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Abstract:  Artificial intelligence (AI) has changed the game when it comes to fault detection and diagnosis (FDD) because 

with AI, identifying and solving faults in machines, systems, and networks becomes easy and effective. Manual techniques 

have traditionally been used to perform these tasks; however, they are tedious and costly. Utilizing the concept of FDD using 

AI involves a lot of machine learning (ML), deep learning (DL), and data analysis techniques in order to detect and predict 

possible faults. The sensors continuously, in real time, parse enormous amounts of data, and automated AI readily identifies 

equipment errors, especially in manufacturing, healthcare, energy, automotive, cybersecurity, and other industries, where 

error prevention averts failure, enhances safety, and reduces expenses. AI-based systems help organisations optimise 

machine performance while reducing downtime. AI has the potential to reduce faults through the use of smart algorithms 

and Internet of Things (IoT) devices. It is important to note that concerns remain regarding data quality, high costs, and the 

interpretability of AI decisions. With the advancement in AI. The technology, reliability, and usability of AI are improving 

over time, and fault detection and diagnostics are becoming faster and more effective. This chapter provides a 

comprehensive review of the applications of artificial intelligence for fault detection and diagnosis, with a critical analysis of 

the advantages, challenges, and future scope of AI in this domain for improved system performance. 

Keyword: Artificial Intelligence, Internet of Things (IoT), fault detection and diagnosis (FDD), smart 

algorithms, machine learning (ML), deep learning (DL) 

1. INTRODUCTION 

In order to ensure high performance and reliable operation in the event of component failures, the Fault defect 

and diagnosis is important for modern control systems. In the field of system engineering, maintaining the 

reliability and effectiveness of a complex system is a significant issue [2]. Failure of a system will lead to 

security concerns in industries such as manufacturing, finance, loss and manufacturing industry, electric power, 

aerospace, and transportation. Industrial sectors operate through the use of sophisticated machinery along with 

commands. However, unexpected breakdown will cause damage to the organization in terms of costly system 

downtime, reduction in efficiency, and even pose potential security risks. Fault detection and diagnostic (FDD) 

traditionally employs manual checks (along with manpower) combined with predefined thresholds, which 

ignores the early warning sign of a fault. Traditional techniques of fault diagnosis and detection are tedious, 

laborious and cannot manage large amount of data, especially in real-time applications [3]. With the ever-

increasing complexity of industrial systems, there is need for an intelligent solution. Solutions for maintenance 

in this regard involve the identification of a potential failure before any detrimental effect, therefore increasing 

system uptime and saving costs in terms of maintenance. 

Artificial Intelligence (AI) has played an important role in the realm of fault diagnosis and detection. Fault 

Detection and Diagnostics (FDD) using AI involves utilizing ML and DL algorithms to analyze defects to 

derive insights from large passages of data collected by sensors. This offers a significant improvement over 

conventional monitoring, enabling real-time operations monitoring at reduced operating cost as per Figure 1 [4]. 
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Figure 1 AI/ML in fault detection and prevention [10] 

The first one is automated anomaly Detection where AI FDD has an ability to continuously analyze big data 

streams and identify any abnormal and even illegal patterns with no involvement of humans. Such a capability 

also makes it possible to pre-emptively diagnose minor deviations from specific operating conditions before 

developing into major problems leading to failure. The AI will also make predictive maintenance viable since 

the algorithm can predict the probability of failures through analysis of historical and real-time data. This way 

industries will be able to shift from a reactive maintenance strategy to a proactive maintenance strategy. Thus 

helping minimize machine downtime and decrease lifespan. [5] The other vital aspect is decision-making based 

on data using AI-driven FDD. Unlike rule-based systems which depend on static thresholds artificial 

intelligence systems have a dynamic nature and continuously improve through learning of previous breakdowns 

and making better diagnoses overtime. This way, industries will be able to develop strategies based on data-

based decisions and maintenance schedules. Moreover, the use of AI will reduce cost through reduction of 

manual routine checking and unpredictable repairs. Dealing with the initial problem in the system becomes 

cheaper than dealing with a disaster. Therefore, the use of AI-based mistake detection systems leads to increased 

efficiency, safety, and cost savings compared to the previous incurred costs [6]. Through the use of AI-based 

FDD, industries can boost their productivity, safety, and maintenance. The current chapter explores the 

fundamental principles behind the use of AI-based FDD, applications, benefits, and future prospects. The 

application of AI in combination with fault detection and diagnostics has attracted a lot of interest amongst 

researchers due to the wide range of benefits it has [4], [10], [16], [21]. 

1.1 Motivation 

In modern industries, large quantities of operational data are produced using sensors and other equipment. 

Conventional approaches to fault identification usually involve inspection procedures and rule-based 

monitoring; however, these techniques have proven inefficient for identifying more complicated faults. The 

need for intelligent fault diagnosis systems to identify faults at the earliest stages has emerged in light of 

growing complexity in modern industrial systems. In this regard, artificial intelligence offers significant 

potential in the improvement of fault detection accuracy, reduce downtime, enhance operational efficiency, and 

increase system reliability [4], [10], [16], [21]. 

1.2 Main Contributions 

This paper makes the following contributions: 

1.  It provides an overall review of AI-based Fault Detection & Diagnostics (FDD). 

2.  It elaborates on the different types of artificial intelligence such as Machine Learning, Deep Learning, 

Reinforcement Learning, and Hybrid methods applied to fault detection.It examines the applications of AI-

based FDD across manufacturing, healthcare, transportation, energy, and other industrial domains. 

3. It highlights the benefits, challenges, and future prospects associated with the adoption of AI-driven fault 

diagnosis systems. 
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4. It provides a consolidated review of recent developments in intelligent fault detection technologies. 

1.3 Organization of the Paper 

The remainder of this paper is organized as follows. Section 2 discusses the literature review related to AI-based 

fault detection and diagnostics. Section 3 explains different types of faults and their impact on system 

performance. Section 4 presents the fundamental concepts of fault detection and diagnostics. Section 5 discusses 

various AI techniques employed in FDD systems. Section 6 describes major application areas of AI-driven 

FDD. Section 7 highlights the benefits, challenges, and future prospects of AI-based fault diagnosis systems. 

Finally, Section 8 concludes the paper and outlines future research directions. 

2. LITERATURE REVIEW 

Artificial Intelligence has become a strong tool that facilitates the process of Fault Detection and Diagnosis 

(FDD). Many recent works prove that AI techniques provide better results in terms of improved fault detection, 

diagnostics, and even predictive maintenance, reducing downtime and cutting costs for maintenance [4], [10], 

[21].The use of machine learning techniques for intelligent fault diagnosis has been well-studied. The 

application of machine learning makes fault diagnosis more effective since such techniques allow finding 

patterns in huge amounts of data. This approach can contribute to successful anomaly detection and predictive 

maintenance [4], [8], [10], [21].Hybrid methods have also been studied recently as an important area in the field 

of fault diagnosis. These methods combine two approaches – model-based and data-driven – thus making the 

fault diagnostics process more effective [6], [10], [21].Reinforcement learning has been investigated recently as 

another approach for developing fault diagnosis systems that can be used as adaptive fault diagnosis systems to 

enhance decision making and control in dynamic systems [2], [13]. 

The use of sensor fusion strategies is another method that can be used to increase the efficiency of fault 

diagnosis systems. This type of strategies relies on the information coming from different sensors and/or data 

sources to improve fault diagnosis accuracy and reliability [9], [10].AI-based FDD has been successfully 

implemented in many areas such as manufacturing industries, medical and healthcare services, transportation, 

energy systems, and smart infrastructures [17], [18], [19], [20].Despite all the advancements that have been 

made in developing intelligent fault diagnosis solutions, some technical barriers remain challenging in this field. 

Research efforts in this regard seek to overcome such barriers through new approaches and technologies such as 

edge computing, explainable AI, and hybrid models [4], [10], [21]. 

3. METHODOLOGY 

3.1 Definition and Types of Faults 

A fault in the system is any event or condition that is either unplanned for or would interrupt the normal 

working state of the system. These faults a system may fail to meet the predefined SLA causing dissatisfaction 

amongst the users. Reasons could vary from system hardware failure to software bugs or even network 

problems. Explanation on each of the three sub points: 

 

3.1.1 Hardware Defect 

Hardware failure is where the tangible parts of the infrastructure have ceased to function and caused failure. 

These can be due to excessive usage, harsh surroundings or defects in the creation of the component. Such like 

include: 

• Failures of the disks: Blocked HDD or SSD resultant device crashing causing a lack of data or 

corruption. 

• Outage of power: shutting off electricity to the region. 

• Processor or memory errors: calculation errors stem from overheating, defects, or misconfiguration. 
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Effect of Hardware Defects:  

• Low system availability. 

• Increase in delay due to retreat or reproaching. 

• If backups are insufficient then the loss of significant data. 

3.1.2 Software Anomalies  

Software errors and system software or middleware has some logical error or bug in the easiest sense. This may 

include.  

• Memory leaks: systemic tiredness of system memory due to improper deals. 

• Application accidents: unexpected termination of procedures without exception or runtime errors. 

Impact of software anomalies: 

• Downtime or decline of application performance. 

• Increase in resource consumption, leading to high operational costs. 

• Difficulty pinching and improving the root cause without advanced equipment. 

3.1.3 Network Issues  

Communication channel interruption might cause network failure which may cause problems to hardware, 

software or environmental issues. Some include: 

• Delay Spikes: Increased Delay in Data Transmission. 

•  Packet loss: Data packets were dropped due to congestion or hardware failure. 

• Connection drops: Stopping or full loss of connectivity between nodes. 

 

  Effect of network issues: 

• Delay in data transfer, slowing the workflow. 

•  Failure of systems distributed to synchronize effectively. 

• The inaccessibility of important services for end-users. 

 

3.2 Impact of Faults on Data Availability and System Performance 

 

The presence of cloud system defects automatically makes good data hard to reach or increases the time for the 

whole system to work. The following point was analyzed: 

1. Availability of data 

Defects interfere with the system’s ease to retrieve data, especially when they are needed: 

➢ Services are interrupted: When other applications or databases try to help a user, they may 

fail to meet their expectations.  

➢ Corrupting data: ‘Through the looking glass’ hardware or software duplicates data and 

creates inconsistences or loss. 

➢  Compromising backup: an out of action method for use can result from procedures of 

setting up systems 

2. System Performance  

Faults degrade system performance by: 

➢ Increasing Latency: Defects make systems reroute processes or retry operations, adding delays  

➢ Resource Overload: Faults such as memory leak cause dull usage of resources  

➢ Operational Downtime: The critical service may go down, impacting user experience as well as 

revenue [7]. 
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Graph: Impact of Faults on System Performance  

The below is a graph showing the correlation between fault frequency and system performance attributes such 

as latency and throughput as per the figure 2  

 

Figure 2 Graph: Impact of Faults on System Performance [7] 

The graph above demonstrates that as the frequency of faults increases: 

• Latency (response time) rises significantly, reflecting reduced efficiency. 

• Throughput (number of successful requests) drops, indicating reduced system capacity.  

And by identifying faults, organizations can make use effective tools, such as advanced A, to build the right 

systems and minimize risks. [7]. 

4.RESULT AND DISCUSSION 

Many systems engines, bearings, among others, undergo phenomenal changes in their performance which can't 

be measured under normal specification performance condition. Conventional techniques mainly rely on rules-

based systems, pre-defined limits, and human follow, making them lengthy and uncertain. Nonetheless, AI-

driven FDD takes these traditional methods to the next level by incorporating intelligent and adaptive techniques 

for better detection accuracy and reliability 

Key components of AI-based FDD include: 

Pattern Recognition: 

➢ AI models scour historical data sets to determine trends and correlations to equipment failures. 

➢ these models are able to identify early indicators of failure, allowing preventive action before the 

defects become vital. 

➢  Unlike traditional methods, AI continuously updates based on the upcoming data, improving its 

pattern recognition for complex defects by reducing false positives. 

[8][141][142][143][144][145][146][147][148][149[150]. 

Anomaly Detection: 

➢ Real time data of machine is fed to machine learning algorithms to catch remote features and mark 

deviation from original working condition sensor data. 

➢ Unsupervised learning models like clustering and autoencoders have the capability to recognize the 

slight differences that are indicative of impending failure.  
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➢ Consequently, industries may be able to detect problems before they become issues, thus ensuring that 

they do not degrade their machinery, minimize the need for maintenance and reduce risks [5].

 

            Figure 3 AI based Anomaly Detection [11] 

Predictive Analytics: 

➢ Historical information, fresh real time information, Artificial intelligence-enabled predictive 

analysis to calculate probabilities for the particular system breakdown.   

➢ Identifying crucial occurrences or images as semi-automatic with the help of artificial intelligence 

and labelling them helps in developing competitive and aesthetic designs in order to play a smart 

game.  

➢ These predictions allow maintenance personnel to be prepared ahead of time, helping in managing 

assets and reducing downtime. 

Sensor Fusion: 

➢ AI combines information obtained from different sensors in order to increase accuracy of the fault 

detection. 

➢ The fusion of information obtained from sensors increases sensitivity of detection due to 

composite signals detected by the system, which could not have been achieved by any single 

sensor. 

➢ In real time information fusion allows improving perception and analysis of operational status, 

which leads to successful functioning and accurate diagnostics 

[9][130][131][132][133][134][135][136][137][138][139][140]. 

Fault Classification: 

➢ The intelligent classification models classify defects according to predefined classifications 

depending upon their severity and consequences. 

➢ Scientific approaches such as Neural Networks and Support Vector Machines are applied to 

distinguish between insignificant problems and the significant problem. 

➢ Fault classification is vital in order to ensure that appropriate actions are taken while focusing on 

urgent maintenance work. 

Root Cause Analysis: 

➢ These AI-based diagnostics not only detect faults, but also identify the root cause of failures. 

➢ Causal inference techniques and knowledge-based systems facilitate tracing faults to their source, 

improving troubleshooting efficiency. 

➢ Drawing root because analysis helps prevent repetitive failure by determining the root cause of 

equipment failure. 

Using these filters made it possible to automate FDD monitoring systems in industries with greater 

sophistication and reliability. Using this system, organizations gain increased uptime assurance and reduced 

costs with continuous operation of the necessary systems. 
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5. AI Techniques in Fault Detection and Diagnostics 

5.1 Machine Learning Algorithms: 

Another branch of AI, which is known as Machine Learning (ML), enables such computers to analyze their data 

and make conclusions or predictions without being programmed to do so. It relies on algorithms that have been 

designed specifically for certain tasks to increase efficiency. 

Machine Learning Algorithms in Fault Detection and Diagnostics (FDD) 

Automating Fault Detection and Diagnostics (FDD) becomes critically important to observe the condition and 

efficiency of industrial facilities, mechanisms, and electronic equipment. The application of machine learning 

(ML)-based fault detection and diagnostics technology outperforms traditional FDD due to improved 

performance and reduced false alarms. 

• Decision tree: Used for a phased classification of defects dependent on sensors, allowing the recovery 

of structured and understandable data to detect mistakes. 

• Support Vector Machine (SVM): For identifying the presence or absence of defects in a system, 

especially for complex and comprehensive information. 

•  Random Forest: At the same time, two or more decisions connect trees to improve accuracy after the 

strategy of learning attire. 

• K-Nearest Neighbor (K-Nn): Useful to detect discrepancy, the mistake already existing with the new 

information with the new information detects the faults. 

• Nave Bayes: A potential classifier is useful in diagnosing defects in complex systems where the data is 

uncertain or incomplete. 

• Gradient Boosting Machines (GBM): This includes Xgboost and LightGBM that enhance the 

accuracy of mistake identity by improving predictions.  

• Artificial Neural Networks (ANNS): Use logic behavior that simulate human learning strategies to 

search for fault patterns in data related to defects. 

5.2 Deep Learning Approaches 

• Convolutional Neural Networks (CNNs): They are used to detect defects through images in industrial 

machinery, such as cracks, corrosion, or deformity of mechanical parts. They detect and classify 

images by recognizing important characteristics and discrepancies with high precision. 

[14][108][109][110][111][112][113][114][115][116][117][118][119][120][121][122][123][124][125][1

26[127][128][129] 

• Recurrent Neural Networks (RNNs): RNN sequential sensors are useful for analysis and identity that 

can identify machine behavior that can suggest malfunction. They are particularly useful in the 

diagnosis of rotating machinery, HVAC system and power grid control 

• Autoencoders These particular neural networks learn general operating behavior of a system and 

detect discrepancies in the form of deviations from learned patterns. They are useful in unwanted fault 

detection applications where labelled fault data are limited or unavailable 

• Long Short-Term Memory (LSTM) Networks: LSTMS, a type of RNN, is designed to process 

sequential data and the future -staging maintenance and initial mistake are very helpful for 

identification. They are perfect to identify the decline of a slow system before failure as they can 

simulate long-term dependence in time-series data as per figure 4. 
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Figure 4 conventional intelligent fault diagnosis (a) and (b) deep learning based fault diagnosis [12] 

5.3 Reinforcement Learning 

Reinforcement Learning (RL) helps in intelligent decision-making in fault detection and diagnostics (FDD) 

within unexpected and highly variable industrial environment. Contrary to supervised learning, RL does not 

require the previous-specified label data, but learns by interacting with the system and optimizing strategies 

through rewards and punishment. 

• Optimal Maintenance Strategies: AI operated RL models constantly interact with the system 

environment, develop strategy for maintenance scheduling and operational activity aimed at reducing 

productivity and reducing time. 

• Adaptive Fault Diagnosis: RL founded systems enhance decision-making processes by adjusting to 

changing industrial conditions in real-time which increases the accuracy of fault detection and response 

time to anomalies 

• Markov Decision Processes (MDPs): Quite a number of RL based FDD systems use MDP to model 

cases of decision making where actions taken now have effects on future system states and is 

applicable to planned predictive maintenance. 

• Deep Q-Networks (DQN) and Policy Gradient Methods: These more sophisticated approaches to 

learn reinforcement increase the future maintenance through exploration and exploitation to detect 

optimal mistakes 

[15][86][87]88][89[90][91][92[93][94][95][96][97][98][99][100][101][102][103][104][105][106][107]

. 

 

 

     Figure 5 Reinforcement Learning for FDD[13] 

5.4 Data-Driven and Hybrid Approaches 

Hybrid AI approach integrates machine learning and engineering to detect mistake and increase diagnosis 

efficiency. These approaches use both insights from machine learning and models from the physical system for 

increased accuracy and reliability. [21] 
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• Sensor Fusion Techniques: The integration of numerous sensors, along with the use of AI-based 

fusion models, drastically improves accuracy in fault detection. This technique also increases system 

flexibility by reducing false positive rates. 

• Hybrid AI-Physics-Based Modelling: As a result of the inclusion of traditional engineering 

techniques with machine learning models, the hybrid approach achieves more reliable mistakes by 

capturing both the dynamics and complex engineer patterns of the physical system and the complex 

engineer patterns get more reliable mistakes. 

• Bayesian Networks: These probabilistic models are optimal for both fault analysis and uncertainty 

ranging in an industrial setting. Bayesian networks model the cause-effect relationships with 

conditional probabilities and determine the chances of faults occurring under different operational 

conditions. 

• Digital Twin Technology: With the aid of Artificial Intelligence, Digital Twin technology simulates 

an actual system and its surroundings, 

[16][71][72][73][74][75][76][77][78][79][80][81][82][83][84][85] allowing for real-time data such as 

proper maintenance, anomaly detection, as well as fault analysis without physical failures actually 

occurring. As per figure 6 

 

Figure 6 Hybrid Approaches for FDD 

 

6. Applications of AI-Driven FDD 

 

Figure 7 Applications of AI-Driven FDD 

AI- Many industries in detecting and diagnosis of driven defects have extensive applications: 

1. Manufacturing: In industrial applications, AI-managed future maintenance is added to industrial 

machinery to prevent unpredictable rupture, thus to monitor failure and initial mistake. AI sensor data 
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helps in minimization, productivity optimization, and overall equipment effectiveness (OEE) growth in 

downtime 

[18][49][50][51][52][53][54[55][56][57][58][59][60][61][62][63][64][65][66][67][68][69][70] 

2. Aerospace and Automotive: FDD systems are used to implement predictive diagnostics within 

aircraft and automobile engines. Having AI detect faults within sensor systems and construction parts 

enables early fault detection which furthers safety, reduces expensive repairs, and increases the scope 

of critical components. 

3. Energy Sector: Power station, wind turbine, and solar panel monitoring are constantly checked using 

AI technology to ensure failure-proof operation and avoid complete system failures. Outage detection 

during energy distribution and using the power grid predictive analytics improves the grid's reliability 

while reducing outages [19][22][23][24][25][26[27][28][29][30]. 

4. Healthcare: Medical equipment such as MRI, ventilator, and C scanners have fault detection systems 

integrated to ensure that malfunctions do not affect patients. AI automatically increases equipment 

reliability through timely maintenance ensuring operational risks in a hospital are minimal 

[17][31][32][33][34][35][36[37][38][39][40]. 

5. Smart Buildings and Infrastructure: AI-based FDD applies in HVAC (heating, ventilation, and air 

conditioning) systems, electrical grids and structural monitoring of buildings. These systems detect 

discrepancies in temperature control, power distribution and material stress, improve security and 

reduce energy consumption. 

6. Railways and Transportation: AI-Interested Diagnostics play an important role in monitoring railway 

infrastructure, to prevent accidents and optimize the maintenance schedule, detect and optimize defects 

in tracks, signals and rolling stocks and optimize the maintenance program 

[19][41[42[43][44][45][46][47][48][49]. 

7. Oil and Gas Industry: AI-based FDD is used to identify rust, leaks and mechanical defects in 

pipelines, drilling equipment and refinery operations, compliance with safety rules and to reduce 

environmental threats. 

8. Telecommunications: detecting AI-powered mistake helps monitor the network infrastructure, 

identifying issues such as signal fall, hardware failures and threats of cyber security, leading to improve 

better service credibility and downtime. 

7. Benefits of AI in Fault Detection and Diagnostics 

Integration of AI in FDD provides many benefits: 

• Increased Accuracy: AI FDD discovers for corrosion, leaks and mechanical defects in the application, 

drilling rigs, and refinement in refinery operations, helping in compliance with safety rules, reducing 

environmental hazards and preventive maintenance. 

• Real-Time Monitoring: AI-based fault detection is used to monitor the network infrastructure for 

issues such as hardware failure or degradation of signals and cybersecurity, resulting in increased 

service reliability and minimum downtimes. 

• Cost Reduction: AI systems reduce false positive and false negative rates during fault diagnosis, 

resulting in more accuracy in diagnostic outcomes. 

• Extended Equipment Life: Monitoring with a quick response of defects for monitoring continuous 

system and reducing problems quickly. 

• Enhanced Decision-Making: AI-based Insights provide data-driven recommendations to operators 

that increase strategic planning and operational efficiency. 

• Reduced Human Intervention: By automating many processes involved in diagnosing a problem, the 

AI-managed FDD can reduce human error by reducing the role of humans in the process. 

• Facilitation of Energy Efficiency: AI enhances energy consumption management by optimizing 

equipment deployment and detecting faults. 
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• Safety Improvement: AI enables immediate measures taken to avoid any hazardous condition as it 

recognizes faults in early detection, contributing to a safe workforce as well as adherence to the 

required safety regulations. 

8. Challenges and Future Prospects of AI-Driven FDD 

AI-based FDD certainly has advantages; however, some of its limitations include: 

➢ High-Quality Data: It requires high-quality data and availability of diverse and labelled datasets 

for the construction of an accurate AI algorithm. 

➢  High Computing Power: This is not any software, but rather computing that consumes 

substantial processing power and requires certain expertise in the matter.  

➢ Legacy System: Some industries use traditional approaches for fault detection and therefore make 

it difficult to incorporate the AI system in their operation.  

➢ False Positives: AI-based fault detection can create a lot of confusion as far as identifying faults 

and can lead to over fitting issues as well. 

➢ Security Issues: There is an inherent security risk present in the system, and therefore there is a 

need for robust security mechanisms. 

    Future Prospects: 

➢ Explainable AI (XAI): Improvement in XAI technology will develop trustworthiness in such 

technology that will further facilitate its adoption in important industries in our society. 

➢ Real-Time Analysis via Edge Computing – Localization of FDD latencies within cloud 

computing architecture  

➢ Sensor Technologies: Upgraded sensor technology will provide improved data inputs which 

further improve diagnostics. 

➢ AI-Based Self-healing Technology: In the future, with the help of advanced models, future 

systems can become self-healing and minimize the need for downtime. 

➢ Global Standards and Regulations: Future global regulations and standards for safe AI will 

facilitate the adoption of AI technology for FDD purposes.. 

9. CONCLUSION 

AI-powered Fault Detection and Diagnosis (FDD) systems have revolutionized how organizations detect, 

diagnose, and manage faults in systems. The use of Machine Learning, Deep Learning, Reinforcement Learning, 

and Hybrid techniques in an AI-based FDD system ensures efficient fault detection, predictive maintenance, 

real-time diagnostics, and increased efficiency. Application of these advanced intelligent systems has proven 

highly beneficial in various sectors like manufacturing, healthcare, transport, energy, telecoms, and smart 

infrastructure. 

However, while there are benefits in applying intelligent systems in these industries, issues related to quality of 

data, computational complexities, integration, security concerns, and explainability remain a challenge. But with 

ongoing developments in Explainable AI, digital twins, sensor fusion, edge computing, and self-healing, most of 

these challenges could be overcome. 

9.1 Limitations 

• This paper uses the secondary data available in the existing literature. 

• There was no experiment performed to test the efficacy of any algorithm. 

• Performance comparison between various AI models has not been made. 

• The success of the AI model depends on the industry or operational environment. 
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9.2 Future Scope 

• Research in Explainable AI (XAI) to provide transparency for fault diagnosis. 

•Combining the technology of Digital Twin with AI-driven predictive maintenance systems. 

•Edge computing for real-time fault detection and identification. 

•Research in developing autonomous self-healing systems that can fix faults on their own. 

•Improvements in sensor fusion algorithms for better fault detection in complex conditions. 
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