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Abstract: Textile materials are an essential part of contemporary architecture, the environment,
and urban spaces due to their unique appearance and qualities, as it is now possible to achieve
both a structural function and an aesthetic quality with textiles. As colour is one of the most
important characteristics of textile material, it is also important to understand the relationships
between colour and textile material with different surface qualities. In order to explain the complexity
of different textile materials and the appearance of colours, which consequently affects the colour
properties, this paper analyses this phenomenon. The presented research analyses the dependence of
the reproduction quality and colour appearance on fabrics of different construction and structural
characteristics, i.e., the texture of the textile material, printed using digital inkjet technology. The
aim of this work is to investigate the influence of various structural features of textiles on the colour
appearance of digitally printed textile substrates, to monitor the quality of colour reproduction, and
to analyse the behaviour of a reactive dye droplet on textile substrates. Printing of a particular shape
was performed using a Dimatix Materials Printer DMP-2831 piezoelectric inkjet device (provided
by the J. Stefan Institute, Ljubjana, Slovenia; manufactured by Fujifilm Dimatix Inc., 2230 Martin
Avenue, Santa Clara, CA, USA). The behaviour of the ink delivered by the needle of the tensiometer
DSA20E, Kruess GmbH (provided by the J. Stefan Institute, Ljubjana, Slovenia; manufactured by
Kruess Scientific Instruments (Shanghai) Co., Ltd. Futong Dong Dajie 10 Baoneng Center, Tower
B, Room 605 Chaoyang District, Beijing 100102, China), on the surface of the fabric was analysed.
The samples were digitally printed on a Mimaki digital printer Tx2-1600 (provided by University
of Ljubljana Faculty of Natural Science and Engineering, Slovenia EU; manufactured by Mimaki,
2182-3 Shigeno-Otsu, Tomi-city, Nagano, Japan), with reactive dyes, which were first pretreated in a
bath with a specific solution. The statistical method of image analysis and microscopic imaging were
used to obtain the characteristics of the porosity, texture, and roughness parameters. All results are
presented from colouristic analysis based on the objectification of colour and colour differences. The
objective values of the parameters of lightness (L*), chroma (C*), and hue (h°) show the significant
influence of the structure and properties of the substrate on colour reproduction, and significant
changes were obtained, which were confirmed by the evaluation of the colour differences. The results
confirm the influence of the substrate structure on colour properties. Furthermore, it is essential to
consider this complexity in the context of environmental colour design when utilising (coloured)
textile installations/materials in architecture and urban spaces, i.e., in the environment.

Keywords: environmental colour design; colour reproduction; textile design; digital textile printing;
interaction colour/textile; urban space
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1. Introduction

In the context of urban design and the aesthetic shaping of the human environment, the
interaction of colours and materials plays a key role. The presence, significance, dominance,
and inter-relationships of colours in the environment affect humans emotionally, physically,
and psychologically as they are constantly surrounded by and exposed to colour (Minah
2008; Minah and Nemcsics 2015). The material-colour-observer relationship implies the
dynamics of the interaction of colour with the observer, colours with surfaces, and surfaces
with the observer. In this complex trinity, the relationship between colour and surface and
their interaction with light and the observer is the subject of research that analyses in-depth
the influence of the surface on the interaction of colour and light and their joint influence
on the visual-aesthetic experience of colour by the observer.

Textiles are the dominant material that surrounds humans in all aspects of their
private and professional lives, taking on multiple forms and functions. It can be said that
textiles are a fundamental part of contemporary architecture, the environment, public
urban spaces, and urban design, as it is now possible to use textiles to achieve both a
structural function and an aesthetic quality (Premier 2020). As one of the most prominent
visual-aesthetic functions of textiles in building and designing the environment is to carry
colour and bring it into the material-colour—observer interaction, it is crucial to understand
the relationships between colour and surface, i.e., textile material with different structures
and surface qualities (Salim et al. 2013; Hansen et al. 2021; Gasparini 2022). The appearance
of surfaces and colours and the associations of form and colour materialise as an emotional
experience of the actual space (Smith 2008; Minah and Nemcsics 2015). Colour, as a
strong structural element in everyday life and the environment, plays a significant role
in creating and influencing the viewer’s decision about an object and its surroundings.
Colour is not an independent aspect of an object; on the contrary, it is a structural part of
the (built) environment. Therefore, numerous studies have been conducted in this area
on the influence of colour on how people experience their daily activities and each other
and how they understand a place, i.e., how it affects people psychologically (Mankhe 1996;
Smith 2008; Becerir 2017; McLellan and Guaralda 2018; Khalili 2019; Karunakaran et al.
2022), but a relatively smaller number of studies have been undertaken on the complex
and highly influential interaction of colour with textiles as one of the key elements and
materials for building the human environment. In order to explain the complexity of textile
material and colour appearance depending on the different structures of textile material
and the different textures that consequently affect colour properties, this paper analyses
the complexity of the interaction between colour and textiles using digital printing.

Today, with the accelerated growth and development of digital reproduction tech-
nologies in the field of textiles, the complexity and problematic nature of textile—colour
interaction is particularly emphasised. Namely, with the entry of digital technology into
the field of textiles, unlimited artistic freedom was made possible, and the design and
patterning of textiles by printing acquired a completely new dimension, but new challenges
and problems were also encountered. Digital printing is one of the leading technologies
in the field of contemporary textile printing, but the result of the final appearance of a
particular product depends on the interaction of several factors, focusing on the specific
characteristic of the textile material, three-dimensionality, the variety of surface texture,
and the variety of printing and colour ratio depending on the type and surface of the
specific textile material. In the field of textile design, the individual surface properties
and the influence of the colour of the substrate on the appearance of the product give
authenticity to a high-quality textile product. Digital inkjet is a multicolour graphic image
reproduction technology originally developed for homogeneous, uniform surface textures
such as paper. However, textiles as a unique, heterogeneous, three-dimensional form have
their own surface irregularities. Previous research on similar topics has confirmed that the
very fundamental mechanisms that determine print quality have not yet been fully eluci-
dated, and the role of textile surface texture has only recently been recognised as one of the
fundamental factors in print quality and achieving optimal colour gamut (Park et al. 2001;
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Bae 2007; Collis and Wilson 2012; Kuriki 2015; Parraman 2017; Gooby 2020; Kumah et al.
2020). Therefore, any study of the influence of the structural characteristics of the surface of
textile materials on print quality, the degree of deformation and spread of droplets on the
surface of textile materials, and the penetration of printing ink droplets into the structure
of textiles contributes to the understanding of these fundamental mechanisms.

Due to their characteristic three-dimensional heterogeneous structure, textiles are
coarse and porous compared to paper, resulting in the deformation of droplets and a
greater penetration depth of ink droplets (Gorji Kandi et al. 2008). The interaction of dyes
and textile materials in digital printing technology is essential for producing high-quality,
well-defined images for a specific purpose (Kan and Yuen 2012; Polston et al. 2014). The
complexity of the interaction of colour and different media in inkjet technology has been
studied by Lavery and Provost. The most important variables in the digital printing
system are the printing technology, physics of ink, interaction between dyes and textiles,
preparation phase, and finishing. The surface of textile materials has an accentuated,
nonuniform texture (Lavery and Provost 1999). Differences in texture are the result of
differences in fibres, yarn, structure (weaving or knitting, etc.), and finishing (Tkalec et al.
2019). In a study on the relationship between the visual perception of surface texture and
physical fabric properties, such as the geometric structure and optical properties, it was
concluded that the direction of the fabric (warp or weft) has a great influence on light
reflection and that the colour of the surface of the fabric varies in warp and weft directions
(Lee and Sato 1998; Lee and Sato 2001).

Research on the effect of texture on visual colour difference, usually with simulated
textures generated on CRT screens, confirms that texture is an important parametric factor,
but this influence is different for each texture; therefore, no simple set of parametric factors
can be determined for all potential textures in an industrial application (Xin et al. 2005;
Huertas et al. 2006).

Furthermore, investigations conducted on both, visual and instrumental evaluations
of the influence of the texture of (knit) patterns on colour, discovered significant dis-
crepancies between the two types of evaluation. Moreover, the influence of texture on the
colour/intensity effect depends more on the type of structural texture than on the roughness
of texture (Shao et al. 2006; Gorji Kandi and Tehran 2010). Texture has a significant effect on
the appearance of colour and the changes in reflectance associated with a change in tex-
ture, i.e., a transition from one texture to another (comb-yarn—fabric) (Moussa et al. 2008).
Texture roughness has a significant influence on image formation during printing. The
results related to colour and texture differences show the complexity of the interaction
between colour and surface and that the evaluation of the visually perceived texture of
the fabric correlates highly with the instrumentally measured values of surface texture
(Bae et al. 2014).

The research results found in the literature confirm the significant influence of texture
on visual colour perception as well as on instrumental rating results, but the quantity and
quality of this effect have not yet been fully investigated. The research presented in this
paper analyses the interdependence of the reproduction quality and appearance of colours
printed using digital inkjet technology as a function of the construction and structural
properties of the textile fabric. Due to the dominant use of colour and textiles in the built
environment and the increasing use of digital technologies for design reproduction and
implementation, extensive research is being conducted to provide answers to some of the
unresolved issues and problems when it comes to the implementation of designs with
digital printing technologies on textiles.

The aim of the research is to contribute to the understanding of the basic mechanisms
of the interaction between dyes, colour, and textile substrates, as there is a research gap in
this particular area.
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2. Materials and Methods

Samples of textile fabrics with a raw material composition of 50% cotton and 50% PA
were used for this study. The samples were produced by the Croatian manufacturer of
fabrics and protective clothing, Cateks Industry, using identical yarns but with different
construction characteristics, resulting in fabrics with different structures and textures. Three
different constructions are used in weaving: Plain 1/1, Twill 1/2 Z (3-link twill), and Atlas
1/5 (6-link irregular atlas). The structural-mechanical parameters of the fabrics are listed in
Table 1, and the schematic representation of the fabric constructions can be seen in Figure 1.

B
(b) (c)

Figure 1. Construction weaves of selected fabrics. Samples (a) Plain weave 1/1; (b) Twill weave %2 Z;
(c) Atlas weave 1/5 (6-link irregular Atlas).

Table 1. Structural-mechanical parameters of selected fabrics.

The Fineness of The Fineness of Warp Density Weft Density 2

Samples the Weft the Warp [Threads/cm] [Threads/cm] Mass [g/m”]
1 200.1
2 20 20 x 2 48 30 198.6
3 199.3

The structure of the specimens is also observed in digital microscope images taken
with DinoLite AM7013 (provided by University of Zagreb Faculty of Textile Tcehnology,
Croatia EU, manufactured by AnMo Electronics Corporation, 5F-1, No. 76, Sec. 2, Dongada
Road, Hsinchu City 300082, Taiwan) The microscopic images are shown in Figure 2.

8 | Unit: mm | Magnification: 50.7 x | anja |

Figure 2. Cont.
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Figure 2. Microscopic images of samples structure. (a) Sample 1 (Plain weave 1/1). (b) Sample 2
(Twill weave 1/2 Z). (c) Sample 3 (Atlas weave 1/5).

In the next step, the method of image analysis was used to investigate the influence
of different weave constructions of the fabric on its surface structure. The methodology
involved the simple scanning of selected fabrics, which was performed using a Canon
CanoScan LiDE 100 scanner (provided by University of Zagreb Faculty of Textile Technol-
ogy, Croatia EU; manufactured by Canon Inc., 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo
146-8501, Japan). In order to obtain the most accurate results on the amount of reflected
light exclusively from the actual textile material, a black nonreflective matte surface was
used as a cover for the scanner. In this way, it was achieved that the registered reflected
light represents only the textile material of the fabric and is seen in the obtained image
(Figure 3a) as light (white and grey) areas, while the part of the light that was not reflected
is registered as dark (black) fields (Figure 3b).

This method is used to determine the observed segment of the fabric surface as a
percentage of light transmission, i.e., the filling of the observed fabric.

In the next step, the Image] 1.53t program was used for image analysis, in which GLCM
Texture and SurfChar] 1q plugins were used to obtain data, i.e., parameters describing the
texture of fabrics and their surface roughness.

In the following experimental work, inkjet digital printing of the samples was per-
formed. A multicoloured image was created in Photoshop 7.0 software in specific pro-
portions of the primary process colours cyan (C), magenta (M), yellow (Y), and black (K),
(Figure 4). The image was printed on all three textile samples using a Mimaki digital printer
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Tx2-1600 (provided by University of Ljubljana Faculty of Natural Science and Engineering,
Slovenia EU; manufactured by Mimaki, Mimaki, 2182-3 Shigeno-Otsu, Tomi-city, Nagano,
Japan) with reactive dyes.
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Figure 3. Images of reflected and nonreflected part of the scanned fabric. (a) Scanned fabric.
(b) Nonreflected part of light.

1.C100; M 0; Y0:K 0

2.C0;MO; Y 100;K 0

-

3.C50;M0;Y 50;K 0

Figure 4. Image created in Adobe Photoshop; process colour proportion.

Considering the digital printing with inks based on reactive dyes, the samples were
pretreated in a bath with the following content: 400 g of alginate thickener (CHT Alginate
EHV 3%), 50 g of urea, 10g of Ludigol (BASF oxidising agent), 25 g of NaHCOj3 (alkali), and
515 g of water. The samples were impregnated on a two-roller foulard (pressure = 0.6 bar;
speed = 0.6 m/s). The squeezing effect was calculated, and the results are shown in Table 2.

Table 2. Squeeze effect for selected samples in pretreatment procedure.

Mass of the Dry Mass of the Wet . o
Samples Sample [g] Sample [g] Squeezing Effect [%]
1 45.55 48.00 60.96
2 29.82 73.53 61.43
3 43.37 86.22 98.80

After inkjet printing with reactive dyes, the samples were dried in air and then fixed
by steaming under the conditions of temperature and time (T = 100-102 °C, t = 10 min).

Then, the samples were rinsed with cold water, rinsed with hot water (T = 70 °C),
rinsed with boiling water until the capillary spread of the dye stopped, then rinsed again
with hot water at a temperature of 70 °C, and finally rinsed with cold water. The samples
were dried in a dryer for 3 min at a temperature of 100 °C.
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The following analyses were performed on the printed samples: microscopic images
taken with a DinoLite AM7013 microscope (provided by University of Zagreb Faculty
of Textile Tcehnology, Croatia EU; manufactured by AnMo Electronics Corporation, 5F-1,
No. 76, Sec. 2, Dongada Road, Hsinchu City 300082, Taiwan) and spectrophotometric mea-
surement of the colour properties taken with a DataColor 850 reflectance spectrophotometer
(provided by University of Zagreb Faculty of Textile technology, Crotia EU; produced by
Datacolor USA; purchased by Datacolor representative Miltonia d.o.0., Zagreb, Croatia,
EU), with a measurement aperture of 2.5 cm and a measurement geometry of d/8°. The re-
sults of colour objectification are presented by classifying the colour printed on the samples
into the a*/b* colour space and by comparative graphical representation of the objective
values of the colour parameters (lightness (L*), chroma (C*), and hue (h°)).

The colour difference is also calculated according to CMC(l:c), which is accepted by
the ISO standard (ISO 2009) for the evaluation of colour differences in textiles.

Furthermore, a microscopic analysis of the behaviour of the printing ink released
onto the surface of the fabric from the needle of the tensiometer DSA20E, Kriiss GmbH
(provided by the J. Stefan Institute, Ljubjana, Slovenia; manufactured by Kruess, Germany
EU), was carried out. Fluid and substrate interaction evaluation was then carried out on
the piezoelectric inkjet device Dimatix Materials Printer DMP-2831 (provided by the J.
Stefan Institute, Ljubjana, Slovenia; manufactured by Fujifilm, USA); an evaluation of the
interaction between the fluid (cyan reactive printing ink) and the textile substrates was
carried out.

3. Results and Discussion

This paper represents part of a larger research effort being conducted in the area of
the influence and interaction between the heterogeneous structure of textile fabrics and the
quality of colour reproduction in the context of the colour/substrate/environment connec-
tion. Colour is more than aesthetics; colour is communication, and the way it is applied
to textiles is an essential element of that communication. Textiles are the predominant
material in our environment, colour is the predominant visual feature, and printing is the
predominant technology for transferring colour and images to textiles. Therefore, this part
of the research analysed the relationship between these three factors. It was intended to
investigate the extent to which changes in the substrate to which the colour is applied, even
if they are in the realm of microstructures, contribute to changing the interaction of colour
and light and thus the interaction of colour and the viewer, and the impact of reproduction
technology on these complex relationships.

In order to monitor exclusively the influence of the structural surface parameters of
the fabric, the samples on which the test was performed were intentionally made from the
same yarn in a single weaving process, changing only the structural parameters, i.e., the
weave of the fabric, as shown in Table 1 and in Figure 1. Taking into account the different
structural features, the ImageJ 1.53t program was used to generate surface diagrams of the
fabric samples, which are shown in Figure 5. The surface plot shows a 2D image of a tissue
as a 3D plot.

By performing image analysis of the selected fabrics, insight was gained into the
properties of their porosity, texture, and roughness parameters. The results are presented
in Tables 3-5.

Table 3. Results of light transmission measurement.

Weave Tvpe Number of Number of Filled Fabric Porosity (%)
yP Black Dots White Dots Surface (%) y e
Plain weave 1/1 5,748,130 11,870 99.79 0.21
Twill weave 1/2 5,736,819 23,181 99.60 0.40

Atlas weave 1/5 5,698,886 61,114 98.94 1.06
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Figure 5. Surface plot of the fabric samples: (a) Plain weave 1/1; (b) Twill weave 1/2 Z; (c) Atlas
weave 1/5 from Image]J 1.53t program.

Table 4. GLCM texture parameters of greyscale images from Image] program.

Weave Input Image ASM Contrast Correlation IDM Entropy
Plain
0.001 40.760 0.004 0.252 7.014
weave 1/1
Twﬂl _4
9.239 x 10 51.744 0.003 0.214 7.311
weave 1/2
Atlas 0.002 35.425 0.004 0.327 6.868
weave 1/5

Table 5. Roughness parameters of greyscale images from Image] program.

Weave Rq Ra Rsk Rku Rv Rp Rt
Plain weave 1/1 14.9411 12.1816 0.3522 —0.2671 107.0000 255.0000 148.0000
Twill weave 1/2 17.9384 14.8954 0.3128 —0.6552 61.0000 255.0000 194.0000

Atlas weave 1/5 15.6166 12.5835 —0.3666 —0.0880 107.0000 255.0000 148.0000
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Table 3 shows the results of the measurements of light transmission, i.e., the calculation
of the percentage of the surface through which the light penetrates (porosity in %) and the
percentage of the surface of the yarn. The results show that light transmission does not
necessarily increase or decrease with a change in fabric type. From the results, it appears
that the porosity of these samples is mainly influenced by the density and less by the weave
type. When comparing fabrics of the same density, it can be seen that the porosity is lowest
for linen fabrics.

Table 4 shows the results of the texture parameters. According to Osapoetra, “A
smoother image gives a lower contrast, while a coarser image gives a higher contrast.
Correlation represents the linear correlation between adjacent pixels. Energy measures the
uniformity of texture between adjacent pixels, while homogeneity quantifies the occurrence
of pixel pairs of different intensity” (Osapoetra et al. 2020). According to Hladnik (Hladnik
and Gregor-Svetec 2010), most pixels are identical to their neighbouring pixels if the image
does not have high contrast. ASM (angular second moment) or energy provide data on
the distribution of grey levels of the image; images with fewer grey levels have greater
uniformity. Twill weave 1/2 has the highest contrast, indicating the greatest roughness.
The same sample has the lowest value for ASM, correlation, and IDM.

Table 5 shows the values describing the roughness of the samples. Texture patterns can
be caused by physical surface properties such as roughness (Hladnik and Gregor-Svetec
2010). Roughness is the quality of texture; it describes the nature of the surface (Djonov and
Van Leeuwen 2011). It is quantified by the vertical deviations of the actual surface from its
ideal shape. If these deviations are large, the surface is rough; if they are small, the surface
is smooth. Ra is the average roughness of the surface. If the value of Ra is large, the surface
is rough; if the Ra is small, the surface is smooth. According to the results, Twill weave 1/2
has the roughest surface, while Plain weave 1/1 has the smoothest surface.

As PAs have similar dyeing properties to protein fibres, e.g., wool, and are printed
and dyed with dye groups similar to those used for protein fibres, reactive dyes are not the
first choice for application to protein fibres, but they are widely used, so their application
to PA synthetic fibres is also possible. Printing with inks based on reactive dyes requires
pretreatment of the textile material in an alkaline bath, which is necessary to initiate the
reaction of the dyes with the fibre. When dyes are used in digital inkjet printing technology,
processes of modification and adaptation of the dyes, as well as other components of
the inks, are necessary to achieve optimization according to the technical requirements
of the digital printing machines, i.e., their print heads. In systems using dye-based inks,
the chemicals and auxiliaries necessary for the dye—fibre reaction must not come into
contact with the elements of the printhead because of the risk of corrosion or clogging of
the nozzles.

Figure 6 shows the prints on the selected fabrics after fixation by steaming, washing,
and drying.

The strong influence of the substrate is immediately apparent, and there are visible
differences in the quality of colour and pattern reproduction due to the structure of the
substrate. It is also observed that printing ink is spilt and that individual design elements
cannot be kept within the specified contours. The reason for this is the presence of PA fibres,
which, due to their hydrophobicity, can be dyed with reactive dyes but cannot absorb the
amount of water contained in the printing ink at optimum speed. (Printing inks contain a
higher proportion of water and are of very low viscosity.)

After printing, analysis was performed by taking microscopic images with a DinoLite
AM7013 digital microscope (Figure 7).

The interaction between the fabric structure and the colour obtained by printing is
visible. Irregularities in the mixing of the process colours are clearly visible, occurring
precisely because of the influence of the structure, which prevents correct positioning and,
thus, the optimal mixing of the process colours according to the requirements of the image.
The influence of the weaving points of the fabric, the places where there was no mixing
of the process colours, and the points of the individual components are all clearly visible
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(for example, in the case of green, the microscopic image clearly shows the places where
the mixing of the process colours yellow and cyan did not occur). The characteristics and
shape of the capillary overflow of the ink, which is different in all three samples, can be
seen, as well as the quality of the reproduction of the contour sharpness.

= =

(b)

©

Figure 6. Digital inkjet prints on selected fabrics. (a) Sample 1 (Plain weave 1/1). (b) Sample 2 (Twill
weave %2 Z). (c) Sample 3 (Atlas weave 1/5).

Spectrophotometric measurements of the colour properties are shown in Figure 8 as an
arrangement of colours in the a*/b* colour space and in Figure 9 as comparative histograms
showing the change in lightness (L*), chroma (C*), and hue (h°) for printed inks due to
different substrate structures.
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Figure 7. Microscopic imaging performed by digital microscope Dino-Lite. (a) Sample 1 (Plain weave
1/1). (b) Sample 2 (Twill weave % Z). (c) Sample 3 (Atlas weave 1/5).
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Figure 8. Results of spectrophotometric measurement: values of the printed samples placed in a*/b*
colour space.
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Figure 9. Results of spectrophotometric measurement: values of parameters of lightness (L*), chroma
(C*, and hue (h°).

The presented results of colour placement in the a*/b* colour space and a comparative
plot of the chroma (C*), lightness (L*), and hue (h°) values of the analysed colours show the
influence of structure and topographical conditions as well as the porosity of the substrate
on colour reproduction and appearance. It can be observed that the greatest influence
is on the chroma value (C*), which was also to be expected. In fact, the surface texture
and the topographical nature of the textile have no influence on the representation of the
wavelengths and the dominant wavelength in the reflected part of the incident light, which
defines the colour that the viewer sees, i.e., its spectral characteristics. However, it certainly
affects the ratio of the reflection, absorption, and scattering of the incident light, which
affects the appearance of colour, i.e., the ratio between brightness and chroma. Therefore,
under the influence of the surface structure, there are changes in the appearance of colour,
which may be associated with the perception of a darker, lighter, or more saturated colour.

The results obtained are also confirmed by the colour differences. A comparison was
performed according to the CMC(l:c) system, which is recognised by the ISO standard for
the evaluation of colour differences in textiles. The results are presented in Table 6.

In calculating the colour differences, textile Sample 1 was used as the reference colour
sample (standard), with which the same colours on textile Samples 2 and 3 were compared.
Although the other values of the total colour difference, with the exception of the green
colour, do not exceed the tolerance limits, when considering the individual values of the
differences in hue, chroma, or lightness, they confirm the influence of the textile structure
on colour rendering and appearance, which will certainly lead to visible differences.

In the final analyses, the behaviour of the ink delivered to the fabric surface by the nee-
dle of the DSA20E tensiometer, Kruess GmbH (provided by the J. Stefan Institute, Ljubjana,
Slovenia; manufactured by Kruess, Germany EU), was examined, and the evaluation of the
interactions between the liquid and the substrate were carried out using a Dimatix Materials
Printer DMP-2831 (provided by the J. Stefan Institute, Ljubjana, Slovenia; manufactured by
Fujifilm, USA) piezoelectric inkjet device. Analyses were performed for cyan reactive ink.
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A microscopic image of reactive dye droplets on the surface of textile samples during
measurement using the DSA20E tensiometer, Kruess GmbH (provided by the J. Stefan
Institute, Ljubjana, Slovenia; manufactured by Kruess, Germany EU), is shown in Figure 10.

Table 6. Colour difference comparison.

CMC DE CMC DL*/SL CMC DC*/SC CMC DH*/SH
Standard: Sample_1_Green
Sample_2_Green 3.2 0.7 —1.4 —2.8
Sample_3_Green 15 0.9 —0.8 -0.9
Standard: Sample_1_Yellow
Sample_2_Yellow 04 0.2 —0.3 0.2
Sample_3_Yellow 1.1 0.2 1.09 0.1
Standard: Sample_1_Blue
Sample_2_Blue 0.8 0.2 0.7 —0.3
Sample_3_Blue 11 0.4 1.0 -0.3

RL B B PR

"l

Figure 10. Printing ink drop on Sample 1, Sample 2, and Sample 3. (a) Sample 1 (Plain weave 1/1).
(b) Sample 2 (Twill weave % Z). (c) Sample 3 (Atlas weave 1/5).
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The following was observed: despite the pretreatment of the surface of the textile
material, it is possible to monitor the influence of the texture and structural parameters
of the fabric based on the behaviour of the dye droplet. There is a difference in coverage,
meaning the accumulation of printing ink in the spaces between the weaving points and
weaker coverage on the upper surface points. A clear difference is visible in the form
that a droplet of dye solution takes on a particular material, and clear differences between
the samples can be observed. The form of capillary spreading of the dye droplet was
also monitored.

Furthermore, a fluid and substrate interaction evaluation carried out on the piezoelec-
tric inkjet device Dimatix Materials Printer DMP-2831 and including cyan reactive printing
ink is shown in Figure 11.

In the final analyses, the behaviour of the ink applied to the fabric surface with the
needle of the DSA20E tensiometer, Kruess GmbH, was examined, and the evaluation of
the interactions between the liquid and the substrate were performed with the Dimatix
Materials Printer DMP-2831 piezoelectric inkjet device. The analyses were performed for
cyan reactive ink.

A microscopic image of reactive dye droplets on the surface of textile samples during
measurement with the DSA20E tensiometer, Kruess GmbH, is shown in Figure 10.

Figure 11. The images of the printed form on the samples after testing on Dimatix. (a) Sample 1
(Plain weave 1/1). (b) Sample 2 (Twill weave 1/2 Z). (c) Sample 3 (Atlas weave 1/5).

A printing form is printed on the Dimatix device to contain individual circular el-
ements. The microscopic image shows the printed shape on the surface. The following
is observed:
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- The dots do not maintain their regular circular shape but spread out in a star shape;
- An accumulation of ink is observed in the spaces between the weaving dots, and the
colour characteristics differ from those of the upper surface dots of the fabric.

4. Conclusions

Textile materials are a fundamental part of contemporary architecture, environmental
design, and urban spaces due to their unique appearance and qualities, as it is now
possible to use textiles to achieve both a structural function and an aesthetic quality. As
colour is one of the most important characteristics of a textile material, it is also crucial to
understand the relationship between colour and objects, i.e., textile materials with different
textures and surface qualities that consequently affect people emotionally, physically, and
psychologically and the (built) environment.

The research presented in this paper confirms the complexity of the interaction of
colour and the structure of the textile substrate. Looking at the results of the image analysis,
when comparing fabrics of the same density, it can be seen that porosity is lowest for the
fabric in Plain weave 1/1. In terms of texture parameters, Twill weave 1/2 has the highest
contrast, indicating the highest roughness. Moreover, according to the roughness parameter
Ra, Twill weave 1/2 has the roughest surface, and Plain weave 1/1 has the smoothest
surface. The results of the objective values of the parameters lightness (L*), chroma (C¥),
and hue (h°) show the significant influence of the structure and properties of the substrate
on colour reproduction, and significant changes were obtained, which were confirmed by
the evaluation of the colour differences. The results confirm the influence of the substrate
structure on colour properties. Furthermore, it is important to consider this complexity in
the context of environmental colour design when (coloured) textile installations /materials
are used in architecture, urban spaces, and the (built) environment.

In the digital printing process, a deeper understanding of these features is required to
allow optimization of the process parameters and the prediction of possible errors and shifts
in the colour properties of the print. This will allow better control of colour management in
colour reproduction processes as digital technologies further develop and increase their
influence on colour aesthetics and their effects.
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