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EFFECT OF FABRIC PROPERTIES ON OPTICAL PARAMETERS
OF PIGMENT-BASED INKJET PRINTS

The article presents the results of an experimental study
on the influence of the physical properties of natural fabrics
on the optical characteristics of prints produced by direct inkjet
printing with pigment inks. In response to the growing demand
for personalized textile products, the study analyzes image
reproduction on cotton fabrics with varying characteristics,
including color, thickness, weave type, and surface roughness.
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Introduction

The growing demand for apply-
ing various types of images to tex-
tile products has become a signif-
icant vector in the development of
the textile industry, as it adds both
economic and emotional value to
the final product. Direct-to-fabric
digital printing is currently one of
the most efficient solutions in mo-
dern printing technologies due to
its numerous advantages, including
speed, personalization, and the abi-
lity to produce complex designs
[1-3]. The use of fabrics with diffe-
rent weave structures, colors, and
textures necessitates the develop-
ment of technical and technologi-
cal solutions to ensure graphic, to-
nal, and color accuracy in repro-
ducing digital layouts. It is essen-
tial to consider that the physico-
optical properties of the printed
substrates particularly porosity

and color directly influence the vi-
sual perception of printed images,
including their colorimetric and
optical characteristics. In turn, the
surface texture and weave struc-
ture of textile materials affect the
graphical accuracy and sharpness
of image reproduction.

Research on the quality of prints
produced by direct digital textile
printing is conducted in several di-
rections, including the study of phy-
sico-mechanical fabric properties;
evaluation of the effectiveness of
surface treatments; implementa-
tion of intelligent methods and
algorithms for color management
in textile printing; and improvement
of ink formulations for inkjet textile
applications [4-10]. For example,
in [4], the influence of structural
characteristics of polyester fabrics
on graphical and color accuracy
was examined. It was found that
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ink diffusion depends on fiber po-
rosity, while surface pretreatment
helps reduce edge blurring in prin-
ted elements. In [6], it was estab-
lished that weave structure, fiber
type, surface fuzziness, and pretre-
atment significantly affect the qua-
lity of pigment-based digital print-
ing, particularly in terms of color
saturation and image durability.
Pretreatment reduces ink spread-
ing and migration into the fiber bulk,
which enhances the color intensi-
ty of the print layer; however, addi-
tional synthetic coatings may re-
duce ink-to-fiber adhesion. Further-
more, using yarns made from short
fibers increases color intensity
due to a larger pigment deposition
area but negatively affects rub re-
sistance, thereby reducing the fun-
ctional durability of prints.

The effectiveness of surface tre-
atment of cotton fabrics with ca-
tionic nanoparticles for improving
inkjet print quality on textiles with
different weaves was demonstrat-
ed in [5]. The treatment reduced
fabric porosity and surface rough-
ness, increased hydrophobicity, and
enhanced dye interaction, result-
ing in high image sharpness, im-
proved color saturation, and suffi-
cient ink fixation without signifi-
cantly affecting the tactile proper-
ties of the fabric.

To eliminate color differences
between the original digital design
and the print on textile substrates
caused by both the physical prop-
erties of the substrate and the cha-
racteristics of the output device
[7] proposed the use of ICC pro-
files generated based on material
data and printer parameters. A com-
parative analysis was conducted
between manually created profiles
and those produced using a reg-
ression-based neural network model.

Various algorithms are being
tested for optimizing production
processes and predicting product
quality [8]. The application of arti-
ficial neural networks, fuzzy logic,
clustering, and optimization algo-
rithms significantly enhances the
precision and efficiency of proces-
ses such as color management.
Nevertheless, challenges related
to data complexity and variability
in experimental conditions remain,
opening new directions for further
research [9].

The development of innovative
colorant formulations is addressed
in [10], where an improved reac-
tive ink formulation for cotton ink-
jet printing was proposed using po-
lymer components. Specifically,
the incorporation of polyethylene
glycol reduced satellite droplet for-
mation, limited ink spreading and
penetration into the fabric, and
increased dye fixation. These find-
ings confirm the potential of poly-
mer structures in the creation of high-
quality and cost-effective next-ge-
neration inks.

The conducted literature review
confirms the relevance of further
research in the field of branded tex-
tile product manufacturing, parti-
cularly in applications such as eco-
bags, drawstring backpacks, T-shirts,
and hoodies, aimed at achieving
predictable print quality.

The aim of this study is to in-
vestigate the influence of the pro-
perties of natural fabrics on the op-
tical characteristics of inkjet-print-
ed images using pigment-based
inks.

Methods

For the experimental study, an
Epson SureColor F200 inkjet printer
was used. This device is equipped

-
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with piezoelectric printheads and
water-based pigment inks that are
free from harmful volatile organic
compounds, making the printing pro-
cess environmentally safe. This
aspect is especially relevant when
printing on natural fabrics such as
cotton. Pigment inks are well-suit-
ed for textile substrates, providing
high durability and print fastness.

The test prints were applied to
three types of natural cotton fab-
rics differing in thickness, surface
roughness, and weave structure:

Sample 1: Ultra-soft, white, light-
weight plain weave cotton fabric;
yarn thickness — 0.17 mm; yarns
consist of twisted fibers; surface is
relatively rough.

Sample 2: Zweigart Edinburgh 35
ct. 3217/309 Light Mocha; light mo-
cha-colored plain weave cotton fabric;
yarn thickness — 0.41 mm; twisted
yarns with a rough surface texture.

Sample 3: Beige denim twill rib-
bed fabric; 100 % cotton; twill weave;
yarn thickness — 0.33 mm); tightly
twisted yarns; the surface exhibits
pronounced texture.

Photographs of the studied ma-
terials are presented in Table 1.

To evaluate the color repro-
duction accuracy and optical per-
formance of the prints, a test chart
was developed featuring stan-
dardized control elements intend-
ed for assessing tone and optical
properties of printed images on tex-
tile substrates (see Fig. 1).

The test chart was prepared in
the CMYK color space using Adobe
lllustrator. To ensure consistent print
conditions across all fabric sam-
ples, the standard CMYK profile
‘Standard SLOW’ embedded in the
printer’s RIP software was applied.
The output resolution was set to
1440720 dpi.

Table 1

Photographs of investigated textile materials

Fabric name

Photo of fabric weave

Photo of fabric fiber

Sample 1
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Studies [11, 12] have demon-
strated that the inherent shade of
the substrate material can cause
distortion in the colorimetric prop-
erties of printed images. To evalu-
ate the influence of the substrate’s
color on the optical and colorimet-
ric characteristics of the prints, fab-
rics with varying inherent color sha-
des were selected for analysis.
Table 2 presents the lightness (L*)
and chromaticity (a*, b*) values
of the investigated fabric samples.
For comparative purposes, the
CIELAB coordinates of a white un-
derlayer and standard office paper
used as reference measurement
backgrounds were also determined.

Printing was conducted using
two approaches. Sample 1 (white
fabric) was printed without a white
underlayer. Samples 2 and 3 were

2

C25M19Y19 KO

printed with a white underlayer,
which is technologically required
to ensure accurate color reprodu-
ction. Additionally, Sample 3 was
printed without an underlayer to
isolate and assess the influence of
the fabric’s inherent color on the
optical and colorimetric attributes
of the resulting prints.

To study the optical and colori-
metric properties of the printed sam-
ples, an X-Rite SpectroEye spec-
trophotometer was used (0/45° mea-
surement geometry, 2° observer an-
gle, D65 light source). Measurements
were performed on top of a white
office paper stack for both backed
and unbacked samples. The eval-
uated parameters included: optical
density (D), Lightness (L¥), color co-
ordinates (a*, b*) in the CIELAB co-
lor space, color difference (AE*).

3
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60% 70% 80% 90% 100%

Fig. 1. The test chart for experimental printing: 1 — CMYK tone scales
and their binary gradients; 2 — neutral gray balance patches (25 %, 50 %,
75 %); 3 — color memory patches (reference hues)
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Table 2
Colorimetric parameters of investigated fabric samples
Color simulation
Samples of materials L* a* b* of samples using
Lab coordinates
Fabric sample 1 90,99 2,49 -10,28
Fabric sample 2 81,52 0,91 10,96
Fabric sample 3 78,18 2,9 16,05
White underlayer 89,87 0,11 -0,51
Office paper 93,76 3,07 -8,13

The color coordinates of the test
patches in the digital reference file
were used as the target values for
evaluating the color difference
metric, as presented in Table 3. A
visual assessment of the uniformi-
ty and solidity of the printed color
layers was conducted using a Si-
geta Biogenic 40x—2000x micro-
scope.

Results and Discussion
The visual perception of the stu-
died textile substrates correlates with

the measured color coordinates, con-
firming the consistency of their chro-
matic tones. Samples 2 and 3 are
characterized by warm beige hues,
whereas Sample 1 and the office pa-
per exhibit a cooler tone, shifted to-
ward the blue-violet spectrum, as
indicated by the negative values of
the b* coordinate. Additionally, Sam-
ples 2 and 3 display lower lightness
(L*) values (Table 2), which may
further contribute to the reduction
in the perceived brightness and co-
lor saturation of printed images.

Table 3

CIELAB color coordinates of the 100 % coverage patches
in the digital test file

o T T [ o [ e [ e [ e
C 58 -25 -50 CMY 14 -2 17
M 50 74 -4 MY 48 66 54
Y 94 -13 101 cYy 49 =77 41
K 0 0 0 CM 20 36 -49
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Measurement results showed
that the lightness values of the prints
were generally higher, indicating
that the images appeared lighter
and less saturated (Fig. 2). An ex-
ception is the yellow control patch,
where the results are influenced
by the high transparency of the
yellow pigment and the underlying
substrate color. In Samples 2 and
3 with a white underlayer, the yel-
low control patch shows a loss of
lightness due to the presence of ad-
ditional colorant components, which
is a known feature of inkjet printing
technology [13]. For substrates with
a white underlayer, the lightness
values remain nearly identical, as
the image is formed on the under-
layer itself, serving as a uniform op-
tical background, regardless of the
textile base color. In Sample 3 with-
out an underlayer, the lightness
values of the CMY triadic patches
are slightly lower, confirming the
influence of the fabric structure.
Both composite black (CMY) and
process black (K) were reprodu-
ced with lighter tones compared
to the corresponding values in the

100

digital file, which is attributed to the
optical transparency of pigments,
light scattering on the textile sur-
face, and insufficient ink absorp-
tion by the fibers.

Fig. 3 demonstrates the impact
of the fabric on the rendering of 25 %,
50 %, and 75 % gray balance pat-
ches. Samples 2 and 3 (with white
underlayer) show Lab coordinates
closest to the digital reference, due
to the optical neutrality of the white
base. In contrast, Sample 1 exhibits
a noticeable blue hue in grayscale
patches due to the fabric’s inher-
ent color; similarly, Sample 3 (with-
out underlayer) reflects a warm yel-
lowish hue from the textile. It is evi-
dent that fabric influence is more
pronounced in low-saturation pat-
ches (25 %, 50 %) than in darker
areas (75 %).

The evaluation of the color dif-
ference metric (AE) enables a quan-
titative assessment of the color mat-
ching accuracy between the print-
ed output and the digital reference
file. The AE value serves as a critical
parameter for ensuring accurate
color reproduction and compliance

—— Lightness value

_94

of control patches in the digital file

B Fabric Sample 1

m Fabric Sample 2
(with white backing)

® Fabric Sample 3
(with white backing)

H Fabric Sample 3

(without white backing)

L*, Lightness

Y CMY K MY CY CM

Fig. 2. Influence of textile material on lightness (L*) for 100 % test patches
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with customer specifications. Accord-
ing to the certified Fogra Process-
Standard Digital (Fogra PSD) metho-
dology [14], the permissible AEqg
value depends on the selected le-
vel of color conformity and the in-
tended application of the printed pro-
duct. For the standard conformity
level ‘B’, the AEqq tolerance is de-
fined as less than 5.5, whereas for
higher precision requirements (le-
vel ‘A’), the AEgg must be below
4.5 [14].

Fogra PSD is based on a series
of international standards, includ-
ing ISO 15311-2 [15], which spec-
ifies a recommended tolerance
range for AEqq in digitally printed
textiles of 1.5t0 5.5.

To calculate the color differen-
ce, the AE1994(TextiIes) formula was
employed, as it accounts for the
specific characteristics of textile sub-
strates. Based on the calculated AE
values, presented in Table 4, gra-
phical dependencies were con-
structed to illustrate the influence

% 80.56 84.03

of fabric color properties on the
reproduction accuracy of the con-
trol patches.

Based on the calculated AE* va-
lues for grayscale patches (25 %,
50 %, 75 %) (Fig. 4, a), the influ-
ence of the fabric color is evident,
particularly for light and midtone
fields in Samples 1 and 3 (without
underlayer). In contrast, Samples
2 and 3 (with white underlayer) de-
monstrated AE values within the ac-
ceptable range (< 5 units), which
is reasonable, as the underlayer
effectively isolates the image from
fabric interference.

In analyzing AE for 100 % solid
patches (Fig. 4, b), Sample 1 and
Sample 3 (without underlayer) ex-
hibited slightly higher deviations
compared to underlayer-based
prints. This highlights the role of
substrate color and structure in
color accuracy.

A comparative analysis of AE
values across materials facilitates
identification of the optimal sub-

Control patches:

m25%

Y
g 2

L*, Lightness

m50%
m75%

1 — Digital file;
2 — Fabric Sample 1;
3 — Fabric Sample 2
(with white underlayer);
4 — Fabric Sample 3
(with white underlayer);

a*
>
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5 — Fabric Sample 3

31421 (65 (without white underlayer).

5

2.03 0.74

-3.51
849 -9.49
1 2 3 4

76

138 0.68

1455
11.74 309

Fig. 3. Impact of fabric on color coordinates of grayscale control
patches (25 %, 50 %, 75 %)
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Table 4
Calculated color difference values for the investigated materials
Color difference AEgg4(textiles)
Control patches Fabric Sample 3 | Fabric Sample 3
Fabric Sample 1 | Fabric Sample 2 (with white (without white
underlayer) underlayer)
C 9,27 9,17 9,41 12,97
M 11,84 4,78 4,69 11,52
Y 6,27 7,95 7,68 11,58
cmy 11,53 12,13 12,04 12,87
K 11,32 11,7 11,85 13,03
MY 9,32 6,87 6,79 10,35
(6)4 11,37 11,34 11,62 11,78
CM 12,23 10,49 10,57 14,53
GS 25 % 9,46 3,1 3,05 13,79
GS 50 % 13,72 3,89 3,94 8,69
GS 75 % 7,91 3,55 3,28 4,68

strate for consistent color repro-
duction, ensuring high-quality prints
aligned with digital proofs.

Fig. 5 presents the optical den-
sity (D) of 100 % patches. Sample
1 (without underlayer) exhibited
higher optical density than Sam-
ple 3. This is due to the high refle-
ctivity of light-colored (especially
white) substrates, which enhances
the ink’s light absorption and per-
ceived color saturation. Converse-

Control patches: m 25 %, 8 50 %, ¥ 75 %

=

AE 1994 (Texiiles)
3

Color difference,
e b s o

Fabric Fabric Sample 2 Fabric Sample 3 Fabric Sample 3
Sample | (with white backing) (with white backing) (without white backing)

a

Fi

Color difference, AE 994 (Texiles)

ly, dyed fabrics affect spectral ab-
sorption by contributing their own
reflectance, thus reducing overall
ink absorption and decreasing op-
tical density and contrast.

High optical density is generally
associated with greater color satura-
tion, as more light is absorbed by the
ink layer. To prevent saturation loss,
print settings may be adjusted to in-
crease ink density, tailored experimen-
tally to the specific textile substrate.

16 m Fabric Sample 1

® Fabric Sample 2
(with white backing)

® Fabric Sample 3
(with white backing)

u Fabric Sample 3
(without white backing)

— Standardized values
according to Fogra PSD

g. 4. Color difference (AE): (a) grayscale control patches 25 %, 50 %, 75 %;

(b) 100 % control patches
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1,6

1,4

M Fabric Sample 1

m Fabric Sample 2

1,2

0,8

0,6

Optical density, D

0,4

0,2

cC M

(with white backing)

® Fabric Sample 3
(with white backing)

B Fabric Sample 3
(without white backing)

Y CMY K MY CY CM

Fig. 5. Impact of fabric on the optical density (D) of 100 % control patches

Fig. 6 presents microphoto-
graphs of control patches from the
investigated fabric samples, which
were analyzed to assess the unifor-
mity, continuity, and homogeneity
of the printed image.

Sample 1 is characterized by a
loose plain weave and a highly
porous and open structure. On the
one hand, this structure facilitates
deep penetration of the dye into
the fibers, while on the other hand,
it promotes capillary spreading of
the ink within the material, result-
ing in reduced image edge sharp-
ness. In addition, the fabric con-
tains a significant amount of sur-
face fuzz and loosely twisted fi-
bers protruding above the surface,
forming a pronounced fluffy tex-
ture. This hinders the uniform ap-
plication of ink, especially in light-
toned areas of the image (Fig. 6, a).

Sample 3 features a twill weave
(with a diagonal rib), typical of de-
nim fabrics. This structure provi-
des high mechanical strength and
elasticity but creates a pronounced
surface relief. The fibers in this sam-
ple exhibit a fuzzy morphology, which
leads to uneven dye absorption:
the ink may be trapped between

fibers or accumulate on the peaks
of the texture, forming visual arti-
facts such as banding or mottling
(Fig. 6, d).

Sample 2 also exhibits surface
fuzziness but has a less pronoun-
ced texture due to a denser plain
weave. To minimize the adverse ef-
fects of fuzziness on image quality
and color accuracy in pigment
inkjet printing, the application of a
pretreatment coating is recommen-
ded. This coating reduces ink pe-
netration depth and improves ed-
ge sharpness [4-6].

For pre-dyed fabrics, the appli-
cation of a white underlayer is es-
sential to ensure accurate color
reproduction. However, printing
with a white underlayer may en-
hance the visual prominence of the
fabric’s surface relief, which neg-
atively affects the overall percep-
tion and integrity of the image
(Fig. 6, b, c). To reduce the visual
manifestation of the structural rel-
ief, a set of measures can be rec-
ommended: mechanical or chem-
ical surface smoothing; the use of
low-viscosity white pigment inks
with high spreading ability to avoid
ink buildup; and the application of
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Gray balance control patches

50% 75%

ik e .

100% control patches

Fig. 6. Microscopic views of printed control patches: (a) fabric Sample 1 (with-
out white underlayer); (b) fabric Sample 2 (with white underlayer); (c) Fabric
Sample 3 (with white underlayer); (d) fabric Sample 3 (without white underlayer)
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several thin layers of white ink in-
stead of a single dense layer. This
gradual build-up approach allows
for smoother coverage of the fab-
ric’s microrelief without excessive
texture enhancement.

Conclusions

Based on the results of the stu-
dy, the following practical recom-
mendations are proposed for ink-
jet printing with pigment-based
inks on natural fabrics. These gui-
delines should be taken into ac-
count both during the preparation
of digital artwork and in the print-
ing process:

1. On white fabrics that do not
require a white underlayer, solid
triadic colors (C, M, Y, K) are rende-
red using single-channel inks, re-
sulting in purer and cleaner color
tones.

2. On colored fabrics, the use
of a white underlayer is necessary
to ensure accurate color repro-
duction and to eliminate the influ-
ence of the fabric’s inherent color
on the printed image.

3. It was found that when print-
ing without a white underlayer, the
resulting images acquire a color
cast corresponding to the hue of
the textile substrate. For instance,
Sample 1, which has a noticeable
blue tone, imparts a blue shift to
the test patches. Similarly, Samp-
le 3 (printed without an underlay-
er) results in test patches exhibit-
ing a warm, yellowish tint originat-
ing from the base fabric.

4. The influence of fabric color
is more pronounced in the lighter
tonal ranges, particularly in the high-
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TEXHOJNOINIYHI NMPOLUECM

Y cTaTTi npeacTaBneHo pe3ynbTaTh eKCnepuMeHTanbHOro
AocChigKeHHN BrauBy di3nYHNX XapaKTepPUCTUK HaTypasibHUX
TKaHWH Ha ONTU4YHI NapamMmeTpu BiAOUTKIB, OTPUMaAHNX METO-
AOM MPAMOro CTPYMMUHHOIO APYKY NirMeHTHUMU YOpHUIamMu.
B ymoBax 3pocTaloyoro nonuty Ha nepcoHani3oBaHy TeKCTu-
HY NPOAYKLilO0 NpoaHani3oBaHoO AKiCTb BiATBOPEHHS 300pa-
)XeHb Ha 0AaBOBHSAAHMX TKAHMHAX i3 Pi3BHUMMU XapaKTepUcTUu-
KaMu: KOJIbOPOM, TOBLUUHOIO, TUMOM NepensieTeEHHS
Ta LWOPCTKICTIO NOBEPXHi.

KniouyoBi cnoBa: CTPYMUHHUIA APYK; HaTypasibHi TKAHUHU;
NirMeHTHi YOpHUNa; KonipHa BiAMIiHHICTb; CBITNOTAa;
onTUYHa rycTuHa; 6inuii nigknag,.
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