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This study investigates the process of selecting 
sewing machines for the manufacturing of prod-
ucts from artificial leather. Despite the active devel-
opment of technological solutions for automation, 
the task of choosing optimal equipment remains 
relevant, requiring additional tools that can pro-
vide a connection between scientific approaches 
and industrial conditions. This paper reports the 
results of designing an automated decision sup-
port system for the selection of sewing equipment, 
aimed at bridging the gap between theoretical 
models and production needs.

The technological advancement is based on 
a three-level database structure. At the data stor-
age level, a matrix-based database of equipment 
parameters was constructed, ensuring the consis-
tency of information regarding technological oper-
ations, materials, and machine characteristics. 
At the logical level, a multifactor analysis algo-
rithm was developed, utilizing the principles of 
graph theory, a binary matrix, and the linear pro-
gramming method to select the optimal equipment 
model. The representation level is an interactive 
interface based on MS Excel (USA). Input parame-
ters are selected by simply clicking on buttons with 
corresponding names (seam type, worker quali-
fication, material properties, and thickness). The 
system automatically analyzes the database and 
generates a list of recommended equipment in  
a table format.

Verification was carried out through a survey 
involving 30 participants (86.7% were represen-
tatives of the academic community). The results 
show that 93.3% of respondents noted the high 
speed of the simulator while 90.0% rated its practi-
cality and 86.7% its convenience. At the same time, 
certain shortcomings were identified, outlining 
areas for further research: 23.3% of those surveyed 
highlighted the need to expand the database, and 
16.7% emphasized the necessity of implementing  
a Ukrainian-language version.

It was established that the designed system is 
a universal tool that combines educational and 
practical-production dimensions. Its implementa-
tion in the educational process will contribute to 
achieving a number of program learning outcomes
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1. Introduction

Modern garment production, despite the active develop-
ment of technological innovations, faces serious challenges in 

the field of digitalization and automation. Although scientific 
research, in particular in this work, offers effective mathemat-
ical models and algorithms for selecting optimal equipment, 
their practical industrial application is often complicated. 
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This relates to the industry’s resistance to change and the 
need to implement specialized databases based on internal, 
often unsystematized, data of enterprises.

Despite the active development of technological solutions 
for automation, the problem of selecting optimal equipment 
remains relevant, requiring additional research that would 
bridge the gap between theory and practice. Enterprises need 
a tool that will be not only mathematically sound but also 
accessible, understandable, and adapted to actual industrial 
conditions, thereby contributing to the introduction of inno-
vations in light industry.

Thus, devising an automated method for the reasoned in-
telligent selection of sewing equipment for the production of 
artificial leather garments is a relevant task as such a solution 
enables high quality clothing production.

2. Literature review and problem statement

Scientists around the world are actively investigating 
issues related to the process of manufacturing clothing, foot-
wear, and accessories made of leather, artificial leather, and 
fur. At the same time, more and more attention is paid to the 
study of materials that can replace natural leather. In particu-
lar, a comparison of the structure and technical characteristics 
of such materials is given in work [1]. The reported results 
make it possible to assess the potential areas of application of 
innovative materials. However, the issue of selecting appro-
priate equipment for performing technological operations re-
lated to the manufacture of products from the aforementioned 
materials remains unresolved.

The use of innovative materials implies the need for ap-
propriate development of technological innovations aimed at 
automating key processes in the garment and leather produc-
tion. At the same time, due to the significant variety of materi-
als, technological operations and technological and structural 
solutions of products, process automation, and equipment 
selection face a number of difficulties. An option for over-
coming them is to divide this complex task into a number 
of simple ones, in which automation of a specific part of the 
technological process is performed: for example, processing of 
a specific product node.

This is the approach used in [2, 3]. Their authors demon-
strate successful automation of the processes of sewing ele-
ments (in particular, elastic [3]) without the use of clamps, 
which significantly increases the efficiency and accuracy of 
operations. At the same time, in work [2], attention is focused 
on the features of the manipulator, which provides the sewing 
process without clamps, and an automated sewing machine is 
described in [3].

Designing such high-tech equipment, capable of per-
forming operations with minimal manual labor, will allow 
step-by-step automation of the entire technological process 
of manufacturing products. This approach is described in 
work [4], which contains a comprehensive overview of the 
possibilities of robotization of technological processes of 
sewing production. However, robotization is focused on typ-
ical products while customization and work with premium 
segment materials and products require devising new auto-
mation methods. Examples of such studies are given in [5, 6]. 
Paper [5] proposes the concept of human-dependent automa-
tion of leather polishing, which is especially relevant for the 
production of high-quality products in the premium segment. 
Study [6] reports an innovative use of two-armed robots for 

leather decomposition, which enables consistency of quality 
regardless of the human factor.

The issue of quality assurance is also closely linked to the 
automation of technological processes by the authors of [7, 8]. 
In work [7], technologies for automated fabric assembly are 
described, while work [8] emphasizes the importance of con-
trolling sewing parameters in order to prevent damage to mate-
rials. However, the proposed technologies are only at the imple-
mentation stage or have limited scalability due to high cost and 
complexity of integration into existing production processes.

Another area of research is to develop various analytical 
models and algorithms that enable the effective functioning 
of sewing industries. In paper [9], time-scaled models are 
used to manage sewing operations, which allows flexible ad-
aptation of processes to changes in load. Study [10] is aimed 
at optimizing the algorithm for manipulating product cutting 
details, which is important for reducing time and resource 
losses. In work [11], an algorithm for the reasoned selection 
of machine equipment for technological operations in the 
manufacture of leather and fur products is reported.

Highly detailed models of machine equipment selection [11], 
optimization algorithms of manipulations and control of sewing 
operations [9, 10] developed by scientists demonstrate signif-
icant potential in increasing productivity. However, such al-
gorithms do not fully take into account actual industrial con-
ditions, such as variability of physical properties of materials 
or human factors. This can reduce the accuracy of forecasts 
in a real environment, and forecast errors, in turn, have direct 
financial consequences. Therefore, the economic justification 
of automation in production processes is an important aspect of 
the implementation of innovative technologies in light industry. 

In particular, the authors of [12] took into account such fac-
tors as cost, productivity, and safety when selecting machines. 
They argue that MCDM (Multi-Criteria Decision) methods 
are applicable to solving the problem of machine selection. In 
their study, an integrated gray MCDM model was built, which 
includes gray AHP and ROV-G, to select the most suitable sew-
ing machine for a sewing company. However, the focus of the 
research is the realm of mathematical description and does not 
provide a practical tool for use by the average garment produc-
tion technologist.

Closer to the requirements and needs of the end con-
sumer (employee at a garment factory) are papers [13, 14]. 
Study [13] considers the possibility of automation after cus-
tom accounting of costs, which is of particular importance for 
small enterprises, where accuracy and economic efficiency 
are important. The authors of [14], in turn, offer a systematic 
review of sustainable technologies in the leather industry, 
emphasizing the connection between environmental friend-
liness and economic feasibility of implementing innovations. 
Both studies provide tools for analyzing the cost and assessing 
sustainable development, but their results need to be adapted 
to the specificity of particular industrial conditions since uni-
versal solutions are insufficient. At the same time, the task of 
analysis is complicated by a huge number of different factors 
that should be taken into account. That is why intelligent 
systems and large language models (LLM) are increasingly 
being implemented to optimize processes and make decisions 
in specific project situations of the modern production envi-
ronment. Study [15] demonstrates how LLMs can be effective 
in equipment selection and production chain management, 
increasing the flexibility and adaptability of enterprises. Such 
flexibility is a necessary prerequisite for achieving strategic 
goals of sustainable development and determines the need to 
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implement advanced technologies – nanotechnology, artificial 
intelligence, augmented reality, additive manufacturing, and 
the concept of total quality management, which form the 
innovative basis of modern evolution [16].

Study [17] identified simulation, fuzzy logic, genetic al-
gorithms, and RFID technologies as key technologies in the 
garment industry. In addition, IoT technologies, cyber-phys-
ical systems (CPS), big data, cloud computing, digital twins, 
and machine learning were also included in the list of smart 
technologies that are used and should be used in the garment 
industry. However, compared to other industries, there are 
significant technological gaps in light industry. Dependent on 
technology, the garment industry lags behind other manufac-
turing industries by 11–22 years, which affects product quality 
and production performance.

The quality of manufactured clothing is determined by 
the technological process, the design features of parts devel-
oped using scientific and technical approaches (in particular, 
the use of mobile applications for calculating the design pa-
rameters of light clothing parts [18] and underwear [19]), as 
well as the correct choice of sewing equipment.

The selection of sewing equipment at sewing enterprises 
is a multi-criteria task that involves taking into account nu-
merous, often contradictory parameters. In studies [20, 21], 
researchers selected machines for a textile enterprise. In this 
case, the CRITIC and MAUT methods were used in [20] and 
the integrated MCDM model combining Grey AHP in an envi-
ronment of uncertainty and ROV-G in Grey formalism in [21]. 
The results confirm the feasibility of using these methods for 
making decisions regarding the selection of equipment.

Studies on the production of leather and fur products are 
of an applied nature and are aimed at solving specific problems 
in the textile and clothing industries, helping improve product 
quality or optimize processes. In [22], the effect of needle size 
and sewing thread type on the quality of seams on traditional 
fabrics is investigated. The paper aims to provide practical 
recommendations for improving the strength and appearance 
of seams. Papers [23, 24] tackle issues of materials science, 
namely the study of the properties of leather, natural and 
artificial, as well as their processing methods and the effect 
of this processing on the mechanical properties of the leather. 
Study [23] focuses mainly on artificial leather, while paper [24] 
discusses the differences between artificial and natural leather.

Work [25] offers a visual analysis of the textile sector in 
Turkey using Gephi software. The study uses the complex 
network method to display the relationships and structure of 
the industry.

As we can see, researchers around the world are solving 
some issues of the problem of machine selection, solving 
problems of materials science, working with the industry as 
a whole. However, currently, there are no publicly available 
examples of full-fledged simulators, decision support systems, 
or databases for automated selection of sewing equipment 
for specific technological operations on the global network. 
Most resources are catalogs where equipment is grouped by 
type (for example, sewing machines, overlockers, cutting ta-
bles), and not by technological operations.

Large manufacturers of sewing equipment (for example, 
JUKI, Durkopp Adler, Pfaff) have detailed catalogs on their 
websites. They often categorize equipment not only by type 
but also by purpose and recommended operations (for ex-
ample, a machine for sewing jeans, for working with heavy 
fabrics). This makes it possible to manually select equipment 
by analyzing its characteristics.

Some large sewing factories may have internal databases 
for equipment management, but they are usually not public.

Thus, the combination of technological, analytical, eco-
nomic, and intellectual approaches creates a comprehensive 
basis for the implementation of effective automation and 
optimization systems in the garment and leather industry. 
However, at present, such algorithms cannot be used in the 
practical work of a technologist. The impossibility of using the 
algorithm is explained by the fact that now there is no custom-
ized software implementation, an interface for entering input 
data, a description of individual optimization tasks at each 
stage of decision-making. 

All this gives grounds to argue that it is advisable to con-
duct a study aimed at designing a decision support system for 
selecting the optimal equipment that could help automate 
and optimize garment and leather production.

3. The aim and objectives of the study

The purpose of our research is to design a decision sup-
port system for selecting the optimal machine equipment 
used to perform technological operations in the production 
of leather and fur clothing. This will allow the use of the 
database (storage level, logical and representation levels) in 
the process of training specialists in the sewing industry and 
in project situations for forming a technological sequence for 
manufacturing a product and designing a flow.

To achieve this aim, the following objectives were accom-
plished:

– to build a database of sewing equipment selection 
parameters that enables the preservation, integrity, and con-
sistency of information about technological operations, mate-
rials, and machine characteristics;

– to substantiate the logic of the database functioning, 
which implements multifactor data analysis and enables the 
selection of the optimal sewing machine model for specific 
industrial conditions;

– to design an interface for interaction with the database 
that displays the results of the algorithms in a user-friendly 
format and performs the functions of an interactive educa-
tional and practical tool;

– to test the designed decision support system (database) 
in an educational environment and in a production project 
situation to determine its effectiveness, practical significance, 
and potential for implementation at garment enterprises.

4. The study materials and methods

The object of our study is the process of selecting sewing 
equipment for the manufacture of artificial leather garments.

The working hypothesis of this study is a set of the follow-
ing assumptions:

Assumption 1. The technological advancement of a matrix 
database structure containing relationships between tech-
nological operations, material properties, and characteristics 
of sewing equipment creates the necessary prerequisites for 
automating the process of its selection.

Assumption 2. The implementation of such an approach 
in MS Excel (USA, developer – Microsoft) could be an effec-
tive solution that would allow us to use a decision support 
system as a multifunctional "simulator" for training and ad-
vanced training of specialists in the sewing industry.
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A number of simplifications were adopted in the research 
process. First, only technological criteria and relationships 
were used to justify the choice of sewing equipment. Second, 
the choice of MS Excel is a deliberate simplification aimed at 
the possibility of using a decision support system without the 
involvement of specialized software and additional training of 
specialists. Third, empirical verification is limited to assessing 
the functionality, convenience, as well as practicality of the 
simulator, without testing the accuracy of the algorithm un-
der actual industrial conditions.

The study was conducted using a set of analytical, theo-
retical, and empirical methods. At the first stage, methods for 
analyzing scientific sources and existing solutions were used. 
A review of the literature [1–9] related to the automation of 
sewing production, modeling of production processes, and 
multi-criteria selection of equipment was carried out. In par-
allel, an analysis of existing commercial and open equipment 
catalogs [26–30] was performed to form the information basis 
of the database. These analytical steps made it possible to de-
termine the current state of the problem and collect input data 
for further development. The next stage included the applica-
tion of modeling methods. To structure the problem, a matrix 
database model was used, reflecting the relationships between 
various selection parameters, such as the type of seam, mate-
rial properties, and equipment characteristics [31–33]. This 
matrix is the basis for the selection algorithm. Next, using the 
principles of graph theory, a network model was built that 
visualizes possible options for choosing equipment and form-
ing a technological sequence. The task of finding the optimal 
option was solved using the linear programming method, 
which made it possible to find the most effective combination 
of parameters.

The instrumental execution of the model involved the MS 
Excel environment, which was chosen as the platform for soft-
ware implementation. Three main levels of the system were 
built: a data storage layer, a logic layer that implements the selec-
tion algorithm, and a representation level that is a user interface.

Economic, operational, service, as well as technical and 
ergonomic criteria are accepted as those that are taken into 
account at the preliminary stage of equipment selection when 
designing a sewing shop (sewing shops) at a particular enter-
prise. At the same time, the economic ones include cost, ener-
gy consumption, company image, market price, and warranty 
period. Operational and service criteria combine maintenance 
and service, availability of spare parts, serviceability, and du-
rability. The following criteria are included in the technical 
criteria: power, maximum operating speed, thread tension 
accuracy, stitch type, access to the pattern programmer, lubri-
cation system, productivity. Ergonomics, smoothness of the 
presser foot lever, lamp position, light flux, safety, noise level, 
and vibration level form a group of ergonomic criteria. The 
listed criteria are considered to be taken into account at the 
preliminary stage of forming the technological flow and are 
not part of the selection process within the database being 
built (and the simulator based on it).

The final part of the study included empirical testing of 
the designed tool. For this purpose, an experiment was con-
ducted, in which 30 people from the academic and business 
environment participated. Data on the use of the simulator 
was collected using a survey. The results were analyzed to 
assess the functionality, convenience, and compliance of the 
tool with the stated criteria.

The Google Forms platform was chosen to conduct the 
survey. The choice of Google Forms was justified by its ease 

of use, the ability to automatically collect answers in a tabular 
form, as well as ease of access for respondents.

The questionnaire consisted of two main sets of questions: 
quantitative (evaluative) questions and qualitative (open) 
questions. Respondents were asked to evaluate the key aspects 
of the simulator database on a five-point scale (from 1 to 5). 
These included ease of use, clarity of use, practicality (useful-
ness for work). Survey participants were asked to provide de-
tailed comments, which allowed for detailed feedback. These 
questions related to the reasons for participating in the survey, 
the strengths and weaknesses of the designed tool, and the 
possibility of making suggestions for its improvement.

In addition, the questionnaire included identification 
questions (e.g., about the level of training/position) and ques-
tions about general awareness of automation methods.

In the process of preparing this study, modern artificial 
intelligence (AI) tools were used to improve the quality of the 
text. In particular, large language models (LLMs) were applied 
to correct grammatical and stylistic sentences, eliminate am-
biguities, and improve the readability of the text.

5. Results of investigating the database "Sewing 
Machine Selection"

5. 1. Construction of a database on sewing equip-
ment selection parameters

MS Excel is the chosen environment for designing the 
interface and database. The tool is intuitive and easy to use, 
so constructing a simple database is quick and easy. Excel is  
a tabular tool, so the best layout is a database table. It should 
be noted that such a database is a spreadsheet.

Databases have a much larger structure than spread-
sheets, so building databases requires more work than Excel 
workbooks. Moreover, this is why so many companies try to 
use Excel as a database. Programming in Excel is cheaper.  
Office workers may have to learn Access or SQL Server, but 
they are most likely fluent in Excel, so its use is relevant. 
Market research has shown that approximately 54% of com-
panies use Excel, which does not include other spreadsheet 
programs. Over two billion people worldwide use spreadsheet 
technologies such as Excel and Google Sheets [31].

As stated in [11], Microsoft Excel is used for reporting 
tasks at small and medium-sized companies around the 
world. However, most people prepare reports manually in Mi-
crosoft Excel, and manual work takes a huge amount of time. 
A comparison of manual and automated methods showed 
that automation of reports saves 83.18% of employees’ time. 
The automated method also results in error-free reporting, 
which reduces the workload on the employee.

The initial data for compiling a database of parameters for 
selecting sewing equipment are the results reported in [11], 
according to which, the necessary data for selecting a sewing 
machine are:

– type of seam/type of operation (1.01.01; 2.01.01; 1.06.02; 
2.02.01; 5.01.01; 6.02.01);

– worker qualification (high, low);
– material properties (material base, material coating);
– sewing equipment characteristics (manufacturer, model, 

purpose, speed, material movement mechanism, stitch type).
The list of seam types was formed based on the content 

of the mobile application "TechLab" [11, 33]. The application 
contains descriptions of modern methods for joining ele-
ments of leather and fur clothing, as well as features of the 
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technology for processing natural and artificial fur and leather 
products. Numerical seam markers are designated in accor-
dance with "ISO 4916:1991 Textiles – Types of seams" [34].

The main table of the database is the "Selection" table (Fig. 1), 
which contains selection factors, sewing machine parameters 
and their specific model names.

The list of available sewing equipment in the table "Sew-
ing machines" (Fig. 2) includes sewing machines of a certain 
brand ("Juki"). The compilation of the list is based on infor-
mation found by searching through marketplace sites [26–34].  
If necessary, users can add machine equipment (Fig. 2, b).

Since all this data are interconnected, records in one data-
base table contain references to data in another table (Fig. 3), 
logically linking records from one table to another.

The possibility of using the database as a simulator for 
training specialists in the field of "Light Industry Technolo-
gies" is confirmed by analyzing relevant educational programs 
(open access on the websites of higher education institutions). 
In particular, the program learning outcomes (PLOs) of the 
educational program (EP) for the "Master" level at Khmel-
nytskyi National University were analyzed [35]. The results of 
our analysis are given in Table 1.

 
Fig. 1. Database fragment (table "Selection")

Fig. 2. Database fragment: a – Table "Sewing machines"; b – adding a sewing machine to the table "Sewing machines"

 
 
 

 

a

b
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Table 1

Role of the database (simulator) in ensuring the 
implementation of PLOs for EP "Light Industry Technologies" 

(Master’s level)

PLO Formulation of 
the result Database implementation

PLO 1 
(standard)

To have special-
ized conceptual 

knowledge in the 
field of production 
and technologies 
of light industry

The database accumulates scien-
tifically based equipment selection 

parameters and transforms 
complex algorithms into a prac-
tical tool that integrates modern 
research into production practice

PLO 2 
(standard)

Plan and conduct 
scientific and 

applied research

Database design includes struc-
ture planning, parameter forma-
tion and analysis of test results, 

which reflects research skills

PLO 6 
(standard)

Design and imple-
ment innovative 

projects

The database is an example 
of an innovative project in the 
field of digitalization of light 

industry, aimed at implementing 
automated equipment selection

PLO 7 
(standard)

Work with sci-
entific literature, 

patents, databases

When forming the database, stan-
dards (ISO 4916:1991), technical 

catalogs and scientific sources 
were used to build a system of 

selection parameters

PLO 10 
(standard)

Use modern 
methods and 

equipment for 
experimental 

research

Testing the database in educa-
tional and production conditions 
ensured its approval as a tool for 

modeling and optimizing techno-
logical processes

PLO 12 
(standard)

Independently 
master new 

knowledge and 
help others

The representation level of 
the database has the function 
of a training simulator, which 

allows students and technologists 
to interactively master new ap

proaches to equipment selection

PLO 14 
(character-
istic only 
for this 

EP)

Organize design 
and technological 
processes using IT

The database integrates informa-
tion technologies into the process 

of selecting sewing equipment, 
thereby facilitating the organiza-
tion of design and technological 

solutions in production

The PLOs and the corresponding database properties listed 
in Table 1 confirm our assumption regarding the possibility of 
its use as a multifunctional "simulator" for training specialists 
in the sewing industry.

5. 2. Substantiating the functioning logic of the "Sew-
ing Machine Selection" database

The matrix structure of the sewing equipment selection 
parameters database (Fig. 4) is the basis for the technological 
advancement of a user interface for selecting sewing equip-
ment for the needs in a specific sewing industry.

Оtype A 
A1 A2 A3 A4 A5 

Оtype1 1 0 0 0 0 
Оtype2 1 0 0 0 0 
Оtype3 1 0 0 0 0 
Оtype4 1 0 0 0 0 
Оtype5 1 1 0 0 0 
Оtype6 1 0 0 0 0 

EQ Mspeed
Mspeed1 Mspeed2 

EQ1 0 1
EQ2 1 0

Mbase Stype 
Stype1 Stype2

Mbase1 1 0
Mbase2 0 1 
Mbase3 1 1
Mbase4 1 1 

 

MTh Мpurpose
Мpurpose1 Мpurpose2 Мpurpose3

MTh1 1 0 0 
MTh2 0 1 0
MTh3 0 0 1

P F
F1 F2

P1 1 0 
P2 0 1
P3 0 1

Fig. 4. Matrix structure of the database 	
of parameters for selecting sewing equipment: Оtypei – type 
of operation; Ai – types of sewing machines; Pj – properties 
of the material coating; Fi – feed mechanism; MThj – material 

thickness; Мpurposei – purpose of the machine; 	
Mbasej – properties of the base materials; Stypei – types of 
seams; EQj – qualification of the worker; Mspeedi – machine 

speed parameters, as described in [12]

The selected database structure makes it possible to form 
the highest quality technology for manufacturing a product 
using the minimum required amount of machinery at its full 
load. This optimization technology consists of different sets 
of methods for processing individual product nodes, which, 
in turn, involve technological operations. The technological 
sequence of manufacturing products is usually represented in 
the form of a graph.

At the first stage, it is necessary to build a binary closure 
matrix for the transitivity of the relation, which stores infor-
mation about the existence of paths between the vertices of 
the directed graph which is defined as follows:

cl
K K

i
i�

1
0

0, ,
,
if vertex  is reachable from 
 if the vertex iss unreachable,

�
�
�

��
	 (1)

where K0 is the solution to the problem, Ki is the solution 
element.

Fig. 3. Structure of the database "Sewing machine selection": 	
a – interrelation between tables; b – interrelation between factors and characteristics of sewing machines
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Variants that lead to unacceptable solutions are immedi-
ately rejected.

Nodes of the graph are methods for achieving the neces-
sary requirements at each stage. Edges of the graph are com-
binations that make it possible to implement a 
specific method. The beginning of the solution 
to the problem is the lower level of the problem 
decomposition.

Therefore, the graph consists of decision 
branches – a set of nodes Cl(ki) of the graph, 
reachable from vertex K0, for which, according 
to reachability matrix Cl, each element Ki is 
equal to 1.

Since the vertex of graph K0, the path to 
which from Ki, is determined by the distance of 
1, 2, …, m stages, then the set of solution options 
for the problem can be represented in the form

Cl k K K
K K

i i i
m

i
m

i

� � � � � � �
� � � ��

� �

� �

 

 

2

1

...
... , 	 (2)

where � Ki� � is the set of graph vertices that 
form bridges between (Ki, K0). 

In addition, a necessary condition for the 
formation of the set is the relation

K K j K j0� � � � � � �� �� hanging 

graph vertice. 	 (3)

The search for solutions is completed when 
all hanging vertices are considered. The ranking 
of solution options is done depending on the 
length of the path (number of stages).

Optimization involves obtaining the smallest 
number of methods (operations)

K Kopt
m

0
1

0� � �
�

lim .	 (4)

Subject to the requirements for the type of 
functionality of the operation

P extr h x y x D� � � �� �0 , ,	 (5)

where P is the functionality function, h0(x, y) is 
the optimization criterion, x is the control para
meter, y is a constant process parameter, D is the  
domain of rational values of x.

Since the cost of fabric and the cost of ma-
chines fluctuate greatly, in this case it is better to 
use a directed technology selection graph with the 
n-th number of implementation methods: TO is 
the initial state of the technology; RP is the result-
ing product (finished product); M1…Mn is the  
technological processing methods (graph levels); 
V1…Vs is the technological processes of imple-
menting the methods on a specific machine; 
TM1…TMm is the type of material (graph verti-
ces); N1…Nl is the number of emissions (graph 
edges) (Fig. 5).

The matrix is a hyper prism, the planes of 
which correspond to the methods for achieving 
a productive product (methods for processing 

the nodes of a sewing product), and the planes themselves are 
matrices of types of sewing machines (by purpose) and the 
corresponding types of materials and technological operations 
performed (Fig. 6).

 
Fig. 5. Implementation graph for the most optimal effective product

Types of solutions 

1 Ф0      
2 Ф0      
3 Ф0      

… … … … … …  
m Ф0      

 

Types of sewing machines 

1 {ТО} {ТО} {ТО} … {ТО}  1  ТО      
2 0 {ТО} {ТО} … {ТО} 2  ТО      
3 0 0 {ТО} … {ТО} 3  ТО      

… … … … … … …  … … … … …  
ϕ 0 0 0 … {ТО} ϕ  ТО      
 1 2 3 … m          

 
Types of materials 

1 С С С … С  1  С      
2 С С С … С 2  С      
3 С С С … С 3  С      

… … … … … … …  … … … … …  
ξ С С С … С ξ  С      
 1 2 3 … ϕ          

 
Types of technological operations 

1 V V V V V 
2 V V V V V 
3 V V V V V 
… … … … … … 
ν V V V V V 
 1 2 3 … ξ 

 
 Fig. 6. Table for selecting the optimal technology for sewing an article
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The adjacency matrix of methods T = [ti,j] (Fig. 7), where 
ti,j = 1: there is a connection between technological operations 
for the specified sewing machine; ti,j = 0: there is no connection.

A= 

0 0 0 1 0 … 0 1 
0 0 1 0 0 … 0 2 
0 1 0 0 0 … 0 3 
0 0 0 0 0 … 0 4 
0 0 0 0 0 … 1 5 
… … … … … … … … 
        
0 1 0 0 0 … 0 m 
TO1 TO1 TO1 TO1 TO1 … TOn  

 
 Fig. 7. Proportionality matrix of methods for obtaining 	

a quality product

The matrix has a size of m × n according to the number 
of analyzed methods for processing the product and the com-
plexity of its manufacture. The matrix is filled horizontally. 
According to the graph of the implementation of this prob-
lem (Fig. 5), the row of the matrix corresponds to the set of 
methods for processing nodes, and the column determines the 
complexity of the problem (the number of nodes processed, 
and therefore the processing methods used and the techno-
logical operations that make them up). For each branch of the 
graph with a hanging vertex, a matrix of adjacency of methods 
is constructed. The last row with "1" corresponds to the lowest 
level of decomposition of the problem.

Using the adjacency matrices, we build a network model 
for the selection of equipment ρξ (s) (Fig. 8). The nodes of 
the network are processing methods, and the path segments 
correspond to the types of technological operations and types 
of machines.

 

 ρ5(s) 

 ρ4(s)  ρ3(s) 
 ρ2(s) 

 ρ1(s) 

Fig. 8. Network model of equipment selection

The directed selection of machinery involves determin-
ing the shortest path of this network model. If we take as 

the weight function (ρ) the optimal machine that reflects 
the weights on the network segments, then the entire path  
s = <s0, s1, …, sk> is equal to the sum of the edges contained in it

� �s s si i
i

k

� � � � ��
�
� 1

1
, .	 (6)

In this case, the weight of the shortest path from TO to RPs 
will be determined by the ratio

� TO RP

s TO RP TO RPs
s

,

min : , , ,

,

� � �

�
� � ���� �

�

� if there are paths 

ottherwise.

�
�
�

��
	 (7)

We solve the linear programming problem. The following 
optimization criterion is taken into account

� � �� � �h , ,	 (8)

where α is a parameter that depends on the processing meth-
od when choosing a particular sewing machine; β is a set of 
constraints.

A necessary condition for the existence of a technological 
process

� � � �� � � � � � �
� � � � �

� �� �
�

�
� �

�
� �

�
�K K M C Vi

m
v
s

v s
v0 1 1 1 1

1
�



,	 (9)

where �
�� �

�K0  is the existing solution to the problem; 

��
�

Ki
m � ��1

 is the set of stages in solving the problem; 

�
� �� �

�
1

M  – availability of methods for solving the problem 

at each stage with the specified qualification of workers;  
�
� ��

�
1 x

C  – type of material that corresponds to this method; 

�
� �v s

vV
1

 – number and quality of products that are produced 

under the operating conditions of the specified sewing ma-
chines.

In this case, the set of solutions at the qualitative level will 
satisfy the sufficient condition

� � � �� �
�k X

k K K KK K0 0
0 0 0

� � �min max ,	 (10)

That is, for all existing solutions to the problem, the pro-
cess quality criteria must be within the range of permissible 
values of the worker’s qualification, type of material, type of 
operation, and type of sewing machine.

Taking into account the necessary and sufficient condi-
tions, the solution set takes the form

Solv

Solv k

K K

M F

K

K

i

m
0

0

0
1

1 1

� � �

� � �� �
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
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 � � �� �
� �

�

v s
v

k X
k K K K

V

K K
1

0 0
0 0 0

,

.min max

	 (11)

Then

K K Solv Fopt
solv

K0 0 0
� �� �

�
lim .

min
	 (12)
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Thus, the optimal option is the one that meets the criteria 
of the shortest path of the network model.

The directed selection algorithm consists of the following 
stages:

– rejection of unacceptable solution options;
– ranking the complexity of finding solutions in stages;
– search for possible methods of solving the problem at 

each step;
– search for means for implementing each method;
– calculation of rational operating modes of machines;
– checking the correspondence of the solution option and 

quality parameters;
– calculation of the cost;
– determination of the rational technology according to 

the criterion of minimum cost.
If the technologies have the same cost, then they are cho-

sen according to the least complexity of the work.

5. 3. Representation level of the database "Sewing 
machine selection"

The process of interaction with the designed tool, which 
performs the function of an interactive simulator, occurs in 
several main stages. The user’s task is to sequentially spec-
ify the input parameters to initiate the equipment selection 
algorithm.

First, the user needs to open a file that contains the soft-
ware implementation of the simulator database (hereinafter 
referred to as the simulator). After that, the user is taken to 
the main tab where the control elements for data entry are lo-
cated. The representation level, which displays data in a user- 
accessible form and provides an interface for interaction with 
the logic, is shown in Fig. 9.

Input parameters are selected by simply clicking on the 
buttons with the appropriate names, which enables standard-
ization of the entered data and eliminates the possibility of 
errors. The parameters to be selected include the type of seam, 
worker qualification, properties and thickness of the material.

After determining all the necessary criteria, the selection 
algorithm is launched by activating the appropriate button. 
The system automatically performs a multifactor analysis of 
the database corresponding to the matrix model and generates 
a list of recommended equipment. The results, represented 
in the form of a table, contain the key characteristics of ma-

chines that meet the specified criteria. This stage makes it 
possible to visualize the relationship between technological 
requirements and specific equipment models, which is espe-
cially valuable for training.

Fig. 10 shows the results of selecting sewing equipment 
for the following query: seam type "stitched" (1.01.01); worker 
qualification – "high"; material coating – "caproacetate"; mate-
rial thickness "heavy"; material base – "faux fur".

An example of using the designed interface and database 
is available at the link: https://youtu.be/spCSFOFHSn8.

The user is given the opportunity not only to work with 
existing data but also to supplement the database with infor-
mation about new equipment. For this purpose, a separate 
tab is provided that makes it possible to enter data about the 
manufacturer, model, purpose, and other parameters of the 
machines. This function enables the scalability of the tool and 
its relevance for various industrial conditions. Upon comple-
tion of work with the simulator, it is possible to clear the fields 
for data entry.

5. 4. Verifying the results in the database "Sewing 
Machine Selection"

The study was attended by 30 people, among whom 
are representatives of the academic environment (graduate 
students, associate professors, professors and students) pre-
dominate, as well as representatives of the business sector. 
In general, 86.7% of the participants represent the academic 
environment and 13.3% – the business sector. By position, 
the sample combines scientific and pedagogical workers, 
students of various levels of education and production 
practitioners.

Analysis of user responses (Table 2) reveals that the de-
signed database-simulator for the selection of equipment for 
the production of leather and fur clothing generally received 
a positive assessment, especially in terms of speed of work, 
convenience, and practicality of use. 93.3% of respondents 
noted high speed of work, 86.7% – ease of use, and 90.0% – 
practicality. Many respondents noted that process automation 
and multi-factor search options significantly reduce the time 
it takes to find the right information, and the clear interface 
makes work intuitively simple. Users also see the simulator as 
a tool for optimizing production processes and increasing the 
efficiency of enterprises.

 

 

Fig. 9. Database representation layer

 
Fig. 10. Example of selection results
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However, certain shortcomings were also noted. In partic-
ular, 13.3% of respondents emphasized the need to implement 
a full-fledged Ukrainian-language version of the interface (cur-
rently the interface is in English) and instructions. In addition, 
10.0% indicated that new users lack clear step-by-step explana-
tions or video instructions, which complicates the first acquain-
tance with the simulator. In addition, 26.7% of respondents 
expressed the need to expand the database – both in terms of 
equipment (in particular, modern models) and in terms of the 
description of raw materials, its characteristics and compat-
ibility parameters. Separately, respondents drew attention to 
the importance of controlling the correctness of the entered 
data (6.7%) and the need to modernize the interface (16.7%) –  
adding quick search, filters, the ability to save settings, and 
export selection results. The results of evaluating the simula-
tor (database) according to three criteria (ease of use, practi-
cality of development and clarity of use) are shown in Fig. 11.

The usability criterion focuses on the ergonomics and in-
tuitiveness of the interface. It analyzes how easily and quickly 
the user can perform basic tasks, such as entering selection 
criteria and obtaining results. The assessment is based on the 
minimum number of actions required for work, as well as 
on the logical arrangement of control elements. The speed of 
data processing and output of results is also a key indicator 
that determines the overall efficiency of interaction with the 
tool. The use of standardized drop-down lists simplifies the 
data entry process and reduces the likelihood of errors, which 
is also an important aspect of usability. The understandability 
criterion evaluates the extent to which the user is able to un-
derstand the logic of the simulator and interpret the results 
of its work without additional explanations. It includes an 
assessment of the clarity of the terminology used in the inter-
face and database. In addition, it analyzes whether the output 
data, presented in the form of a table of results, is easily read-

able and understandable. Another im-
portant aspect is the correspondence of 
the results produced by the algorithm to 
the user’s expectations, which indicates 
the correctness of the underlying logic. 
Although the interface may lack addi-
tional prompts, the assessment may re-
flect the need for their implementation.

The practicality criterion assesses 
the real usefulness and potential for the 
application of the designed tool. It ana-
lyzes the extent to which the simulator 
solves the real problem of multifactorial 
equipment selection in the garment in-
dustry, as well as its economic feasibil-
ity compared to existing methods. The 
adaptability of the system is assessed, 
that is, the possibility of its further scal-
ing by adding new data on equipment, 
materials and technological operations. 
In addition, it is important to assess the 
possibility of using the simulator in the 

Table 2
Analysis of respondents’ answers

Evaluation criteria Answer options Number of responses Frequency of occurrence, %

Advantage

Speed of work, reduction of search time 22 73.3%
Automation, multifactor search 9 30.0%
Convenience/versatility 10 33.3%
Practicality/usefulness 8 26.7%
Optimization of production processes 5 16.7%

Disadvantage

Need for a Ukrainian version 4 13.3%
Lack of detailed instructions/explanations 3 10.0%
Control of entered data 2 6.7%
Link to tables 1 3.3%
General precautions for operation 2 6.7%
No shortcomings (not noted by users) 12 40.0%

Suggestion

Database expansion (equipment, materials) 8 26.7%
Add Ukrainian version 4 13.3%
Interface modernization (expansion, search, filters) 5 16.7%
Add instructions/explanations 3 10.0%
Creating a mobile application 2 6.7%
No options/uncertain 4 13.3%

0

1

2

3

4

5

6
Еase of use

Сlarity of usePracticality of development
Р1 Р2 Р3 Р4
Р6 Р7 Р8 Р9
Р11 Р12 Р13 Р14
Р16 Р17 Р18 Р19

Average value 
Р5
Р10
Р15
Р20 Р21 Р22 Р23 Р24

Fig. 11. Results of evaluating the simulator (database) according to three criteria
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educational process as a teaching tool, allowing students and 
specialists to interactively master new approaches. The avail-
ability of the MS Excel platform is also an important indicator, 
indicating a high potential for the tool to be implemented at 
enterprises without additional costs.

Representatives from the academic sector (graduate stu-
dents, professors, associate professors, students) generally 
demonstrated a high assessment of the simulator in all para
meters. The average score for convenience, understandability 
and practicality in this group was 4.73; 4.45; 4.82, respectively. 
They more often emphasized the speed of work, automation, 
and multifactor selection as key advantages, and also sug-
gested improvements in the form of expanding the database, 
improving the interface and adding a Ukrainian-language ver-
sion. They assessed the shortcomings mainly from the point of 
view of functionality and system development opportunities.

The ratings from the business sector were lower, espe-
cially in terms of convenience (3 points) and understand-
ability (the lowest score in this group is 1 point). At the same 
time, practicality was rated at the highest level (83.3% of  
business representatives rated it at 5 points). This group 
noted that the simulator is new, so there is a need for de-
tailed instructions and explanations on how to use it. Among 
the advantages, optimization of work was mentioned but no 
specific suggestions for improvement were received at the 
familiarization stage.

Thus, it can be concluded that the academic sector is more 
familiar with such tools and evaluates them more positively, 
while representatives of the business sector need additional 
support in the form of training and step-by-step explanations.

Scientific and pedagogical workers gave maximum or 
close to maximum marks for all criteria (convenience – 5 or 4, 
clarity – 5 or 4, practicality – 5). They noted the speed of work, 
convenience, usefulness, as well as multi-factor selection. 
Their suggestions concerned expanding the base of equip-
ment and materials, adding a Ukrainian-language version, 
and improving the interface.

Students showed slightly lower but still high scores 
(convenience – 4 or 5, clarity – 4, practicality – 4 or 5). They 
emphasized automation and convenience, but the suggestions 
were less detailed – for example, expanding the interface or 
controlling the entered information.

Thus, academics are more focused on strategic improve-
ments to the database and functionality, while students are 
focused on ease of use and improving the user experience.

6. Results from investigating the database "Sewing 
Machine Selection": discussion

The designed interactive interface of the database "Sewing 
Machine Selection" (Fig. 9) performs the function of visualiz-
ing the matrix structure of the database (Fig. 4) and interact-
ing with the algorithm (1) to (12) (Fig. 5–8). This allows us to 
implement in practice the work of the decision support sys-
tem (DSS) in the process of forming a technological sequence 
for the manufacture of leather and fur products.

Known DSS solutions described in the scientific litera-
ture [36, 37] are aimed at optimizing internal technological 
parameters (such as machine learning for process control [38] 
or optimizing textile ozonation [39]). In contrast, the deci-
sion support system based on the database "Sewing Machine 
Selection" is directly aimed at solving the real problem of 
equipment selection.

Published solutions for the selection of sewing equip-
ment are limited to the technological advancement of al-
gorithms [11], mathematical description of the logic of 
choice [20, 21] or factor analysis [12]. The designed solution 
is distinguished by the presence of practical implementation, 
which makes it possible to overcome the main barrier to the 
digitalization of the sewing industry – the reluctance to use 
complex theoretical models.

The implementation of the tool in the format of an 
interactive simulator based on MS Excel turns an abstract 
algorithm into an intuitive manual. Such a tool allows tech-
nologists and students without special knowledge in the field 
of programming and Data Science to effectively use it for 
training and decision-making (Table 1, Fig. 11).

The use of digital tools that can be used both in the train-
ing process and directly in the sewing industry is described 
in [18, 19]. The solutions reported in them are aimed at sup-
porting the designer’s work, while the constructed database 
"Sewing Machine Selection" (Fig. 3) focuses on technological 
preparation of production.

Recommendations for improving the database and the 
simulator include expanding language support with the intro-
duction of a Ukrainian-language interface, compiling under-
standable training materials, improving the interface through 
filters (Table 2). It is also necessary to expand the equipment 
and raw material database, add step-by-step selection logic, as 
well as implement automatic data verification and integration 
with manufacturer catalogs. It will be additionally useful to 
create the ability to export results into convenient formats 
and supplement the simulator with calculation modules that 
will make it possible to assess the economic efficiency of the 
proposed solutions.

The current simulator database is limited to equipment 
from specific manufacturers specializing in the manufacture 
of leather and fur products (according to [11]). This narrows 
the scope of its application. To expand its use as a decision 
support system and a simulator, it is necessary to fill the data-
base with new categories of recommended equipment (Fig. 2) 
and the corresponding technological operations.

In addition, the database tables use only a list of equip-
ment that is already available at a hypothetical enterprise. 
Price, weight, availability, popularity, or other parameters 
related to the purchase of equipment are quite widely de-
scribed in the scientific literature [30–34]; therefore. they are 
considered to be taken into account at the preliminary stage 
of forming the technological flow. These criteria are not part 
of the selection process in the designed system.

To transform the simulator into an automated tool for 
equipment selection, it is necessary to integrate information 
about the equipment available at the enterprises and the 
technological operations performed on it into the database.  
It is also desirable to supplement the list of data by integrating 
with catalogs of machine manufacturers.

At the current stage of development, the database oper-
ates exclusively with a limited set of parameters for which all 
search criteria have counterparts (Fig. 10). Cases when certain 
user criteria remain unmet are not currently implemented. 
Overcoming this gap requires further research, in particular, 
determining the importance of each factor involved in the 
equipment selection process. This will make it possible in 
the future to offer a mechanism for searching for alternative 
solutions in cases where the optimal option is absent and will 
also provide the possibility of gradually expanding and filling 
the database with new materials and criteria.
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At this stage, the system does not implement a ranking 
mechanism in cases where several equipment samples meet 
the same set of criteria. At the same time, in the future it is 
planned to develop an algorithm that will be based on the 
principles of multifactor analysis and determining the relative 
importance of each criterion. This will make it possible to 
build the order of representation of results from the most to 
the least relevant, taking into account, for example, the type 
of material, the complexity of the operation, or the qualifica-
tion of the worker. Thus, future modifications of the system 
will provide for more flexible and intelligent support for the 
decision-making process.

7. Conclusions

1. In the course of our work, a database of sewing 
equipment selection parameters was successfully built. The 
proposed matrix structure of the database enables the pres-
ervation and consistency of information about technological 
operations (Otypei), materials (Pj, Mbasej, MThj), and key 
characteristics of machines (Mspeedi, Mpurposei, etc.).

2. The functioning logic of the database "Sewing Machine 
Selection" that implements multifactor data analysis has been 
substantiated. The application of the principles of graph theory 
and the binary matrix of closure by transitivity of the relation 
allowed us to implement logic that effectively analyzes the in-
put criteria. The optimization problem was solved by the linear 
programming method, which enables the selection of the opti-
mal sewing machine model for specific industrial conditions.

3. An interactive interface based on MS Excel has been 
designed, which performs the function of visualization and 
interaction with the algorithm. This tool allows the user, 
by selecting parameters such as the type of seam, worker 
qualification, material properties, and material thickness, to 
directly interact with the selection algorithm. The interface 
displays the results of the logical level in a user-friendly form 
and serves as an effective educational and practical tool. The 
implementation of the database in the educational process 
for educational programs in the field of "Light Industry Tech-

nologies" will contribute to the achievement of a number of 
program learning outcomes.

4. Our tests have confirmed the effectiveness and practical 
significance of the devised method. 30 respondents repre-
senting the academic environment and the business sector 
took part in the experiment (86.7% and 13.3%, respectively). 
The vast majority of users noted its speed of work (93.3%), 
convenience (86.7%), and practicality (90.0%). Among the 
respondents, 26.7% expressed a need to expand the database,  
13.3% – to introduce a Ukrainian-language version of the in-
terface, 10.0% – to provide instructions, 16.7% – to modernize 
the interface. Participants from the academic environment 
rated the simulator the highest in terms of convenience, clar
ity, and practicality: 4.73; 4.45; 4.82, respectively.
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