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Abstract - There have been carried out analysis of known works on the automation of detection of 
defects in fabrics in circular knitting and other weaving machines. The principles of construction, 
operation and methods of detecting defects based on developments and inventions have been 
studied. When analyzing and choosing devices and systems for detecting defects, the main attention 
was paid to the possibility of providing a system with a wide resolution, allowing for guaranteed 
detection of fabric defects. The selected detection system should be able to scan and detect defects 
in materials up to 3m wide or more. It was determined that in order to detect defects in base of 
computer technology uses multiple complex algorithms. As a result of the analysis, it was concluded 
that about 80% of the known works are of a theoretical or recommendatory nature. The known 
systems are not mass-produced and have disadvantages associated with the complexity and 
inaccuracy of both information processing and the inaccuracy of detecting defects. 
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1. Introduction 
 
The aim of the work is to study, analyze known 
means and methods for detecting, monitoring and 
evaluating defects on fabrics produced during 
production. 

Based on the features and characteristics of the 
defects detection  on fabrics surfaces, the proposed 
approaches (methods) were divided into six 
categories: statistical, spectral, structural, model 
approaches, comparative combination studies and 
computational methods. Each approach has its own 
basic principles and techniques, as well as 
advantages and disadvantages. Surprisingly, in the 
course of various studies, it was found that the ideal 
approach to detect all fabric defects does not yet 
exist. 

During the control automating of a fabric defect, 
the costs and time for detecting defects are reduced, 
the quality of fabric production and other factors 
that ultimately lead to an increase in the 
competitiveness of manufactured products and a 
decrease in rejects caused by defects are increased. 
However, an automated inspection system requires 
accurate and efficient defect detection algorithms. 

It has been established that one of the most 
promising methods and means for detecting defects 
is defect detection using computer technology. Here 
are some types of defects and the reasons leading to 
them. Defects may appear due to a broken cutter, 
ends, irregularities, holes, stitches, knots, loose 
thread, start mark, oil stains and marks, poor edge, 
double cutter, twisting.  

Cracks and holes are classified as serious defects 
that can be caused by many reasons, such as a 
broken needle or a malfunctioning machine. Oil 
stains are mainly caused by an excessive amount of 
oil in the equipment. Multiple mesh are minor 
defects caused by multiple broken threads. A broken 
end appears in fabrics when the warp of the yarn is 
torn during weaving. Thick and thin streak defects 
appear when yarn deviations occur. The torn weft 
occurs when the filler yarn breaks during the 
weaving process. The wrong weft d effect occurs 
when the weaving process does not follow the 
schematic pattern during the insertion of the weft. 
There are different categories of fabric defects and 
many ways to classify them, for example, typical 
fabric defects or classification by fabric color. 

Numerous algorithms are used to detect defects 
based on computer technology. Most computer 
vision algorithms are designed for grayscale images 
and use different feature extraction approaches to 
create distinctive representations of images. In 
addition, grayscale image processing can extract 
descriptors more easily than color images, and 
grayscale image processing can reduce 
computational complexity. In work are studied [1-3] 
methods and technical means, development of 
engineers and scientists for the detection of defects. 
It is shown that the selected control system must 
provide a resolution that allows for guaranteed 
detection of fabric defects. Fabrics produced by 
textile industries using modern technologies have a 
width of up to 3m or more, therefore, the developed 
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or selected control system should ensure the control 
of fabrics over the entire width. 
 

2. Analysis of the Facilities for Solving 
the Problem 
 
For each approach, there are basic principles and 
techniques, as well as their advantages and 
disadvantages. Moreover, since the systems used are 
still considered very expensive, only a few 
automated fabric inspection systems are currently 
available on the market[4]. 

In the work [5]was analyzed the detection and 
registration of defects on a moving fabrics. The 
system operates as follows: a lighting device sends 
light to the fabric, which is monitored. The light 
reflected from the fabric, carrying information about 
defects, is received by the photodetector. The 
disadvantage of this design is the too stringent 
requirements for the proximity of the technical 
characteristics of a large number of elements of the 
lighting and photodetector rulers, which ultimately 
affects the accuracy of defect recognition. 

Computers can carry out automation of the 
operation of recognizing fabric defects. This requires 
a large number of special recognition algorithms 
adapted to a particular type of fabric defect [6], [7]. 
However, at the same time, there are a large number 
of defects that appear during spinning, weaving and 
finishing. Special algorithms require the calculation 
of different features, which increases the recognition 
time. This requires the development of a complex 
but versatile algorithm. 

There is a well-known method of informative 
harmonics [8], which states that there are always 
certain frequencies at which the filters are most 
sensitive to information about certain flaws. The 
number and frequency of adjustment of these filters 
must be selected from the given accuracy of 
recognition and evaluation of features in the form of 
responses of these filters to the presented image of 
fabric with defects [9]. The "discriminating power" 
of features can be assessed using the criterion [5], 
which is equal to the ratio of the product of data 
variances relative to the class standard to the 
squared distance between classes. However, this 
criterion compares only two classes of defects. In the 
practice of non-destructive quality control of roll 
materials, high-speed television systems with video 
conversion devices are used, made on multi-element 
photoelectric converters of the CCD (Charge-Coupled 
Device) type, or CCD - a charge-coupled device that 
has significant drawbacks associated with the 
presence of aperture distortions, a limited area 
frame, etc. Despite the relatively high performance of 
such technical vision systems (STS), the 
implemented technical solutions and recognition 
algorithms do not always allow real-time detection 

of defects in textile materials [6,7,8]. Known systems 
for automated quality control [9-16]. 

A feature of these complex is the software is 
capable of collecting statistical data on defects, it can 
check the quality of fabrics with a width of 110 to 
440 centimeters at a speed of up to 120 m / min and 
can detect defects up to a resolution of 0.3 mm. 
Known multichannel quality control system for 
textile materials [17]. The block diagram of the 
proposed automated fabric quality control system is 
shown in Fig. 1. A feature of the system is the use of 
two microprocessors: one for the formation of 
software thresholds, the other for video signal 
processing. 

 

 

Figure 1:  Generalized structure diagram of a 
single-channel fabric quality control system 

 
1 - controlled object, 2 - information perception unit, 
3 - image preprocessing subsystem, 4 - defect 
classification subsystem, 5 - quality control system, 6 
– Automized controlling system local network. 

 

The system consists of an image-sensing unit, an 

image preprocessing system and a defect 

classification system. 

The main parameters of microprocessors, which are 

used in adaptive photo converters, are: software, 

instruction set, speed, random access memory 

(RAM) capacity and hardware [19, 20]. 

To determine the coordinates of the controlled 
object, an algorithm was used that implements the 
following formula: 

 

                         (1) 

 
where ai, aj are the weight coefficients of the row 

and column elements, respectively; 
                                                      (2) 

Vj - column output signal; Vij - signal from the 

receiver elements. 

For an accurate assessment, the duration of the 
algorithm execution is calculated, where T is the 
total program execution time 
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where pi is a command of duration τi ; nk is the 

number of commands; rj is the duration of standard 

routines; mpp - the number of standard subroutines.  

Further, after carrying out some operations, the 
signal from the output of the converter 5  can be 
determine 

 

             (3) 

 
where Sv- is the sensitivity of the transducer; a- is 

the length of the transducer element; Rx - coordinate 
characteristic. 

Line-by-line scanning takes into account the 
correspondence between the speeds of the input-
output interface vvv  and the speed of data transfer vi 
of the converter. 

 

       (4) 

 
where fsc - is the line reading frequency. 

The input-output information speed of the 

interface vvv can be determined from the ratio 

 

    (5) 

 
It is advantageous to filter fabric shades during 

dyeing in the low frequency range, and control of 

weaves (fabric structure) in the high frequency 

range. 

According to [21], when extracting natural 

features of images that can be established by visual 

analysis, lightness (brightness), the texture of 

various areas of the images, and the shape of the 

contours are used 

For effective recognition of fabric defects 

according to the technique considered in [22], 

information about the geometric position of the 

defect and its deviation from the average brightness 

of the fabric is needed. In this case, the matrix A (i, j) 

has dimensions of m rows by n columns. Each value 

of the matrix satisfies the relation 0 ≤ A (i, j) ≤1. 

The most significant defects are spots on the 

fabrics, which are assigned a high score during 

quality control [23,24]. For this automatic control 

system, it is necessary to ensure a high probability of 

detecting defects of this type. 

This type of images has a rather low signal-to-

noise ratio, and in the task of image processing, 

additional processing is required [25]. 

To eliminate the influence of high-frequency 
signal components, first, linear two-dimensional 
smoothing operations are performed. 

    (6) 

 
where 0≤ i ≤ Ma + Mb −1 and   0 ≤ j ≤ Na + Nb −1.  

In this case, the image brightness thresholds T1, 
T2, T3, –T1, –T2, –T3 are formulated as follows: 

 

B(i, j)=                   (7) 

 
The initial values of the thresholds were selected 

in the training mode of the control system on fabric 
samples without defects, and in the future, the 
thresholds for detecting defects should be adjusted 
using the adaptive tuning system. 

To improve the efficiency of the defect 
classification system, which is a component of the 
control system, it is proposed to use morphological 
image processing. 

The use of the erosion operation in 
morphological processing makes it possible to 
exclude insignificant elements in binary images [30] 

 
(f  b)(x, y) = min{f (x + x′, y + y′) | (x′, y′)∈ Db,},  (8) 

 
where f (x, y) - is a image of fabric, Db- is a 

structure-forming element. 

Smoothing of the image contour sections and 

filling the gaps of the image contours is performed 

using the morphological closure operation. 

 
f ⋅b = (f ⊕b) b,                                                          (9) 

 
The resolution ability of the transducer, which is 

used in the microprocessor system for examining the 
quality of the fabric is 1575 pixels. 

Determined that at a sufficiently high speed, the 
control system has disadvantages associated with a 
high level of noise, leading to a low accuracy in 
determining fabric defects. To eliminate these 
defects, a multichannel fabric quality control system 
was proposed [26], which also has a number of 
disadvantages. 

As a result of performed defect detection 
analyzes, we found that the most effective means of 
detecting material defects in a circular knitting 
machine is a non-contact defect control system using 
a personal computer through intelligent software 
[33]. 

The control process , processing and detection of 
defects can be carried out as follows: The optical 
system of the video camera scans the surface of the 
material, then, after conversion to video signals, it 
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filters the scanned area from various interferences, 
as a result of which the true view of the inspected 
area of the material is clearly established. The 
presence of holes or defective longitudinal lines will 
be clearly visible. 

In order to reduce interference located along the 
transverse width of the material, it is necessary to 
smooth over the transverse width. Smoothing along 
the transverse width should not cover a large area of 
the material, otherwise the longitudinal defect line 
will disappear. 

In the future, we divide the smoothing 
characteristic into horizontal lines. The number of 
horizontal lines should be in the range of 20-30. 
Next, we make a record of all the values of the points 
lying in the first horizontal line and a graph is built 
on them. The number of dots ranges from 0 to 255 
(white dots). White dots are 255 and black dots are 
0. 

From the plotted graph we determine (along the 
l-axis) the failure of the characteristic. This dip 
indicates that there is a longitudinal defect line in the 
corresponding area of the material. If the 
characteristic of the graph has a straight line, then 
this shows that the material is knitted without a 
defect. Therefore, when analyzing the graph, its 
appearance is compared with straight lines. At the 
same time, due to the presence of external 
interference in areas of the material without a defect, 
small jumps (oscillations) appear, and in areas 
where there are defects, much larger jumps appear. 
From the analysis of the nature of the appearance of 
defects on knitted materials, random interferences 
(defects) are revealed - discrete and continuous 
defects. 

It has been found that to assess the numerical 
quality indicators of the knitted material, it is 
advisable to use the theory of probability, where the 
most important role is played by the mathematical 
expectation of a random variable. 

According to [31,32], the main numerical 

characteristics for discrete random variables are: 

a) distribution function; 

b) a distribution series (graphically a distribution 

polygon). 

For a continuous quantity: a) distribution function; 

b) distribution density. 

In the theory of probability and mathematical 

statistics, a large number of numerical characteristics 

are used that have various purposes and areas of 
application. Here are the most frequently used ones. 

From the characteristics of the position in the 
theory of probability, the mathematical expectation 
of a random variable plays the most important role. 

The average value of a random variable X is 
calculated by the following formula for the 
mathematical expectation of a random variable: 
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The mathematical expectation of random values 
of defects X, appearing during knitting of materials, 
is connected in a kind of relationship with the 
arithmetic mean of the observed values of a random 
variable for a large number of experiments. 
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That is, the arithmetic mean of the observed 
values of the random value of defects is equal to the 
sum of the products of all possible values of the 
random value of defects by the frequencies of these 
values. 

Formula (3) for the mathematical expectation 
corresponds to the case of a discrete random value 
of defects. For a continuous quantity X, the 
mathematical expectation is expressed by the 
integral: 

  


−

= dxxxfXM )( ,                                       (13) 

where f (x) is the distribution density of the 

quantity X. 

According to the scanned data, the selected area 
of the material and algorithms for processing 
mathematical expectations corresponding to 
discrete and continuous values, the personal 
computer analyzes the selected area of the material 
and gives an appropriate assessment of the state of 
the controlled area of the material that satisfies the 
stated requirements. 

Thus, an attempt is made in the work to describe 
discrete and continuous defects , which impact on 
during knitting by the numerical characteristics of 
the mathematical statistics theory  of a random 
variable. 

 

3. Results and Discussions 
 

As a result of the study and analysis of known 
automation systems for control and defect detection, 
the following conclusions can be drawn: 80% of 
known works are theoretical, i.e. recommendatory 
nature or developed in one piece - on request. 

The above rationale requires the need to develop 
the tendency of methods and means of control 
automation and detection of defects on a new basis 
with the use of intelligent devices, in the base of 
expert systems, based on a neural model.  
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The application of these systems, created on the 
basis of modern high digital technology, with the 
appropriate software will lead to an increase in the 
accuracy of defect detection and the productivity of 
industrial enterprises. 
 

4. Conclusions 
 
This work was aimed at the analysis and selection of 
technical means for detecting defects in fabrics, 
using information processing methods. Various 
methods of detecting material defects have been 
studied, which include more efficient and economical 
ones during using process.  

According to obtained results, the most effective 
and defining with an accuracy of 95% or more (from 
the point of view of detecting defects) intelligent 
devices in the base of expert systems based on a 
neural model was selected. The proposed method 
has enormous potential for detecting defects with a 
minimum amount of time spent on information 
processing. 
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