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1. INTRODUCTION

Colou
u

significantly impacts their purchasing decision (JiHyun, 2007). Clothing must now go beyond fulfilling basic 

an individual's personal character and lifestyle (Grujić, 2010)

c
are also employed. Today, there are numerous methods for embellishing clothes, each employing different 
technologies and materials (Prybeha et al., 2021).  
According to Prybeha et al. (2021), a 

challenges in applying high-

technological process- -based on the material's chemical 

the image, the number of colou
colour. Each method has its own set of advantages and drawbacks that must be evaluated before 

or in all cases, as each type of 
product necessitates a specific method. 

u

(Fedorovskaya et al., 1997; Pedersen et al., 2009). 
sharpness, and macro-uniformity are not related to colou

image (Dhopade, 2010). 
According to Lindberg (2004)
of specific 
colou u
play a crucial role in perceived quality . Based on Lindberg's findings, it is possible to 

(Rilovski et al., 2012). 
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Pedersen (2011) further refined the quality attributes from existing literature to six key categories: 
sharpness, colour, lightness, artifacts, contrast, and physical attributes. 
Petterson also emphasized the significance of print mottle in print quality, alongside colour gamut, colour 
shift, and sharpness (Petterson, 2005). Print mottle, defined as the visual irregularities in print density 
affecting overall print quality, is considered one of the major issues in printing (Fahlcrantz, 2005; Kawasaki 
& Ishisaki, 2009). It refers to the optical inconsistency and unevenness in optical density and print gloss, 
which can manifest in solid tones or smooth image areas (Rilovski et al., 2012). Fahlcrantz defines mottle 
as perceived variations in lightness across the printed surface under uniform illumination (Fahlcrantz, 2005). 
Evaluating the overall product quality relies on the uniformity of homogeneous image regions 
(Lindberg, 2004). 
Print mottle arises from uneven toner transfer and adhesion, influenced by substrate and toner properties, 
as well as printing press conditions, such as toner fixation (Rilovski et al., 2012). Consequently, print density 
and mottle issues occur when toner adhesion and colorant fixation are inconsistent across the paper surface 
(Petterson, 2005). The paper, toner, and printing process are identified as the three primary factors affecting 
toner adhesion and fixation (Rilovski et al., 2012).  
Print quality in any printing process depends on the process, ink, and substrate. Imperfect interactions 
among these factors can lead to unwanted effects like print mottle. Print mottle appears as unevenness in 
solid areas and impacts the print's density and gloss, varying with the ink, substrate, and printing method 
used. Print mottle is a common printing defect, making it crucial to reduce or eliminate it as much as 
possible. Given the many factors that influence print mottle, controlling these variables is essential for 
minimizing its occurrence or selecting a printing process that produces the least amount of mottle. 
This research concentrates on examining macro-level non-uniformities such as print mottle. The key print 
mottle parameters under investigation include contrast, correlation, entropy, energy, and homogeneity. The 
findings indicate that a uniform grey level distribution, which corresponds to low print mottle, is 
characterized by low contrast, low correlation, low entropy, high energy, and high homogeneity (Chen, 
1998; Hladnik & Lazar, 2011; Ružičić et al., 2014).  

2. METHODS AND MATERIALS

This study involves four different textile printing techniques.  
Considering the printing techniques for clothing in small and medium runs, the following will be explained: 

- The DTF method involves aqueous inkjet technology and transferring an image from a specialized 
film to the fabric using heat and pressure. The image is first printed onto a special film, which is then 
applied to the fabric. The image is transferred onto the fabric through the application of high 
temperature (Prybeha et al., 2021). 
- DTG refers to the process of printing digitally on apparel or other assembled products, using an 
aqueous ink jet technology (Chandavarkar, 2013). 
- Screen printing (also known as silkscreen printing) involves pushing ink through the open areas of 
a flexible mesh stencil onto the printing surface using a special tool called a squeegee. This technique 
can be used to print on a variety of materials, including paper, metal, glass, fabric, polyethylene, 
plastic, leather, and other sheet or roll materials and their products (Prybeha et al., 2021). 
- Screen transfer printing is a process where an image is moved from a special film to fabric using 
heat and pressure. Initially, the image is printed onto a unique film via screen printing, and then this 
image is placed onto the fabric. The image is transferred to the fabric through the application of high 
temperatures. 
The printing substrate used for all printing techniques in this study is identical. It is a cotton fabric 
from the same manufacturer and batch 155 gsm. The fabrics were cut to dimensions of 21 x 30 cm, 
and a patch was printed on each piece. Once dry, the samples were scanned using an Epson 
Perfection V600 Photo flatbed scanner. During scanning, all automatic image adjustment options are 
disabled. The scanning settings are identical for each sample. 

The DTF printing technique was carried out using the Storm Jet printer, which employs inkjet printing 
technology. This printer uses the Epson I3200-A1 printhead CMYK+W. The DTG printing technique was 
performed on the Epson SureColor F2000 DTG printer, which also uses inkjet printing technology. This 
printer uses the Epson PrecisionCore printhead CMYK+W. Screen printing is conducted using a mesh with a 
count of 100 threads/cm for both direct printing and transfer printing within the research. The process uses 
Argon Texiplast inks. 
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To obtain results, the study utilized solid tone patches of 16 x 16 cm (refer to Figure 1). The test image for 
the study was created using Adobe Illustrator 2023. Previous research employed solid tone patches, 
specifically 2.54 x 2.54 cm, to evaluate print mottle (Stančić et al., 2013a; Stančić et al., 2013b; Ružičić et 
al., 2014; Jurič et al., 2015). Another study (Milošević et al., 2013) used 1 x 1 cm patches for similar 
assessments. Due to the variability in patch sizes in earlier studies, this research opted for the 16 x 16 cm 
patches, as suggested by Jurič (2018). 

Figure 1: Solid patch 

The print mottle parameters under investigation are conducted by GLCM image processing. The GLCM 
image processing technique was utilized on the scanned printed samples using MATLAB software and a 
plugin developed by Uppuluri (Uppuluri, 2008). This plugin offers data on 22 parameters, with the most 
pertinent ones used in both existing literature and this research being contrast, correlation, entropy, energy, 
and homogeneity. The macro non-uniformity of the surface is quantified also by the macro non-uniformity 
index, or NU value conducted by ImageJ software. 
Table 1 outlines all the parameters used in the experiment and explains the significance of each one. 

Table 1: GLCM parameters for evaluation of print mottle 

CONTRAST Measures the intensity contrast between a pixel and its neighbour over 
the whole image. 

CORRELATION Correlation is a measure of how correlated a pixel is to its neighbour 
over the whole image. 

ENTROPY Entropy in any system represents disorder, where in the case of texture 
analysis entropy is a measure of spatial disorder in an image. 

ENERGY Energy is a measure of local homogeneity. Basically, this feature will 
tell us how uniform the texture is. 

HOMOGENEITY Measures the closeness of the distribution of elements in the GLCM to 
the GLCM diagonal. 

In Table 2, the samples are listed in order along with their abbreviated names and a description of the 
printing technique used. 

Table 2: Sample overview 

Sample 
number 

Sample label Printing techniques 

1 SD-WB Direct screen printing. Black over White. Curing with hot air. 

2 SD-B Direct screen printing. Black only. Curing with hot air. 

3 DTF-WB Digital inkjet printing on film. Black over White. Transfer and drying with a heated press. 

4 DTF-B Digital inkjet printing on film. Black only. Transfer and drying with a heated press. 

5 ST-WB Screen printing on film. Black over white. Transfer and drying with a heated press. 

6 ST-B Screen printing on film. Black only. Transfer and drying with a heated press. 

7 DTG-B Direct digital inkjet printing. Black only. Drying with a heated press. 
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3. RESULTS

The results from GLCM image processing are obtained in charts in Figure 2. 

Figure 2: Macro non-uniformity parameters 

The macro non-uniformity of the surface is quantified by the macro non-uniformity index, or NU value. 
Table 3 shows the macro non-uniformity results for the samples, as determined through image analysis with 
ImageJ software. The optimal macro non-uniformity value is zero; thus, results nearer to zero indicate less 
macro non-uniformity. 

Table 3:  Macro non-uniformity results conducted with ImageJ software. 

Sample number Sample label NU mottle 

1 SD-WB 15,6446 

2 SD-B 8,5041 

3 DTF-WB 1,8236 

4 DTF-B 1,8941 

5 ST-WB 1,2544 

6 ST-B 1,3524 

7 DTG-B 16,4383 
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Figure 3 shows scanned samples prepared for GLCM analysis using MATLAB and ImageJ software. 

1  SD-WB 2  SD-B 3  DTF-WB 4  DTF-B 

5  ST-WB 6  ST-B 7  DTG-B 

Figure 3: Scaned samples 500 x 500 px 

4. DISCUSSION

Reviewing the results of GLCM analysis for different samples reveals clear differences in texture, which can 
help identify macro-uniformity. Sample 1 SD-WB (0.3281) and Sample 7 DTG-B (0.4459) have the highest 
contrast values, suggesting sharp transitions between dark and light areas. These samples may be uneven. 
Samples 3-6 have very low contrast values, indicating an almost uniform surface. All samples exhibit 
different, but relatively low correlation values. It is expected that there will be variations in correlation values 
between samples, with the greatest difference occurring between Sample 2 SD-B (0,00764) and Sample 4 
DTF-B (0,1981), indicating greater variations in surface uniformity. 
Energy is inversely proportional to entropy. Samples 3-6 have very high energy (close to 1), indicating that 
these samples are highly uniform. Sample 7 DTG-B (0.2686) and Sample 1 SD-WB (0.3916) have lower 
energy, suggesting fewer uniform textures. Sample 7 DTG-B (1.4001) and Sample 1 SD-WB (1.1597) have 
high entropy values, indicating a more complex and unpredictable texture. This is a classic sign of uneven 
surfaces. Samples 3-6 have very low entropy values, suggesting a very simple, uniform surface.  
Samples 3-6 have nearly perfect homogeneity (close to 1), confirming that these surfaces are consistent. 
Sample 7 DTG-B (0.7827) and Sample 1 SD-WB (0.8377) have lower uniformity values, indicating some 
variation in texture. 
Considering the NU values from Table 3, it is evident that Samples 1 SD-WB, 2 SD-B, and 7 DTG-B have very 
high surface non-uniformity values, which characterise them as having significant surface unevenness and 
texture complexity. In contrast, Samples 3 DTF-WB, 4 DTF-B, 5 ST-WB, and 6 ST-B have relatively low and 
uniform values, indicating that they are quite consistent and even. 

5. CONCLUSION

Samples 1 SD-WB and 7 DTG-B show high values for both contrast and entropy, indicating unevenness and 
macro-nonuniformity. Samples 3-6 are very uniform, with low contrast, high energy, and low entropy, 
suggesting that their surfaces are quite consistent. Samples 3-6 have very low values for contrast and 
entropy, along with high values for energy and homogeneity, which indicates high macro-uniformity and 
simple textures. Sample 7 DTG-B has the highest entropy, the lowest homogeneity, and the highest contrast, 
indicating the greatest surface unevenness and texture complexity.  
Summarising all of the above, the following conclusion can be drawn: Printing techniques that use transfer 
foil (such as screen transfer and DTF) in samples 3-6 yield consistent results in terms of macro non-
uniformity parameters. It can be concluded that the method of transferring images and fixing the ink 
through temperature and pressure, which is common to both screen transfer and DTF techniques, plays a 
significant role in achieving favourable results regarding macro non-uniformity. In contrast, direct printing 
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techniques that use hot air drying or fix the ink through temperature and pressure tend to leave surface 
irregularities caused by the weaving of the cotton fabric. Consequently, the direct printing method exhibits 
poor macro non-uniformity results and leads to a pronounced print mottle effect, which can negatively 
impact colour reproduction quality.
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