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ABSTRACT
In the textile industry a very important feature of materials intended for clothing products is
their color. This feature is assessed by each user in a subjective way, however the color of a clothing
product is an aesthetic feature that is of great importance during product manufacture. The article
presents an innovative device for assessing the color change of DigiEye. The device was used to
compare and evaluate the color change of fabrics before the washing process and after 5 washes.
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1. INTRODUCTION
The color of the surface, like grip and fragrance, belongs to the group of textile features
that directly affect the human senses. These features are determined organoleptically by users.
From a functional point of view, colors are one of the most important features affecting the
success of the product on the market. Color is defined as a psychophysical impression caused
by light waves, which is perceived by means of the sense of sight [1]. The color of the product
is a significant commercial feature of the textile product. Therefore, the organoleptic color
assessment is very difficult and complicated in the technological application, although man is
distinguished by the ability to distinguish and assess color up to 1000 different colors.
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There is a group of features of objects, where the measurements are burdened with the
features of creativity, therefore, for various reasons, they can not be treated routinely. One,
and at the same time the main reason is the lack of the possibility of permanent and complete
completion of identification of the mathematical model describing the object, eg because of
the need and necessity to take into account the individual characteristics of the observer [2].
The issue also concerns the measurement of color, although in 1931 the Commission
Intrenationale de l'Eclairage averaged them, while in 1964 they were modified and
normalized results enabling defining the process of perceiving colorful lights by man [3,4].
Along with intensive development of measurement techniques and computer science,
attempts are being made to solve measurement problems as well as numerical description of
color. Electromagnetic radiation, reaching the human eye, reflects off opaque surfaces or is
dispersed through the transparent body. White light can be split, for example in a prism, by
obtained separated light waves that have different wavelengths. (Fig. 1). In humans, the
visible spectrum is in the region of λ = 380-700 nm, often referred to as VIS - visual. We also
distinguish short wave radiation λ <380 nm, UV symbol - ultra violet.
Radiation waves longer λ> from 700 nm, are described by IR symbol - infra-red [3,5].

Fig. 1. The spectrum of white light [6]

Specifying the color depends on the amount of light energy, spectral light radiation, and
the presence of different colors in the environment of the selected color. The color of the
observed object is formed as a result of the action of electromagnetic radiation together with
the colored substance, which the object observed until now is colored. The measurement
consists in the correct reading of the physical phenomenon, and more precisely the color
impression. The interpretation of the phenomenon is described on the principle of additive
synthesis, referring to the color expression by the use of a numerical system. Quantitative
characterization of visible radiation is the subject of optics, and more specifically photometry.
In the case of the quantitative characteristics of colors that arise caused by the action of this
radiation, they constitute the scope of physical calorimetry research.
The discovery of the three types of suppositories in the human eye and photosensitive
substances present in the eye gave credibility to the trichromatic theory of color vision
proposed by Young, and developed further by Helmholtz and Maxwell. According to this
theory, stimuli induced simultaneously in three types of light receptors that are excited to
varying degrees cause in the brain the experience of all colors that arise through the
absorption of light of different wavelengths (Fig. 2) [6,7].
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The marks appearing in Figures 2 and 3:
L.P – retinal cone red,
M.D – retinal cone green,
S.T. – retinal cone blue.

Fig. 2. Trichromatic theory of color formation [6]

The theory of antagonism is based on the existence of not three, as in the case of the
trichromatic theory, and the four basic colors, ie green, blue, red and yellow. The impulses
that are taken from three types of suppositories in ganglion cells form ganglions - that is, three
new nerve channels used to transmit pulses to the brain (Fig. 3). The first channel is
responsible for sending red or green impulses, or their mixtures, having different
compositions. The second channel is responsible for sending blue or yellow impulses to the
brain or their different mixture. The third channel to the brain delivers impulses from all three
types of suppositories, while depending on their intensity, they can give a white or different
gray color impression [6].
It was assumed, therefore, that the first stage of color vision in suppositories is
experienced according to the trichromatic color theory, while the successive stages occurring
in the ganglion cells proceed in accordance with the theory of antagonism. Thus, the color can
be characterized according to the trichromatic theory, in the RGB and XYZ systems, and
according to the antagonistic theory in the Lab system [6,8].
The possibility of using in the industry devices for measuring color allowed for the
objectization of the described process. However, there were problems related to differences in
the parameters of the measuring device. The applied RGB and CMYK models used in
computer graphics were dependent on the type of device used to determine the color change.
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The necessary condition was to develop a system that would allow unambiguous
determination of the color and its changes, ie a system that would be independent of the
measuring device. The model was created on the basis of statistical analysis that determines
the average opportunity for the observer to perceive colors. Transformations of color systems
allowed for the development of the CIEL * a * b * [4,8,9] model. The created model is based
on the assignment of features such as: brightness, hue and saturation. Brightness determines
the percentage of achromatic colors white and black, as well as shades of gray in their range.
The shade is the main characteristic of the color, which is subject to change as the wavelength
of the visible light changes. The saturation is determined by the percentage of shade in the
color [3,4,10].

Fig. 3. Antagonistic theory of color perception [6]

The CIE L * a * b * system is characterized by coordinates describing the space. They
are two axes marked as a and b, which intersect each other perpendicularly to each other.
There is also a third axis perpendicular to the ab plane, which is the L axis, which is assigned
brightness. The main advantage of the system is the ease of comparing colors, which is
important during the production of products with complex color patterns [3]. The color
difference is marked E in the CIE L * a * b * system is described in accordance with the PNEN105-J01: 2002 and PN-EN105-J03: 2009 standards. The brightness of L is assumed to
have values from 0 which expresses black to 100 representing white. Coordinates of both a
and b can have positive and negative values. When, the coordinate a is described as a positive
value, it means the share of the red color, when the negative value - the share of green color.
In the case of the coordinate b, the positive values show the share of yellow and the negative
values of the blue [11]. A significant phenomenon that occurs while determining the color is
metawerism. This is a phenomenon involving different color perceptions referring to the same
object, depending mainly on the type of light that the object is illuminated. Currently, color
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measurements are carried out in various ways and mainly concern textiles, and the DigiEye
device is the most modern method of assessing color change [12,13]. Color measurement is
also used for the qualitative description of various food products [14,15], including, for
example, vegetable oils, pharmaceutical preparations, soils [16], mineral materials, e.g.
volcanic dusts and mineral resources [11].

2. RESEARCH METHODOLOGY
The DigiEye device (Fig. 4) used to assess the color change of individual layers of
materials and clothing packages is at the Lodz University of Technology.
The DigiEye device includes:





Digital camera,
Measuring cabinet containing special light sources,
Color calibration pallet,
Gray calibration board [3,17].

Fig. 4. DigiEye device

Before starting the measurements, the device should be calibrated. Special software that
contains the DigiEye device allows you to compare the colors of fabric samples before the
washing process and after 5 washing processes. The program compares the designated
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samples in the color space of both XYZ and L * a * b *. Additionally, the program generates a
graph of the re-emission factor R.
2. 1. Research object
Three fabrics were selected for the tests, differing in surface mass, thickness and weave
(Table 1).
Table 1. Characteristics of the selected fabric

Mass per unit
area [g/m2]

Weave

Cotton fabric
(raw)

145

plain

Synthetic fabric

249

twill

Synthetic fabric multi-colored

175

twill

Fabric type

Fabric photo
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2. 2. Test results
Using the DigiEye device, a color fastness test was carried out for 3 clothing fabrics.
Each fabric was subjected to a 5-fold washing process, followed by a change in the color of
the fabrics before washing and after washing. Using the device comparative photos were
made before washing and after washing, the average parameters L, a, b were determined and
a graph of light reemission was made.
Cotton fabric (raw)

Fig. 5. Picture of a cotton fabric (raw) before the washing process (left side) and
after 5 washes (right side)

Fig. 6. Graph of light reemission coefficient for raw cotton fabric
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Average values of selected parameters:
L*- 88,48
a*- 1,02
b*- 11,57
The average value of monochromaticity for the cotton fabric was 88.48 so the sample
can be determined as very light. In the sample, the share of red and yellow is also noticeable.
The share of red was on average 1.02, while yellow 11.57. The washing process causes the
fabric to turn yellow.
The light reemission ratio (Fig. 6) is high because a large part of the light falling on the
surface is reflected. The washing process could reduce the value of the factor, which is the
highest for pure white.
The value of the regression coefficient increases in the wavelength range 400-500 nm,
which corresponds to the violet, blue, green and yellow colors. The value increases from 50 to
almost 80%, and the highest value is obtained at a wavelength of 580 nm. In the range of 580700 nm the value of the coefficient is equalized and amounts to less than 80%. This interval
corresponds to the yellow and orange color, and also the wavelength of the sample studied
reflects the best.
2. 3. Synthetic fabric

Fig. 7. Photo of the synthetic fabric before the washing process (left side) and after
5 washes (right side)
Average values of selected parameters:
L*- 26,88
a*= - 12,57
b*-1,37
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Fig. 8. Graph of light reemission coefficient for the synthetic fabric
The average value of monochromaticity for a synthetic fabric with green colors was
26.88. This is a value close to the lower limit, so the sample is dark. The share of the green
color was -12.57 and the yellow color 1.9. A small share of the blue color of -1.26 is also
noticed. It can be assumed that the fabric has lost its color slightly after washing.
The light reemission ratio (Fig. 8) is low, which means that a very small part of the light
incident on the surface is reflected. Black almost completely absorbs light, but the fabric,
although it is very dark, is green, so the rate of re-emission is slightly different from the ideal.
The lowest value of the light re-emission factor was obtained at 610 and 700 nm. A little
higher value was recorded for the 460-580 nm range, which corresponds to the green color.
The average value of the reemission factor is below 10%, it is almost constant for each
wavelength, so all wavelengths are absorbed to a large extent by this fabric variant.
2. 4. Synthetic multi-colored fabric
Average values of selected parameters:
L*- 48,95
a*- 41,60
b*-33,44
The multi-colored synthetic fabric obtained an average monochromatic value of 48.95.
It is almost perfectly on the border between the division of black and white, so the fabric is
hard to determine whether it is darker or lighter. There is a noticeable high share of red color
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of 41.6 and a slightly smaller share of yellow color of 33.44. After washing, the colors may
vary in intensity.

Fig. 9. Picture of a multi-colored synthetic fabric before the washing process (on the left)
and after 5 washes (on the right)

Fig. 10. Graph of light reemission coefficient for a multi-colored synthetic fabric
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The light reemission ratio (Fig. 10) varies, which is caused by the color of the sample.
One color on the sample reflects more light and the other less. The light reemission ratio
significantly increases from a wavelength of 550 nm and stabilizes at a wavelength of 640
nm. Initially, the coefficient was characterized by a value of 10%, and then increased to 60%.
This means that the sample better reflects waves in the 550-700 nm range, and the range is
yellow, orange and red.
3. CONCLUSIONS
As a result of the tests, it can be concluded that the DigiEye device is very helpful in
assessing the color changes in fabrics. An additional advantage of the device is the ease of use
of the program with which the program works, in which we read the values of selected
parameters and receive a graph of the re-emission factor R.
The tests showed that each of the fabrics in the washing process more or less stained.
These changes may be invisible to the human eye.
Digital analysis allows you to see even small changes. Clear colors are additionally
yellow and red, and dark colors are green and blue. The light is best reflected by the bright
colors of the fabrics, but this deteriorates after the washing process. In the case of darkcolored fabrics, the washing process reflects more light.
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