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Abstract: Print mottle is a print defect. This print defect has great attention in print quality assessment. Print mottle
is determined by the grey level co-occurrence matrix (GLCM). An important parameter in the GLCM processing is the
direction angle of pixels in the digitalized print image. This research aimed to investigate the influence of the direc-
tion angle, which is an important input parameter in GLCM processing, on the output parameters, such as entropy,
energy, contrast, correlation, and homogeneity. Hence, prints were generated in four different colors (cyan, magen-
ta, yellow and black) on white polyester elastase fabric by sublimation printing. The non-uniformity of the print for
each color was processed at different direction angles, such as 0° (horizontal), 90° (vertical), 45° (right-diagonal),
and 135° (left-diagonal). Values for GLCM parameters obtained at different direction angles were slightly different
regardless of print color. The choice of direction angle influenced the values of GLCM parameters. The average of all
four directional angle values obtained for each GLCM parameter was taken. The GLCM processing method can be
used for prints of different colors, patterns, and different quality levels to evaluate their print uniformity..
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MATRICA KO-POJAVLJANJA NIVOA SIVOG (GLCM) ZA
ANALIZU STAMPE NA TEKSTILU

Apstrakt: Ujednacenost stampe je nedostatak Stampe. Ovaj nedostatak stampe ima veliku paznju u proceni kvaliteta
Stampe. Ujednacenost Stampe je odredena matricom ko-pojavijanja nivoa sivog (GLCM). VazZan parameter u GLCM
obradi je ugao pravca piksela u digitalizovanoj slici stampe. Ovo istrazivanja jeimalo za cilj da ispita uticaj ugla pravca,
koji je vazan ulazni parameter u GLCM obradi na izlazne parametre, kao sto su entropija, energija, contrast, korlecija
i homogenost. Dakle, stampe su generisani u Cetiri razli¢ite boje (cijan, magenta, Zuta i crna) na beloj tkanina od po-
liestera i elastana sa sublimacionim stampanjem. Neujednacenost Stampe za svaku boju obradena je pod razlicitim
uglovima pravca, kao sto su 0° (horizontalno), 90° (vertikalno), 45° (desno-deijagonalno) and 135° (levo-dijagonal-
no). Vrednosti za GLCM parametre dobijene pod razlicitim uglovima pravca su se malo razlikovale bez obzira na boju
Stampe. Izbor ugla pravca uticao je na vrednosti GLCM parametara. Uzet je prosek sve Cetiri vrednosti ugla pravca za
svaki GLCM parametar. Metod GLCM obrade moze se koristiti za Stampe razlicitih boja, sara | razlicitih nivoa kvaliteta,
kako bi se procenila njihova ujednacenost.

Kljucne redi: polyester, sublimaciona stampa, ujednacenost stampa, ugao pravca, GLCM metod.

1.INTRODUCTION unique prints. The constant need for improvement

Printing technology is advancing and changing and development in textile printing imposes a con-

intensively and rapidly [1-8]. As the industry of print-
ing textile develops every day, great attention is paid measure of success for color printing technologies is
to advancing and designing different techniques and  print quality [13]. It is an important customer require-

stant need to improve the quality of the print [9-12]. A
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ment along with other requirements, such as price,
productivity, connectivity, and reliability. The quality
of the print is a criteria factor in the decision of the
buyers when choosing and buying printed textile
products. The purpose of print quality is to meet the
needs of customers. Analysis of print quality is one of
the common tools for assessing print quality and un-
ambiguously transmitting results within and between
companies in the printing industry. Print quality can
also be used in marketing for product positioning.
In science, print quality is used to obtain repetitive
quantitative measurements to analyze results and to
provide information for process and product improve-
ment and development [13-15]. Results from analysis
in production provide the efficient determination and
elimination of errors. An unevenness in print density,
referred to as print mottle, is a common print defect
[13,16]. When judging the print quality, print mottle is
of the most importance. The appearance of this type
of defect on the printed textile is taken as an error that
evaluates the entire quality of the print. In full-tone or
half-tone prints, print mottle is measured.

Method for image processing through grey level
co-occurrence matrix (GLCM) is used to assess print
mottle [17-21]. This method is based on an analysis of
the digitalized print sample in TIFF format. The forma-
tion of a grey level co-occurrence matrix is based on a
digital image. The GLCM matrix is composed of grey
levels pairs placed at a certain distance and direction
angle of the pixels in the digitalized printimage, while
the pair of grey levels is composed of pixels, one of
which is the reference and the other is adjacent. Pos-
sible directions are 0° (horizontal), 90° (vertical), 45°
(right-diagonal), and 135° (left-diagonal). Statistical
parameters of the first- and second-order are used to
determine the non-uniformity of the print. It is pos-
sible to process from the GLCM matrix. First-order
statistics give values for the standard deviation, and
second-order statistics give values for the ratio be-
tween the pixels of the image in space so that a value
is obtained that indicates whether the printed surface
is uniform. A group of researchers found that print
uniformity can be determined using GLCM parame-
ters, such as entropy, energy, homogeneity, contrast,
and correlation [16,20]. If the values for the contrast,
correlation, and entropy parameters are low, and the
values for the energy and homogeneity parameters
are high, then the values of these parameters indi-
cate a uniform representation of the grey levels, that
is, they indicate a uniform print [18]. Print mottle ob-
tained using a pixels distance of 1, 3, 6, and 12 was
also examined, and found that each applied distance
produced the same ratios between GLCM parameters.
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For that reason, only print mottle results obtained by
using the distance of 1 pixel were used [16]. Some re-
search has attempted to use the GLCM image process-
ing method to assess print mottle in textile printing
[22-24]. In the research done by groups of researchers,
it was omitted to determine the influence of the direc-
tion angle of the pixels in the digitalized print image,
as the input parameter, in the GLCM processing on the
output values of the GLCM parameters [16,18].

The research work attempted to investigate the
use of GLCM parameters as a print quality metric.
From GLCM, parameters such as homogeneity, ener-
gy, contrast, correlation, and entropy were selected
for this purpose. The proposed method analyzed the
effect of direction angle, which is an important input
parameter in GLCM processing. Different direction
angles, which occupy the pixels in the digital image,
used for the calculation of the GLCM parameters, were
analyzed to determine their impact on the values of
GLCM parameters.

2. MATERIAL AND METHODS
2.1. Materials

Print mottle assessment was evaluated on subli-
mation printed white fabric, 97 % polyester and 3 %
elastane with 160 g/m? weight, 0.36 mm thickness
and 42 cm™ and 22 cm™ warp and weft densities, re-
spectively.

2.2, Printing procedure

The white polyester elastane fabric was sublima-
tion printed in cyan, magenta, yellow and black colors
(the color system CMYK). For the analysis, a 150x150
cm sized test form was prepared in Adobe lllustrator
software and printed on commercially available sub-
limation transfer paper with 105 g/m? weight. The
test form consisted of four rectangular with 100 %
solid-tone of cyan, magenta, yellow, and black color
(Figure 1). EPSON Inkjet printer, with printing meth-
od: Micro Piezo™ print head and nozzle configuration:
180 nozzles for black and 50 nozzles for color, was
used for printing of sublimation transfer paper. The
print resolution of 5760x1440 dpi was used. Dye sub-
limation inks for printing (Sublyfun) in cyan, magen-
ta, yellow and black colors were purchased from Print
Equipment Gmbh&Co. Pre-pressing and sublimation
printing processes were performed with the heat
press model BESTSUB SB3A (38cmx38cm) and medi-
um pressure (2.3-3.5 bar). The pre-pressing process
was performed at print temperature for 6 s. After the
pre-pressing process, the sublimation printing pro-
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cess was performed at 190 °C for a pressing time of 80
seconds. Before being tested, the printed fabrics were
conditioned in a standard atmosphere (temperature
20 °C and 65 % relative humidity) for 24 hours.

Cyan Magenta Yellow Black
C=100% C=0% C=0% C=0%
M=0% M =100 % M=0% M=0%
Y=0% Y=0% Y =100% Y=0%
K=0% K=0% K=0% K=100%

Figure 1: Sublimation printed fabric with cyan,
magenta, yellow, and black dye sublimation inks

2.3. Testing methods

Print mottle was assessed by method for image pro-
cessing using grey level co-occurrence matrix (GLCM).
After sublimation printing, printed fabrics were
scanned and digitalized by flatbed scanner EPSON at
600 dpi scanning resolution without auto-correction.
The actual rotation angle determined by the orien-
tation of the sample set in the sample input location
was 90°. Scanned images in TIFF files were scaled at
500x500 pixels for easier processing in MATLAB. Then,
samples were subjected to GLCM analysis to obtain
quantitative print uniformity results. GLCM analysis was
done in MATLAB software with code according to Up-
puluri [25] using the following parameters: the number
of grey levels was set to 8, the distance between two
pixels (d) was set to 1 and four direction angles were
used such as horizontal 0°, vertical 90°, right-diagonal
45°, and left-diagonal 135°. Print mottle using MATLAB
code was assessed through entropy, energy, homoge-
neity, contrast, and correlation parameters. Calculating
of GLCM parameters was performed for all four print
colors (cyan, magenta, yellow and black).

3. RESULTS AND DISCUSSIONS

In GLCM, the direction angle of the pixel provides
information on print non-uniformity. Therefore, in
this research, different direction angles were used to
consider the adjacent pixels (Figure 2). The distance
between two pixels was set to 1 combined with four
direction angles for all four print colors. The position
between the pixels is represented by the different di-
rection angles, such as 0° (horizontal), 90° (vertical),
45° (right-diagonal), and 135° (left-diagonal). The
values of contrast, correlation, entropy, energy, and
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homogeneity GLCM parameters for obtained print in
cyan color are shown in Figure 2. Contrast parameter
generated from different direction angles showed
quite different values. It can be seen that the contrast
value was least at 90°, followed by 0°, 135°, and 45°.
The drastic difference in intensity between pixels in an
image at a certain direction angle is defined as a con-
trast. This GLCM parameter measures local grey level
variation in a print image. The lower the variation be-
tween pixels in the image, the lower the contrast. The
print is considered uniform when the contrast value is
zero. In GLCM, how close the distribution of the pixel is
measures homogeneity. The homogeneity parameter
provides information on how close the distribution of
the pixel is in a GLCM. Values for homogeneity were
in a reverse trend of values for contrast. In the case
where the values for homogeneity increase, then the
values for contrast decrease. The homogeneity value
was maximum at 90°, followed by 0°, 135° and 45° (Fig-
ure 2). The amount of change in a print gives informa-
tion about the homogeneity. A homogeneity value of
1 corresponds to a homogeny print surface with no
variations. In GLCM the similarity of the pixels is de-
termined by the energy parameter. When the pixels in
the image are more similar to each other, larger val-
ues are obtained for the energy parameter. The ener-
gy value parameter, like homogeneity, was maximum
at 90°, followed by 0°, 135°, and 45°. The opposite
trend of energy represents entropy. System disorder
measures entropy. Obtaining the value of the entro-
py parameter from the image depends on choosing
the correct direction angle. The entropy value was
least at 90°, followed by 0°, 135°, and 45°. The entro-
py parameter was found to correlate well with the
human perception of unevenness. Thus, unevenness
is more visible if the value for the entropy parameter
is higher [19]. In the samples for which higher values
were obtained for the entropy parameter, it is easier
to notice the unevenness of the print. However, the
trend for contrast and entropy was not followed by
the correlation parameter. The correlation value was
maximum at 90° followed by 0°, 135° and 45° (Figure
2). The linear dependence of the grey levels between
the referent pixel and its adjacent pixels is determined
through the correlation parameter. The correlation
parameter measures how a reference pixel correlates
with its adjacent pixels. Range the values for the cor-
relation parameter are from -1 to 1 [26], so that -1 indi-
cates a negative correlation and 1 indicates a positive
correlation. Low values of correlation correlate to the
uniform print surface. Energy, homogeneity, and cor-
relation values were maximum at 90° followed by 0°,
135° and 45° (Figure 2). It can be seen that for fabric
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printed with cyan ink, both contrast and entropy val-
ues were the least at 90°, while energy, homogeneity,
and correlation values were maximum at 90° (Figure
2). Values obtained for energy and homogeneity with
an orientation of 90° were higher than with 0°, 135°,
and 45°. This was a result of the 90° being parallel to

23 m Contrast @ Correlation
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GLCM parameters

the orientation of the imaging sensor. In Figures 3, 4,
and 5 are shown all five GLCM parameters for obtained
prints in magenta, yellow and black colors respective-
ly. Magenta, yellow, and black print colors for GLCM
parameters showed the same trend as in the case of
cyan print color.
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Direction angle (°)

Figure 2: Contrast, correlation, entropy, energy, and homogeneity GLCM
parameters of sublimation print in cyan color

2.0 mContrast @ Correlation

1.8 165

1.6 1.57

1.4
1.2
1.0 0.86
0.8

GLCM parameters

0.6

77
%

7

04 | po27

0.2 I
0.0

o
Fatete%

PR
‘3‘00

7
o

RAF
B

mEntropy OEnergy @Homogeneity

1.49

Direction angle (°)

Figure 3: Contrast, correlation, entropy, energy, and homogeneity GLCM
parameters of sublimation print in magenta color
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Figure 4: Contrast, correlation, entropy, energy, and homogeneity GLCM
parameters of sublimation print in yellow color
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Figure 5: Contrast, correlation, entropy, energy, and homogeneity GLCM
parameters of sublimation print in black color

The print mottle may not appear at the correct
pixel location or direction angle. The print mottle is
presented by a number of pixels at different direc-
tion angles in different structured patterns. This is the
reason why when using the GLCM for analysis of the
uniformity of print, it is most appropriate to use the
mean of all four values for each direction angle in or-
der to obtain greater objectivity for the uniformity of
print. In this way, the adjacent pixels will be covered
and thus an objective representation of the uniform-
ity of the print will be obtained. Thus, Figure 6 showed
the mean values obtained from the four direction
angles for each of the five GLCM parameters used to
analyze the uniformity of print obtained in cyan, ma-
genta, yellow and black colors. The obtained results
indicated that low values for the contrast parameter
and high values for the entropy and homogeneity
parameters were characteristics of the samples ob-
tained, while medium values were characteristics of
the energy and correlation parameters. Comparing

2.5 m Contrast @ Correlation
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GLCM parameters

the prints obtained with each of the four colors, cer-
tain differences can be observed for values of all five
GLCM parameters, indicating that the print obtained
in black color had a uniform surface and that print in
cyan color had a larger non-uniformity print mottle.
Print in black color had the lowest entropy, contrast,
and correlation and the largest energy. In this case,
it can be distinguished that print in black color was
characterized by a high quality of the print, that was,
it had a great uniformity of the print.

4. CONCLUSIONS

The influence of the direction angle of pixelsin the
digitalized print image, which is an important param-
eter, on values of output GLCM parameters was inves-
tigated for the determination of print mottle as the
most important indicator for print quality. Prints were
obtained using a sublimation printing process on pol-
yester elastane fabric in cyan, magenta, yellow, and
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Figure 6: Average values of contrast, correlation, entropy, energy, and homogeneity GLCM
parameters for prints in cyan, magenta, yellow and black colors
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black colors. To achieve the goal of this research and
to obtain quantitative results to evaluate the non-uni-
formity of the print, output GLCM parameters such as
energy, entropy, homogeneity, correlation, and con-
trast were used. A noticeable difference was observed
between the values of the parameters processed by
the GLCM at the four different direction angles. If the
image contains extremely different print quality, then
this will have a great influence on the obtained results
for the parameters and will mainly depend on the an-
gle at which they were obtained. In textile printing, it
is more appropriate to calculate the GLCM parameters
for the four values of direction angle and to use the
average value. Determining the non-uniformity of the
print by the GLCM method of digital image processing
obtained from printed textile material can find great
application in the textile and fashion printing industry
as a way to quickly select the print quality of the print-
ed products.

REFERENCE

[1] Kawasaki M., Ishisaki M. (2009). Investigation into
the Cause of Print Mottle in Halftone Dots of Coated
Paper: Effect of Ptical Dot Gain Non-uniformity, Ja-
pan Tappi Journal, 63 (11), 1362-1373.

[2] Golja B., Forte Tavcer P. (2016). Textile Function-
alisation by Printing Fragrant, Antimicrobial and
Flame-Retardant Microcapsules, Tekstilec, 59 (4),
278-288.

[3] Forte Tavcer P, Ahtik J., Godec M. (2016). Character-
istics of Phosphorescent Pigments Printed on Fabric,
Tekstilec, 59 (3), 226-236.

[4] Jankoska M. (2020) Digital Printing of Man’s T-Shirt,
Tekstilna Industrija, 68 (3), 15-21.

[5] Subrata D., Madumitha V.V., Swaathi R., Alwar Var-
atha S. (2018) Influence of Different Synthetic Thick-
eners During Printing in Color on Cotton Fabric, Tek-
stilna Industrija, 66 (2), 29-34.

[6] Subrata D., Anjum Aamirach S., Devi M., Ramya K.
(2018) Discharge printing of Cotton Fabric Pre-Dyed
with Reactive Dye Using Various Discharge agents,
Tekstilna Industrija, 66 (1), 29-34.

[7] Kumar A.J., Kumar S.M. (2021) Optimisation of the
Sublimation Textile Printing Process Using the Tagu-
chi Method, FIBERS & TEXTILE in Eastern Europe, 29
(1/145) 75-79.

[8] Kumar R. (2021) Dynamic of Sublimation Printing,
International Journal of Trend in Scientific Research
and Development, 5 (6), 397-401.

39

[9] Kalendraite B., Krisciunaite J., Mikucioniene D.
(2021) Influence of Sublimation Process on Air Per-
meability and Water Absorption Dynamics, Interna-
tional Journal of Clothing Science and Technology, 33
(6), 863-872.

[10] Stojanovi¢ S., Gresak J., Trajkovi¢ D., Cirkovi¢ N.
(2020) Inflence of Sublimation Transfer Printing on
Alterations in the Structural and Physical Properties
of Knitted Fabrics, Coloration Technology, 137 (2),
108-122.

[11] Kanik M., Bayari H.A. (2003) Effect of Weight Re-
duction Process on Printing Properties of Polyester
Fabrics, Coloration Technology, 119 (5), 264-268.

[12] Stojanovi¢ S., Gredak J., Trajkovi¢ D. (2021) Com-
pression Properties of Knitted Fabrics Printed by
Sublimation Transfer Printing Technique, Advanced
Technologies, 10 (1), 46-53.

[13] Tse K.M., Briggs C.J., Kim K.Y., Lewis F.A. (1999)
Measuring Print Quality of Digitally Printed Textiles,
In. E. Hanson (Ed.) Recent Progress in Ink Jet Technol-
ogies Il, Springfield, VA, Society For Imaging Science
and Technology, 548-554.

[14] Tofan T., Stonkus R., Jasevicius R. (2021) Investiga-
tion of Color Reproduction on Linen Fabrics When
Printing with Mimaki TX400-1800D Inkjet with Pig-
ment TP250 Dyes, Coatings, 11 (3), 354.

[15] Kasikovi¢ N., Novakovi¢ D., Karlovic I., Vladi¢ G.
(2012) Influence of Ink Layers on the Quality of Ink
Jet Printed Textile Materials, Textile ve Konfeksiyon,
22(2),115-124.

[16] Milosevi¢ R., Kasikovi¢ N., Novakovi¢ D., Juric I.,
Stanci¢ M. (2014) GLCM Print Mottle Assessment of
Ink Printed Billbord, Journal of Printing Science and
Technology, 5 (5), 339-346.

[17] Zubar R.A., Alo A.O. (2019) Grey Level Co-occur-
rence Matrix (GLCM) Based Second Order Statistics
for Image Texture Analysis, International Journal of
Science and Engineering Investigations, 8 (93), 64-73.

[18] Hladnik A., Lazar M. (2011). Paper and Board Sur-
face Roughness Characterization Using Laser Pro-
filometry and Gray Level Co-occurrence matrix, Nor-
dic Pulp and Paper Research Journal, 26 (1), 99-105.

[19] Gebejes A., Tomi¢ I., Huerts R., Stepani¢ M. (2012).
A Preliminary Perceptual Scale for Texture Feature
Parameters, 6" International Symposium on Graphic
Engineering and Design, Novi Sad, Serbia 15-16 No-
vember 2012, 195-202.

[20] Juri¢ I, Novakovi¢ D., Kasikovi¢ N., Dedijer S., In-
fluence of Digitalization Input Device on Calcula-



TEKSTILNA INDUSTRIJA - Vol. 70, No 4, 2022

tion of Print (Non)Uniformity value of Prints Using
ISO 13660 Method, 10" International Symposium on
Graphic Engineering and Design, Novi Sad, Serbia,
12-14 November 2020, 131-137.

[21] Vujci¢ B., Ruzici¢ B. (2016). The Influence of Print-
ing Substrate on Macro Non-uniformity and Line
Reproduction Quality of Imprints Printed with Elec-
trophotographic Process, Journal of Graphic Engi-
neering and Design, 7 (2), 31-37.

[22] Stanci¢ M., Kasikovi¢ N., Novakovi¢ D., MiloSevic
R., Gruji¢ D. (2013). Thermal Load Effect on Print
Quality of Ink Jet Printed Textile Materials, Journal of
Graphic Engineering and Design, 4 (2), 27-33.

[23] Ruzi¢i¢ B., Stepani¢ M., Kasikovi¢ N., Majnaric¢ .
(2015). The Influence of Thermal Load on the Print
Quality of Screen Printed Knitted Fabric, Advanced
Technologies, 4 (1), 78-83.

[24] Vojci¢ B., Ruzicic¢ B. (2017). The Influence of Wash-
ing Treatment and Macro Non-Uniformity on Color
Reproduction of Screen Printed Cotton Knitted Fab-
rics, Journal of Chemical Technology and Metallurgy,
52 (5), 825-835.

40

[25] Uppuluri A. (2022) GLCM Texture Feature
(https://www.mathworks.com/matlabcentral/fileex-
change/22187-glcm-texture-features, 27.05.2022).

[26] Dutta R.,Stein A., Patel R. N. (2008). Delineation of
Diseased Tea Patches using MXL and Texture Based
Classification, The International Achieves of the Pho-
togrammetry, Remote Sensing and Spatial Informa-
tion Science, 37 (B4), 1693-1700.

Primljeno/Received on: 26.09.2022.
Revidirano/ Revised on: 23.11.2022.
Prihva¢eno/Accepted on: 24.11.2022.

© 2021 Authors. Published by Union of Textile Engi-
neers and Technicians of Serbia. This article is an open
access article distributed under the terms and condi-
tions of the Creative Commons Attribution 4.0 Inter-
national license (CC BY) (https://creativecommons.
org/licenses/by/4.0/)



