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1.0 INTRODUCTION 
Mechatronic systems are complex integrations of mechanical, electrical, and software components designed to perform 

specific tasks. These systems are ubiquitous in modern industries, including automotive, aerospace, and manufacturing. 

However, their complexity also makes them prone to faults, which can lead to significant downtime, economic losses, 

and even safety hazards. Advanced fault diagnosis techniques are crucial for maintaining the reliability and efficiency of 

mechatronic machines. This research paper delves into the latest advancements in fault diagnosis, focusing on the roles of 

recent advances in Artificial Intelligence (AI) and Machine Learning (ML) [1]. Some challenges of traditional fault 

diagnosis methods include: 

i) Complexity of modern systems: Traditional troubleshooting methods struggle to handle the complexity of 

modern Mechatronic Systems; this can lead to incorrect fault assessment [2]. 

ii) Limited fault detection and isolation capabilities: Traditional methods may not be able to detect and isolate 

faults correctly, leading to unwanted extended maintenance time [2]. 

iii) Reliance on human expertise: Traditional methods often rely on human expertise, which can be subjective, 

variable, and limited based on individual experience [2]. 

iv) Difficulty in handling nonlinear systems: Traditional methods can struggle to handle digital or nonlinear 

systems, which are common in many industrial applications [2]. 

v) High false alarm rates: Traditional troubleshoot methods can generate high false alarm rates, leading to 

reliability problems [2]. 

There is a growing interest in the application of Machine Learning (ML) for fault diagnosis. This is driven by its 

potential to improve predictive maintenance and reduce downtime. Machine Learning, ML is being applied to analyze 

data from sensors, machines, and other sources to detect anomalies and predict equipment failures. In mechanical fault 

diagnosis, ML techniques are being explored for their ability to handle complex data patterns and improve fault detection 

accuracy. 

Abstract 
Machine Learning (ML) has emerged as a promising approach for fault diagnosis in Mechatronic Systems. This 

paper explores the application of ML algorithms for fault detection and diagnosis in Mechatronic Systems, 

highlighting their potential to improve accuracy, efficiency, and reliability. A comprehensive review of existing 

ML-based fault diagnosis methods is presented, including Supervised Learning, Unsupervised Learning, and Deep 

Learning. The importance of integrating ML with other diagnostic techniques, such as physical models and signal 

processing, is emphasized. Furthermore, the need for Explainable AI (XAI) methods to provide transparent and 

interpretable results is discussed. Future research directions, including the development of hybrid models and the 

application of ML to emerging applications are identified. The paper provides a foundation for further research in 

ML-based fault diagnosis for Mechatronic Systems. 
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The integration of ML for fault diagnosis is expected to become more widespread, enabling the development of more 

sophisticated predictive maintenance strategies [3]. 
 

1.1 The Purpose of This Study  
The purpose of this study is to provide a comprehensive review of recent advances in machine learning (ML) techniques 

for fault diagnosis in mechatronic systems. The study aims to explore the current sophisticated ML-based fault diagnosis, 

highlighting the benefits, challenges, and future directions of this rapidly evolving field. 
 

1.2 Scope of Study 
This study focuses on the application of machine learning techniques for fault diagnosis in mechatronic systems, 

including: 

a. Machine learning techniques: Deep learning, neural networks, support vector machines, k-nearest neighbours, 

decision trees, and other relevant ML algorithms. 

b. Fault diagnosis: The detection, isolation, and identification of faults in mechatronic systems, including 

electrical, mechanical, and hydraulic faults. 

c. Mechatronic systems: Industrial robots, CNC machines, automotive systems, aerospace systems, and other 

complex systems that integrate mechanical, electrical, and software components. 

d. Recent advances: Studies published in the last five years, (2020-2025), that demonstrate innovative 

applications of ML techniques for fault diagnosis in mechatronic systems. 
 

2.0 LITERATURE REVIEW 

2.1 Overview of Mechatronic Systems and Their Applications 
Mechatronic systems integrate mechanical, electrical, and software engineering to design and develop intelligent systems 

with enhanced functionality [4]. These systems have a wide range of applications in industries such as automotive, 

aerospace, manufacturing, and healthcare [5]. Mechatronic systems are used in various forms, including industrial robots, 

CNC machines, and autonomous vehicles. These systems can be diagnosed using certain Machine Learning Algorithms. 
 

2.2 Fault Diagnosis Methods Using ML 
Traditional fault diagnosis methods can be broadly classified into two categories: model-based and signal-based methods. 

a. Model-Based Methods 

Model-based methods rely on mathematical models of the system to detect and diagnose faults [6]. These 

methods use techniques such as observer-based approaches and parity space approaches to generate residuals, 

which are then used to detect faults [7]. 

b. Signal-Based Methods 

Signal-based methods, on the other hand, rely on analyzing sensor data to detect and diagnose faults [8]. These 

methods use techniques such as vibration analysis, acoustic emission analysis, and motor current signature 

analysis to detect anomalies in the system [9]. 
 

2.3 Review on Recent Advances in ML for Fault Diagnosis 
Recent advances in machine learning (ML) have shown significant potential in improving the accuracy and efficiency of 

fault diagnosis in mechatronic systems. Various extensions of ML algorithms specifically designed for fault detection 

ensures an accurate test and evaluation procedure to obtain optimum results. Some of these extensions include: 

i) Deep Learning Techniques 

Deep learning techniques, such as convolutional neural networks (CNNs) and recurrent neural networks 

(RNNs), have been widely used for fault diagnosis in mechatronic systems [10]. These techniques can learn 

complex patterns in sensor data and detect anomalies with high accuracy. 

ii) Transfer Learning 

Transfer learning has also been used to improve the performance of ML models in fault diagnosis [11]. This 

technique allows ML models to leverage pre-trained models and fine-tune them for specific fault diagnosis 

tasks. 

iii) Hybrid Approaches 

Hybrid approaches that combine ML with traditional fault diagnosis methods have also shown promising results 

[12]. These approaches can leverage the strengths of both ML and traditional methods to improve the accuracy 

and efficiency of fault diagnosis. 
 

2.4 Case Studies where ML is Applied in Fault Diagnosis 
1. Digital Twin-Based Automated Fault Diagnosis 

This study presented a digital twin-based automated fault diagnosis framework using machine learning algorithms. The 

framework utilized a genetic algorithm (GA) to optimize the features of the model, and the results showed that the hybrid 

GA-ML method achieved outstanding results compared to using only ML methods [13]. 
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2. Fault Diagnosis in Industrial IoT Applications 

Another study proposed a fault diagnosis framework for industrial IoT applications using machine learning algorithms. 

The framework utilized a digital twin model to simulate the behavior of the industrial machine, and the results showed 

that the proposed framework achieved a high detection accuracy of 95% [13]. 
 

3. Fault Detection in Triplex Pump 

A case study on fault detection in triplex pump using machine learning algorithms was also presented. The study utilized 

a simulated model of the triplex pump to generate data, and the results showed that the proposed framework achieved a 

high detection accuracy [13]. 
 

2.4.1 Machine Learning Algorithms 
1. Genetic Algorithm (GA) 

The genetic algorithm was used to optimize the features of the model in the digital twin-based automated fault diagnosis 

framework [13]. Fault Classification and Detection suggest framework is tested by forwarding the testing data to the 

developed tunned ML models to check the classification efficacy of each examined ML model. Figure (2.1) shows the 

suggested DT-based AI framework for fault diagnoses. 

 

 
 

 

Fig. 2.1. The suggested DT-based AI framework for fault diagnosis [13] 

 

2. Support Vector Machine (SVM) 

The support vector machine algorithm was used in the fault diagnosis framework for industrial IoT applications [13]. 
 

3. Logistic Regression (LR) 

The logistic regression algorithm was used in the fault diagnosis framework for industrial IoT applications [13]. 

 

3.0 METHODOLOGY 
To execute a fault diagnosis and troubleshooting mechatronic systems, the following procedures would have to be 

considered and implemented: 
 

A. Data Collection [14] 

1. Data is gathered from various sources, including sensors, logs, and historical data. 

2. Data quality, completeness, and relevance must be ensured. 
 

B. Data Preprocessing [14] 

1. Cleaning and preprocess data by handling missing values, removing noise, and normalizing features has to be 

prioritised. 

2. Data transfer into suitable formats for ML algorithms is necessary for proper fault detection. 
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C. Feature Engineering [14] 

1. Relevant features are extracted from preprocessed data using techniques like PCA, t-SNE, or feature selection 

methods. 

2. Creation of new features through domain knowledge and expert input. 
 

D. Model Selection [14] 

1. Choosing suitable ML algorithms based on problem type (classification, regression, clustering) and data 

characteristics enables optimal results. 

2. Using ensemble methods or transfer learning results improves performance. 
 

E. Model Training and Evaluation [14] 

1. Splitting data into training, validation, and testing sets. 

2. Training and tuning ML models using training data and evaluating performance using validation data. 

3. Testing final models on unseen testing data. 
 

F. Deployment and Monitoring [14] 

1. Deploying trained models in production environments. 

2. Monitoring model performance, data drift, and concept drift. 

3. Re-training or updating models as needed. 
 

3.1 Challenges and Future Directions [15] 
a. Data Quality and Availability: One of the significant challenges is the lack of high-quality and diverse datasets, 

which can lead to biased models. 

b. Complexity of Mechatronic Systems: Mechatronic systems are complex and nonlinear, making it challenging to 

develop accurate fault diagnosis models. 

c. Explainability and Transparency: Current ML models often lack explainability and transparency, making it difficult 

to understand the decision-making process. 
 

3.2 Identification of Future Research Directions [15] 
i) Development of Hybrid Models: Combining different ML algorithms and techniques to improve fault diagnosis 

accuracy and robustness. 

ii) Investigation of Transfer Learning: Exploring the application of transfer learning to adapt pre-trained models to 

new Mechatronic systems and fault types. 

iii) Combining ML with Physical Models: Integrating ML with physical models to improve fault diagnosis accuracy 

and provide more insights into the system's behavior. 

iv) Using ML with Signal Processing Techniques: Combining ML with signal processing techniques to extract 

relevant features and improve fault diagnosis performance. 
 

3.3 Development of Explainable AI (XAI) Methods for Fault Detection [15] 
a. Developing Techniques for Model Interpretability: Creating techniques to provide insights into the decision-making 

process of ML models. 

b. Using XAI to Improve Fault Diagnosis: Applying XAI methods to improve fault diagnosis accuracy and provide 

more transparent results. 
 

3.4 Application of ML to Fault Diagnosis in Emerging Applications [15] 
i) Electric Vehicles: Applying ML to fault diagnosis in electric vehicles to improve reliability and reduce 

maintenance costs. 

ii) Industrial Robotics: Using ML to detect faults in industrial robots and improve overall system efficiency. 

Overall, the application of ML to fault diagnosis in Mechatronic Systems is a rapidly evolving field, and 

addressing these challenges and exploring new research directions will be crucial for its continued growth and 

success. 
 

4. ESTIMATED RESULT  
The results in this paper are estimated based on previous research carried out using different algorithms to detect fault in 

mechatronic systems. 
 

S/N Method Accuracy Precision Recall F1-Score Run Time (ms) 

1. Traditional Methods 80% 0.75 0.85 0.80 10 

2. Machine Learning (ML) - Supervised Learning (SL) 92% 0.90 0.94 0.92     50 

3. ML - Unsupervised Learning (UL) 88% 0.85 0.90 0.87 30 

4. ML - Deep Learning (DL) 96% 0.95 0.97 0.96 100 

5. ML - Transfer Learning (TL) 94% 0.92 0.95 0.93 20 

Table 4.1. Result for machine diagnostics using Machine Learning [16] 
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4.1 Result Assumptions: 
i. Traditional Methods: Threshold-based approach using expert knowledge. 

ii. Machine Learning (ML): 

    - Supervised Learning (SL): Trained on labeled dataset using Random Forest algorithm. 

    - Unsupervised Learning (UL): Used k-means clustering algorithm. 

    - Deep Learning (DL): Convolutional Neural Network (CNN) architecture. 

    - Transfer Learning (TL): Pre-trained CNN model fine-tuned on Mechatronic system dataset. 

iii. Parameters: 

      - Accuracy: Proportion of correctly classified instances. 

      - Precision: Proportion of true positives among all positive predictions. 

      - Recall: Proportion of true positives among all actual positive instances. 

      - F1-Score: Harmonic mean of precision and recall. 

      - Computational Time: Time taken to process a single instance. 
 

Table (4.1) illustrates how recent advances in machine learning can improve fault diagnosis in 

Mechatronic systems. Some backup points include: 
⎯ Improved Accuracy: ML methods outperform traditional threshold-based approaches. 

⎯ Enhanced Precision and Recall: ML methods demonstrate better precision and recall rates. 

⎯ Faster Run or Computational Time: Transfer learning and deep learning methods show faster processing times. 
 

5.0 CONCLUSION 
This paper has explored the application of Machine Learning (ML) for fault diagnosis in Mechatronic Systems, 

highlighting its potential to improve accuracy, efficiency, and reliability. 
 

5.1 Key Findings and Takeaways 
• ML algorithms, such as Supervised Learning, Unsupervised Learning, and Deep Learning, have shown 

promising results in fault diagnosis for Mechatronic Systems [17]. 

• The integration of ML with other diagnostic techniques, such as physical models and signal processing, can 

enhance fault diagnosis performance [21]. 

• Explainable AI (XAI) methods are essential for providing transparent and interpretable results in ML-based 

fault diagnosis. 
 

5.2 Importance of ML for Fault Diagnosis 
ML has the potential to revolutionize fault diagnosis in Mechatronic Systems by enabling real-time monitoring, 

predictive maintenance, and reduced downtime [18]. 

The application of ML can improve the overall efficiency and reliability of Mechatronic Systems, leading to significant 

economic benefits. 
 

5.3 Recommendations for Future Research and Development 
• Further research is needed to develop more accurate and robust ML models for fault diagnosis in Mechatronic 

Systems [19]. 

• The development of XAI methods and techniques is crucial for providing transparent and interpretable results in 

ML-based fault diagnosis. 

• Investigating the application of ML to fault diagnosis in emerging applications, such as electric vehicles and 

industrial robotics, is essential for driving innovation and growth [20]. 
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