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Abstract: In a rapidly evolving technological and business environment, business leaders must adapt
quickly to maintain their competitiveness. The main objective of this article is to propose a maintenance
management guide with the innovation management process to help organizations develop effective
innovation strategies and respond to the challenges of the Industry 4.0 era. It examines the principles
and strategies of innovation management in the maintenance of industrial machinery and their impact
on competitiveness. It focuses on the integration of digital technologies such as the Internet of Things
(IoT), artificial intelligence (AI), and big data analytics into maintenance processes. This article explains
that the introduction of modern technologies in the areas of predictive maintenance, condition-based
maintenance, and intelligent maintenance significantly reduces machine downtime, increases production
efficiency, and lowers operating costs. However, implementing these innovations comes with challenges,
including data management, cybersecurity risks, lack of employee skills, and high investment costs,
especially for small and medium-sized enterprises (SMEs). This article proposes a structured transition
plan for the introduction of innovative maintenance strategies. The approach focuses on upskilling the
workforce and cultivating an innovation-oriented corporate culture. By addressing these challenges,
companies can strengthen their competitiveness and long-term sustainability in an increasingly
digitalized industrial landscape.
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1. Introduction

Today's industry is undergoing a rapid transformation under Industry 4.0 and moving towards
Industry 5.0, where digital technology is a key factor that will lead companies to sustainable
competitiveness. Safitri [17] have introduced the concept of "DICE World", which describes the current
business environment characterized by D (Dynamic), i.e. sudden changes to which companies must
quickly adapt to; I (Insecure), i.e. increasing uncertainty and risk due to internal and external factors; C
(Complex), i.e. the complexity of managing multidimensional, interrelated factors; and E (Exponential),
L.e. exponential growth and technological change forcing management to develop strategies to cope with
change. Industrial maintenance has evolved from the traditional model that focuses on repairing damage
when it occurs to preventive and predictive maintenance with modern technology and advanced data
analytics [27]. Therefore, innovation management in maintenance has become an important factor that
helps companies build competitiveness and sustainable growth in a highly uncertain environment [37].
The evolution towards smart maintenance requires the integration of technology, work processes and
systematic human resource development [47].

This article aims to explore the strategy for innovation management in industrial machinery
maintenance to increase competitiveness in the manufacturing industry. It presents a conceptual
framework that combines the level of smart maintenance development with the application of
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technology and innovation. This framework can serve as a guide for companies to create innovations
aimed at increasing production efficiency, reducing costs and improving competitiveness in the industry.
This conceptual framework is divided into five main components: Development of a maintenance system
according to the level of complexity, use of technology and innovation, development of human
resources, measurement and evaluation of performance, and organizational adaptation [5].

The main objective of this article is to propose a guide for maintenance management with the
innovation management process to help organizations develop effective innovation strategies and
respond to the challenges of the Industry 4.0 era. It also provides guidance for organizations that want
to transform their maintenance systems into predictive and command-based maintenance [67]. The
expected outcomes of this study include increasing the long-term competitiveness of the organization,
reducing production costs and improving the quality and standards of production [77].

The strategy of innovative maintenance management of industrial machinery focuses on the
application of IoT, Al and big data technologies to analyze and predict machine failures in advance [87].
These strategies respond to the need for companies to adapt to the rapid changes in market conditions
while taking into account the development of employees' skills and potential in line with modern
technologies [97]. The importance of this topic lies in the potential for long-term business success and
machine reliability. The effective implementation of innovative maintenance management strategies
enables companies to reduce unexpected downtime, increase machine availability and modernize
production processes to meet market demands in the age of Industry 4.0 [107.

2. Literature Review
2.1. Development of Industrial Maintenance

Industrial maintenance management began during the industrial revolution and the transition from
manual production to mass production. Initially, the focus was on reactive maintenance, i.e. repairing
damage after it had occurred [27. In the 20th century, production lines and automation technology
prompted manufacturers to focus on preventive maintenance to reduce downtime and extend equipment
life [87. In the late 20th century, computerized maintenance management systems were introduced,
allowing real-time access to data, tracking of repair history and efficient management of spare parts
inventory [47]. Later, Industry 4.0 technology, particularly the Internet of Things (IoT), evolved into
predictive maintenance, which uses data analytics to predict damage. Currently, maintenance
management is an important element of operations strategy in the manufacturing industry, which
tocuses on a holistic approach to increase efficiency, reduce costs and maintain safety standards [10, 117].

2.2. Intelligent Maintenance Approaches

Smart maintenance approaches have evolved from traditional approaches to the application of
advanced technologies and data analytics and are categorized into three stages of development based on
their complexity. The first stage is Condition-Based Maintenance, which uses data from sensors or
inspections to decide when maintenance needs to be carried out. This strategy is beneficial for
increasing competitiveness in the manufacturing industry as it reduces unexpected downtime by
continuously monitoring the condition of the machine, reduces costs by avoiding unnecessary
maintenance and increases production efficiency by reducing downtime and increasing the reliability of
the machines [87. The second level is Predictive Maintenance, which builds on the first level by using
advanced analytics and real-time data to predict machine failures before they occur [57. The highest
level is Prescriptive Maintenance, which uses artificial intelligence and machine learning to analyze data
and recommends the most appropriate course of action [6].
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Table 1.

Smart Maintenance Maturity Model.

Development Level Key features of maintenance systems Key technologies used

Level 1 - Reactive Maintenance Fix when machines break down No technology

Level 2 - Preventive Maintenance Schedule repairs CMMS (Computerized Maintenance
Management System)

Level 3 - Condition-Based Maintenance | Monitor machines via sensors IoT, Sensor

Level 4 - Predictive Maintenance Predict damage with Al and real-time data | AI, Machine Learning

Level 5 - Prescriptive Maintenance Automated decision-making and data | Digital Twin, Big Data

analysis

Source: Anaba, et al. [127] and Maier, et al. [13]

2.8. Proactive Maintenance Strategy and Asset Reliability Management

Proactive maintenance is a strategy that focuses on reducing the need for future maintenance by
upgrading or replacing parts to be more durable, including considering designing new machines to
repair damage that has occurred in the past [77]. Reliability Centered Maintenance (RCM) is a strategy
that complements proactive maintenance with systematic analysis. According to a study by Bohrey and
Chatpalliwar [147] companies that applied for RCM were able to increase equipment availability by up
to 6 percent and reduce downtime by 15 percent. The RCM process consists of several important steps:
Analyzing the system's functional and performance standards, identifying failure modes and their
potential impact, prioritizing equipment based on risk levels, determining the appropriate maintenance
schedule for each piece of equipment, and continuously monitoring and improving the maintenance
schedule for maximum efficiency [14].

2.4. Using Technology and Innovation to Support Modern Maintenance

Maintenance in the digital age has evolved dramatically through the integration of modern
technology and traditional maintenance. Three key elements are interlinked and mutually reinforced.
Starting with the Internet of Things (IoT), the cornerstone of modern maintenance, studies have shown
that IoT-based predictive maintenance systems can significantly extend the service life of machines. The
principles of IoT in maintenance include the collection of real-time data from sensors, continuous
monitoring of machine performance, providing immediate notification of abnormalities, and the
collection of data for in-depth analysis. In the context of industrial systems, the integration of machine
learning with IoT sensors has been shown to improve machine uptime by 5.5 percent, highlighting the
effectiveness of real-time monitoring in reducing machine downtime [87. Artificial intelligence (Al) is
the second component that works in tandem with IoT by processing big data through advanced
algorithms. The application of Al in maintenance includes machine failure prediction, root cause
analysis, automatic maintenance scheduling and continuous improvement of work efficiency [67. The
last component is Smart Maintenance, where machines located along the production line can
communicate with the relevant personnel to explain the operating status of the machines and the
required maintenance intervals, which can be managed in real time for strategic resource allocation via
the network. This system can retrieve relevant information instantly. This increases production
efficiency and reduces maintenance costs [97].

2.5. Human Resource Development to Support Modern Maintenance Innovations
2.5.1. Training and Skills Development

Training and upskilling staff is an important element in driving innovation in maintenance,
especially at a time when technology is changing rapidly. Companies need to develop both technical and
digital skills in their employees. Training should cover modern technologies such as IoT, Al and data
analytics and develop analytical and problem-solving skills. Training should be evaluated and curricula
continuously updated to meet changing needs. A study in a sugar factory found that after training,
employees” skills, knowledge and problem-solving abilities increased by 20 percent and the number of
work errors decreased significantly [117]. A study on the impact of international labor migration on
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economic growth in the era of Thailand 4.0 also found that while Thailand has seen an increase in
highly skilled workers over the past decade, most research still focuses on studying low-skilled workers.
The results show that high-skilled labor has a statistically significant positive impact on regional
economic growth and labor productivity [157.

2.6. Knowledge Management and Experience Transfer

Knowledge management is an important process for maintaining and developing maintenance
knowledge. Organizations must have a practical system for storing and sharing knowledge. This
includes setting up a database of best practice, creating work manuals and recording experience. In
addition, knowledge transter between old and new employees through mentoring systems and the
creation of learning communities is also important to maintain continuity of development [167]. The
study found that Thailand's higher education reform still has challenges in terms of administrative
efficiency and educational equity that need to be addressed to support the development of an informed
workforce [177]. King Mongkut's University of Technology North Bangkok has initiated a workplace
collaboration project to improve workforce development in line with the 4.0 era [187].

2.7. Skills and Career Path Development

The development of skills and career paths in the age of Industry 4.0 is crucial for the
implementation of innovations in maintenance. The study found that organizations with clear skills
development plans linked to career paths can increase the retention rate of talented staff [197 and
improve work efficiency [207]. Employees who have developed digital skills and data analytics can
advance to the position of Smart Maintenance Specialist, which is better paid than that of a general
maintenance technician [217. Creating this career path helps to create motivation and organizational
commitment, leading to sustainable development of modern maintenance systems in the long term.

2.8. Creating Organizational Culture

Creating a corporate culture that emphasizes learning, and innovation is an important foundation
for the development of modern maintenance systems. Organizations should foster a work culture that is
open to change and the introduction of new technologies, create a work environment that encourages
knowledge sharing and creativity, reward and recognize employees who contribute to innovation
development, and create an understanding of the importance of maintenance to the success of the
organization [227]. Creating an organizational learning culture is directly related to the effectiveness of
training and knowledge management, as it forms the basis for continuous knowledge sharing and skills
development.

2.9. Change Management

Change management is an important process when introducing innovations in the area of
maintenance in an organization. Effective planning and communication are required to reduce resistance
and gain the acceptance of employees. Clear visions and goals, building a team of change advocates,
continuous monitoring and evaluation of the change, and supporting and counseling employees during
the transition [237. Change management strategies such as workshops or training programs for
employees and training and knowledge sharing programs are important to improve knowledge
management (KM) and knowledge sharing (KS) within the maintenance department. Studies have
shown that the use of novice sneakers in the high-tech industry significantly improves KM and KS
among employees and promotes a culture of continuous learning [247]. Generative Al or Al chatbots to
advise on Predictive Maintenance is another approach to support the transition to modern maintenance
[257]. The development of human resources to support modern maintenance innovation must therefore
be a process that integrates all five of the above elements, starting with training and development of
essential skills, an effective knowledge management and experience transfer system, the creation of a
clear career path, the development of an organizational culture that is conducive to learning and
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innovation, and the systematic management of change that will lead to the success of raising the
company's maintenance system to international standards.

Table 2.

The Model of ADKAR (Awareness, Desire, Knowledge, Ability, Reinforcement).

Procedure Details

Awareness Create an understanding of the need for Smart Maintenance

Desire Encourage staff and management to support the change

Knowledge Train and increase understanding of digital technologies

Ability Apply knowledge and experiment in real-world applications

Reinforcement Continuous improvement of processes and promotion of a culture of development

Source: Hiatt [267]

3. Maintenance Performance Measurement and Evaluation
3.1. Key Performance Indicators (KPIs)

Defining suitable key performance indicators is an important basis for evaluating maintenance
performance. Leading key performance indicators include Overall Equipment Effectiveness (OEE),
Mean Time Between Failures (MTBF), Mean Time To Repair (MTTR) and Planned Maintenance
Percentage (PMP), which allow companies to systematically track and evaluate their performance.
Research on improving machine maintenance systems based on reliability found that after the
improvement, overall equipment effectiveness (OEE) increased by 17 percent, reliability performance
(MTTF) increased by an average of 22.68 hours, machine maintenance performance (MTTR) decreased
by an average of 7.68 hours and system availability performance increased by 4.2 percent [277.

3.2. Financial Return on Investment (ROI)

Managers must analyze the financial return on investment in a modern maintenance system. Both
the direct and indirect costs, such as installing the system, training employees and maintaining the
system, should be considered in comparison to the benefits received. Accurate ROI calculations help
with investment decisions and appropriate resource allocation. One study found that smart sensors that
utilize machine learning have a return on investment (ROI) of 33.3 percent and a positive net present
value (NPV) over five years [87. In addition, the implementation of predictive maintenance systems can
increase machine availability from 80 percent to 90 percent [197] with the break-even point for
investments in innovative maintenance systems typically being 18-24 months [287].

3.8. Industry Standards and Requirements

Compliance with industry standards is essential to ensure the quality and reliability of maintenance
processes. Key standards such as ISO 55000 (Asset Management), [ISO 14224 (Collection and Exchange
of Reliability and Maintenance Data) [107] and EN 15341 (Maintenance Key Performance Indicators)
help in the development and evaluation of maintenance systems. Companies should regularly review
their processes and improve them in line with the standards to increase the efficiency and reliability of
the production system [297].

3.4. Regulatory Compliance and Safety

Safety and regulatory compliance are key components of effective maintenance [307]. Companies
must have a comprehensive safety management system that includes accident prevention [237] employee
training and work environment management. Modern technologies such as IoT and AI can help to
monitor and control safety more effectively. An effective maintenance system must prioritize safety and
compliance with relevant laws and regulations [227].
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3.5. Continuous Monitoring and Improvement

The continuous development of a maintenance system is the key to long-term success. Companies
should regularly analyze their performance using real-time tracking and analytics data. Applying the
concepts of continuous improvement and kaizen helps organizations to effectively improve and evolve
their maintenance processes. This continuous improvement should encompass technology, workflows
and staff development. To make the maintenance system modern and respond effectively to the needs of
the organization [11, 277].

4. Trends and Future of Industrial Maintenance

4.1. Future Technology and Innovation

Future technology and innovation play a key role in the development of maintenance systems,
especially the use of advanced analytics and digital twin, which can be used to create virtual models of
equipment that enable the analysis of operating conditions, the prediction of failures and the
improvement of maintenance efficiency in advance. Advanced data analytics also increases the accuracy
of predictive maintenance, reduces unnecessary maintenance and extends the life of machinery [817.
Augmented Reality (AR) and Virtual Reality (VR) technologies allow technicians to see data
superimposed on real equipment or practice repairs in a virtual environment before performing them,
reducing errors and increasing work efficiency [827. Edge computing enables data processing from
sensors and IoT devices directly at the edge unit, reducing the amount of data transfer to the cloud
system and enabling real-time alerts and responses [337]. 5G networks will enable faster and more
stable connections between loT devices and maintenance systems and support efficient remote
maintenance [347]. Quantum computing helps analyze large, complex data. Higher accuracy in
predicting machine failures [827] and automation and robotics reduce human workload in high-risk
tasks, enable continuous maintenance, reduce downtime and increase productivity [35].

4.2. Challenges and Opportunities

The biggest challenges in the development of modern maintenance systems are cyber security and
big data management. Companies need to integrate old and new systems and train their employees to
keep up with technology. However, there are also opportunities to develop new business areas, such as
subscription-based maintenance services and data analytics for business decision making. Using
blockchain to track maintenance history and certify parts quality will create a competitive advantage
[36]. Challenges faced by Thai SMEs include low digital readiness, lack of skills and the need to invest
in new technologies. Overcoming these challenges through targeted strategies can increase productivity
and competitiveness, which will contribute to the growth of the SME sector in Thailand [877.

4.3. Organizational Adaptation

Companies must adapt their structures and work processes in order to keep pace with technological
change. Investment in digital infrastructure and talent development are essential. Collaboration with
technology partners and educational institutions will help to strengthen the organization.
Organizational culture should be changed to emphasize innovation and lifelong learning. Developing
effective knowledge management systems will help to maintain a competitive advantage [387]. FFor Thai
SMEs, the challenges of digital transformation include the need for new skills, technology investment
and process improvements. Studies show that by collaborating with universities and technology
development agencies, SMEs can effectively address these challenges and increase their competitiveness
in the market [377].

4.4. Industry Trends

The manufacturing industry is moving towards a “manufacturing-as-a-service” concept that
emphasizes flexibility and responsiveness to specific customer needs. Maintenance will focus more on
prevention and prediction and use Al and machine learning for analysis and decision-making.
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Maintenance ecosystems will be developed that connect manufacturers, service providers and
customers, and maintenance systems will be integrated into the concept of the circular economy for
sustainability [897]. These trends reflect a fundamental shift in the way the industry will carry out
maintenance in the future. It will be more proactive and connected, focusing on value creation and long-
term sustainability.

4.5. Case Study: A Global Leading Company and the Application of Intelligent Maintenance

Siemens Optimization of Production Digital Twins are frequently used in manufacturing to model
and optimize production processes. For example, it enables the simulation of worker movements and
assembly line operations, which leads to better ergonomic analysis and process optimization [407].

General Electric (GE) uses Big Data Analytics to assess and predict machine maintenance in
advance, reducing downtime and increasing production efficiency [417.

The Toyota Production System (TPS) is a well-known method that focuses on continuous
improvement and waste reduction to increase production efficiency. It is based on two fundamental
pillars: Just-in-Time (JI'T) and Autonomation (Jidoka), which aim to improve production processes and
ensure quality control. TPS identifies seven types of waste: Waiting, Defects, Transportation,
Movement, Excess Inventory, Overproduction and Over/Under processing; and seeks to eliminate them
to increase production efficiency [427].

5. Conclusion

Strategy for managing innovative maintenance of industrial machinery in the age of Industry 4.0
The manufacturing industry is facing challenges in the age of the "DICE World", characterized by
dynamism, uncertainty, complexity and exponential growth [4387. The maintenance strategy has
evolved from a reactive to a more modern strategy. The evolution of maintenance has begun from
reactive maintenance to preventive maintenance, condition-based maintenance and predictive
maintenance 2] where organizations that implement Reliability-Based Maintenance (RCM) being able
to increase machine availability by up to 6 percent [147]. Key technologies driving modern maintenance
include the Internet of Things (IoT), which can increase machine availability by 5.5 percent [87]
Artificial Intelligence (Al), which can predict breakdowns [67] and Smart Maintenance, which enables
machines to communicate with operators [97]. Human resource development is another important
factor. Training can increase skills and problem-solving ability by 20 percent [117, and employee
engagement significantly improves knowledge management [247]. Business leaders use strategies to
measure performance with indicators such as OEE, MTBF and MTTR [27]. Investments in modern
maintenance systems have a break-even point of around 18-24 months [287].

Future trends will focus on the use of advanced technologies such as Digital Twin, AR/VR and 5G
[31]. Leading companies such as Siemens, General Electric and Toyota have successfully and
competitively deployed smart maintenance. Companies that can use the smart maintenance model and
the ADKAR model as a framework and invest in innovative maintenance technologies will therefore be
able to increase efficiency, reduce costs and maintain sustainable competitiveness in the era of Industry
4.0 and beyond [127].

Transparency:

The authors confirm that the manuscript is an honest, accurate, and transparent account of the
study; that no vital features of the study have been omitted; and that any discrepancies from
the study as planned have been explained. This study followed all ethical practices during writing.

Copyright:
© 2025 by the authors. This open-access article is distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 5: 2239-2247, 2025

DOI: 10.55214/25768484.v915.7445

© 2025 by the authors; licensee Learning Gate


https://creativecommons.org/licenses/by/4.0/

2246

References

[
2]

[s]

4]

5]
[6]

[7]

[8]

9]
[10]

RN

[12]

[15]
[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

S. R. Safitri, "Worker competence in the industrial era 4.0," Batara Wisnu: Indonesian Journal of Community Services,
vol. 2, no. 1, pp. 119-127, 2022.

M. Ahern, D. T. O’sullivan, and K. Bruton, "Development of a framework to aid the transition from reactive to
proactive maintenance approaches to enable energy reduction," Applied Sciences, vol. 12, no. 13, p. 6704, 2022.
https://doi.org/10.8390/app12136704

M. F. Alsaif, F. B. Al-Askar, and B. A. Alkhaleel, "Reliability and maintenance optimization at a saudi glass
production plant," in Proceedings of the 14th Annual International Conference on Industrial Engineering and Operations
Management, Dubai, UAE. IEOM Society International. https://doi.org/10.46254/AN14.20240141, 2024

G. Alemayehu, M. Avvari, B. Alemu, and A. M. Gebrekidan, "Performance Evaluation of Faffa Food Share Company
through Computerized Maintenance Management System (CMMS)," Journal of Engineering, vol. 2023, no. 1, p.
4856457, 2023.

M. El Khaili, M. Rafik, R. Fila, and A. Farid, "Contribution of artificial intelligence to industrial maintenance in the
field of mechanics," IntechOpen, 2024. https://doi.org/10.5772/intechopen.1005280

A.V.S.8S. Rao, S. Kulkarni, D. Bhatia, L. V. Sambasivarao, and K. Singh, "Advanced machine learning algorithms for
predictive maintenance in industrial manufacturing systems," Southeastern European Journal of Public Health, pp. 716—
728, 2024. https://doi.org/10.70135/seejph.vi.2057

C. Zhu, "Advancing maintenance, monitoring, and control techniques for the optimization of power electronic
systems," Theoretical and Natural Science, vol. 86, pp. 146-151, 2024.  https://doi.org/10.54254/2753-
8818/36/20240537

O. Obioha Val, O. O. Olaniyi, O. Selesi-Aina, M. O. Gbadebo, and T. M. Kolade, "Machine learning-enabled smart
sensors for real-time industrial monitoring: Revolutionizing predictive analytics and decision-making in diverse
sector," Machine Learning-enabled Smart Sensors for Real-time Industrial Monitoring: Revolutionizing Predictive Analytics
and Decision-making in Diverse Sector (November 22, 2024). Asian Journal of Research in Computer Science, vol. 17, no. 11,
p. 10.9734, 2024. https://doi.org/10.9734/ajrcos/2024/v17i11522

P. T. and N. Thaosombat, "Management of intelligent manufacturing technology to reduce production costs
effectively," Journal of Information Technology and Innovation, vol. 22, no. 1, pp. 1-14, 2022.

T. Kesakan and K. Atikulrat, "Development of a program for planning maintenance of machinery in the production
process: A case study of a kraft paper factory," Ubon Ratchathani University Engineering Journal, vol. 16, no. 2, pp. 18—
24, 20283,

S. Topipatchaikun and P. Ruengcheingchum, "Increasing machine performance efficiency measurement with
predictive maintenance technology: A case study of a sugar factory," Journal of Applied Business Agriculture, vol. 18, no.
29, pp. 91-109, 2024..

D. Anaba, A. Kess-Momoh, and S. Ayodeji, "Innovative maintenance strategies for industrial equipment: A review of
current practices and future directions," Open Access Research Journal of Science and Technology, vol. 11, no. 2, pp. 29-37,
2024. https://doi.org/10.53022/0arjst.2024.11.2.008 1

H. T. Maier, O. Schmiedbauer, and H. Biedermann, "Validation of a lean smart maintenance maturity model,"
Tehni¢ki Glasnik, vol. 14, no. 3, pp. 296-302, 2020. https://doi.org/10.31803/TG-20200706131623

O. Bohrey and A. Chatpalliwar, "Application of reliability centred maintenance in improving aircraft availability with
preventive maintenance intervention," J Adv Res Appl Sci Eng Technol, vol. 42, no. 1, pp. 115-129, 2024.
https://doi.org/10.37934/araset.42.1.115129

K. Tipayalai, "Impact of international labor migration on regional economic growth in Thailand," Journal of Economic
Structures, vol. 9, no. 1, p. 15, 2020. https://doi.org/10.1186/s40008-020-00192-7

Y. Boonsongprasert, N. Kuhathongsamrit, and K. Warunsin, "Machinery maintenance database system for large
electrical equipment transportation," Journal of Science and Technology, vol. 12, no. 1, pp. 45—60, 2024..

T. Scott and W. Guan, "Challenges facing Thai higher education institutions financial stability and perceived
institutional ~ education  quality," Power and Education, vol. 15, mno. 8, pp. 826-340, 2023.
https://doi.org/10.1177/17577438221140014

T. Kongsong and P. Pichetsiraprapa, "The development model of work strategy of the academic supporting
personnel in the 4.0 era of King Mongkut’s University of technology North Bangkok," Journal of Technical Education
Development, vol. 35, no. 125, pp. 62—69, 2023. https://doi.org/10.14416/).ted.2028.02.003

I. Yasin, N. Kurniati, and B. Syairudin, "Reducing unplanned downtime using predictive maintenance (PdM),"
presented at the IOP Conference Series: Materials Science and Engineering, vol. 1072, article no. 012041, 2021.
https://doi.org/10.1088/1757-899X/1072/1/012041, 2021.

S. M. Nurrohmat, K. Khuzaini, and S. Shaddiq, "The influence of industry 4.0 on work behavior and employee
productivity  in  technology  companies,"  Proceeding: — Islamic ~ University — of  Kalimantan,  2024.
https://doi.org/10.81602/piuk.v0i0.15797

S. Kaur, R. S. Sahota, S. Y. Ying, and Y. Haotian, "Emerging trends in industry 4.0 and predictive maintenance,"
Abhigyan, vol. 43, no. 1, pp. 54-67, 2025. https://doi.org/10.1177/09702385241280813

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 5: 2239-2247, 2025

DOI: 10.55214/25768484.v915.7445

© 2025 by the authors; licensee Learning Gate


https://doi.org/10.3390/app12136704
https://doi.org/10.46254/AN14.20240141
https://doi.org/10.5772/intechopen.1005280
https://doi.org/10.70135/seejph.vi.2057
https://doi.org/10.54254/2753-8818/36/20240537
https://doi.org/10.54254/2753-8818/36/20240537
https://doi.org/10.9734/ajrcos/2024/v17i11522
https://doi.org/10.53022/oarjst.2024.11.2.0081
https://doi.org/10.31803/TG-20200706131623
https://doi.org/10.37934/araset.42.1.115129
https://doi.org/10.1186/s40008-020-00192-7
https://doi.org/10.1177/17577438221140014
https://doi.org/10.14416/j.ted.2023.02.003
https://doi.org/10.1088/1757-899X/1072/1/012041
https://doi.org/10.31602/piuk.v0i0.15797
https://doi.org/10.1177/09702385241280813

[22]
[23]
[24]

[26]
[27]

[28]

[29]

[s0]

[s1]

[s2]

[33]

[34]

[s5]

[s6]
[s7]
[s8]
[s9]

[40]

[41]
[42]
[45]

2247

W. THURAPANG and S. Pooripakdee, "Smart factory management with lean automation for a high-performance
and sustainable organization in the food industry," Doctoral Dissertation, Silpakorn University, 2022.

P. Suebsuwong, "Horizontal integration: A holistic perspective of practical predictive maintenance for aviation
industry maintenance," Journal of Aviation Industry Management, vol. 12, no. 1, pp. 45—60, 2024.

H. Roham and J. F. Gomes, "Knowledge management and knowledge sharing in maintenance department of high-
tech industries," Journal of Quality in Maintenance Engineering, vol. 80, no. 4, pp. 605-623, 2024
https://doi.org/10.1108/jqme-11-2023-0110

L. Kohl, S. Eschenbacher, P. Besinger, and F. Ansari, "Large language model-based chatbot for improving human-
centricity in maintenance planning and operations," presented at the PHM Society European Conference, vol. 8, no.
1, article 12, 2024. https://doi.org/10.86001/phme.2024.v8i1.4098, 2024

J. M. Hiatt, ADKAR: A model for change in business, government and our community. Prosci Learning Center Publications,
2006.

S. Singhthanu, M. Pipatthakul, and P. Nasawat, "Improving machinery maintenance to increase reliability: A case
study of a transformer manufacturing company," Journal of Advanced Development in Engineering and Science, vol. 14,
no. 40, pp. 53—68, 2024.

V. V. Monov, M. Hadjiski, L. A. Doukovska, S. L. Kojnov, and V. G. Nikov, "Significance of the predictive
maintenance strategies for SMEs," presented at the In Fourth International Symposium on Business Modeling and
Software Design (Vol. 1, pp. 276-281). SCITEPRESS, 2014.

W. Thongsai, S. Rakkaran, and P. Sriwichian, "Maintenance to increase efficiency of automotive wiring harness
production line," Sukhothai Thammathirat Open University Science and Technology Journal, vol. 2, no. 1, pp. 65—80, 2022.
P. Khemmook, B. Songsaksri, and S. Thongsuk, "A study on preventive maintenance of the main distribution board in
an industrial factory: A study on preventive maintenance of the main distribution board in an industrial factory,"
Journal — of  Industrial — Technology — and  Innovation, vol. 2, mno. 1, pp. 247066-247066, 2023.
https://doi.org/10.55674/snrujiti.v2i1.247066

N. Mohamed and J. Al-Jaroodi, "Predictive analytics for digital twins: the concept and systems applications,"
presented at the In 2024 7th International Conference on Information and Computer Technologies (ICICT) (pp. 389-
393). IEEE, 2022.

T. Nguyen, T. Sipola, and J. Hautamiki, "Machine learning applications of quantum computing: A review," in
Proceedings of the European Conference on Information Warfare and Security, vol. 23, no. 1, pp. 322-330, 2024.
hitps://doi.org/10.84190/ eccws.23.1.2258, 2024.

J. Liao and G. M. L. Sarng, "Internet of things data processing and analysis based on edge computing," in Proceedings
of the 2nd International  Conference on  Data  Science and  Information  System  (ICDSIS), 2024.
hitps://doi.org/10.1109/1cdsis61070.2024.10594573, 2024..

P. Yesankar, P. M. Gourshettiwar, P. Gote, M. M. Jiet, and A. Gadkari, "The impact of 5G technology on the
functionality and performance of internet of things (IoT) devices," in Proceedings of the Sth International Conference on I-
SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC), pp. 230-235, 2024. hitps://doi.org/10.1109/i-
$smac61858.2024.10714695 2024

A. Tseng and S. Kalaycioglu, "Intelligent Magnetic Inspection Robot for Enhanced Structural Health Monitoring of
Ferromagnetic Infrastructure,” arXiv preprint arXiv:2411.02651, pp- 1-10, 2024.
https://doi.org/10.48550/arxiv.2411.0265 1

F. A. Al-Zahrani, "Subscription-based data-sharing model using blockchain and data as a service," IEEE Access, vol. 8,
pp- 115966-115981, 2020. https://doi.org/10.1109/ACCESS.2020.3002823

A. Sopadang, S. Ramingwong, T. Anantana, and K. Tamvimol, "Implementation strategies for SME 4.0: Insights on
Thailand," Implementing Industry 4.0 in SMEs, pp. 393-422, 2021. https://doi.org/10.1007/978-3-030-70516-9_12

S. Riyadi, H. Helmita, C. H. Sumerli, and Y. Anggoro, "The effect of change management on organizational
adaptability in the age of technology," Maneggio, vol. 1, no. 5, pp. 85-97, 2024. https://doi.org/10.62872/7dn4vx41
K. S. Moorthy, G. Balakrishnan, S. S. Kumar, L. Raja, and A. Vijayalakshmi, "Embracing circular economy principles
for sustainable green supply chain management in manufacturing industries," presented at the In Convergence of
Human Resources Technologies and Industry 5.0 (pp. 85-110). IGI Global, 2024.

S. S. K. Kasarapu et al, "Safer and efficient assemblies: Harnessing real-time worker movements with digital twins,"
presented at the MATEC Web of Conferences, vol. 401, article no. 08001, 2024
https://doi.org/10.1051/matecconf/ 202440108001, 2024

J. C. de la, C. Méarquez, and A. M. Garcia, "Machine learning for predictive maintenance to enhance energy efficiency
in industrial operations," ITEJ (Information Technology Engineering Journals), vol. 9, no. 1, pp. 15-22, 2024..

H. S. Ferreira, "Toyota production system," RCMOS-Revista Cientifica Multidisciplinar O Saber, vol. 1, no. 1, pp. 1-12,
2021. https://doi.org/10.51473/rcmos.v1i1.2021.689

R. T. Tambunan and M. I. P. Nasution, "Banking challenges and strategies in facing the development of digital
transformation in the 4.0 era," Sci-Tech Journal, vol. 2, no. 2, pp. 148-156, 2023. https://doi.org/10.56709/5t).v2i2.75

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 5: 2239-2247, 2025

DOI: 10.55214/25768484.v915.7445

© 2025 by the authors; licensee Learning Gate


https://doi.org/10.1108/jqme-11-2023-0110
https://doi.org/10.36001/phme.2024.v8i1.4098
https://doi.org/10.55674/snrujiti.v2i1.247066
https://doi.org/10.34190/eccws.23.1.2258
https://doi.org/10.1109/icdsis61070.2024.10594573
https://doi.org/10.1109/i-smac61858.2024.10714695
https://doi.org/10.1109/i-smac61858.2024.10714695
https://doi.org/10.48550/arxiv.2411.02651
https://doi.org/10.1109/ACCESS.2020.3002823
https://doi.org/10.1007/978-3-030-70516-9_12
https://doi.org/10.62872/7dn4vx41
https://doi.org/10.1051/matecconf/202440108001
https://doi.org/10.51473/rcmos.v1i1.2021.689
https://doi.org/10.56709/stj.v2i2.75

