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Abstract

A polyethene quality control system is a set of methods and means of controlling and regulating
components that determine product quality and technical management at all stages of the
production process. The first experience of polymerization of polyethene in the XIX century
was received by the scientist Gustavson. For many years, polyethene was created in small
quantities, but in 1938 the British mastered industrial production. At that time, the
polymerization method was not yet perfect and required additional means of production
control. Nowadays, each company uses different ways to control production. Still, given the
complex chemical and technological processes, the need for a more efficient and integrated
system that will maintain the quality of final products and at the same time save raw materials
is relevant. The research aims to create a quality control system for notification, control, and
management of automation systems using remote access and artificial intelligence systems.
Study object: technical features of implementation of a quality control system for polyethene
production enterprise. Scope of research: quality control system for polyethene production with
elements of artificial intelligence technology. The bachelor's thesis deals with creating an
information system for quality control of polyethene, which will provide effective and safe
management of the production process, high functionality and cross-platform with the help of
web technologies and artificial intelligence. The work consists of an introduction, five chapters,
conclusions and a list of sources used. In the first section, the theoretical and methodological
bases of research of quality control system are considered. The article provides a systematic
analysis of the object of study, compares and selects the means of implementing strategies,
describes the created software and the software product's economic characteristics, and
calculates the cost of the software product. According to the study, an information system for
quality control of polyethene production was created. The work is to establish compliance of
products and processes with the requirements of regulatory and technical documentation,
standard samples, provide information on the production process and maintain its stability,
protect enterprise data, identify defective products in the early stages, and prevent the
production of substandard products.
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1. Introduction

Since today, the problem is quality control in production. In addition, saving of raw materials is still
not fully resolved. There is a need to build a quality control system using elements of artificial
intelligence technology, which will help not only to report problems in advance but also to control the
technological process, to maintain quality at a certain level constantly. Today, quality control systems
are widespread for high-pressure polyethene production as they include complex chemical processes,
prevention of breakdowns of technological equipment, reducing production costs, and improving
occupational safety at the enterprise. The introduction of such systems in the production process brings
many benefits to the chemical industry, solving problems related to quality control, raw material savings
and production management. The quality control system of polyethene production allows increasing
the reactor's productivity, ensuring high process speed, reducing the harmfulness of the production area,
reducing the cost of polyethene, increasing the yield of the finished product, and improving its
production quality. The use of systems that, based on artificial intelligence, control highly complex
chemical-technological processes, sensitive to any deviations, makes the production of polyethene
manageable, predictable and controlled. The purpose is to create a quality control system for the tasks
of notification, control, management of automation systems using remote access and artificial
intelligence systems. Research objectives:

e  Toconsider the main elements of the essential quality control system and existing systems and

to determine the possibility of their use in creating a comprehensive quality control system;

e Consideration of engineering and software solutions to create a quality control system for

polyethene production, without reference to the platform;

o Defining the necessary functions and commands of the system;

e  Description of system requirements for the development of quality control system;

e  Determining the required software to system implementation.

The object of study is technical features of introducing the quality control system for the enterprise
on polyethene production. The subject of research there is a quality control system for the production
of polyethene with elements of artificial intelligence technology. The novelty of work is to develop a
fundamentally new quality control system for polyethene based on web technologies, which with the
help of artificial intelligence elements will independently control the production process to create a
quality product and save raw materials. In addition, the system will not be tied to a specific user's
workplace, which will give it increased mobility. The practical significance of the obtained results is
that they are of both scientific and theoretical and practical interest. The materials of the analysis will
be helpful for further study of the specifics of the involvement of information technology in the
chemical industry. In turn, the developed information system will be effective for further optimising
the production process, improving product quality and saving raw materials. This system can also be
used in conjunction with other systems or to train relevant professionals.

2. Related works
2.1. Basic principles of research

The quality control system is a holistic set of processes, resources, relevant procedures,
organizational, providing opportunities to maintain strong links between all levels of management and
operating enterprises at all levels of sales and production and the overall quality management of
products and services. To ensure the required high quality of products or services, you need a
transparent management system of this quality, which will include scientific and technical advances,
focus on market demands and stimulate the conscientious work of the entire team at the enterprise [1].

The quality control system is a general term for several types of systems. There are different
approaches to the construction of quality control systems in production, namely: a system built on the
principle of a light signal panel using mechanical control devices (switches, buttons, signal lamps,
beacons), a method using an operator panel (combined use of automatic control devices and panel
computers), as well as a system that is an NMI based on automated workstations (AWP), which is a
personal computer, phone or tablet with a comprehensive quality control system. This paper will



consider developing a quality control system for polyethene on the principle of HMI systems, with
support for multiplatform and the use of web technologies [2-3].

There is a lot of work devoted to developing and researching quality control systems and remote
control systems both in the international space and in the national segment.

The article [4] describes supervisory quality control and data collection, interface requirements,
discusses new and open technologies and their impact on increasing SCADA / HMI development
capabilities. Finally, it introduces practical SCADA / HMI programs for DCAI [4].

An article [5] provides an overview of SCADA functions and the basics of SCADA systems,
including a brief description of the critical human-machine interface. Several key issues and problems
of modern SCADA systems are discussed: messaging standards, system performance testing, and
system obsolescence. An analysis of current trends is in distributed processing, improvements in the
human-machine interface, standard systems, smarter RTUs and standard software [5].

The article [6] focuses on product quality. However, it does not have an evaluation criterion but is a
specific advantage and depends primarily on the qualifications of staff and their knowledge of
production technologies. Quality forms the reputation and business image of both the specialist and the
company he represents [6]. Article [7] conducts a precise, detailed analysis of the current state of
organization of product quality control in enterprises. It provides the need to analyze the entire
organizational process of product quality control, system research, and detailed study of information
flows of quality control of products manufactured at the enterprise. All the works mentioned above
have an unsolved problem of quality monitoring and running power of the production process without
the involvement of personnel, reducing the cost of raw materials and financial costs, and reducing the
complexity of training to work with these systems. In addition, based on these works, system
development is relevant. It is not tied to a specific device or panel and is built on the principle of
multiplatform, which provides mobility in the work of the system operator.

2.2. Analysis of known means of solving the problem

To ensure the required quality of products or services, an effective quality management system is
needed, which will take into account all scientific and technical achievements and focus on market
demands. Beginning in the 1950s, the world started introducing product quality management systems
at enterprises in various industries. One of the first systems was the Saratov system of defect-free
production (GDP). The purpose of the plan was to create the necessary conditions for production,
according to which the products complied with all these regulations and surrendered from the first
submission. One of the main criteria for assessing quality was the percentage of products that were
delivered from the first time. Accordingly, the higher the rate of offered products, the greater were the
moral and, most importantly, material incentives [8]. The Lviv system of defect-free labour (SBP) was
more progressive than the Saratov system. This system aimed to produce the most defect-free product
of excellent quality. It is worth noting that the system encouraged the work of all employees: from
production worker to management employee. The design took into account the quality of work and the
miscalculations of each employee of the enterprise. Nowadays, quality control systems are used in
various fields of human activity. They are actively used to automate individual units, installations or
the entire process [9]. A modern HMI system is a specialized software or a microprocessor device with
a display. It comes with a pre-installed production process and a user environment for the HMI user. It
distinguishes the operator panel from industrial panel computers, which require additional software
packages and other applications - usually paid. To better understand all the advantages and
disadvantages of different ways of implementing quality control systems, it will be advisable to get
acquainted with the primary means of implementing strategies and highlight the most popular designs
on the market. And also to compare them with systems which on the principle of realization are similar
to mine. Among the most effective and popular systems used in the chemical industry are the following:

2.2.1. SIMATIC PP button panels

SIMANTIC pushbuttons can be used wherever buttons and lamps are needed, such as control panels,
machines and installations. They can also be used in the design of special devices to develop standard



operator panels, which can be quite flexibly and modularly expanded using additional buttons and LEDs
that connect to the built-in board of digital inputs and outputs.
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Figure 1: SIMATIC PP button panel

Ready-to-use pushbuttons are connected to SIMATIC controllers via MPI, Profibus DP or Profinet
networks. The standard configuration guarantees immediate readiness for use immediately after
connection and design, thanks to which up to 90% of the time can be saved compared to the standard
installation. Changing the settings can activate various PP options. Operating the machine becomes
more accessible and faster for the development engineer, operator and end-user [10].

Advantages of SIMATIC PP. The Button Panel (PP) provides the standard features required for a
traditionally designed operator panel plus the following:

e Fully or partially "customized" buttons simplifies the deployment of the system in the

enterprise;

Two-colour LEDs in all buttons;

Additional digital inputs and outputs for system extensions;

Other blanks for standard 22-mm different elements such as button, lamp, etc.;
Centralized entry to prevent unauthorized access;

Built-in check of lights and controls, selected through parameters;

High reliability of system management, which plays a significant role during production;

e  Ease of maintenance and repair of the system.

Disadvantages of SIMATIC PP. The disadvantages of SIMATIC push-button control panels, as well
as other electronic-mechanical panels, are:

e  The significant influence of the environment and the human factor on the wear and tear and

failure of the elements of the system;

e Lack of reliable means of prevention and elimination of errors of the operator's actions when

working with the system;

e  The need for constant presence around the operator's system;

e  Binding of the control panel to one location at the enterprise, which prevents its mobility;

e Lack of saving reports on the system;

e Lack of output of graphic information, which in turn complicates the work with the system,

reduces its productivity and the level of input to work with it;

e The need for constant adjustment of the quality of the process by the operator, which creates

additional threats based on the human factor;

e  Provide the system with only the warning functions and change the input data with the user's

permission lack of direct involvement in control and self-learning.

2.2.2. Yokogawa touch panels

The operator's touchpad is a human-machine interface that allows the user to communicate with the
equipment efficiently. The simple and intuitive graphical interface will enable you to manage industrial



units easily. Modern Yokogawa panels have virtually no physical elements - buttons, switches, toggles,
indicators, etc. [11].
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Figure 2: YOKAGAWA touch panel

The interaction takes place through the touch screen. It also displays all the information needed by
the operator. This technology allows quick and convenient control of the equipment and eliminates the
need to use additional electrical connections present in traditional push-button control systems. The
reliability of such links is often in doubt, so they can fail at the most crucial moment. With touch control,
the risk of such a situation is minimized.

Advantages of YOKAGAWA:

e Thanks to the high-speed USB interface, you can quickly download and download work

programs. You can use a USB flash drive or SD card to copy and back up data and transfer it from

one panel to another.

e The Yokogawa brand offers many bright and colourful displays with high resolution, up to

65,535 colours. They allow you to reproduce a clear and realistic picture.

e  ThePLC program can be serviced and updated via the panel. It ensures efficient and convenient

operation of the PLC with fewer cables and connections.

e  The panels can be connected to different types of inkjet and dot matrix printers via a USB port.

e  There are many opportunities for communication through different communication interfaces.

Disadvantages of YOKAGAWA:

e  The higher cost of the device is compared with button options or with panels that do not have

controls.

e Some touch screens cannot work effectively in negative temperatures, making the device

underused at temperatures below 0°C.

¢  When working with the system, it is always necessary to monitor the cleanliness of the display

to ensure high reliability.

e  System mobility, which leads to partial quality losses, and the speed of solving problems or

preventing them, is still unresolved.

e  Provide the system with only the functions of warning and changing the input data with the

user's permission, lack of direct involvement in control and self-learning.

2.2.3. Schneider Electric Harmony STW6 web touch panels

The panels of the Harmony ST6 operator range in size from 4.3 to 15.6 inches and combine
exceptional quality with good graphics in 16 million colours, have a stylish design thanks to the metal
front panel of the case. Harmony ST6 is programmed using the new EcoStruxure Operator Terminal
Expert software, which is part of the EcoStruxure Machine offering and combines key technologies for
product connectivity, local management, and cloud technologies analytics and digital services. The
constant development of EcoStruxure Machine functionality helps offer its customers more innovation
and additional benefits throughout the life cycle of the equipment [12].



Figure 3: Schneider Electric Harmony STW6 web touch panel

Advantages of Schneider Electric Harmony STW6:

o  The metal basis provides the case with a rigidity that, in combination with a qualitative lining
of a sealant on the perimeter of the case, provides a guaranteed high degree of protection from the
front panel - IP65.

e  The Harmony ST6 housing has additional locking hooks that prevent the terminal from falling
out of the mounting window until it is fully closed. Complete clamps allow installation of the
operator's panel without the use of the additional tool.

o All Harmony ST6 models have a QR-code on their body. With its help, you can get a quick
link to the documentation for maintaining the operator panel using a smartphone with Internet
access.

o  All Harmony ST6 terminals feature high-resolution displays with high resolution, providing 16
million colours, improved graphics using TrueType fonts, gradient, transparency and anti-aliasing.
e Harmony ST6 models meet 1loT requirements at the product connectivity level, providing
secure connectivity, connectivity, and efficiency for the required software and applications.

e  The built-in WEB browser with HTML5 support allows you to use the menu access capabilities
to configure various servers and web terminals.

Disadvantages of Schneider Electric Harmony STW6:

e  High purchase price of the system and its deployment;

The need for qualified personnel to correct software errors in the operation of the system;

The need for additional means of communication for secure data transmission;

Lack of system support on popular platforms (smartphone, tablet, personal computer);
Attachment of the system software to the web panel;

e  Provide the system with only the warning functions and change the input data with the user's

permission. Lack of direct involvement of the system in control and its self-learning.

As can be seen from the above description of quality control systems, their main problem is the lack
of self-training of the system, leading to high financial costs for purchasing raw materials and additional
wages to employees. Also among the main disadvantages are the high cost, the need for skills to work
with similar systems and the binding of approaches to a single device or location.

2.3. Software system functionality

To represent the functioning of the polyethylene quality control system based on the HMI-interface,
it is necessary to determine the main attributes and functions shown in Table 1, namely such as:

e  Graphical interface - includes several visual aids to improve user navigation through the system
and technical functions perform aesthetic, for the presentability of the system and its further
promotion in similar enterprises.

e  Messaging - is implemented for communication between employees of the enterprise for their
further coordination of actions, sending reports and creating notes.

e  Production mode with quality control - the function is implemented to monitor the production
process, review the original data and evaluate the system. In this mode, the system user enters only



the necessary initial data required by the production technology and then performs only the role of
observer. All operations for further quality control, error correction, and critical analysis are
performed by analysing the initial parameters based on artificial intelligence and setting additional
inputs.

o Database for authentication - performs a protective role of the system, restricts access to the
system to unregistered users. It stores all information about the user and provides all the necessary
functions associated with his 1D.

o Diagnostic mode - is implemented to check the serviceability of equipment and sensors attached

to them.

e A database for reporting on the sessions of the system - is necessary for the analysis of
technological processes, the efficiency of each user, economic calculations, and further forecasts.

Table 1

Software system functionality
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After analyzing this area, the main research principles were considered, which show that this area is
in high demand, but it still needs modernization and improvement. Having studied in detail the work of
leading people in this field, we got a general picture of the target audience, their needs, compliance with
what users expect from the system, and what it can provide in this technical development of the industry.



In addition, to gain an in-depth understanding of the need for quality control systems, a brief analysis
of the creation and implementation of the first enterprise systems was conducted. Comparing the most
popular quality control systems, a general picture of the functionality of these systems were obtained.
It is not clear the perfection of each design, as increasing the functionality directly increases the cost of
the system and does not allow the use of these systems. The lack of artificial intelligence for quality
control in production makes the system more complex and requires more staff and raw materials. From
the above, creating a system that combines mobility, low cost and reliable functionality, and all complex
chemical processes and quality control of the original product will be carried out by a plan with elements
of artificial intelligence to eliminate errors based on human factors.

3. Materials and methods
3.1. System analysis of the object of study

For the design of an information system for quality control of polyethene production, one of the
critical requirements is to provide recommendations based on building a decision support system and
methodology of system analysis [13]. Among all the principles are the following:

e  The principle of the ultimate (global) goal - is the definition of the goal and is characterized by

absolute priority, i.e. defines a specific main goal for the system - to provide tools to solve the

problem of quality control of polyethene production;

e The principle of unity -provides a joint consideration of the system as a set of components

(elements, subsystems, system-building relations). In the latter case, it is a subsystem that provides

the ability to enter the necessary information into the program (new input data); recommendation

subsystem based on entered data; subsystem of independent control of initial data; a subsystem that
provides the ability to output all the original data in a pre-created appropriate form (output system);

e  The principle of connectivity - contains the necessary generated data based on the entered and

stored data in the database;

e The principle of modularity -provides for the implementation of decomposition into

components (modules) of varying degrees of generality and considers the system as a set of modules

and connections between them. The designed system can be divided into the following modules: the
main module of logical output, the module of analytical control of initial data; module for outputting
the formed system of recommendations, a module for entering system user data;

e  The principle of functionality - is to ensure the overall functionality of the system, namely, the

functionality of entering the necessary user data, saving user reports;

e  The principle of development should be laid down in the construction of artificial systems like

the ability to improve and develop the plan while maintaining the quality, i.e., introducing specific

new knowledge during the system's operation.

The above principles make it possible to reflect the characteristics of the construction of the system
and take into account all the interrelated relationships between the elements. We will describe the
essence of the system by the purpose, which determines the appropriate definition of the system and is
specified using the goal tree [14].

According to the generally accepted system analysis methodology, the main goal is to create an
information system for quality control of polyethene production. The ability to perform this task appears
when all the available sub-goals will be fulfilled. From the top of the goal tree, which represents the
primary goal, three branches divide the main goal into three corresponding sub-goals. The first sub-
goal is "Checking each stage of production". At this stage, it is necessary to identify the characteristics
of the sub-goal and form a structure of knowledge required for the system's effective operation. The
selected sub-goal, in turn, is also divided into two lower sub-goals, the tasks of which are to design
tools to test the shocks of the production process and create a logical model of the knowledge base with
information about the state of the system.

The second sub-goal is "Control and change of parameters by artificial intelligence”. The purpose
of this branch is the quality analysis and its further control. This sub-goal is also divided into two lower
sub-goals, namely: comparison of initial real parameters and nominal (tracks changes in data, analyzes
them, and, based on them, conducts self-study to determine deviations from nominal parameters),



control and adjustment of input parameters system (based on the analyzed data decides to change the
input parameters to maintain the required parameter of product quality).

To achieve this
goal, the following
tasks were
identified:
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Figure 4: Goal tree

The third sub-goal is "Protection of the production process"”. This sub-goal aims to ensure the safe
operation of the system and reduce the impact of the human factor on the system. This sub-goal is
divided into three lower sub-goals: creating a user account (serves to link the user and the production
process, analyzing its actions), providing recommendations for input and system use (reduces the
intellectual login threshold for using the system), banning production two or more users (necessary to
prevent the occurrence of illogical situations in the workplace, which, accordingly, can lead to critical
consequences). The fourth sub-goal is "Analysis of initial data by the user". The purpose of this sub-
goal is to provide user-friendly tools for data exchange and further analysis. This sub-goal is also
divided into two sub-goals: sending reports by e-mail (allows you to report on the system's operation)
and visualization of source data flow (provides tools for simplified output of individual information to
the system user).

3.2. Concretization of system functioning

To specify the system's functioning, it is necessary to use a structural methodology with
implementation in the form of a hierarchy of DFD or equivalent IDEF0. Each process, without
exception, requires a unique environment for its construction. Based on the analysis of the necessary
charting tools, it was decided to use the AllFusion Process Modeler environment. It has a
straightforward user interface, all the functions needed for working with charts and supports three
primary modelling methodologies: IDEFO, IDEF3, and DFD. From the list of these methodologies, it
was decided to use the IDEFO methodology to model the specification of the system's functioning
because it allows you to explore the functions of the system without linking them to the objects that
ensure their implementation. This approach in the performance of diagrams, in our case, most widely
allows you to describe the system's operation [15]. First, a context diagram "Information system for
quality control of polyethene" was created in the methodology IDEFO (Fig. 5).

The department included:

e  Manufacturing technology-specific is clear instructions to the user of the system, which can be

issued both based on the generally accepted standards from technical documentation and based on

the personal criteria defined by the head.

e  Program algorithm - is a specific sequence of commands to the executor of this algorithm (in

our case, the artificial intelligence of the system) aimed at solving a problem.
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Figure 5: Context diagram IDEFO

The mechanisms for implementing the process are:

e A system interface is a specifically developed set of rules, methods and means of interaction

(control, management, etc.) between the designed elements of the system, in compliance with the

requirements for the interfaces of quality control systems.

e  Sensors are specific measuring devices incorporating mechanical production control devices

that produce output signals suitable for remote storage, transmission, and control or monitoring

systems.

e  The system is logical commands and means of artificial intelligence that can perform essential

calculations based on data obtained from analyses or sensors to analyze, control and make

appropriate changes in the production process.

Input data:

e  User data is e-mail and password required to log in and continue working with it.

e  Work time is the amount of time during which the active stage of the production process will

be carried out.

e  These factions are the basic unit of raw materials used in the manufacture of products.

o Catalyst data is the second most important unit of raw materials, which according to the

technology, is used in a ratio of 1: 1 with the fraction.

e  Solvent data is data required for chemical reactions.

e  Device data value coming from sensors or other devices.

¢  Methanol data is data required for washing raw materials.

e  These supplements - data required to specify the final classification of the finished product

following the standards.

The result of the system will be:

e  Work report - generated information on the system's operation for the production process, with

all the necessary data about the user, the session and the final product.

e  Characteristics of polyethene are the central values that are important in evaluating products

and their classification.

e  Quality of polyethene - is a certain quality of the finished end product, which is based on the

calculated and obtained data on the characteristics of the final product, production process and

manufacturing technology.

After creating and describing the context diagram, a functional decomposition was performed, i.e.
the system was divided into subsystems, and each subsystem was described separately.

The context diagram was divided into four blocks (Fig. 6):
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o  Determine the access level - a unit responsible for protecting the system, providing access to

authorized users and conducting verification by unregistered users.

o  Enter data into the system - sets up the production of polyethene following a specific technology

specified by the head, and is based on the input of data necessary for testing the system and for a

complete start of production, to manufacture finished products.

e  Start production- a unit during which the entire production process takes place. In performing

this process, all stages occur linearly not to create a situation of uncertainty, which can have critical

consequences for both the system and the enterprise's logistics.

e  Quality control- unit, all management and analysis of which is based on artificial intelligence,

which controls the quality of the final product by collecting and analyzing ready-made data, and

based on them by setting new parameters that are within, according to pre-set production technology.

In addition, it also decides on the emergency termination of production if the quality is outside the

minimum allowable values [16].

After further partitioning the diagram, we obtain 4 more decomposition diagrams that describe each
of the available blocks in the decomposition of the context diagram. The block decomposition
"Determine the level of access" (Fig. 7) illustrates in detail the sequence of logging in. When user data
is received from the system interface, a request is made to the SD to check the user's presence.

Suppose the user is present in the SD. In that case, the system makes an additional check for authority
(it is determined whether another user starts the system) and then granted access to use the system. If
the user data is not in the SD, the user is offered registration and further verification.

The steps that follow are similar to the steps for registered users. The decomposition of the block
"Enter data into the system" (Fig. 8) details the process of setting the necessary data for the production
process to manufacture polyethene or its editing. When granting permission to work with the system,
the user can enter the primary data to manufacture polyethene or run a test of the production process.

After entering the primary data, it is possible to make these additives to start full-fledged production.
In entering both primary and secondary data of products that will participate in the production process,
the user must turn on the device, after which all processed data from each unit is checked. According
to the result of the verification analysis, the system starts production with the verified data or provides
instructions on adding or editing the input data. All operations performed and described in this
decomposition diagram can be achieved by both the user and the system, except for the block "Enable
devices", which is implemented only through the user, i.e. the system interface [17].
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Figure 7: IDEFO decomposition diagram "Determine access level"
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The decomposition of the block "Start production™ (Fig. 9) illustrates the production process, which
is strictly linear and excludes any possibility of branching. After starting production, the verified data
enters the polymerization process. In turn, the analyzed polymer data accordingly enters the process of
washing from the catalyst. After performing this process, the data on the open-source is sent to the
drying unit, which in turn provides the calculated data of polyethene. Only sensors are the mechanism
for carrying out the processes in this "Start production" block [18].
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Figure 9: IDEFO decomposition diagram "Start production"

The decomposition of the "Control Quality" block (Fig. 10) serves both for quality control and
control of the general production process. Upon receipt of polyethene data, there is a comparison of
genuine and nominal quality parameters. When the data has been verified, information about the
polyethene is displayed to the user, namely data such as the quality of the polyethene and the
characteristics of the polyethene. In addition, all data on polyethene are recorded in the SD.

In parallel, the same verified data are analyzed by artificial intelligence, and on their basis, the
possible critical level of product quality is determined. If the system concludes that the quality level is
less than necessary, there is an emergency shutdown and subsequent entry in the SD of the reason for
termination. If the system assesses the quality level as permissible, the artificial intelligence determines
the data be changed to maintain or improve the quality of the final product. After that, the modified
input data is redirected to the block "Enter data into the system".
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Figure 10: IDEFO Quality Control Decomposition Diagram

All calculations, analysis and decision-making in the "Monitor Quality" block, and data change in
the "Enter Data into the System™ coalition, are performed by artificial system intelligence.

3.3. Building a hierarchy of processes

In order not to get confused and get lost in a large amount of information, and such to check the
correctness of the decomposition, it is necessary after each change to create a diagram of the tree nodes.
Representation of an information system in the form of a functional diagram is a common way to model
the system's functionality. The node tree diagram depicts the entire work hierarchy in the model and
allows you to view the whole model but cannot show the relationships between existing jobs (arrows).
Creating a working model is an iterative process so that the work can repeatedly change its location in
the designed node tree.
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In this diagram of the university tree, the depth of the tree is three, and the root of the tree is the
"Polyethylene Quality Control Information System", which in turn is the parent work of the diagram.
The list shows the lower level of decomposition, but the rest of the results are depicted in rectangles.
To fully display the tree using rectangles, you must disable the existing Bullet Last Level option. In this
section, the principles of system construction and methodology of system analysis were determined.
Based on this analysis, a goal tree was constructed, and each goal was described in detail. To specify
the system's functioning, the methodologies for making IDEFO, IDEF3 and DFD are analyzed. After
selecting the IDEFO methodology using AllFusion Process Modeler, the information system analysis
was performed by creating a context diagram "Polyethylene Quality Control Information System" in
the IDEFO methodology. All control tools, process implementation mechanisms, input data, and work
results are described in the context diagram. Based on the related context diagram of the information
system, the functional decomposition is carried out, i.e. the system is divided into subsystems, thus in
each subsystem, all blocks and communications are separately described in detail, belonging to means
of execution for blocks is specified. Also, for the information system of quality control of polyethene
using the same means of modelling AllFusion Process Modeler, the diagram of a tree of knots represents
all hierarchy of system processes with a depth of the graph, a root and stylization of diagram display is
created. Based on all the system analysis, the collected requirements for the information system and the
results obtained, we can move on to the next stage, namely the practical implementation of the system,
using both software and hardware.

3.4. 3.1. Selection and substantiation of means of problem-solving

To build an information system for quality control of polyethylene production, it is necessary to use
several industries for the most efficient operation of the system. Conventionally, the system can be
divided into the part that implements the design, functional, and data warehouse. Several available
solutions are provided for this purpose. The first and most primitive solution is implementing a system
on HTML + CSS + JS with part of the backend in Python or PHP and a database connection. The
principle of creating a page in this way is shown in Fig. 12.
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Figure 12: Page structure based on HTML + CSS +JS

However, this solution is highly complex. It requires a lot of time, additional connection to the local
hosting library, skills to optimize various system approaches to this code. It is somewhat outdated in
terms of system performance, appearance and functionality. The next available solution is to build a
CMS-based system. Content Management System, or Content Management System - is software that
is used to provide additional functionality and the organization and structuring of websites, both in
separate computer networks and in general on the Internet [19].

3.4.1. Analysis of the effectiveness of CMS-systems

There are hundreds and maybe even thousands of available CMS systems. Due to their advanced
functionality, these systems can be used in various fields of human activity.

The main functions of modern CMS are:

e  Generate the required web page at the request of the user;



e  Managing both text and graphic blocks of content on the site, providing the user with a user-

friendly interface;

e  Providing convenient tools for publishing information on the site, as well as its further storage;

e  Automation of all processes for the location of data in existing databases and its subsequent

publication in HTML code;

e  Preview a webpage for editing by one of the administrators;

e  Providing tools for deleting or editing content;

o  Consider the most popular of all CMS systems.

WordPress. Probably one of the most popular open-source content management systems, which is
widely used to create websites due to its ease of deployment and application. Both blogs and complex
websites are used. The existing built-in system with plugins and themes combined with a good
architecture allows you to design almost any project. The system uses MySQL databases and is written
in the PHP programming language. The source code is distributed under the terms of the GNU General
Public License [20]. The advantages of the solution are:

e  Convenient presentation of the interface, for its further perception by the person;

Significant functionality (a large number of created templates and extensions);
A simple system for deployment and further management;

The disadvantages of the program are:

The security system is quite vulnerable to current technologies;

The possibility of failures and interruptions, with a high level of attendance;
Low search engine efficiency;

Limited writing of the system backend;

Attachment of the system to the principles of construction based on templates.

Joomla! is an open universal system for content management and publication of necessary
information on the Internet. This system is quite versatile and can solve problems ranging from creating
personal pages to the implementation of Internet portals, online stores or corporate sites. Joomla
features media management interface, flexible account management tools, support for multilingual page
creation, advertising management system, user address book, voting, link categorization and site click
accounting, built-in search, menu support, a system of templates, support for caching pages, as well as
a fairly large set of ready-made applications. Joomla! Implemented using the MV C architecture in PHP.
Uses a MySQL, PostgreSQL or MS SQL database to store information [21].

The benefits of the Joomla! are:

e  Considerable convenience and simplicity when writing a website;

o A specific minimum set of source tools, which expand during further work with software

packages;

e  Providing support for the system in many languages;

e  Created ready-made templates for other use;

e  Constant updating of the system and its components accordingly.

Among the disadvantages of the system are:

e Some vulnerabilities in the security system;

e Arelatively high load on the server;

e  Low opportunities in writing your backend;

e Linking the system to templates and menu components.

Drupal is a flexible CMS based on the LAMP stack, using a modular structure that allows you to
add and remove features through the installation and removal of modules and enable you to make
changes to the site's appearance through the installation removal of design themes. The Drupal
framework, also known as the Drupal kernel, contains PHP scripts required to run several plug-ins,
themes, basic CMS functionality, and many CSS, JavaScript, and image files. In addition, this CMS
system does not depend on the type of databases used and is suitable for those who, due to certain
restrictions, cannot use MySQL, which implements support for most CMS. Drupal also includes tools
for developing websites that support multiple languages accordingly. To perform the task of the web
site's structure, separating it from the design, Drupal can provide taxonomy. Taxonomy - is the



definition of an arbitrary number of headings. Each document is included in one or more titles, which
can be presented in a complex hierarchical structure or list [22].

The advantages of the Drupal system are:

e High functionality and flexibility. The variety of system modules allows you to create custom

solutions that will meet all the expectations of visitors;

e Availability of free items for use;

o Availability of a large amount of literature to get acquainted with the system;

e Relatively low server load.

The disadvantages of Drupal operation include:

o  Complex application on sites that are supported at cheap rates from hosting providers;

o High complexity at application;

o Relatively inefficient work with functions of objects of language PHP.

UMI.CMS is a commercial site management system (CM) written in PHP. Available in both free
and commercial versions. Based on this system, sites of any subject and the sizes are realized.
UMI.CMS requires small resources from the system and is operational on virtual hosting and cross-
platform (i.e. runs on Microsoft Windows, UNIX, macOS, FreeBSD). It uses MySQL database, but
there is the possibility of using other data sources and support for dynamic AJAX change loading
technology. To perform communication with the database, a managed object model is used, on top of
which a CMS is implemented. Perhaps the main ideological feature of UMI.CMS is a user-friendly
interface. For example, the system supports changing the existing structure of the site using drag &
drop. New versions use the method of editing the content of pages and page components directly on the
site, without going to the dialogue interface or administrative interface. Behavioural technologies are
used in UMI.CMS. The system allows you to track how the visitor moved while on the site, individually
customize the ads. UMI.CMS uses both the standard XSLT template and the internal system [23].
Advantages of UMI.CMS:

e  Ability to edit content online in a user-defined part of the site, without the need to use the admin

panel;

e  Thetoolbar in the browser. This feature allows you to receive the required message even when

the administrator is not on the system;

e  Quick correction if you enter the wrong URL. In the case of an incorrect address, the system

will automatically find the most similar design. It will avoid the error message.

Disadvantages of UMI.CMS:

e  High purchase and deployment price;

e  Somewhat confusing interface;

e  There was a small amount of official documentation;

e  Limited in writing system backend.

NetCat. Commercial site management system. When creating the NetCat CMS, the main task set is
to provide maximum comfort in the use of the engine for both experienced users and those who first
encountered them. The site control panel allows access to all major features. Each page is customized
using a visual editor, but if the user needs to implement any specific functions, the developers kindly
provide detailed documentation. The company actively cooperates with many companies that offer
extensions, additional modules and implement the necessary functionality. Even if the user initially has
zero knowledge, he can quickly turn to official partners, who will easily launch even the most complex
projects. If the user does not need anything supernatural, then you can safely use the built-in designer
Landingham. Advantages of the NetCat system:

e  Providing high flexibility. The CMS is presented in six editions, each of which includes

functions of realization of sites of different types.

e  Multisite. That is, one license in the system allows you to maintain a large humber of sites at

no extra cost.

o  Mobility. NetCat allows you to create five different sites: business cards, stores, adaptive and

mobile versions (for gadgets).

Disadvantages of CMS NetCat:

e  The need for additional purchase of a virtual server from the moment of significant attendance

of the resource;



e  The high complexity of system settings for virtual companies and directories that use 1C;

e  Quite a high purchase price compared to similar systems.

Let's generalise CMS systems according to the main parameters required for effective system
creation: writing efficiency in FrontEnd, BackEnd, time-consuming, developer support, the efficiency
of connecting additional development tools, availability and optimization.

Table 2
Comparison of the main characteristics of CMS systems
Name WordPress Joomlal Drupal UMI.CMS NetCad
FrontEnd Very low Low Low Low Low
BackEnd Very low Low Very low Very low Low
Labor intensity Very low Very low Low Average Average
Additions Missing Missing Missing Missing Missing
Support High Average Average Low Low
Accessibility High Average Average Very low Low
Optimization Very high High Average Average Average

After a detailed analysis of the effectiveness of CMS systems, and comparing them with the ability
to implement a system in conjunction with HTML + CSS + JS with part of the backend in Python or
PHP, it was decided that none of the options is suitable, as CMS save time when building systems,
however, do not provide enough leeway to build a design from scratch. In addition, they require
additional time for their development, the constant search for templates that will best fit the planned
system. It is also worth noting that all CMS systems are built on the PHP language, which is rapidly
losing its relevance in information systems development due to its poor optimization, low speed, and
low functionality.

3.4.2. Analysis of the effectiveness of frameworks

Although CMS systems are very efficient for users who do not have development skills, they do not
have the necessary flexibility to develop, may require additional financial costs, and are not effective
in creating combined systems [24]. An alternative to this solution is the ability to use development
frameworks. They include several elements that allow you to develop sites much faster and more
efficiently and much more flexible to work with the system. Consider the most popular and influential
of them.

ExpressJS. A framework that takes off on the wave of popularity of Node.js. It is now one of the
most popular web development tools. It is used by large companies Accenture, IBM and Uber, and
other frameworks, such as Kraken, Sails and Loopback. Express is positioned as a minimalist, fast and
very flexible framework. It provides all the necessary features while actively using all the benefits and
power of Node.js. Supports REST API. Perhaps the biggest drawback and at the same time the
advantage of Express, especially for beginners - too much flexibility. The same thing can be done in
different ways [25, 26]. Benefits of using Express JS:

e  Express JS is based on JavaScript - one of the oldest platforms, and a vast community of

developers supports it.

e  Well documented.

e  The framework provides rapid development using Node.js.

e  The framework integrates with all the most popular database management systems (DBMS):

MongoDB, MySQL and all popular template engines, such as Pug, HAML, EJS, compatible with

Express.js.

Disadvantages of using Express JS:

e  The framework does not offer security solutions.

e  The structure of Express.js is somewhat vague and requires additional time to study.

Ruby. A popular framework with a classic Model-View-Controller structure. Successfully works in
Airbnb, GitHub, Hulu and Shopify. The tool is loyal to beginners and has a low initial entry threshold.



However, it is worth taking the first few steps, and you will have to go too deep into this environment
to master it. Another disadvantage is the complex process of deployment and launch on the production.
To make working with the framework faster and more efficient, you have created many valuable
packages and libraries to connect to your application. Rails-community is quite solid and friendly. In
addition, the network has a lot of training resources on this tool [27].

Advantages of the Ruby framework:

o  Development speed and flexible language makes it easy to use and allows you to solve the same

problems in different ways. That is, we can say that it adapts as much as possible to the user.

e  The main set of Ruby on Rails includes caching tools. Without any additions, the user is free

to cache not only individual data but also entire pages.

e  The user has many opportunities to find a huge number of ready-made solutions for any test,

regardless of its type. In general, code in a programming language is not generated until tests have

been developed for it.

Disadvantages of the Ruby framework:

e The language was initially created for Linux, so writing problems for Windows can cause some

issues.

e The language was developed in Japan but later translated into English, which affected the

problem with the actual localization.

e  Creating projects through Ruby will take a considerable amount of memory. In addition,

Ukrainian additions will only worsen the situation, so you should take this fact into account in

advance and save extra space.

ReactJS is a library of components for web development. However, its significance is so great that
historically no comparison is possible without it. It was React from Facebook that introduced the
"fashion" for component architecture and virtual DOM. Development is carried out on a unique dialect
of JavaScript - JSX. It is a mixture of the usual JS with the same typical HTML. And in general, it is a
very interface-oriented tool that greatly simplifies working with a web page in the browser. React can
be used not only on the client but also on the server-side. Supported by Instagram, Facebook, and the
community of individual developers [28]. The advantages of ReactJS are:

e Itiseasy to learn. There is no need to study TypeScript in-depth, as is the case with Angular;

e  Quite a high level of flexibility and maximum sensitivity;

e Contains an open-source JavaScript library that receives many updates and enhancements

according to the needs of developers;

e Incredibly easy to load, as user-side data can be easily presented on the server-side;

e  Migration between versions is usually straightforward.

The disadvantages of ReactJS are:

e Thereis a lack of official documentation.

e React does not have a characteristic clear purpose. It means that there is sometimes too much

choice for developers, which brings some chaos and confusion;

e React requires an in-depth understanding of how to integrate the user interface into the MVC

structure.

Angular. A framework that characterizes itself as a structural framework for creating dynamic web
applications allows you to use HTML as a template language and then extend the HTML syntax for
further expression of program components. By binding data and making dependencies, you can
eliminate most of the code that would have to be generated. In addition, it is worth noting that Angular
offers server-side rendering, which speeds up the loading of the home page and, therefore, improves
SEO by simplifying the scanning of dynamic pages. The reasonably fast loading of pages significantly
enhances the perception for the next generation of applications written within Angular [29]. Advantages
of Angular:

e Includes new functionality such as improved RXJS, accelerated compilation and a new

HttpClient launcher;

o Detailed documentation is available that allows each developer to obtain the necessary

information without asking for help;

e Implemented two-way data binding, which ensures reliable behaviour of the application and

minimizes the risk of possible errors;



e MVVM allows developers to work in one section of the program separately, using the same

data set.

Disadvantages of Angular:

e |t contains the complex syntax available from the first version of Angular.

e  Significant version migration issues may occur when upgrading from the old version to the new

version and adversely affect the system.

Let's make a general comparison of frameworks on the basic parameters necessary for effective
creation of the system, namely: efficiency of writing to FrontEnd, BackEnd, complexity, support of
developers, the efficiency of connection of additional means of development, availability, optimization,
interaction with Node.

Table 3
Comparison of the main characteristics of frameworks
Name Express)S ReactJS Ruby Angular
FrontEnd Low Very high Average Average
BackEnd Very high Average Average Average
Labour intensity Average Low Average High
Interaljggg with High High Low Low
Additions Present Present Missing Missing
Support Very high Very high High Average
Accessibility High High Average High
Optimization High High Very low Low

After a detailed analysis of the frameworks and comparing them with previous CMS tools for
building information systems, it was found that they are highly efficient and relatively easy to use. For
further work with the system's front-end, the ReactJS framework was chosen, and for the main work
related to the backend - ExpressJS with a connected Material Ul data package and additional
ExpressRouting tools. These other tools will help implement a modern interface in accordance with
modern design requirements and build efficient routing for more straightforward navigation through
the system.

3.5. Technical characteristics of selected software development tools

The main connecting software tools for information system development are ReactJS and ExpressJS.
Since the main essence of the system is quality control based on artificial intelligence, the main focus
should be on ExpressJS as a means of working with the backend. ExpressJS is the most popular web
framework for Node. It is the base library for several other popular Node web frameworks and is used
as the primary tool for working with the system backend. The main programming languages used in
this framework are JavaSript and TypeScript [30]. While Express itself is pretty minimalist, the
developers have created compatible middleware packages to solve almost any problem with web
development. There are libraries for cookies, sessions, user logins, URL settings, POST data, security
headers, and more. In addition, Express is not a restrictive framework, which provides ample
opportunities to install in the chain of processing (middleware) requests almost any compatible
intermediate components. You can also structure an application in a single file or multiple files using
any directory structure. An image of the design of the ExpressJS framework based on NodelS using the
Visual Studio environment is shown in Fig. 13. To examine in more detail all the technical
characteristics of the framework, we will conduct a detailed analysis.

3.5.1. The general principle of operation of Express

The web application expects an HT TP request from a web browser (or another client) in traditional
dynamic websites. When a request is received, the application determines what action to take based on



the URL of the template and possibly related information contained in the data.POST or GET.
Depending on what is required, Express can then read or write data from the database and perform other
tasks according to the received request. The application then returns the response to a web browser,
often dynamically creating an HTML page for the browser to display by inserting the extracted data
into the HTML template filler. Express provides methods to specify which function is called for a
specific HTTP request ( GET, POST, SET, etc..), and the URL template ("Route"), as well as methods
to specify which mechanism of the template ("view") is used where the file templates are and which
template to use to display the response. You can use Express middleware to add support for cookies,
sessions, and users receiving POST / GETparameters, etc. In addition, you can use any database
mechanism supported by Node (Express does not specify database-related behaviour). The following
subsections explain some general points that describe working with code in Express and Node in more
detail.

Figure 13: The structure of the Express framework

3.5.2. Import and create modules

A module is a library or JavaScript file that can be imported into another code using a function
require ()Node. Express itself is a module, as are the middleware and database libraries used in Express
applications. The following code shows how the primary import of a module by name is performed,
using the Express platform as an example. The function is called firstrequire (), defining the module
name as a string («<Express») the returned object is called to create the Express application. After that,
you can access the properties and functions of the application object.

var express = require ('express');
var app = express ();

In addition, it is also possible to create your modules that can be imported in the same way. To make
objects available outside the module, you just need to assign them to the export object.

3.5.3. Using asynchronous APIs

In the Express JS framework, JavaScript code often uses asynchronous rather than synchronous APIs
for operations that can take a long time to complete. A synchronous API is one in which each operation
must complete before the next. For example, such functions of the log are synchronous and display the
text on the console in order (first, second).



console.log ('First');
console.log ('Second');

In contrast, an asynchronous API is when the API starts an operation and returns immediately
(before the operation completes). Once the process is complete, the APl will use some mechanism to
perform additional functions. The use of non-blocking asynchronous APIs is even more critical in Node
than in the browser because Node is a single-threaded event-driven event. "Single-threaded"” means that
all requests to the server are executed in a single thread (rather than generated in separate processes).
This model is highly efficient in terms of server speed and resources. Still, if any of the functions call
synchronous methods, which take a long time to perform, they will block not only the current request
but also any other request processed by a web application.

There are several ways in which the asynchronous API notifies your application that it has
completed. The most common way is to register a callback function when calling an asynchronous API,
which will be named after the operation is completed.

The Express object also provides methods for determining route handlers for all other HTTP verbs
that are generally used in the same way: post (), put (), delete (), options (), trace (), copy (), lock (),
mkcol (), move (), purge (), propfind (), proppatch (), unlock (), report (), mkactivity (), checkout (),
merge (), m-search (), notify (), subscribe (), unsubscribe (), patch (), search () and connect (). Routes
allow you to map certain character patterns to a URL, extract some values from the URL, and pass them
as parameters to the route handler (as attributes of the request object passed as a parameter).

For example, using the routing function:

var wiki = require ('./ wiki.js');app.use ('/ wiki', wiki);

The route module (wiki.js) is provided to use the router, with a call to use () in the Express

application to add the router to the middleware processing path.

3.5.4. Use of middleware

Intermediate software is widely used in Express applications for tasks ranging from static file
maintenance to error handling and HT TP response compression. Given that routing functions complete
the HT TP request-response cycle by returning some response to the HTTP client, middleware functions
typically perform some operation on the request or response and then call the following position in the
stack, which may be signs of middleware. or route handler. The procedure for calling middleware
depends on the program developer. Most applications use third-party middleware to simplify everyday
web development tasks, such as working with cookies, sessions, user authentication, accessing POST
and JSON request data, logging, and more.

To use third-party middleware, you must first install it in your application using NPM. You can then
call use () for the Express application object to add middleware to the stack:

var express = require ('express');
var logger = require ('morgan');
var app = express ();

app.use (logger ('dev'));

In addition to the above, you can write and add your middleware features to the processing chain
using app.use () or app.add (), depending on whether you need to apply the middleware to all responses
or responses from a specific verb HTTP (GET, POST, etc.). ). Routes are set the same in both cases,
although the route is optional when calling app.use ().

3.5.5. Maintenance of static files

Express allows the user to use the express.static middleware to maintain static files, including
images, CSS, and JavaScript (static is the only feature of the middleware that is part of Express). For
example, you need to use the line below to service images, CSS files, and JavaScript files from a
directory named public at the same level where the node is called:

app.use (express.static ('public'));

You can call static () multiple times to serve multiple directories. If the file cannot be found by one

function of the middleware, it will simply be transferred to the next middleware:



app.use (express.static ('public'));app.use (express.static ('media'));
You can also create a virtual prefix for static URLs instead of adding files to the base URL. For
example, specify the mount path so that files are loaded with the prefix "/ media™:
app.use ('/ media', express.static ('public'));
It is then possible to download files in the public directory from the / media path prefix.

3.5.6. Error handling

Errors are handled by one or more special features of the middleware, which have four arguments

instead of the usual three: (err, req, res, next). example:
app.use (function (err, req, res, next) { console.error (err.stack);
res.status (500) .send ('Something broke!');});

They can return any required content but must be called after all other app.use () and route calls so
that they are the last intermediate software in processing requests.

Express comes with a built-in handler. This intermediate default error handling feature is added to
the end of the middleware feature stack. If the user passes the error to next () and does not process it in
the error handler, it will be processed by the built-in error handler, and then the error will be written to
the client with a stack trace.

3.5.7. Use of databases

The Express framework can use any database mechanism supported by Node. There are many
options, including PostgreSQL, MySQL, Redis, SQLite, MongoDB, etc. To use them, the user must
first install the database driver using NPM. For example, to install the driver for the popular NoSQL
MongoDB, it must use the command:

$ npm install mongodb

The database itself can be installed locally or on a cloud server. Another popular approach is indirect
access to the database using the Object Relational Mapper ("ORM™). This approach defines its data as
"objects" or "models"”, and the ORM maps them to the base database format. This approach has the
advantage that, as a developer, the user can continue to think in terms of JavaScript objects rather than
database semantics. There is a prominent place to perform input validation.

The PostgreSQL database was chosen for this system due to the functions that allow some code to
be executed directly by the database server. These functions can be written in SQL, which has some
primitive software statements such as branches and loops. But the process documented in one of the
programming languages that PostgreSQL can work with will be more flexible [31].

PostgreSQL environment image shows in Fig. 14.
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Figure 14: PostgreSQL environment



PostgreSQL programming languages include:

e  Built-in language is similar to Oracle's PL / SQL procedural language.

e  Scripting languages: PL / Perl, PL / Python, PL / Tcl, PL / Ruby, PL / sh.

e  Classic programming languages C, C ++, Java (using PL / Java).

Functions can be performed with the privileges of the user who called it or with the privileges of the
user who wrote it.

3.5.8. Data visualization

Template mechanisms in Express allow you to specify the structure of the source document in the
template, using placeholders for the data populated when the page is created. Templates are often used
to create HTML but can also create other types of documents. Express has support for several template
engines, and here is a useful comparison of more popular engines: Jade, Mustache, Dust and More. The
program settings code provides the ability to specify template mechanisms to use and where Express
should search for templates using the "views" and "engine" settings, as shown below:

var express = require ('express');

var app = express ();

app.set ('views', path.join (__ dirname, 'views'));
app.set ('view engine', 'some_template_engine name');

The appearance of the template will depend on which engine is used. Assuming there is a template
file named "index. "Template_extension>", which contains fillers for variable data named "title" and
"message”, the user must call Response.render () in the route handler function to create and send an
HTML response. :

app.get ('/', function (req, res) {
res.render ('index', {title: 'About dogs', message: 'Dogs rock!'});

})s
3.5.9. File structure

Express makes no assumptions about the structure or components used by the user [32-37[. Routes,
views, static data, or other application-specific logic can be in any number of files with any directory
structure [38-43]. While it is possible to have all Express programs in one file, it usually makes sense
to split the application with files based on a feature (such as account management, blogs, discussion
boards) and a problem area of the architecture (such as a model, view, or controller) [44-47]. This aspect
of the file structure gives additional flexibility to the developer and increases the efficiency of his work
several times. Of course, for beginners, there is the option of using Express Application Generator,
which creates a modular application framework that can be easily extended to create web applications.

After a detailed analysis of all available tools for building web systems, such as frameworks, CMS
systems and standard links based on HTML + CSS + JS, it was decided to choose the framework's
application. This decision is based on several factors. The first factor is the faster build speed of the
system than the usual HTML + CSS + JS. In contrast to classical construction methods, Frames are
built to speed up the work and reliability of the system, save developer time, and minimize its errors.
Although CMS tools allow you to develop strategies faster than using frameworks, they are minimal,
which leads to the second factor in the choice of implementation tool. CMS systems do not allow
significant changes to the selected template in the frontend and generally minimize differences in the
backend system. Based on the fact that the system must operate on a backend that contains artificial
intelligence and have an HMI interface, which should be convenient for users coming from any device,
it is obvious to use frameworks. Considering all the pros and cons that were analyzed for each of the
frameworks, ExpressJS was chosen for the backend and ReactJS for building the system's font.
ExpressJS is the optimal and most effective way to develop strategies that contain complex backend
tools. ReactJS is the most popular tool for building applications and visualizing systems so that
developers can create creative, non-template interfaces. ExpressJS also can connect additional tools that
facilitate the development of the system and make it more reliable. It is worth noting that the selected
frameworks work well with each other, and based on their interaction, there are no errors. In addition,



the PostgreSQL database was chosen for data collection and storage operations, which, together with
the ORM connection, will provide good performance with the system and perform all the necessary
functionality.

4. Experiments, results and discussion
4.1. Description of the created software

The developed information system for quality control of polyethene is quite complex in its structure
and content. To understand the principle of its operation, it is necessary to conduct a detailed analysis
of the logical design, functionality and communication of the elements of the system, which are
interconnected. In addition, given that the system can expand and develop, there is a need to describe
the created software to further provide information to new developers, technical support, testers or other
stakeholders.

4.1.1. Functional purpose

The functional purpose of the system is to control artificial intelligence product quality in real-time
by detecting defective products at an early stage and establishing compliance with product requirements
and processes to the provisions of regulatory and technical documentation, samples, standards, and thus
prevent the production of substandard products.

In addition, it is providing users of the system with complete information about the production
process and maintaining its stability. Minimizing the need for user intervention in the production
process will reduce the impact of human error and increase the efficiency of the information system. It
is providing opportunities for communication within the system about the production process.

The powers of artificial intelligence and the user are essential. Although the user is limited in his
actions, and his influence on the system becomes minimal after setting the parameters for the product.
Still, it has the opportunity to suspend the production process or complete it early.

4.1.2. Description of the logical structure

The logical structure of each information system can be represented based on four basic models: a
linear model, a "lattice” model, a tree-like model and a "web". It is worth noting that there are additional
combinations based on the basic models that allow the implementation of any logical structure of the
site. Since, as mentioned above, the information system is quite complex, and the development of such
a resource is a troublesome job, the availability of an optimal structure will minimize the possibility of
technical errors. It applies to both code errors and the presence or absence of individual pages and
materials on them. Given these factors, a logical tree structure was chosen. A logical tree structure is
the most popular model of system organization. This structure allows system users to control the depth
of system visits at will. Users can enter only the pages of the highest levels or "descend" to the lower
levels. The available choices depend on the "width of the tree".

If users need to perform too many mouse clicks to achieve the end goal, the structure of the system
hierarchy may be too narrow in this case. At the same time, endless "clicking™ will irritate users, given
that their actions do not bring the expected results. At the same time, an extensive "tree", which is based
on a relatively large number of choices, will force system users to spend a significant amount of time
studying the options provided. It will also not give positive results. Considering these factors of the
logical structure of the system, the creation of the optimal level of depth and width was carried out. The
graphic image of the logical tree-like structure of the system is shown in Fig. 15.

It is also worth noting that an important role in the speed and operation of the system is played by
the file structure, which is also a tree. The basis of the file structure is the main folder with the name of
the system, which contains the following main directories and files:

e ./app is the directory that contains the files that form the basis of the system frontend.

e /dist - directory with transposed backend source (from TS to JS).



e ./node_modules - contains libraries of the NodeJS platform.

e  ./publicis a compiled build of the front-end (build), which is available for public access to users
and static files of the system.

Jsrc is the directory that contains the backend source code.

Jtypings - a directory that contains a description of objects and types of the entire application.
Jenv - a file that contains the key parameters for launching the application.

Jknh.ts is a file that is the entry point for starting the backend.

/package.json - a file containing a description of the libraries required for the application.
Jtsconfig.json - TypeScript compiler configuration file.

Jwebpack.config.js - Webpack Bundler Configuration Configuration File.
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Figure 15: Logical structure of the system

4.1.3. General information about the development tools used

An essential point for understanding the information system is software tools for solving problems
described in the third section. Due to the opportunities they provide, several additional tools have been
selected that allow implementing specific options in developing the system while increasing its
reliability. A list of all connected system development tools can be found in the package.json file, the
contents of which are in Appendix A. To get a complete idea of the system's capabilities, we will
describe all the features of the system with connected tools:

e FrontEnd and BackEnd are implemented in the TypeScript programming language, a

superposition of the JavaScript language.

e BackEnd is based on the ExpressJS framework. A detailed description of this framework is

given in the third section.

e  The system server runs on the NodeJS platform and has access to all sensors in the enterprise

to implement their control to manufacture high-quality products.

e The user interface is based on a web application. It is software that works in a browser and,

therefore, system users are not tied to the workplace but can open the system from any portable

device (phone, tablet, laptop).

e  The web application is a SPA (Single Page Application) application written on the ReactJS

framework. SPA is a web application or website that fits on one page to provide the user with an

experience close to using a desktop program.

e  When implementing the system, a bundle was used, i.e. a program that combines a set of

program files and data into one and is contained in the bundle.js file.

e  For faster and easier web development, the Material-UI library was used on top of the ReactJS

framework, which contains several graphical and dynamic elements that make high-quality

visualization of the system and increase its presentability.

e  Because different browsers support different sets of JavaScript instructions, it was decided to

use the Babel transponder. In general, a transpiler is a program that allows you to change the source

code of one program to an equivalent source code in another language. In the case of Babel, it
rewrites modern Javascript to the old one to open the system on older versions of browsers.



e  The JWT standard programmed authentication. The JSON Web Token is a JSON-based access
token standard standardized in RFC 7519. Used to verify, encrypt, and transmit authorized user data
between an authentication provider and a service provider.

e  The database is a relational database PostgreSQL. The PostgreSQL server is written in C. It is
usually distributed as a set of raw text files.

o  For easy use of the database, ORM (Obiject-relational mapping) technology was used. This
technology links the database to the concepts of object-oriented programming languages, providing
a "virtual object database" and creating queries to the database, object-oriented programming
languages.

4.1.4. Call and download

To work on the Internet for users in the usual mode, the system administrator must perform several
vital steps with the system boot and deployment. After completing the development of the system and
testing its functionality on local hosting, you need to deploy the system for broad access. First of all,
you need to compile both FrontEnd and BackEnd. Kteam "npm run build", we translate the backend
source code from TypeScript into JavaScript, which NodelS can already interpret, after which the
Webpack bundler will start working, which in addition to transforming TS into JS, will convert
ECMAScript 2015+ code into a reverse compatible version of JavaScript for older browsers or
environments. The main backend file to which the transpilation is involved is knh.ts:

import Express from 'express'
import {api} from './src/routers’
import {requestHandler} from './src/middleware’
const {PORT} = process.env
new Express ()
.use (requestHandler)
.use (api.routes ())
.listen (PORT, () => console.log ('Z Launching @KNH"))

Further work of the backend is started by the command “node dist / knh.js”. In the case of a "live"
server, the PM2 program was used. Process Manager 2, is open-source software developed by Node.js
and is a process manager that helps developers manage Node.js. Compared to other process managers
such as Supervisord, Forever, Systemd, the critical features of PM2 are automatic program load
balancing, declarative program configuration, deployment system and monitoring.

The script for calling knh.js as well as additional information about the system configuration is
described in the file ecosystem.config.js:

module.exports = {

apps: [{ name: 'knh', script: './dist/knh.js', instances: 1,
max_memory_restart: '128M', log date_format: 'MM / DD HH: mm',

env: { PORT: 8007,

HASH_KEY: '7 + frf9pyVhQLOyw5YYdOMAs0@8c9hdOl ',

POSTGRESQL: 'postgres: // username: password @ localhost / knh' } }]}

Based on this file, you can see the primary key and information that the backend is served on the
internal port 8007, using Nginx as a reverse proxy (to access the system through external ports 443/80).

4.1.5. Incoming data

In its operation, the system uses several input data to perform quality control functions of polyethene.
The input data of the system include: Working time of the production process; Catalyst; Faction;
Solvent; Methanol; Additives; Methyl alcohol; Technical means. For their proper functioning, it is
necessary to implement data validation contained in the file validators.ts:

export const validateSessionCreation: IMiddleware = async (ctx, next) => {

An important step is to destruct the input data in this file, from the body of the request for local

variables:



const {time, catalyst, fraction, disolver, methanol, additive, methyl,
gatherer, granulator, centrifugeFirst, centrifugeSecond, centrifugeThird} =
ctx.request.body as TSessionCreation
After that, the presence of variables is checked (in case the variables are missing, the system sends
an error with code 400 and the corresponding message):

if (time === void @ || catalyst === void @ || fraction === void @ || disolver
=== void @ || methanol === void @ || additive === void @ || methyl === void ©
|| gatherer === void @ || granulator === void @ || centrifugeFirst === void @
|| centrifugeSecond === void @ || centrifugeThird === void @) throw new

ApiError (400, 'Missing required fields')
The next step is to check the compliance of the types of variables (if this compliance is not
confirmed, the system sends an error code 400 and a characteristic message):

if (typeof time! == 'number' || typeof catalyst! == 'string' || typeof
fraction! == 'string' || typeof disolver! == 'number' || typeof methanol! ==
"number' || typeof additive! == ‘'number' || typeof methyl! == 'boolean' ||
typeof gatherer! == 'boolean' || typeof granulator! == 'boolean' || typeof
centrifugeFirst! == 'boolean' || typeof centrifugeSecond! == ‘'boolean' ||
typeof centrifugeThird! == 'boolean') throw new ApiError (400, 'Type mismatch')

The last element of the file is to check the hardware, as well as the limits of the value of the input
data, and the admissibility of their completion:
if (time <1 || time> 240) throw new ApiError (400, 'Bad time value')
if (+ catalyst <1 || + catalyst> 1000) throw new ApiError (400, 'Bad catalyst
value')
if (+ fraction <1 || + fraction> 1000) throw new ApiError (400, 'Bad fraction
value')
if (disolver <1 || disolver> 100) throw new ApiError (400, 'Bad disolver value')
if (methanol <1 || methanol> 100) throw new ApiError (400, 'Bad methanol value')
if (additive <1 || additive> 1@0) throw new ApiError (400, 'Bad additive value')
if (centrifugeThird && (! centrifugeSecond ||! centrifugeFirst)) ||
(centrifugeSecond &&! centrifugeFirst)) throw new ApiError (400, 'Bad centrifuge
configuration')
return next ()}
After data validation, it becomes advisable to further work with the input data, which is described
in the file services.ts:
export const onCreateSession: TAuthorizedMiddleware = async (ctx) => {
When performing an export, the input data from the request body for local variables is destructured:
const {
time, catalyst, fraction, disolver, methanol, additive, methyl, gatherer,
granulator, centrifugeFirst, centrifugeSecond, centrifugeThird
} = ctx.request.body as TSessionCreation
const {id} = ctx.state
We receive object of the user or we return an error if such does not exist:
const user = await User.findByPk (id)
if (! user) throw new ApiError (404, 'User not found')
We perform an inspection and determine the state of the production process. If the process is active
- we receive a characteristic message, if the session is not active we create a new session:
if (ctx.state.session) throw new ApiError (409, 'An active or paused session
already exists')
const session = await user.createSession ({
disolver, methanol, additive, methyl, gatherer, granulator,
centrifugeFirst, centrifugeSecond, centrifugeThird,
time: time * 60, timelLeft: time * 60, catalyst: + catalyst, fraction:
+ fraction, status: 'active'})
We start production, with the issuance of results every two seconds. Then return the user to the
session:
createSimulation (session, 2000)
ctx.state.data = {session: session.toJSON ()}}



4.1.6. Output data

The basis for any reporting and analysis of the production process is the source data. In this case,
they are depicted as a treadmill, during which the user's client asks the server every two seconds for
new results. At the end of the session, even if there is an emergency termination, all source data is
recorded in the appropriate database of the system, which can then be viewed, analyzed and reported.

Working with the source data is described in the services.ts file and has the following structure:

We export, and state the session. The skip parameter indicates the number of results to skip from the
beginning of the tape list:

export const onGetResults: TAuthorizedMiddleware = async (ctx) => {
const {session} = ctx.state
const skip = ctx.query.skip as string | undefined

We check the presence of the session, and then perform a query to the database to obtain results
(with the possible "skip™ of the first results):

if (! session) throw new ApiError (404, 'No active session')

const results = await session.getResults ({offset: skip? + skip: 0, raw: true})

The last step is to return the results to the system user:

ctx.state.data = {results, session: session.toJSON ()}}

4.1.7. System database

The database is created to store information about the users of the system and the source data of the
production process, which is tied to the user. As mentioned above, the query to the database is
performed using ORM technology, and the database itself is created using PostgreSQL.

The database contains three tables, namely:

e Users. This table contains information about the user, such as user id, email address, name,

surname, creation date.

e  Session. This table contains a session ID, user id, session status, session information, input

information, and hardware.

e  The result includes result id, session id, and system output.

Users treat Session as one to many. In turn, Session is related to Result also one-to-many. Graphical
representation of the ER diagram of the database is shown in Fig. 16.
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Figure 16: ER-diagram of the information system database

4.2. User manual

Each information system, regardless of complexity, has a set of rules and requirements for its use.
It is logical that the larger the system, the harder it is for the average user to work with it, especially in
the initial stages, which are characterized by familiarity with the system.



A user manual is necessary for a polyethene production quality control information system because
it helps users effectively start and control production. Because the developed system has full access to
the production process, improper use, although it can not cause fatal consequences for the technical
means of production (given the control of artificial intelligence), erroneous user actions can lead to a
shortage of manufactured products. Given the ease of use of the system, all the necessary instructions
for the user are directly in the system itself, on a dedicated page, which can be accessed from the main
menu by clicking on the appropriate link (detailed image of the relations between pages is shown in
Fig. 17). This solution will allow the user to refer to the instructions regardless of his location in
production and make effective decisions quickly. Navigation on the system's main menu is shown in
Fig. 17 and is on the left (highlighted in red and numbered one). The beginning of the system is in the
middle and is a "START" button (numbered two).
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I | It seems that no work is
s - | DEING done at the

moment
Click “Start” to start the session

2.

Figure 17: Main menu navigation

4.2.1. Classes of solved tasks

The information system contains three classes of tasks. Following the requirements of the user
manual, we will provide a detailed description of each of the functions and precise ways to perform
them.

1. Quality control of polyethene. This process requires the user to correctly enter the
parameters to manufacture products of the required quality following the received documentation with
instructions on the products necessary.

The following steps are required to perform this operation:

o  Get a document that clearly states the parameters of the product to be manufactured.

According to the document, fill in each field with the required parameter.

Include all technical means of production.

Start production.

Conduct production analysis. If instructed to do so, suspend or stop production altogether.

Wait for the production to be completed, and finish the session.
2. Checking each of the stages of production. This process is critical, as it allows the initial
diagnosis of the entire production process to identify the gap in the manufacture of products on which
the system ceases to work correctly.

Thanks to this process, you can easily detect a non-working device, configure a new device, conduct
training to work with the system without starting the complete production cycle.

The following steps are required to perform this operation:

e  Get a document that allows you to start the production process partially.



e  Following the document, fill in the required parameters (in this case, it is not necessary to fill
in all the parameters).

e Include only those technical means that are used at the necessary stages of production by the
user.

e  Start production and monitor the system.

e  After receiving the necessary data, end the session.

3. Analysis and reporting.The process that is necessary for each production and is used
to determine the system's effectiveness, the user, the number of sessions conducted by him. Based on
the obtained results, the salaries of system users are formed, new requirements to quality indicators,
assessment of production efficiency, calculation of production and sales costs.

The following steps are required to perform this operation:

e  After starting the system, monitor its process based on the obtained parameters.

o If necessary, it is possible to carry out an early termination of work. Thus it is essential to carry

out all the same further actions.

e  After completion of production, go to the database, which records the entire workflow and its

quality indicators.

e  Sort by the required parameters, and save them as a separate file.

e  Send the data to the appropriate e-mail address specified in the startup document.

e  Shut down the system.

With strict adherence to each of the three tasks, the system can be used even by a low-skilled worker.
Thanks to artificial intelligence, the system will be completely isolated from its improper actions when
using similar techniques.

4.2.2. Information about functional limitations on the application

Like any program that contains complex calculations, this information system has certain limitations
on application. For the most part, these restrictions were explicitly introduced to protect production
from an improper user action. The main rule of the system is the protection of the production process
from the parallel start of production. Suppose several new users enter the method in which the user
started production. In that case, they will not be able to make any changes in the production process
and affect the system's operation until the first user completes its work. This restriction allows you to
create conditions that minimize the influence of third-party users.

The second significant limitation is the input of the parameters for the manufacture of products
following the percentage proportions. For the manufacture of polyethene, there are no clear indications
of the parameters. They may be at appropriate intervals, depending on the type of product, its thickness,
strength, elasticity, etc., but there are some limitations on the manufacture.

These restrictions are characterized by the following indicators, following the technology of
manufacturing polyethene:

e  The values of the catalyst and the fraction must be equal, i.e. be 50% each.

The percentage of solvent should be more than 30%.

Methanol should be less than 40%.

The percentage of the additive should be less than 8%.

At the start of manufacturing, all technical elements must be included.

e When starting the system diagnostics, all parameters must be filled in, at least the first faucet

must be switched on, and methyl alcohol must be supplied.

It should be noted that there are appropriate instructions for users on restrictions (Fig. 18). These
can be both prohibitions (indicated in red, number 1) and warnings (shown in yellow, number 2).

It is also essential to provide an understanding of the stage of the production process. This answer
can be obtained by looking at the road map of this process (Fig. 19). The stages passed and the stage at
which the system is highlighted in black and inactive stages, respectively, in grey.

Based on these requirements, which are based on the user manual and is one of the most important
sections of this manual, we can proceed to the direct analysis of the control example of the system.
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Figure 18: Instructions for limiting and complying with system requirements

Homepage Ezxit
< L <o o
Configuration Faucet (1) Faucet (2) Laurnching

Remains: 04:54
Value Quality Radius of granules
Stop

Figure 19: The production road map

4.3. Analysis of the control example

Let's analyze the control example. To do this, we will test the operation in two modes, namely normal
mode and system diagnostic mode. After that, based on the results, we group the data based on one of
the sessions of the system. As stated in the instructions for the use of the system, for the normal mode
of quality control, it is necessary to set all the parameters while maintaining the required proportions
and following the instructions of the system. Filling with parameters is shown in Fig. 20:
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Figure 20: Filling data for normal mode

After appropriate filling of all parameters, there is direct quality control by artificial intelligence. At
this time, the user can monitor the progress of events, perform proper data analysis, and, if necessary,
complete production ahead of schedule.



Also, because artificial intelligence takes full control of production, the user of the system can
perform a tour of the territory where the production process takes place and evaluate it.
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Figure 21: Output of quality indicators
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Figure 22: Filling with data for diagnostic mode

We perform similar actions with filling in the parameters for the system diagnostics mode, but we
include only those technical means that we need to diagnose. In this mode, it is allowed to enter
parameters that do not meet the requirements for polyethene manufacturing. This factor is since the
diagnosis is not the final product, and therefore the definition and quality control, in this case, is
impractical. Filling in the parameters for diagnostics is shown in Fig. 22.

After all the parameters are filled and the appropriate technical means are included, we press the
start button and observe the calculated values of the processed raw materials.
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Figure 23: Derivation of processed raw materials

According to the instructions for using the system, the last step is to display detailed information
about the completed session. To do this, open the database and search for the session we need, or with
a corresponding query output the session we need. We carry out an output of parameters for the third
session. For this purpose, we write the following request:

select * from results where "sessionId" = 3;



Based on this query, we obtain the relevant results:
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Figure 24: Output of quality indicators for the thlrd session

To provide an understanding of the full functionality of the system, its limitations, input, output data,
features and detailed structure, a detailed description of the quality control system of polyethene
production and highlighted the main technical characteristics. A hierarchy of the system's file structure
was provided during this description, detailing the leading directories and files. Provided all software
tools that were used to implement the information system, its testing, deployment and further support.
In addition, the logical structure of the system pages, which is a tree-like structure and helps users
understand the navigation of the system better, is described and graphically depicted. This structure was
chosen to consider the need for initial verification of users and subsequent selection of the necessary
functionality. The main files responsible for input and output operations, calling, and booting are also
described. A detailed description of the database structure with the corresponding ER diagram is given.
An essential point for any system is a set of rules and recommendations for using the system, for which
a user manual was created. This manual contains several detailed, step-by-step steps for using the
system, outlines the main functions that can perform this control example, and illustrates the main
features of the interface. To verify the compliance of the system with the described requirements, as
well as the analysis of the efficiency to do, a start-up and subsequent analysis of the control example
was performed. During these actions, each of the three main functionalities of the system was
implemented, namely: quality control of polyethene, an inspection of each stage of production, analysis
and reporting. After a detailed analysis, the compliance of the system with the specified requirements
was confirmed. No errors were detected during the operation of the control example.

The purpose of the work is the design and software implementation of an information system for
quality control of polyethene production. The main functionality of the system includes such basic
features as means of communication between operators and the vertical of the enterprise, reporting on
the user's work with the system, which includes all the basic parameters of the production process and
the ability to control the production process. Regarding data visualization methods, it should be noted
that this information system has added the ability to graphically view temperature data, shown in the
form of graphs, and created a road map with the stages of production. The economic feasibility of
making this information system is to reduce the number of staff to service the production process and,
at the same time, reduce the cost of raw materials in connection with quality control. Due to the artificial
intelligence of the system, the need for intervention of the system operator is reduced, and the efficiency
of manufacturing the final product is increased. Currently, there are three main methods of quality
control of production and their basis several mixed methods. The created algorithm in this software will
provide new opportunities for more economical and, most importantly, high-quality production of
polyethene and fewer people, which will lead to a significant increase in profits. As the developed
system is based on modern methods of quality control, is scalable according to the size of the enterprise
and contains all available functionality for practical work, it will have wide demand in the market both
among small business people of chemical branches as integral software and among extensive, in. quality
of the modular part.



The software market is increasing, and new types of interfaces, data processing tools, and hardware
controls are emerging. To remain competitive, you need to have an advantage in something, whether in
the greater functionality of the lost product, the speed of calculation, or the quality of analyses. Through
the development of information technology, they have penetrated various areas of human life without
missing the chemical gazelle. The need for complex calculations and analysis of the technological
process is critical. As a result, different software tools for process support have been developed, which
use HMI methods. Currently, there are a variety of quality control methods (as mentioned in previous
sections). Each of them is used in different enterprises, so creating a universal system is used primarily
combinational approaches to quality control. The most commonly used control methods are:

e  Measuring is based on technical means of measurement and control. They determine, for

example, the weight of the product, speed.

e Registration is based on observation and counting the number of certain events, items or costs.

o Calculated is based on the use of theoretical or empirical dependences of product quality

indicators on its parameters (to determine the product's weight, productivity, power, strength).

o  Organoleptic is based on the analysis of the perception of the senses (in points, the quality of

drinks, perfumes, the use of which is associated with the emotional impact on the consumer).

e  Expert is based on the decision of experts.

e Sociological is based on the collection and analysis of opinions of current and potential

consumers of products.

Each company spends many human resources, which requires high skills and, accordingly, payment.
According to this principle, an algorithm was designed and implemented for this software, which, based
on artificial intelligence, will independently control the main aspects of polyethene production while
reducing the need for many qualified employees and their participation in the process. This approach
proposes to enter the operator's initial data, which theoretically, in ideal conditions, should produce
polyethene with the appropriate calculated quality. Artificial intelligence will adjust the parameters to
achieve the highest quality. It will minimize the impact of the human factor on the production process,
and the correct distribution of raw materials will save it significantly. Based on the above, we can
conclude that creating this information system is a good choice and will allow entrepreneurs to save
raw materials, respectively, increasing revenue from manufacturing and end-users the opportunity to
use better products. These factors will create a significant demand for this software. They will allow it
to be used both for the direct manufacture of polyethene and further modernization to manufacture
polybutylene and polypropylene. After analyzing the environment and expert assessment of external
and internal factors, it was determined that the total impact of elements corresponding to the external
environment is positive and is in turn 2.07 out of 5.00 possible, which is quite a good result for the
possibility of further software development. Accordingly, after assessing the internal environment
factors, the total score of which is 4.03 out of 5.00 possible, we can conclude that internal factors have
a relatively high level of influence. The summary data of the elements of both environments indicate
that the development of a quality control software application will have a reasonably high potential in
the market among its direct counterparts and competitors. After conducting a straightforward analysis
of the strategy of alternatives for the first group, the process of creating a new product was chosen,
which will provide the market with entirely new methods and means of solving problems, better, faster
and cheaper than competitors' software. Regarding the second group of alternatives, developing a new
software product for the existing market segment was chosen here, as currently, there are production
control tools based on HMI systems. Still, they do not use artificial intelligence to achieve their goals.
Taking into account the above calculations and the need for each company to purchase at least two
quality control tools, as each company has at least two operators, it can be argued that the developed
software will bring significant profits. Therefore, this development can be considered such that it is
appropriate for this market segment and in terms of economic costs.

5. Conclusions

During the project implementation, the main goal of the information system implementation, the
novelty of work and practical value were clearly identified. To achieve this goal, first of all, a detailed
analysis of quality control systems was conducted. Particular attention was paid directly to the quality



control systems of the chemical industries. The study revealed a high impact of negative factors. This
industry is quite complex, requires accurate calculations, is under the constant influence of the external
environment and the human element. When designing a quality control system for polyethene, many
factors must be taken into account. Thus, based on the analysis of work in the international and national
segment, the need for quality monitoring and control of the production process, minimizing the cost of
raw materials, financial fees, and reducing the complexity of training to work with these systems. The
need is to develop a plan that is not tied to a specific device or panel and built on the principle of
multiplatform, which provides mobility in the work of the system operator. Considering the comparison
of similar quality control systems, it is evident that from many modern techniques, it is impossible to
single out one that would be universal and the best from all points of view, but their advantages and
disadvantages were taken into account when developing polyethene quality control information system.
It is worth noting that when designing the system, it was impossible to do without neglecting certain
positive factors in exchange for greater physical and software functionality and system security.

Having a holistic view of the system requirements, its functionality and features, carried out a
systematic analysis of the object of study in which formed hierarchical levels, specified the system's
functioning, and created a hierarchy of tasks using IDEFO (functional diagram). Given the complexity
of the system, a three-level decomposition was performed. This solution allowed us to clearly
understand the problems that could arise during development and correct them in advance.

After a detailed analysis and further comparison of software tools for system implementation, the
high efficiency of the NodeJS platform was revealed, which includes such tools as ExpressJS and
ReactJS. With these tools, the system received modern modules, a reliable database, beautiful
visualization, the ability to connect middleware, high-quality administration, and optimisation. This
software can run on weak devices and older versions of browsers.

The created system aims to improve quality control, thanks to which significant savings are made
on the raw materials needed to manufacture products. In addition to savings, with the help of artificial
intelligence, the system has a substantial increase in quality compared to similar quality control
methods. Given the need to protect the production process, several tools have been created that provide
control against unauthorized login by third-party users or erroneous actions of users. These include a
ban on new users entering, during the start of production, verification, warning the system to enter
critical parameters, and implementing instructions for users.

The developed quality control system can be used both as an automated workplace of the user and
portable, according to the device on which it is open (the personal computer, the laptop, the tablet,
phone). For maximum efficiency of the system, it is recommended to use it on a tablet. This device will
allow the user to move around the company and perform additional supervision over its operation.
Unlike the phone, the tablet has a larger screen diagonal, which will allow you to set the necessary
parameters accurately and save time when setting these parameters.

During the software verification of the control example and further analysis of the obtained results,
the compliance of the information system with the requirements was confirmed and, accordingly, the
necessary goal was achieved. Given the capabilities of the NodeJS platform and the selected software
tools, the system has great potential and all the conditions required for further expansion by adding
quality control of related end products in this field, such as polybutylene, polypropylene.
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