumination in 1931.”

CIE standard illuminants. “The colorimetric illuminants A, B, C and Dgs, defined by the
C.LE. in terms of relative spectral energy [power] distribution: standard
illuminant A, representing the full radiator at Teg = 2 855.6 K; standard
illuminant B, representing direct sunlight with a correlated colour temperature of
Teg = 4 874 K standard illuminant C, representing daylight with a correlated
colour temperature of Teg = 6 774 K; standard illuminant Dgs, representing
daylight with a correlated colour temperature of Tgg = 6 504 K.”!

CIE. “n — the abbreviation for the French title of the International Commission on
Illumination, Commission Internationale de I’Eclairage.”*”

CIELAB color difference. “n — color difference calculated by using the CIE 1976 L* a*
b* opponent-color scales, based on applying a cube-root transformation to CIE
1931 tristimulus values X, Y, Z .... (1988)”2

CIELAB color space. “The color space comprises lightness axis L*, the red/green axis a*,
and the yellow/blue axis b*. It models how humans perceive color.™

CMS. “Short for color management system; software/hardware system used to ensure

color consistency among different input and output devices.™
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CMTYK. “Abbreviation for color cyan, magenta, yellow, and black (the K also stands for
key, meaning black).””

Color difference. “n — (1) perceived, the magnitude and character of the difference
between two colors described by such terms as redder, bluer, lighter, darker,
grayer, or cleaner. (2) Computed, the magnitude and direction of the difference
between two psychophysical color stimuli and their components computed from
tristimulus values, or chromaticity coordinates and luminance factor, by means of
a specified set of color-difference equations.”

Color management module. (CMM) A math processor to realize a color transformation
required between two device profiles and a profile connection space (PC S).f

Color match. “n— (1) condition existing when colors match within a specified or agreed
tolerance. Sometimes called commercial color match. (1988a) DISCUSSION —
Compliance with tolerances can be determined instrumentally or visually. If the
test for compliance is visual, physical color tolerance standards may be used for
reference. (2) Condition existing when colors are indistinguishable; a normal
observer is usually implied. Sometimes called an exact color match. (1988a)™

Color matching. “n — procedure for providing, by selection, formulation, adjustment, or
other means, a trial color that is indistinguishable from, or within specified
tolerances of, a specified standard color under specified conditions. (1988a)™2.,
“Note. The French and Russian terms apply mainly to the adjustment to equality
of the fields of a visual colorimeter, whereas the English and German terms apply

equally well to the selection of two material specimens having the same colour.”!
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Color reproduction. There are six different types of color reproduction ® as follows:
spectral, the equality of spectral reflectance factors or relative spectral radiances;
colorimetric, the equality of chromaticities and relative luminances; exact, the
equality of chromaticities and absolute luminances; equivalent, the equality of
appearance; corresponding, the equality of appearance when the original and
reproduction luminance levels are the same; preferred, allows departures from
equality of appearance to achieve a more pleasing result.

Colour gamut. “An area [volume] in a chromaticity diagram [colour space]. Usually that
part of the chromaticity diagram [colour space] embracing all colours capable of
being reproduced by a particular choice of parameters in a colour process.”

Colour rendering. “General expression for the effect of an illuminant on the colour
appearance of objects in conscious or subconscious comparison with their colour
appearance under a reference illuminant.”"

Colour space. “Manifold of three dimensions for the geometrical representation of
colours.”!

Colour stimulus. “Physically defined radiation entering the eye and producing a sensation
of colour.”

Colour UK color USA. “1. (perceived) colour: Aspect of visual perception by which an
observer may distinguish differences between two fields of view of the same size,
shape and structure, such as may be caused by differences in the spectral

composition of the radiation concerned in the observation. 2. (psychophysical)

colour: Characteristic of a visible radiation by which an observer may distinguish
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differences between two fields of view of the same size, shape and structure, such
as may be caused by differences in the spectral composition of the radiation
concerned in the observation. Note 1. Psychophysical colour is specified by the
tristimulus values of the radiation entering the eye.... Note 2. The adjectives
perceived and psychophysical shown in parentheses are necessary only when the
context does not clearly indicate whether the terms are used in the subjective or
objective sense.”

Consistency. Color value printed agreement of a printer device with that which has been
previously printed, manly on density value.

Critical value. Value used in this research to distinguish the color mismatch, shifting the
argument of the evaluated color difference.

D50. Industry standard light source. The “D” stands for daylight and the “50” stands for
the color temperature of the light in degrees Kelvin, 5000 K.°

D65. Industry standard light source. The “D” stands for daylight and the “65” stands for
the color temperature of the light in degrees Kelvin, 6500 K.

Device profile. File that has all the characteristics of the color reproduction of that device.
The most used device profiles are input profile, monitor profile, and output
profile.

Device-Independent color space. One of the three components of the CMS.

Digital proofing. Process to predict the appearance of a printed image. In the process a

digital imaging device is used. CMYK-to-CMYK color conversion case.!
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Distribution. Statement that facilitates the complete characterization of the random
variable."” In the this research, frequency of occurrence of AE’, values over the

lightness scale (0 to 100 units) to show a major insight on the degree of color
matching in digital proofing.

Euclidean space. Three-dimensional representation of a position vector or point, where
the unit vectors are linearly independent.'®

Gamut. Edge lines of analytically and empirically modeled color space of devices.

Gaussian distribution. Distribution of random variables (measured values), which can be
regarded as the superposition of defective quantities of approximately equal
strength. Also known as Normal Distribution.’

Hue. “n — the attribute of color perception by means of which a color if judged to be red,
orange, yellow, green, blue, purple, or intermediate between adjacent pairs of
these, considered in a close ring (red and purple being an adjacent pair.)’

Hue-angle. Numerical specification of a hue.

ICC. Acronym for International Color Consortium.

llluminant. “Radiant energy with a relative spectral energy [power] distribution defined
over the wavelength range that influences object colour perception. Note. In
English this term is not restricted to this sense, but is a general term used for any
kind of light falling on a body or scene, and is also used to refer to the light source
itself, including its filters if any.”

ISO. Acronym for International Organization for Standardization.
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Lightness. “Attribute of visual sensation in accordance with which a body seems to
transmit or reflect diffusely a greater or smaller fraction of the incident light.
Note. This attribute is the psycho sensorial correlate, or nearly so, of the
photometric quantity /uminance factor.”

Match. “v — to provide, by selection, formulation, adjustment, or other means, a trial
color that is indistinguishable from, or within specified tolerances of, a specified
standard color under specified conditions. (1991)"

Neutral. Black, white, or shades of gray. They represent degrees of light and dark, not
color. In the RGB color space, neutrals are defined as having the same value for
each color component. The lower the number, the darker the neutral.”

Normal color vision. Often called trichromat and refers to a person having the ability to
sense or discriminate light from dark, red from green, and yellow from blue.’

Parametric factors. Variables ki, ke, and ky used in the improved color difference
equation shown in Chapter 2, to describe the color difference with recommended
values of kp = 1, kc = 1, and ky = 1. Robertson suggested to use k¢ = 2.

Patches. Small image with uniform color to achieve very quick results when comparing
or determining color differences.

Profile Connection Space. (PCS) One portion of the Device-Independent color that uses
the tristimulus values (XYZ) or CIELAB.

Psychometric evaluation. Measurement of mental processes where the aptitude testing to

help in color selection is included.
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Reference conditions. Conditions or values used to compare or evaluate the color
difference of a single color. [llumination, illuminance, viewing mode, and
surround field are included.

Rendering styles. perceptual, colorimetric (relative and absolute), and
saturation style. The perceptual rendering style (or intent) optimizes
the image (appearance) quality, maintaining the color-to-color
relationship, as the colors are mapped to the printer gamut, in spite of
the fact that the color values can change. The colorimetric rendering
style optimizes the accuracy of colors, and can be realized relative to
the white point of the media, or absolute (white point of the standard).

In the relative colorimetric case, the out-of-gamut colors are
transformed to color that have the same lightness but fall just inside the
gamut. In the absolute colorimetric case, the white point matching is
disabled when converting the colors. The saturation rendering style
maintains the saturation of colors. Thereby, the out-of-gamut colors are
transformed to colors that fall just inside the gamut with the same
saturation. Hue and lightness may lack accuracy.

Saturation. “Attribute of a visual sensation which permits a judgment to be made of the
proportion of pure chromatic colour in the total sensation. Nofe 1. This attribute is

the psycho sensorial correlate, or nearly so, of the colorimetric quantity purity.”'?
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Spectral tristimulus values. “Tristimulus values, on any given colorimetric system, of the
monochromatic components of an equi-energy spectrum. The set of spectral
tristimulus values defines the colour-matching functions of colour-matching
curves. Note 1. Formerly distribution coefficients. Note 2. The symbols used are
small letters with a bar followed by the letter 4 in parentheses; the letters chosen
should correspond with those used for the reference stimuli....””!

Stability. Measures of how a color varies as a function of the time after printing.

SWOP. Acronym for Specification for Web Offset Publications.

TAGA. Acronym for Technical Association of the Graphic Arts.

TAPPI. Acronym for Technical Association of the Pulp and Paper Industry.

Tristimulus values *“(of a colour stimulus). Amount of the three references of matching
stimuli required to give a match with the colour stimulus considered, in a given
trichromatic system.* Note 1. The symbols recommended for the tristimulus
values are: X, Y, Z in the CIE 1931 standard colorimetric system.... Note 2. It is

recommended that the tristimulus values of object colours be expressed on a scale
having a tristimulus value of Y = 100 ... for a perfect reflecting diffuser ... under
identical conditions of illumination and observation.”*

Unidimensional scaling. A general technique of experimentation. In this research, to
create a visual scale, a scaling method called Partition Judgments was used. This

18,19

technique is only one of eight scaling methods that integrate the general

unidimensional scaling experimentation.
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Uniform colour space. “Colour space in which the distance between any two colour
points is intended to represent a measure of the perceived difference between the
corresponding colours.”

Weighting functions. Variables used in the improved color difference equation shown in

Chapter 2, and stated as Sy = 1, Sc =1 + 0.045C*, and Sy =1 + 0.015C*.
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Appendix A. Test Form for Colorimetric Evaluation.
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Appendix B. Test Form for Visual Assessment.

Example of the Anverse and Reverse sides of Gray Patches used in the psychometric
experiment to determine a Visual Scale. Measurements are in inches. The circle in the
reverse side is used to identify each patch from the point of view of the person who
applies the experiment to each observer. The material is described in Chapter 5:
Methodology

L 2.0 inches \l
b l
- N
2.0 inches
e

Anverse side

Reverse side
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Appendix C. Test Form for Profile Generation.
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Appendix DO1. Colorimetric Data Sheet for Sample No. 01 (Delta L* = -50).
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ID| L* | a* b* ID | L* | a* b* ID | L* | a* b* ID | L* | a* b*
1| 31.4] -27.7] -30.2 51 69.1] 5.6/ -4.3| [ 101] 13.5] -6.71 48| | 151 53.8] -0.4] -5.0
2| 242 13.9] -3.1 52| 73.4] 34| 50| | 102] 283 -14.0] -136| [ 152] 75| -1.3] 5.5
3| 78.11 -0.1] 76.5 53] 76.6] -0.2] 68.6| | 103 25.5| -7.7 -25.4| | 153] 99 -1.9] -5.7
4| 25.6] 139 41.3 54] 75.9] 0.9] 59.4| | 104] 282 7.4| -182] | 154] 145 -1.7] -5.1
5] 32.5] -289] 6.2 55| 75.8] -0.2] 48.6| [ 105 89| -12] 6.1 155 32.7] -1.5|] 49
6| 28.3] 159 4.9 56| 75.6] 03| 39.4| | 106] 8.7 -1.3] -5.7| | 156] 52.3] -0.4] 4.8
71 6.4 -0.7] 49 57/ 75.8] -1.2| 32.5| | 107] 32.3] 9.7 -25| [ 157 62.9] 0.5 4.5
8] 33.6] 9.4] 317 58| 76.3] 0.2| 254| | 108] 83| -1.3] -55| | 158] 69.2] 0.6] -3.9
9] 38.4] -28.1] 11.0 59| 76.2] -0.2] 17.2| | 109 37.6] 9.0 78] | 159 26.8] -20.7] -24.5
10/ 33.9] 240 12.7 60| 76.7] 0.5 132| | 110] 283] 0.7] 55| [ 160] 20.1] 6.2 4.4
11| 42.4] 5.0] -19.0 61| 77.3] 0.5 11.1 111] 39.3] 0.7] 13.8] [ 161] 58.3] -1.3] 34.7
12| 43.1] 18.0] 144 62| 7711 05| 73] [ 112] 542 1.5 9.1 162| 22.4] 13.5] -35.3
13 293] 27| 06 63] 76.8] 1.4 20| | 113] 47.6] 1.9] -1.5| | 163] 24.8] -16.4] 0.0
14] 50.5| -16.4] 52 64] 76.9] 1.6] -0.4] | 114] 10.2] -3.0] -5.6| | 164] 222] 6.3 -0.4
15] 56.1] 3.4] -12.1 65] 76.5] 2.1] -2.1 115 17.6] 4.9 -30| [ 165 3.7 3.8/ -16.4
16| 61.4] -8.0] 1.9 66| 7.0/ -1.0] -5.0| | 116] 383] -7.3] 22| | 166] 38.2] -13.3] 2.4
17] 59.9] 11.1] 5.8 67 9.5 -1.7] 54| [ 17| 83] -1.9] -5.7| [ 167 33.6] 12.4] 79
18, 59 -0.7] 4.8 68| 12.3] -l.1 4.9 118| 32.8 4.0, -59 168 19.5 9.5 -27.8
190 4.7] 02 -3.1 69| 16.4] -0.4] -3.6| | 119/ 169 -0.5 -11.0] | 169 18.8] -9.5| -3.0
20 10.0] -1.9] -5.2 70[ 233] -0.5| -2.7| [ 120] 37.9] =42 -70| | 170[ 155 03] =43
21| 5.4 -0.5] 42 71] 345 01| -26| [ 121] 135 31| 65| | 171] 28.6] 23] -13.7
22| 5.0 -03] 34 72[ 429 00| -3.5| [122] 47| 02 32| [ 172] 184] 47 30
23| 48] -02] 33 73| 479/ 00| -3.5| [ 123] S50/ 03] 35| [ 173/ 19.1] 19] 2.9
24 43[ 0.1 27 74| 533 04| 44| [124] 55| 05 41 174] 15.2] 6.6/ -10.9
25| 5.5 -0.6] 4.0 75| 585 0.7] -3.7| [ 125] 48] -03] -33| [ 175 85| -12] 6.1
26| 76.6] 1.7] -33 76| 64.8] 15| -3.8] | 126] 53] -05] 42| | 176] 32.4] -2.4] 125
27| 33.6| -28.2] -29.8 77| 68.4] 13| 42| [ 127] 61| -0.8] =48] [ 177] 104 -1.5] -8.1
28| 36.1] -28.5| -28.0 78] 72.8] 18] 46| | 128 73] -10[ -53| | 178] 93] -29] -5.4
29| 39.8] -24.7] -26.1 79| 21.6] 12.4| -10.5| [ 129] 49| -04] -35| | 179] 82 -13] -58
30| 43.8] -20.5| -23.3 80| 14.7] 0.7 -5.2| [130] 59 -0.6] 45| | 180 165 -1.8] 9.6
31| 47.1] -18.6] -20.8 81| 234 92 -1.2| [131] 75| -12] -54| [ 181 91| 21| 5.7
32[ 51.3] -14.0] -18.1 82 14.7] 00| 44| [ 132] 90 -1.6] -56| | 182] 109] -1.7] -5.7
33| 56.3[ -10.5] -15.2 83 43.5] 16.3] 33.6| | 133] 11.2] -1.5] -55

34] 586/ -8.6] -13.5 84| 395 14| 235 | 134] 53] -04] 40

35 61.6] -7.6] -11.2 85] 12.6] -1.2] 49| [ 135] 71| -1.1] -53

36| 64.7 -5.6] -9.0 86| 54.6| -20.9] 44.1 136/ 10.0] -1.6] -6.1

37| 68.1] -2.0] -83 87] 18.4] 9.4 29| [ 137 123] -1.8] -55

38| 70.0 -0.7] -75 88| 223 -17.8] -8.5| | 138] 189] -2.0/ <43

39 73.4] 0.6] -5.6 89 15.8] 9.4 -84| | 139] 26.0] -1.7] -33

40| 24.6] 14.8] -3.7 90| 27.8] -16.2] -32.1 140 53| -0.5] 4.0

41| 26.5 18.4] -3.7 91| 21.3] 24| -186| | 141] 87| -1.4] -56

42| 292 25.7] 4.9 92| 209] 93] -12.7| | 142] 12.8] -13] -53

43] 31.8] 265 4.3 93] 19.2] 4.0 -3.8 | 143] 20.7] -0.7] 4.0

44| 35.7] 24.0] -5.1 94| 18.0] 3.1] -3.3| [ 144] 36.4] -1.8] 4.0

45| 41.7] 19.8] -5.2 95[ 19.4] 32[ -23 145] 43.7] 2.2] 438

46| 48.1] 155 -53 96| 23.3] 6.4| 0.7] | 146] 5.4 -0.5] 4.0

47| 51.8] 13.5 -5.1 97| 283 11.1] 6.0 | 147] 92 -1.4] -56

48] s6.1] 11.5] -5.5 98] 52.6/ 1.1] 28.1 148 144/ -0.8] -5.0

49| 61.0f 99/ 49 99 36.8] -17.8] 16.0| | 149] 27.6] -0.4] -2.8

50| 66.4] 7.5 =.4| | 100 30.7] -15.2] 43| [ 150] 43.5] -1.1] 4.2



Appendix D02. Colorimetric Data Sheet for Sample No. 02 (Delta L* = -45).
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ID[ L* [ a* [ b* ID[L*[ a* | b* ID[L*[ a* | b* ID[L*[ a* [ b*
1| 32.5] -31.7] -28.8 51] 70.6] 5.0/ -4.1 101] 17.0] -12.3] -1.9] [ 151] 55.5/ -1.0] 4.0
2] 25.8] 195/ 00 52| 743] 28] 33 102[ 31.2] -16.9] -11.5 152 7.8] -1.5] -3.7
3] 78.1] -0.8] 79.0 53| 76.4] -0.7] 69.4| | 103] 25.8] 9.8 235 153[ 11.5] -1.8] -3.2
4| 243] 13.5 409 54| 76.4] -0.8] 60.4| [ 104] 28.7] 5.6 -17.0] [ 154] 16.9] -2.3] -1.6
5| 34.4] -32.8] 10.8 55/ 76.0] -1.1] 50.4] [ 105] 9.7| -1.5| 44| [ 155 35.1] -3.2| -1.1
6/ 29.5[ 20.1] 11.0 56| 75.8] -1.5| 42.4] [ 106] 11.8] -1.1] -32 156] s4.4] -2.4] 35
7 69| -1.1] -3.7 571 76.1] -1.3] 32.5| | 107] 342 92| 06| [ 157] 65.1] -0.6] -3.1
8| 34.2] 8.7| -28.8 58] 76.5] -0.9] 27.0] | 108] 9.0 -1.7] -3.7| [ 158] 70.7] 03] -2.2
9 40.1] -28.6] 13.7 59| 76.7] -0.1] 17.6] | 109] 39.0] 9.1 98| | 159] 27.6] -24.7] -23.2
10/ 35.0] 25.3] 18.0 60| 77.6| -0.1] 14.4] | 110 28.5] 0.6 10.1 160 21.6] 10.1] -1.8
11] 43.6] 2.8/ -17.1 61| 78.0] 0.1 119 [ 111 402 -0.1] 165 161] 58.8] -2.0] 58.0
12| 44.9] 17.0/ 17.0 62| 779] 06| 76| | 112] 556 09| 106| | 162 21.7] 12.3] -33.8
13 306] 18 34 63| 77.8] 1.0/ 28| | 113503 1.0 1.2] | 163] 27.5] -20.7] 39
14] S1.8| -186] 75 64 775 1.1] 09| | 114] 10.6] 41| -3.1 164| 239] 104 48
15| 57.5] 2.0] -11.1 65 772 11| -05 115| 21.5] -63] 22| [ 165 35.9] 3.1] -15.0
16| 62.6] -9.0] 1.9 66| 7.8 -14] 37| | 116] 40.2] -7.3] 3.7] | 166| 39.7| -149] 4.7
17 61.0] 9.6/ 79 67| 11.8] -0.9] -2.6| [ 117 84| -2.5 -39| | 167] 35.7] 13.5] 129
18] 57| -0.8] -3.4 68) 15.1] -0.7] -1.7] | 118 34.6] 2.9 45 168| 18.5| 8.9] -25.6
19 4.1] -03] 2.0 69 18.0 -0.8) -I1.1 119] 16.8) -1.1] -8.7| | 169] 21.0] -13.6] 1.1
20 89| -1.7] 3.4 70| 26.8] -0.8] -0.1 120 39.8] 58] -5.1 170 17.0] 1.8] 0.5
21| 48] -0.5| 27 71] 362 -12] -1.2| [ 121] 15.7] 4.0 -32| | 171] 29.4] 1.8] -12.0
22| 46| -0.4] -22 72| 453 -1.3] -19) [ 122] 4] -0a] -19| | 172] 220 -74] 19
23] 4.2] -03] 2.0 73] 499 -0.5] -1.2| [ 123] 46 -02] -20 173] 219 43] 20
24| 38| -0.1] -1.6 74| 55.8] 0.0/ -2.7| | 124] 53] 04 26| | 174] 155 -8.1] 93
25| 5.3 -0.6] -2.7 75| 60.3] -0.6] -3.2 125 43| 02| -1.8 175 8.8] -1.5| 4.1
26/ 776 1.6] 3.0 76| 66.4] o0.1| -2.4| | 126] 52 0.5 27| [ 176] 32.4] -2.3] 16.0
27| 34.9] -31.3] 283 77 69.4] 0.5 -2.6] [ 127] 63] -09] -3.1 177 9.1| -1.6] -5.7
28] 37.9| -31.0] -26.1 78| 73.6] 1.9 4.1 128] 82| -1.4] -3.8] | 178 9.6 4.0 -3.1
29| 41.1| -28.6| -24.6 79] 22.3] 16.0] -9.6| | 129] 4.4 -03] -2.1 179| 83| -1.5| -39
30| 44.7| -24.5| -225 80| 16.8] 29| -22] [ 130] 6.0 -0.8 -32 180 169] -22] -6.8
31| 49.6/ -19.6] -19.2 81| 24.7| 139/ 2.8 [ 131] 80 -1.2] -35 181 9.9] -29] 33
32[ 529 -16.2] -16.9 82| 16.6] 1.8 -0.4] | 132] 103] -16] 33 182| 124 03] -25
33 57.8| -11.8] -13.4 83| 45.0] 16.6] 39.8] [ 133] 12.8] -1.9] -2.7
34| 60.8] -10.4] -10.7 84 39.5] 1.1] 275 134 46| -03] 23
35 63.4] -7.4] 9.7 85| 14.8] 0.1 -1.2| [ 135] 7.2 -1.2] -37
36| 66.3] -5.3] -8.8 86| 55.2] -22.1] 46.6| | 136] 10.7] -1.6] -32
37| 69.2] -2.8] -74 87| 21.6/ -12.8] 1.6| | 137] 13.9] -1.9] -27
38 71.2] -1.4] -62 88 25.3] -24.0/ -7.3 138) 21.6] 22| -14
39] 74.4] 0.0 -3.9 89 18.1] -12.3] 7.1 139 29.4] 2.0 -1.0
40| 26.0] 209 -1.0 90| 28.4[ -19.0] -30.1 140 49| -0.4] -26
41| 273 239 -1.4 91| 20.7| 24| -17.5 141 9.7] -1.5] -35
42| 29.1] 27.8] -22 92| 20.7] 11.3] -11.8] | 142] 14.5] -0.8] -1.8
43| 322 26.7] -2.8 93] 222 95| 03 143] 229 -1.7] -12
44| 38.5| 23.0] -2.6 9 21.4] 67| 1.1 144] 389 -2.5| -23
45 43.1] 19.1] -3.7 95/ 20.6] 6.6] 14| [ 145] 46.0] -2.6] -2.8
46/ 50.4] 149 -4.0 96| 272 11.2] 7.1 146| 49| -0.5] -2.6
47| 53.7] 13.0] 44 97/ 30.4] 15.2] 12.8 147] 103] -1.7] -3.5
48 58.7| 102] 3.5 o8| 53.2| 0.1] 29.4] | 148 163] -L.1] -1.9
49/ 62.8] 8.8 45 99| 37.5 -19.2] 19.2] [ 149] 29.8] -1.6] -1.0
s0| 67.6] 6.1] -2.8 100 33.4] -18.2] 8.5 150/ 46.0] -1.8] -2.9




Appendix D03. Colorimetric Data Sheet for Sample No. 03 (Delta L* = -40).
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ID| L* | a* | b* ID [ L* [ a* | b* ID [ L* [ a* [ b* ID [ L* | a* [ b*

| 1] 34.1[ -34.4[ -29.1 St 71.8] 5.2 47| [T101] 22.9] -16.9] -0.6] [ 151| 57.4] -1.4] -338
2] 27.0] 254 -04 52| 75.2| 3.2 -2.8] | 102] 32.3] -18.0] -13.0| | 152] 9.5 -1.9] -3.5
3| 78.4] -1.1] 78.1 53] 77.1] -0.5] 69.5| [ 103| 26.6] -9.6| -25.0| [ 153] 14.1] -2.2] -2.2
4] 24.8] 13.2] 403 54) 763 -0.8] 59.4| | 104] 29.8] 5.9] -17.2] | 154] 20.5] -2.9] -1.6

| 5[ 35.9] -36.6] 124 55| 76.5] -0.8] 49.8] | 105] 12.6] 0.0] -3.5| [ 155] 37.7] -3.0] -2.7
6 30.7] 24.8] 12.6 56| 76.1) -0.8] 42.4| | 106] 17.0] 2.2] -1.2| | 156 56.1] -1.9] 4.3
7] 86| -1.5] -3.5 57 76.4] -1.7] 32.8] [ 107] 36.8] 9.3] 03] [ 157] 66.6] -0.1] -33
8] 343 89 -30.8 58] 76.9] -0.9| 26.4| | 108 11.6] -0.8] -32| | 158] 72.0] 0.9 4.1

| 9] 40.8] -30.6] 134 59| 77.5] -0.5] 17.5| | 109 403] 82[ 96| | 159 28.8 -25.5] -25.0
10| 37.4] 28.6] 20.1 60| 77.7, 0.0 143| [ 110] 29.9] 0.4] 11.3] | 160] 23.6] 14.5] -25
11] 44.6] 39 -17.8 61| 78.5| 04| 116 | 111] 40.9] -0.3] 16.7| | 161] 59.7] -1.7| 59.5
12] 46.5] 17.8] 16.4 62| 784/ 0.7 67| | 112] 56.0[ 0.8] 10.7] | 162[ 21.8] 13.3] -34.7
13] 33.7] 20/ 3.0 63| 783 11| 3.1f [ 113] 516 1.0/ 02| | 163] 31.2] -26.5] 6.4
14| 53.9] -184] 74 64| 77.9| 12| 06| | 114] 143] -53] -1.9] | 164] 259] 13.9] 6.0
15[ 58.8] 2.7] -11.0 65| 78.2] 1.0] -1.0| | 115 25.5] -9.0] 44| [ 165 37.1] 3.2[ -15.8
16/ 64.0] 9.1] 1.6 66| 10.1] -1.2[ -3.0| | 116] 42.4] -7.4] 36| | 166/ 41.7] -15.0] 4.4
17/ 62.1] 10.4] 8.1 67| 145 -0.4] -16| [ 117/ 106] 42 41| | 167] 36.6] 13.2] 13.0
18] 5.7 -09] -33 68 17.9] -0.8] -09| | 18] 36.6] 3.4 -59| | 168 18.7] 9.3] -25.9
19 44 -03] 22 69| 21.8] -1.1] -0.5| [ 119] 17.3] 0.0] -9.0| [ 169 24.3[ -16.6] 2.9
200 9.5/ -1.9] -33 70[ 30.3] -1.1[ -0.6] | 120 42.0] 63 49| | 170] 19.6] 45 1.2
21] 4.7 -04] 25 71] 38.8] -1.3[ -0.9| [ 121] 203] 6.4 37| [ 171] 30.9] 2.0] -11.5
22] 47| -04] 26 72| 47.1] -1.4] -2.4| | 122] 42[ -0.1] -20] [ 172] 266 -99] 33
23] 4.6] 03] 2.2 73[ 51.6] -1.3[ 23] [123] 49] 03] -2.4] [173] 255 6.7 4.3
24] 39| -0.1] -1.7 74] 56.9] -0.4] 32| | 124] 5.6] -0.6] -29] [ 174] 16.8] -9.8] -10.3
25| 6.0 -0.9] -3.2 75 62.7] 0.5] -3.5| [125] 4.2 -0.a] 21| [175] 10.5] -1.0] -3.6
26| 78.2] 1.3] -3.5 76| 67.6] 0.7 -39 [ 126] 53] -0.6] -2.7| | 176] 32.9] -2.6] 173
27| 36.4] -33.6| -28.5 771 70.5] 0.9] -2.8] [ 127] 7.6 -1.0[ -36| | 177] 9.6 -1.7] 6.1
28] 39.3] 31.5] -27.7 78] 749 12[ -33] [ 128] 95| -1.8] 3.5 [ 178] 11.9] -58] -2.6
29| 43.1] -27.8] -26.1 791 23.5] 20.4] -10.8] [ 129] 4.6] -0.2] -2.5| [ 179] 9.9 -1.2[ -33
30| 47.0] -23.8] -23.8 80| 19.9] 7.6 -1.1] | 130] 6.7] -1.0[ -3.7| [ 180[ 17.8] -1.7] 64
31] 51.3] -19.4] -20.7 81] 27.9] 206 53| | 131] 9.6/ -1.7] -33] [ 181] 11.9] -3.9] -2.1
32] 55.0] -15.4] -17.7 82| 19.5] 49 1.4] | 132] 129] -1.5| -23] [ 182] 150 03] -13
33| 59.4| -11.5] -14.4 83] 46.1| 183 41.8] | 133] 15.7] -2.2| -1.38

34] 61.7] 98] -12.7 84| 406 1.8 288| [ 134] 51| -03] 27

35 64.8] -7.8] -11.2 85/ 17.00 0.7 -0.7| [ 135] 9.0] -1.6] -3.6

36/ 67.5| -53] -9.7 86| 55.9| -22.8] 47.7| [ 136] 13.3] -1.2] -22

37] 70.6] -2.8] -7.5 87 24.9) -162] 3.4| | 137 17.3] -2.0] -1.6

38 72.4| -1.6] -6.1 88| 28.8 -30.6] -9.4| | 138] 26.2] -23] -12

39] 75.5] 0.0 4.0 89| 20.9/ -16.0] -9.8] [ 139] 32.0] -3.3] -2.0

40 26.9| 26.4| -1.6 90| 29.3| -19.4] -31.3| [ 140 5.7 -0.6] -29

41] 27.8] 28.7] -2.0 91 21.4] 3.5 -19.1] | 141] 12.5] -0.7] -25

42| 30.5] 304 -33 92 21.6] 13.8] -12.7] [ 142] 17.8] -09[ -13

43] 34.2] 285 -2.8 93] 26.2] 155/ 03| [ 143] 27.3] -1.5] 0.9

44| 40.4] 240/ -36 94/ 26.0] 13.0] 3.9 | 144] 41.0[ -2.8] -2.1

45 45.8] 19.8] 43 95/ 23.7] 11.3] 3.6] | 145 484[ -3.0] -22

46| 52.2| 15.6] -4.5 96| 30.8] 16.6] 106 | 146] 5.9] -0.7] -3.1

47] 55.9] 12.3] 4.1 97/ 32.9] 18.3] 165 | 147] 133] 0.5 -22

48| 60.1] 12.0] 4.3 98] 53.9] -0.6] 29.6| | 148] 19.7] -L1] -06

49) 64.4] 93] 44 99| 37.9] -20.8] 20.6| | 149] 33.4] -1.8] -0.6

50| 69.0, 6.0 -3.8 | 100] 35.5] -20.0] 9.7) | 150[ 484 -2.0] -25



Appendix D04. Colorimetric Data Sheet for Sample No. 04 (Delta L* = -35).
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ID| L* a* b* ID | L* a* b* iD | L* a* b* ID | L* a* b*
1| 36.2] -36.0| -31.6 51| 73.0 5.2 -3.8 101| 37.3| -21.4] 9.1 151 59.2 -09 -34
2] 274 29.11 -0.5 52| 76.4 2.8/ -2.8 102| 26.6| -23.8/ -0.9 152| 11.3| -2.8) -3.3
3| 789 -1.0| 79.7 531 77.5| -0.6| 70.0 103| 34.7| -18.7| -13.6 153| 16.6/ -3.3| -2.3
4| 24.8| 13.4| 413 54| 76.7| -1.5] 60.5 104| 26.8| -10.6| -26.0 154| 25.5| -3.3] -1.3
5| 36.7) 40.7| 13.6 55| 76.2] -0.8] 50.8 105 30.6| 6.1] -18.2 155 40.2| 42| -23
6| 32.1) 28.1| 149 56| 76.4| -1.0| 42.7 106| 153 1.3 -3.0 156/ 57.9| -1.8/ 4.0
70 1.1 -1.0] -2.7 57| 76.8] -1.5| 34.5 107| 21.5| 6.0 -0.3 157 68.1 0.1y -39
8| 35.00 9.5 -30.6 58| 77.3] -0.9| 26.7 108| 38.1 9.4| -0.5 158 73.4] 0.6/ 4.3
9| 42.8| -30.0[ 13.0 591 77.9, -0.5| 17.3 109] 146/ 0.1] -1.7 159 29.8| -27.8| -25.3
10{ 38.4] 31.0] 22.1 60| 78.3 0.0 14.6 110| 41.7| 8.9 10.0 160| 26.0f 20.5| -1.6
ll[ 45.8 4.5 -19.8 61| 79.3 0.4/ 11.0 111] 31.2) 0.8 134 161| 60.0) -2.6/ 59.8
12| 48.8| 18.7| 174 62| 789 0.8 6.7 112| 41.7) -0.5| 17.5 162| 21.8| 13.0| -34.4
13| 36.3 1.9] 3.1 63| 78.8/ 09| 2.7 113 57.1 1.0 10.7 163| 33.8| -30.9| 8.7
14| 55.3| -19.1 6.9 64| 78.8 1.1 1.4 114| 53.9 1.6/ 0.3 164| 29.0/ 184 93
15/ 599 2.0] -10.1 65| 78.9 1.6| -1.9 115| 17.0] -8.0f -0.1 165 386/ 3.3| -154
16| 65.2| -8.6| 0.8 66| 13.2] -0.9| -1.8 116 29.2| -11.4] 53 166| 42.8| -15.1 5.2
17| 63.5| 10.7] 8.5 67| 16.5, -1.0| -1.4 117| 43.9| -85 4.0 167| 38.4| 14.9] 145
18] 6.1 -1.2| -4.0 68| 21.0| -1.0| -0.6 118| 14.4| -7.1] 4.0 168| 18.7) 9.4| -26.0
19] 4.7 -0.2| -2.5 69| 26.0) -1.3] -0.2 119| 39.0| 3.7 -55 169| 27.6/ -21.0{ 4.2
20| 10.4] -1.8] -2.5 70| 33.1] -1.9f -0.1 120f 18.2| 03] -92 170} 22.4| 8.1 3.1
21| 5.0 -0.5| -2.8 71| 41.3] -1.7{ 04 121| 44.3| -6.1| -5.0 171 31.7 1.8] -13.0
22| 5.0{ -0.5| -2.7 72| 49.6/ -1.1] -1.3 122 25.0{ -79| 44 172| 30.5| -11.4 3.7
23| 4.5 -0.3] -24 73| 544 0.7 -2.9 123 4.2( -0.2| -2.0 173| 29.1 89| 6.8
24| 39| -0.1) -19 74| 58.8) -0.1] -2.9 124 5.1 -04] -24 174| 17.8| -10.9] -11.4
25 7.1 | -1.2) 3.7 75| 63.6/ -0.1 -3.0 125 6.6| -0.9] -3.3 175 12.3] 0.1] -3.1
26| 79.1 1.7} -34 76| 69.0 0.9 -3.2 126/ 4.5 -0.2f -2.1 176| 33.7| -2.7| 17.9
27| 38.3| -33.9| -31.0 771 71.7 1.0] -34 127| 64| -1.0| -34 177| 10.2| -1.6|] -6.4
28| 41.2| -31.8| -28.9 78| 75.6 1.3 -3.0 128, 9.0 -1.5] -3.2 178| 14.2( -7.1] -2.0|
29| 44.7| -28.7| -26.2 79 24.1| 23.7| -12.5 129| 12.3| -1.3] -2.5 179 11.8| -0.8] -3.1
30| 48.7| -25.1] -23.1 80| 22.4| 114 -13 130 4.7| -04| -25 180 19.3| 0.0 -7.1
31| 52.6| -20.6| -20.7 81 29.1] 25.2 5.9 131] 84| -1.7| -3.8 181 15.2| -5.6| -0.7
32| 56.7| -17.1| -16.9 82| 229 95 3.5 132 12.2| -1.7| -25 182 17.8 19| -0.2
33| 61.1| -11.8| -14.0 83| 47.3| 19.7| 43.7 133| 15.3| -2.3| -24

34| 63.2| -10.1 -129 84| 41.3 1.5/ 30.6 134| 18.8 -3.3] -1.8

35| 66.1| -7.3| -11.4 85| 20.5 1.0| 0.5 135 5.5/ -0.8] -3.0

36| 689 44 -95 86| 56.6| -22.0| 48.2 136 11.3| -1.6| -2.8

37\ 71.7| -2.5| -7.1 87| 28.2| -189| 5.0 137| 16.0 -1.8 -1.9

38| 73.5| -1.8] -5.9 88| 29.8| -33.7| -10.1 138 21.3| -2.6| -1.5

39| 76.7| 0.5 4.8 89 23.7| -18.9| -10.9 139] 29.6| -3.2| -1.3

40| 27.6/ 309 -2.6 90| 29.7| -20.7| -31.9 140| 34.8 -2.8 -2.0

41 29.0) 33.7] -23 91| 21.5 3.5 -19.7 141 6.4 -0.8 -33

42| 32.2| 32.7 -3.1 92| 22.2| 15.8] -14.8 142| 15.5| -09| -1.6

43| 36.5| 29.6| -2.9 93| 28.5| 19.7] 0.0 143 20.6| -2.0/ -1.8

44| 42,4 259 -39 94| 29.2| 17.8 5.2 144 30.4| -2.6| -L1.5

45| 48.3| 20.5| -4.6 95| 26.8| 16.8 5.5 145| 43.0| -3.2| -2.7

46| 544 16.0 -3.8 96| 33.5| 19.5| 13.9 146/ 50.8 -2.4| -3.1

47| 57.7| 14.1| -3.6 97| 34.3] 19.7| 18.7 147| 6.8/ -13| -3.6

48| 62.1| 12.1| -49 98| 54.9| -0.2| 30.3 148| 16.2| -0.7| -1.5

49| 66.0/ 93 4.2 99| 38.9| -22.0/ 21.9 149| 23.7| -2.0, -0.5

50| 70.6] 6.7] -5.0 100| 37.3| -21.4] 9.1 150| 35.6| -1.8] -L5




Appendix D0O5. Colorimetric Data Sheet for Sample No. 05 (Delta L* = -30).
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ID| L* | a* | b* ID | L* | a* | b* ID[L*[ a* [ b* ID|L* | a* | b*

1] 38.1] -37.2[ -32.9 51 73.9] 5.6 4.2 101] 30.1] -32.2] -12 151] 60.7] -0.6] 4.6
2| 28.0[ 33.8] -2.1 s2[ 77.3] 34| 46 102| 36.0] -19.2] -15.6 152] 12.5] -39] 33
3| 78.6] -0.8 78.5 53| 78.0] -0.6] 69.7 103] 27.8] -11.0] -26.9 153] 19.8] 42| -2.7
4| 25.0] 13.7] 41.9 s4| 76.4] -1.5] 60.5 104] 31.5] 6.6/ -19.8 154] 289 -36] -1.8
5| 38.7] 42.8] 15.0 55| 77.1] -0.8] 50.6 105| 183] 45 -19 155 42.3] -3.8] -3.7
6/ 33.5| 333] 17.5 56/ 76.8] -0.7] 41.6 106] 25.2] 10.1] 05 156 59.1] -1.6] 4.6
71 131 -0.7] -2.1 57 772 -1.2] 324 107] 40.4] 9.7 -06 157] 69.2| 0.0/ -3.8
8] 35.4] 9.2[ -316 58| 77.7] -1.3] 259 108] 17.7] 24| 0.0 158 73.8] 1.1 4.6
9 43.5] -32.5] 129 59] 78.3] -0.5 167 109] 43.9] 98] 83 159 30.9] -29.8] -26.6
100 39.9] 32.9] 235 60 78.5/ -0.1| 146 110] 32.2] 1.0] 139 160 26.8] 24.9] -2.9
1] 47.1] 4.8] -19.7 61| 79.3] 0.6/ 11.1 111] 42.3] 0.5] 16.8 161| 60.7] -1.8] 60.1
12| 51.1] 20.0] 16.2 62| 792 0.7 6.3 12| 57.8] 1.1] 10.1 162| 21.9] 13.7] -35.5
13 385 1.7] 3.0 63| 789 12| 24 113] 553 1.6] -0.8 163] 35.0] -33.9] 10.5
14] 57.0] -18.6] 6.5 64 79.1 1.1 0.9 114 20.2] -10.3] 0.2 164| 30.6| 23.1] 11.4
15| 60.8] 2.7| -11.9 65| 792] 2.0/ -1.9 115 32.3] -12.1] 56 165 39.5| 4.2] -15.7
16| 66.6] -9.0] 1.5 66| 154/ -0.1] -1.4 116| 46.2] -7.4] 32 166 44.3] -15.8] 5.5
17] 64.9] 10.8] 7.0 67| 19.4] 0.6 0.8 17] 17.3] 9.1 -5.0 167 39.4| 15.0] 14.5
18] 7.0 -1.2] 4.3 68| 24.7| -0.7 -0.1 118, 40.9 3.1 -6.8 168| 18.6 9.9| -26.9
19 49/ -03] -25 69 29.4] -1.2] -1.1 119] 19.1] 02| 96 169] 30.1] -25.1] 5.9
20| 10.7] -1.7] -3.0 70| 36.3] -0.3] -1.5 120] 45.6] -7.1] 6.2 170[ 24.8] 11.1] 5.2
21] 48| -04] -2.8 71| 42.7] -1.4] 23 121] 289] -92| -5.5 171] 32.6] 1.9] -13.6
22| 55| -0.6] -2.7 72| 51.9] -14] 26 122] 44| -01] -22 172| 33.8] -12.5] 4.6
23] 48] 03] 25 73] 56.0] -0.2] -3.6 123 53] 05 238 173 32.7] 12.1] 100
24 41| 01] 19 74| 60.2] -0.1] -3.6 124 7.1 -1.0] -38 174] 20.2| -12.9] -12.9
25| 88| -1.5] -35 75| 64.9] 0.6] -32 125 4.7] -0.4] -25 175| 14.5] 1.1] -2.6
26 79.7] 2.1] -39 76| 69.9 0.6/ -2.9 126 7.1 -1.3] 37 176 34.0] -2.3] 184
27| 41.1] -35.5] -31.4 771 729 1.1] 4.6 127 10.4] -1.8] -3.7 177] 10.1] -L4] 65
28] 43.8] -33.6] -30.0 78] 76.3] 1.1| -35 128] 13.8) -2.0] -23 178/ 16.6] -9.3] -0.8
29| 47.3] -29.7] 279 79| 24.6/ 27.0] -13.8 129] 5.5/ 0.5 -3.1 179 14.2] 06| -2.0
30] 50.6| -25.6] -24.7 80| 24.2] 15.7] -1.6 130 9.7[ -1.8] -3.5 180 21.3] -0.4] -7.9
31| 54.7| -20.1] -20.6 81] 29.7] 30.8] 6.4 131] 13.8] 23] 24 181 189] 6.6/ 02
32| 57.9| -16.7| -18.2 82[ 26.1] 14.1] 6.0 132] 182] -32[ -14 182 209 41| 1.2
33| 62.3] -11.8] -15.0 83| 49.1] 20.9] 45.7 133| 22.7] -39 -1.6

34| 64.6| -10.3| -13.2 84| 41.8] 1.2] 311 134 63| -09] -34

35/ 67.0 -74| -11.4 85| 233 14| 07 135 13.1] -1.7] -25

36/ 703 4.7 -9.0 86| 57.0] -22.5] 487 136/ 18.5] -2.2] -1.5

37| 72.8| -2.4| -715 87| 31.6] -239] 6.5 137| 25.9] 22| -14

38] 74.4] -1.3] -73 88| 31.2[ -37.1| -11.8 138 32.5] -3.1] -1.8

39 772 04| -56 89| 26.7| -22.1] -13.1 139 37.7] 3.2] -2.7

40] 28.8] 36.3[ -1.9 90/ 30.9] -20.6] -34.3 140 7.5 -1.1] -35

41] 30.3] 36.9] -2.4 o1 22.4] 4.1] -20.7 141] 169 -09] -1.7

42| 342 355 4.1 92] 22.7] 182 -15.3 142 25.0] -1.5] -1.1

43] 38.8] 31.2] 4.7 93] 29.5] 23.3] -1.3 143 33.5] -2.4] -20

44| 455 25.8] 4.8 94| 31.5] 22.2] 6.5 144] 455 -2.5| -29

45| 51.0/ 20.8] 4.9 95| 29.4| 22.6| 7.6 145 52.6] -22| -3.6

46| 57.1] 162 4.6 96| 35.7] 22.9| 15.7 146/ 8.0 -1.5/ -3.6

47 60.1] 14.5] -5.3 97| 35.4] 21.8] 21.2 147| 18.1] -0.8] -1.7

48] 63.3] 123] -5.1 98| 55.7 03] 29.5 148] 279 -1.5| -0.8

49| 67.3] 93| -5.1 99 39.8] -22.3| 23.8] | 149] 38.0] -2.1| -2.6

50| 71.8/ 7.1] -5.0 100 38.6] -21.3] 9.4 150 52.6] -1.1] -3.6



Appendix D06. Colorimetric Data Sheet for Sample No. 06 (Delta L* = -25).
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ID] L* [ a* [ b* ID[L*[ a* | b* ID | L*| a* | b* ID[L* [ a* | b*
1] 40.4] -37.1| -36.0 st| 75.1] 5.4 -39 [ 101] 31.8 -334.3] -2.1 151 62.3] -0.6] 4.7
2] 29.3] 385 -2.8 52] 77.7] 3.8 48 102| 37.9] -20.6| -15.1 152 15.4] 48] -33
3] 78.7] -09] 774 s3] 78.0] -0.4[ 686 | 103] 27.9] -10.6| -28.4 153 23.6] 48] -2.6
4] 25.0] 14.3] 4256 s4] 77.2] -1.5 588 104 323] 7.1 -195 154 32.0] -3.0] -2.7
5| 39.6| 47.3] 155 55 77.0] -0.9] 49.5| [ 105 206] 7.1 -22 155 448 -3.0 -39

| 6] 35.1] 37.5] 187 s6| 77.2] -1.3] 42.1 106] 29.0] 15.2] -0.8] | 156/ 60.8] -1.3] -5.2
7 1500 0.0 -1.7 57| 77.3] -1.3] 329 | 107] 42.8] 109] -1.0| | 157] 703] -02] -39
8 36.1] 9.0/ -31.9 s8] 78.1] -0.6] 25.2| | 108 20.1] 4.9/ 06| [ 158 752 09] -3.6
9] 45.8] -32.3] 126 59| 78.4] -0.6] 17.1 109] 45.0] 10.1] 82| [ 159] 32.1] -31.3] -27.9
10| 42.3] 352| 256 60| 78.8] -0.2] 145 | 110| 33.3] 1.4 140/ [ 160| 26.8] 28.1] -3.4
11| 48.4] 4.7 -19.8 611 79.5] -0.1] 11.3| | 111] 429] 0.6] 17.0 [ 161] 60.8] -2.0] 60.3
12| 53.1] 20.8] 17.0 62| 80.1 0.6] 6.6 | 112] 586 1.4[ 96 | 162] 22.2| 13.8] -35.5
13] 405 21| 24 63| 79.4] 1.1] 26| | 113 57.4] 1.5 -0.8| [ 163] 35.7] -37.8] 12.1
14| 585 -19.0f 5.0 64| 80.0 1.4 06| [ 114] 239 -12.5] 2.0 | 164] 31.4] 263] 12.7
15| 62.4] 33| -129 65 80.2] 1.6] -1.6] [ 115 34.4] -12.7] 52| | 165 40.8] 4.0 -16.7
16| 68.0] -7.8] 1.2 66 16.3] -0.8] -1.8} [ 116| 47.8] -8.4] 3.1 166| 46.2| -16.3] 5.5
17] 66.0] 11.3] 6.0 67| 22.5] -0.6] -1.1 117] 20.3] -11.6] -5.7] | 167/ 40.9] 15.1] 13.3
18] 6.9] -1.5] -4.7 68] 27.6] -0.7] -r.4| | 118] 42.6] 39 -7.6/ [ 168| 18.5] 10.0] -27.0
19/ 6.1] -0.6] 32 69 32.2] -1.1] -1.7| [ 119 20.4] 1.0 -10.0] | 169] 32.5] -28.8] 8.3
20/ 10.9] -1.8] 2.9 70| 38.4] -r.7| -1.7} | 1200 48.6] 69 -7.7} | 170] 26.5] 14.7] 6.1
21] 52| -0.6] -32 71| 45.8] -0.6] -3.5 121] 31.8] 9.5 -60| [ 171] 34.1] 3.8] -14.0
22| 5.8 -10] 32 72| 535 0.6l 45| [ 122] 45 03] 2.1 172| 36.7] -13.5| 4.3
23| s5.1| -05] -27 73] 57.8] -05] -39 | 123 63| -09] -3.4]| | 173] 34.6] 12.6] 11.6
24 42 03] 20 74] 62.0] 05| 47 | 124 31 .3 39} | 174] 21.3] -14.4] -14.6
25| 98] -1.0] -33 75| 66.9] 06| 40| | 125] 5.0 -04] -24] [ 175 165 29| -2.1
26| 802] 19| 35 76| 71.1]  09] 3.1 126] 89| -1.4] -38} | 176] 343] -2.6] 192
27| 42.7] -36.6] -34.2 771 741 1.7] 42| | 127] 122] -16] 3.1 177] 10.6] -1.6] -6.8
28] 45.8] -33.2] -31.6 78] 77.8] 18] 4.1 128 154 22| 23] | 178/ 19.7] -125] 03
29[ 48.6] -29.3] -30.0 79| 249 29.7| -16.2] | 129] 5.9 -0.8] -32| | 179 159 1.5 -1.1
30| 524 -25.1] -26.4 80| 262 20.7] -19] | 130] 116] -13] -3.1 180 22.6] 0.5 -7.8
31] 55.9] -21.0] -23.3 81| 30.5] 35.6] 6.4| | 131 15.5] -2.8] -22 181| 23.0/ 96/ 1.7
32/ 59.9 -15.8] -19.8 82| 288 189 s8.4| [ 132] 21.4] 34 -1.7| | 182] 232[ 45| 26
33| 63.4] -11.8] -16.9 83 50.1] 21.2| 47.0] [ 133] 26.8) <4.0[ -16
34| 65.7| -9.8] -14.6 84| 42.8] 1.5 316 | 134] 6.8] -1.2] -3.6
35| 68.7] -7.2| -12.0 85| 26.0/ 1.6] 1.0/ [ 135] 150 -1.7] -2.2
36| 71.1] -4.4] -103 86| 57.8] -22.5 485 136] 22.5| 29| -20
37| 713.7] 27| 1.9 87| 34.1| 273 85 137] 28.7] -2.8] -13
38 75.6| -1.4] -6.9 88 33.2| -39.9] -13.0| | 138 352 -3.5 -2.7
39] 78.4] 05| -5.2 89| 28.8] -24.3( -16.0] | 139] 40.7] -3.2] -3.7
40| 30.0] 40.9] -3.5 90| 31.5] -21.1] -35.1 140 89| -1.3] -35
41] 32.3] 39.8] -3.7 91| 22.5| 4.4| 214 141] 18.5] -1.7] -2.0
120 36.6] 37.8] -5.0 92[ 23.6] 204 -173 142| 28.1] -1.7] -1.4
43| 41.3] 326 45 93] 31.2] 25.7] -1.9| | 143] 359 -1.9] -3.1
44| 47.4] 269 -6.1 94| 33.1] 24.5] 59| | 144] 47.6] -2.8] 35
45| 53.7] 22.0 -5.6 95] 299 26.6] 8.3 145 549 -1.9] 43
46| 58.8] 17.8] -5.9 96| 37.0 24.1] 16.7] | 146] 9.1] -12] -3.5
47| 61.4] 15.0 -5.8 97/ 37.5| 23.8] 23.3 147/ 20.3] -1.1] -1.4
48] 65.0] 122 -5.4 98/ 56.2| 03[ 30.1 148] 30.7| -1.3] -1.7
49| 68.8] 93] -5.8 99| 41.1| -229] 24.8] [ 149] 41.1] -1.7] -2.7
50/ 72.6] 4.7 -5.0 100| 402 -22.4] 9.2 150 54.3] -1.3] 4.2



Appendix D07. Colorimetric Data Sheet for Sample No. 07 (Delta L* = -20).
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ID| L* | a* b* ID | L* | a* b* ID [ L* | a* b* ID | L* | a* b*
1| 42,2 -39.2| -36.9 51] 75.8) 5.8/ -5.0 101 33.6| -37.4] -2.0 151f 63.8] -0.7] -44
2| 30.3] 43.0 -2.8 521 79.1] 4.0/ -5.1 102| 40.9| -19.3| -16.4 152| 18.3] -5.7 -3.3
3] 7921 -0.6/ 78.0 53| 782] -0.1] 69.4 103| 28.4| -10.6{ -29.0 153 27.4] -53| -2.8
4] 25.1| 14.2| 429 34| 77,5 -0.6| 60.0 104 33.7| 6.3] -20.0 154| 35.6/| -3.7 -2.6
5| 41.4| -49.5| 16.9 35| 77.6| -0.5] 494 105 22.1| 9.7 -2.7 155| 46.9] 43| -4.1
6| 36.7| 41.6| 21.7 56| 77.4| -0.7| 424 106| 31.4| 17.5| -0.5 156| 62.8] -1.2| -5.2
7,169 0.1] -14) | 57 779] -0.7] 326 107 45.8] 11.6] -2.0 157 71.6| 0.1] -5.1
8/ 359/ 93| -323 58 78.1| -1.0| 25.7 108] 230/ 7.8 24 158/ 75.9| 0.7 -3.5
9| 47.5] -34.5| 13.6 59| 78.8) -0.1] 16.6 109| 479 9.8 9.1 159| 33.6| -32.8{ -29.6
10| 43.3| 36.5| 26.8 60| 79.0] -0.3| 15.0 110] 340 12| 149 160| 27.8] 32.6| -3.7
11| 49.8] 5.3] -19.9 61 79.8) 0.3] 10.2 111 443 09] 17.1 161] 61.1) -1.7] 60.3
12| 55.5| 21.3| lé.l 62| 802 0.7] 7.0 112] 59.6| 0.7 10.7 162) 21.8] 14.3] -35.9
13| 43.1 1.7, 2.0 63 79.8] 11| 3.0 113 59.1 1.2 -0.9 163 37.1] -39.9] 12.6
14| 60.4) -18.7 3.6 64) 80.2] 1.3 1.1 114| 26.4| -14.4| 2.7 164| 32.6) 30.0, 14.8
15| 63.3] 3.1 -12.7 63| 80.4 1.7 -2.0 115 38.0f -12.5| 5.6 165| 41.3] 4.3] -17.8
16/ 693] -79/ 1.3 66| 18.4| -0.6] -1.3 116/ 50.0[ -8.8 3.0 166| 48.2| -16.4] 5.7
17| 67.7| 10.9] 6.8 67| 25.1] -0.1] -0.8 117] 24.0| -13.4] -6.2 167| 43.4] 15.9| 13.6
18] 7.8; -2.0| -5.1 68 30.7) -0.6] -2.0 118] 44.83] 4.0 -92 168| 18.6] 10.4] -27.3
19/ 5.8/ -0.8) -3.2 69 35.1] -0.8] -1.8 119 21.1 1.3] -10.9 169 34.2| -32.5| 94
20{ 12.5{ -1.8| -2.6 70| 41.2) -0.5{ -2.2 120{ 50.6| -6.5| -7.8 170| 29.0| 19.2| 8.8
21y 5.1 -0.6] -3.1 71) 48.4| -0.5| -2.5 121| 34.6| -11.0| -6.2 171| 34.5| 29| -14.4
22y 6.2y -1.2| -3.2 72| 56.0, -03] -4.0 122] 4.6 -03] -2.6 172| 38.8| -14.5| 3.7
23| 5.7] -0.8] -3.1 73| 59.3] -0.2] -3.2 123 7.1 -1.0] -3.8 173| 36.5| 13.2] 13.4
24 45 01 -22 74) 63.4] 0.0f 4.2 124| 93| -2.00 -3.6 174 22.6] -15.4| -15.6
25| 11.6/ -0.7| -2.7 75| 67.9] 0.5 -4.2 125 5.1 -0.5] -29 175| 17.7] 4.7 -23
26, 80.8, 2.0/ -39 76! 729 12| -44 126/ 89| -L5 -3.6 176 35.1] -2.4] 199
27| 44.6| -37.4| -354 77/ 75.0, 0.8/ -3.8 127 13.2| -23| -26 177) 11.0] -1.4| -6.8
28] 47.5, -334) -333 78} 782 L7 4.9 128 18.7) -3.}| -L7 178} 22.0| -14.1 1.4
29| 51.0 -29.7| -30.7 79| 25.3| 32.2| -16.9 129| 6.6 -0.8/ -3.5 179 17.6/ 2.8 -0.3
30| 54.2| -25.5| -26.2 80| 26.8) 24.8] -3.3 130| 13.3| -1.6/ -2.4 180 243/ 20/ -89
31| 57.8] -20.6| -22.8 81 31.9| 40.1] 7.0 131 18.5] -3.2| -1.7 181| 26.3 -10.2] 1.9
32| 60.91 -16.5| -19.8 82 30.7] 22.5] 102| | 1320 245 40| -1.7 182] 25.7| 6.6/ 3.8
33| 65.3] -12.2| -16.1 83| 51.3] 21.6| 48.7 133 30.1] 42| -25
34| 66.8] -10.5| -14.6 841 432/ 17| 31.8 134 82| -1.4 -3.7
35| 69.5] -7.9| -11.9 85| 29.8) 2.6 1.0 135) 17.1] -2.0{ -1.8
36! 71.8] -491 -99 86 57.9| -23.1] 49.1 136/ 25.5| -3.3] -2.0
37| 749 -2.9/ -8.2 87| 34.8| -30.7 9.9 137| 32.0{ -3.0| -2.8
38| 76.6| -19| -6.6 88| 35.2| 44.7| -13.0 138| 38.3] 4.1 -3.5
39 789| 0.6/ -5.6 89| 30.5| -26.7| -16.6 139 43.0/ -3.7| -3.7
40| 31.8] 44.5| -3.6 90| 32.5| -21.4| -36.5 140 10.5| -1.0f -3.1
41| 34.5| 430, -39 91| 23.8/ 5.5 -23.1 141| 22.3| -0.8] -1.2
42| 39.7| 39.5| -5.6 92| 23.6| 22.1] -19.1 142 31.2| -1.9] -24
43| 44.3| 33.8) -64 93| 329/ 28.1] -29 143| 39.4| -1.8] -3.2
44| 50.1| 28.5| -6.2 94| 34.6| 27.2] 5.8 144| 50.2| -2.7| 4.2
45| 55.7] 22.5| -5.2 95| 31.1} 30.5| 9.7 145| 56.8| -2.0] -4.7
46| 60.8) 17.9] -5.6 96| 39.0| 26.5 19.3 146 109/ -1.2| -3.0
47| 63.3] 154 -5.8 97| 38.5| 24.7| 25.7 147| 24.0f -0.7| -1.1
48| 66.6/ 12.8) -6.5 98| 56.9| 1.0 30.0 148] 33.5| -1.6] -2.0
49/ 70.5| 93| -5.0 99| 41.6| -24.1| 263 149| 43.4| -2.0/ -3.2
50| 74.3| 7.2 4.6 100 41.2] -23.4{ 9.1 150| 569 -1.0| 4.4




Appendix D08. Colorimetric Data Sheet for Sample No. 08 (Delta L* = -15).
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ID] L* | a* | b* ID | L* | a* | b* ID | L* | a* | b* ID | L* | a* | b*
1| 45.0] -39.5| -38.6 311 77.9] 57| 4.2 101 35.6| -39.2| -2.1 I151] 66.4] 0.1 4.1
2| 32.4| 484 -23 52| 799 31| 4.0 102 43.3| -21.2| -16.5 152 21.5| -7.7] -3.6
3| 79.3] -1.3] 779 53| 78.7] -0.4]| 68.5 103| 30.1] -11.4| -29.0 153| 30.7 -5.6] -3.5
4| 25.7] 13.9] 425 54| 77.6] -0.9| 60.8 104| 350/ 6.1 -21.0 154| 38.6] 4.5| -3.5
5| 43.0] -53.5| 19.5 55| 77.7] -1.3| 499 105| 25.1| 14.5| -24 155| 50.6|] -3.2| 4.2
6| 38.2| 45.6| 25.6 56| 77.6| -0.9| 41.7 106| 33.0/ 18.8] -0.6 156| 64.8 -1.8/ -4.8
7| 18.8] -0.4/ -0.9 57| 78.0f -1.3| 339 107| 49.5| 11.5| -23 157/ 73.6/ 0.6/ -5.3
8 37.7/ 9.0 -31.6 58| 78.6] -0.9] 255 108/ 259/ 12.5| 4.5 158| 77.6) 1.0/ 4.6
9| 49.8| -35.0| 134 59| 78.7| -0.6| 16.7 109] 50.2| 10.5| 9.3 159 36.0| -35.3| -30.9
10| 46.2| 37.9| 28.9 60| 79.6/ -0.1] 15.1 110] 35.2] 1.7| 16.8 160| 28.8| 36.5| -3.3
11 51.6) 4.8] -21.5 61| 804/ 0.5/ 10.1 111 452 1.1] 18.5 161 61.7 -2.6] 60.8
12| 57.6| 21.1| 154 62| 80.8] 0.4 6.5 112| 61.1 1.1 10.6 162) 22.6/ 13.6] -35.5
13] 45.00 1.8 1.1 63 80.5] 0.8 3.8 113) 61.2] 1.8 -0.5 163 38.8| 42.6| 14.8
14| 62.4| -17.8] 5.7 64| 81.3] 1.7/ 0.6 114] 29.8] -15.5| 3.8 164| 34.0] 339 166
15| 64.6] 3.2 -12.3 65| 81.6/] 1.3] -1.0 115 39.6] -14.0] 5.9 165 43.3] 3.6/ -18.0
16| 70.9; -7.7 1.2 66| 21.6| -0.5| -0.7 116| 53.2| -8.0| 3.6 166| 50.4| -15.8| 5.1
17| 69.1] I1.1] 7.5 67| 28.1 -0.8 -0.4 117| 26.1| -15.4 -7.0 167| 45.8| 16.6/ 13.6
18] 8.4 -22| 49 68| 33.8/ -1.1| -1.5 118| 47.5| 3.2| -8.7 168| 19.2| 11.0| -27.8
19 6.6 -1.0 -3.5 69| 38.5| -1.3] -1.4 119] 22.5{ 0.8 -11.0 169| 35.4| -36.4] 11.5
20, 13.1; -2.1] -1.6 70| 43.8) -1.2| -2.0 120| 53.5| -7.1} -7.2 170{ 31.4) 23.1] 11.6
21| 5.5 -0.8 -3.6 71| 51.0, -0.9| -3.2 121| 37.6| -12.0, -8.0 171| 36.4| 2.8| -14.6
22| 6.8 -1.5{ -3.2 72| 58.7, -0.5| -3.6 122 5.1 03] -2.6 172| 41.0| -15.1} 3.7
23] 6.6/ -1.0/] -34 73| 61.6| -0.4] -4.2 123 7.5 -1.0] -3.5 173| 38.4| 13.5] 13.5
24| 45 -02] -2.1 74| 659/ 04| -3.8 124| 10.3] -1.9] -3.9 174| 23.8| -17.6| -16.7
25| 14.0f -0.9| -1.7 75| 70.21 0.6| -3.1 125| 6.2 -1.1] -3.3 175| 19.2| 64| -2.2
26| 81.7) 20| -44 76| 739, 14| -5.0 126 10.3] -2.0| -3.6 176| 359 -2.7| 21.5
27| 47.7] -37.8] -354 77| 75.8] 12| 3.7 127| 15.7| -2.6/ -2.3 177 11.8] -1.2| -7.0
28| 49.4| -34.8| -33.6 78| 79.3] 19| 4.2 128| 209{ -3.7| -1.8 178| 24.6| -16.2| 2.4
29| 52.7| -30.3] -30.5 79| 26.9| 34.9| -16.6 129 7.7 -1.0| -3.7 179| 19.7| 4.5| 09
30| 56.3| -26.1] -27.0 80| 27.6! 28.2| -2.4 130{ 142 -19| -26 180| 254 19| -9.8
31| 59.5| -21.5| -24.0 81| 33.9] 45.1] 9.6 131/ 20.8) -3.6| -2.1 181| 29.2| -10.5| 2.9
32| 62.8] -16.9 -19.4 821 31.7] 259| 122 132] 28.1| 44| -1.0 182| 28.5| 82| 6.3
33| 66.5| -12.3] -16.1 83| 53.2| 23.0f 51.9 133 33.4] 44| -2.1
34| 68.7| -9.8| -13.5 84| 439/ 1.2] 32.8 134 94| -1.5| -3.5
35| 71.3] -7.5| -11.5 85| 32.7| 22| 25 135 18.8{ -3.1] -1.8
36/ 73.6| 4.8 -99 86| 59.1| -22.5] 494 136/ 27.8] -4.0, -1.6
37| 76.3] -2.5| -7.8 87| 36.7| -33.8| 11.9 137| 34.8) -3.7| -2.2
38| 78.01 -1.3| -6.7 88| 38.4| -47.0| -13.9 138| 41.7| -3.3] -2.9
39| 80.1| 0.8) -5.6 89| 31.7| -29.3| -17.0 139 45.5 -3.7] 44
40| 35.3| 50.2[ -2.2 90| 34.0| -22.3| -37.3 140 12.1] -1.2| -2.6
41| 37.9| 46.9| -2.7 91| 24.0, 5.3] -23.9 141| 25.0] -1.8] -1.4
42| 43.4| 425 -39 92| 249 24.3| -20.1 142| 34.6|] -1.5| -1.7
43| 47.7| 36.1| 4.7 93| 36.0/ 29.7| -1.8 143| 41.8] -2.6/ -3.5
44| 53.4| 29.3] -5.3 94| 36.7| 28.4| 59 144| 53.7| -1.7| -4.2
45| 57.8| 23.7] -59 95| 32.3| 35.0 10.9 145/ 59.3] -2.1| -3.8
46| 63.2| 18.1| -5.5 96| 40.5| 26.8| 20.3 146 12.5 -L.1| -2.6
47| 65.8) 158/ -5.7 97| 40.3] 25.9| 29.5 147| 27.0f -0.9| -1.0
48| 68.9| 12.5|] -5.5 98| 58.3 1.2| 315 148| 36.3| -2.6| -1.9
49| 72.2| 94| -5.1 99| 43.4| -24.1| 274 149| 46.3| -2.0, -3.6
50/ 754 7.2 -4.6 100 432/ -24.2| 8.8 150/ 59.3| -1.3] -3.6




Appendix D09. Colorimetric Data Sheet for Sample No. 09 (Delta L* = -10).
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ID| L* | a* | b* ID| L* | a* | b* ID[L*[ a* [ b* D[ L*[ a* | b*
1| 46.9] -40.3] -39.9 51] 78.3] 5.7 5.2 101] 36.9] 42.4] -23 151] 68.0] 0.0/ 43
2[ 35.6] 54.8 -1.0 52| 80.6] 3.4 -5.0| [ 102] 45.9] -20.8] -17.2 152] 24.4] -8.0] -39
3] 79.7] -0.7] 79.3 53] 78.9] -0.9] 69.9 103] 30.1] -12.2] -29.6 153] 332 -6.0] -3.4
4 26.0] 13.7] 42.6 54] 7791 -0.8] 3595 104 36.5/ 73] -20.8 154] 41.6] 4.5 -3.8
5| 45.5] -54.6| 19.9] 55] 77.8] -1.6] 51.1 105] 26.2] 16.8] -2.5 155/ 53.00 -3.4] -50
6| 40.3] 49.5] 29.4 56| 77.9] -0.9] 41.8 106] 35.7] 19.0] 0.1 156| 66.9] -1.0] -5.1
7| 20.5] -0.5] -0.4 57 782 -1.1| 32.7 107] 52.1] 11.8] -14 157] 74.8] 02| 4.1
8/ 37.5] 9.1 31.8 s8] 78.5] -0.5| 25.6 108] 28.5] 153] 6.3 158 78.5] 1.3] 4.2
9[ 52.2] -35.1] 132 59 79.2] 0.0l 17.4 109] 53.0] 102] 8.7 159] 37.8] -36.6] -32.7
10| 47.1] 40.0] 30.9 60| 79.7] -0.3] 16.1 110[ 36.1] 0.7] 175 160 29.8] 40.2] -3.9
11 52.9] 5.4| 212 61] 80.8] 0.9/ 10.8 111] 46.2] 09| 18.7 161] 62.6] -2.2] 61.6
12| 60.1] 21.7] 16.1 62| 80.4] 09| 6.9 112] 61.9] 0.9 113 162] 22.4] 13.7] -36.0
13| 476 1.5 18 63| 81.0] 1.2 26 113] 62.9] 24| 0.8 163 40.0] 45.5] 15.9
14] 63.9] -19.1] 6.8 64| 81.5 1.4 0.5 114] 31.7| -18.0] 5.5 164] 35.2] 37.0] 19.0
15| 66.3] 40| -11.9 65 82.1] 1.6/ -1.8 115 41.2] -14.6] 623 165 44.6] 29[ -17.5
16] 720 -7.5| 0.8 66| 23.3] -1.2] 0.1 116| 55.2| -8.1] 3.4 166 52.2] -17.1] 5.1
17] 70.3] 10.8] 8.7 67| 31.1] -1.3] -0.5 117 28.6] -16.1] -8.1 167| 483 17.3] 13.6
18/ 9.6) -2.3| -5.0 68| 36.3) -1.4, -1.0 118| 49.7 39| -8.7 168| 19.3| 10.6| -28.7
19 72] -1.1] -3.7 69 41.3] -1.8] -1.2 119 23.5] 23] -11.8 169| 36.4| -38.2] 12.2
200 1291 2.4 -1.7 70 47.2] -1.0] 23 120 56.0] -6.5| -7.8 70| 31.7| 25.2] 12.6
21 5.71 -09] -3.9 71] 53.9] -0.9] -3.1 121] 40.1] -12.2] -72 171] 37.4] 3.3] -155
22| 76| 20| -33 72| 60.4] -07] 33 122| 53] -03] -2.8 172] 429] -16.0] 3.7
23| 6.8/ -09] -35 73] 635 0.0 35 123 87| -1.7] 35 173] 40.3| 14.0] 135
24] 49| -04] 26 74| 678 07| 38| [ 124] 110] 23] 34 174] 253| -18.9] -18.4
25| 14.8/ -0.5] -1.5 75| 709 04| -3.5 125| 6.6] 09 -33 175 209 92| -1.8
26/ 819 2.1 4.1 76| 75.1]  0.8] 3.6 126 12.0] -2.0] -3.1 176| 36.6] -2.5| 23.1
27| 49.6| -38.1] -38.3 77| 778 12] 42 127] 168] -3.1] -23 177| 120 -09] -75
28| s52.0[ -33.1] -35.6 78] 799 2.1| -4.0| [ 128 232 46| -16 178] 26.9] -19.2] 35
29| 54.5/ -30.8] -31.9 79| 27.0] 37.2| -18.1 129] 8.8 -1.3] 35 179 21.6] 6.7 2.7
30 57.9] -26.5] -27.1 80| 28.9( 323] -26 130] 16.0] -2.0] -2.1 180] 266/ 1.5 -10.1
31| 61.8) -21.1] -23.4 81| 35.8] 51| 11.2 131] 23.5| 44| -1.1 181] 31.8] -11.6] 34
32| 64.5] -16.6] -20.1 82[ 33.3] 30.0] 15.00 [ 132 30.7] 43| -24 182] 30.8] 9.1] 76
33| 68.1] -12.2] -17.2 83| 55.2 23.7| 543 133] 36.0] -5.0| -2.4
34| 70.3] 9.7] -153 84| 45.1] 1.7] 340 | 134] 11.0] -1.3] -29
35| 72.8] -6.3] -12.5 85| 35.0] 1.8] 23 135 21.4] -2.7] -1.7
36| 74.7] 4.6 -10.2 86| 59.5| -22.5] 50.5 136 30.9] -3.3] -25
37| 77.4] -2.6/ -85 87| 38.1] -34.2] 11.9 137] 37.7] -3.9] 32
38| 78.8] -1.6] -7.1 88| 40.7| -50.5] -14.1 138] 44.2] 42| -36
39 81.1] 1.3] -6.1 89| 33.1] -31.1] -17.9 139] 48.5] -3.9] -3.5
40| 382 55.1] -2.4 90| 35.1| -23.1] -38.7 140 13.0 -0.9] -2.7
41| 41.7] 497 -2.4 91] 253 5.5 -239| | 141] 269 -1.6[ -2.1
42| 46.1| 44.2] -5.0 92| 249 263 -21.0 142| 36.0[ 2.6/ -26
43] 50.6] 37.1] -6.4 93[ 39.1] 31.3] -2.8 143 452 -1.9] 4.0
44] 56.3] 30.1] -5.9 94/ 39.1| 30.0] 6.1 144] 55.7| 2.6 4.7
45] 60.0] 24.5| -5.9 95| 33.1] 39.2| 11.8 145 61.2] -1.7] 45
46| 64.9] 18.3] -6.4 96| 42.8] 27.8] 20.7 146[ 13.8] 09 -2.1
47| 67.2] 16.0] -6.2 97| 41.6/ 27.1] 322 147] 29.2| -1.2| -l.1
48] 70.6| 13.1] -5.1 o8| 58.7| 0.8] 32.1 148] 39.2| -1.5] -2.5
49 73.1/ 9.8 -6.0 99| 44.5/ -25.1] 29.0 149[ 48.8] -2.7] -2.8
50| 76.6] 7.6/ 4.9 100 45.7] -24.0f 9.2 150/ 61.3] -1.0] -5.0




Appendix D10. Colorimetric Data Sheet for Sample No. 10 (Delta L* = -05).
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ID[ L* | a* | b* ID[L*[ a* [ b* ID][L* [ a* | b* D] L* [ a* [ b*
1] 48.9] 403 40.5| [ 51] 79.5[ 5.9 52| [101] 393[ 442 -33| [151]| 69.5] -02| -3.8
2 385] 60.2] -0.8] | 52[ 81.6] 3.9] 49| [ 102] 48.0] -21.7] -183] [ 152 26.8] 9.1 4.1
3] 80.0] -0.5] 78.1 53] 79.1] -0.6] 69.0] | 103] 303 -12.0[ -31.7| | 153] 36.1] -5.9] -3.4
4] 25.5] 14.4] 431 54| 78.0] -0.7] 60.1| [ 104] 363 69| 226 | 154 43.7] -5.1] -3.6
5| 46.4] -57.9 20.7| | 55| 78.7] -1.1] 489| [ 105] 27.8] 20.9] -2.8| [ 155] 55.2] 4.1] -5.1
6| 42.3] 54.6] 323| | Se| 783 -1.1| 43.4| [ 106] 37.6] 19.7] -19] [ 156 68.3] -1.1 4.9
7] 225] 03] -02| | 57| 78.6] -1.2[ 34.0| [ 107] 55.2] 12.5] -30| [157] 75.5] 0.0] <43

8[38.0[ 9.1[ -322| | 58 791 -0.7] 25.1| | 108] 30.2] 184] 80| [ 158] 79.3] 1.6 -5.
9 54.4] -35.6] 13.0| | 59 79.8] -0.3] 17.3| [109] 55.3] 12.7] 8.6| | 159] 40.0] -37.8] -33.6
10] 50.3] 41.5] 302 | 60 799] 03] 152| [110] 37.0] 1.0] 17.8| | 160 30.8] 44.5| 4.1
1] 540] 53] -21.4| [ 61 81.0] 0.7[ 10.3| [ 111] 47.7 09] 17.9| | 161] 62.7 -2.3] 61.9
12] 62.0] 23.3[ 15.6| | 62] 80.8] 0.7 63| [ 112] 62.8] 1.9] 17| [ 162[ 22.4] 13.9] -36.4
13] 50.1] 2.5] 09| | 63 81.6] 12| 25| [ 113] 64.5] 2.8 0.8| [ 163 41.9] 483] 16.2
14] 65.3] -18.7] 7.4| | 64| 824] 1.0] 1.8 | 114[ 343] -18.4] 59| | 164] 36.8] 41.2] 22.3
15| 67.4] 3.6] -12.5| | 65 82.5] 1.9 -23| [ 115 42.5] -152[ 6.7 | 165] 45.9] 3.4] -18.6
16| 73.6] -7.8] 15| | 66| 25.4] 09| -0.5| | 116 57.0] -8.1] 2.6| [ 166 55.2] -16.1] 4.8
17] 71.6] 11.7] 67| | 67] 332] 0.7] -0.8| | 117] 30.5] -18.4] -89| [ 167 51.1] 18.0] 14.8
18] 9.6] -2.8] -5.5| | 68] 39.0] -1.5| -1.5| | 118] 52.2] 3.9] -9.7| | 168] 19.3] 10.9] -28.7
19] 85 -1.4] 39| | 69 43.4] 2.0/ -2.1| [ 119 24.1] 23] -12.6| | 169 37.5] 41.0] 13.3
20 14.0] 25| -13] | 70[ 495] -1.5] 23] [ 120[ 58.0] -5.7] -7.8| | 170] 32.5] 28.0[ 14.1
21] 59 -1.0] 39| [ 71 563 -07] -3.9| [121] 422 -12.7] 85| | 171] 382] 3.1 -15.8
22| 82 30| 33| [ 72[ 625 03] 6| [122] 54| 06| 29| [ 172] 453 -147] 42
23] 86| -15] -36] | 73659 0. -32| [123[ 92 -16] -34| [ 173] 41.8] 144] 1238
24] 5.1] 05| 26| | 74 69.6] 08] 37| [124[ 12.6] -2.6] -3.0| | 174] 26.0[ -19.5] -19.6
25] 159] -06 20| [ 75| 729] 13[ -s.1| [125] 7.0 -1.0] 35| [175] 225 11.0] -1.7
26| 82.7] 19| -3.6] | 76/ 76.3] 12| -3.3| | 126] 13.0] -1.7] -25| | 176] 37.3] 2.9 242
27] 51.1] -38.4] -39.0| | 77| 783 13| 42| [127] 196] 29 -1.6| | 177] 12.4] -0.6] -7.6
28] 53.5] -34.8] -36.2| | 78| 80.9] 1.7] 45| [ 128] 256 -4.6] -21| [ 178] 29.1| -21.8] 4.4
29| 56.8] -30.3] -32.6| | 79| 28.0] 40.4| -192| [129] 95 -1.0] -3.5| [ 179] 238 91| 4.0|
30/ 59.7| -26.6 -30.2| | 80 29.3[ 36.0] -29| [130] 17.1] 23] -1.6| | 180] 28.0] 1.5] -11.1
31| 62.8] -22.0 -25.0| | 81| 38.7] 57.4] 13.2| [ 131 26.6] 4.0] -0.9] [ 181 33.4] -120] 32
32| 655 -17.4] -21.4| | 82[ 342] 33.7] (72| [132] 33.1] 4.0 -21| [182] 32.6] 10.1] 92
33] 69.5] -12.0] -17.1 83| 56.2] 25.6] 55.9| | 133[ 39.1] 43| -36
34 71.2] 98] -158| | 84 453 14| 344| [134] 119 -1.4] -29
35, 74.1] -7.0] -12.9| | 85| 37.6] 24| 14| [ 135] 23.8] -2.8] -1.2
36| 762 -4.6| -10.5| | 86| 602 -22.9] sL.i| [ 136] 33.4] 3.5 -2.6
37] 783] -2.5| 9.0| | 87 39.3] -35.8] 12.1| | 137 40.8] -39 -3.5
38| 79.6| -12| -7.6] | 88| 443] -51.5] -15.8| | 138] 472 4.4 -38
39 81.7] 1.0] -5.5| | 89] 345 -32.1] -193] [ 139] 51.7] -3.6] -5.0
40| 41.6] 59.11 -2.7| [ 90| 362 -23.4] 40.8| | 140] 15.7] 03] -19
41| 449 52.8] -3.5| | o1] 253] 5.0[ 25.1] | 141] 29.5] -2.8] -16
a2 493 45.4] -5.5| | 92[ 25.6] 27.8] -22.0| | 142] 38.7 -2.6] -36
43| 53.3] 39.4] -5.7| | 93] 42.0] 32.5 -3.2| | 143] 47.4[ -2.9] 40
44] 579 31.6] -5.8| | 94 423] 30.7] 6.1| | 144] 57.9] -2.1] 43
45| 622] 250 -6.0| | 95] 34.1] 42.5] 12.3| | 145 63.3] -1.4] 48
46| 67.2] 19.0] -6.5| | 96 a4.4] 29.8] 21.3| | 146 158] -0.6] -17]

47 69.3] 16.1] -6.2| | 97] 43.3] 283] 349| | 147 31.3] -1.6] -1.5
48] 72.2] 133] -5.7| [ 98] 59.9] 1.4 31.4| | 148 41.4] -2.8 -3.0
19] 74.8] 103] -5.5| | 99] 45.2[ 26.5] 289| | 149] 51.9] -1.§] -3.4
50| 77.7]  7.0] 49| | 100] 47.5] 25.2] 93| [ 150 634 -0.3[ -4.9



Appendix D00. Colorimetric Data Sheet for Sample No. 00 (Delta L* = 00).
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ID| L* a* b* ID | L* a* b* ID ] L* a* b* ID] L* a* b*
1| 50.9] -40.3] -42.4 51| 80.6] 5.7[ -5.0| [ 101] 41.4] 479] -29 151/ 71.5] 0.0 4.7
2| 42.5] 683] -1.0 52| 82.0] 3.3 -4.8| | 102] s1.1] -21.7] -18.8] | 152] 28.7] -9.9] 6.1
3 80.0] -0.1 77.4 53] 79.5] -0.3] 68.7] [ 103 31.0] -13.2] -31.8] | 153] 37.7] -7.0] 42
4] 26.2| 14.4] 432 54| 78.7] -0.7] 59.4| | 104] 37.8] 6.6 -22.0| | 154] 47.1| -5.4] 45
5| 48.6] -59.8] 19.5 55| 78.5] -1.4] 489| [ 105 284 242] 43 155| s8.1] -3.6] -5.7
6/ 453] 61.0] 36.9 56| 78.6] -1.2] 41.2| | 106] 41.0] 20.7] -1.4| | 156 70.4] 0.7 -5.5
7| 242 -03] -1.3 57| 79.1] -1.2] 339| [ 107] s82] 1a.7] -27| [ 157] 772 06| -5.8
8] 39.0 9.6/ -32.1 58| 79.3] -0.4] 23.8| | 108 31.8] 232] 85 158| 80.1] 1.4] 45
9| 56.3] -37.5| 12.6 59| 80.2] o0.1] 172 109] 580/ 13.4] 83 159| 42.2| -38.1| -36.8
10/ 52.4] 439 305 60| 80.5] 00| 15.0| | 110 37.6] 23] 173 160| 33.0/ 50.7] -3.2
1] 555 5.4 -222 61| 81.2] 04| 10.1 111 485 0.5] 17.1 161| 632 -1.7] 61.7
12| 64.5] 235 156 62| 81.6] 09/ 76| | 112] 64.0] 1.9/ 106] | 162] 229 13.9] -36.4
13 527 2.6 1.0 63 819 12| 27| [113[ 663] 3.1] -14| [ 163 43.2] -51.8] 16.9
14| 66.8] -19.5] 5.4 64] 82.8] 1.0 17| | 114] 35.7] -21.9] 6.0| | 164] 38.4] 45.8] 253
15| 68.7] 3.9 -13.2 65 83.6] 16| -22| [115] 442 -162] 6.2| [ 165] 46.8] 4.5 -20.3
16| 744 -80| 15 66| 279 -0.7] -0.8| [ 116] 59.5] -8.2] 2.1 166| 56.6| -18.4] 4.9
17| 73.6] 11.8] 52 67| 34.7] -09] -2.3 117] 32.6] 20.4] -9.4| | 167] 54.1] 19.5] 14.2
18] 10.7] -3.1 -5.4 68| 41.1 -1.6) -2.6 118| 53.9 4.2) -10.0 168| 19.1| 11.6] -29.4
19] 9.8 -1.3] 38 69] 47.1] -0.8] 37| | 119] 24.7] 2.6| -13.4| | 169] 38.5] 43.9] 143
20] 15.1] -2.7] -12 70| 52.9] -0.6] 4.1 120 60.3] -6.4] 93 170| 33.5] 32.6] 157
21| 6.3] -09] 4.6 71] 589 -0.6] 4.2 121| 45.7] -12.6| -10.2 171| 39.5] 2.7| -16.1
22| 9.1] 39| 3.6 72] 64.8] o0.1] 42| [122] 57 0.8 -3.1 172| 46.6| -16.0] 4.0
23] 84| -1.5| -3.8 73] 68.1] 0.5 -4.4| | 123] 10.4] -1.4] -3.8| | 173] 44.6] 152] 11.8
24| 52| -04] 27 741 70.8] 0.5 -39 | 124] 14.0] 29 -3.0| | 174] 27.4] -20.7| -20.9
25 17.7] 09| -1.4 75| 742 1.1 46| | 125 82| -1.2] -3.8 | 175 23.7] 14.7] -29
26| 835 1.7] 34 76| 773] 14| -5.0| | 126] 142] 23] 22| | 176] 37.6] -2.4] 247
27| 532| -39.2] 40.2 771 793 1.6] 4.8 [ 127) 208 -3.4] -22| | 177] 13.4] 0.1] -38.1
28] 55.5| -35.5| -37.9 78] 81.7] 1.8 -5.1 128) 282 4.5 -25 178| 31.8| -26.4| 6.2
29 58.5 -31.0] -34.2 79 28.8] 43.7] -21.6| | 129] 103] -0.8] -32| | 179] 25.3] 11.5] 5.2
30/ 61.7] -26.2] -30.1 80 30.1] 40.6] 4.5 130/ 18.6] -3.00 -1.8| | 180 29.4] 1.6] -12.3
31| 64.5 -21.4] -26.0 81| 42.8] 66.4] 16.8| | 131 283] 4.6/ -25 181] 35.7] -122] 39
32| 67.3| -16.6| -22.4 82 353 383[ 182 [ 132 35.1] <49 -2.7| | 182] 343] 11.7[ 103
33] 70.9] -12.6] -17.4 83| 58.0 26.8] s57.4| | 133] 419 57 -39

34[ 726/ -9.6] -15.4 84| 46.5] 1.5 34.2| [ 134] 139] -0.1] -23

35| 74.7] -6.5] -12.9 85| 39.8] 2.9/ 09| [ 135 260/ -3.5 -23

36| 76.8] 4.3] -10.7 86| 61.3] -22.5 49.7| | 136] 35.4] -39] -35

37| 793 23] -83 87| 40.1] -37.1] 11.8] [ 137] 43.1] 4.4] 42

38 80.5] -1.4| -6.9 88| 47.4] -55.2| -15.0] | 138 50.7] -3.8] 4.6

39] 82.0/ 08| -54 89| 36.7| -33.2| -20.3 139| 542 35| -54

40| 44.7] 63.0] -3.3 90| 37.4] -24.0] 41.8| | 140] 16.4] -0.1] -1.7

41| 48.7] 559 4.8 91| 25.9] 5.8 27.3 141| 31.7] -1.1] 29

42| 52.0] 480 -6.8 92( 25.5| 29.3] -23.4| | 142] 41.4] -3.1] -39

43| 563 40.7] -7.4 93| 45.6] 349 4.2| | 143[ 50.5] -2.8] -5.0

44| 60.0] 34.2] -84 94| 45.7] 33.9] 6.4| | 144] 60.4] -1.4] -54

45] 649 26.2] -7.5 95| 36.5| 50.0] 15.2| | 145] 65.4] -2.0] -6.1

46| 689 19.7] -6.6 96| 47.2] 31.6] 21.1| [ 146 166] -0.4] -1.3

[ 47| 70.8] 17.1] -6.1| | 97| 45.5] 30.7] 37.6| | 147| 33.5] -1.8] -2.2]

48| 73.4] 13.5] -5.6 98| 60.7] 22| 31.0 48] 443] 27| 35

49 76.1] 10.0] -5.7 99| 47.0] -25.1| 28.6| | 149] 55.4] -1.5] 4.7

50/ 79.0] 7.8] -6.2 100 49.6/ -26.1] 8.8] | 150] 65.8] -0.5| 4.4




Appendix D11. Colorimetric Data Sheet for Sample No. 11 (Delta L* = +05).
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ID| L* | a* [ b* ID | L* | a*x | b* ID[L*] a* | b* ID|L* [ a* [ b*
1] 53.2] -41.0] -42.1 51) 81.1] 54| -5.0] [ 101] 44.4] 50.3] -1.9 151] 73.2] 0.5] -5.6
2| 45.4] 709 0.1 s2[ 83.0] 3.1 40 102 54.3] -22.3] -19.4 152 31.3] -10.1] 4.8
3] 80.7] -0.5] 79.6 s3] 79.9] -0.6] 705 103] 32.0[ -13.5] -31.6 153] 40.0] -7.3] 4.5
4| 25.8] 14.2] 43.1 54] 78.4] -0.9] 603 104 39.0] 6.7] -21.3 154 502 -5.1] 4.5
5| 50.6/ -59.8] 20.5 55| 784 -1.2] 508 105] 29.2] 24.3] -3.8 155 60.5] -3.1] -5.3
6| 46.3] 62.9] 39.1 56| 78.4| -1.6] 429 106] 44.5] 22.0] -1.4 156] 72.3] -0.5] -6.1
7] 26.5] -0.6] -0.2 571 7921 -1.1] 33.8 107] 61.2] 149 -2.4 157] 783] 1.0 -5.4
8] 39.5] 9.4] 328 58] 79.2] -0.7] 25.6 108] 32.8] 23.4] 97 158 80.8] 12| 42
9 59.1] -36.9] 13.5 59/ 80.5/ -0.5| 183 109 60.8] 12.8] 8.1 159 44.3| 40.1] -37.0
10] 55.3] 44.2] 31.0 60| 80.9] -0.1] 152 110] 37.8] 1.0/ 185 160 352 s4.4| -34
11] 56.7] 5.6 -21.5 61| 81.5| 0.6/ 102 111 493 1.2] 186 161] 63.8] -1.7] 62.8
12| 66.3] 23.4| 16.7 62| 81.8 04| 76 112 645 1.8] 123 162] 22.7] 13.6] -36.2
13] 558 32| 05 63] 83.2] 1.1] 34| [ 113] 68.6] 2.6 -1.8 163| 44.8| -53.8] 17.8
14] 68.2] -18.7] 5.4 64| 833 09 25 114] 37.5| -22.2] 78 164] 39.3] 479 269
15/ 69.4]  4.1] -12.9] 65| 83.7] 2.0/ 20 115 46.4] -16.1] 72 165 48.8] 4.0] -18.9
16| 75.5| -8.7] 1.8 66| 29.5| -0.5| -0.7 116/ 61.4] -8.8] 2.8 166/ 58.8] -18.0] 5.1
17| 745] 11.4] 69 67| 369 -12] -13 117] 34.7] -20.7] 95 167] 56.8] 19.8] 14.3
18] 11.6] -33] -52 68| 42.7| -12] 24| [ 118] 56.2] 4.0] -102 168 19.3] 11.8] -29.2
19 9.9 -1.3] 37 69 49.3] -2.1] 25 119] 25.7] 2.4] -134 169 40.2] 43.9] 149
20 15.7] -2.7] -0.2 70] 56.0] -0.6] -4.0| [ 120] 62.7] 69| 92 170| 342| 342| 168
21 6.2] -1.1] -44 71] 61.1] -0.5] 4.2 121] 48.4] -13.7] -89 171] 40.6] 3.0] -15.4
221 100 4.1] 29 72] 67.2] 0.2] -44| | 122] 62] -0.8] 33 172] 49.5] -16.7] 4.8
23] 838 -13] 3.5 73] 69.8] 0.1 -3.1 123] 10.7] -1.6] -33 173] 46.2] 15.1] 12.3
24| 57| -04] 27 74| 72.8] 1.0/ -5.1 124] 14.6] -33] 28 174] 27.8] -22.0] -21.5
25 19.1] 0.1 -0.4 75] 75.7] 1.0] -3.5 125 8.2 -1.3] -36 175 24.6] 16.6] -3.0
26/ 83.6] 1.6/ -3.3 76] 78.7] 1.6 45 126 15.5] -2.1] -1.9 176] 37.6] -3.8] 25.4
27| 55.3] -39.1] -39.9 77| 80.3] 1.6] -3.8 127] 23.2] 3.8 -14 177] 13.4] 03] -84
28] 57.4] -36.4| -37.2 78] 82.3[ 1.9 -39 128] 30.6] -5.5] -2.1 178] 33.3] -28.3] 7.1
29| 60.3] -31.9] -34.2 79| 30.2] 45.1] -23.3 129 11.1] -0.7] -3.0 179] 26.7] 14.0] 7.0
30/ 62.8] -26.7| -30.2 80| 31.4| 42,0 -3.7 130| 21.0] -22| -14 180 29.6] 1.5] -12.7
31| 66.0] -21.8] -25.3 81| 45.1| 68.7] 185 131] 303] 4.7| -19 181] 37.9] -14.1] 4.4
32| 68.5] -17.2] -22.1 82| 36.1/ 39.6] 195 132 38.0] -5.2[ -24 182] 36.3] 11.3] 11.4
33 71.8] -12.8] -182 83] 59.9| 27.0] 593 133| 43.6| -6.4| -34

34| 740 99| -15.8 84| 47.1) 1.5 36.0| [ 134] 146] -0.6] -1.7

35 76.1] -7.2[ -13.1 85 41.4] 28] 20 135] 27.7] 29| -14

36| 78.4] -4.8[ -10.9 86| 61.4| -22.8] 51.7| | 136] 37.4] 44| -3.1

37| 80.4] -29] -7.7 87| 41.9] -38.2] 12.8 137] 45.5] 43| -3.8

38| 81.4] -1.0] -6.7 88 51.2[ -55.2| -16.8 138 53.6] 4.7] 45

39 82.9] 0.6 -5.0 89| 38.4| -35.2| -20.0 139 57.5| -3.3] -5.1

40| 47.4] 64.8] 3.6 90| 39.3| -23.4] 439 140[ 17.3] -0.4] -1.5

41/ 51.8] 57.6] 4.6 91| 26.5| 5.4/ -26.8 141] 33.8] -2.0] -L.5

42| 546 492] -8.1 92| 26.3] 29.8 -23.8 142 44.1] 33| -39

43| s58.6| 419 -7.8 93 49.5| 369 -2.9 143] 542] 27| 45

44| 62.5] 33.2] -7.1 94| 492 356/ 6.3 144 62,5 -2.1] -52

45| 66.4] 26.6] -6.6 95/ 38.1] 52.0] 16.6 145] 67.4] -1.3] 48

46| 70.3| 20.1] -6.1 96| 50.1| 32.4] 21.7| | 146] 17.8] -0.3] -0.8]

47] 72.8] 18.1] -6.3 97| 47.6| 32.7| 39.9 147| 35.4| -1.7] -1.7

48] 75.5] 14.1] -6.7 98| 60.8] 2.1] 32.6 148] 470 -2.5| -35

49| 77.4] 10.8] -6.5 99 47.9] -27.4] 30.5| | 149 57.6] -1.5] -44

50, 79.6] 75| 5.3 100] 52.5] -27.3] 9.5 150| 67.5| -0.6] 4.6



Appendix D12. Colorimetric Data Sheet for Sample No. 12 (Delta L* = +10).
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ID| L* | a* | b* ID | L* | a* | b* ID|L*[ a* [ b* ID[L*] a* | b*
1] 54.3] -39.9] 43.4| | 51| 81.3] 57| 4.6 101] 47.2[ -52.1] -1.9 151] 74.1] 04] 44
2] 48.1] 74.1] 0.7 52| 83.2] 3.7 -39 102| 55.7| -23.9] -20.7 152 31.7] -10.3] -5.1
3] 80.3] 0.2[ 79.1 53] 79.4] 0.0 71.7 103| 31.4] -12.9] -32.1 153] 409] -7.1] -3.9
4 24.9] 15.1] 43.2 54| 779] -0.4] 623 104| 38.8] 83| -232 154| 52.4] -52] 49
5| 51.7] -60.1] 21.7 55| 78.4] -0.7| 50.8 105] 29.8] 252 -32 155 62.4] -3.1] 4.9
6| 48.6] 65.6] 41.3 56/ 78.4] -1.1| 44.7 106] 46.9] 24.9] -1.7 156| 73.4] -1.0] 4.8
71279 0.7] 0.4 571 79.1] -1.1] 359 107] 63.4] 154 -22 157] 79.0] 1.4] 49
8 38.1] 10.4] -33.4 s8] 79.7] -0.3] 26.2 108] 33.0] 246] 9.7 158 81.5] 1.4] -5.0
9| 60.2| -38.5| 14.2 59| 80.2] -0.3] 19.3 109] 62.1] 13.8] 9.9 159 46.0] -39.4] -38.3
10/ 57.8] 46.3| 332 60| 81.0/ 0.1 15.6 110] 37.8] 2.9 182 160 37.1] 58.3] -2.7
11| 570 6.1] -21.9 61/ 81.5] 0.5/ 11.3 111] 50.0] 2.0/ 199 161] 63.3] -1.4] 63.7
12] 67.7] 249| 17.4 62| 823/ 1.0] 79 112| 64.7] 2.6] 122 162 22.1] 14.3] -36.1
13] 5771 3.1] 1.5 63| 83.2] 1.6/ 4.1 113] 69.7] 3.7] -0.6 163| 45.8] -53.5| 18.7
14| 69.2] 193] 6.3 64| 83.4| 1.2] 22 114 37.0] -21.6] 7.6 164| 40.2 51.1] 28.8
15| 69.9] 4.5 -14.4 65| 84.3] 2.0 -1.0 115] 47.8] -16.8] 8.0 165 48.8] 4.5] -18.8
16| 76.6] -7.8] 1.1 66 30.6] -0.6] -0.3 116] 62.8] -8.6] 4.4 166 60.1] -18.0] 5.8
17| 75.3] 12.2] 86 67 37.5| -1.0] -0.7 117| 34.4] -204] 92 167| 58.8] 20.9] 14.6
18/ 11.4] -3.0| -53 68| 45.2| -0.4| -2.3 118 57.5 5.1 -10.2 168| 18.6| 11.7| -28.7
19/ 11.1] -0.5] -3.5 69 51.7 0.5 -2.8 119] 25.4] 2.7| -13.8 169/ 40.1] 45.3] 15.6
20 16.0] -1.8] -0.3 70| 58.0] -0.6] -2.7 120] 64.1] -6.2] -8.6 170| 34.8] 37.5] 19.5
21| 6.1] -08] 44 71| 63.2] -0.1] 4.0 121] 50.1] -14.5] 97 171| 40.4] 3.7| -16.5
22] 99| 4.1] -36 72| 68.8] 0.6/ -3.9 122] 62| -0.7] -34 172] 51.4| -16.0] 53
23] 94| -1.1] 37 73| 71.0] 04| 42 123] 11.2] -14] -32 173] 48.8] 16.7] 14.4
24) 57| -06] -33 74 741 11| 42 124 15.0] -25] 27 174] 27.9] -22.2| -21.3
25/ 193] 06| -04 75| 76.7] 1.0] 4.4 125 82| -1.3] -39 175] 25.1] 20.5] -2.3
26| 845 20| -35 76| 793] 2.0] -4.1 126 15.3] -1.7] 2.2 176| 37.3] 22| 25.7
27| 56.8] -38.3] 41.3 77| 80.6] 1.9 4.7 127| 232 4.1 -1.7 177] 12.8] 0.4] -9.1
28] 59.0] -36.0] -38.2 78] 82.6] 1.7] 37 128] 31.1] 4.5 -2.1 178] 33.4] -30.1] 8.0
29] 62.0] -30.9] -34.1 79] 31.0] 47.0| -22.4 129 11.4] -1.0] -35 179] 27.4| 159/ 79
30| 64.0] -26.6] -30.9 80| 32.2] 433| -34 130] 21.2] -24] -17 180 29.7| 1.7] -11.8
31| 66.4] -21.6] -26.7 81 47.8] 71.4] 2038 131] 31.1] 43[ -21 181] 38.4| -14.4] 52
32| 69.3| -17.4] -22.0 82 37.1] 42.2] 20.6 132] 39.1] -5.6/ -1.5 182] 36.5| 11.6] 10.9
33| 72.7| -12.4] -17.9 83| 60.9] 29.4| 60.9 133 46.1] 4.5 -2.6
34| 74.71 -9.6] -15.8 84| 47.4] 2.8 366 134] 144 -04| -19
35( 76.9] -6.8] -12.8 85| 42.2| 29/ 1.8 135| 28.4] -2.5] -1.2
36 79.2] -4.7| -10.4 86| 61.4] -23.6] 52.7| | 136] 39.2[ -3.1] -2.8
37| 81.6] -2.5] -7.9 87| 42.3] -39.8] 14.1 137| 47.3] -3.7] -3.1
38| 82.0 -1.1] -76 88| 53.4| -55.0] -15.0 138] 55.8] -3.6] 42
39] 837 0.7] -5.7 89| 39.8| -35.9| -20.2 139 59.4| -2.8] 438
40| 49.7] 66.3] 3.2 90| 39.4| -24.3] 44.0 140| 17.4] 05| -14
41| 54.2] 61.1] -55 91| 25.7| 6.4] -265 141 340 -2.1] -13
42| 57.5] 50.5] -7.3 92[ 25.9] 30.1] -24.1 142[ 455 25| 3.4
43] 60.6] 44.6] -6.3 93| 52.2| 39.4| 42 143] 56.0] 22| 4.1
44] 64.1] 348 -72 94| 52.8] 37.2] 6.7 144 64.4] -2.1] -54
45| 68.0] 27.6] -6.8 95/ 39.9| 55.6/ 18.9 145] 68.9] -1.1] 4.5
46| 71.7] 21.4] 7.1 96| 52.4] 35.4| 23.7| | 146] 18.8] 0.3] -0.9
47| 74.1] 182 -6.6 97| 49.5[ 33.8] 41.3 147| 354 -1.2| -1.9
48| 76.3] 14.4] -6.2 98] 60.9] 1.9] 32.5 148| 48.7] -1.8] -2.4
49 78.2| 10.6] -5.7 99| 48.4| -27.5| 31.3 149 59.8] -1.0] 4.0
50/ 80.7] 73] 4.5 100| 54.1] -28.4] 10.7 150 69.3] 02| -34




Appendix D13. Colorimetric Data Sheet for Sample No. 13 (Delta L* = +15).

108

ID| L* [ a* | b* ID | L* | a* [ b* ID| L*| a* | b* ID| L*| a* | b*
1| 56.3] -38.5] -44.7 51| 82.4] 6.0 49| [ 101 50.3] -53.6] -1.5| [ 151] 76.2] 0.7] -5.3
2] 49.8] 74.8] -0.6 52| 84.0 4.1] -a.4| [ 102] 582 -23.4] 213 152] 33.2] -10.5] 4.8
3] 80.3] -0.1] 79.7 53| 79.4] -0.1] 71.6| [ 103] 323] -12.5] -332 153 43.3] -7.5] -3.7
4] 25.2| 14.6] 43.0 54| 784 0.1] 62.0| [ 104] 39.9] 72| -239| | 154] 55.7] 45| 4.4
5| 54.0] -58.5] 21.9 55| 78.4] -1.0] 51.8 105 30.7| 26.7] 4.5 155 65.1] -3.6] -6.0
6| 50.1] 68.0] 43.9 56| 78.3| -1.0] 439| | 106] 51.6] 25.7] -1.4| | 156 75.0] -0.5] -6.2
7| 28.8] 0.2] -05 57| 79.1] -1.2[ 36.0| | 107] 66.5] 16.3] -3.9 157| 80.7] 12| -5.3
8 39.2] 10.1] -32.9 S8 79.8] -0.6] 27.2| | 108] 34.3] 254] 95 158] 82.2] 1.5 4.0
9 62.3] -38.4] 15.1 59| 80.3] -0.2] 19.8] | 109] 65.0] 14.4] 86| | 159] 48.5] 40.2] -39.4
10] 60.1] 465 31.8 60| 81.3] 0.0 159 [ 110] 37.7] 1.8 183 160| 40.0] 62.6] -2.2
11] 58.4] 6.5/ -22.4 61 82.1] 0.5 12.1 111} 50.9] 2.1] 19.8] | 161] 63.8] -1.3] 63.7
12| 69.7] 24.8] 15.5 62| 82.5] 0.8 8.0| | 112] 658 1.8 123 162] 22.0] 14.5] -35.9
13] 60.1] 3.5/ 1.6 63 83.5] 1.0 42| [113] 71.5] 29[ -03 163| 47.5] -55.5] 19.8
14] 70.2[ -19.5] 6.4 64] 83.9] 14| 23 114] 38.1] -22.4| 79| | 164] 42.5| 55.5| 314
15| 70.8] 4.2 -13.7 65 84.6] 1.8] -1.1 115| 50.4| -16.0] 7.1 165 50.2] 4.3] -19.1
16] 77.9] -83] 1.7 66/ 31.9] -0.9] -0.4| | 116] 655 -8.6] 22| | 166] 62.7] -17.7] 59
17) 763] 127 715 67| 39.8] -0.8] -1.0| | 117| 35.6] -21.7] -102 167] 62.1] 21.8] 152
18] 12.6] -3.7] -5.5 68| 47.4] -1.3] -1.9] | 118] 59.6] 5.7/ -10.0| | 168] 19.1] 11.6| -28.7
19/ 11.3[ 0.0/ -3.5 69| 55.5] -1.1] -3.4] [ 119] 26.1] 3.3 -13.7| | 169] 41.4] 479 16.0
20 16.0] -1.9] -0.2 70| 60.8] -0.4] -4.1 120 67.0/ -6.5| -9.5] | 170 36.0] 40.2] 21.0
21 6.5 -09] 45 71| 65.8] 0.0 4.3 121| 53.7| -14.8] 93 171] 41.7] 4.1 -16.9
22| 11.1] 48] 3.1 72] 708] 0.6] 44| | 122] 67 -06] -35 172| 539 -18.1] 52
23[ 10.1] -09] -36 73] 73.1] 1| 49| [ 123] 110 21| -34| | 173] 523] 18.1] 140
24| 6.1] -07] -35 74| 753] 08| 33 124 155 33| 30| | 174 28.4] -23.7] -21.8
25 21.1] 0.5 03 75| 77.9] 1.4] 48] | 125] 89| -1.1] -36| | 175] 25.8] 22.8] -29
26| 84.8] 2.0/ 4.0 76| 80.8] 1.8 47| | 126] 16.6] -1.8] -1.6| | 176 37.6] -3.3] 262
27| 58.7| -37.2 42.6 77| 81.9] 22] 43 127] 259 45| -12] | 177] 136 0.5] 9.2
28] 61.5/ -34.4] -39.6 78] 835 1.5 -3.7| [ 128 333 4.1 -1.8] [ 178] 34.1] -31.9] 95
29[ 63.2] -30.2] -35.8 79] 32.7] 48.8] -23.4| [ 129] 12.0] -0.7] -2.8] | 179] 29.0] 19.2] 9.7
30| 65.4] -26.1] -30.8 30| 34.5] 469| -36| | 130/ 23.5] -3.0f -09| | 180] 31.4] 2.4[ -123
31| 68.0] -22.3] -26.9 81| 50.1] 73.4] 222| [ 131] 332 42| -1.3 181] 39.7| -14.6] 49
321 70.7] -17.7] -23.0 82| 38.5] 45.1] 221 132 41.6] 55/ -2.1 182 37.6] 109 103
33| 74.4| -12.2] -18.3 83| 62.7] 29.8] 625 133] 48.4] 49 -33
34 758/ -9.8| -149| | 84| 482 3.0 375 134] 16.00 02| -19
35 78.0] -7.4] -12.5 85| 439 3.1 16| [ 135 30.1] -2.8] -1.9
36/ 79.9] 4.4 9.9 86| 62.0] -22.7 529 | 136| 40.5] 4.2] -32
37| 822 -2.5| -7.9 87| 435 42.1| 14.6| | 137] 50.3] 43] 4.1
38/ 829 -0.8] -7.3 88] 56.9| -52.9| -15.5 138] 58.9] -3.3] -5.1
39] 843 0.6 -5.3 89| 432 -37.8] -20.1 139 622| 3.5 -5.0
40| 52.6] 67.3] -2.8 90| 41.5[ -24.7] 45.3 140 18.7] 02| -13
41| 56.9] 61.6] 4.5 91| 26.2| 5.5| -26.6| | 1a1] 362] -1.7] -2.4
42[ 60.2] s52.1] -7.6 92[ 269 31.3| -23.8| | 142] 480 -2.7] 32
43| 63.2] 44.7] -85 03] 55.6| 41.1] 4.0 | 143] 588 -22| -44
44| 66.4] 35.3] -8.3 94| 56.0] 40.0] 7.0| | 144] 67.2] -1.0] 49
45] 70.11 29.0] -7.6 95| 43.2] 60.9] 21.7| | 145 71.5] -0.8] -5.7
46| 73.6] 21.9] -7.1 96| 55.8] 35.7| 23.6| [ 146] 19.9] 0.3 -0.6]
47| 759 185 -6.3 97| 51.6] 36.3] 43.7| | 147] 37.9] 0.9 -1.9
48] 779 14.7] 6.4 98] 61.5] 22| 335 148] 52.1] -1.8] -3.6
49! 79.8] 11.2] -5.7 99] 50.5| -27.4| 32.0| | 149] 62.5] -0.9] 4.7
50| 81.6] 8.0/ -4.8) | 100[ 565 -28.8] 1L.1] [ 150] 71.2] 0.1] -56




Appendix D14. Colorimetric Data Sheet for Sample No. 14 (Delta L* = +20).
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ID| L* a* b* ID | L* a* b* ID [ L* a* b* ID | L* a* b*
1] 58.1] -37.8] 44.3] 51| 84.0 6.0 4.7 101] 53.9] -53.8] -1.5 151 78.3] 05| -53
2| 51.6/ 74.5| -0.9 52| 84.8 3.8 45 102] 61.3) -24.1] -21.9 152 35.5| -11.9] -5.2
3] 80.5] -0.6] 80.4 53] 79.8] -0.2] 71.5| [ 103] 33.5] -12.3] -33.6| [ 153 459 -8.0] =2
4 26.1| 14.4| 426 54| 79.2| -0.7] 60.9 104| 42.8 7.7 -22.7 154| 59.3] -5.0/] -5.1
5| 56.8] -56.0/ 20.2 55| 78.8] -1.1/ 53.0 105 32.3] 27.3] <43 155/ 68.6| -3.1| 4.8
6| 51.9] 68.6] 44.3 56/ 79.5| 09| 44.7| | 106] 555 27.5] -2.1| [ 156] 77.6] 03] -6.1
70 313 03] 04 57 79.7] -1.4] 357 | 107] 69.7] 17.4] -33 157] 81.6] 1.0] -5.2
8 40.4 9.7 -32.4 58| 80.3| -0.8] 26.0 108 35.9| 26.7| 10.9 158 83.3 1.2| 4.0
9] 64.9/ -36.9] 15.0 59| 81.3] 0.6/ 203 109 67.7| 14.8] 78| | 159] 51.3] 40.2] 41.4
10/ 632 46.8] 323 60| 82.1| -0.1] 15.6] | 110] 392] 1.9] 19.0] | 160| 42.6] 65.8] -2.6
11| 59.9] 6.8 232 61| 822 0.7 11.2 1] 52.8] 1.7] 19.8] | 161] 64.6] -1.8] 65.0
12| 71.8] 25.0] 16.9 62| 835 1.0 78 112] 67.4]  1.9] 12.8] | 162| 23.0] 14.3] -35.8

| 13] 63.7] 45[ 15 63| 83.7] 1.3] 44| [ 13[ 741] 33| -1.9| | 163] 49.9] -57.4] 203
14| 72.3] -19.5] 8.1 64| 84.5 1.5] 02| | 114] 395] -24.6] 7.8| | 164] 44.8] 59.3] 345
15| 72.4] 4.1] -132 65) 85.4] 1.7 -0.9| | 115 53.8] -17.0] 75 165| 52.8] 5.7| -20.9
16| 79.1] -82/ 22 66/ 33.9] -0.7| -0.4| | 116] 67.7] -7.9] 33| | 166| 65.1] -17.9] 6.5
17| 78.3| 12.7 7.8 67| 42.8| -0.7] -1.0 117| 38.6| -22.0| -10.0 167| 65.3| 21.4] 153
18 13.7| -42| -5.5 68| 50.9| -1.5| -2.5 118 62.0 5.7] -12.2 168 194 11.9| -29.0
9] 13.1] 04| 32 69! 58.9] -0.5| -3.2| [ 119] 28.1] 3.4| -14.0| | 169 43.4] 48.8 16.6
20| 17.7] -19] 038 70] 64.2] -0.6] -3.6| | 120] 69.5] -6.3] -9.4| [ 170 37.3] 43.0] 229
21 7.0] -1.1] 43 711 69.0] 02| -3.7| [ 121] 57.6] -13.9] -11.5| [ 171] 43.8] 3.3[ -16.4
22| 122] 5.0 -2.6 720 73.1] 11] 50| | 122] 72 09 41 172| 57.9| -17.7] 4.4
23] 11.6] -0.4] 29 73] 75.6] 0.8] -3.3 123 12.5] -1.8] -32 173| 559 19.1] 13.9
24 64 08 35 74| 77.8] 1.6] -5.4| | 124] 17.6] 32| -2.5| | 174] 29.8] -25.0] -22.0
25| 22.8] 04| 06 751 79.7]  1.7] 39| [ 125 9.5 -12] -35| [ 175] 27.1] 26.6] -2.5
26| 86.2] 1.9] 33 76| 81.7] 1.6 -45 126| 18.4] -2.1| -14 176| 38.6] 2.7 276
27| 60.8| -35.8| 41.6 77| 82.7 1.6 4.1 127| 28.1| -4.1| -1.2 177] 14.1 1.0] -9.6
28| 63.2| -33.1| -384 78| 84.7 1.8] -3.7 128| 35.3| -43| -19 178| 35.6| -33.3 9.9
29| 65.0/ -29.9| -35.9 791 34.3] 50.5| -24.6 129 12.7) -0.9| -2.7 179 30.8/ 21.8/ 11.8
30| 67.5| -24.7| -31.0 80| 37.7] 51.00 -1.8 130| 26.5| -1.5| -05 180 32.5 24| -12.7
31| 70.2| -21.3] 272 81| s1.7] 73.5] 21.1 131] 36.0] -5.1] -1.7| | 181] 42.0] -14.6] 5.0
32( 72.9| -17.3| -23.3 82| 40.8)| 47.6/ 23.5 132| 44.4] -5.5| -2.0 182 40.1| 12.4| 10.8
33| 76.2] -11.8] -18.3 83| 65.4] 30.1] 64.6| | 133] 51.8] -5.8] 4.5

34| 77.7] -10.0] -16.3 84| 500 2.7/ 382| | 134] 17.3] 02| -1.3

35 79.7] -7.2] -13.1 85| 46.6] 3.4 17| | 135 32.4] -34] -16

36| 81.3] 4.7] -10.1 86| 63.2] -22.9| 53.7| | 136] 43.6] -3.8] -3.2

37| 83.6] -2.8] -75 87| 46.0] 43.0] 14.1 137| 54.0] -3.6] <43

38] 84.1] -1.2] -6.7 88| 60.7] -48.8[ -15.9| | 138] 622[ -3.3] -52

39) 85.1] 0.7 4.7 89| 46.4| -39.1] -21.7| | 139] 65.6] -3.6] 6.2

40| 55.2| 67.5| 4.1 90| 43.4| -25.5| -45.9 140| 20.4] -0.2 -0.?_

41| 59.8| 60.7] -5.7 91 28.1 6.3| -26.2 141 38.11 -2.3] -24

42| 62.1| 51.8] -7.0 92| 282 31.5 -24.8| | 142| 51.6] -3.1] 4.3

43[ 658 442 -76 93] 59.8] 41.6] 4.8 | 143] 629/ -1.8) 4.8

44] 69.1] 36.2] -7.9 94| 60.1] 40.6] 7.3 144 70.1] -09] -62

45| 71.7] 28.5] -7.8 95| 46.0] 64.4] 22.2| [ 145] 73.7| -1.0] -5.1

46| 76.0[ 21.3[ 6.7 96| 59.5| 36.4] 229| | 146] 21.7] 02| -0.7

47| 77.5| 18.2] -6.3| 97| 55.2| 37.3] 455 147| 40.6] -2.3] -14

48| 80.0] 146/ -5.6 98| 63.4] 15| 34.4] | 148] 555 -1.4] 4.1

49| 81.6] 10.5 -5.3 99| 52.7| -29.5| 32.7| | 149] 66.4] -0.9] 4.9

50/ 82.8] 73] -55 100 60.0] -28.5] 10.7 150 742] -02] 4.5




Appendix D15. Colorimetric Data Sheet for Sample No. 15 (Delta L* = +25).
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ID[ L* [ a* [ b* ID [ L* | a* [ b* ID[L*[ a* [ b* ID | L* [ a* | b*
1] 60.0] -36.0] -44.1 S| 84.1] 6.1 -47| [ 101] 57.3] -52.8] -2.5] [ 151] 79.0] 1.0] -5.7
2] 52.7] 73.8] 0.2 52| 85.5 3.5 4.1| | 102] 63.8] -24.2[ -22.8| | 152] 36.6] -12.6] 6.5
3] 80.6] -0.3] 76.5 53| 79.9] -0.1] 71.6| | 103 34.3] -13.6] -33.4] [ 153] 48.6] -7.8] -5.I
4/ 25.8] 14.1) 43.2| [ 54 79.3| -0.5] 61.7| | 104] 42.9] 7.0] -23.3] [ 154] 62.2] 4.3] -5.6
5[ 58.8] -54.1] 187 55 79.2] -0.1] 50.2| | 105] 34.0[ 28.7] -34| [ 155 714] -1.8] -6.7
6] 52.9] 69.5] 45.1 56| 79.3] -1.0] 44.0| | 106] 59.0 28.8] -3.8| [ 156 79.0] 0.2] -5.8
7( 327 0.0 0.1 57) 79.9] -1.3] 35.1| | 107] 72.8] 17.2[ -3.6] [ 157 82.3] 11| 4.8
8] 40.2[ 9.9] -33.0 58/ 80.4] -0.8] 26.3| | 108] 36.7| 27.4] 10.5| | 158] 84.2] 1.3] 4.5
9] 66.9] -37.1] 15.6 59| 81.4] -0.4] 20.2| | 109] 70.1] 14.6] 9.4| | 159] 53.8] 40.3] 40.3
10 64.7 47.0] 31.2 60| 82.1] -0.1] 14.6] | 110] 39.4] 2.1 19.1] | 160] 45.1] 68.5] -3.0
1] 61.2] 6.4] -22.7 61/ 82.7] 0.6] 12.0 | 111] 53.9] 1.9 19.1] | 161] 64.7] -1.0] 64.8
12] 73.5] 25.8] 179 62 833] 0.9 79 | 112] 67.8] 2.1] 123 [ 162] 22.8] 13.9] -36.1
13 66.2] 4.4 1.4 63 844 12 45| | 13] 759 3.7 -1.3| [ 163 51.8] -57.3] 20.4
14] 73.3] -184] 6.9 64) 852] 17| 0.6 | 114] 40.9] -24.4] 83| | 164] 46.2] 61.8] 364
15[ 73.2] 4.1] -134 65 86.1] 1.8] -1.3| | 115] 56.5] -17.6] 7.8| | 165] 53.6] 52[ -20.7
16| 80.1] -7.7] 23 66| 353] -0.8] -0.6] | 116] 70.1[ -7.8] 4.8 | 166] 67.2] -17.9] 6.1
17 79.1] 13.1] 73 67] 44.4] -1.4] -1.5| | 117] 40.0[ -23.0] -11.0] [ 167] 67.9] 21.9] 14.6
18| 15.0] -5.0/ -5.9 68| 54.5| -0.5| -3.0 118} 64.3 6.1 -11.6 168] 19.5| 11.7| -28.5
19 13.5] 1.2] 32 69 61.6] -0.3] 42| | 119] 282 3.1] -14.1] [ 169] 44.5] -51.5] 17.6
20| 17.5] -2.8] 0.4 70 67.8] 0.1 -39 | 120] 72.5| 6.4 -9.6] | 170] 38.4] 45.5] 23.8
21] 70[ -1.0] 438 71 713 0.7 -5.4| [ 121] 60.5] -15.2] -109] [ 171] 44.8] 3.3] -16.6
22[ 13.4] -64] 27 72 753] 0.6] 4] | 122] 75[ -09] -39 [ 172] 60.8] -17.1] 4.1
23] 124] 0.1] -3.0 73 77.1] 1.3 -5.6| | 123] 12.8] -2.5| -2.8] [ 173] 59.3] 18.7] 13.2
24| 7.0 -0.8] -3.38 74 792 1.5] -5.0| | 124] 194] 41| 26| [ 174] 30.4] -25.7] -23.5
25[ 24.00 0.6 03 75/ 81.0] 1.5] -5.4| [125] 10.1] -1.5] -33| [ 175] 27.0] 269] -2.8
26] 86.9] 1.8] -2.8 76| 829 1.9] 41| [126] 19.5] -22[ -16| [ 176] 39.2] -2.8] 285
27| 62.4] -34.7| 41.8 77| 83.8] 1.6] 4.0 | 127] 29.4] -4.7] -L7| [ 177] 141] 1.0 -99
28] 64.5] -32.2] -39.1 78] 85.1] 2.1 -4.4| [ 128] 37.1] 4.8 -24| | 178] 36.3[ -35.6] 11.0
29| 67.0| -27.5] -34.4 79| 35.7] 32.2| -26.1] | 129] 14.1] -0.6] -2.0] [ 179] 31.4] 23.1] 122
30[ 68.5] -24.2[ -32.1 80 39.8] s53.8] -3.6| | 130] 26.8] -2.8] -1.1| [ 180[ 332] 2.1{ -14.1
31] 71.2] -21.3] -283 81| 53.0 72.8] 19.9] | 131] 37.1] -5.4] -2.5| | 181] 43.6[ -15.1] 5.3
32[ 73.7 -17.9] -24.2 82| 42.2| 49.5| 24.4| | 132] 45.8] -5.0[ -2.8] [ 182] 40.7] 12.6] 119
33| 77.2| -12.2] -18.6 83] 66.6| 31.0] 64.8 | 133] 552 -5.0] 42
34] 78.91 -10.7| -16.8 84[ 50.4] 28] 39.1f | 134] 17.8] -0.1] -12
35] 80.6] -7.5| -13.8 85/ 489 33| 1.8] | 135] 33.6] -3.5] -17
36| 82.5 4.8] -11.5 86| 63.3] -23.4] 539 | 136] 452 4.6] -34
37| 84.3] 2.5 -8.1 87| 47.8] 44.6] 15.1] [ 137] 56.6] -3.4] 4.9
38| 85.0] -1.4] 6.2 88| 63.2] -45.4] -14.9| | 138] 653 -3.5| -5.8
39) 862 03] 43 89| 48.8] 40.1] -22.4| | 139 68.6] 2.9 -5.7
40| 56.9| 66.4] 4.5 90| 44.6| -25.2] 46.1] [ 140] 21.9] -03] -l.1
41| 61.9] 60.1 -5.6 91 27.5] 6.1] -27.4| | 141] 402[ -2.3] -27
42| 64.6] 49.6] 6.2 92| 28.4] 32.9| -26.9] [ 142] 55.0] -2.3] 43
43] 67.8] 452[ 73 93] 62.4] 44.1| -4.8| | 143] 654] -2.3] -54
44] 70.4] 373] 7.1 94] 63.6] 41.1] 55| | 144] 724] -11] 60
45 73.3] 29.5| -7.0 95| 48.7] 67.5| 24.1] | 145 75.8] 0.6] -6.4
46| 77.5] 22.5| -6.0 96| 62.2| 37.8] 23.3| | 146[ 239 L1 07

47| 79.2] 18.8] -5.5| | 97| 57.8] 39.3] 47.4| | 147| 424] -2.0/ -23
28] 80.7] 14.5| -5.5| | 98] 63.8] 1.5 33.3| | 148] 58.1[ -1.2[ -3.7
49| 82.1] 10.7] -5.0 99| 53.8] -30.8] 33.3| | 149] 69.2| -0.6] -4.1
50/ 83.8] 7.5] 49| [ 100[ 62.5] -29.0[ 11.0] | I50] 76.1) 0.4] -5.4




Appendix D16. Colorimetric Data Sheet for Sample No. 16 (Delta L* = +30).
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ID] L* | a* | b* D[ L[ a* | b ID| L* | a* | b* ID[L*[ a* | b*
1] 61.3] -35.1] 42.9] 51 85.3] 5.6 43| | 101 60.6] 493 -3.3 151] 810 1.1] -6.2
2| 54.6] 729 -13 52] 86.4] 4.0/ -3.6| | 102] 66.5| -23.3] -24.1 152| 38.5 -13.0] -7.3
3] 80.5] -0.2] 77.3 53| 80.1] -0.2[ 69.0| | 103 35.5/ -13.4] -34.0| | 153] 51.7] -7.6] -6.0
4] 26.1] 14.7] 439 54] 79.3] -0.6] 59.8| | 104] 44.4] 74| 257| | 154] 65.6] -5.1] 6.3
5| 61.1] -52.2] 16.8 55[ 79.3] -0.3] 503| [ 105] 35.4] 30.2] -6.0| [ 155 74.1] -2.1] -7.1
6| 53.7| 69.3] 41.9 56/ 79.71 -0.3] 423| | 106] 62.4] 299] -3.7| | 156] 80.5] 0.0 -6.4
7] 340 0.8/ -1.3 57| 80.3] -1.1] 35.0| [ 107] 753 18.5] -5.0| | 157] 83.7] 0.5] -5.0
8 419/ 9.7] -33.0 58| 81.2] -0.4| 25.3| [ 108] 383 27.8 102| [ 158 852 1.9] 4.7
9 68.4] -36.5 12.4] 59| 82.1] -0.5] 18.4| [ 109] 72.8] 15.2] 6.8| | 159] 55.7] 40.3] 40.6
10| 66.3] 46.6] 294 60/ 83.0] 03| 138 | 110/ 40.5] 1.6/ 18.4| | 160] 47.7] 70.9] -3.0
11] 62.0] 6.5 -22.9 61[ 82.9] 04| 11.0] [ 111] 552] 1.5/ 19.0] | 161] 65.8] -0.8] 65.4
12] 75.3] 264] 154 62| 84.0] 1.1] 62| | 112] 69.4] 1.7] 11.3 162] 23.0] 14.4] -36.6
13] 69.0f 42] 08 63 85.0] 13| 4.1 113| 77.4] 39 -14| [ 163] 545 -56.8] 192
14| 74.8] -17.8] 62 64| 85.6] 20| 0.7| | 114] 42.4] 24.5] 64| | 164 48.4] 642 364
15 74.5] 4.7| -14.2 65 863 2.0[ -21 115| 59.2] -17.8] 63| | 165 552 5.2] -19.7
16| 81.2] -7.5/ 0.1 66| 37.1 04| -2.1 16| 72.6] -1.7] 22| | 166] 69.5] -17.2] 5.1
17| 80.2] 12.4] 68 67| 46.8] -0.6] -29| | 117] 42.0] 24.0] -11.5| | 167 70.4| 23.0] 13.7
18| 154 -52| -6.6 68| 56.4) -0.6| -5.0 118 67.2 6.4 -12.0 168| 19.5| 11.7| -29.2
9] 15.1] 2.1] -3.0 69 65.1] -0.8] 4.5| | 119] 28.8] 2.6/ -15.4| | 169] 46.0] -53.6] 17.7
20] 19.1 22| 0.7 70| 70.7] 0.1] -5.6| | 120] 7a.4] -5.6] -10.7] | 170| 40.0] 48.1] 24.6
21 7.5] -12] -5.1 71| 74.7] 0.6] 4.5 [ 121] 63.8] -15.1] -12.3] [ 171] 46.0] 3.6| -18.9
22| 14.1] -64] 28 720 776] 12| 59| [ 122] 81| -12] 41 172| 63.5| -182] 4.7
23] 13.4] 03] 29 73] 791 1.1 -5.6| | 123] 14.1] -1.8] -3.0| | 173] 62.7] 193] 12.7
24| 74| 10| 3.7 74| 80.8] 1.7] -5.2| | 124] 21.0] 43| 30| [ 174] 313[ 262 245
25[ 262 08 05 75| 81.8] 1.8 -5.2| [ 125 11.5] -1.0] -32| [ 175] 27.1] 28.7] 42
26| 87.8] 1.8 -25 76| 835 1.4] -39 [ 126/ 20.6] 29 -2.0| | 176] 39.9] -3.0] 288
27| 63.6] -33.6] 409 77| 84.4] 21| -4.8 | 127/ 31.8] <6/ -28] | 177] 150 1.6] -10.1
28] 65.9] -31.3] -37.9 78| 858 20| -4.0| | 128] 387 -5.0 -29| | 178] 37.4] -36.5] 105
29| 68.2] -27.4] -35.0 79 37.7] 53.5| -26.1 129 15.2] -0.8] -2.1 179 324 24.6] 125
30| 70.2] -24.2] 312 80 42.5| s6.3| -3.9| [ 130 28.8] -32[ -1.0] | 180 34.1] 2.6| -13.9
31 72.5] 20.7] -28.1 81] 54.1] 73.1] 183| [ 131] 39.6] -5.5 -2.5| | 181 45.0[ -153] 4.5
32] 75.3] -17.5] -24.6 82 44.1| si1.5| 237 [ 132] 483] 6.4 -3.1 182] 41.6] 12.5| 104
33| 78.5] -12.0] -19.4 83| 68.1] 31.2| 63.8] | 133] 57.7] -5.2] -5.0
34| 80.3] -10.3[ -16.7 84| 51.5| 2.4 386| | 134] 189] -0.4] -1.6
35| 81.8] -7.5] -13.7 85| 51.6] 3.8 0.5 | 135] 354 -3.5 -2.1
36| 83.4] -5.0 -11.3 86| 64.7] -22.9] 51.9| | 136] 479] -5.2] 3.9
37] 84.7] 2.8 9.7 87 50.0] 45.3] 14.1 137] 59.9] -3.4] -5.7
38| 86.1] -1.2] -7.8 88| 65.4] 41.7| -15.0| [ 138] 69.3] -2.5 6.6
39] 87.2] 0.4 49 89 51.8] 40.5| -24.3| | 139] 72.1] -2.4] -7.0
40| 58.5] 65.2] -5.1 90| 46.4| -24.7| 480| | 140/ 23.7] 0.7 -06
41| 63.6] 583 -6.1 91| 282 65| -28.7| | 141] 41.8] -2.0[ -3.4
42/ 65.7] 50.2] -7.9 92| 29.4] 34.1] -27.5| [ 142| 57.4] 23] 48
43] 69.3] 445 -7.7 93| 654| 46.0] -6.7| | 143] 689 -1.5] -5.1
44| 71.1] 37.4] -8.1 04| 665 42.0] 59| | 144] 752| -0.8] -6.7
45| 75.1] 29.4] -7.1 95| s1.2] 69.5] 23.0| [ 145 77.9] -0.5] 6.6
46| 79.3] 22.4] 6.6 96| 653 39.0] 22.5| [ 146] 24.5] 05| -0.8
47| 80.9] 19.1] -6.5| | 97| 60.4] 39.9] 46.1 147] 443 -1.9] -3.7
48| 82.4[ 14.7] 56 98] 65.11 1.6] 33.0| | 148] 61.0[ -1.3] -52
49| 83.5] 109/ -5.4 99| s56.4| -289] 32.8| | 149 720/ 0.1] -6.1
50| 84.4] 7.4] -5.0| | 100] 64.8 -28.9] 10.5| | 150 78.4] 0.8 6.0




Appendix D17. Colorimetric Data Sheet for Sample No. 17 (Delta L* = +35).
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ID| L* | a* | b* ID | L* | a* | b* ID [ L* [ a* [ b* ID [ L*] a* [ b*
1| 62.7] -34.3] 426 Si| 86.0] 5.6 -3.4| [ 101] 63.2] 47.1] -29| [ 151 82.4] 1.0] -5.3

| 2[ 559 71.6] -1.9 52| 87.3] 4.1 -3.6| [ 102] 68.1] -24.5] -23.4| [ 152 39.5] -14.1] -7.0
3] 80.6] -0.6] 782 53| 80.4] -0.5| 71.3] | 103 35.5| -15.3] -34.4| | 153] 53.6] -8.7] 6.1
4] 26.7] 139 434 54/ 79.4] -1.0] 60.9| [ 104] 44.9] 7.4 -254| | 154] 68.8] 4.4 638
5| 62.7] -50.0] 16.1 55| 79.5] -0.6] s1.2| | 105 36.6] 299 66| | 155 76.6] -2.5| -6.5
6] 54.6| 68.6] 43.0 56/ 79.7] -0.5| 42.8| | 106] 65.8] 30.3] 4.8 | 156] 81.7] 0.1] -5.7
7] 348] -09] -14 57/ 80.5] -0.8] 35.0| | 107[ 77.7] 187 -3.6| [ 157 85.0] 1.1 -5.0
8] 41.9] 9.3] -33.1 58] 81.2] -0.5| 25.4| | 108] 39.5] 27.7] 10.7] [ 158 86.0 1.3] -3.9
9] 69.7] -36.1] 133 59 82.3[ 03] 19.4| | 109] 746 15.7] 85| [ 159] 57.6] -38.8] 43.0
10[ 67.3] 46.7] 29.4 60[ 83.1] 04| 145 [ 110[ 41.3] 1.1] 188| [ 160 49.7] 72.7] 3.9
11] 63.0 6.2[ -23.7 61/ 83.6] o0.1] 128 [ 111] 565 1.2] 18.6| | 161] 66.2[ -1.9] 65.7
12| 76.2] 26.2] 16.2 62[ 842 13| 65| [ 112] 70.1] 2.4 11.0| [ 162 23.1] 13.3] -36.5
13 71.7] 4s[ 16 63 85.4] 1.6 33| [ 113[ 79.0] 3.8 -1.8| [ 163] 56.9] -56.9] 18.2
14] 75.6] -182] 73 64 86.4) 1.8] 2.1 | 114] 43.7| -26.7] 7.0| | 164] 50.1] 66.7] 39.1
15| 75.4]  4.3] -136 65 873] 1.8] -0.7| [ 115 62.1] -182[ 6.8| | 165 56.5] 5.0[ -21.6
16/ 82.1] -7.8] 1.9 66| 38.5] -1.8] -0.9| | 116] 738] -7.5] 33| [166] 70.3] -17.6] 55
17] 81.2] 13.0[ 81 67| 487 -1.9] 22| | 117] 42.8] -26.1] -12.2| | 167 72.8] 23.6] 15.6
18 169 -7.3] 6.7 68] 59.4] -0.5| 42| | 118] 68.8] 5.7 -12.1] [ 168] 19.3[ 11.4] -29.4
19 163] 23] 2.1 69 68.4] -0.1] 46| [ 119] 29.2] 1.7[ -16.0| [ 169] 46.6] -55.4] 17.6
20] 19.8] 3.0 2.0 70 739] 0.4] -5.1| [ 120] 76.7] -6.3[ -10.6| [ 170[ 40.8] 50.6] 27.0
21 7] 17 47 71] 76.8] 1.0] -6.2| | 121] 67.0] -152] -13.7| | 171] 47.3] 3.4[ -19.5
22[ 15.7] -83] -16 72[ 793 1.2] 54| [122] 89 -1.4[ 36| [ 172] 66.3] -182] 4.4
23] 145 05[] -1.7 73] 81.0] 1.5] 6.0 [ 123] 154] -2.8] -24| [ 173] 65.7] 19.9] 134
24| 73] 18] 34 74] 822[ 1.5] 44| [ 124[ 22.7] 55| -3.0| | 174] 32.0] -28.4] -24.4
25[ 267 -02] 1.1 75| 832] 15| 40| [ 125] 12.2] -1.6] -2.9| | 175] 27.6] 302[ 4.5
26| 882 1.8] -23 76| 84.9] 1.6] 44| | 126] 22.3] -39] -1.5| [ 176 40.0] -3.8] 29.6
27| 64.7] -33.3] -39.6 77| 85.6] 19| 42| | 127] 32.9] -5.7] -2.6] | 177] 153] 1.0[ -10.6
28] 67.2 -30.7] -36.8 78 86.8] 1.8] -3.0| | 128] 39.6] -7.0 -3.3] [ 178] 38.1] -37.6] 10.8
29| 69.4] -27.4] -34.2 79 39.8] 554 -26.4| | 129] 153] -1.8] 24| | 179] 32.8] 258 14.1
30| 71.5[ -23.7] 31.0 80| 44.6] s583] -54| | 130] 29.0] 49 -2.0| | 180 347 1.8] -14.1
31| 73.9] -20.6| -27.7 81 55.4] 70.8] 163| [ 131] 40.7] -72] -3.0 [ 181] 46.3[ -16.6] 5.1
32[ 76.1] -17.9] -24.1 82 45.8] 52.7 255 | 132] 50.7] 63[ 46| [ 182] 42.3] 123[ 104
33[ 79.7] -12.5] -189 83| 69.5| 31.1] 63.8] | 133] 60.6| -5.9] -5.3

34] 80.8] -10.3[ -174 84| 52.7] 2.6 39.1| | 134] 202 -14[ -15

35] 82.5] -7.9] -13.8 85] 54.3] 3.6] -0.4] [ 135]37.0[ -3.8] -33

36 84.2] 4.9 -11.0 86| 65.1] -23.5| 52.6| | 136] 50.3] 43| 47

37| 86.1] -3.0 -89 87| 52.1] 47.4] 14.7| [ 137] 62.8] 4.4[ -53

38| 86.8] -1.2[ -8.0 88| 66.9] -39.7] -15.8| [ 138[ 72.1] -2.6] 6.5

39 876/ 0.6/ -59 89| 53.8 42.3| 249 | 139] 75.0 -2.8] 67

40[ 60.0[ 64.6] 4.8 90 47.5] -25.3] 48.6| | 140] 24.4] -1.4] 09

41| 64.4] 574 5.7 91| 27.8] 5.5] -28.5| | 141] 43.5] -3.0] -39

42[ 669 50.3[ -6.9 92[ 30.1] 34.0[ -28.1| | 142] 59.4[ -2.9] 5.1

43[ 709] 442 6.9 93] 67.9] 452| -6.0| | 143] 71.4] -1.4] 64

44 72.0[ 363[ -7.6 94| 69.0| 42.6] 52| [ 144] 77.6] -12] 6.4

45 76.1] 29.5] 6.9 95[ 53.0] 70.0] 233| [ 145 79.7] 04| -70

46| 80.6] 22.7[ -6.6 96| 67.4] 39.7] 21.4| | 146| 262| -0.8] -0.1

| 47) 81.7] 193] -6.7| | 97| 63.1] 39.3| 457 | 147 467 -26| -3.6

48| 833] 155 -5.9 98] 659] 1.1] 33.8| [ 148] 64.1] -2.1] -5.0

49| 84.7] 11.2[ -5.7 99 581 -31.1] 33.6| | 149] 74.9] -0.2] -5.2

50/ 85.6] 7.6] 47| | 100] 66.7] -29.3] 11.7) [ 150] 80.3] 0.7] 62




Appendix D18. Colorimetric Data Sheet for Sample No. 18 (Delta L* = +40).
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ID[ L* [ a* | b* ID| L* [ a* | b* ID[L* [ a* | b* ID[L*[ a* | b*
1| 64.2] -32.8] -41.4 51 87.6] 6.4] -56| [ 101] 66.0] 43.7] 3.0 | 151 84.4] 1.0 -5.7
2] 57.7] 693 2.8 52| 88.2] 4.1 -51| [102] 70.6] -23.6] -23.6| [ 152] 41.9] -14.1] -7.1
3] 80.6] -0.8] 776 53] 80.3] -0.8] 68.5| | 103] 37.8] -14.6] -36.1] | 153] 56.8] -8.0] -7.3
4| 27.0] 13.8] 4338 54| 79.6] -1.0] 59.1| | 104] 47.5] 7.5] -25.6| | 154 72.7] 4.3 -7.0
5/ 65.0] 462 14.6 55| 80.0] -1.0[ 51.2| [ 105/ 39.4] 309 -6.1] | 155] 79.7] -1.8] -7.8
6| 55.1| 68.0] 41.2 56| 80.6] -0.5] 42.2| | 106] 69.2] 30.9] 4.8 | 156 84.1] 0.0 -6.2
7 36.7] -12] -1.7 57| 81.0] -0.8] 34.1 107] 80.3] 18.9] -3.6] | 157 86.0] 1.0] -4.6|
8] 42.6] 106 -34.5 58| 82.0/ -0.2] 26.4| | 108 41.4] 28.8] 10.7| | 158 87.1] 1.3 -3.6
9[ 71.7[ -33.7] 109 59] 82.6] 02| 19.0] | 109] 77.2] 15.6] 7.3| | 159 59.8] -37.6] 42.2
10| 67.9] 452 273 60| 83.3] 0.7] 1a.4| | 110] 422] 0.8 19.6] | 160 51.7] 72.7] 4.2
1] 64.9] 6.2] -22.8 61| 83.8] 02 123 [ 111] 586/ 1.9 185 [ 161] 67.0] -1.5] 65.7
12| 77.7] 25.0] 15.6 62| 849 7] 71| | 112] 71.4] 19] 11.1] | 162] 234] 13.2] -36.9
13] 752 45| -12 63| 86.4] 1.7] 27| | 113] 81.0] 43] -24| | 163] 59.2] -55.5| 16.8
14| 76.8] -18.0] 7.6 64| 870 1.7] 21| | 14| 45.7] 273 69| | 164] 51.6] 68.5] 39.7
15| 76.5] 3.9 -13.2 65 88.6] 16/ -05| | 115 65.1] -180] 6.8 | 165 58.7] 5.6 -20.8
16| 83.5 -7.5| 1.8 66| 40.4| -1.6] -1.7| | 116] 75.8] -7.1] 3.6] | 166| 72.2] -16.7] 5.9
17| 82.1] 122] 6.4 67| 522] 21| 32| | 117] 469 -25.6] -12.7| | 167] 752 239 133
18] 18.1] -7.8] -6.8 68| 62.4] -0.7] -5.1| | 118] 709 6.5| -12.9] | 168 20.1] 11.5| -29.8
19/ 169] 25 -2.0 69 720/ 0.7] 62| [ 119/ 30.8] 2.7 -16.8] | 169 49.5] -56.4] 17.4
20 20.7] -32] 2.7 70| 77.3] 1.0] -6.8| | 120] 78.8] -5.5| -11.1] | 170] 43.0] 54.0] 29.6
21| 77| -1.6] 49 71| 796/ 09| -59| [ 121] 70.0 -15.9] -13.1] | 171] 49.4] 42| -18.7
22| 173] 8.4 -12 72| 81.8] 13 -58 | 122 95 -1.9] 37| | 172] 69.0] -17.6] 3.6
23] 157 16| -1.1 73| 82.5] 1.7] -5.3| [123] 159 32| -27| [173] 69.0] 20.1] 11.8
24] 9.0] -1.4] 29 74| 83.8] 12| 45| | 124] 245 -5.6] -3.1| | 174] 33.4] 29.1] 255
25| 29.1] 0.1 06 75| 84.7] 14| -5.1| [ 125] 129] -2.0] -2.6] | 175 284] 32.7] 4.8
26 89.2] 20| 4.1 76| 86.0] 1.7] 43| | 126] 24.7] 4.1] -1.1] | 176] 40.9] -3.9] 30.3
27| 66.3] -30.9] -39.1 771 86.3] 1.5| -3.9| | 127/ 34.8] -5.5| -2.0] | 177] 16.0] 1.8/ -11.8
28] 68.7 -28.5] -36.1 78| 88.4] 1.4] -2.6| | 128] 422 -6.5] 43| [ 178] 39.4] -39.2] 9.9
29] 70.2| -26.6] -33.5 79 41.5] 55.1] -26.6| | 129] 17.1] -1.5] -1.7] | 179] 33.6] 27.2| 14.7
30 72.2] -23.2] -30.6 80| 47.2] 583 -5.9| [ 130] 31.7] 4.0 -23| | 180] 36.8] 23] -14.4
31] 75.1] 20.3] 27.7 81| 56.7] 68.6] 14.1| | 131] 42.8] 6.8] -3.5| | 181] 49.3] -16.6] 43
32 77.4] -17.7] 244 82| 482 55.1] 26.5| | 132] sa.1] 63| 4.1| | 182] 456 11.8] 10.6
33| 81.0] -12.3] -19.5 83 71.2] 305 62.8| [ 133] 64.0] -54] 6.1

34| 819 -99/ -16.6 84| 54.0] 26| 402| | 134] 220 -1.0] -1.2

35 83.3] -7.3] -14.5 85| 57.2] 32| -1.0| | 135] 392 45 35

36| 85.7] -5.0] -11.2 86| 66.2| -24.6] 540 | 136/ 529 -5.8] -5.4

37/ 86.8] -3.2| -9.0 87| 55.0] 455 13.1] | 137] 66.2] 43| -6.1

38 87.7] -12] -7.9 88| 68.4] -38.1| -16.2| | 138] 75.7] -2.9] 68

39 889 1.2] -5.8 89| 57.3] 40.9] -26.4| | 139] 78.0] -2.4] -7.3

40 61.2| 63.0 -5.1 90| 49.4| -25.0] -48.3| | 140] 26.5] -0.8] -0.4

41| 65.6] 56.1] -5.6 91] 30.0] 5.2] 29.2| | 141] 46.0] -33] 43

42| 67.6] 49.7] 6.8 92| 31.2] 34.8] -28.9| | 142] 63.3] -2.4] -5.6

43| 71.5] 432] 72 93] 69.6] 43.8] -5.5| | 143] 75.3] -1.4] -6.9

44| 7133| 355 -715 94| 70.6] 42.3] 44| | 144] 799] -0.4] -70

45] 77.0] 29.0] -72 95 55.0] 69.0] 21.9] [ 145] 81.7] 0.0] 6.1

46| 816 226] -70| | 96 69.8] 37.7] 20.4| | 146 28.0] -0.1] -0.1

47| 829 19.1] -6.5 97| 65.3| 40.2| 450 | 147 48.8] -1.9] -3.0

48 84.5] 158/ -6.5 98] 67.3] 1.0 332| | 148] 679 -0.9] -5.1

49 859 11.3] -5.9 99| 59.6| -32.4| 346 | 149 782] 0.1 64

so| 86.8] 7.6] -6.0 | 100] 69.4] 27.3] 83| | 150 82.1] 0.5 -57



Appendix D19. Colorimetric Data Sheet for Sample No. 19 (Delta L* = +45).
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ID[ L* [ a* [ b* ID[L*[ a* | b* D[ L* [ a* [ b* D[ L*[ a* | b*
1| 64.9] -32.5] 40.8 51) 88.1] 6.1] -5.6| | 101] 67.6] 41.8] -22| [ 151] 85.1] 1.0/ -5.0
2] 58.1] 69.7] 26 52 89.3] 3.5] 8| [ 102] 72.4] -23.5] -23.4| [ 152] 43.7] -14.6] -79
3| 80.8) -0.8/ 76.8 53| 80.3] -0.9| 69.6 103| 38.3] -14.5| -359 153| 59.4| -8.2| -6.3
4] 27.1] 13.5 44.0 54| 79.8] -1.0] 60.7| | 104] 48.6] 7.6 -259] [ 154 75.2] 43| -7.1
5| 66.0] 45.3] 14.9 55/ 80.11 -0.9/ 49.5| [ 105] 41.0] 312 6.1 155 81.3] -1.4] -6.8
6| 56.00 67.0] 39.7 56| 80.5| -1.1| 43.2 106 71.6| 32.3| -4.8 156| 85.0 0.1 -5.7
7] 382 -1.6] -0.9 57| 81.3] -0.7] 343 [ 107] 81.8] 17.9] -29] [ 157] 87.6] 08| 4.6
8| 43.0] 93] 347 58| 82.5] -0.3] 26.6| | 108 43.0] 29.5] 11.1 158] 88.3] 1.5 <45
9 72.6| -33.3] 11.7 59| 83.1 0.3 184 109| 79.6/ 154 7.8 159| 61.7| -35.9| 42.1
10| 68.4] 44.2| 275 60| B3.6 04| 149 110 43.5 1.6/ 19.1 160| 52.9| 72.2| -5.0
11 659 5.9 -22.6 61] 840 0.7] 12.3] [111] 59.4] 2.1] 19. 161] 67.6] -1.9] 66.4
12] 78.7] 25.1] 16.5| | 62| 84.7] 2.0 73| | 112] 72.2[ 2.2[ 118 [ 162] 23.8] 13.3] -36.4
13[ 775 45 0.1 63| 86.5] 2.0/ 3.5| | 113 822] 39] -36| | 163] 60.8] -52.7] 16.0
14 77.4] -17.6] 8.0 64| 87.4] 18] 24| [ 114 47.4] -27.4] 78| [ 164] 53.0] 69.1] 40.0
15/ 77.1]  4.1] -14.7 65| 88.8 19/ 0.3] | 115 66.8] -183] 69| | 165 59.6] 4.5| -20.9
16| 83.9] 6.5 25 66] 42.2] -2.1] -2.0] | 116] 76.7] -6.6] 24| [ 166] 73.1] -159] 5.1
17) 82,5 12.1] 62 67| 54.1 -1.9] -3.4| [ 117] 49.1] 26.1| -123| | 167 77.5 23.6] 14.5
18] 18.9] -8.0 -7.1 68| 65.7] -0.7| -5.2| | 118] 723] 6.1| -12.8| | 168] 20.1] 11.1] 29.6
19] 18.6] 42 -1.5 69 74.9] 0.1] -5.0| [ 119] 31.4] 21| -16.5| | 169 50.9] -58.9] 183
200 21.5] -3.5] 3.1 70| 79.8] 1.1] -6.7| | 120] 80.6] -5.2] -10.1] [ 170| 44.7] 56.9] 32.0
21 76| -1.7] 438 71] 819 1.1] -5.9| [ 121] 72.5] -15.7] -15.0] | 171] s0.1] 3.3] -19.1
220 17.7] -9.5] -l1.1 72| 83.0 1.1 4.8 122| 10.0| -1.8 -3.0 172| 70.9| -17.2 4.5
23| 16.5 2.0 -04 73| 84.1 1.3| -5.6 123| 17.0/ -3.1| -2.8 173| 71.0| 21.3| 13.0
24 9.4 -16] 30 74| 849 15| -5.0| [ 124] 259 -6.6] -32| | 174] 343 -29.9] -26.2
25| 30.2] -0.6] 03 75| 85.7] 14| 44| | 125 13.5] -1.6] -2.3| | 175] 28.9] 34.4] 42
26| 90.2 20 -3.6 76| 87.2 1.6 -3.3 126| 259| -39/ -1.5 176] 41.2] -4.3{ 31.1
27| 66.8] -31.3| -39.0 77| 88.1 1.5/ -3.6 127| 359 -6.3| -2.8 177| 16.1 2.2| -12.1
28] 69.3] -28.4] -36.0 78] 888 2.0/ 40| | 128 435 -7.8] -3.5| | 178] 40.0] -39.9] 10.9
29| 71.0] -25.4] 335 79| 42.9] 55.8] -27.3| | 129] 18.0] -1.3] -1.3| | 179] 34.7] 29.0] 16.4
301 73.11 -22.9| -31.1 80! 49.1| 59.5! -5.8 130 32.6| -5.1| -22 180| 37.6 09| -15.2
31] 75.9| -20.2| -28.0 81| 57.2| 67.5| 13.8 131 444 6.6/ -33 181/ 51.4| -17.0 43
32 78.5] -16.5] -24.1 82] 502 s6.6| 266| | 132] 56.00 6.3 -3.8] | 182] 47.5] 13.0] 10.7
33| 81.3] -12.4] -19.5 83| 72.6] 30.4| 62.8] | 133] 66.6] -55 6.3
34| 83.0] -9.9| -16.2 84| 55.71 3.2] 403| [ 134] 223] -1.5] -1.2
35| 845 -6.9| -13.8 85 59.8] 3.6| 0.0 [ 135] 40.9] 4.4 -33
36| 85.7] 4.7 -11.9 86| 66.5| -24.7| 54.4| | 136 555 -4.7] 49
37| 87.8] -29] -9.7 87| 56.5| 46.4] 13.7| | 137] 689 4.0 -6.2
38| 88.4] -1.1] -7.5 38| 68.3] -37.5| -16.2| | 138] 78.6] -2.3] -7.9
39 89.9] 12| 4.7 89| 59.2| 41.4] -26.1 139) 80.7] -1.5] 6.6
40| 61.6] 63.1] -5.0 90| 50.4| -24.4] -49.1 140| 27.7] -0.4] -0.4
41| 65.2| 56.5| -5.8 91| 30.4 49 -29.8 141 47.7| -3.6| -34
42| 68.0] 49.3] -6.6 92[ 32.2] 35.4| -29.0| | 142] 66.0] -2.8] -5.7
43| 71.8] 429 -7.1 93| 70.0/ 43.3] -5.6 143| 78.3| -1.0/ -6.9
44| 73.7] 34.3| -7.3 94| 71.5/ 41.0 4.5 144| 81.6| -0.3| -6.3
45| 782[ 285 -7.0 95 56.2] 68.3] 21.0| [ 145] 839 -0.2] -6.1
46| 83.1] 21.5| -7.4 96| 70.5| 37.2] 20.4| [ 146] 29.7] 02 -02

47| 84.6] 182 -70| | 97/ 67.0] 39.4] 42.7] | 147 51.0] -2.6] -39
48| 85.4| 14.1] -6.6 98| 679 L.1| 34.1 148 70.8] -0.7] -6.5
49 86.2] 10.5] -6.2 99 61.2] -33.1] 35.7| | 149] 80.6] 0.4] 6.6
50 87.8] 7.5 -6.0| | 100] 70.6] -28.5 9.1 150 83.5| 0.6] -6.2



Appendix D20. Colorimetric Data Sheet for Sample No. 20 (Delta L* = +50).
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ID|] L* | a* [ b* ID|L*[ a* | b* ID[L*] a* | b* ID[L*] a*r | b*
1] 65.7] -31.6] 40.5 51| 88.9] 5.5] -5.0 101] 68.5] 40.0] -2.8 151 87.2] 06 -5.0
2] 58.6] 67.3] -3.1 52[ 90.3] 3.5 38 102 73.8] -22.2] -243 152] 45.0] -14.2] -8.1
3] 80.5] -0.6/ 76.2 53| 80.6] -1.1] 69.5 103| 38.4] -14.8] -36.6 153] 61.8] -8.6] -7.2|
4] 27.4] 13.7] 435 54/ 799/ -0.8] 585 104| 49.4| 85| -26.7 154] 783 -3.1] -8.7
5| 66.3] 44.1] 14.0 55/ 79.9] -0.8] 49.7 105] 429/ 333] .73 155| 833 -04] -72
6| 56.2| 66.6] 39.4 56/ 80.3] -0.4| 41.5 106| 74.0] 333] 47 156 86.6] 0.4] -6.7
7/ 39.1] -0.8] -0.8 57| 81.1] -0.8] 34.8| | 107| 83.7] 18.6] 42 157| 88.5] 1.6/ -5.5
8| 43.4] 94| -353 58| 82.2] -0.2| 268 108] 44.4] 30.4] 99 158 89.3] 1.8 4.7
9[ 72.7] -32.4] 11.2 59] 83.3] 0.4] 184 109 80.8] 16.4] 8.5 159 62.6| -35.3] 41.7
10/ 67.9] 453] 26.7 60 83.8 0.2 14.8 110] 43.4] 1.4] 193 160| 54.3] 71.2] 4.1
11| 67.6] 7.0] -23.9 61 84.1] 07] 11.7 111 60.5] 2.4 19.1 161] 67.7] -1.9] 66.2
12] 78.8] 253] 16.2 62| 856/ 2.0/ 7.8 112] 72.6] 2.0 12.1 162] 23.5] 13.8] -37.4
13] 79.8] 52| -0.5| | 63] 87.0] 2.0 3.7 113] 83.9] 4.0 27 163] 62.7| -50.0] 15.0
14] 78.2| -17.1] 74 64| 88.1| 2.0/ 24 114] 48.9] -27.5] 7.5 164] 54.0] 69.1] 39.5
15/ 77.9] 3.9] -15.0 65| 89.5] 1.9 0.7 115] 69.2] -16.2] 5.5 165 60.5| 5.9 -22.3
16| 84.5| -5.6] 1.7 66| 43.5| -1.6] -2.2 116 78.4] -55| 2.0 166| 74.8] -15.1] 4.3

[ 17] 83.7] 122 69 67| 56.4] -1.0] -3.9 117| 51.5] -27.0] -13.4 167] 79.0] 23.5| 14.5
18] 19.2] -8.4] -79 68| 68.3] 0.5/ -5.1 118 73.6] 5.6 -12.8 168 20.3] 11.6] -29.6
19] 186] 54| -1.6 69 782 0.9 -6.3 119] 320 3.1] -164 169] 52.9] -57.8] 17.9
20 219] -33] 33 70| 82.5| 1.0 -5.5 120 82.5] 49| -11.7 170] 46.0] 59.4] 332
21| 85| -1.4] -48 71] 838 1.3] -6.2 121] 75.4] -14.8] -152 171] 51.7]  3.9] -19.0|
22| 18.7] 98] -09 72] 852 1.4] 52 122] 10.7] -1.4] -33 172] 72.7] -172] 4.1
23| 175] 2.7] -0.1 73| 86.0] 1.6/ 47 123] 173] 3.1 -24 173] 73.9] 22.2] 126
24| 10.4] -13] 238 74| 86.3] 1.4 43 124] 270 -6.8] -3.1 174] 35.0] -30.8] -26.7
25/ 31.4] 02] 00 75| 86.9] 1.6/ -3.7 125] 14.1] -1.2[ 25 175] 29.3| 36.2] -5.2
26/ 905 1.9] 29 76| 883 1.9 42 126] 26.7] 4.2 -1.1 176] 41.5] 4.5 313
27| 67.8] -29.9] -38.1 77| 89.1] 20| <42 127] 37.1] -6.1] -34 177] 163]  2.5] -12.4
28] 69.7] -26.6] -35.0 78] 89.9] 2.1| -3.8 128] 45.4] 6.7] 4.0 178] 40.8] 41.9] 109
29 71.4] -25.4] -33.4 79] 44.5] 55.0] -27.4 129/ 18.1] -1.2[ -16 179] 35.0] 31.2] 16.9
30 73.2] -22.1] -30.7 80| 51.1] 59.4] -7.7 130| 34.0] 4.5 -22 180 39.0] 23] -152
31| 75.9] -19.7] -27.6 81| 57.0] 68.1] 14.3 131] 45.8] 63| 4.0 181] 53.6| -18.2] 4.7
32| 78.9] -16.0] -23.7 82 52.1 57.5| 26.1 132| 585 -5.71 -5.0 182] 48.8] 12.8] 104
33) 81.8] -12.3] -19.5 83] 72.6] 30.7] 62.9 133] 69.9] 42| -7.0
34/ 836 -10.0] -16.8 84| 563 4.0] 425 134 242 -1.0] -1.5
35 85.0] -6.9] -14.4 85| 61.5| 4.6| -1.2 135 41.5] -53] -3.4
36/ 86.2] -4.4| -11.5 86| 67.0] -24.3] 532 136| 57.3] -5.0] -52
37| 88.5] -2.8/ -9.5 87| 58.6| 45.4] 13.4 137] 71.8] -3.5] -7.1
38 89.6/ -0.8 -7.8 88| 67.5| -38.5| -16.3 138/ 81.3] -1.8) -6.6
39 90.4] 1.5/ -5.4 89 61.9] -38.7| -26.7 139 82.8 -12] 75
40| 61.4] 62.8) -5.2 90| 51.1] -24.6] 49.5 140 28.7] -1.0] -0.9
41| 64.5] 56.5] -6.0 91| 30.3] 5.4] -30.0 141 499 -2.8] 4.0
42] 67.9] 49.6] 6.6 92| 33.4| 36.1] -29.5 142 68.6] -1.6] -74
43] 720 422| -65 93] 70.9] 42.4] -5.8 143] 80.9] -0.5] -6.8
44 73.7] 346] -14 94| 72.4| 40.9] 49 144] 83.6] -0.2] -6.7
45| 78.4| 27.5] -8.0 95| 57.4] 66.5] 19.4 145] 85.3] 0.4] -55
46| 84.2[ 19.7] -7.2 96| 71.2] 38.7] 21.2| | 146] 30.5 0.2[ -1.0]
47| 852 16.6] -72 97| 67.7| 39.5] 42.1 147| 53.8] -1.6] 4.0
48| 86.4] 13.5] -7.0 98| 68.4] 09 34.0 148 73.6] -0.6] -5.7
49| 87.4] 10.4| -6.9 99| 62.6| -32.5| 34.9 149] 82.8] 0.5 -6.4

50| 88.5] 7.4 -55 100] 72.0] -27.5] 9.3 150| 854/ 0.8 -5.0
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Appendix E. Set of instructions to be presented to each observer

(Based on “RIT Research Corporation, “Psychometrics,” Lab Experiment 4).

Instructions

I want you to help me to build a visual scale based on the color differences between
images or samples. I will give you three sets of similar samples. I want you to select one
sample from each set and place it between the other two images.

Your participation will be in three steps shown below. There is one set of samples in
each step. Each set of samples contains five images. You may take as much time as you
like to choose the image of your preference from each set, until I consider you may be
exhausted. If you cannot choose one image between two that look equal to you, choose
one of that pair at random.

The steps to follow are:

Step 1. I will give you the set of samples No. 1 and the ends of the visual scale. The
ends are two images. These images will be placed on a special board separated
with enough space between them to place the image or sample of your
preference. Choose one sample from the set of samples given, and place it
between the ends of the partial visual scale. Your selection must be based on
the image you chose having the same color difference to one end as to the
other end. Give me the other four samples from the set, and wait until I record

the data related to your selection.

Step 2. I will give you the set of samples No. 2 and one end of the visual scale and
the image that you selected before. These images will be placed on a special
board separated with enough space between them to place the image or
sample of your preference. Choose one sample from the set of samples given,

and place it between the ends of the partial visual scale. Your selection must
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be based on the image you chose having the same color difference to one end
as to the other end. Give me the other four samples from the set, and wait until

I record the data related to your selection.

Step 3. I will give you the set of samples No. 3 and one end of the visual scale and
the first image that you selected. These images will be placed on a special
board separated with enough space between them to place the image or
sample of your preference. Choose one sample from the set of samples given,
and place it between the ends of the partial visual scale. Your selection must
be based on the image you chose having the same color difference to one end
as to the other end. Give me the other four samples from the set, and wait until

I record the data related to your selection.

Once I gather all the data related to your participation in the building of the visual
scale based on the color differences between images, you participation will be done.

Thank you very much for your participation!
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Appendix F. Generation of Kodak Colorflow Medium-Size Target TIFF File.

“The KODAK COLORFLOW Profile Editor is a complete set of Color Management
System tools for building, evaluating, and tuning ICC-compliant color profiles.”
The Profile Editor is one of the solutions to color reproduction. With this profiling
software it is possible to build ICC-based CMS device profiles for monitor, input, and
output devices.

Before a profile can be built, the test target TIFF file must be generated. The Kodak

Colorflow Profile Editor has a target to build profiles, and the process is as follows.

Kodak Colorflow

1. Launch Kodak Colorflow Profile Editor. A Profile Editor
display with the logo of the Kodak

Colorflow Profile Editor will appear, as

shown at the right.

200

COLORFLOW i3 3 trademark , snd KODAK is 5 registered trademark  of
Eastman Kodsk Company

ERS e 2. Select New from the File menu to start the

process, as shown at the left. A dialog box, named

1 X5.p80(Q3.TCNor.PreH&L).icc
? Kodak_TROO1_DS50_input.icm
3 Kodak_TR0OO1_DS0_inputicm
4 Kodak _TROD1_D50_inputicm

Quit #Q

Create New Profile will appear, as shown below.




3. Once the Create New Profile dialog box
appears, the Output Profile must be selected,

as highlighted in the figure at the right.
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Create New Profile

Profile Type ]’_ﬁ
Monitor

o
Dutput

el _tew |
Device Link —

4. The Measurement

Measurement Wizard

‘Weloome 1o the Messurement Wizard

This wizard helps you build or tune output profiles

In using this wizard, you'll print a set of color palches, and you'll
measure the palches to determine how your output device renders
color.

The wizard does the rest

 Tobegin, click Next

Wizard will appear.
Click Next to reach the
printing process
characteristics prompt
where the device type,

the color space and the

5. In the printing process

media type are asked.

characteristics prompt, as
shown at the right, select
the Composite Printer

as Device Type, CMYK

as Color Space and

Reflective as Media

Measurement Wizard

Select the printing process characteristics to be used n building

the sulput profile

Devite Tupe [ composite Printer - |

Color Space [ Crivk v]

Fedia Type 71
| Reflective ]

Click Next to contmue

Type.
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6. Next, the Measurement

Select the measurement device you ars using.

HMeasyrement Device

’ | Gretag Spectroling/SpectroScan )

S i your device is not listed, select Keyboard Entry to manually
 enler measurement vales made with your device

| Click Nt to continus.

] s

J|

Device must be selected.
In this case, the device to
be used is Gretag
Spectrolino /

SpectroScan.

Once the measurement device

Measurement Wizard

has been selected, the target size
must be chosen. To build a
profile a medium size target will
be used. Then, select the

Number of Patches as

The wizard will print a target of color patehes for wou to measure
A grester number of patehes will take longer to messurs bul may
produce 3 mors accurale profile

Mumber of patches

@) Large
) Medivm

) Small

Chek Newt to continge

Medium.

[ (oot ] [ ek next ||

J I

7. Select the option Print

Measurement Wizard

If you've already printed the target, elick Next lo
contmue

If not, print the target now. Specify how you are geing
to primt the target

D Print Separations

[A Frint To Tif Print

Click Print and then Hext te continue.

to TIFF, and click

Print. The Profile Editor
will start to generate the
large-number-of-patches

target as a TIFF file.

caeet | | )

Back

net )
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| C2 Apendix B Generation of . % | = THESIS REGD ‘I

8. Select the desired setting for the TIFF file (Cmect ] |
|

when the Save File prompt appears. The |
Kodak Colorflow Target TIFF file is save as (S |
[Kodak Targef | ‘

generated once the Save button is clicked. Save File as Type: [TIFF ) |
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Endnotes of Appendix F

1. Kodak Colorflow™ Profile Editor. User’s Guide & Reference. Version 2.0.
Eastman Kodak Company, 1998. Document # 301-107869-001.
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Appendix G. Generation of Kodak Colorflow Profile.

With Profile Editor it is possible to build ICC-based CMS device profiles for output
devices as follows: To build an output profile two actions are required before starting to
build an output profile:

1. Have the target already printed (from the TIFF file as shown in the Appendix F)
on the desired substrate.

2. Turn on the GretagMacbeth SpectroLino/SpectroScan before lunching Kodak
Colorflow Profile Editor software. The software will check that the measurement
device is on-line.

Repeat the first seven steps described in Appendix F: Generation of Kodak Colorflow

Medium-Size Target TIFF File, and be sure the option Print to TIFF in step number 8 is
unmarked (do not click to Print), the Profile Editor will generate the output profile in the

next steps. The step numbers have been selected to keep the sequence given in Appendix

F.

Measurement Wizard

- I wou've slready printed the target | elick Hext to

8. Do not select the option cankinoe

I net, prnt the target now. Specify how you are going
1o print the target |

Print to TIFF in the

“Measurement Wizard.”

I Print 2eparations

8 Oerim TeTier ( Print J
Click Next.

Click Prant and then Me<t to contmue
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9. In the next display click New measurements, and Save resulting measurements in

e Wik file to keep the measurements

for future applications. Then,

- | Seleot how wou will get the measurements

L ®hew meszurenents (_tesswre ] _' click the Measure... button

E Save resulting measuremsnts i file r

to continue, and the “Patch

O Frevisusly saved measurements |

Measurement” window will

i appear as shown bellow.

Cancel i N Back ]I !
|
10. Once the “Patch Patch Measurement
hdea.Surer[‘le'n_t’!'I W’indow iS This dialeq will help you measure the patches on the coler patch target usng a
Gretag Spectroling or SpectroScan measuring device
displayed, type the right
nw]lber Of CO}llmnS m the How rany colurans in the target to scsn? IE'
target that is being used.
Th'e ]'a'rge Size target h'as To begin the rmeasuring, click Next
|
i
27 columns (for 928 ;
|
i
colored patches), the
PRI, e =)

medium size has 18
columns (for 445 colored patches), and the small target has 13 columns (for 226
colored patches). Then, verify the position of the target. The patch *A1” should be

positioned in the bottom left corner of the device’s bed. Click Next.
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11. The Profile Editor software will check that the measurement device is on-line and is

Patch Measurement

Wou are aboul o begin 1aking measurements using the SpectroSean. Place wour target on the bed of

the device 5o that the upper right corner of the target (patch A1E) iz near the calibration plague

[ cancet | [ Back | |[ Next || ';

12. The “Patch Measurement™
wizard will ask to place the
target on the bed of the
measurement device and
position SpectroLino over
three patches of the target.
The first patch to position
will be the patch called

“A1” as shown at the right.

Patch Measurement

working properly. Sending a

signal to the device, the
software will activate the
measurement device. After

this, a window announcing

SpectroScan is ready to start

will ask for placing the target

on the bed of the device.

Click Next.

Before messurements can be taken, you
rust position the Spectroling over
thres corner patches on the target

Use the arrow keys on the SpectroScan
to move the crosshaw on Ihe
Spectrolims over the center of the palch
ndicated balow ared on the diagram to
the right. When the device iz pasitioned
ower the pateh, press the Enter key on
the SpectraScan

Fatch
Al

To re-measure the corner pomts, click
the buthon brelow

| Start Oreer |

| cancel |

|{ Back

J

Once the device is positioned over this patch, click Next or push the Enter button on

the measurement device (GretagMacbeth SpectroLino/SpectroChart has an Enter

button at the right of the positioning key pad).
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13. The “Patch Measurement” wizard will ask for positioning of the next patch. The

second will be the patch called “A13” if the target is the small-size target, “A18” if

Patch Measurement

the target is the medium-size

Before measurements can be taken, you |
must position the Speciroling over
thréee corner patches on the target

Use the arrow keys on the SpectroScan
to move the crosshair on the |
Spectrolno over the center of the patch
ndicated bk and on the diagram Lo b
the right. ‘When the device 15 positioned [
over the patch, press the Enter key on [
the SpectroScan

Fateh
AlZ

To re=measure the corner pamts, click
the button below

| sterrover |

target, or “A27” if the target

is the large-size target. Once

the device is positioned over

this patch, click Next or push

the Enter button on the

measurement device.

Cancel |

[ Back ||

14. The “Patch Measurement”
wizard will ask for
positioning the next patch.
The third patch will be the
patch called “R1” if the
target is the small-size
target, “Y1” if the target is

the medium-size target, or

“AIl” if the target is the large-size target. Once the device is positioned over this

Patch Measurement

Befors meszurements can be taken, you
st position the Spectreling over
three corner patches on the targst

Use the arrow keys on the SpectroScan
to move the crosshair on the
Spectroling over the center of the patch
ndicated below amd on the disgram to
the right. When the device 12 posilioned
over the pateh, prezs the Enler key on
the SpectroSean.

Fateh
4]

To re-measure the corner pomts, chck
thee button below

| Start Over ;

| IC

| cancel | || Back |

patch, click Next or push the Enter button on the measurement device.
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15. Once the patches are

Patch Measurement

Click Start to begin measuring

positioned as requested by

- D- . - by ! the “Patch Measurement™
| AEEEE -
- D ]:l . I:I | wizard, the next display will
b - D . appear. Select the desired
: - DOEEE
0000 |
i

v ® L | I | i 5
|»

(Gnce ] [Coocx ) !

kind of values to measured

b

on the left side. There are

two options to measure:

XYZ option and Lab option.
The first one measures and computes tristimulus coordinates (X, Y, Z) and the second
the CIE color space values L*/a*/b*. It is a common practice in digital proofing to

select the Lab method. Click Start at the upper left button to begin measuring.

Patch Measurement

16. Just after start measuring, Sl Zp NN ST S eied
Highlighted patehies have values that wre
2 i different from their expected vales.
the Profile Editor will
To remeasure 3 galch L elick on the
display the values for each PEANF ) Sum T S ani e
l Measure I
patch being measured, as in Fateh A1
L 10000
the case shown at the right, v om
b .00
for “A1” with values of \ N
o A L3l

L*=100.00, a*=0.00, and

| cancel | | Back | |[ Finish ||

b*=0.00. — - e e R . —_—
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17. Once the Kodak Colorflow Profile Editor ends measuring, click Finish. The

“Measurement Wizard” will appear again. Now the option sets the attributes for

Measurement Wizard

Vou can set 3 punber of attributes for CHMYK profiles, neluding
UCR and GCR. Default settings produce 3 good profile, but you
may want to change the settings sceordirg bo your printer’s
requirements.

To set these attr ibutes, chck CHYE Options

S Otherwise, chok Hext to continue

CMYK profile. Click
CMYK Options ifa CMYK

setting is needed or the

profile needs be modified.
(cer optons )
Otherwise click Next. For a
deeper explanation on
cacel | [ B | |[_nea ||

CMYK attributes, see

Chan’s thesis: “A Study of Matching the Color of EPSON Stylus COLOR 3000 to

ANSI CGATS TR 001-1995 — Type 1 Printing.” Anyway, the values associated with

the CMYK output profiling
. ‘ LICR/GCR Tool
for Composite CMYK with :
TALC 7 UCR 221 400 100 Caleulated Color Curves
. . |soo Fﬂ iﬁ 4
reflective substrate described U /
Fax. Elack 5 0 100 _;/
uuuuuuuu //'
by Kodak Colorflow Profile —) et
Black Start (%) ] &5 A
Editor User’s Guide & [d | Cﬂ > s
Gray Component! P d
Peplacement & ¢
(GCRY 100
Reference are shown at the N i
Isé 1 cf ﬂé 1D (] CHYE B vz Dencity 132
right and written as: Black Curve Stape ;
@ Origmal 3 Light ) Medrn ) Heavy 3 Custom |Edi1 Black Curve | i
TAC/UCR = 300; Max.
I ) (oo | [ Hew ] [ catwnte | [ Resst | !

Black % = 100; Black Start

% = 0; and Gray Component Replacement % (GCR) = 86.
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Measurement Wizard 18. Next, the wizard will show

The wizard now has all the necessary information

o *‘;?,J;%‘ that it has all the necessary
information to build the
output profile. Click Build.

The “Measurement Wizard”

will display the Working bar

Cancel ] " EBack H

showing the advance, as

illustrated in the next two images. The bar is

Measurement Wizard

advancing until the profiling work is done. The Vrking

l i | Cancel |

more patches used in the target, the more time

Measurement Wizard

required to complete the building task. There is a

Workmg

Cancel option if the process needs to be canceled. B

Measurement Wizard

19. Once the profiling work is

S Conaratulabions! The wizard has budt or updated your profile

done, a Congratulations!

Vou can now save the profile and evahuate ot

Window will appear. Click

Finish to save the profile.

To exit from the wizard, click Finsh

]

l Cancel I
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20. The profile saving process has a window called “ICC Profile”. Edit the desired

Description for the profile, select ] ICCProfile 1 =
General I
the Manufacturer and the Model. It e = |
" Manutacurer I RIT > ]
is recommended to keep the profile £ e A
description eq]_]al to the ofthe Creation Date 10/06/99 132602
Madification Date 10/06/99 13 26 02
proﬁle thﬂt Wlll be saved Iater. Then, Copyrght Copyruq:! () Eastensn Kodak Company, 1999, 3l pights
reserve
copy the description for future use.

G0 edit_view cotorfo 21. Select File/Save from the menu to continue. Save the profile
New... BN

with the same name as the description edited in the step

S S S before. To use this profile it must to be saved in the System

1test

APomAIE ookl 98 utee Folder/ColorSync Profiles folder for Macintosh computer.

4 Monitor 10/7/99
Quit %0 For PC computers, the profile must be saved in

Windows/System/Color folder.
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Appendix H. Creation of different Lightness Values.

With Profile Editor it is possible to tune ICC-based CMS device profiles for output
devices using one of the three variables available in the Kodak Colorflow Profile Editor
color tools (lightness, Saturation, Hue). Tuning a profile requires that an output profile
has already been built.

In this research, with an output profile built, as shown in Chapter 5: Methodology, the
Kodak Colorflow Profile Editor Color Tools are used varying only one variable:
Lightness. The procedure to create the different proof profiles with different lightness

values is as follows.

I[N Edit View

1. Once the Kodak Colorflow Profile Editor has been lunched, select
File/Open from the menu to open the profile that will be tuned to

generate the proof profiles.

2. Select the desired profile by highlighting (aRraE] —ymos
@& Monitor 10/7/99 =
. R/G/B.+50L
it from the System Folder/ColorSync gmm:m
@ rainbow 983icc 0 | ——————
: : $C3000 Standard B
Profiles folder list for Macintosh i A
(7} Special Profiles =] Open
Computer, or from [ Show Profile Attributes
ProfileDeso Rainbow 283 oo SWOP -
. Device Mfg. ko«_uk 3
Windows/System/Color folder list for a peeeel Exblie
Device Colorspace CHYK
Connection Space Lab =]
PC computer. e -
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Once the desired profile had been selected, the profile attributes are able to be seen when

clicking the Show Profile Attributes box. Click Open.

— EditTransforms 3. The “Edit Transforms” window will be open.
::.";ﬁ.'.'.'::u: ety Select the desired part of the profile to be tuned
)
) Input
.o (modified). In this particular case, the output
ut
S e ] part of the profile will be tuned. Click OK.
4. The “ICC profile” window willbe  |= Rainbow.983.icc =
)
displayed showing the profile N e |
= . - Manufacturer: |_Kodak i |
attributes as Description, wbs — -
Manufact“rer’ and Mﬂdel. Keep Creation Date: 04/29/99 1507 32
Medification Date: 09/15/99 10:38:37
this window open during the tuning Gran Copyrioht 2 Estman Kedsk Compary, 1959, S1ighs
process.

L8 ColorTools Printer
[ image.. @ ®M
Evaluation Target.. ¥E

5. Select View/Image from the menu, to observe the changes

®F
L

Color Info
Edit List
v Toolbar
~ Status Bar

while tuning the selected profile.
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. EnlorTuuls Printer Window |
6. Select ColorTools/Selective Color from the menu to start Tone Curve
Saturati
Cololr:a'l’:nce
the process. The “Selective Color” window will appear as T —
Measurement Wizard.. %D
shown below. e -
Load Ef:lltl.lst...
Color Adviser.. %R
7. The “Selective Color” window shows the Hue, Saturation, and Lightness values for
the source point and the destination point, and lower and upper end of each of the
three variables ranges, as shown at the left. The color wheel at the left side of the
A= _ Selective Color window represents the color

Seleative Color | Preferences | Name |

Hue Sat L
sare P | 18 F 18
B T O |-} CO Y CO €

T e POI@FE IR @
we B J@F B @

[ view Affected Pixets

I T

i

[ eyedropper

[C_ox ) (cacel ] [ poteun ] [ hew )

space being used; at the right
side the displays for attributes
and their ranges are placed;
and at the bottom is the

Lightness bar.

As defined in the Colorflow V2.0 Manual, for the Selective Color option, the color

wheel is the color circle at the upper left area of the Selective Color display that

represents the colors that can be applied to a image. The circumference of the circle

represents hue. The radius represents saturation, where the closer to the circumferences

a color is, the more saturated it is. Lightness is not represented on the color wheel.
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Color range box. It is the squarish, pie-shaped box within the color wheel that
determines the area in which the color shift between the source and destination occurs.
The numbers for Hue, Sat, and L under Upper and Lower determine the boundaries. Both
source and destination must be within the boundaries.

Source. Indicated by “o0” on the color wheel, represents the original color of a point
in the image in terms of a hue, saturation, and lightness. Source values are absolute.
Destination. Indicated by “+” on the color wheel, represents the color to which the
sources (0) shifts. Destination values are relative to the source values.

Lower, [t defines the region of the color range box in terms of Hue, Sat, and L, and
are relative to the location of the source. In other words, it represents the color range box
boundaries counterclockwise to the source and closest to the color wheel circumference
in terms of hue, saturation, and lightness. Upper. Represents the color range box
boundaries clockwise (upper region) to the source and closest to the color wheel center in
terms of hue, saturation, and lightness.

Hue. Represents hue for source, upper, and lower. Sat. Represents saturation for
source, upper, and lower. L. Represents lightness for source, upper, and lower. Lightness
slider. Defines the lightness level of the selected color range.

In the Preferences option, the Saturation radius slider is used to select how much
of a color space is displayed in the color wheel. Text box. Numerically represents how

much of a color space is displayed. A setting of 1000 includes all colors. A setting of 0

displays only colors that are close to neutral.
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Saturation radius must be set

ad Selective Color =]

before setting the CO].OI' range box, Selective Color | Preferences | Name |

because the saturation radius can

Saturation Radius

1000
affect the shape of the color range O I 1} =

box. In the Name option, name is

used to record the device profile

modification. Under Description,

(o ) (comont ) (oetourt J [ ren )

a brief description of the

modification can be entered. The name is displayed in the Edit List under Tool Name.

The technique in this research is using the selective color in two different areas (two
area of the color wheel) with center points given by Hue and Saturation as two color
center points with hue values equal to 0, and 180 degrees, with +/- 90 degrees to build
each Hue range and to cover all the color wheel; the two color center points with the
same Saturation value equal to 500 units. The Lightness was changed by five units for
each proof profile to build twenty one different output profiles (included 0 that matched
with the reference). Starting with Lightness value equal to 50, as a source, the destination
Lightness values will be: -50, -45, -40, -35, -30, -25, -20, -15, -10, -5, 0, +5, +10, +15,

+20, +25, +30, +35, +40, +45, and +50 units.



As shown at the right, the first area

has to be set with Hue equal to 0, Sat

equal to 1000, and L equal to 50 for the

source, and Hue equal to 0, Sat equal to

0, and L equal to 50 for the Dest. Over
the lightness slider, both the arrow at
the right end, and the small circle

(source) in the center, can be seen.

Selectbve Color

smmlwum Name |

Descripbon:
Hight Side for L=+50

The setting for the second area is
shown at the right, with Hue equal to
180, Sat equal to 1000, and L equal to
50 for the source, and Hue equal to 0,
Sat equal to 0, and L equal to 50 for

the Dest.
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Selective Color |

Selecli Cdu]:"' n]NarleI

: He  Sa L

§m[g]ﬁ _1:;1 |mm :’;’ ]w _|::I
Dest [+] [0 :|_;_| |0 3;, IS'O _|:;|

e T IF 3 F 3

™ Wiew Affected Puels

_— I Evedosoe

ok | cows | Defar | Heb |

In the figure at the left, the assigned Name

and its Description for this modification is

shown.

Sm%lﬁefml Name |

Smne[cﬂﬁi—llﬁl_—l
b mfe Sf SR 3

™ View Afected Picels

ez l Wi

Defak | Hep |




B Preview and Output Edit List HE B I

[0 els|¢]s|x|?[b]

Tool Name 1 ToolType [ Descrption

[

O © Hue DLightness +50  Selective Colos  Right Side for Lighiness +50
O o [IEREITESSE] Sefective Color  Ledt Side for Lightness +50
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With the two areas of modification,
the first proof profile of twenty different
profiles was built. The next step is to
Save those modifications. At any stage

of this modification, the Edit List can

be viewed as shown in the Preview and Output Edit List display.

Once the tuned proof profile had been saved, the process of modification was

repeated for two areas of the color wheel, for the other nineteen proof profiles.
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Appendix I. Evaluation of Scales.

The color difference AE,, is a comparison between a single color and its reference. The

mathematics of this color difference in terms of the CIELAB is called CIE 1976. The

color difference formula follows:

AE}, = {(AL*) +(Aa*) +(8b*)

Where the particular differences are:

in lightness AL* = L*mpie — L*reference,
in a* coordinate Aa* = a*ample — 8% references
in b* coordinate Ab* = b*ample — b*reference

Evaluating the differences for lightness, a*-coordinate, and b*-coordinate, for each
colorimetric data sheet, the calculation of the color difference is shown in the next tables.
The first column represents the IT8.7/3 patch ID, and the columns represent each one of
the samples with their own lightness value. Their three-dimensional representation are

shown in the graphs that follow, and are arranged as the IT8.7/3 basic target.



Color difference calculation for lower lightness range, and ID from 1 to 40
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Color difference calculation for higher lightness range, and ID from 1 to 40
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Color difference calculation for lower lightness range, and ID from 41 to 80
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Color difference calculation for higher lightness range, and ID from 41 to 80

ID
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12.13
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15.10

15.76
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12.06

12.98
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2.43

3.11

4.70

6.66

7.37

9.04

10.08

11.31

12.10

13.07

49

1.76

2.18

3.83

5.57

6.08

7.50

8.70

9.84

10.11

11.33

50

1.08

2.44

2.94

3.85

4.92

5.49

6.69

7.74

8.82

9.50]

51

0.54

0.80

1.81

3:35

3.54

4.75

5.63

7.05

7.49

8.23

52

1.31

1,97

2.22

2.81

3.54

4.60)

542

6.27

7.32

8.39

53

1.80

3.03

2.90

2.80

2.87

0.62

2.3

0.96

1.35

1.50

54

0.96

2.97

2.70

1.56

2.40

0.69

1.66

1.03

1.74

1.52

55

1.91

1.96

2.90

4.06

1.93

1.90|

2.62

2.73

1.79

1.70

56

1.74

3.51

2.74

3.69

2.87

1.82

2.05

2.27

2.74

1.88

57

0.14

2.03

2.19

1.96]

1.45

1.66

1.87

1.94

2.26

2.22

58

1.87

2.50

3.51

2.50]

2.80

2.50

2.59

3.75

4.28

4.22

59

1.32

2.12

2.65

3.39)

3.25

2.31

3.10

2.96

3.13

3.35

60

0.53

0.89

1.22

1.79

1.70

2.81

2.67

295

3.11

3.35

61

0.33

1.21

2.14

1.51

2.34

1.91

3.59

3.34

3.54

3.31

62

0.55

0.83

1.05

1.93

1.80

2.84

2.89

3.45

3.39

4.18

63

1.44

1.91

222

2.50

3.09

3.37

3:55

4.50

4.69

5.24

64

0.99

0.82

1.36

2.27

2.77

3.15

3.76

4.29

4.75

5.48

65

0.52

1.47

1.50

2.21

2.66

2.72

4.02

5.23

5.80

6.55

66

1.66)

2.76)

4.07

6.10)

7.43

9.45

10.74

12.62]

14.46

15.73

67

2.45

3.23

5.29

8.27

9.77

12.14

14.07

17.63

19.50

21.78

68

1.61

4.26

6.31

9.79

13.41

15.49

18.37

21.45

24.72

27.34

69

2.87

4.70

8.42

11.83

14.58

18.09)

21.41

25.15

27.93

31.34

70

3.08

5.23

7.88

11.30]

14.95

17.84

21.04

24.64

27.05

29.73

71

2.18

4.40

6.97

10.16|

12.55

15.87

18.14

20.86

23.11

25.07

72

2.37

4.00

6.00

8.32

10.52

12.94)

14.61

17.04

18.20

20.39

73

2.21

2.93

5.07

7.59

9.16

11.07]

13.11

14.52

16.07

17.94

74

2.39

3.36

4.55

7.22

8.57

10.19

11.48

13.00

14.14

15.56|

75

1.86

2.:55

3.71

5.62

6.91

7.65

9.10

10.58

11.52

12.74

76

1.59

2.33

3.62

4.51

5.69

6.39

7.71

8.75

10.08

11.11

77

1.39

1.34

2.72

3.45

4.52

5.11

6.31

7.07

8.83

9.84

78

1.34

1.69

2.32

3.33

3.49

4.28

5.56)

7.14

7.23

8.32

79

2.62

3.99

6.65

9.22

11.86

13.98

16.79)

17.78

19.46

20.18

80

2.08

3.62

7.71

13.14

16.43

20.02

22.96

24.63

26.84

28.40

142



Color difference calculation for lower lightness range, and ID from 81 to 120

ID

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

81

62.96

57.18

49.48

44.75

39.27

34.73

30.02

2410

17.67

10.52

0.00

| 82

49.05

45.09

40.58

34.70

28.66,

22.74

18.36]

14.31

9.14

4.87

0.00,

83

29.79

24.15

21.42

18.75

15.80]

14.20

12.16]

8.19

5.13

2.67

0.00

84

12.81

9.69

7.94

6.30

5.61

4.52

4.11

2.94

1.42

1.20

0.00

85

28.14

25.20

22.97

1937

16.53

13.88

10.03

7.25

5.05

2.27

0.00

86

8.90

6.83

3.76

4.91

4.46

3.72

3.47

2.27

2.01

1.81

0.00]

87

38.18

32.27

27.18

22.83

16.59

11.99)

8.51

4.72

3.57

1.59

0.00

88

45.53

38.99

31.30

28.18

24.49

20.97

16.20

12.27

8.25

4.89

0.00

89

33.86

30.90

25.59

21.47

16.56

12.69

9.69

7.13

4.80

2.64

0.00

920

15.75

15.56

14.01

12.96

10.47

9.40

7.61

5.88

3.94

1.74

0.00

91

10.44

11.57

9.70

9.07

7.66

6.91

4.74

3.96

3.47

2.44

0.00,

92

23.20

22.00

19.24

16.40

14.04

10.98

8.61

6.10

3.95

2.10]

0.00

93

40.67

34.78

27.81

2327

20.10

17.26

14.53

11.22

7.55

4.47

0.00

94

42.54

36.86

28.82

23.12

18.44

15.76]

12.98

10.54

7.69

4.67

0.00

95

52.78

48.20

42.42

35.96

29.27

25.28

20.97

16.17

11.83

8.39

0.00

96

40.34

31.85

24.58

19.68

15.47

13.45

9.86

8.35

5.85

341

0.00

97

41.00

32.91

27.54

24.59

21.25

17.80

15.02

10.77

7.55

4.22

0.00

98

8.68

7.93

7.51

6.32

.57

4.92

4.09

2.64

2.68

1.21

0.00

99

17.81

14.64

12.84

10.96]

9.12

7.39

5.98

3.99

2.57

2.29

0.00

100

22.29

18.10

15.39

13.19

12.06

10.12

8.88

6.73

4.52

2.37

0.00

101

49.83

43.19

36.18

28.32

19.43

16.73

13.18

10.50

7.18

4.33

0.00

102

24.61

21.78

20.06

17.43

15.61

13.73

10.79

8.16

5.58

3.15

0.00

103

10.08

10.36

8.88

7.61

6.32

3,32

4.67

3.50

2.56

1.40

0.00

104

10.34

10.40

9.35

8.10

6.68

6.03

4.55

3.00

1.92

1.64

0.00]

105

32.07

31.73

28.97

26.39

22.33

18.93

15.89

10.46

7.92

3.67

0.00

106

39.29

36.44

30.28

24.42

19.15

13.19

10.14

8.25

5.80

3.56

0.00

107

26.39

24.84

2231

20.92

18.56

15.99

12:77

9.33

6.87

3.75

0.00

108

36.74

35.95

33.53

30.62

26.53

23.16

18.74

12.91

8.91

5.07

0.00

109

20.94

19.61

18.54

17.08

14.55

13.45

10.79

8.43

6.01

2.86

0.00

110

15.16

11.75

9.94

7.59

6.51

5.48

4.45

2.51

2.20

1.54

0.00

111

9.77

8.34

7.64

6.88

6.18

5.53

4.22

3.53

2.82

1.16

0.00

112

9.95

8.44

8.10

6.93

6.25

5.47

4.60

3.05

2.45

1.66

0.00

113

18.74

16.38

14.94

12.61

11.19

9.10

7.48

5.40

3.55

1.95

0.00

114

33.80

32.13

28.22

24.06

20.18

15.64

12.40

9.05

5.64

3.81

0.00

115

30.31

25.00

20.02

15.72

12.57

10.37

7.21

5.06

3.34

2.02

0.00

116

21.24

19.37

17.13

15.74

13.41

11.72

9.61

6.48

4.49

2.58

0.00

117

30.73

30.62

27.80

23.19

19.57

15.57

11.52

8.59

5.97

291

0.00

118

21.58

20.18

17.86

15.56

13.53

11.57

9.19

6.68

4.45

1.82

0.00

119

8.76

9.89

8.98

8.07

7.18

5.71

4.60

3.78

2.09

1.02

0.00

120

2202

21.01

18.85

16.59

15.04

11.87

9.81

7.18

4.60

2.80,

0.00

143



Color difference calculation for higher lightness range, and ID from 81 to 120

ID

+5

+10

+15

+20

+25

+30

+35

+40

+45

+50

81

3.68

8.21

11.49

12.26)

12.48

13.28]

13.41

14.34

14.74

14.56

82

1.94

4.83

8.47

11.98

14.45

16.79

19.22

22.72

25.07

26.71

83

2.67

5.29

7.93

10.83

12.08

12.69

13.87

14.74

15.98

16.12

84

1.94

2.92

4.00

5.48

6.41

6.69|

7.98

9.70

11.18

13.12

85

1.95

2.56

4.14

6.93

9.14

11.84

14.59

17.56]

20.05

21.88

86

2.08

3.25

3.38

4.45

4.83

4.11

4.86)

6.89

7.32

6.92

87

2.29

4.17

6.63

8.68

11.21

13.02

16.08

17.11

18.94

20.33

88

4.26

5.97

9.79

14.82

18.57

22.47

24.96

27.13

27.45

26.18

89

2.62

4.12

7.99

11.44

14.10

17.22

19.93

22.86)

24.61

26.59

90

2.92

3.00

5:37,

7.39

8.42

10.91

12.26

13.62

14.90

15.74

91

0.93

1.00

0.85

2:53

1.70

2.77

2.28

4.56

5.26

5.22

92

1.00

1.11

2.47

3.73

5.76

7.37

8.07

9.66

10.64

12.08

93

4.55

8.00

11.76

15.68

19.14

22.83

24.62

25.59

25.75

26.41

94

3.87

7.82

11.97

15.90,

19.30

22.36

24.91

26.35

26.77

27.60

95

2.98

7.53

14.34

18.66

23.12

25.65

27.14

27.37

27.46

27.02

96

3.03

6.90

9.77

13.25

16.34

19.60)]

21.70

23.42

23.95

24.9

97

3.71

6.26

10.25

14.14

17.91

19.44

21.16

23.16f

23.72

24.23

98

1.59

1.53

2.66

4.40

3.93

4.86

6.02

7.01

7.92

8.32

929

3.08

3.85

5.31

8.24

9.98

10.93

13.51

15.73

17.74

18.36

100

3.21

5.38

7.73

10.79]

13.34

1553

17.63

19.78

21.10

22.44]

101

4.00

7.25

10.64

13.93

16.68

19.22

21.88

24.97)

26.91

28.24

102

3.25

5.41

7.69

10.90]

13.50

16.35

17.82

20.18

21.87

23.31

103

1.03

0.51

1.97

3.24

3.67

4.93

339

8.14

8.48

8.95

104

1.47

2.40

291

5.23

5.35

7.65

7.94

10.45

11.57

12.67

105

0.91

2.03

3.45

4.99

7.20

9.38

10.28

13.04

14.52

17.45

106

3.81

7.28

11.78

16.06

19.88

23.40

26.80

30.18

32.92

35.52

107

3.01

5.31

8.57

11.85

14.86

17.69

19.89

22.49

23.85

25.81

108

1.54

2.20

3.48

5.85

6.70

8.11

9.19

11.30)

13.08

14.56]

109

2.81

4.37

7.08

9.76

12.16

14.97

16.74]

19.32

21.64

22.98

110

1.81

1.14

1.15

2.37

2.58

3.15

4.15

5.38

6.19

6.18

111

1.85

3.52

3.99

5.21

5.99

7.05

8.25

10.30,

11.27

12.34

112

1.84

1.86

2.54

4.09

421

5.45

6.14

7.43

8.32

8.75

113

2.31

3.48

5.23

7.76

9.54

11.12)

12.73

14.71

16.05

17.65

114

2.56

2.07

3.05

5.02

6.19

7.15

9.32

11.37

13.07

14.40]

115

2.47

4.07

6.35

9.82

12.55

15.09

18.10

21.01

22.78

25.08

116

2.14

4.11

6.07

8.28

11.00

13.12

14.42

16.40

17.27

19.11

117

2.07

1.77

3.36

6.21

7.99

10.22

11.99]

15.57

17.64

20.33

118

2.26

3.64

5.84

8.45

10.65

13.54

15.07

17.31

18.70

19.88

119

1.00

0.81

1.59

3.54

3.63

4.51

5.28

6.99

7.37

7.91

120

2.38

3.84

6.68

9.17

12.20

14.16

16.42

18.5

20.33

22.34

144



Color difference calculation for lower lightness range, and ID from 121 to 160

1))

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

121

33.77

32.01

26.98

22.03

17.76

14.84

11.93

8.48

6.43

3.91

0.00

122

1.22

2.16

2.06

2.00

1.76

1.65

1.29

0.90

0.70

0.46

0.00

123

5.47

6.13

5.75

5.48

5.18

4.11

3.27

2.88

1.67

1.27

0.00

124

8.89

9.04

8.69

7.63

7.16

6.16

4.81

3.90

3.04

1.37

0.00

125

3.62

4.56

4.48

4.2]

3.83

3.60

3.31

2.07

1.76

1.33

0.00

126

9.30

9.16

9.09

8.00

7.37

5.58

5.56

4.15

2.36

1.38

0.00

127

15.10

14.76

13.52

11.94

10.63

8.83

7.67

5.15

4.01

1.44

0.00

128

21.33

20.30

18.93

16.20

14.60

13.00

9.65

7.32

5.07

2.62

0.00

129

541

5.97

5.78

5.62

4.81

4.39

3.64

2.65

1.56

0.84

0.00

130

13.21

12.90

12.20

10.51

9.11

7.30

5.54

4.55

2.74

1.66

0.00

131

21.33

20.60

18.97

16.41

14.76

13.00

9.94

7.63

5.06

2.46

0.00

132

26.50

25.02

22.43

20.02

17.05

13.84

10.71

7:22

4.51

2.28

0.00

133

31.00

29.30

26.51

23.24

19.35

15.31

11.94

8.78

6.08

3.11

0.00

134

8.78

9.36

8.87

8.49

7.78

7.37

6.02

4.94

3.21

2.51

0.00

135

19.23

18.92

17.06

14.82

13.01

11.15

9.03

7.21

4.65

2.52

0.00

136

25.67

24.83

21.82

19.55

17.08

13.09

10.01

7.82

4.65

227

0.00

137

30.93

29.38

26.08

22.04

17.62

14.76

11.27

8.61

5.59

2.49

0.00

138

31.85

29.25

24.73

21.34

18.43

15.54

12.40

9.17

6.55

3.62

0.00

139

28.36

25.25

22.48

19.73

16.71

13.66

11.34

8.76

6.03

2.53

0.00

140

11.28

11.57

10.81

10.12

9.09

7.81

6.13

4.49

3.61

0.77

0.00

141

23.15

22.04

19.26

16.27

14.85

13.29

9.55

6.94

4.95

3.06

0.00

142

28.71

27.06

23.77

20.93

16.68

13.54

10.33

7.24

5.50

2.73

0.00

143

29.90

27.90

23.68

20.42

17.32

14.83

11.30

8.90

5.48

3.34

0.00

144

24.03

21.79

19.76

17.75

15.20

13.00

10.39

6.82

4.91

2.81

0.00

145

21.69

19.62

17.47

14.92

13.06

10.64

8.72

6.48

4.43

2.48

0.00

146

11.54

11.80

10.92

10.10

8.96

7.91

6.00

4.38

3.00

0.93

0.00

147

24.50

23.15

20.18

17.35

15.36

13.17

9.63

6.59

4.47

2.26

0.00

148

30.01

28.08

24.75

20.80

16.61

13.80

10.96

8.09

5.27

2.90

0.00

149

27.88

25.80

22.38

20.02

17.47

14.38

12.02

9.09

6.92

3.68

0.00

150

22.29

19.91

17.56

15.55

13.21

11.52

8.89

6.55

4.58

243

0.00

151

17.79

16.06

14.21

12.47

10.89

9.23

7.75

5.16

3.57

2.25

0.00

152

22.92

22.63

20.94

19.02

17.49

14.53

11.60

7.99

522

2.90

0.00

153

28.29

26.75

24.21

21.57

18.20

14.39

10.57

7.22

4.66

2.09

0.00

154

32.84

30.57

26.88

22.00

18.49

15.40

11.81

8.67

5.69

351

0.00

155

25.48

23.36

20.62

18.22

15.85

13.36

11.26

7.56

5.15

2.96

0.00

156

18.05

16.21

14.40

12.65

11.32

9.65

7.61

5.76

3.51

2.25

0.00

157

14.36

12.44

10.86

9.30

8.24

7.11

5.58

3.62

2.94

233

0.00

158

10.90

9.70

8.06

6.73

6.28

4.97

4.30

2.50

1.58

1.00

0.00

159

26.27

24.04

21.89

19.82

17.36

15.19

12.50

9.05

6.22

3.93

0.00

160

46.36

42.19

37.45

31.09

26.56

23.44

18.83

14.78

10.96

6.65

0.00

145
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Color difference calculation for higher lightness range, and ID from 121 to 160

ID

+5

+10

+15

+20

+25

+30

+35

+40

+45

+50

121

3.18

4.86

8.36

12.06

15.02

18.38

21.77

24.66

27.38

30.19

122

0.52

0.54

1.12

1.80

1.98

2.60

3.30

3.92

4.3

5.03

123

0.67

1.05

1.01

2.30

2.83

3.81

5.37

5.93

6.96

7.34

124

0.80

1.15

1.62

3.71

3.57

7.17

9:12

10.91

12:55

13.61

125

0.24

0.20

0.73

1.36

1.97

3.35

4.10

4.90

3.52

6.03

126

1.38

1.31

2.49

4.25

5.37

6.48

8.32

10.68

11.88

12.73

127

2.56

2.59

5.29

7.43

8.75

11.07

12.38

14.20

15.42

16.57

128

2.65

2.93

5.16

7.18

8.89

10.50

11.71

14.24

15.68

17.46

129

0.90

1.17

1.79

2.49

4.04

5.06

5.23

7.04

7.98

8.02

130

2.51

2.69

4.97

8.14

8.27

10.18

10.55

13.19

14.18

15.51

131

2.06

2.84

5.03

7.72

8.77

11.28

12.63

14.70

16.17

17.60

132

2.95

4.26

6.54

9.34

10.70

13.32

15.73

19.04

20.98

23.51

133

1.91

4.56

6.64

10.00

13.37

15.92

18.76

2227

24.83

28.21

134

1.05

0.72

2.12

3.56

4.06

5.02

6.45

8.22

8.61

10.33

135

2.09

2.83

4.25

6.52

7.64

9.44

11.14

13.32

14.96

15.70

136

2.07

3.87

5.12

8.22

9.84

12.58

14.95

17.68

20.15

21.96

137

2.41

4.38

7.20

10.87

13.50

16.89

19.70

23.10

25.83

28.79

138

3.07

5.14

8.30

11.53

14.65

18.82

21.57

25.14

28.21

30.81

139

3.3

5.33

8.04

11.38

14.40

17.98

20.87

23.89

26.60

28.73

140

0.93

1.17

2.31

4.15

5.51

7.39

8.13

10.27

1141

12.36

141

2.63

2.97

4.58

6.45

8.58

10.15

11.93

14.55

16.16

18.33

142

P

4.23

6.72

10.27

13.63

16.08

18.05

22.05

24.72

27.52

143

3.67

5.56

8.33

12.38

14.89

18.35

20.96

24.82

27.86

30.44

144

2.16

4.04

6.81

9.74

12.05

14.87

17.18

19.60

21.27

23.25

145

2.49

3.98

6.20

8.42

10.54

12.58

14.44

16.48

18.61

20.05

146

1.33

2.34

3.39

5.14

7.65

7.90

9.71

11.49

13.14

13.90

147

2.00

2.06

4.58

7.20

8.92

10.93

13.29

15.38

17.62

20.40

148

2.2

4.70

7.87

11.36

13.95

16.86

19.88

23.79

26.81

29.47

149

2.26

4.55

7.18

11.05

13.84

16.76

19.63

23.00

25.33

27.56

150

1.72

3.69

5.64

8.45

10.46

12.74

14.65

16.36

17.81

19.67

151

1.98

2.65

4.76

6.86

7.58

9.63

10.93

12.92

13.60

15.65

152

2.95

3.20

4.68

7.10

8.34

10.32

11.59

13.87

15.81

16.96

153

2.34

3.20

5.61

8.27

10.90

14.12

16.06

19.41

21.84

24.30

154

3.12

5.29

8.59

12.19

15.18

18.53

21.82

25.70

28.24

31.49

155

2.54

4.47

7.09

10.61

13.46

16.16

18.55

21.83

23.39

2547

156

2.07

3.12

4.70

7.22

8.64

10.21

11.38

13.72

14.66

16.34

157

1.28

2.17

3.63

4.52

3.23

6.59

7.86

8.89

10.55

11.42

158

0.81

1.52

2.26

3.30

4.16

5.19

5.99

7.10

8.27

9.27

159

2.88

4.23

7.11

10.38

12.25

14.19

16.54

18.41

20.24

21.13

160

4.26

8.62

13.82

17.93

21.49

24.94

27.57

28.89

29.35

29.58




Color difference calculation for lower lightness range, and ID from 161 to 182

ID

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

161

8.54

5.75

4.08

3.82

2.99

2.73

2.50

1.96

0.78

0.78

0.00

162

1.27

3.32

2.14

2.48

1.38

117

1.30

1.02

0.72

0.52

0.00

163

43.38

37.25

29.93

24.30

20.72

16.61

14.06

10.38

7.13

3.77

0.00

164

49.76

43.36

39.34

33.02

27.71

24.24

19.83

15.36

11.24

5.48

0.00

165

12.70

12.27

10.79

9.61

8.60

7.04

6.04

4.26

3.89

2.23

0.00

166

19.23

17.23

15.34

14.16

12.59

10.66

8.72

6.67

4.65

2.68

0.00

167

22.56

19.35

18.60

16.35

15.36

13.86

11.30

8.78

6.16

3.34

0.00

168

2.72

4.69

4.23

4.11

3.08

2.94

2.46

1.75

1.23

1.00

0.00

169

43.24

37.29

32.76

27.29

22.14

25

13.09

8.53

6.40

3.22

0.00

170

42.02

38.54

34.21

29.65

25.49

21.42

15.69

10.57

8.25

4.98

0.00

171

11.20

10.92

9.75

8.42

7.42

5.91

5.25

3.49

2.27

1.39

0.00

172

31.19

26.09

20.94

16.72

13.21

10.21

7.90

5.62

3.65

1.84

0.00

173

32.30

27.02

2225

17.45

12.38

10.28

8.47

6.58

4.78

3.04

0.00

174

21.19

20.88

18.58

16.67

1327

10.83

8.87

6.33

3.74

2.26

0.00

175

22.18

22.09

20.54

18.52

16.39

13.88

11.66

9.50

6.32

4.07

0.00

176

13.22

10.18

8.76

7.83

7.24

6.40

9.39

3.64

1.92

0.69

0.00

177

3.37

5.22

4.62

3.95

3.91

3.48

3.09

2.30

1.78

1.33

0.00

178

34.54

32.88

29.92

27.39

23.89

19.35

16.45

13.03

9.12

5.63

0.00

179

24.02

23.21

21.71

20.09

17.13

15.10

12.84

9.90

6.52

3.11

0.00

180

13.54

14.19

13.40

11.44

9.45

8.23

6.13

4.69

3.48

1.83

0.00

181

30.04

28.35

2595

22.02

18.13

13.20

9.86

6.78

3497

2.40

0.00

182

31.41

28.11

25.28

21.88

17.93

15.28

11.95

7.87

3.12

2.57

0.00
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Color difference calculation for higher lightness range, and ID from 161 to 182

ID

+5

+10

+15

+20

+25

+30

+35

+40

+45

+50

161

1.25

1.98

2.11

3.59

3.53

4.62

4.97

5.54

6.47

6.37

162

0.44

1.05

1.22

0.76

0.34

0.54

0.23

0.96

1.06

1.16

163

2.73

3.60

6.33

9.34

10.78

12.52

14.63

16.42

17.66

19.69

164

2.78

6.59

12.17

17.52

20.97

23.66

27.68

30.01

31.22

31.43

165

2.43

2.51

3.56

6.11

6.81

8.46

9.73

11.91

12.76

13.92

166

2.26

3.70

6.24

8.66

10.70

12.97

13.73

15.72

16.72

18.48

167

2.77

4.93

8.39

11.43

14.03

16.74

19.21

21.59

23.76

25.25

168

0.35

0.85

0.74

0.61

0.96

0.49

0.35

1.17

1.15

1.21

169

1.83

2.55

5.28

7.35

10.27

12.76

14.52

16.98

19.90

20.38

170

2.09

6.35

9.57

13.24

16.03

19.08

22.49

27.28

31.33

34.38

171

1.33

1.40

2.74

4.33

5:37

7.14

8.55

10.35

10.98

12.53

172

3.09

5.00

7.68

11.43

14.25

17.05

19.86

22.49

24.38

26.13

173

1.70

5.19

8.53

12.13

15.24

18.64

21.68

24.90

27.16

30.14

174

1.47

1.66

3.31

5.04

6.35

7.64

9.64

11.31

12.68

13.87

175

2.10

5.99

8.34

12.34

12.60

14.49

16.02

18.65

20.44

22.32

176

0.00

1.11

1.74

3.10

4.16

4.76

5.62

6.67

7.56

7.94

177

0.52

1.16

1.19

1.87

2.11

2.99

3.27

4.82

5.23

5.74

178

2.62

4.44

6.83

8.67

11.35

12.31

13.68

15.32

16.43

18.47

179

3.37

5.55

9.65

13.48

14.91

16.60

18.48

20.15

22.81

24.90

180

0.50

0.57

2.21

3.26

4.27

5:13

5.69

7.78

8.78

10.11

181

2.93

3.72

4.79

6.79

8.54

9.85

11.49

14.30

16.45

18.85

182

2.30

2.27

3.36

5.88

6.64

7.36

7.96

11.29

13.30)

14.56

In the following three-dimensional graphs, only the dark area (lower values of the

lightness range) is shown. The sample that matched with the reference is included.
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» Plot for Sample with lightness equal to —50 units.
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Plot for Sample with lightness equal to —40 units.
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» Plot for Sample with lightness equal to —35 units.
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» Plot for Sample with lightness equal to —30 units.
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» Plot for Sample with lightness equal to —20 units.
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» Plot for Sample with lightness equal to —10 units.
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AE_, Plot for Sample with lightness equal to 0 units
(sample that match with the reference).

Then, the averaged AE,, values, are:

-50 | 45| -40 | -35 | -30 | -25 |-20 | -15|-10| -5 | O
|Average DE 20.85{19.12]16.85/14.67/12.50{10.47| 8.46| 6.23| 4.35| 2.42{0.00
Standard Dev. 13.29(11.75/10.22| 8.84| 7.45| 6.32| 5.16| 3.95 2.74{ 1.61]/0.00

+5 | +10 | +15 | +20 | +25 | 430 | +35 | +40 | +45 | +50
Average DE 1.99( 3.27| 5.02| 7.14) 8.63/10.23/11.70{13.47|14.69|15.81
Standard Dev. 0.96| 1.88 2.95| 3.92| 4.87| 5.73| 6.42| 7.11| 7.64 822

From this table, the AE,, (metric) scale was obtained.
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From the improved color difference equation shown in Chapter 2 as:

Using the Hue difference as:
AHy = (6" + (8% (aC Y
the improved color difference equation is ®;
(ar Y (ac,Y (a,Y
AE,, = | + e | 4 ab
\ k.S, keSe kySy

where the weighting functions:

SL =1
Sc=1+0.045 C.,

Su=1+0.015C,,

and, the parametric factors:
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The AE, color difference values for this improved equation are:

Step  AE,, Scale

5 14.82
4 10.75
3 6.36
2 2.74
1 0.00
2 -7.09
3 -10.53
4 -14.27
5 -17.84

From this table, the AE,, scale was obtained.

Finally, from the data shown in the Table No. 4: Observer’s judgments for the Visual

scale, in Chapter 6: The Results, and identifying the sample number from the table for

AE, to each step, the Visual scale was built as follows:



Step  Visual Scale  AE, Scale AE,, Scale
5 15.81 15.81 14.82
4 12.17 12.59 10.75
3 7.20 8.63 6.36
2 3.39 4.15 2.74
1 0.00 0.00 0.00
2 -8.88 -5.29 -7.09
3 -12.63 -10.47 -10.53
4 -16.39 -15.76 -14.27
5 -20.85 -20.85 -17.84

157
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Appendix J. Hypothesis testing procedure applied.

Applying the classical seven-step hypothesis testing procedure shown in Step 6:

Psychometric-Colorimetric Correlation, Chapter 5: Methodology, to the Visual and AE,,

scales shown in Appendix I for higher lightness range, the results were:

Step 1: State the null and alternative hypotheses. The assumption to be tested and
the conclusion that it was accepted contingent.

Null hypothesis, HO,: there is a relationship between the Visual scale and

the average of CIELAB AE, color difference in I[CC-based CMS for

lightness values in between 50 and 100 units. The hypothesized value of

the population mean for the Visual scale ( 4, ) must be equal to the

population mean for the Metric scale (4,,. ) in each step scale.

Alternative hypothesis, H1,: there is no relationship between the Visual
scale and the colorimetric scale when using the average of CIELAB AE,

color difference in ICC-based CMS for lightness values in between 50 and
100 units. The hypothesized value of the population mean for the Visual

scale ( £, ) Must not be equal to the population mean for the Metric

scale (u,,. ) in each step scale.
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Step 2: Select the level of significance. The minimum acceptable probability of
occurrence for a difference between parameters. In each step of the scales

a level of significance () of 0.025 is stated (a 95% of confidence

interval).

Step 3: Determine the test distribution to use. In each step of the scales a “t”

distribution is used, because the sample size (n) is less or equal to 30 and

the standard deviation ( & ) is unknown.

Step 4: Define the rejection or critical regions. Part of the sampling distribution
that is specified as being unlikely. With a level of significance of 0.025 in
each tail, the remaining area in each half of the sampling distribution is

0.475 (0.500 — 0.025) and shown in the next graph.
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]
'
]

No Siéniﬁcant ‘
Significant Dli‘fereince 0.95 Significant
Difference 0.025 : Difference 0.025
A !
#Vz‘sual
-2.101 0.0 +2.101
Rejection Region > Rejection Region
(reiect HO:) Acceptable Region (reiect HO,)
E— (do not reiect HO:) S

Step 5: State the decision rule. Formal statement of the appropriate conclusion to
be reached. Reject HO; if the standardized difference between parameters

falls into a rejection region. Otherwise, fail to reject HO, (accept H13).

For higher lightness range:

Reject HO; for step of the scale No. 5 if
My < 15.81

ab

Or u,. > 15.81

ab
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Reject HO; for step of the scale No. 4 if
My <12.17-(2.101)(0.18) = 11.78

ak

Or p,,. >12.17+(2.101)(0.18) = 12.55

Reject HO; for step of the scale No. 3 if
Hyp < 7.20 - (2.101)(0.27) = 6.63

Or Hyge > 7.20 +(2.101)(0.27) =7.76

Reject HO, for step of the scale No. 2 if
Mg <3.39-(2.101)(0.28) =2.79

Or p,,. >3.39+(2.101)(0.28) = 3.98

For lower lightness range:

Reject HO, for step of the scale No. 2 if
My <7.88—(2.101)(0.52) = 6.80

Or ,,. >7.88+(2.101)(0.52) = 8.97

Reject HO, for step of the scale No. 3 if
My <12.31-(2.101)(0.35)=11.57

ab

Or s S 12.31 —(2.101)(0.35) = 13.05

Reject HO, for step of the scale No. 4 if
U, <16.62-(2.101)(0.16) =16.29

ab

Or Hyge, < 16.62 — (2.101)(0.16) = 16.95

Reject HO, for step of the scale No. 5 if
U, <20.85

ab

Or Mg <20.85
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Step 6: Make the necessary computations. Conversion of the difference between

parameters into a standardized value.

Step Min D‘gta Max

. 3 1581 15.81 15.81
E g 4 1178 1259 12.55
B2 3 663 863 7.76
T2 279 415 3.98
1 0.00 0.00 0.00

. 2 680 529 897
$€&% 3 11.57 1047 13.05
S&2 4 1629 15.76 16.95
~ 5 20.85 20.85 20.85

Step 7: Make a statistical decision. If the standardized value falls into a rejection

region, the Null hypothesis is rejected. Otherwise, accept.

Statistical

Step Min Delta E Max . .
Decision

5 1581 15.8115.81 Accepted
sig 4 1178 12591255 Rejected
£52 3 663 863 7.76 Rejected

2 279 415 3.98 Rejected

1  0.00 000 000 Accepted

2 680 529 897 Rejected
585 3 1157 10.4713.05 Rejected
3E2 4 1629 15.7616.95 Rejected

5 20.85 20.8520.85 Accepted
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Appendix K. Example of AE_, Distribution procedure.

In addition to the procedure shown in Figure No. 14, Chapter 5: Methodology, an

example of AE,, distribution procedure is represented here. The information is referring

to real data measured.

AE,, Distribution table

AE Frequency Cumulative %

0
4
8
12
16
20
24
28
32

36
More

1
86
64
2

1
9
1
0
0
0
0
0

55%
47.80%
82.97%
94.51%
99.45%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

Frequency

CREF distribution plot

=3 Frequency =—0= Cumulative %

100 ==+ = = =+ - ~ OO OO0 1 100.%
g0 +--if:fo sl ] g0
01 s 5 i- .CRlli‘eq.ual. E-“T_ fiaies
60 + -2 t00.5(50%) -1 60.%
50 +-- i i o canncal 5056
30 +-- cheedeadod b L 309
10 - [ HE R 10%
P H H S N Y
< e ERABE S g
T Delta E* <

Median

Cumulative
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