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Abstract - This paper deals with a proposed method for an objective evaluation of significant quality parameters of technical 
fabrics. The objective method is based on image processing techniques. The technical fabrics are usually used as sieves for a 
filtration. Therefore it is necessary to extract the information about the quality parameters from a fabric image which have 
significant influence on a filtration process. The quality parameters of the technical fabric mean a weaving density, a number 
of pores and a size of the sieve pores. The method should replace a subjective method which is still used for a measurement 
of the parameters in textile industry. Due to the proposed method, fabric defects can be detected by the proposed method as 
well. In contrast to the subjective method, the main advantages of the method are prompt reply with results and 
reproducibility. The proposed method shows very good results in a comparison with results acquired from the subjective 
method. 
 
Index Terms - fabric, image processing, objective method, quality parameters, subjective method. 

 
I. INTRODUCTION 
 
A product quality control ranks among the most 
significant sections in textile industry. Thanks to 
quality control methods, it is possible to monitor the 
required parameters and detect potential defects. A 
subjective method is still often used in the fabric 
quality control. However, it sometimes happens that 
the subjective control is insufficient, especially in the 
case of a control of very small fabric details as the pore 
sizes are. Therefore, researchers have been trying to 
develop objective methods for the fabric quality 
control since 1990s. The methods are often based on 
image analysis techniques and statistical process 
control tools [1] - [4]. This study describes a proposed 
method for an objective estimation of the quality 
parameters of the technical fabrics (sieves) which are 
related with filtering process efficiency. The quality 
parameters mean a size of the sieve pores, a weaving 
density and a number of pores per cm2. The 
parameters can be relatively easily found out in a 
fabric image by using image analysis techniques. The 
proposed method is therefore based on image 
processing tools which include steps as an image 
quality enhancement, a global thresholding, 
preprocessing the detected objects and an objective 
estimation of the quality parameters from the detected 
objects (pores in a fabric). 
 
II. SAMPLES AND CAPTURING SYSTEM 
 
A. Materials Samples 
For testing the proposed method, a set of fabric 
samples was selected. A sample means a technical 
fabric, which is usually used as miller's sieves, made 
from polyamide monofilaments with various weaving 

density, monofilament diameter, pore size, etc. In the 
paper, four samples of the tested sieves with various 
structural parameters were tested by the proposed 
method: 4, 20, 53 and 100. The number of the samples 
represents a number of monofilaments per 
centimeter – the weaving density.  
In the study, the pore size, the weaving density and the 
number of pores per cm2 are considered as the key 
factors for the quality control of the tested sieves. A 
pore means an empty space between two neighboring 
warp and weft yarns in a fabric. It is assumed that the 
pores of a fabric in a plain weave should have a square 
shape if the weaving density is the same in weft and 
warp direction. So, the pore size is defined by a length 
of pore sides in warp and weft direction (it should be 
equally long).  
It is almost impossible to measure the mentioned 
parameters using a subjective analysis, especially in 
the case of sieves with higher weaving density. Tab. I 
illustrates the quality parameters of the representative 
sample set which are defined by the standard [5]. 

 

Sample 

The quality parameters 
Length of a 
pore side 
[mm] 

Weaving 
density 
[cm-1] 

Number 
of pores 
[cm-2] 

4 2,100 4 16 
20 0,340 20 400 
53 0,139 53 2809 
100 0,050 100 10000 

Table 1: The Quality parameters of the tested sieves. 
 
B. The Capturing System 
The first step in the proposed procedure was capturing 
an image of the tested samples. A sample was placed 
into a dark box on an illumination with polarization 
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filter. The samples were captured by a 5 MPix camera 
with a lens placed over the sample. An image of the 
samples was taken by the two lenses which were used 
for various samples in dependency on the weaving 
density. First one has 4× magnitude and 3.0 mm × 2.2 
mm FOV (field of view) and it was used for the sample 
100. Second one has 0.75 – 0.9× magnitude and 16 
mm × 13 mm FOV, and it was used for the samples 4, 
20, and 5. 
The sample images were stored as image matrices in 
gray-scale in JPG format. The procedure of the 
objective method will be demonstrated on the sample 
20. Fig. 1 displays the grayscale image of the sample 
20 with a dimension calibration. 

 

 
Figure 1. The grayscale image of the selected sample sieve 20 

 
III. IMAGE PROCESSING 
 
Use The subjective method is still used for evaluation 
of the quality parameters of the sieves in textile 
industry. However, the subjective method has several 
disadvantages which are mentioned above. Therefore, 
this study deals with objective estimation of the quality 
parameters of the tested sieves using image processing 
techniques. So, next step in the study is image analysis 
of the sample images. 
Image processing of the tested samples was carried out 
in software MatLab. Before an estimation of the 
weaving density, the pore size and the number of pores 
per centimeter square, it is necessary to use basic 
image processing tools. The image processing 
procedure is subsequent. Firstly, an image contrast of 
a grayscale sample image is enhanced. After that, 
image segmentation follows. The global thresholding 
with a threshold value TV=0.3 was used for the image 
segmentation. Due to the global thresholding, the 
grayscale image was transformed to a binary image. 
The acquired binary images of the samples included 
also a noise - small objects which had to be removed 
from the images. The final processing the binary 
images included: removing of all objects connected 
with an image border, filling the potential holes in a 
pore, using a morphological operation close with a 
square-shaped structural element with the size of three 
pixels for an object shape enhancement. A binary 

image is composed from two colors – white and black 
(values 1 and 0). In the case, white color represents the 
objects of interest – the sieve pores. Black color 
represents an image background – the yarns. Fig. 2 
(a), (b) illustrates the original grayscale image and the 
binary image of the sample 20 after the final 
processing. 
 

 
(a) 

 
(b) 

Figure 2. An illustration of the image analysis procedure on the 
sample image 20. (a) Original image and (b) binary image after 

the final processing 
 
IV. THE QUALITY PARAMETERS 
ESTIMATION 
When the final binary image of a sample is prepared, 
then it is possible to easily extract the quality 
parameters as the pore size and the number of pores 
per cm2. The parameter weaving density will be 
estimated from the grayscale image of a sample. 
 
A. The Pore Size 
The parameter pore size means a pore side length 
measured in warp and weft direction. A pore 
represents an empty square bounded by yarns, which 
can be defined by a length of its sides. There is an 
assumption that a pore has the same long length of 
sides. Therefore, the assumption will be verified here 
and the pore side lengths will be measured in both 
directions.  
A procedure for an extraction of the pore size is 
subsequent. Each pore in the original image of the 
sample sieve is bounded by a bounding box 
(coordinates of the pores are taken from a binary 
image). The bounding box represents the smallest 
rectangle containing the detected object [6]. Then it is 
easy way to extract the lengths of the bounding box 
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sides. So, each pore in the original image is bounded 
by the bounding box with blue color and each pore 
which is not in conformity with the standard is filled 
with red color. Fig. 3 (a) shows the original images 
after a control and there is (b) a detail with pores 
bounded by the bounding boxes and an illustration of 
the warp and weft direction principle in the sieve. 

 
Figure 3. (a) The original image of the sample 20 where the 

measured pores are bounded with the bounding boxes with blue 
color. Defective places are filled with red color. (b) Detail of the 
sample 20 with an illustration of the warp and weft direction in 

the sieve. 
 
B. The Pore Number per cm2 
Another standardized parameter of the tested sieves is 
the number of pores per cm2. This parameter is closely 
connected to the weaving density and the pore side 
length as well. Firstly, a total pore number is counted 
from a binary image of a sample. Thereafter, the 
number of pores per cm2 is estimated from the total 
pore number of the binary image. The parameter 
indicates a pore distribution in a sieve, so it is also 
significant factor for an effective filtration process of 
the sieve. 

 
C. The Weaving Density 
The weaving density means a number of yarns per 
centimeter counted in the warp and weft direction. 
The parameter is usually determined by a subjective 
method – by ravelling or counting the number of yarns 
per one or ten centimeters in warp and weft direction. 
However, in the case of a fabric with high weaving 
density, it is very time consuming and even inaccurate 
to use the subjective method. Therefore, an objective 
estimation of the weaving density was used in the 
paper. The objective method calls as the Gray Line 
Profile Method (GLPM). 
GLPM is based on functions Gr(k) and Gs(k) which 
represent an average value of gray levels in k-th row 

and k-th column in a gray-scale image I. So, function 
Gr(k) is an average value of gray levels in the warp 
direction and function Gs(k) represents an average 
value of gray levels in the weft direction, defined as [7]  
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where M is number of rows and N is number of 
columns in an image matrix, I(y,k) is intensity of gray 
levels in coordinates (y,k), I(k,x) is intensity of gray 
levels in coordinates (k,x). Thereafter, a profile of 
average gray levels over rows and columns of an 
image matrix can be displayed. Peaks represent spaces 
between yarns (the pores) and valleys represent yarns 
in the profile. When the profiles of average gray levels 
of a grayscale image for row’s and column’s directions 
are estimated and displayed, local minimums (the 
valleys) and distances among them are needed to be 
found. The pixel‘s distances among positions of local 
minimums are transformed to distances in centimeters 
and the weaving density D is objectively estimated by 
the equation  

,
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where N is number of distances among the positions 
and DiffCm represents distances among local 
minimums in centimeters. For more information see 
[7]. The average profiles of gray levels in the weft and 
warp direction with circled local minimums are all 
illustrated in Fig. 4 (a), (b).   
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Figure 4. The objective estimation of the weaving density. (a) 
The profile of average gray levels for the warp direction and (b) 

the weft direction 
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RESULTS AND DISCUSSION 
 
Due to the proposed method, the objective estimation 
of the required quality parameters of the technical 
fabrics can be accomplished. A subjective 
measurement was used for a verification of the 
objective method efficiency. The required parameters 
as the pore side lengths, the weaving density and the 
pore number per cm2 were found out by the subjective 
method. A measuring rule and a magnifying glass 
were used for the subjective measurement. A summary 
of the acquired results from the objective and the 
subjective method for the parameters: the pore side 
lengths in warp and weft direction Lwarp/Lweft, the 
weaving density in warp and weft direction 
Dwarp/Dweft; and the pore number per cm2 is presented 
in Tab. II-IV. 
 
There exists a tolerance interval for each monitored 
parameter defined by the standard [5]. Concretely, 
T±10% for the pore side lengths (T is a target value of 
a parameter), T±2.5% for the weaving density in warp 
direction Dwarp, T±5% for the weaving density in weft 
direction Dweft and T±6% for the number of pores per 
cm2. If the parameter values are located inside of the 
tolerance intervals, a tested sample meets the standard 
requirements. 

 

Sample 

The parameter - Length of a pore side 
[mm] Lwarp/Lweft 

T [mm] Tolerance 
interval 
[mm] 

Objective 
method  
[mm] 

4 2.100  2.17/2.12 
20 0.340  0.33/0.31 
53 0.139  0.14/0.14 
100 0.056  0.055/0.05

8 
Table 2: Summary of the obtained results of the length of a pore 

sides. 
 

Sampl
e 

The parameter - Weaving 
density [cm-1] Dwarp/Dweft 

T 
[cm-

1] 

Tolerance 
interval 
[cm-1] 

Subject
ive 
method 
[cm-1] 

Objectiv
e 
method  
[cm-1] 

4 4 
 

/  
 

3,95/4,
44 

3.98/4.2 

20 20 /  
 

20.1/20
.3 

19.88/20
.40 

53 53 /  
 

51.9/54
.4 

52.31/55
.62 

100 100 
/  

 

101.1/9
7.8 

99.91/96
.04 

Table 3: Summary of the obtained results of the weaving density. 
 

Sam
ple 

The parameter - Number of pores 
[cm-2] 
T 
[cm-2] 

Tolerance 
interval 
[cm-2] 

Subjectiv
e method 
[cm-2] 

Objec
tive 
metho
d  
[cm-2] 

4 16  17 17 
20 400  406 385 
53 2809  2853 2816 
100 10000  10198 10108 

Table 4: Summary of the obtained results of the number of 
pores. 

It is almost impossible to measure a pore side length 
by a subjective method. Therefore, there is no 
comparison of results acquired from the objective 
method with results acquired from the subjective 
method in Tab. II. 
According to results, the quality parameters of the 
tested samples meet the standard in the case of both 
methods. In comparison with results obtained from the 
subjective method, it is obvious that the proposed 
objective method gave very good results.  
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CONCLUSION 
 
The paper describes a procedure of the proposed 
method for an objective evaluation of significant 
parameters of the technical fabrics used as miller's 
sieves. The significant parameters, which have an 
influence on a filtrating process, as the weaving 
density, the pore size and the number of pores per cm2 
are subjectively and objectively evaluated here. The 
proposed method is based on the image processing 
techniques. The objective method was proved as 
accurate and very quick, where the results are known 
in several seconds. According to the obtained results, 
the proposed method could replace more time 
consuming and non- reproducible subjective method. 
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