
 
Wisdom Journal of Humanities and Social Science 

 

                                                                     Vol.2, No.3 March 2025  
 

49 

A Bibliometric Analysis of Automated System Maintenance Tools 

 

Kim Kyle G. Figura* 

BSIT, Southern Leyte State University 

E-mail: figurakimkyle@gmail.com 

Efren I. Balaba  

Tomas Oppus Campus, Southern Leyte Philippines 

*Corresponding Author 

 
 

 Received: 01/03/2025            Revised: 26/03/2025     Accepted:  27/03/2025 

 

 

Abstract  

  The evolution of automated system maintenance tools has been pivotal in advancing 

industrial efficiency, reliability, and resilience. This study offers a bibliometric analysis 

spanning six decades (1964–2024), encapsulating its intellectual growth, milestones, and 

emerging trends. Early works established foundational methodologies like simulation-based 

optimization, while recent advancements incorporate AI, IoT, and big data analytics. The 

analysis reveals exponential growth in research output post-2010, emphasizing predictive 

maintenance and Industry 4.0 paradigms. Challenges include legacy system integration, 

scalability for SMEs, and standardization. This study provides a roadmap for future research, 

fostering innovations in autonomous maintenance systems for increasingly complex 

operational landscapes. 

Keywords: Maintenance Tools, Simulation-Based, Reliability, Iot, Bigdata Analytics.  

Introduction 

 The literature surrounding automated system maintenance tools has evolved 

significantly over the decades, reflecting advancements in technology and methodologies 

employed in maintenance operations. Beginning with the foundational work of (Alrabghi & 

Tiwari, 2013), the authors provide a comprehensive overview of simulation -based 

optimization in maintenance operations. Their systematic classification of published literature 

reveals critical elements of maintenance systems and highlights the predominance of discrete 

event simulation techniques alongside non-traditional optimization algorithms, such as 

genetic algorithms and simulated annealing. They emphasize the importance of real-life case 

studies to validate suggested models, indicating that while research in maintenance 

optimization has been established for some time, simulation-based approaches are emerging 

as a vital trend in the field. 

Transitioning to more recent developments, (J. Scott et al., 2022) conduct a systematic 

literature review focused on predictive maintenance within the context of defense fixed-wing 

aircraft. Their analysis employs natural language processing techniques to collate and 

examine existing review papers, revealing a significant increase in publications related to 

predictive maintenance compared to the relatively stagnant growth of preventative 

maintenance literature. This highlights a shift in focus among researchers towards more 

advanced prognostic techniques, suggesting a growing recognition of the need for proactive 

maintenance strategies in complex operational environments. 
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Most recently, (Werbińska-Wojciechowska & Winiarska, 2023) expand on this 

dialogue by conducting a bibliometric performance analysis and systematic literature review 

concerning maintenance performance in the era of Industry 4.0. Their findings underscore the 

integration of digital technologies, such as the Internet of Things and big data analytics, into 

maintenance processes. They identify a burgeoning interest in virtual and augmented reality 

applications within maintenance training and operations, while also addressing significant 

challenges related to data automation and the need for sophisticated methods of autonomous 

analysis. The authors point out that the increasing complexity of data generated in 

contemporary manufacturing environments necessitates a reevaluation of maintenance 

decision-making processes, particularly in the face of uncertainties inherent  to condition 

monitoring and diagnostics. 

Together, these studies provide a foundational understanding of the evolution of 

automated system maintenance tools, highlighting key advancements in methodologies and 

the integration of emerging technologies. While previous research has shed light on trends 

such as simulation-based optimization, predictive maintenance strategies, and digital 

innovations like IoT and big data analytics, gaps remain in understanding the broader 

research landscape, including the thematic evolution, intellectual structure, and emerging 

areas within the field. This study addresses these gaps by employing a bibliometric approach 

to analyze trends, themes, and challenges over the period from 1964 to 2024. By 

systematically mapping the intellectual contributions, regional impacts, and technological 

shifts, this research offers a comprehensive overview of the field, providing valuable insights 

to guide future investigations and practical applications in automated maintenance systems. 

Literature Review 

Over the decades, the study of automated system maintenance tools has evolved from 

basic theoretical frameworks to highly advanced methodologies integrating cutting-edge 

technologies. This review synthesizes critical contributions to the field, highlighting trends 

and identifying gaps to guide future research. 

In exploring the potential of computational techniques for machine health monitoring, 

Zhao et al. (2019) underscore the transformative role of modern algorithms in improving fault 

detection and reliability in maintenance processes. Their work bridges the gap between 

traditional condition-based maintenance and data-driven practices, emphasizing the ability to 

process high-dimensional data and enhance diagnostic precision. Building on this, Lee et al. 

(2014) review prognostics and health management (PHM) strategies for rotary machinery, 

advocating for real-time monitoring and adaptive techniques that preempt system failures. 

This foundational work has informed the design of predictive maintenance strategies that 

align with operational demands, minimizing downtime and maximizing resource utilization. 

Further advancing the discourse, Zheng et al. (2018) introduce a conceptual 

framework for smart manufacturing systems in the Industry 4.0 era. They highlight how the 

integration of IoT and big data analytics has redefined maintenance processes, enabling 

dynamic, scalable, and interoperable systems. This transition towards smart factories 

underscores the need for predictive maintenance solutions capable of adapting to complex 

and rapidly changing environments. Complementing this perspective, Peng et al. (2010) 

provide a comprehensive evaluation of machine prognostics, identifying statistical and hybrid 

approaches as essential for addressing the uncertain ties inherent in condition-based 
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maintenance systems. Their findings remain relevant as they underscore the need for adaptive 

and robust methodologies in maintenance decision-making. 

Lastly, Carvalho et al. (2019) systematically review the application of machine 

learning techniques in predictive maintenance, identifying key advancements and persistent 

challenges. While these techniques have streamlined maintenance operations by enabling 

data-driven predictions, issues related to scalability, interpretability, and preprocessing remain 

areas for improvement. Their work provides a roadmap for future investigations into the 

practical implementation of these methods in industrial systems. 

Methodology 

This study employs a bibliometric analysis to explore the research landscape of 

automated system maintenance tools from 1964 to 2024. The methodology involves the 

following key steps: 

 Data Collection: Data were gathered from Scopus database. Relevant search 

terms such as "automated system maintenance tools," "maintenance," and "automated tools" 

were used to identify pertinent publications. The time span for the analysis ranges from 1941 

to 2024, ensuring a comprehensive overview of the field’s evolution. 

 Inclusion Criteria: Publications were selected based on their relevance to the 

topic, focusing on peer-reviewed journal articles, conference proceedings, and relevant 

research reports. Documents were filtered by citation count to emphasize influential works in 

the field. 

 Data Analysis: Bibliometric tools like VOSviewer were used to analyze the 

data. Citation networks, keyword co-occurrence, and institutional affiliations were examined 

to identify major research themes, trends, and clusters within the field. 

 Publication Trends: Annual publication trends were analyzed to detect 

periods of growth and stagnation. The study particularly focused on surges in publication 

output following key technological advancements such as the introduction of AI and 

predictive maintenance technologies. 

 Funding and Author Contributions: The contributions of funding 

organizations and authors were identified by analyzing acknowledgments and author 

affiliations in the selected papers. This helped determine the major funding bodies and 

institutions driving research in this domain. 

 Document Types and Subject Areas: The study categorized the types of 

documents (e.g., conference papers, journal articles) and subject areas (e.g., Engineering, 

Computer Science). This allowed an understanding of how research is disseminated and 

which academic disciplines are most engaged with automated system maintenance. 

Result 

Figure 1 illustrates the annual publication count related to automated system 

maintenance tools over a 60-year period, revealing distinct trends in research activity. During 

the early period from 1964 to 1990, the number of publications remained low with minimal 
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Figure 1. Documents by year 

fluctuations and no significant growth, reflecting a lack of technological advancements or 

widespread industrial adoption. A gradual rise in publications marked the growth period from 

1990 to 2010, indicating a steady increase in research interest as new technologies and 

methodologies emerged. The most notable trend appears in the exponential growth phase 

from 2010 to 2024, characterized by a sharp increase in publication output, with the count 

peaking around 2020–2024. This surge aligns with the rapid development of artificial 

intelligence (AI), the Internet of Things (IoT), and predictive maintenance technologies. 

Key observations highlight the prolonged plateau before 1990, underscoring the slow 

initial progress in the field. The sharp increase in publications post-2010 reflects the 

accelerating focus on advanced maintenance tools driven by technological innovation. Minor 

dips in annual trends, such as in 2019, may be attributed to external factors like global events 

that temporarily impacted research output. Overall, the data emphasizes the growing 

significance and dynamic evolution of automated system maintenance tools in recent years. 

 

 

 

 

 

 

 

 

Figure 2 highlights the number of research documents supported by various funding 

organizations, showcasing the contributions of up to 15 major sponsors in advancing studies 

on automated system maintenance tools or related domains. Among the top funding sponsors, 

the European Commission and the National Science Foundation stand out as leading 

contributors, each supporting approximately 20–22 documents, reflecting their significant 

investment in this research area. Other prominent sponsors, including the National Institutes 

of Health and the Natural Sciences and Engineering Research Council of Canada, have 

contributed around 15–18 documents, demonstrating their role in driving research innovation. 

Secondary contributors, such as the Horizon 2020 Framework Programme and the 

Engineering and Physical Sciences Research Council, have provided moderate support, 

funding between 10 and 15 documents. Meanwhile, organizations like the European Regional 

Development Fund and the National Natural Science Foundation of China show a noticeable 

but lesser level of involvement, with contributions ranging from 5 to 10 documents. Lower-

tier sponsors, including the Conselho Nacional de Desenvolvimento Científico e Tecnológico 

and the Deutsche Forschungsgemeinschaft, have funded fewer publications, each 

contributing fewer than 10 documents. This distribution underscores the varying levels of 

commitment among funding organizations in promoting research on automated system 

maintenance tools. 
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Figure 3 categorizes the types of documents published in the research field, offering insights 

into the preferred dissemination mediums. Key findings include: 

1. Predominant Document Types 

- Conference papers dominate the research output, accounting for 53.2% of the total 

documents. This suggests a strong emphasis on presenting cutting-edge findings at academic 

and industry conferences. 

- Articles published in journals form the second-largest category, contributing 35.3% 

to the overall output, reflecting the importance of peer-reviewed research in advancing the 

field. 

2. Secondary Document Types 

- Review articles and conference reviews collectively account for approximately 

8.2% of the documents, signifying efforts to synthesize and critique existing knowledge. 

- Book chapters contribute a modest 2.4%, indicating limited contributions to edited 

volumes or thematic collections. 

3.Minor Contributions: 

- Other document types, such as books (0.4%), editorials (0.1%), and reports (0.1%), 

represent a minimal portion of the publications. 

- Specialized formats like short surveys (0.2%) and notes (0.2%) also appear to play 

a minor role in the field. 

 

 

 

Figure 2. Documents by funding sponsor 
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Figure 3. Documents by Type 

Figure 4 illustrates the number of documents authored by up to 15 authors. Among 

these, L. Pollock has the highest document count, with a total slightly exceeding 6. Other 

authors, including Anon, E. Hill, D. Lo, A. Ouni, and L.G. Stucki, follow closely, each with 

approximately 5 documents. A smaller set of contributors, such as B. Vogel-Heuser, I.D. 

Baxter, J.R. Cordy, and T.R. Dean, have around 4 documents. The distribution suggests a 

concentration of documents authored by a few key individuals, with L. Pollock standing out 

as the most prolific. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 visualizes the number of documents published per year across six major 

sources from 1984 to 2024. The sources include: 

 Autotestcon Proceedings 

 IEEE International Conference on Software Maintenance (ICSM) 

 ACM International Conference Proceeding Series 

 Proceedings of SPIE: The International Society for Optical Engineering 

Figure 4. Documents by author 
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 Lecture Notes in Computer Science, including subseries on Artificial Intelligence and 

Bioinformatics. 

Key observations: 

1.IEEE ICSM exhibits notable peaks in 2008, 2013, and 2016, reaching up to 7 

documents in some years, indicating periodic spikes in contributions. 

2.Autotestcon Proceedings shows steady but less frequent publications, with 

occasional activity spikes around 2012 and 2016. 

3.ACM International Conference Proceeding Series demonstrates a gradual increase 

in contributions, with the highest activity occurring post-2020. 

4.Lecture Notes in Computer Science maintains consistent output, with noticeable 

surges around 2011–2013 and 2020–2022. 

5.Proceedings of SPIE has relatively consistent but lower contributions across the 

timeline, with minimal fluctuation. 

 

 

 

 

 

 

 

 

 

 

Figure 6 illustrates trends in publications related to automated system maintenance 

tools across several decades. The analysis reveals that Engineering (30.4%) and Computer 

Science (27.7%) dominate the subject areas, reflecting the technical nature of the field. 

Publications have steadily increased since 2000, with significant surges after the rise of AI 

and machine learning, driven by sources like IEEE ICSM and ACM Proceedings. 

Interdisciplinary contributions from Mathematics (6.5%) and Physics and Astronomy (4.0%) 

also play a role, supporting advancements in modeling and system diagnostics. Niche fields, 

such as Energy (4.2%) and Materials Science (4.0%), contribute to the maintenance of 

systems in specialized domains like renewable energy and robotics. The analysis spans from 

1941 to 2023, showing a clear shift from manual processes to AI- and IoT-driven solutions. 

Despite a strong focus on technical fields, smaller contributions from Social Sciences (2.6%) 

and Decision Sciences (2.7%) suggest opportunities for further exploration in human 

interaction and decision-making frameworks. 

 

Figure 5. Documents per year by source 
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Figure 7 represents the distribution of research contributions by various institutions 

related to the bibliometric analysis of automated system maintenance tools. Below is a 

discussion of the results derived from the data: 

1.Top Contributors: 

- The University of Waterloo leads the chart with the highest number of documents, 

indicating its prominent role in research on automated system maintenance tools. 

- Technische Universität München follows closely, also demonstrating significant 

contributions to the field. 

- Boeing Corporation stands out as the leading corporate entity among academic 

institutions, highlighting its industrial focus on automated systems. 

2.Mid-Tier Contributors: 

- Academic institutions such as Pennsylvania State University, University of 

Michigan, Ann Arbor, and Politecnico di Torino show consistent contributions, with 

document counts ranging between 10 and 12. 

3.Other Notable Contributors: 

Concordia University, Chalmers University of Technology, Nanyang Technological 

University, and Delft University of Technology round out the list, showcasing their 

involvement in advancing this research area. 

 

 

 

 

 

 

Figure 6. Documents by subject area 
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Discussion 

The bibliometric analysis revealed significant insights into the research landscape of 

automated system maintenance tools from 1941 to 2023. The analysis identified key 

contributing institutions, authors, and thematic trends, highlighting the field's growth and 

evolution. The University of Waterloo emerged as the leading institution with the highest 

number of publications, reflecting its substantial contribution to advancing predictive 

maintenance technologies. Following closely were Technische Universität München and 

Boeing Corporation, with the latter standing out as a key industrial player emphasizing 

practical applications in aerospace and related industries. Other notable contributors, 

including Pennsylvania State University, University of Michigan (Ann Arbor), and 

Politecnico di Torino, demonstrated a consistent focus on optimizing automated maintenance 

processes through innovations such as machine learning and real-time system monitoring. 

The study also shed light on the dominance of themes like predictive maintenance, 

artificial intelligence, and big data analytics, which frequently appeared in high-citation 

articles. These technologies have proven instrumental in enabling early fault detection, 

improving operational efficiency, and reducing maintenance-related downtime. Additionally, 

emerging research directions include blockchain integration for secure maintenance data 

management and energy-efficient practices in automated systems, reflecting the evolving 

priorities of the field. The keyword co-occurrence analysis further illustrated these shifts, 

with concepts like "cyber-physical systems," "IoT-based maintenance," and "sustainability" 

gaining prominence in recent years. 

Despite the progress, the analysis identified challenges in integrating legacy systems 

with modern technologies and achieving standardization across industries. These issues are 

particularly pronounced in small and medium-sized enterprises, which often face resource 

constraints. Addressing these gaps through collaborative research and the development of 

scalable, cost-effective solutions will be essential for broader adoption. The geographic 

distribution of research contributions also revealed disparities, with a concentration of 

activity in North America and Europe. This underscores the need for enhanced global 

collaboration to ensure equitable access to the benefits of automated system maintenance tools. 

Figure 7. Documents by affiliation 



 
Wisdom Journal of Humanities and Social Science 

 

                                                                     Vol.2, No.3 March 2025  
 

58 

Publication trends highlight a marked increase in research output over the last decade, 

driven by rapid technological advancements and a growing demand for predictive 

maintenance solutions. This trajectory indicates the field's dynamic nature and the potential 

for continued innovation. The findings underscore the transformative potential of automated 

maintenance systems while highlighting areas for further exploration and improvement. 

Conclusion 

This bibliometric analysis of automated system maintenance tools from 1941 to 2023 

provides a comprehensive overview of the field’s evolution, highlighting key trends, 

technological advancements, and research contributions. The study reveals a significant 

increase in publications over the last decade, driven by rapid advancements in artificial 

intelligence, the Internet of Things, and predictive maintenance technologies. The analysis 

underscores the growing importance of these tools in various industries, with a notable shift 

towards proactive and data-driven maintenance strategies. 

Key institutions, including the University of Waterloo and Technische Universität 

München, have played pivotal roles in advancing research, with substantial support from 

major funding bodies such as the European Commission and the National Science 

Foundation. The dominance of technical disciplines like Engineering and Computer Science 

further emphasizes the field's focus on developing and optimizing automated systems. 

Additionally, interdisciplinary contributions from fields like Mathematics, Physics, and 

Materials Science highlight the broad applicability of automated maintenance technologies 

across different sectors. 

Despite the progress, challenges such as the integration of legacy systems, the need 

for standardized practices, and the adoption of emerging technologies in diverse industrial 

contexts remain. However, the continued evolution of maintenance practices, spurred by AI 

and IoT innovations, holds great promise for enhancing the efficiency, reliability, and 

sustainability of systems in the future. This study provides valuable insights that will guide 

future research and practical applications, paving the way for further innovations and the 

widespread adoption of automated maintenance systems across industries. 

Recommendation 

 Based on the data gathered from this bibliometric analysis, we offer the following 

recommendations to advance the field of automated system maintenance tools: 

1.Integration of Emerging Technologies: Focus on integrating advanced technologies 

like artificial intelligence, Internet of Things, and blockchain for enhanced predictive 

maintenance and secure data management. 

2.Scalable Solutions for SMEs: Develop cost-effective and scalable maintenance 

solutions tailored for small and medium-sized enterprises to improve accessibility across 

industries. 

3.Addressing Legacy Systems: Prioritize research into bridging the gap between 

legacy systems and modern automated technologies, facilitating smoother transitions for 

industries with existing infrastructures. 

4.Global Collaboration and Standardization: Encourage international research 

collaborations to foster standardization and ensure the widespread adoption of automated 

maintenance tools across diverse regions. 
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5.Interdisciplinary Research: Expand research into the social and managerial aspects, 

including human interaction and decision-making frameworks, to optimize the application of 

automated maintenance systems in various operational contexts. 

 These recommendations are based on key trends and insights derived from the 

bibliometric data, guiding future research and practical applications in the field. 
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