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Bibliometric analysis of improving the performance system of human robot
collaborative (HRC) assemblies based on standardization

I. Normatovi®?
*Andijan machine-building institute, Turin Polyechnic university in Tashkent, Uzbekistan

Abstract: In recent years, the use of Human-Robot Collaboration (HRC) in manufacturing systems has grown
significantly, within the framework of Industry 4.0 and emerging Industry 5.0. The purpose of this study
is to review and analyze the scientific papers written on improving performance systems of HRC based
on standardization. 224 documents were obtained in the general search, after eliminating duplicates and
applying certain inclusion and exclusion criteria, 65 papers were used for this review.
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1. Introduction

Collaborative robots, also known as cobots, are
emerging as a promising technology in the field of robotics.
These robots are designed to work alongside humans and are
capable of performing a wide range of tasks, from simple
pick-and-place operations to complex assembly tasks [1].
Due to their ability to work safely and efficiently alongside
human workers, cobots have become increasingly popular in
the manufacturing industry. In particular, they are widely
used in product assembly where their use leads to increased
productivity, improved quality and reduced costs [2].

Human-robot collaboration (HRC), or the collaboration
between cobots and human operators, is one of the
cornerstones of both Industry 4.0 and Industry 5.0, which
focus on integrating digital technologies into the
manufacturing process [3]. In these new industrial
paradigms, there is a rising need for flexible and agile
production systems that can quickly adapt to changes in
demand and product design. In fact, in today's market, there
is a growing demand for short runs of a wide variety of
products. This is due to increasing customer demand for
customisation, which is leading to an increase in the number
of variants of the same product [4, 5]. This approach, called
mass customisation, involves the use of flexible
manufacturing processes that can quickly and cost-
effectively adapt to the specific needs, preferences and
requirements of customers [6].

Collaborative robots are well suited to these needs, as
they can be easily programmed and reconfigured to perform
awide range of tasks and can work alongside human workers
to improve overall efficiency and productivity. In addition,
cobots can provide real-time data and feedback that can be
used to optimise production processes and improve product
quality. The ability to collect data in real time also allows
cobots to be integrated into the digital twin of the entire
production system [7] that is essential for the continuous
monitoring of production processes and machine
diagnostics.

Another key aspect in a competitive market is product
quality. To achieve business success, it is essential to
implement and improve quality control procedures [8]. The
need for quality control in all production systems is to
prevent non-conforming products from reaching the end
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customer or end-user [9]. Collaborative robots are
increasingly used in quality control, as their ability to
accurately perform repetitive and monotonous tasks can
ensure the consistent production of high-quality products.
Furthermore, the use of cobots can also reduce the risk
of injury or strain to human workers, resulting in increased
productivity and a safer working environment. As a result,
the adoption of cobots for quality control is a promising
solution for improving product quality and competitiveness.

This study provides three main conclusions:

During the period 2002-2024, academic interest in this
topic has increased and the keywords are HRC,
standardization, quality control, assembly, industry 4.0;

A list of authors who have conducted scientific work on
the basis of HRC is compiled;

The top 12 countries that conducted scientific work
based on HRC are presented based on geographical analysis.

VOS viewer software was used to investigate the
bibliometric research method and bibliographic display
maps. There are three phases to the bibliometric research
process, they are search criteria and source identification,
software and data extraction, and then data analysis and
interpretation. To our knowledge, several bibliometric
comparative reviews on HRC have been published. This
study serves as a continuation of the above related studies.

2. Research methodology

The Scopus search engine was used to find a
comprehensive literature on the HRC of the theory. Scopus
is one of the most comprehensive databases of citations and
abstracts for peer-reviewed literature. Based on Figure 1,
there are three steps in the bibliometric research process,
which are search criteria and source identification, software
and data acquisition, and then data analysis and
interpretation.

Step 1, source identification with search criteria and
bibliometric analysis, consists of scientific database retrieval
and publication information collection from the Scopus
database. In the search process, we initially identified
documents with the terms "HRC". As a result of the
bibliometric search, 224 documents were found, and when
we synthesized them for the years 2002-2024, 194
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documents were identified. Bibliometric analysis was
performed on the basis of 65 documents.
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Figure 1. Process of the Bibliometric Analysis

In Phase 2, the results were downloaded from the Scopus
database in three different formats. The following data was
received in CSV format for data viewing through Microsoft
Excel: Authors, affiliations, titles, publication years, cited
publications, abstracts, author keywords and other important
bibliographic information are included in the downloaded
metadata, which must be examined and improved. The use
of bibliometric approaches to describe the knowledge
structure of HRC project is illustrated. The outcome of VOS
viewer software analysis, such as Bibliometric coupling;
includes co-citation analysis and keyword co-occurrence.

The site www.mapchart.net was effectively used in the
formation of analyzes by countries. Zotero software was
used to compile the list of references. The results obtained in
the Phase 3rd stage were analyzed.

3. Results and Discussion

We can see the development dynamics of scientific
research on determining Human Robot Collaboration (HRC)
between 2002 and 2024 through Fig.2. Between these years,
65 scientific researches were conducted, and these indicators
are fluctuated during the given years. In particular, the
maximum increase points of the indicators are more than 10
in 2021 and 2023.
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Figure 2. Growth of scientific production relating to

HRC (www.scopus.com)

In the Scopus database, 159 authors conducted scientific
research on the Human Robot Collaboration (HRC), and the
top 24 authors who has done at least two scientific research
were determined by Figure 3.

Fig. 3 is built on the basis of the Poretto diagram, and we
can see the obtained results.

Fig.3 shows us that "Saenz, J." is considered the most
effective among the authors who conducted research on
HRC, and he is on the first place with 5 indicators. In
addition, 8 of them has 3 and 15 of them has 2 indicators
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Figure 3. Top-24 authors who has done at least two
scientific research

In the Scopus database, scientific works were carried out
in 18 directions on the Human Robot Collaboration (HRC).

Almost 30% of the total scientific research was carried
out in the direction of Computer Science and Engineering,
6% in the direction of Medicine.

Through Fig.4, we can see how the work done on HRC
in the Scopus database is distributed by source. The main
place in this is occupied by articles (43%), conference papers
(36%), reviews (11%), book chapters and conference review
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(5% each) respectively.
Figure 4. Results by document type

Fig. 5 shows which country is active in HRC research.
Roughly 113 countries have conducted research on HCR.
When we determined the top 12 in this regard, it is clear that
most of the research was done by European countries almost
70%. If we go in detail Germany took first place with 17%,
Italy with 13%, Brazil and the United States with 10% each
respectively.
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Figure 5. Results of Geographical analysis of research
on HRC in 2002-2024
Fig. 6 was formed based on the information obtained
from the Scopus database. The site www.mapchart.net was
used to create a world map and place data.
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Figure 6. Geographical analysis of research on HRC in
2002-2024

4. Conclusion

Using bibliometric and network analysis, this paper
provided an overview of the distribution of publications on
Human Robot Collaboration (HRC). By querying the Scopus

database with predefined keywords, a collection of 65
published papers was retrieved. There are three phases, first
search criteria and source identification, second software and
data acquisition, and third data analysis and interpretation.
In summary, research findings on HRC using VOS Viewer
have been identified. Collaborative robots have become
popular in assembly processes because they can work
alongside human workers to perform repetitive tasks without
interruption or fatigue, increasing the efficiency of the
production process. They also create a safer working
environment by performing hazardous tasks that could put
human workers at risk.
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