
 

 الـجـمهوريـــة الـجزائريـــة الـدّيـمقراطيــة الـشّعبيــة

People's Democratic Republic of Algeria 
 وزارة التعليم العالي والبحث العلمي

Ministry of Higher Education and Scientific Research 
 الـمدرسة الوطنية العليا للتكنولوجيات الـمتقدمة

National Higher School of Advanced Technologies 
 قسم الهندسة الصناعية والصيانة

Department of Industrial Engineering and Maintenance 
 

 

 

 

📩 Contact us via email: sdiem@ensta.edu.dz  

https://ensta.edu.dz/sdiem/ 
Diplomatic District, Dergana – Bordj El Kiffan, Algiers 

 

 

 

Book of Abstracts 
 

Scientific Day of 
Industrial Engineering 

and Maintenance 

SDIEM'25 

June 18th, 2025 

 

 

Tomorrow’s Engineers Build the Industry of the Future 

 

 

ACADEMIC EDITORS  

Dr. Ali CHABANE Department of Industrial Engineering and Maintenance, National 
Higher School of Advanced Technologies 

Dr. Hamza BOUDHAR Department of Industrial Engineering and Maintenance, National 
Higher School of Advanced Technologies 

 

mailto:sdiem@ensta.edu.dz
https://ensta.edu.dz/sdiem/


 

 

Scientific Day of Industrial Engineering and Maintenance 

SDIEM'25 
June 18th, 2025 – ENSTA, Algiers, Algeria 

 

 📩 Contact us via email: sdiem@ensta.edu.dz  

https://ensta.edu.dz/sdiem/                                                                                                                  1 
 

 

 

 

 

 

 

 

 

 

 

About the Scientific Day 

 

 

 

 

 

 

  

mailto:sdiem@ensta.edu.dz
https://ensta.edu.dz/sdiem/


 

 

Scientific Day of Industrial Engineering and Maintenance 

SDIEM'25 
June 18th, 2025 – ENSTA, Algiers, Algeria 

 

 📩 Contact us via email: sdiem@ensta.edu.dz  

https://ensta.edu.dz/sdiem/                                                                                                                  2 
 

 

1. 🎯 Presentation and Objectives 

This day aims to highlight the research work conducted within the context of the master's 
theses (MFE) of final-year students in the Department of Industrial Engineering and 
Maintenance. 
The event will include a plenary conference as well as three workshops per specialization: 
Mechatronics, Industrial Engineering, and Industrial Maintenance Engineering & 
Management. Workshop participants will present their work in poster format. 
This day will offer students the opportunity to share their research and exchange with their 
peers and teachers.  

2. Participation and Submission 

The scientific day is primarily intended for final-year students of the IEM department. 
Certificates of participation will be issued to students who present their work.  

3. Timeline 

📅 Date: June 18th, 2025 

📍 Location: National Higher School of Advanced Technologies (ENSTA) 

4. Topics 

a) Mechatronics 
b) Industrial Engineering 
c) Industrial Maintenance Engineering and Management 

5. Scientific Day Committees 

 Honorary Chair:  

Pr. Mohamed Amine RIAHLA, Director of the National Higher School of Advanced 

Technologies 

 

 General Chair:  

Dr. Ali CHABANE, Department of Industrial Engineering and Maintenance, National 

Higher School of Advanced Technologies 

 

 Organizing Committee 

Dr. BOUDHAR Hamza President   
Dr. AMRANE Ahmed Member Ms. BELLAHCENE Nassima Member 
Dr. NESRAOUI Riyadh Member Ms. DJEMAI Zahia Member 
Ms. GHAZI Nawal Member Ms. BENMANSOUR Aicha Member 
Ms. BOUGCHICHE Fazia Member Mr. BENAYACHE Soheib Member 
Mr. BERROU Oussama Member Mr. HAMOUDI Khirredine Member 
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 Scientific Committee 

Pr. GOURI Rabah  ENSTA  President 
Pr. HENTOUT Abdelfetah ENSTA Member 
Pr. ADJERID Smail UMBB Member 
Pr. MEDDOUR Ikhlas ENSTA Member 
Dr. BENFRIHA Khaled ENSAM - Paris Member 
Dr. IDDIR Abdelkader ENSTA Member 
Dr. GHOMARI Leila  ENSTA Member 
Dr. MERADI Samir ENSTA Member 
Dr. BOUDHAR Hamza ENSTA Member 
Dr. AMRANE Ahmed ENSTA Member 
Dr. CHABANE Ali ENSTA Member 
Dr. AGGAD Maya UMBB Member 
Dr. BELAYADI Djahida ENSTA Member 
Dr. REZGUI Wail ENSTA Member 
Dr. CHATERBACHE Omar ENSTA Member 
Dr. AMRANI Mohamed ENSTA Member 
Dr. SALHI Nedjma ENSTA Member 
Dr. RAHMOUNE Mahdi ENSTA Member 
Dr. BOUHIRED Saadi ENSTA Member 
Dr. ATMANI Youcef ENSTA Member 
Dr. ANNAD Oussama ENSTA Member 
Dr. TARGUI Nabila ENSTA Member 
Dr. TABTI Amina ENSTA Member 
Dr. HADIDI Nacer ENSTA Member 
Dr. Nadir MAGHLAOUI ENSTA Member 
Dr. Mahdi OUZIALA Univ. Lille - France Member 
Ms. GHAZI Nawal ENSTA Member 
Ms. BOUGCHICHE Fazia ENSTA Member 
Mr. BOUSSOUFA Ahmed ENSTA Member 
Mr. AGGUINI Chafik ENSTA Member 
Mr. ZIDANI Omar ENSTA Member 

 

6. Program 

 Opening: 09:00 - 09:30 
- Welcome speech by the Director 

 Plenary Talk: 09:30 - 10:30 

- AI in Modern Engineering: Empowering Intelligent Systems & Optimized Processes 
AI in Mechatronics and Industrial Engineering 

Presented by:  Dr. GHOMARI Leila (ENSTA) 

 Thematic Workshops: 11:00 - 12:30 
- Poster presentations by specialty (GI, MIMI, MECT) 

 Plenary Talk: 13:30 - 14:30 
- Panel: The Role of GIM Engineers in the Corporate World 

Presented by the engineers:  

Ms. BRAHIMI Tesnim (MECT) 
Ms. MAHIEDDINE Maroua (GI) 

Ms. BENALDI SONIA (MIMI) 

 Certificate Awarding Ceremony: 14:30 - 15:30 
- Awarding certificates to the various members of the scientific and organizing committees, as well as to all 

participants. 
- Announcing the Best Paper for each specialty. 
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Presentation of the Department 

The Department of Industrial Engineering and Maintenance (GIM) aims to train versatile 

engineers capable of addressing the technological and organizational challenges of modern 

industry. Its training programs are built on a solid foundation in mechanical and mechatronic 

design, industrial systems process management, and advanced maintenance engineering. 

The department covers a wide range of interdisciplinary competencies, including mechanical 

and mechatronic systems design, systems engineering, logistics, operations management, 

and advanced maintenance. Students acquire both technical expertise and organizational 

skills, enabling them to contribute effectively to the design, optimization, and sustainability 

of industrial systems. 

In the era of Industry 4.0, the department places special emphasis on innovation, 

digitalization, and the integration of intelligent systems. Through its three specialized tracks: 

Industrial Engineering (GI), Industrial Maintenance Engineering and Management (MIMI), 

and Mechatronics (MECT), it promotes a comprehensive approach to engineering, aligned 

with current industrial needs and future developments. This aligns with the objective of 

facilitating technological transition in our country. 

1. Industrial Engineering (GI) 

Industrial Engineering is a specialization within the Industrial Engineering track. This 

program trains engineers to design, analyze, and optimize production and service 

systems. It focuses on modelling industrial processes, quality management, logistics, 

and performance control. 

2. Industrial Maintenance Engineering and Management (MIMI) 

Maintenance Engineering and Industrial Management is a specialization within the 

Industrial Engineering track. It aims to equip future engineers with advanced skills in 

maintenance, reliability, asset management, and continuous improvement. The 

program addresses the growing demand for performance and sustainability in technical 

systems. 

3. Mechatronics (MECT) 

Mechatronics is a specialization within the Electromechanical track. The MECT track 

trains engineers to integrate mechanics, automation, electronics, and industrial 

computing. It prepares them to design intelligent, automated, and connected systems, 

in line with the technologies of Industry 4.0. 
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Plenary Talk 01:  

AI in Modern Engineering: Empowering Intelligent Systems & 
Optimized Processes 
AI in Mechatronics and Industrial Engineering 

Presented by:  Dr. GHOMARI Leila (ENSTA)                                                       

Abstract: 

This presentation explores the convergence of Artificial Intelligence (AI), Mechatronics, and 

Industrial Engineering. 

AI is emerging as a crucial cognitive engine, transforming physical systems and processes by 

enabling machines to perceive, learn, reason, and adapt autonomously in real-time. Key 

applications include advanced robotics, autonomous systems, smart factories, predictive 

maintenance systems, and specialized industrial AI. 

The convergence yields benefits such as enhanced precision, speed, efficiency, and 

productivity; reduced costs; and accelerated design cycles. However, widespread adoption 

faces challenges such as high-quality data, financial investments, talent gaps, and system 

integration with legacy infrastructure. 

Successful integration requires a clear strategy, robust data infrastructure, interdisciplinary 

expertise, and prioritizing safety and ethics. 

Plenary Talk 02:  

Panel: The Role of GIM Engineers in the Corporate World 

Presented by the engineers:   

Ms. BRAHIMI Tesnim (MECT) 

Ms. MAHIEDDINE Maroua (GI) 

Ms. BENALDI SONIA (MIMI) 

Abstract: 

This panel discussion brings together three graduates from the Department of Industrial 

Engineering and Maintenance (GIM) who will share their professional experiences and insights 

into the transition from academic training to corporate life. 

The invited engineers, each representing one of the department’s specializations “MECT, GI, 

and MIMI” will engage in an open dialogue with students and participants.  

The discussion will focus on key topics such as career opportunities, workplace integration, 

challenges faced in industry, and the evolving role of GIM engineers in modern organizations. 

This session aims to provide current students with valuable perspectives, practical advice, 

and inspiration from those who were once in their place. 
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Applications of Computer Vision to Autonomous Air Vehicle 

Aimane NEDJIMA1, Ghilas HIDOUCHE1, Noureddine DJEGHRI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

a_nedjima@ensta.edu.dz, g_hidouche@ensta.edu.dz  

Abstract - Autonomous aerial vehicles (AAVs) have the capability to perceive the environment and fly 

autonomously with minimal human intervention. Perception is one of the fundamental pillars to enable AAVs to 

perceive environmental data and extract information needed to ensure safe flight. With computer vision, it is 

now possible to accomplish perception using onboard sensors such as cameras, LiDAR, radar, and ultrasonic 

sensors. This paper provides a summary of the computer vision for autonomous aerial vehicles literature during 

the past decade. First, we report on the history of autonomous aerial vehicles and touch briefly on key 

developments from top aerospace and robotics RD organizations. Second, we discuss sensors and typical data 

sets usually applied to aerial perception and navigation. We then provide a comprehensive overview of computer 

vision applications to AAVs, including Depth estimation encompasses obstacle detection and 3D mapping, Object 

detection (dynamic obstacle detection), Lane/path detection for structured environments, Target identification 

(for inspection and monitoring), Visual odometry SLAM for GPS-denied navigation. Furthermore, we touch on 

the social issues of drone safety and drone regulation at the societal level. We summarize the challenges of 

perception, real-time processing, and autonomy resilience from our discussion. Finally, we conclude by providing 

perspectives and identifying promising avenues for research, such as edge AI, swarm coordination, and 

biomimetic vision systems. This survey aims to bridge research and industry hand-to-hand development and 

provide a broad view of computer vision for autonomous aerial vehicles. 

Keywords - Computer vision, UAV, MAV, Autonomous air vehicle, Autonomous navigation, Object inspection, 

Infrastructure inspection. 

 

Poultry automation: state of the art review on the integration of Automation in 

poultry house management 

Ramzi Billel LEKCIR1, Zidane TAHRI1, Djahida BELAYADI1, Ahmed BOUSSOUFA1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

r_lekcir@ensta.edu.dz, z_tahri@ensta.edu.dz   

Abstract - The poultry farming industry faces multiple challenges, including disease outbreaks, labor shortages, 

and environmental inefficiencies, which threaten productivity and animal welfare. Automation has emerged as 

a transformative solution to address these issues, including Internet of things (IOT) enabled climate control 

systems, Artificial intelligence (AI) driven disease detection tools and robotics for waste management. This paper 

reviews current advancements in automation technologies tailored for poultry farming, focus on their 

applications, integration challenges and impact on operational efficiency. It also identifies some of the frontier 

technologies and smart practices featuring IoT, AI, and technologies including robots and sensors. This review 

also highlights the Current limitations of automation in poultry farming, including high costs, maintenance 

complexity and adaptability to dynamic farm environments. Additionally, it outlines future directions of 

development including robot-animal interactions. We survey the application of robots in different areas, from 

environmental monitoring to disease control, floor eggs collection and animal welfare. Robots not only 

demonstrate effective implementation on farms but also hold potential for ethological research on collective and 

social behaviour, which can in turn drive a better integration in industrial farming, with improved productivity 

and enhanced animal welfare. 

Keywords - Poultry automation, Intenet of things, AI-driven disease detection, robots, sensor technologies, 

environmental monitoring, industrial farming productivity. 
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Study of the Impact of Additive Manufacturing Technology on Industry 4.0: 

Evaluation of Cost, Energy, Flexibility, and Environmental Benefits Aspects 

Sid Ahmed Rayane MEZAHEM1, Wali Eddine TITRI1, Ali CHABANE1, Ahmed AMRANE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

s_mezahem@ensta.edu.dz, w_titri@ensta.edu.dz    

Abstract - Additive manufacturing (AM), commonly referred to as 3D printing (3DP), is a leading-edge 

technology that is significantly influencing the development of Industry 4.0. The importance of AM technologies 

is attributed to their capacity to revolutionize conventional manufacturing (CM) practices via improved 

customization, production on demand, and efficient utilization of materials. With applications covering sectors 

such as aerospace, healthcare, and automotive, 3DP is proving to be a cornerstone in the era of smart and 

sustainable manufacturing; these technologies have been vastly researched and implemented to produce 

homogeneous and heterogeneous products with complex geometries. This article addresses the role of AM 

within Industry 4.0, highlighting its integration with the latest technological developments in cyber-physical 

systems, digital twins, the Internet of Things, cloud computing, cognitive computing, and artificial intelligence. 

In consideration of these advances, this paper try to provide a holistic understanding of how AM drives 

innovation, optimizes processes, and contributes to the realization of intelligent manufacturing systems. Industry 

4.0 uses a series of enabling technologies that can be categorized into nine pillars. These technologies have the 

most applications under the industry 4.0 umbrella. However, some works have added another pillar known as 

’other enabling technologies’ that has limited applications in agro-foods, bio-based economics, and energy 

consumption. Furthermore, this study examines specific aspects of AM, such as cost, energy, efficiency, and 

sustainability, to provide a comprehensive view of its impact within the manufacturing landscape. 

Keywords - Additive manufacturing (AM), 3D Printing, Industry 4.0, Conventional Manufacturing (CM). 

 

Reliable Controllers Design for Harsh and Demanding Environments 

Abderraouf KHELLAS1, Salaheddine ABBAS2, Ahmed BOUSSOUFA1, Tarek CHERIFI2 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 Department of Electrical Engineering and Industrial Computing, National Higher School of Advanced 

Technologies 

a_khellas@ensta.edu.dz, s_abbas@ensta.edu.dz 

Abstract - This literature review investigates the design of dependable and robust embedded controllers for 

mechatronic systems operating in harsh and demanding conditions. The main concerns and issues that these 

systems face are examined, including mechanical stress, severe temperatures, humidity, and electromagnetic 

interference. Techniques and methods are provided to overcome these problems, notably EMI shielding, 

dynamic temperature management, redundancy, cyclic checking, and function separation. The findings 

underscore the need for a comprehensive strategy that integrates multiple techniques to address these 

challenges. 

Keywords - Embedded systems, reliability, fault tolerance, EMI, thermal management, mechanical stress, 

humidity control. 
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Enhancing AMR Autonomy: A Review of Navigation Techniques 

Yacine BELLIFA1, Omar Elfarouk DJA DAOUADJI1, Ahmed BOUSSOUFA1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

y_bellifa@ensta.edu.dz, o_djadaouadji@ensta.edu.dz    

Abstract - This work explores autonomous navigation of mobile robots, an approach that has been the subject 

of research in the last decade due to its importance and usefulness in various fields such as medicine, logistics, 

agriculture, etc. This paper analyses the essential components of autonomous navigation, starting from 

perception, where sensor systems (LiDAR, IMU, Camera, etc.) are explained and detailed. The different types 

of units responsible for processing the data from these sensors are also presented. This study focuses on data 

fusion techniques and algorithms such as Kalman Filter and Particle Filter, to show how error propagation is 

minimised using these techniques. It also examines Simultaneous Localisation and Mapping (SLAM) technology, 

distinguishing between its smoothing and filtering algorithms. This research contributes to a better 

understanding of autonomous navigation systems. 

Keywords - Autonomous Mobile Robots (AMR), Simultaneous Localisation And Mapping (SLAM), Path Planning, 

Sensor Fusion, Obstacle Avoidance, Dynamic/Static environments. 

 

Emerging Intelligent Control Techniques for Mechatronic Systems: A 

Comprehensive Survey on Recent Advances and Future Directions 

Ouali Allah Ahemd Zakaria ARIF1, Abdelkader CHAKRAR1, Saâdi BOUHIRED1, Wail REZGUI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

o_arif@ensta.edu.dz, a_chakrar@ensta.edu.dz    

Abstract - This survey investigates intelligent control techniques for enhancing mechatronic systems in 

dynamic, nonlinear environments. It focuses on seven methods-Artificial Neural Networks (ANNs), 

Reinforcement Learning (RL),Fuzzy Logic, Convolutional Neural Networks (CNNs), Model Predictive 

Control(MPC), Particle Swarm Optimization (PSO), and Genetic Algorithms (GA). These-based and nature-

inspired techniques demonstrate significant improvements inadaptability, precision, and autonomy compared to 

classical control methods. Despite their potential, they also present challenges such as high computational 

complexity, large data requirements, sensitivity to parameter tuning, and limited interpretability. In the following 

sections, we present a comparative analysis of these techniques based on their respective advantages and 

limitations, in order to guide the selection of appropriate control strategies for specific mechatronic applications. 

Keywords - Intelligent control, Robotics, AI, Optimization, Mechatronics. 
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The Emergence of Agriculture4.0 Technologies: Can Robotics Overcome the 

Challenges Facing Agriculture? 

Roudaina AKROUD1, Fazia BOUGCHICHE1, Ali CHABANE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

r_akroud@ensta.edu.dz    

Abstract - The agricultural sector has seen major changes throughout history, from traditional farming practices 

to more sophisticated, automated systems. The most recent development in this evolution is Agriculture 4.0, 

which represents the fourth revolution in the agricultural sector, defined by the integration of advanced 

technologies: Internet of Things (IoT), robotics, artificial intelligence (AI) and Big Data, which collectively aim 

to improve the efficiency, sustainability, and productivity of farming practices. Therefore, this paper provides a 

comprehensive examination of Agriculture 4.0 by studying concept and its revolution from traditional agriculture-

to-agriculture 4.0, highlighting the foundational technological technologies that form this revolution and their 

contributions to the transformation of modern agriculture. It also addresses the applications of agricultural 

robots, focusing on the two main types of autonomous agricultural robots. In addition, it explores the various 

challenges that arise in the adoption of these technologies. 

Keywords - Agriculture 4.0, IOT, AI, Big Data, robotics, UGV. 

 

Leveraging Digital Twins for Industrial Transformation: A Multiple Case Study 

Sonia BAHFIR1, Wissame BELKORCHI1, Leila GHOMARI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

s_bahfir@ensta.edu.dz, w_belkorchi@ensta.edu.dz    

Abstract - This paper explores the transformative potential of Digital Twin (DT) technology across various 

industries, emphasizing its role in enhancing efficiency, optimizing processes, and enabling data-driven decision-

making. Through a comprehensive case study analysis, the research identifies the adaptability of DTs in sectors 

such as manufacturing, healthcare, environmental services, and urban planning, showcasing their applications 

in real-time monitoring, predictive maintenance, and process optimization. The paper highlights the evolution 

of DT technology, its core components, and typical architecture, while addressing existing research gaps, 

including integration challenges and the need for lifecycle management. The case studies presented illustrate 

practical implementations of DTs, demonstrating significant improvements in operational efficiency, resource 

management, and sustainability. The findings underscore the importance of human factors, inter-departmental 

collaboration, and advanced data processing in successfully leveraging DT technology for industrial 

transformation. 

Keywords - Digital Twin (DT), Industrial Transformation, DT Case Study Analysis, Optimization with DT, real-

time Monitoring, Predictive Maintenance. 
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Digital Twin Technology for Predictive Maintenance 

Yasser BIBANI1, Imad Eddine DJELLAD1, Nawal GHAZI1, Ali CHABANE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

y_bibani@ensta.edu.dz, i_djellad@ensta.edu.dz    

Abstract - In Industry 4.0, digital twins, or DTs for short, are virtual replicas of physical systems capable of 

simulating real-life scenarios. This significantly contributes to the implementation of advanced predictive 

maintenance strategies, which today play a key role in sustainable manufacturing and production systems, by 

introducing a digital version of machine maintenance. This study is part of a review of the scientific literature 

on how a digital twin of a system is created and what the main tools and techniques used are, on the one hand, 

and on the other hand, how it can be leveraged for predictive maintenance, highlighting all the technologies 

and tools used throughout the process, including 3D CAD (such as SolidWorks, Unity, etc.), IoT communication 

standards, and programming platforms. We then identify the main challenges related to the implementation of 

this technology in a production environment and define the main machine learning algorithms and those most 

used in production. Finally, among all the technologies and tools presented in this study, we select the most 

practical and best suited to our case study, the subject of our final year project, based on studies and academic 

articles. These highlight their role, their advantages and their effectiveness for digital twins and predictive 

maintenance. 

Keywords - Digital Twin (DT), Predictive Maintenance (PdM), Industry 4.0, Machine Learning (ML), Anomaly 

Detection, Internet of Things (IoT), Real-time Monitoring, Virtual Simulation. 
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IoT-Based Predictive Maintenance in Industry 4.0: A Data-Driven Approach 

Hadjer BENAYACHE1, Hayet BOURKAB1, Ali CHABANE1, Hamza BOUDHAR1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

h_benayache@ensta.edu.dz, h_bourkab@ensta.edu.dz    

Abstract - Industry 4.0, the fourth industrial revolution, is transforming industries by integrating advanced 

technologies to create smart factories where machines, devices, and systems are interconnected. In this context, 

maintenance practices are evolving to ensure the reliability and efficiency of these systems known as cyber-

physical systems. Predictive maintenance has emerged as a proactive strategy to optimize industrial operations, 

prevent unplanned downtime, and enhance system performance. This article presents a literature review on 

IoT-based predictive maintenance, focusing on IoT architecture and its role in predictive maintenance. It 

examines how the real-time data is collected from equipment and the crucial role of data-driven algorithms 

powered by artificial intelligence (AI) and machine learning (ML) techniques in analyzing this data. These 

algorithms play a key role in analyzing equipment condition data, diagnosing anomalies, forecasting failures, 

and enabling smart maintenance strategies. This article also discusses the impact of the IoT-based predictive 

maintenance on reducing downtime, lowering costs, and extending equipment lifespan while addressing the 

challenges associated with its implementation in Industry 4.0. 

Keywords - Industry 4.0, Predictive Maintenance, Internet of Things IoT, IoT sensors, Data collection, Data 

analytics, Artificial Intelligence, Machine Learning. 

 

The Implications of Digitalization in Improving Manufacturing Operational 

Performances: An Operational Excellence Approach 

Ilhem BELLOULOU1, Hamza BOUDHAR1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

i_belloulou@ensta.edu.dz    

Abstract - The rapid rise of Industry 4.0 has positioned digital technologies as essential tools for enhancing 

manufacturing performance. However, empirical evidence indicates that these technologies often fail to produce 

sustainable improvements. This thesis explores the paradox of Digitalization in manufacturing, arguing that 

digital tools alone are insufficient to deliver lasting performance gains. Through a historical and conceptual 

analysis, the study demonstrates that technological revolutions have historically fallen short when not 

accompanied by human development, organizational learning, and managerial alignment. Drawing on the 

principles of the Toyota Production System, Lean thinking, and the Shingo Model of Operational Excellence, the 

thesis positions Digitalization as a supporting element within a broader system of Continuous Improvement. 

This article also suggests that successful Digital Transformation is more likely when organizations pursue 

purpose driven and incremental adaptation rather than disruptive, tool-centered strategies. Ultimately, the study 

advocates for a principle-based approach in which Digitalization is integrated into human-centered systems that 

prioritize learning, alignment, and sustained excellence. 

Keywords - Digitalization, Digital Technologies, Digital Transformation, Industry 4.0, Industrial Revolutions, 

Manufacturing Performance, Operational Performance, Continuous Improvement, Operational Exellence, Lean, 

Shingo Model. 
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Blockchain in Industry 4.0: Optimizing manufacturing processes through 

traceability and transparency 

Abir CHEKATT1, Roumaissaa HADDJAME1, Djamila BENDOUDA2, Fazia BOUGCHICHE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 Department of Basic Training in Computer Science, National Higher School of Advanced Technologies 

a_chekkat@ensta.edu.dz, r_haddjame@ensta.edu.dz    

Abstract - The use of advanced technologies, including the Internet of Things (IoT), Artificial Intelligence (AI) 

and Big Data in manufacturing systems, has taken a new shape, identifying Industry 4.0. Blockchain is identified 

as a disruptive technology in that it offers the benefits of transparency, immutability and enhanced security of 

data. In this article, we report the implications of integrating blockchain into the Industry 4.0 ecosystem, and 

highlight the potential to better develop traceability of products that matter most to the consumer, smart 

contracts that can automate many components of industrial processes, and securing the integrity of production 

data. Significant opportunities and challenges are presented, real world examples illustrated, and insight 

provided into practical applications of blockchain in Industry 4.0 and its integration in a myriad of sectors. The 

aim is to present an assessment of how blockchain semblances to reshape contemporary industries, businesses 

and develop a smarter, more reliable and autonomous manufacturing system. 

Keywords - Industry 4.0,IoT, Blockchain, smart contract, manufacturing system. 

 

Integrating Lean Manufacturing and Sustainable Practices: Towards a Green 

Lean Approach for Responsible Manufacturing 

Yasmine BENFERHAT1, Meriem Lyna BOKHARI1, Mahdi RAHMOUNE1, Slimane KERROUCHI2 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 Hydrocarbons production department, Kasdi Merbah University of Ouargla 

y_benferhat@ensta.edu.dz, m_bokhari@ensta.edu.dz    

Abstract - This study examines the application of Green and Lean Six Sigma (GLSS) methods in manufacturing 

as tools that ensure the sustainable development of a company. The literature review highlights the trade-offs 

and synergetic effects of these methodologies and defines the key factors that favor their success. The study 

addresses critical questions such as the necessity of GLSS implementation, what obstacles will arise during 

implementation and what improvements can be expected in terms of business processes and ecology. This 

study proposes a conceptual model to help practitioners address specific issues and promote effective use of 

GLSS across a range of manufacturing environments. Furthermore, the study explores the integration of GLSS 

within the frameworks of Industry 4.0 and 5.0. It highlights the synergies between digital transformation, 

human-centric innovation, and sustainable operational excellence. This work could form a relevant documentary 

basis for future research. It also opens up new avenues of reflection for corporate practitioners, providing 

several practical suggestions for enhancing the use of GLSS and integrating production with environmental 

requirements. 

Keywords - Sustainable manufacturing, Green Lean Six Sigma, Environmental sustainability, Environmental 

KPIs, GLSS Framework, Industry 4.0, Industry 5.0. 
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AI Meets Lean Six Sigma: The Future of Operational Excellence 

Mohamed BOURBIA1, Walid SALAH1, Mahdi RAHMOUNE1, Boualem SI AHMED2 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 National Higher School of Advanced Technologies 

m_bourbia@ensta.edu.dz, w_salah@ensta.edu.dz   

Abstract - This article explores the use of Artificial Intelligence (AI) within the framework of Lean Six Sigma 

(LSS) through the DMAIC approach and its five stages, namely Define, Measure, Analyze, Improve, and Control 

for an improvement of quality management. In addition to increasing productivity, combining AI’s predictive 

powers with LSS’s methodical approach ensures that most, if not all, quality control standards are achieved. 

This leads to continuous improvement in a variety of industries where operational effectiveness is essential for 

sustainability and success. However, several companies tried to apply LSS, only a few of them have been 

successful in improving their operations to achieve the expected results. This research focuses on how AI -

through Machine Learning (ML) models and data-driven approaches- improves each phase of LSS, from problem 

identification and data mining to root cause analysis and process optimization. In particular, neural networks, 

anomaly detection, ML algorithms, and digital simulations are described. It also outlines the issues that are 

associated with it (such as data privacy constraints, specialized skills requirements, and technical compatibility). 

Keywords - Lean Six Sigma, DMAIC, Operational Excellence, Data-Driven Decision Making, Artificial 

Intelligence, Machine Learning, Natural Language Processing, Computer Vision. 

 

Leveraging Digital Twins for Industrial Transformation: A Multiple Case Study 

Wissame BELKORCHI1, Sonia BAHFIR1, Leila GHOMARI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

w_belkorchi@ensta.edu.dz, s_bahfir@ensta.edu.dz    

Abstract - This paper explores the transformative potential of Digital Twin (DT) technology across various 

industries, emphasizing its role in enhancing efficiency, optimizing processes, and enabling data-driven decision-

making. Through a comprehensive case study analysis, the research identifies the adaptability of DTs in sectors 

such as manufacturing, healthcare, environmental services, and urban planning, showcasing their applications 

in real-time monitoring, predictive maintenance, and process optimization. The paper highlights the evolution 

of DT technology, its core components, and typical architecture, while addressing existing research gaps, 

including integration challenges and the need for lifecycle management. The case studies presented illustrate 

practical implementations of DTs, demonstrating significant improvements in operational efficiency, resource 

management, and sustainability. The findings underscore the importance of human factors, inter-departmental 

collaboration, and advanced data processing in successfully leveraging DT technology for industrial 

transformation. 

Keywords - Digital Twin (DT), Industrial Transformation, DT Case Study Analysis, Optimization with DT, real-

time Monitoring, Predictive Maintenance. 
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Securing SCADA Systems Using Machine Learning: A Review of Current Methods 

and Future Directions 

Haithem LEBKARA1, Narimane OUAR1, Djahida BELAYADI1, Asma DJAGHLOUF2 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 Hassiba Benbouali University of Chlef 

h_lebkara@ensta.edu.dz, n_ouar@ensta.edu.dz    

Abstract - SCADA systems are used to effectively monitor and control critical industrial infrastructure. Due to 

Industry 4.0, SCADA systems have evolved towards linked architectures, which has enhanced operational 

efficiency but also made them more vulnerable to cyberattacks. SCADA systems, which were once intended to 

be dependable, are now at risk from malware, DoS attacks, illegal access, and various types of threats 

endangering both safety and service continuity. In this context, artificial intelligence enables real-time detection 

of anomalies and cyberattacks especially by ML and deep DL based IDS. This paper offers a thorough analysis 

of current AI strategies for SCADA security, emphasising important techniques, difficulties, and results. 

Keywords - Artificial Intelligence, Attack Detection, Cybersecurity, Industrial Internet of Things (IIoT), 

Supervisory Control and Data Acquisition (SCADA). 

 

Sustainability in Software Engineering Lifecycle 

Abderrahmane YOUSFI1, Leila GHOMARI1, Djahida BELAYADI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

a_yousfi@ensta.edu.dz    

Abstract - As digital technologies expand, their environmental impact has become a growing concern. 

Sustainable Software Engineering (SSE) offers a promising pathway to address this issue by embedding 

sustainability principles throughout the Software Development Life Cycle (SDLC). This research explores how 

methods and tools from industrial engineering can be applied to software development processes to support 

sustainability goals. It focuses on improving resource efficiency and structuring sustainable workflows using 

models like GREENSOFT. The study aims to equip software practitioners with practical, scalable strategies drawn 

from industrial engineering to guide responsible and efficient development. By adapting these methods, software 

and industrial engineers can work together to reduce CO2 emissions, improve energy efficiency, and integrate 

environmental concerns without compromising software functionality. This approach provides actionable 

strategies tailored to industrial engineering contexts. It contributes to a broader understanding of how 

sustainability can be systematically embedded into software design and engineering processes to meet the dual 

goals of technological advancement and ecological responsibility. 

Keywords - Sustainability, software, lifecycle, CO2 emission, sustainable software engineering, SDLC, LSD, 

LCA. 
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Intelligent Manufacturing Execution Systems in the Food and Beverage Industry 

Chaima BOUDJENOUN1, Malak SAIB1, Leila GHOMARI1, Wail REZGUI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

c_boudjenoun@ensta.edu.dz, m_saib@ensta.edu.dz    

Abstract - Manufacturing Execution Systems (MES) emerged as a software solution to bridge the gap in digital 

communication between two functional layers: the company’s management and the supervisory system. Initially 

focused on tracking and operational control, MES has evolved through the integration of Artificial Intelligence 

(AI), the Internet of Things (IoT), and Big Data Analytics (BDA), leading to the emergence of Intelligent 

Manufacturing Execution Systems (IMES), which satisfy Industry 4.0 requirements. Advanced technologies have 

driven industries toward digitalization, particularly within the Food and Beverage (FB) sector. This industry faces 

demands for traceability, compliance, agility, and sustainability, necessitating flexible, real-time solutions that 

traditional systems cannot provide. The digitalization of the FB sector has been propelled by the integration of 

advanced technologies into intelligent MES platforms, which provide the capabilities necessary to meet modern 

industry demands. To demonstrate these statements, we described eight case studies from the dairy, meat, 

dietary supplement, brewing, and beverage manufacturing sectors. The final case study, which we focus on and 

conducted at ECCBC, is detailed to illustrate the successful implementation of IMES, which has automated 

monitoring, reduced waste, and improved responsiveness to consumers’ needs. This paper analyzes the 

evolution of MES into intelligent platforms within the context of digital transformation in the food and beverage 

industry. It describes the critical role of IMES in enabling innovative, sustainable, and flexible manufacturing 

environments. It also addresses several implementation challenges, including system integration, technology 

complexity, and organizational readiness. The findings support the strategic positioning of IMES as a key enabler 

of next-generation manufacturing systems aligned with Industry 4.0 objectives. 

Keywords - Intelligent Manufacturing Execution System, Smart Factory, Advanced Technologies, Industry 4.0, 

Food and Beverage Industry, Production Optimization, Operational Efficiency, Digital Transformation. 
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State of the Art on Ultrasonic Non-Destructive Testing for the Prevention of Gas 

Leakage Risks 

Abdedou HADJER1, Nadir MAGHLAOUI2, Hassane OUBOUCHOU3 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 Department of Basic Training in Computer Science, National Higher School of Advanced Technologies 
3 Department of Advanced Training, Polytechnic School of Architecture and Urbanism 

h_abdedou@ensta.edu.dz   

Abstract - Ultrasonic non-destructive testing (NDT) plays a crucial role in maintaining the structural integrity 

of gas pipelines exposed to environmental and operational stresses. This study examines a range of ultrasonic 

techniques, from conventional methods such as pulse-echo, through-transmission, and immersion testing to 

advanced approaches like phased array ultrasonic testing (PAUT), guided wave testing (GWT), and long-range 

ultrasonic testing (LRUT). These methods are evaluated based on their principles, advantages, and limitations. 

The research also addresses major pipeline failure mechanisms, including corrosion, cracking, and stress-related 

damage. Particular attention is given to the modeling of ultrasonic wave propagation using the Finite Element 

Method (FEM) in COMSOL Multiphysics, to better understand wave interaction with structural defects. The 

results contribute to the development of optimized inspection strategies and highlight the relevance of 

simulation-assisted diagnostics within the framework of predictive maintenance and Industry 4.0. 

Keywords - Ultrasonic Testing, Non-Destructive Testing (NDT), Gas Pipelines, Phased Array Ultrasonic Testing 

(PAUT), Guided Wave Testing (GWT), Long-Range Ultrasonic Testing (LRUT), Finite Element Method (FEM), 

COMSOL Multiphysics, Predictive Maintenance. 

 

IoT-Based Predictive Maintenance in Industry 4.0: A Data-Driven Approach 

Hayet BOURKAB1, Hadjer BENAYACHE1, Ali CHABANE1, Hamza BOUDHAR1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

h_bourkab@ensta.edu.dz, h_benayache@ensta.edu.dz   

Abstract - Industry 4.0, the fourth industrial revolution, is transforming industries by integrating advanced 

technologies to create smart factories where machines, devices, and systems are interconnected. In this context, 

maintenance practices are evolving to ensure the reliability and efficiency of these systems known as cyber-

physical systems. Predictive maintenance has emerged as a proactive strategy to optimize industrial operations, 

prevent unplanned downtime, and enhance system performance. This article presents a literature review on 

IoT-based predictive maintenance, focusing on IoT architecture and its role in predictive maintenance. It 

examines how the real-time data is collected from equipment and the crucial role of data-driven algorithms 

powered by artificial intelligence (AI) and machine learning (ML) techniques in analyzing this data. These 

algorithms play a key role in analyzing equipment condition data, diagnosing anomalies, forecasting failures, 

and enabling smart maintenance strategies. This article also discusses the impact of the IoT-based predictive 

maintenance on reducing downtime, lowering costs, and extending equipment lifespan while addressing the 

challenges associated with its implementation in Industry 4.0. 

Keywords - Industry 4.0, Predictive Maintenance, Internet of Things IoT, IoT sensors, Data collection, Data 

analytics, Artificial Intelligence, Machine Learning. 
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Implementing Machine Learning for Industrial Electrical Systems Maintenance 

and Remote Monitoring 

Rabah Abdennour KHELFAOUI1, Omar TEDJINI1, Samir MERADI1, Mohamed AMRANI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

a_khelfaouirabah@ensta.edu.dz, o_tedjini@ensta.edu.dz   

Abstract - Predictive maintenance and remote monitoring have become essential components in modern 

industrial environments, particularly for electrical systems, which are critical to ensuring operational continuity, 

safety, and productivity. Traditional maintenance strategies, based on reactive or time-based interventions, 

often lead to unexpected failures, increased costs, and inefficient use of resources. This research addresses 

these limitations by proposing an intelligent maintenance system that integrates Machine Learning (ML) and 

Internet of Things (IoT) technologies to predict failures and enable real-time monitoring of industrial electrical 

equipment. The methodology involves collecting real-time data from electrical systems using smart sensors, 

transmitting it through an IoT infrastructure, and applying ML algorithms to analyze equipment behavior, detect 

anomalies, and forecast potential failures. The system is tested under simulated industrial conditions to assess 

its accuracy, responsiveness, and usability. A case study on a DC motor equipped with sensors (temperature, 

humidity, current, and vibration) and connected to an ESP8266 microcontroller demonstrates the system’s 

effectiveness, with data transmitted via MQTT to a cloud platform and processed using the Random Forest 

algorithm, achieving 90% accuracy in fault classification. The results show significant improvements in fault 

detection, maintenance scheduling, and system reliability, contributing to the development of intelligent 

maintenance frameworks and supporting the digital transformation of industrial practices in alignment with 

Industry 4.0 objectives. 

Keywords - Predictive Maintenance, Machine Learning, Internet of Things (IoT), Industrial Electrical Systems, 

Remote Monitoring; Anomaly Detection, Smart Sensors, Condition-Based Maintenance, Industry 4.0, Data-

Driven Maintenance. 

Machine Learning Driven Predictive Maintenance for Industrial IoT Electrical 

Systems 

Abderraouf CHIABA1, Samir MERADI1, Ahmed AMRANE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

a_chiaba@ensta.edu.dz    

Abstract - This study introduces a predictive maintenance framework that com-bines Internet of Things (IoT) 

sensor data with advanced machine learning (ML) techniques to improve the reliability and efficiency of industrial 

electrical systems. The proposed system analyzes real-time measurements such as temperature, vibration, 

current, and voltage to detect anomalies and predict equipment failures before they occur. It integrates essential 

processes including data cleaning, normalization, feature extraction, and model optimization to ensure accurate 

and timely predictions. Several ML models, including Random Forest, Support Vector Machines (SVM), and 

Artificial Neural Networks (ANNs), were evaluated for their performance. A real-world case study involving three 

industrial motors was conducted using over 10,000 time-series sensor records, 500 maintenance logs, and 100 

documented failure cases. The results demonstrate a 35% reduction in unplanned downtime, a 25% increase 

in resource efficiency, and a 20% extension of equipment lifespan. These findings validate the effectiveness of 

the proposed approach in supporting proactive maintenance decisions in industrial environments. 

Keywords - IoT, predictive maintenance, machine learning, industrial electrical systems, detect anomalies, 

Neural Networks, Random Forests, Support Vector Machines. 
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A Hybrid QFD–Scrum Framework for Systematic Alignment of Customer 

Requirements in Mobile Application Development 

Nacib KHOUALDIA1, Mahdi RAHMOUNE1, Boualem SI AHMED2 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

2 National Higher School of Advanced Technologies 

k_nacib@ensta.edu.dz    

Abstract - Misalignment between technical development and evolving user expectations remains a critical 

challenge in the mobile application industry, leading to costly post launch revisions and eroded user satisfaction. 

This study proposes a seven-step hybrid framework that integrates Quality Function Deployment to capture and 

prioritize Voice of Customer inputs with Scrum’s iterative delivery to maintain adaptability. The framework was 

developed through a three-phase process, systematic literature review, iterative prototyping, and expert 

validation and incorporates a dynamic House of Quality, continuous feedback loops, and controlled mid-sprint 

reprioritization. Practical validation via a case study of the Ataa, which is a philanthropic and sustainable 

development platform, demonstrated clear traceability from customer needs to technical specifications and 

informed initial sprint planning. Evaluation against three research sub-questions shows that the framework 

provides end-to-end alignment, embeds ongoing user centered refinements, and supports flexible, time-boxed 

development. Expert review confirmed the model’s coherence, feasibility, and potential usability in fast-paced 

mobile‐app contexts. By combining structured requirement engineering with agile practices, the framework 

offers a robust approach for effectively meeting customer requirements and expectations. Future work will 

involve launching the platform to obtain live user feedback necessary to complete and practically validate 

framework Steps 5–7, developing automated House of Quality tooling, and conducting empirical field trials to 

assess its practical impact across diverse application domains. 

Keywords - Mobile App Development, Voice of Customer (VoC), Quality Function Deployment (QFD), House 

of Quality (HoQ), Scrum Agile Framework. 

 

Integration of CMMS in Industry 4.0: Towards an AI-Driven Maintenance 

Management System 

Meriem Lydia GUENDOUZI1, Ikram Feth Ezahr ZERROUK1, Wail REZGUI1, Mohamed AMRANI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

m_guendouzi@ensta.edu.dz, i_zerrouk@ensta.edu.dz    

Abstract - The emergence of Industry 4.0 has significantly reshaped industrial maintenance by promoting the 

integration of intelligent technologies that enhance efficiency, reliability, and data-driven decision-making. 

Traditional Computerized Maintenance Management Systems (CMMS), once focused solely on planning and 

documentation, are now evolving into smart platforms capable of supporting real-time monitoring, predictive 

analytics, and automated maintenance workflows. This paper explores the integration of Industry 4.0 

technologies such as IoT, Artificial Intelligence, and Augmented Reality within CMMS environments. It highlights 

commonly adopted solutions, identifies key limitations and discusses futures opportunities such as integrating 

emerging technologies like digital twins and advanced AI tools, including Natural Language Processing (NLP) 

and Large Language Models (LLM). This work aims to provide insights into building next-generation CMMS 

aligned with the principles of Industry 4.0. 

Keywords - Industry 4.0, Next generation CMMS, Maintenance Process Optimization, AI-Powered Decision-

Making, Smart Maintenance. 
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Contribution of Radiography to Industrial Maintenance Technologies 

Aya SILMI1, Nedjma SALHI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

a_silmi@ensta.edu.dz    

Abstract - amid the ongoing evolution of industrial systems, ensuring equipment reliability and availability has 

become critical for sustainable operations and global competitiveness. Radiographic testing, a widely used non-

destructive evaluation (NDE) method provides an effective means of identifying internal flaws in materials and 

components without causing damage. This thesis explores the principles and applications of industrial 

radiography, emphasizing both traditional techniques and cutting-edge innovations. Advanced digital 

radiography, computed tomography, and artificial intelligence-assisted image interpretation are examined for 

their potential to enhance inspection accuracy and operational efficiency. Additionally, the study highlights the 

use of radioactive isotopes in both industrial and biochemical contexts, demonstrating their cross-disciplinary 

significance. Safety protocols, regulatory standards, and the integration of radiographic techniques into 

predictive maintenance frameworks are also addressed. Through this comprehensive analysis, the research 

illustrates how radiography contributes to predictive maintenance by improving diagnostics, minimizing 

downtime, and optimizing overall system performance. 

Keywords - radiographic film, predictive maintenance, industry, radioactive isotopes, digital radiography, 

artificial intelligence. 

 

Procedures and techniques for improving the required function of systems 

Roumaissa AIT DJIDA1, Hadjer ELMAOUHAB1, Nedjma SALHI1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

r_aitdjida@ensta.edu.dz, h_elmaouhab@ensta.edu.dz    

Abstract - In today’s industrial environment, enhancing the required function of systems is considered an 

important and crucial axis yet, a challenging aspect driven by the increasing demand for reliability, cost-

effectiveness, sustainability, and market competitiveness across various sectors. To address this challenge, 

numerous techniques and procedures, ranging from traditional to advanced approaches have been developed, 

especially with the advancement of industry 4.0. Techniques and procedures that aim to optimize and improve 

the required function of industrial systems have been identified in recent research articles. Techniques such as 

AI based diagnosis and prognosis using Machine Learning including Deep Learning and neural networks 

supported by Internet of Things IoT, along with predictive maintenance and monitoring advanced methods, as 

well as Lean approaches such as Single-Minute Exchange of Die SMED and Total Productive Maintenance TPM 

have been implemented to improve the functions of industrial systems. The main objective of this article is to 

synthesize the latest advances in maintenance procedures and techniques used to enhance the required function 

of Industrial systems. It highlights the contribution and application of these different methods. 

Keywords - Improving required function, artificial intelligence (AI), predictive maintenance, reliability, system 

efficiency, machine learning, real-time monitoring. 
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Digital Twin Technology for Predictive Maintenance 

Imad Eddine DJELLAD1, Yasser BIBANI1, Nawal GHAZI1, Ali CHABANE1 
1 Department of Industrial Engineering and Maintenance, National Higher School of Advanced Technologies 

i_djellad@ensta.edu.dz, y_bibani@ensta.edu.dz 

Abstract - In Industry 4.0, digital twins, or DTs for short, are virtual replicas of physical systems capable of 

simulating real-life scenarios. This significantly contributes to the implementation of advanced predictive 

maintenance strategies, which today play a key role in sustainable manufacturing and production systems, by 

introducing a digital version of machine maintenance. This study is part of a review of the scientific literature 

on how a digital twin of a system is created and what the main tools and techniques used are, on the one hand, 

and on the other hand, how it can be leveraged for predictive maintenance, highlighting all the technologies 

and tools used throughout the process, including 3D CAD (such as SolidWorks, Unity, etc.), IoT communication 

standards, and programming platforms. We then identify the main challenges related to the implementation of 

this technology in a production environment and define the main machine learning algorithms and those most 

used in production. Finally, among all the technologies and tools presented in this study, we select the most 

practical and best suited to our case study, the subject of our final year project, based on studies and academic 

articles. These highlight their role, their advantages and their effectiveness for digital twins and predictive 

maintenance. 

Keywords - Digital Twin (DT), Predictive Maintenance (PdM), Industry 4.0, Machine Learning (ML), Anomaly 

Detection, Internet of Things (IoT), Real-time Monitoring, Virtual Simulation. 
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