Collision-Free Robotic Manipulation: A Review and
Bibliometric Analysis

Abstract

This study presents a comprehensive review and bibliometric analysis of
collision-free robotic manipulation, a key area for ensuring safety and op-
timizing efficiency in advanced robotics. A data set was collected from the
Web of Science Core Collection (2014-2024) and subjected to analysis, with
169 articles, with the aim of identifying emerging trends, key contributions
and global collaboration patterns. The results demonstrate a steady increase
in scientific output and identify four research clusters: collision avoidance in
robotic systems, trajectory planning and optimization, reinforcement learn-
ing and autonomous planning, and collaborative robotics and safety. These
clusters illustrate the convergence of advanced techniques such as trajec-
tory planning, optimization algorithms and autonomous learning. This high-
lights their influence on both industrial applications and collaborative envi-
ronments. This study provides a comprehensive overview of the research
landscape, facilitating a deeper understanding of the field and fostering in-
terdisciplinary collaboration.

Keywords: Bibliometric analysis, Collision avoidance, Robotic
manipulation, Trajectory planning, Autonomous systems

1. Introduction

The development of robotic systems capable of collision-free manipula-
tion has gained importance in recent decades, driven by the need to automate
complex tasks in diverse environments such as industry [Touzani et al.| (2022),
medicine Zhao et al.| (2020), and space exploration Seddaoui and Saaj (2021)).
Collision-free handling is a multifaceted challenge that spans disciplines such
as trajectory planning, environmental sensing, artificial intelligence, and con-
troller design. Ensuring safe and efficient movement of robotic manipulators

Preprint submitted to International Journal of Systems Science May 27, 2025



in environments shared with humans or other robots is a primary goal, with
the potential to achieve higher levels of productivity and safety.

In the domain of collaborative robotics, the issue of collision avoidance in
dynamic environments, particularly in scenarios where humans and robots
share a workspace, is of paramount importance. To address this challenge,
Safeea et al. (2019) have proposed a system that integrates off-line generated
trajectories with real-time reactive adjustments. Using collaborative manip-
ulators and common sensors, this system ensures safe movements in indus-
trial applications. Based on this research, [Liu and Wang| (2021) introduced
a system that uses contextual awareness and depth sensors to dynamically
adjust trajectories in human-robot collaboration, highlighting significant im-
provements in response time and efficiency. In a complementary approach,
Dennis Mronga and Kirchner (2020) proposed a constraint-based framework
for human-robot collision avoidance that has proven highly effective in en-
suring safe and efficient interactions in a shared workspace. By incorporat-
ing predefined constraints directly into the motion planning process, their
method allows robots to proactively anticipate and avoid potential collisions
while maintaining optimal task execution. At the same time, [Zhang et al.
(2021)) developed a collision avoidance scheme for dual-redundant manipu-
lators based on neural networks that optimizes cooperative tasks by resolv-
ing redundancies and ensuring safe performance in constrained spaces.These
studies underline the importance of hybrid and learning-based methodologies
to improve the safety and adaptability of robotic systems.

Additionally, the optimization of pick-and-place robotic systems has been
widely studied to improve the efficiency of assembly lines and industrial pro-
cesses. |Daoud et al| (2014) analyzed and compared three metaheuristic:
Ant Colony Optimization (ACO), Particle Swarm Optimization (PSO), and
Genetic Algorithms (GA), and showed that ACO outperformed the other
techniques in terms of efficiency and response times in pick-and-place tasks.
Complementary, Bourbonnais et al. (2015) proposed a minimum-time path
planning method for a five-bar parallel robot using cubic splines and opti-
mization algorithms to maximize accuracy and minimize cycle times. These
approaches highlight the role of metaheuristic algorithms and optimization
methods in improving productivity in industrial applications.

In the field of agricultural automation, Lin et al.| (2021]) tackled the prob-
lem of collision-free path planning for fruit-picking robots using deep learning
through recurrent reinforcement. This approach enabled a trade-off between
efficiency and robustness in unstructured environments.



Finally, studies related to path planning and fuzzy logic have provided a
solid foundation for the development of hybrid methods in robotics. [Hentou
provided a comprehensive review of fuzzy logic-based approaches
to collision-free path planning, highlighting their ability to cope with uncer-
tainty in complex systems. In a more practical approach, Jose and Pratihar
explored task allocation and path planning in multi-robot systems us-
ing heuristic methods, demonstrating the effectiveness of combinations such
as genetic algorithms and A* to ensure safety and efficiency in collaborative
environments.
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This article aims to provide a comprehensive review of the most relevant
approaches in the field of collision-free manipulation. It is accompanied by a
bibliometric analysis, which aims to contextualize the impact and evolution of



in contributing to the development of safer and more efficient robotic systems.

1.1. Methodology and Article Structure

The development of this article was carried out in two main phases. First,
a comprehensive research and bibliometric analysis of the field of robotic ma-
nipulation was carried out, followed by the formulation of the state of the
art, which was based on the results derived from this analysis. In the initial
phase of the analysis, key trends, recurring themes and the most influential
articles within the field were identified. In the subsequent phase, the state
of the art was formulated, structuring the information obtained according
to the thematic groups that had been identified. This section provides a
conceptual framework that contextualizes the advances and challenges of the
field, integrating the results of the bibliometric analysis with the most rele-
vant theoretical and practical contributions, and includes a detailed analysis
of the most important articles, providing a guide for researchers interested
in exploring the key contributions in the field, among other noteworthy de-
velopments.

The structure of the present article is as follows. The section [2| provides
a comprehensive description of the methodologies employed for data collec-
tion and analysis, thus laying the groundwork for this study. Subsequently,
section [3| presents the findings of the analysis, highlighting the most signifi-
cant contributions from the main areas. Section {4| then discusses, through a
co-occurrence analysis, keywords and the grouping of themes into four main
clusters. Finally, section [5| presents the conclusions and recommendations for
future research, detailing the challenges and opportunities presented by this
interdisciplinary field.

2. Data Collection and Analysis Methods

This study employs a research methodology based on a comprehensive
bibliometric analysis to examine the phenomenon of collision-free robotic
manipulation. This structured, quantitative approach identifies the most rel-
evant research papers, the most representative authors, the most influential
academic journals, the most significant regions and the leading institutions
within the field. By providing indispensable data on the collaborative dy-
namics and key performance indicators of the field, bibliometric analysis is
positioned as a fundamental instrument for understanding the evolution and
trends within this interdisciplinary domain.



As a well-established statistical tool, bibliometric analysis has proven to
be an invaluable method for investigating the evolution of the quality and
quantity of research in different fields. The methodology is widely applied in
disciplines such as advanced robotics, automation and artificial intelligence,
thus ensuring a systematic and data-driven assessment of the available liter-
ature. This approach allows mapping the landscape of collision-free robotic
manipulation, identifying key contributions and trends, and enriching the
current debate around this research topic.

2.1. Dala collection

This disciplinary study employed a bibliometric approach to conduct
a comprehensive analysis of the peer-reviewed literature on collision-free
robotic manipulation, using the Web of Science Core Collection (WoSCC)
database as the primary source of information.

Birkle et al.| (2020]).

The search was conducted on articles published between 1 January 2014
and 23 September 2024, ensuring the inclusion of relevant and recent work
in this field. The data was downloaded in BibTeX format to facilitate bib-
liometric analysis and allow for a systematic assessment of emerging trends,
key contributions and possible future research directions in the field.




To ensure the quality and relevance of the collected literature, a meticu-
lous search strategy was designed according to the following criteria:

e Articles had to contain one or more of the following keywords in their
titles or keywords: collision avoidance, collision-free or pick-and-place
in combination with robot, manipulator or arm. However, terms relat-
ing to mobile robots, autonomous navigation or vehicle were excluded.

e The selected articles had to have been published in English, in peer-
reviewed journals and indexed in the WoSCC database.

e All articles published with the specified terms were included in the
review, allowing the most recent and relevant advances in collision-free
robotic manipulation to be collected.

This methodological approach allowed us to collate and analyze a sub-
stantial body of high-quality publications, thus providing a solid basis for
investigating current trends, identifying the most influential contributions



and guiding future research in this field. The preliminary search yielded a
total of 1526 articles, which were subjected to a thorough evaluation process
to determine their relevance and quality.

Finally, a set of 169 documents stored in CSV format was obtained, once
the above-mentioned selection process was completed. This set included a
wide range of bibliometric data, such as titles, authors, years of publication,
sources, abstracts, keywords, citations and references of the included bibliog-
raphy. This data set formed the basis for a comprehensive analysis, providing
a complete and accurate overview of the literature on optimal collision-free
robotic manipulation. A flow chart (Figure[l]) has been included to provide
a visual representation of the step-by-step filtering process of the literature
collection.

Search 1

Search 2

1526 pubs 291 pubs

We identify titles (TI) or keywords
(AK) containing collision avoidance or
collision-free combined with robot.
Additionally, records referencing
mobility-related concepts—such as
mobile robots, autonomous systems,
navigation, flying, vehicles,
quadrupeds, bipeds, or wheeled
robots—are excluded.

Building on the filters and criteria
from Case 3, an additional filter
restricts publications to the 2014-
2024 time range.

Expanding on the criteria from Case
1, additional terms are included in
the titles (TI) and keywords (AK),
specifically pick-and-place combined
with manipulator or arm, which must
appear alongside collision
avoidance or collision-free. Mobility-
related terms remain excluded, as in
the previous case.

The criteria from Case 2 are
maintained, but pick-and-place in the
keywords (AK) is replaced by
optimisation, while retaining the
other terms. Additionally, a new filter
limits the results to specific research
areas, including Engineering,
Robotics, Computer Science, and
Automation Control Systems.

Figure 1: Flowchart of the filtering process.

Bibliometrics, defined as the quantitative study of bibliographic mate-
rial Broadus (1987)Donthu et al.| (2021)), represents a pivotal methodology




for the analysis of academic domains. [NidelFemployedNnNdiSCiplinesISuch
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Azizan and Fadzil (2024), bibliometrics facilitates the identification of sub-
ject dynamics through metrics including publication and citation counts by
country, journal, author or institution, thereby offering valuable insights into
prevailing scholarly trends.

In this study, R software (version 4.4.0) R/ (2024) was used as a biblio-
metric tool to facilitate data visualization using term maps and keyword co-
occurrence networks. For this purpose, the definitive collection of relevant
documents was downloaded from the WoSCC in BibTeX format, and the
data were analyzed using packages such as tidyverse Wickham et al. (2019),
ggplot2 |Wickham, (2016), bibliometriz |Aria and Cuccurullo (2017), igraph
Csardi and Nepusz (2006) and maps Becker et al| (2021). This approach
enabled a comprehensive analysis of collision-free robotic manipulation, pro-
viding representative visualizations of bibliographic trends and allowing in-
depth exploration of metrics such as citations, co-authorship and keywords.
The analytical process not only facilitated a deeper and more systematic un-
derstanding of the field, but also enabled the identification of relevant themes,
emerging trends and research gaps, thus establishing a solid foundation for
future research in this area.

The bibliographic analysis covers a data set with an average annual
growth rate of 11.07% over the period studied. This corroborates the claim
that there is a growing interest in the field of robotic manipulation. Publi-
cations come from 102 different sources, including journals and conferences.
The average number of citations per article is 10.20, with an average of 2.06
citations per year. This is indicative of a remarkable academic impact.

In terms of academic collaboration, the authorship of the collection of
articles considered corresponds to 601 researchers, with an average of 4.20
co-authors per article, which serves to illustrate the collaborative nature of
this field of research. However, it is worth noting that only 13.61% of the
articles included international co-authorship, indicating a tendency towards
local or national collaborations. A total of 189 Keywords Plus and 610
Authors’ Keywords were identified, which serves to illustrate the thematic
diversity and terminological richness of the studies analyzed. Table[I|provides
a summary of the above results and an overview of the current state of the
literature review.



Table 1: Summary of the bibliographic collection (2014-2024).

Description ‘ Results
Sources (Journals, Books, etc) 102
Documents 169
Annual Growth Rate (%) 11.07
Document Average Age 3.92
Average Citations per Doc 10.20
Average Citations per Year per Doc 2.06
References 4687
Document Types

Article 113
Article; Early Access 3
Article; Proceedings Paper 1
Proceedings Paper 49
Review 3

Document Contents

Keywords Plus (ID) 189
Author’s Keywords (DE) 610
Authors

Authors 601
Author Appearances 709
Authors of single-authored docs 1
Author Collaboration

Single-authored docs 1
Documents per Author 0.28
Co-Authors per Documents 4.2
International co-authorship (%) 13.61

3. Results of the analysis

To better understand the historical development of the literature on
collision-free robotic manipulation, the evolution of this field has been ex-
amined (Figure |2 ). Scientific production in this field started modestly in
2014 with seven publications, showing a gradual increase from 2015 onward.
This growth remained steady in the following years, reaching a peak of 24
publications in 2021. Although there were slight fluctuations in the number
of articles published in 2022 and 2023, with 22 and 19 articles respectively,



a recovery is seen in 2024, with 20 articles published to date. This growth
reflects the relevance of the topic, driven by the need for advanced solutions
that optimize robotic manipulation in increasingly complex environments.

25- 24

22
20 20
20- Zie
15- 14 14
13
11
10-
7
I 5
5-
0- l

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 2: Evolution of the number of articles.

As shown in Figure [3], which presents the historical evolution of the num-
ber of publications and cumulative citations related to collision-free robotic
manipulation, it is possible to see a clear picture of the development of this
field over time. Since 2014, a steady growth in the number of publications
can be observed, reflecting a growing interest on the part of the scientific
community, with the year 2021 representing a turning point, reaching an
all-time high of 24 publications. This increase can be attributed to the con-
solidation of emerging technologies, such as 3D sensors and reinforcement
learning algorithms, which have made it possible to overcome previous limi-
tations in autonomous navigation and control. Although 2022 and 2023 see
a slight decrease in the number of published articles, this trend does not re-
flect a decline in the impact of the field, as shown by the cumulative number
of citations. On the contrary, sustained interest is evident in the citation
figures, suggesting that more recent work is exerting a lasting influence on
the academic community.
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Figure 3: Times cited and publications over time.

The figure also highlights an interesting pattern: while publications have
grown incrementally, the increase in cumulative citations is even more pro-
nounced, indicating that articles published in this field tend to be widely
referenced. This phenomenon can be attributed to the interdisciplinary na-
ture of the topic, which encompasses key areas such as collaborative robotics,
trajectory optimization and safety in shared environments, thus extending its
relevance to both theoretical research and industrial and service applications.

The analysis of these results highlights the growing importance of collision-
free robotic manipulation, underlining its role not only as an autonomous re-
search domain, but also as a key component in the advancement of emerging
technologies in automation and robotics. The trends identified reinforce the
idea that this field will continue to be a primary focus of attention in the
coming years, with direct ramifications for the improvement of autonomous
and collaborative systems in increasingly intricate environments.

The following sections present the main results obtained from the biblio-
metric analysis.

3.1. Contribution of Leading Research Areas

The data analyzed, summarized in Figure [4] , reflects a balance between
the main subject areas associated with the publications, highlighting Com-
puter Science with 56 mentions, Robotics with 54, Engineering with 49,
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Automation & Control Systems with 38 and Telecommunications with 11.
These results are evidence of the multidisciplinary nature of research in the
field, where all these areas contribute significantly to the development of
advanced solutions in automation, control and robotics. The interaction be-
tween fundamental disciplines such as computer science, engineering and sys-
tems control, together with more specific areas such as telecommunications,
underlines the integrative approach of the research analyzed.

Engineering (49)
56 %

Robotics (54)
25,96 %

Control Systems (38)
18,27 %

Computer Science (56)
26,92 %

Figure 4: Most productive research areas.

The analysis shows that publications focus not only on pure robotics, but
also on the intersection with other areas such as engineering, control systems
and computer science. This highlights the interdisciplinary nature of research
in these fields, reinforcing the importance of integrating diverse perspectives
to advance the development of innovative solutions.

3.2. Contribution of Leading Journals

A review of the main sources of scientific production on robotic manip-
ulation, summarized in Figure || reveals a substantial and diverse set of
outstanding publications.
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@ Journal of Intelligent & Robotic Systems
@ Robotics and Computer-Integrated Manufacturing
@ |International Journal of Advanced Robotics Systems
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Sensors
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@ Advanced Robotics
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Figure 5: Top 10 most productive journals.

Among the main journals, [EEFE Access and Robotics lead with 11 ar-
ticles each, consolidating their position as fundamental references in the
field. They are followed by [EEE Robotics and Automation Letters, Jour-
nal of Intelligent & Robotic Systems, and Robotics and Computer-Integrated
Manufacturing, with 7 articles each, positioning themselves as key platforms
for research dissemination. Meanwhile, International Journal of Advanced
Robotic Systems, Robotics and Autonomous Systems, Sensors, LARS/SBR
2023, and Advanced Robotics have published 6 articles each, reflecting their
important contribution to the advancement of academic knowledge in the
field of robotic manipulation.

Of the 20 sources analyzed, several operate on an open access model with
mandatory article processing charges (APCs). These include IEEE Access,
Robotics (MDPI), Sensors (MDPI), Applied Sciences (MDPI), Complex &
Intelligent Systems (Springer) and International Journal of Advanced Robotic
Systems (SAGE). In contrast, IEEE Robotics and Automation Letters em-
ploys a hybrid model, whereby open access is allowed only for articles accom-
panied by article processing fees. Meanwhile, other sources, such as Robotics
and Computer-Integrated Manufacturing or Robotics and Autonomous Sys-
tems, are characterized by a subscription or restricted access model.

Of the total number of sources, seven (35%) operate under an open access
model with mandatory article processing charges (APC), one (5%) employs a
hybrid model, and the remaining twelve (60%) operate under subscription or
restricted access models. The data demonstrate the coexistence of traditional
and emerging models of scientific dissemination, reflecting a gradual transi-
tion towards open access in the field of robotics. However, it is important
to note that access restrictions remain a significant feature of a considerable
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proportion of publications.

The co-citation analysis of sources allows for the identification of col-
laboration patterns and thematic areas within the robotic manipulation lit-
erature. This approach demonstrates the existence of two main thematic
communities, as illustrated in Figure [6] . The nodes represent journals or
conferences, and the colors group the sources according to their frequency of
co-citation. The first cluster, indicated in red, encompasses journals such as
IEEFE Robotics and Automation Letters and International Journal of Robotics
Research, which are mainly associated with research in the field of robotic
control and autonomy. The second cluster, represented in blue, comprises
sources such as Robotics and Autonomous Systems and Applied Sciences,
which are more oriented towards technological and interdisciplinary advances.
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Figure 6: Journals co-citation network.

The size of the nodes in the figure is indicative of the relevance of each
source within the network, thus indicating its impact on the academic com-
munity and its contribution to the advancement of shared knowledge. This
analysis demonstrates that publications are not only grouped according to
their thematic content, but also facilitate integration and specialization in
different areas of robotics, thus consolidating a diverse and complementary
academic ecosystem.
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3.3. Contribution of Leading Countries/Regions

The analysis of contributions by country and region, as summarized in
Table 2], provides an overview of the distribution of scientific production in
the field of robotic manipulation during the period analyzed. This section
makes it possible to identify the extent of their international collaboration,
represented by the Multinational Collaborative Publications Ratio (MCP
Ratio).

Table 2: Productivity by country.

No. of

Countries Articles Freq (%) | SCP | MCP | MCP _Ratio
China 69 41.07 64 5 0.073
Ttaly 15 8.93 12 3 0.200
USA 10 5.95 9 1 0.100
India 7 4.17 7 0 0.000

Germany 6 3.57 6 0 0.000
Korea 6 3.57 6 0 0.000
Brazil 5 2.98 4 1 0.200

Canada 5 2.98 4 1 0.200

Japan 5 2.98 5 0 0.000

France 4 2.38 3 1 0.250
Where:

e Freq: ratio between the number of items and the total number of items
associated with the different countries.

e SCP: Single-country publications.
e MCP: Publications from various countries.

e MCP _ratio: MCP divided by articles.

China is the main contributor to the scientific literature on robotic ma-
nipulation, with 69 articles accounting for 41.07% of the total. Of these, 64
are single-country publications (SCP) and 5 are multinational collaborations
(MCP). This gives a CCM ratio of 0.0725, suggesting a relatively low level
of international collaboration. Italy is the second largest contributor with
15 papers (8.93%), distributed across 12 SCPs and 3 CCMs, giving a CCM
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ratio of 0.2, indicative of a higher level of international collaboration. The
United States follows with 10 papers (5.95%), divided into 9 single-authored
publications (SCP) and 1 multinational collaboration (MCC). The propor-
tion of CCMs is 0.1. India, with seven papers (4.17%), has no international
collaborations.

Similarly, Germany and Korea, with six and three publications, respec-
tively, also show a paucity of international collaboration. At a more moder-
ate level, Brazil, Canada, Japan and France have produced between four and
five publications each. Notably, Brazil, Canada and France have MCP ratios
of up to 0.25, indicating a higher propensity for international collaboration
compared to other countries in the same group.

" Freq
60
40

20

Figure 7: Map of country production

Figure [7| provides a visual representation of the diversity of scientific out-
put and levels of collaboration, presenting a world map with the geographical
distribution of contributing countries. The map clearly illustrates the con-
centration of output in specific regions and the global reach of international
collaborations.

China has witnessed a substantial increase in its scientific output in recent
years, consolidating its position as the most prolific contributor of publica-
tions indexed in the Science Citation Index (SCI) since 2018. According to
Liu/ (2020)), between 2010 and 2019, the number of SCI publications in China
increased by 252%, from 137,000 in 2010 to 482,000 in 2019. This contrasts
sharply with the 31% growth observed in the United States during the same
period. This increase can be attributed to strategic policies such as the ‘Dou-
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ble First Class Plan’ and significant investment in research and innovation,
which position China as a major contributor to the global scientific commu-
nity. This development is indicative of China’s dedication to consolidating
its position as a leader in advanced research and technological development.

A comprehensive investigation of the diffusion of scientific contributions
in the field of collision-free robotic manipulation on a European scale is pre-
sented in Figure |8 . In this illustration, Italy, Germany and France stand
out as the most prolific countries, reflecting their leadership in research and
development of advanced robotic technologies. Italy, with 15 publications,
stands out for its capacity for international collaboration, as demonstrated by
the high proportion of multinational co-authored publications. In contrast,
Germany and France show a more local focus, with a high volume of publi-
cations from their institutions, but with a lower proportion of international
collaborations. It is clear that other European countries, such as Spain, the
Netherlands and Sweden, also contribute actively to the field, albeit with a
more modest volume of publications.

Greece Romania Russia
Switzerland
Germany
Sweden
United Kingdom Czech Republic

Netherlands Portugal

Figure 8: Map of European countries production

The distribution illustrated in the figure highlights Europe’s central po-
sition in the field of advanced robotics research. Despite variations in the
volume and focus of research, the region as a whole demonstrates a strong
commitment to the advancement of safe, collaborative and autonomous tech-
nologies, essential elements for industrial and service applications in complex
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environments.

3.4. Contribution of Leading Institutions

The analysis of institutional contributions in the field of robotic manip-
ulation reveals a number of interesting patterns in terms of the number of
publications and cumulative citations received. The data not only allows us
to assess the amount of scientific output, but also the relative impact of in-
stitutions, providing a more complete representation of their influence within
the academic community.

In terms of the number of publications, institutions such as Harbin Insti-
tute of Technology and Shanghai Jiao Tong University are at the forefront,
with six and four articles respectively. However, their impact in terms of
total citations (27) is relatively modest compared to other institutions. In
contrast, Tsinghua University, despite having a smaller number of publica-
tions (3), has a significantly higher average impact per publication, as shown
by its 62 total citations. It is also worth noting that the Indian Institute
of Technology has only two publications, but has accumulated 105 citations,
which puts it at the top in total impact. Similarly, South China Univer-
sity of Technology has only two publications, but has achieved 68 citations,
reflecting a high relative influence.

Table 3: Most productive institutions.

Institutions No. of | No. of Total | Citation Rate
Articles Citations per Article
Harbin Institute of Technology 6 27 4.50
Shanghai Jiao Tong University 4 27 6.75
Tsinghua University 3 62 20.67
East China University of Science and Technology 3 40 13.33
University of Tehran 3 15 5.00
Miguel Hernandez University 3 13 4.33
University of Padova 3 12 4.00
Indian Institute Of Technology 2 105 52.50
South China University of Technology 2 68 34.00
National University of Defense Technology 2 42 21.00

This analysis, shown in Table [3], reveals an interesting trend: while some
institutions distinguish themselves by the volume of their publications, others
distinguish themselves by the impact and quality of their contributions.
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3.5. Contribution of Leading Authors

The analysis of the top authors in the field of robotic manipulation iden-
tifies those researchers whose output and citation reflect their significant
impact on the discipline. As indicated in Table @, Wang Xuewu is the most
prolific author, having published four papers that have been cited a total
of 41 times. This places him among the most influential researchers in the
field. Other prominent researchers include Zhou Xin, Anvari Zolfa, Ataei
Parnyan and Masouleh Mehdi Tale, each of whom has published three ar-
ticles and received between 15 and 20 citations. This evidence corroborates
the remarkable contributions they have made in terms of quality and impact.

In terms of average impact, Wang Lihui and Lu Huimin, who have each
published two articles and received a considerable number of citations (142
and 42, respectively), deserve special attention. This suggests that their
research is highly relevant. The data illustrate the diversity of scope and
influence of individual contributions within the field, reflecting a combination
of research productivity and impact.

Table 4: Authors’ documents and citations.

Author Documents 1.\IO° .Of Citation Rate
Citations | per Document

Lihui Wang 2 142 71.00

Huimin Lu 2 42 21.00

Junchong Ma 2 42 21.00

Xuewu Wang 4 41 10.25

Xin Zhou 3 20 6.67

Zolfa Anvari 3 15 5.00

Parnyan Ataei 3 15 5.00

Mehdi Tale Masouleh 3 15 5.00

The analysis based on the fractCount indicator and the number of pub-
lished articles provides a more detailed view of the role of authors in scientific
collaborations. As indicated in Table [5], authors such as Anvari Zolfa, Ataei
Parnyan and Masouleh Mehdi Tale have a fractCount of 1.0 with three ar-
ticles each, suggesting that they have assumed the role of lead author in
all their publications. Similarly, Wang Lihuit and Zhang Tie have a fract-
Count of 1.0 with two articles, which serves to reinforce their status as lead
contributors in a relatively limited corpus of publications.
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In contrast, authors such as Kwon Hyock-Ju and Lobbezoo Andrew have a
fractCount of 0.833 with two articles, indicating that they have collaborated
on articles where they shared authorial leadership. Wang Xuewu, with four
articles and a fractCount of 0.726, exemplifies high productivity with a more
pronounced collaborative approach. Finally, Yang Guocai, with three articles
and a fractCount of 0.7, provides further evidence to support the claim that
he is a collaborative author in shared projects.

Table 5: Most productive authors by fractional counting.

Author ‘ FractCount | Documents
Zolfa Anvari 1.0000 3
Parnyan Ataei 1.0000 3
Mehdi Tale Masouleh 1.0000 3
Lihui Wang 1.0000 2
Tie Zhang 1.0000 2
Xiaotian Yang 1.0000 1
Hyock-Ju Kwon 0.8333 2
Andrew Lobbezoo 0.8333 2
Xuewu Wang 0.7261 4
Guocai Yang 0.7000 3

This analysis, based on the fractal count paradigm, makes it possible
to identify not only the productivity of authors, but also their degree of
prominence in the field of research. Unlike the full-count paradigm, in which
each co-author is assigned a weight of 1, the fractional count assigns a weight
proportional to the number of co-authors, thus offering a more nuanced view
of individual contribution in collaborative publications Perianes-Rodriguez
et al.| (2016).

Analysis of cumulative citations per author provides insight into the influ-
ence of the most prominent researchers in the field of robotic manipulation,
as summarized in Table [6] . Lihui Wang is the most cited author, with a
total of 142 citations, illustrating the relevance and impact of his contribu-
tions within the scientific community. Francis Bourbonnais, Pascal Bigras,
and [lian A. Bonev are then cited 98 times each, reinforcing their status as
key references in their respective fields of study. Jose Kelin and Dilip Kumar
Prathihar rank with 93 citations each, demonstrating their notable influence
in specific areas of research. Similarly, authors Guichao Lin, Lixue Zhu, Jin-
hui Li, and Xiangjun Zou have each received 74 citations, illustrating the
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considerable impact of their contributions to the advancement of knowledge
in their respective fields.

Table 6: Authors with the highest citations.

Author Citations
Lihui Wang 142
Francis Bourbonnais 98
Pascal Bigras 98
Ilian A Bonev 98
Kelin Jose 93
Dilip Kumar Prathar 93
Guichao Lin 74
Lixue Zhu 74
Jinhui Li 74
Xiangjun Zou 74

The results demonstrate a balanced distribution of academic recognition
among the leading researchers, underlining the diversity of approaches and
the quality of contributions that have driven the field forward. Local citation
analysis, which quantifies the frequency with which an author has been cited
by other researchers within the same analyzed set, reveals an even distribu-
tion of citations among the leading authors in the specific field of robotic
manipulation. As indicated in Table [7] , Richard Bearee, Pedro Neto, Mo-
hammad Safeea, Bernard Schmidt, and Lihui Wang have each been cited four
times locally, highlighting their importance within the scientific community
represented in the analyzed corpus.

On a more modest level, authors such as Martin Ruskowski, Lionel Amodeo,
Hicham Chehade, Slim Daoud, and Nigora Gafur have accumulated two local
citations each, indicating a meaningful contribution to the field, albeit with
more limited recognition within the same group. The data show that many
leading researchers are recognized by their peers in a comparable way.
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Table 7: Most locally cited authors.

Author Local Citations

Richard Bearee
Pedro Neto
Mohammad Safeea
Bernard Schmidt
Lihui Wang
Martin Ruskowski
Lionel Amodeo
Hicham Chehade
Slim Daoud
Nigora Gafur

NN NN e e

Figure [9] illustrates the output of the most prominent authors over time,
providing a comprehensive representation of their contributions and the in-
fluence of their publications. This is demonstrated by the number of articles
produced and citations per year.
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Figure 9: Top Authors’ Production over the Time.
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3.6. Contribution of Leading Articles

The analysis of the most cited articles provides insight into the most
influential contributions in the field of robotic manipulation, as summarized
in Table[7]. The article Bourbonnais et al. (2015)), published in IEEE-ASME
Transactions on Mechatronics, is the most cited article in the field of robotic
manipulation, with a total of 98 citations and an average of 9.80 citations
per year. |Jose and Pratihar (2016) in Robotics and Autonomous Systems is
the second most cited article, with a total of 93 citations and an average of
10.33 citations per year. These figures demonstrate the enduring influence
of his work within the scientific community.

The most recent articles demonstrate the continuing impact of [Lin et al.
(2021)), with 74 cumulative citations in Computers and Electronics in Agri-
culture, representing an average of 18.50 citations per year. This serves to
illustrate the sustained relevance of the work over a relatively short period
of time. Similarly, Liu and Wang (2021)) has 69 citations and an average of
17.25 citations per year, cementing its position as one of the most relevant
studies in current research. Other notable publications include [Schmidt and
Wang (2014) in the Journal of Manufacturing Systems, which has been cited
73 times and averages 6.64 citations per year, and |Safeea et al| (2019) in
Robotics and Autonomous Systems, which has been cited 58 times with an
average of 9.67 citations per year. These articles, along with other notable
articles, demonstrate a synthesis of historical and recent contributions that
have significantly advanced the field. Table [§| provides a detailed summary
of these leading articles.

Table 8: Most cited articles and their yearly citation averages.

Article ‘ No. of cites | No. of cites per Year
Bourbonnais et al.|(2015) 98 9.80
Jose and Pratihar| (2016) 93 10.33
Lin et al.|(2021) 74 18.50
Schmidt and Wang|(2014) 73 6.64
Liu and Wang (2021) 69 17.25
Safeea et al.|(2019) 58 9.67
Zhang et al.|(2021) 47 11.75
Wu et al.|(2016) 42 4.67
Tan et al.|(2015) 36 3.60
Ma ot al.| (2020} 35 7.00
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The Local Citation Score (LCS) and Global Citation Score (GCS) analy-
ses provide valuable information on the influence of articles within and out-
side the collection analyzed. As illustrated in Table [9] the article [Schmidt
and Wang| (2014)), published in Journal of Manufacturing Systems, exhibits
a remarkable LCS of 4 and a considerable GCS of 73, thus demonstrating a
substantial impact within the selected literature and on a global scale. Sim-
ilarly, Safeea et al. (2019)) in Robotics and Autonomous Systems records an
LCS of 4 and a GCS of 58, thus confirming its importance in both metrics.
Other studies, such as Daoud et al. (2014) published in the Journal of Intel-
ligent Manufacturing, achieved an LCS of 2 and a GCS of 33. In contrast,
the most cited article in this field is |Jose and Pratihar (2016), which has a
GCS of 93. More recent work, such as|Gafur et al.| (2022), indicates an initial
growth in recognition, as evidenced by an LCS of 2 and a GCS of 5.

Table 9: Most cited articles and their yearly citation averages.

Article | LCS | GCS
Schmidt and Wang| (2014) 4 73
Safeea et al.|(2019) 4 58
Daoud et al.| (2014) 2 33
Ouyang and Zhang (2015) 2 9
Gafur et al.|(2022) 2 5
Jose and Pratihar| (2016) 1 93
Nagavarapu et al.|(2016) 1 12
Deplano| (2020) 1 8
Lobbezoo et al.|(2021) 1 20
Boschetti et al.| (2022) 1 4

This analysis demonstrates the relationship between local and global im-
pact, illustrating how some articles are considered landmarks within the col-
lection analyzed, while others gain greater visibility in the global scientific
community.

3.7. Keywords and Terms Insights

An examination of the keywords used in the analyzed papers, as illus-
trated in Figure [10] clarifies the central themes and most relevant trends in
the field of robotic manipulation.

24



based communication

o
5 solution . iobjective
webdde 2 aggelerstion -
c < computer
€ ’2 %ggnd @ hyperredundant fiber strategies
2% 8 25 _ © sensing rindingperception
inspection £'8 = 5@ =programming 9 9P eCognition
kinetostatic 35 & %3 L= Ldis‘ N ) construction
o pefifine | ,BE S G mzobstacle 9 Opnmglo filter servomotors
L g BE3NAMC Gy efEms 53 e © MG st
[ slralegy« =] — @ Industra
3 multirobots” 5 © S o 2
§ multrobot 2 g reinforcement 22 g 8 a2 .
ity oo trajectory 35 ¢ 55 £ §
embedded estimation . FODOtiCneural @©3 g [5) 2 2_8 S memristive
= 5
£ . sequednce algo ithm algorithms Q_ ES s adazg\idemem
2 @ predictive [+]
g2 redcemultirobot p| an n Ing 8 O modeing
o = © 2 machine
SEEs wtee © humanrobotd £ s o
EE 2O o _0o =385 €
s 2cE2o0=0 S2 88 &
£ £2 _5§.%0 E$ E3 &
S5 8m> 2 L 8
markov 2 £2 80'® boundary &
image Iinverse © § model®
risk online object , D) ant robots T Gepth
search_ 3E,9 mOtIOn g _dep
cspace § G velocity & 2'= 8 O wfle\d S5 3
25 © distributed = Su= 35 coO trol 0“’ 823
a2 rgbd formation gy - & O ‘“"3 2 are — 58
8z o) vision detect\pn [ o8
B e '3 O OptiMization 848
realtime "¢ p [
continuum 0 - 58
(manufacturmgﬁ =Es workspace kinematics Ogg
= ‘ggopzfgvn‘\?g S 823 system method s 2 g%
2E »> p=—1 2
automation £ &,_ = ho ?ol\aboratlon L 825
operad‘w;nasnce 803 S pmkandp ace potential s L8
2825 s decentralized al g &
gcge quamancobs(ac\es networks €8 § o
S Svisual environment~ 5 g &
S environments Parameter ]
= coemencemﬂeggce 5828 8
medical  imitation g5 E g
redundancy deadiock 25 E

Figure 10: Author keywords word cloud

The most prominent terms, such as collision, avoidance, planning, robot,
and control, reflect a predominant focus on planning and control of safe tra-
jectories for collision avoidance. In addition, keywords such as optimization,
trajectory, and path underline the importance of efficiency and precision in
the design of robotic systems. In contrast, terms related to collaboration,
learning, and robotics in general indicate a growing interest in the integra-
tion of sophisticated technologies to address complex challenges within this

field.

4. Discussion

4.1. Keywords Co-occurrence and Analysis

The bibliometric technique of keyword co-occurrence analysis allows iden-
tifying conceptual relationships between terms and grouping them into the-
matic clusters representing relevant research areas Lozano et al. (2019)). Us-
ing R software as a tool, a network was constructed based on the density
of connections between keywords, thus facilitating the identification of clus-
tering patterns and recurrent themes within the field of robotics, shown in
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Figure [I1]. A minimum threshold of five occurrences for each keyword was
used in the analysis, resulting in a total of 20 main keywords distributed in
four clearly delimited thematic clusters. The nodes in the network represent
keywords, the size of the node indicates the frequency of occurrence and the
proximity between nodes reflects the strength of the associations between
them.
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Figure 11: Network of Keywords co-occurrences

The keyword network clarifies the interrelationship between concepts such
as optimization, trajectory planning, autonomous learning and collaborative
robotics, thus providing an overview of the most prominent research areas.
The groupings cover a wide range of topics, including collision avoidance,
manipulator optimization, reinforcement learning and safety in collaborative
robotics. This approach not only identifies the main topics, but also clarifies
how they are interconnected, thus providing insight into the technological
and practical challenges inherent in robotics.

The main keywords associated with each cluster were subjected to an in-
depth examination ( Figure [12]), and the clusters were designated according
to their predominant characteristics and the recurring themes that emerged.
This analysis provides an overall framework for elucidating the predominant
trends and developments in the field of robotics research.
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Figure 12: Clusters distributions and keywords.

Based on the analysis, the following articles have been defined as the most
relevant within each research group, reflecting the key contributions in their
respective thematic areas. Cluster 1, focused on collision avoidance in robotic
systems, includes fundamental references such as Schmidt and Wang| (2014)),
Liu and Wang| (2021)), Zhang et al.| (2021), Tan et al| (2015), and Daoud
et al| (2014). Cluster 2, centered on optimization and trajectory planning
for manipulators, highlights works by Bourbonnais et al.| (2015)), Seddaoui
and Saaj| (2021)), [Hamer et al| (2018)), [Liu et al.| (2018), and [Wen and Pag-
illal (2023), which explore efficient motion planning strategies. Cluster 3,
covering reinforcement learning and autonomous planning, features notable
contributions such as |Jose and Pratihar| (2016), |Lin et al| (2021), Moccial
et al| (2020), |Shi et al.| (2019), and Hentout et al.| (2023), emphasizing in-
telligent decision-making in robotic applications. Finally, Cluster 4, related
to collaborative robotics and safety, includes relevant studies by
(2019)), Wang et al| (2018), Wang et al. (2020), |Scimmi et al, (2019), Bor-
rell et al.| (2020), and Maurtua et al| (2017), which address the challenges of
human-robot interaction and safety measures in shared workspaces.
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Figure 13: Temporal evolution of keywords based on burst detection analysis. The S
value indicates the strength of the burst, and the colour of each bar indicates the cluster
to which the keyword belongs.

4.2. Cluster 1: Collision avoidance in robotic systems

This grouping addresses one of the most critical issues in the field of
robotics: the ability of robotic systems to avoid collisions in dynamic en-
vironments. The associated keywords, such as Collision Avoidance, Robot,
Path Planning, Obstacle Avoidance, Multi-robot Systems, reflect a focus on
the development of strategies and technologies that ensure operational safety
and efficiency in various robotic applications.
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This group has been identified as comprising two main sub-topics, which
are of particular importance within the field of robotics. The first sub-theme
is collision-free path planning. This field of study is concerned with the
development of algorithms that allow robots to calculate and adjust their
trajectories in real time, with the aim of avoiding fixed or moving obstacles.
For example, in Zhang et al| (2021) an advanced algorithm is proposed to
solve inverse kinematics and collision avoidance problems in manipulators
operating in dynamic environments, demonstrating significant improvements
in the safety and adaptability of robotic systems in complex conditions. This
is a crucial aspect to consider in industrial and autonomous environments,
where robots interact with machinery or humans. The second sub-theme,
coordination in multi-robot systems, addresses the interaction between several
robots operating in a shared workspace. In |Sukhovey and Gubankov| (2020)),
a method is proposed to avoid collisions between industrial robot end-effector
in overlapping work areas, without the need for prior obstacle information
or additional sensors. The aim is to minimize the potential for conflict and
improve collaboration in the context of complex tasks, such as assembly or
logistics.

Cluster 1 is closely related to cluster 3 (Reinforcement learning and au-
tonomous planning), as a considerable number of the models used for collision
avoidance can be improved with autonomous learning algorithms. As an ex-
ample, reinforcement learning allows robots to optimize their trajectories and
decision-making processes in evolving environments. An illustrative exam-
ple is Hong et al.| (2024), where a methodology for integrating reinforcement
learning into motion planning is presented. This approach enables redun-
dant robots to avoid collisions and improve their performance in dynamic
environments.




This cluster has a significant impact on both theoretical and practical
aspects of robotics. From a theoretical point of view, it fosters the develop-
ment of models that integrate dynamic planning, perception and control. In
practice, the contributions of this cluster have major consequences for fields
such as industrial production lines. Borrell et al, (2024) demonstrates how
safe and efficient path planning can significantly improve productivity and
safety in automated industrial environments, and highlights the importance
of Cluster 1 in the implementation of practical solutions.

4.8. Cluster 2: Optimization and trajectory planning for manipulators

This group focuses on optimization and trajectory planning for robotic
manipulators, fundamental areas in the design of efficient and accurate sys-
tems. The associated keywords, such as optimization, planning, algorithms,
robotic manipulators or trajectory, highlight the interest in developing ad-
vanced techniques to maximize the accuracy, efficiency and performance of
these systems. This is particularly relevant in applications such as industrial
automation, where optimization of movements can reduce costs and oper-
ating times, and service robotics, where a high degree of adaptability and
precision is required in complex tasks.

The group can be divided into two primary sub-themes. The initial theme,
algorithmic optimization, is concerned with the advancement of sophisticated
algorithms that improve the efficiency of path planning, thereby reducing
the time and resources required to complete specific tasks, such as assembly
Batista et al. (2023) or pick-and-place Borrell et al.| (2020), where accuracy
is paramount. The second sub-theme, related to manipulator dynamics and
control, is concerned with ensuring that planned trajectories are physically
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achievable. This takes into account aspects such as velocity, acceleration and
mechanical limitations of the robotic manipulators. For example,
presents an innovative algorithm that allows manipulators to
plan optimal trajectories in environments with specific constraints. The pro-
posed approach ensures that trajectories satisfy both kinematic and dynamic
constraints as well as the need for collision avoidance. Both sub-themes are
fundamental to optimize the performance and adaptability of robotic systems
in advanced industrial applications.

Dohmann et al. (2021)) presents a distributed learning framework that al-
lows multiple robots to dynamically estimate the properties of a manipulated
object in a cooperative manner. This approach improves the adaptability and
accuracy of real-time path planning, especially in changing environments. It
is therefore appropriate to refer to this work when discussing the relationship
between Cluster 2 and Cluster 3, as it demonstrates how learning techniques
can optimize manipulator trajectories in dynamic environments.

This cluster has a significant impact on automation and Industry 4.0, fa-
cilitating the advancement of robotic manipulators that are both faster and
more accurate. This, in turn, has the potential to generate cost savings and
productivity improvements. From a theoretical point of view, it facilitates
the advancement of optimization algorithms and dynamic models, thus es-
tablishing a solid foundation for the design of increasingly sophisticated and
adaptable robotic system.

4.4. Cluster 3: Reinforcement learning and autonomous planning

This group explores the integration of reinforcement learning techniques
with advanced autonomous planning methods to enable robots to adapt and
improve their performance in dynamic and unstructured environments. Asso-
ciated keywords such as reinforcement learning, collision-free path planning,
path planning, avoidance and collision reflect the emphasis on the ability of
autonomous systems to make optimal decisions in real time, thus improving
their autonomy and efficiency.
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This cluster identifies two main sub-themes. The first is reinforcement
learning, which encompasses the development of algorithms that facilitate
robots learning from their environment through the use of rewards and penal-
ties, thereby improving their ability to make optimal decisions in complex
situations. Lobbezoo et al. (2021) provides a comprehensive review of the
use of reinforcement learning for pick-and-place tasks in robotics. It dis-
cusses optimization methods, reward configurations and imitation learning,
and highlights how these techniques improve the ability of robots to adapt
and learn in complex environments. On the other hand, studies such as [Xu!
propose an algorithm that combines the artificial potential field
with deep reinforcement learning to avoid collisions in robotic arms. This
approach addresses the problem of local minima in trajectory planning and
ensures safe and efficient execution of motions in dynamic environments. Una
contribucién destacada dentro de los enfoques hibridos es Khan et al.| (2020),
donde se propone un esquema de control que combina un algoritmo meta-
heuristico con redes neuronales recurrentes (RNN) para lograr la evitacion de
obstaculos y el control de seguimiento en manipuladores redundantes. Esta
metodologia permite al sistema aprender dinAmicamente el comportamiento
del entorno y generar trayectorias optimas en tiempo real, integrando ca-
pacidades de prediccion temporal con estrategias de optimizacion evolutiva.
La arquitectura propuesta demuestra mejoras significativas en precision y ca-
pacidad de adaptacién frente a métodos clasicos, lo que refuerza la relevancia
de incorporar modelos de aprendizaje profundo en la planificacion auténoma
y control avanzado de manipuladores robéticos. The second sub-theme, au-
tonomous collision-free planning, integrates path planning algorithms with
obstacle avoidance capabilities, thus ensuring safe and efficient robot motions
even in dynamic scenarios. Works such as Zbiss et al, (2022), which presents
an innovative approach for the automatic generation of collision-free trajec-
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tories in car painting processes. This algorithm integrates coverage planning
and collision avoidance, thus ensuring safe and productive operations in dy-
namic contexts.

Cluster 3 is directly related to Cluster 1, as reinforcement learning allows
the application of collision avoidance strategies in complex environments.
Furthermore, these techniques are associated with Cluster 2, as they facilitate
optimized path planning by adapting to dynamic constraints and improv-
ing performance. This clustering is distinguished by its ability to facilitate
adaptation to unknown environments, which is particularly advantageous in
contexts where such adaptation is necessary. It also stimulates innovation in
learning and simulation algorithms, thus improving robotic performance and
advancing autonomous systems and artificial intelligence.

4.5. Cluster j: Collaborative robotics and safety

This cluster is concerned with the study of human-robot interaction and
the implementation of safety measures in collaborative environments. The
use of keywords such as collaborative robot, human-robot interaction, safety,
robotic sensing systems and service robots indicates an overriding interest
in ensuring the safe and efficient operation of robots in close proximity to
humans. This topic is of vital importance in contexts where robots must
be incorporated into shared environments without compromising safety and
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Two main sub-themes emerge from this group. The first, Human-robot
interaction, involves the design and development of technologies that enable
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robots to interpret and interact with humans safely and efficiently, thus opti-
mizing cooperation in shared environments. Secil and Ozkan| (2023)) presents
an innovative method for collision-free path planning for industrial robots,
taking into account safe coexistence between humans and robots. The goal
is to ensure that a safe distance is maintained between the robot and the
human, thus allowing the robot tip to reach the target location through a
smooth trajectory. This iterative method generates a random set of candi-
date waypoints for the robot tip at each iteration, and the point to follow
is determined by solving an optimization problem. The objective function
is formulated taking into account the distance between the human and the
robot, as well as criteria for the robot tip to reach the target point with a
smooth path. The second subtopic, Robotic Sensing and Safety Systems, will
address the application of advanced sensing and control strategies to prevent
accidents and ensure safety in industrial, medical and service applications,
as in [Wang et al.| (2020). This paper presents a hybrid approach to collision
avoidance and visual tracking tasks in the context of soft robotic manipu-
lators. This method combines visual servo control strategies with contact
detection and localization algorithms, allowing robots to adapt to dynamic
environments and operate safely near humans or in shared spaces. Cluster
4 is closely related to Cluster 1, as collision detection and avoidance strate-
gies are of vital importance in collaborative environments. It is also linked to
Cluster 3, as it benefits from adaptive algorithms that optimize human-robot
interaction through autonomous learning.

Azizan et al.| (2024)

Azizan| (2024a))

The impact of these technologies is evident in industrial contexts, where
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collaborative robots (cobots) are transforming manufacturing processes by
working alongside operators. A notable example is the work of
(2017), which examines the potential of collaborative robots to improve
productivity and quality in manufacturing by implementing strategies that
prioritize safety, effective interaction and ergonomics in shared environments.
The study concludes that effective integration of humans and robots not
only serves to mitigate risks, but also optimizes efficiency and fosters a more
collaborative and adaptive work environment. Moreover, these technologies
are of considerable importance in the service sector, where assistive robots
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5. Conclusions

This bibliometric analysis has identified four key clusters that structure
the field of collision-free robotic manipulation: collision avoidance, trajectory
optimization, reinforcement learning, and collaborative robotics. These areas
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are fundamental for advancing safety, operational efficiency, and adaptability
in dynamic and unstructured environments.

This strategy facilitates the identification of articles that have exerted
significant historical influence on the field, as well as those that represent
recent and emerging trends. Articles with the highest citation rates provide
a substantial foundation for contemporary theories and applications, thus es-
tablishing themselves as fundamental references in the field of collaborative
bimanual robotics, as seen in Table [§] and Table [0l In contrast, the articles
with the highest number of citations per year reflect cutting-edge research
that is attracting the attention of the scientific and professional community,
standing out for their relevance to current problems and for proposing in-
novative approaches. The dual approach ensures comprehensive coverage,
combining historical foundations with the most current lines of development,
providing researchers and practitioners with a complete overview of advances
in the field.

The work of Liu and Wang| (2021)), Zhang et al.| (2021) and Daoud et al.
(2014) belongs to the collision avoidance cluster and proposes innovative
methods to ensure safety and adaptability in dynamic environments shared
between humans and robots. Their approaches combine the use of sensors,
advanced algorithms and optimization techniques to adjust trajectories in
real time, enabling safer and more efficient interaction in collaborative spaces.
Regarding trajectory optimization, Bourbonnais et al| (2015) has made im-
portant contributions by applying metaheuristic algorithms and optimiza-
tion techniques to improve efficiency and accuracy in industrial tasks. In the
field of reinforcement learning, |Lin et al. (2021)) addresses the challenges of
agricultural automation in unstructured environments by using recurrent re-
inforcement learning, allowing robots to better adapt to changing conditions.
On the other hand, Hentout et al. (2023)) and |Jose and Pratihar (2016)) high-
light hybrid approaches that combine fuzzy logic and heuristic methods to
optimize path planning and task allocation in multi-robot systems, ensuring
safe and efficient interactions. Finally, in the field of collaborative robotics,
Safeea et al. (2019)) integrates path planning with real-time adjustments to
improve safety in human-robot interaction.

Furthermore, the analysis revealed China’s significant contribution to sci-
entific output. With a total of 69 articles published during the period un-
der study, China accounted for 52.27% of the total number of publications,
clearly leading in terms of volume. It was followed by Italy with 11.36% (15
articles) and the United States with 7.58% (10 articles). Other countries,
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such as India (5.30%) and Germany (4.55%), make notable contributions.
This trend reflects not only China’s strategic commitment to technological
development, but also a growing investment in research and innovation. In
addition, the predominance of single-country publications (SCP, 64 articles
in the case of China) versus international collaborative publications (MCP, 5
articles) highlights the capacity of Chinese institutions to generate knowledge
independently.

While this bibliometric study provides a comprehensive analysis of trends
in collision-free robotic manipulation, several research gaps remain. Advances
in collision avoidance through adaptation and reinforcement learning are in-
creasingly relevant, requiring more data-efficient and adaptive algorithms
for dynamic environments with minimal human intervention. Ensuring safe
human-robot collaboration is also crucial, especially in the industrial and ser-
vice sectors, and hybrid approaches integrating physical-based models and
AT show potential for real-time collision avoidance. However, the integration
of trajectory optimization techniques into real-time control remains challeng-
ing, and faster and more efficient methods are needed.

Ademés de resumir los resultados del anélisis bibliométrico y temético,
este articulo identifica varias areas prometedoras para la investigacion futura
en el campo del control de robots sin colisiones. Entre ellas se incluye la
aplicacion de modelos de aprendizaje por refuerzo, que permiten a los robots
aprender politicas de acciéon 6ptimas en entornos dindmicos basandose en la
retroalimentacion del entorno. La colaboracion multiagente también se perfila
como un area clave para abordar tareas complejas de forma distribuida, espe-
cialmente en sistemas industriales coordinados. Por ultimo, la optimizaciéon
en tiempo real mediante algoritmos adaptativos y aprendizaje profundo es
una direcciéon esencial para obtener respuestas eficientes y seguras en esce-
narios que cambian rapidamente. Estas lineas representan una convergencia
entre inteligencia artificial, control avanzado y robética colaborativa que seré
crucial en los proximos anos.

Aunque este articulo proporciona una revision exhaustiva de los enfo-
ques existentes en la manipulacién robética libre de colisiones, es importante
senalar que la discusion sobre las lagunas de la investigacion actual es algo
limitada. Para investigaciones futuras, se sugiere profundizar en 4reas como
la exploracion de metodologias hibridas que combinen enfoques basados en
aprendizaje con técnicas de control tradicionales, el estudio del impacto de la
incertidumbre del entorno en la planificaciéon de trayectorias y la evaluacion
de la adaptabilidad de los sistemas robdticos en escenarios dinamicos y no
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estructurados. Ademas, se destaca la necesidad de investigar la aplicacion de
estos sistemas en contextos més alla de la fabricacion, como la agricultura o
la medicina, donde la interaccion entre humanos y robots y la seguridad son
aspectos fundamentales.

In addition, improving international collaboration and promoting open
access to research is essential, given the concentration of scientific output
in China and limited cross-border cooperation.The expansion of applications
beyond industrial robotics to healthcare, assistive technologies and space
exploration present new challenges requiring further research, and collision-
free manipulation offers new opportunities for innovation and development.

Addressing these challenges will contribute to the development of more
adaptable, safer and more efficient robotic systems, reinforcing the role of
robotics in technological and societal transformation.
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