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A B S T R A C T 

The implementation of computer vision in the process of identifying non-
conforming products, as well as the application of technologies based on Internet 
networks, deep learning, large databases within the manufacturing industry leads 
to the emergence of quality 4.0. Today, the application of computer vision as well 
as non-conformity detection algorithms in the manufacturing industry can be seen 
as technological pillars of quality 4.0, which is in direct connection with the 
company's operations. The main goal of the work is the development of a system 
for identifying non-compliant products within the manufacturing industry, where 
the focus is on the application of technologies based on computer vision. The 
secondary goal of the work refers to the reduction of the necessary funds for the 
implementation of the system on production machines, the development of a 
universal, flexible system, where the timely identification of non-compliant 
products will reduce the company's losses. 
               © 2023 Journal of Engineering, Management and Information Technology 

 

 
 

1. INTRODUCTION 

 
Timely identification of the number of non-compliant 
products within the production industry, where the focus 
is on each production machine as well as the product 
itself, leads to a number of advantages on the way to 
successful business. Currently, a number of ways to 
identify non-compliant products can be found on the 
market. Of course, depending on the production of a 
specific product, the method of identifying non-
conformity, i.e. the application of a certain technology, 
also depends. Viewed from the aspect of surface non-
conformity of the product, identification can be done 
using technology based on computer vision (Yu et al., 
2019). The advantage of applying this technology 
compared to others is the adaptability of the system, 
independence, accuracy, response time considering that 
they represent real time systems, as well as the price of 
such systems (Ligarski 2012). The implementation of 
computer vision in the process of identifying product 

non-conformities implies the use of algorithms that will 
analyze and detect images, as well as a number of 
libraries that are necessary both for calculations and for 
linking algorithms, the most significant being the use of 
the OpenCV library (Chai et al., 2021). The basic 
processes of computer vision are data acquisition and 
data processing, problems that may occur in the data 
acquisition process relate to external factors that may 
affect the quality of the collected data, while problems 
in data processing may relate to the complexity of the 
applied algorithms as well as the time that is required 
for the processing process itself. Considering that this 
technology can be applied for the detection of surface 
inconsistency, and according to the algorithms used, it 
can be divided into systems developed for the detection 
of contours, objects, color, text, dimensions. Certainly, 
the application of computer vision in the process of 
identification of non-compliant products brings a 
number of advantages compared to traditional methods 
that were based on the training of employees or experts 
in the field of quality and who performed the 
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identification process visually. 
The main goal of this study stems from the need to 
develop a quality control system that will work 
independently without the assistance of an employee. 
Although there are a large number of researchers who 
have done case studies in the field of quality control 
using computer vision technology, there is still a need 
for further development of such systems that will focus 
on contour detection in the shortest possible time 
interval and with minimal hardware requirements. 
Secondary objectives relate to the storage of data 
collected by this case study, data analysis. The 
advantages of the application of this case study 
compared to the traditional methods of identification of 
product non-conformity are reflected in the timely 
operation of the system, the reduction of the production 
of non-conforming products, the availability of data, 
and the reduction of production errors. The 
contributions of this study derive from the advantages of 
implementing algorithms that are related to the time 
required for contour detection in the specific case of 
circle detection, system training that requires a few 
minutes, and its adaptability. 
Within this paper, a review of the literature will be 
presented, in which terms related to product non-
conformity itself, identification and classification, and 
non-conformity management methods will be defined. 
The technologies applied within this study as well as the 
system developed by this study for the purposes of 
identifying product non-conformities, which arise from 
the needs that are a consequence of real problems in the 
manufacturing industry. 
 
 
2. LITERATURE REVIEW 
 
2.1 Non-compliance 

 
A non-compliant product is any product that deviates 
from the quality defined by the standard, that is, from 
the requirements of the customer or user of the product 
or service. Observed from the aspect of non-conformity 
of the product that can occur during its production itself, 
it can be concluded that a larger number of non-
conformities or deviations from quality requirements 
can be detected on one product at some point. The 
increased production of non-compliant products directly 
affects the company's profit, primarily through 
increased losses, among the biggest losses are certainly 
the raw materials needed for the production of products, 
additional time spent by employees, additional energy 
(Liepiņa et al., 2014;). In order for the company not to 
get into a situation that could endanger its business, it is 
necessary to adhere to the quality of the product defined 
by the standard, which further leads to the need for 
quality control, i.e. continuous checks to see if there are 
non-compliant products in production (Powell et al., 
2021; ). It certainly does not mean that even if a 
product's non-conformity is observed, it cannot be used 
further, in some cases it is possible to refine it, and that 

is if it is a minor non-conformity, while in the case of a 
major non-conformity, the product is declared scrap and 
as such cannot continue the further process ( Hoyle 
2009). Of course, if it is possible to finish the product, it 
is further sent to the finishing process, but this can 
significantly affect the price of its production (Hoyle 
2009). 
 
2.2. Identifying non-conforming products in the 
industry 
 
The identification of non-conforming products within 
the manufacturing industry can be seen as a process of 
determining deviations from the product quality 
requirements of a company, and it can happen on the 
production machine itself, the production line, or on the 
packaging of the product as a final process during the 
life cycle of the production of a product (Donauer et al., 
2015; Powell et al., 2021;). Although the process was 
successfully implemented and the product 
nonconformity was identified, the identification of the 
cause that led to the nonconformity is also of great 
importance, preventing the cause that led to the 
nonconformity directly affects the further flow of 
production (Ligarski 2012; Powell et al., 2021 ;). 
Deviations can be in the form of surface inconsistencies 
or inconsistencies that can appear in the structure of the 
material, which leads to different methods of identifying 
inconsistencies and to different technologies that can be 
used in the process of identifying inconsistencies 
(Koucha et al., 2021;). Successful and timely 
identification of non-compliant products directly affects 
the reduction of scrap, savings in production time, and 
losses that occur due to product processing (Koucha et 
al., 2021;).  
 
2.3. Methods of identification of product non-
conformity 
 
The basic methods of identification of inconsistencies 
refer to surface inconsistencies and internal 
inconsistencies, which are based on the structure of the 
material. External defects are those located on the 
surface of the product, most often caused by machine 
failure or carelessness of employees, and refer to minor 
damage such as scratches, paint, text, etc. While internal 
defects are mainly based on the discovery of trapped air 
during metal casting, which can later result in cracking 
of the product. The methods of detecting internal non-
conformities that are most often applied today are 
radiation methods, ultrasound methods (Yang et al., 
2020). Using ultrasonic methods based on the 
propagation of the ultrasonic wave, it is possible to 
conclude in which region the inconsistencies are found, 
as well as the order of their magnitude (Ha et al., 2021). 
The beam-based method uses a beam that is passed 
through the material and thus the location of the defect 
as well as the size can be obtained (Cacace et al., 2021). 
While the methods of detecting surface non-
conformities in small and medium-sized companies are 
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mostly based on manual control, that is, they depend on 
the employee and on the basis of his knowledge and 
experience as well as his ability to visually recognize 
the defect. When it is necessary to control product 
dimensions or centricity, there are manual tools that can 
be applied that depend on the employee. The application 
of modern technologies such as machine vision applied 
for visual control brings with it a number of advantages, 
shorter data processing time, timeliness, accuracy (Yu et 
al., 2019). Of course, machine vision depends on the 
quality of the equipment, the algorithm used to select 
and recognize non-conformities, but on the other hand, 
after installing the system, it is independent, that is, it 
does not depend on the employee and his knowledge 
and experience, it provides data in real time (Oqaidi et 
al., 2021, Sivkov et al., 2020, Steenkamp et al., 2017, 
Chai et al., 2021). Certainly with the application of 
computer vision and within Industry 4.0. technologies 
such as deep learning and artificial intelligence are also 
applied for faster and more efficient non-conformity 
selection as well as event prediction based on system 
experience, cloud data storage systems, IIOT (industrial 
internet of things) is applied for machine control based 
on defined non-conformity, industrial robots as well as 
industrial production lines, (Cronin et al., 2021, Julian 
oks et al., 2021, Khan et al., 2020, Shavetov et al., 2019, 
Oqaidi et al., 2021, Sivkov et al., 2020, Steenkamp et 
al., 2017, Chai et al., 2021). 
 

2.4. Classification of non-conformities  
 
As the level of non-conformity of the product can differ 
by several different factors, it can be divided into minor 
non-conformities, major non-conformities and critical 
non-conformities (Monteiro et al., 2019; Powell et al., 
2021;). Minor non-conformities are noticeable, but the 
product as such can be found on the market at lower 
prices with an indication that it deviates from the 
standard (Gamme et al., 2019;). Greater product non-
conformity requires product rework after which the 
product can be forwarded to the market (Chiu et al., 
2018;). Critical non-conformance represents deviations 
from the requirements that affect the functionality of the 
product, which automatically means that it cannot be 
used as such (Hoyle 2009). Product non-conformity can 
occur for several reasons, the most common of which is 
due to the failure of the production machine, deviation 
of the quality of the material from which the product is 
made, carelessness of employees (Chiu et al., 2018;). 
Product non-conformity can be expressed in several 
ways, the basic way is external and internal non-
conformity (Chiu et al., 2018;,Monteiro et al., 2019;). 
External non-conformity is a deviation that is visible, it 
is most often damage on the surface of the product or 
semi-finished product in the form of scratches, deviation 
of shape, dimensions, text, color (Monteiro et al., 
2019;). While the internal non-conformity refers to the 
structure of the material, if it is metal casting or plastic 
injection, there may be air trapped in the product itself 

(Gamme et al., 2019;). In order to prevent the 
production of non-compliant products, it is necessary to 
react in time, that is, if an employee notices the 
production of non-compliant products that occurred as a 
result of a machine failure, it is necessary to stop the 
further flow of production. It is necessary to classify 
non-conforming products according to the degree of 
non-conformity and, based on the data, proceed further 
in accordance with the company's policy (Gamme et al., 
2019;).  After the non-conformity identification process, 
it is necessary to mark the non-conforming products 
based on the classification, which refers to products that 
can be processed, can be sold as such, but with a note, 
products that are sent to scrap (Monteiro et al., 2019; 
Powell et al. ., 2021;). Successful classification of non-
conforming products can prevent the appearance of non-
conforming products on the market, which significantly 
affects the company's business. Marking of non-
compliant products after classification should be a 
defined process and easy to learn for employees, so that 
based on a successful classification, the products will be 
passed on to the production flow in accordance with the 
performed classification. 
 
2.5. Management of non-conformities 
 
Successful management of non-conforming products is 
the basis of a company's successful production. In order 
to successfully manage non-compliant products, it is 
necessary to define product control intervals, ways of 
marking non-compliant products, and procedures for 
disposing of non-compliant products. Control intervals 
are directly related to the type of production, whether it 
is serial mass or individual, as well as by top 
management (Hoyle 2009). After the detection of a non-
conforming product, and depending on the level of non-
conformity, it is necessary to mark the product in an 
adequate way if it is a question of critical non-
conformity, after which the product is declared as scrap 
and as such is further sent for destruction, in the case of 
major or minor non-conformity, if it is possible, it is 
necessary to refine the product mark the product and 
pass it on for further processing (Hoyle 2009; Powell et 
al., 2021;). The marking of non-conforming products is 
one of the important processes, since on the basis of the 
marked products, the procedure is followed, the 
marking differs from company to company, mostly 
companies practice to have an internal way of marking 
(Hoyle 2009). 
 
2.6. Application of computer vision in the quality 
control process 
 
Computer vision can provide a wider range of data in 
terms of quality control, positioning of robots in space, 
control of production lines as well as the products 
themselves, object recognition, barcode scanning (Louw 
et al., 2019). The quality control process can be 
observed in several ways, depending on the production 
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itself, i.e. what needs to be controlled, mainly the color 
of the product, the text or stamp on the product that is 
stamped, dimensional control, quality control of the 
object's surface, i.e. whether there are visible damages 
on the surface such as scratches or in the process of 
forming the sheet whether it contains all the necessary 
openings. Also when it comes to monotonous tasks such 
as comparing two objects or sorting both on the 
industrial machine itself and on the production line, 
computer vision is imposed as a good technology for the 
mentioned application. Certainly, when it comes to 
precise profile measurements, which require a lot of 
time, the process can be accelerated with the application 
of computer vision. Monitoring of products throughout 
the entire technological process of production or within 
a certain technological process. 
 
2.7. Industry 4.0.  
 
By applying Industry 4.0 technologies. in the process of 
identifying product non-conformities, significant 
advantages can be achieved compared to manual 
identification (Bigliardi et al., 2020; Horváth et al., 
2019). All this affects the speed of production, product 
quality, timeliness of data, availability of data, accuracy 
(Culot et al., 2020). The most important technologies of 
industry 4.0 that are applied in the process of non-
conformity identification are: computer vision, IIOT 
(Industrial Internet of things), deep learning, neural 
networks, databases, internet networks, microcontroller 
platforms, programmable logic controller, cloud, 
embedded systems, sensor systems, distributed systems 
(Albers et al., 2016, Bal et al., 2019; Müller 2019; Tupa 
et al., 2017, Mijailovic et al., 2020). 
 
2.8. Cloud 
 
The storage of real-time data collected from the industry 
in a database that can be accessed independently of the 
platform or operating system is called the cloud. These 
systems represent one of the most important tools for 
the successful implementation of Industry 4.0. (Lane et 
al., 2016). The application of cloud systems in relation 
to traditional databases has a number of advantages, the 
most significant of which are access in real time, it 
lowers the necessary funds related to the maintenance of 
the database and the hardware part (Kolesnyk et al., 
2021; Mijailović et al., 2018). In the case of the 
application of some other databases that require 
hardware systems for storing large amounts of data, 
they would be within the manufacturing industry (Lane 
et al., 2016; Murugaiyan et al., 2020), which actually 
represents a number of disadvantages of such a system. 
While in the case of cloud system application, all data is 
located in one place that is always available, with the 
fact that the lack of such systems can represent an 
internet connection (Lane et al., 2016). 
 
 
 

 
3. CASE STUDY 
 
This paper presents a system developed for the 
identification of non-conforming products or semi-
products, based on the application of computer vision. 
In the process of identifying non-compliant products, 
the system, in addition to data acquisition, performs the 
process of detecting contours based on circles. As it is 
often the case that in industry, during the production 
process, the product contains openings for screw 
connections or technological openings that are further 
important for the product assembly process, hence the 
need for the development of such a system. Also the 
application of this system that is imposed is the product 
assembly process where the identification of screws can 
be done, it can also be applied for product selection. 
Based on the use of the Hough transformation, it detects 
circles on the semi-finished product, preventing further 
operation of the machine if the lack of one or more 
circles is identified. The system was developed to work 
in real time, where data is stored on the cloud, providing 
the possibility of accessing data in real time. Certainly, 
the advantages of using this system are reflected in 
speed, flexibility, reduction of the number of non-
compliant products, precision. 
 
3.1 System software 
 
When it comes to starting the system for the first time, it 
is necessary to place the hardware on the corresponding 
production machine, after checking the system can be 
started. After the first start of the system, it can work 
independently, which makes the application of this 
technology an advantage over traditional ways of 
identifying non-compliant products. When the system is 
started, images are acquired using computer vision and 
the OpenCV library, then the collected data are 
processed using Hought's transformation, and the output 
of the system is data related to the number of identified 
circles as well as the number of compliant or non-
compliant products. It is also possible to define 
conditions related to the number of identified circles, 
after obtaining the specified data they are stored on the 
cloud in the specific case ThingSpeak was used. The 
mentioned process is executed in real time, where the 
total time of the algorithm is 0.35 seconds for one 
image, which is certainly faster than the system 
requirements, that is, from the production machine and 
its process of producing one product. Certainly one of 
the important features of this system is adaptability, it 
can be moved from one production machine to another 
and continue working without interruption. Algorithm 
performance tests were performed within the premises 
of the university, laboratory of the quality center. In 
Figure 1, you can see an example of a semi-finished 
product that has circles on it that refer to twisted screws. 
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Figure 1. Example of a semi-finished product with both 

screws (Source: Author) 
As can be seen in Figure 1, the semi-finished product 
contains 2 screws that were detected using the 
developed system. Figure 2 shows the result of the 
algorithm.  

 
Figure 2. Result of the semi-finished algorithm with 

both screws (Source: Author) 
Based on the results of the system algorithm, which are 
shown in Figure 2, it can be seen that the product is 
compliant. In Figure 3, you can see the non-compliant 
semi-product.  

 
Figure 3. Non-compliant semi-finished product 

(Source: Author) 
Based on Figure 3, it can be concluded that one screw is 
missing from the semi-finished product, which can also 
be seen based on the results of the algorithm shown in 
Figure 4. 

 
Figure 4. Inconsistent product of algorithm results 

Source: Author  
As can be seen in Figure 4, the product is non-
conforming, it does not have one of the two screws. The 
presented data is stored on the cloud system within this 
system thingspeak cloud was used, an example of the 
stored data collected by this system can be seen in 
Figure 5.  

 
Figure 5: Data stored in the cloud 

Source: Author 

We can additionally process and display data stored in 
the cloud in several ways, the advantage of cloud data is 
its availability. 
 
 
4.  DISCUSSION 
 
The focus of the system developed in this work is on the 
process of identifying product non-conformities with the 
use of modern technologies that involve the application 
of computer vision. After the implementation of the 
system in the production industry, it brings a number of 
benefits compared to the traditional ways of identifying 
non-compliant products. Some of the advantages are 
reflected in the speed, accuracy, flexibility, 
independence of the developed system. Traditional 
ways of identifying non-conformities involve the 
interaction of an employee, i.e. the engagement of 
employees from the product quality sector, where there 
are a number of limitations and in terms of the time 
necessary to identify non-conformities if it is a serial 
production or several production machines, the time 
needed to form a report or the reaction that would 
should stop the further flow of production if there is an 
increased number of product non-conformities. While in 
the case of the application of the system developed in 
this work, we receive the data in real time, the reaction 
of the system is also in real time, we can create reports, 
the data is stored in the cloud and can be accessed from 
all platforms and operating systems and further 
processed. The shortcoming of this system can be seen 
from the aspect that it was developed for use on one 
production machine, while a quality expert can observe 
several different machines as well as different types of 
non-conformities. Certainly, the use of this system and 
timely reaction affects the further flow of production 
and the reduction of non-compliant products.   
 
 
5. CONCLUSION 
 
The system developed by this case study represents a 
solution that should reduce the production of non-
conforming products created in production, most often 
caused by a machine failure or error, thus satisfying the 
initial goal of the study. The increased number of non-
compliant products directly affects customer satisfaction 
as well as costs, which certainly represents another goal 
for the development of this system. Timely reaction of 
the system is essential in terms of stopping the further 
flow of production of non-conforming products, which 
directly affects the production time. 
The results of the study, which were stored on the cloud, 
were presented. The system has limitations related to the 
application itself, the developed system is used to 
identify contours that represent circles, which means 
that it cannot be used for contours of other shapes. 
Certainly the developed system satisfies the initial goal 
where the focus was on the detection of contours 
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representing circles. This study presents a unique 
solution for the application of software used for 
identification, which is based on the implementation of 
the Hough transform and the training of the system, 
which involves defining the basic parameters related to 

the number of contours and their size. Further directions 
of this study will go towards the development of a 
system that will be able to detect a larger number of 
different contours on one product.  
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