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1. INTRODUCTION 

The electric drive systems are a basic part of modern 

automation of industries, robotics, electric 

transportation and smart manufacturing facilities. 

These systems transform electrical energy into 

controlled mechanical motion and give it fine control 

over speed, torque and position in a vast industrial 

stack of applications. As a result of the rapid 

development of Industry 4.0 and the application of 

new technologies to its work, the electric drive 

systems are becoming bigger and bigger in terms of 

the combination of intelligent monitoring platforms, 

industrial communication networks, and advanced 

control algorithms to enhance operational efficiency 

and reliability [1], [2]. In the light of these 

technological advances the traditional electric drive 

monitoring system still has a number of essential 

issues associated with system reliability, fault 

detection and maintenance control. The industrial 

drive systems of many industrial plants are based on 

the application of centralised supervisory control 

architectures where the operational data are sent to 

the remote servers via the clouds to be analysed. 

Although this kind of architecture ensures a 

centralised management of data, it tends to add 

latency to the communication and extend the 

response time of the fault-detecting and decision-

making process. The delay in detecting faults in 

Industrial systems of high size may cause unwanted 

but unforeseen failure of equipment, loss in 

production and additional expenses to maintain them 
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[3]. Recent studies have thus aimed at enhancing 

reliability of electric drive by the use of smart 

monitored and forecasted maintenance measures. 

The signal based diagnostic approaches have been 

extensively applied in diagnosing motor faults at an 

early stage, and these techniques include: motor 

current signature analysis, vibration monitoring, and 

thermal analysis [4]. Also, the machine learning 

approach and artificial intelligence methods have 

been actively used to predictively diagnose fault with 

regard to electric drives, where automated detection 

of abnormalities in the working data is possible [5]. 

The Cyber-physical systems (CPS) have been 

considered as a hopeful approach to integrating a 

physical procedure with the computational 

intelligence systems and communication systems. CPS 

enabled electric drive systems have sensors that 

constantly measure operational aspects like current, 

voltage, temperature, and vibration signals, and 

embedded computing units process the incomes and 

recognise the presence of abnormal operating 

conditions and anticipate probable faults [6]. This 

incorporation allows to monitor and control industrial 

systems in real time and adaptively. Edge computing 

is a relatively new concept that has gained 

significance in the capacity to handle the issues of 

latency and bandwidth constraints related to cloud-

based monitoring systems. Edge computing facilitates 

real time analytics, quicker fault detection and 

better system responsiveness by processing sensor 

data near the physical devices than the conventional 

centralized architectures [7]. In electrical drive 

systems of industries, edge computing applications 

can be utilised to facilitate distributed monitoring 

and smart decision-making at the device level. 

Despite the important progress that has been 

achieved on intelligent monitoring, as well as 

predictive maintenance of electric drive systems, 

there are still some limitations that are known in 

current research. Several investigations are mainly on 

cloud-based monitoring systems which can add delays 

during communications and restrict real-time faults 

detection. Additionally, the combination of the 

application of intelligent control techniques with 

edge-based predictive fault control into a single 

architecture of the cyber-physical electric drive is not 

explored fully. In an attempt to overcome these 

problems, this paper bases a cyber-physical electric 

drive system adaptively uniting smart control using 

mechanisms with edge-oriented predictive fault 

management. The framework proposed is a 

combination of multi-sensor information capture, 

real-time signal processing through edge computing, 

and fault prediction techniques implemented with 

machine learning to improve the stability of the 

system and ensure its efficiency in operation. 

The key findings of the current research are as 

follows: 

1. Designing a cyber-physical infrastructure of 

an intelligent monitoring system of electric 

drive systems. 

2. Combination of edge computing devices in 

processing real-time signal and predictive 

fault detection. 

3. Installation of smart control to enhance the 

performance of the electric drives and their 

stability. 

4. Simulation experiments examined to review 

the suggested predictive fault management 

framework. 

2. RELATED WORK 

One of the current research topics in industrial 

automation and power electronics has been the 

improvement of the reliability and operational 

efficiency of electric drive systems. Different 

monitoring, control, and fault diagnosis methods have 

been suggested to improve the effectiveness of the 

system and minimise the occurrence of unpredictable 

failure in the electric drive aspects. 

The most used traditional fault detection 

techniques of electric drives are mostly built around 

signal analysis techniques like motor current 

signature analysis (MCSA), vibration monitoring and 

thermal analysis. These processes detect abnormal 

signal patterns in electrical and mechanical signals 

used to determine motor faults. Benbouzid gave a 

thorough review of the fault detection with current 

signal analysis and proved it effective in fault 

detection on the rotor and stator levels [1]. In a 

manner, Thomson and Fenger have explored how 

current signature analysis can be used in the diagnosis 

of rotor faults in induction motors when in use in 

industrial environments [2]. Although these methods 

present useful diagnostic data, they can be very slow 

in signal processing, as well as less effective in the 

early faults detection. There is also research conduct 

that has aimed at enhancing the performance of 

electric drive by improved control measures. Krishnan 

explained the design and control theory of the 

permanent magnet synchronous motor (PMSM) drives 

and the significance of sound control algorithms to 

ensure the stability in the motor operation [3]. The 
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paper also examines techniques of reducing the 

torque ripple in permanent magnet AC motor drives 

as Jahns and Soong show that sophisticated control 

schemes can be used to achieve considerable 

efficiency and reduced dynamism [4]. Other more 

modern days intelligent control methods have been 

used to control electric drives to improve robustness 

and flexibility at various load levels using methods 

like neural networks, adaptive controllers and fuzzy 

logic systems [5]. Predictive maintenance is a new 

strategy that has become significant concern in 

enhancing reliability in industrial systems. Patterns 

related to possible faults can be defined in machine 

learning algorithms that can process a large amount 

of sensor data. Using machine learning methods, 

including electric motor fault diagnosis, Glowacz 

demonstrated the higher effectiveness of the method 

than the old signal-based ones [6], [7]. On the same 

note, the application of deep learning on motor 

vibration and current data has been used to detect 

faults in industrial systems in an automated fashion 

[8], [9]. Recently, cyber-physical systems (CPS) have 

been a focus of discussion as a powerful model of 

composing the links between physical industrial 

systems and computational intelligence and 

communication networks. CPS architectures allow 

constant monitoring of industrial processes with the 

help of sensor networks, embedded computing units, 

and intelligent control systems. CPS architectures 

play a crucial role in making real-time monitoring and 

intelligent decision-making possible in contemprary 

industrial systems highlighted by Lee [10] -[12]. Edge 

computing has also advanced computing capabilities 

of CPS since it offers distributed computing near to 

physical devices. In contrast to cloud-based 

architecture, edge computing gives the opportunity 

to process sensor data in real-time in local nodes, 

thereby minimising the communication latency and 

bandwidth demands. Shi and Dustdar showed that 

edge computing gives a great boost to the 

responsiveness and reliability of the industrial 

monitoring systems, as it allows the localised 

analytics to be performed [13],. 

 [14]. 

In spite of such improvements, some issues 

persist in the current systems of monitoring electric 

drives. There are a large number of existing solutions, 

which heavily depend on centralised cloud 

architecture which can lead to communication delays 

and the inability to detect faults in real time. 

Moreover, the combination of intelligent control 

algorithms and edge-based predictive fault 

management in an integrated system of cyber-

physical electric drives has not been considered 

enough. In a bid to eliminate these shortcomings, this 

paper presents an edge-enabled cyber-physical 

electric drive model, which couples intelligent 

threshold based control measures with predictive 

fault handling measures. The framework suggested is 

intended to enhance the real-time fault detection 

and lower system latency and improve overall 

reliability of the systems in industrial electric drive 

systems. 

3. CYBER-PHYSICAL ELECTRIC DRIVE 

ARCHITECTURE 

The suggested system of cyber-physical electric drive 

is created to combine the physical implementation of 

the motor work with smart data processing and 

distributed computers. The architecture is based on a 

layered cyber-physical architecture that integrates 

the sensing, the computation and communication in a 

way that facilitates the real-time monitoring, 

intelligent control and predictive fault management. 

The system architecture is designed into four 

functional layers that include physical layer, cyber 

layer, edge computing layer and cloud layer. The use 

of this architecture enables an efficient data 

collection, distributed processing, and long term 

system analytics as shown in Fig. 1. 

3.1 Physical Layer 

The physical layer is a description of the working 

conditions of the electric drive system and involves 

all hardware that converts energy and actuates 

mechanical objects. The electric motor, power 

electronic converter, mechanical load and a set of 

distributed sensors forming a group of sensors 

dedicated to monitoring operational parameters form 

the physical layer in the proposed architecture. The 

electric drive unit has 3 phase electric motor paired 

with pulse width modulation (PWM) inverter, which 

controls the input voltage and current fed to the 

motor. The converter will allow variable-speed 

operation and operation of the motor torque and 

speed to be required to match the desired operating 

conditions by the control system. Besides the motor 

and inverter, several sensors are also installed in the 

physical layer to keep an eye on the most important 

variables of work such as stator current, supply 

voltage, rotor speed, winding temperature, and 

vibration signals. These measurements give a detailed 

description of the state in which the motor is 
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working. The data of sensor are sent via industrial 

communication interfaces to the computational layers 

in the cyber-physical system. Multi- sensor monitoring 

also allows proper identification of operating 

conditions that are out of norm and presents the data 

needed to perform advanced signal processing and 

predictive maintenance analysis. 

3.2 Cyber Layer 

The cyber-physical electric drive system is centred on 

the cyber layer which constitutes the computational 

end of the physical core. It is mainly used to make 

sense of the data obtained at the physical layer and 

come to useful information regarding the status of 

operation within the system. The cyber layer is 

capable of intelligent data processing by doing signal 

processing, feature extraction and fault 

classification. Raw sensor signals observed through 

the electric drive system are first processed with 

some preprocess activities which include filtering, 

elimination of noise and normalisation. Such 

operations enhance the quality of the signal and 

eliminate the noise of measurements which can 

influence the future analysis. Relevant features are 

then extracted out of sensor signals after 

preprocessing. Frequency components of the current 

signals, statistical vibration characteristics, and 

temperature variation patterns commonly 

characterise the typical feature and might be used to 

show that there are mechanical or electrical faults. 

After extraction of features, the machine learning 

models are implemented in determining abnormal 

system behaviour. The extracted features are 

analysed by classification algorithms that decide 

between normal operation in the system and the 

possible faults. This cyber layer is thus a smart 

diagnostic module which can be used to identify 

anomalies in real time and help make predictive 

maintenance decisions. 

3.3 Edge Computing Layer 

The edge computing layer will handle the real-time 

processing of the data that will be near the electric 

drive system. Traditional industrial monitoring 

systems have traditionally used architectures which 

transmit sensor signals to cloud servers at the centre 

to perform statistics. These architectures tend to add 

some delays in communications and reduce the 

capacity to react swiftly to crucial incidents in the 

system. In order to address these shortcomings, the 

proposed architecture will implement edge 

computing devices that are implemented close to the 

electric drive system. These edge nodes do local 

computation on sensor data, and do fault detecting 

algorithms at the device level. The system also 

minimises the amount of time required to pass the 

data to the control centre, as it is analysed locally to 

help identify an unusual state of operating within the 

minimum time possible. The edge layer also carries 

out an intermediate data aggregation and filtering 

and then sends the summarised information to the 

cloud layer. This distributed processing architecture 

enhances efficiency of the whole system by 

minimising the network bandwidth consumption 

besides ensuring the time critical diagnostic tasks are 

executed in real time. 

3.4 Cloud Layer 

The cloud layer will offer long-term monitoring of the 

system, data storage and sophisticated analytics 

solutions. Whereas the edge devices are used to 

detect faults in real-time, the cloud platform 

archives the obtained past operational data of several 

devices of electric drives that are deployed in 

different industrial settings. The learnt machine 

learning models may be used to predictive 

maintenance and long-term reliability analysis based 

on the stored data. Cloud-based analytics systems 

also have visualisation dashboards, which enable the 

operators of the system to cheque the overall 

performance of their systems, historic performance 

data and even the patterns of faults during long 

periods of operation. Making cloud analytics and 

edgebased processing work together makes it possible 

to have a hybrid architecture, where time-intensive 

tasks are done on-premises, and the large-scale data 

processing occurs in the cloud. The combination of 

these two attributes increases the scalability and 

reliability of proposed cyber-physical electric drive 

system. 
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Fig. 1.Cyber-physical electric drive system architecture integrating physical sensing, edge analytics, and cloud 

monitoring. 

 

4. INTELLIGENT CONTROL STRATEGY 

The proposed system has an intelligent control 

strategy that will enhance the dynamic performance 

of the electric drive and ensure a stable operation in 

different load conditions. The problems that are 

associated with electric drives in industries include 

interference with power due to load changes, 

parameter alternations, and environmental 

fluctuations. Flat proportional-integral (PI) 

controllers can not necessarily be the method to 

deliver optimal performance under these 

circumstances. The proposed control system will 

include speed reference generator, calculation error 

unit, intelligent controller, pulse width modulation 

inverter, and the electric motor. The speed reference 

generator gives the required motor speed as per 

requirements of systems. The calculation unit of error 

finds the error between the reference speed and the 

actual measured motor speed taken by the sensor 

feedback. This error signal is fed to the intelligent 

controller where it is processed to come up with 

suitable control inputs that will be used to control 

the motor-torque and speed. The dynamical 

controller uses its parameters in response to the 

current situation in the system in real-time to provide 

an adaptive control of the electric drive system. The 

operation of the intelligent controller generates 

control signals that are inputted to the PWM inverter 

which controls the voltage delivered to the windings 

on the motor. The mechanism of adaptive control 

enhances the short-term response of the system and 

minimises the unwanted effect like overshoot and 

oscillations. Consequently, the control strategy 

proposed will boost system stability, decline settling 

time, and steady-state performance in comparison 

with the conventional control methods. 

5. PREDICTIVE FAULT MANAGEMENT 

Fault management is also important to enhance the 

stability and efficiency of the electric drive systems 

by predicting the failures. Rather than implementing 

reactive maintenance approaches which address a 

failure once it has taken place, predictive 

maintenance approaches seek to address precursors 

of system degradation and avert failure prior to it 

derailing system functionality. The predictive fault 

management in the given system is carried out using 

sensor data measured on the electric drive. The 

predictive maintenance model comprises of various 

consecutive steps, which are data collection, signal 

preprocessing, feature mining, fault distinguish, and 

fault prediction. The physical layer sensor 

measurements are reported at the cyber and edge 

layers continuously through the course of the data 

acquisition stage. Such measurements cover electrical 

measurements include current and voltages and 

mechanical measurements including vibration and 

temperature. The signals which are collected are 

then preprocessed so as to eliminate noise and 

enhance the quality of data. Relevant diagnostic 

features are then obtained out of the signals after 

preprocessing. These variables represent significant 

attributes of the working behaviour of the motor, 

which can be used as input variables to machine 

learning models. Classification algorithms are used to 

analyse these features and establish the pattern 

related to various kinds of faults. Some of the typical 

Real-time data 
processing  
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faults in the electric drive are taken into account in 

this paper bearing defects, stator winding faults, 

rotor imbalance, and failures of the inverter 

switching. The system is able to generate alerts about 

maintenance problems and prescribe remedies to 

these issues before they are severely damaged by 

detecting the initial signs of an issue. The predictive 

fault management framework thus allows the 

proactive implementation of maintenance plans that 

would cut down the equipment downtime and 

enhance the reliability of the system. 

6. EDGE COMPUTING FRAMEWORK 

The edge computing platform offers the distributed 

computing platform needed in the real-time 

monitoring and predictive analytics of the proposed 

cyber-physical electric drive system. Edge devices are 

placed at close proximity to the drive units of the 

electrics and serve as a processing node between the 

physical sensors and the cloud platform. An example 

of local data processing activities carried out by these 

edge devices includes signal filtering, feature 

extraction and anomaly detection. Since the 

processing is done near the source of data the system 

is able to identify faults and react to abnormal states 

much quicker than the conventional cloud-monitors 

architecture. The other significant benefit of the 

edge computing framework is that it minimises the 

use of network bandwidth. The edge devices do not 

send the raw sensor data to the cloud continuously 

but summarise the data and send only an alert about 

faults or reduced performance. This will lower 

overheads in communication and enhance scalability 

of the system when used by large industries. Adoption 

of edge computing to the cyberspace of the electric 

drive systems allows the provision of real-time 

predictive maintenance, faster response of the 

system, and enhanced reliability in industrial 

automation systems therefore. 

7. SIMULATION SETUP 

Simulation experiments on the MATLAB/Simulink 

platform were used to measure the performance and 

effectiveness of the suggested cyber-physical 

architecture of the electric drive. MATLAB/Simulink 

has been chosen since it is a logical tool that 

completely covers the electric drive systems, control 

algorithms and real-time signal processing systems. 

Through the simulation environment, it was possible 

to combine the electric motor model, intelligent 

control system, predictive fault detection algorithms 

with the edge computing processing module in one 

simulation environment. The simulation model 

comprises of a number of interrelated sub-systems, 

such as the electric motor driver, sensor readings 

module, intelligent controller, signal processing 

block, as well as the edge-based fault detection 

module. The electric drive system is modelled with 

three-phase motor, which is connected with a pulse 

width modulation (PWM) inverter, a device that 

regulates the voltage and current fed to the motor. 

The motor model gives the real world operation 

behaviour such as speed response, torque generation 

and dynamic loads changes. In the simulation, the 

simulation model had several sensor modules to 

create the conditions of real-world monitoring. All 

these sensors monitor the important operating 

parameters of stator current, supply voltage, rotor 

speed, motor temperature, and vibration signals. The 

resulting measured signals are sent to the cyber layer 

where interested feature extraction and signal 

preprocessing activities take place. An edge 

computing module that is used in the simulation to 

conduct local data processing and predictive fault 

analysis is also present. This module gets sensor 

information about the monitoring subsystem and 

implements anomaly detecting algorithms to detect 

possible failures in the electric drive system. Through 

analysis within the locality, the edge module will 

make it possible to detect abnormal conditions faster 

and minimise system response latency. To test the 

performance of the proposed system, various 

operating conditions were modelled such as the 

normal operating conditions, load variations and fault 

conditions. These situations enabled to test the 

stability of the system, thecontrollability, and the 

efficiency of predictive fault detection systems. 

Table 1 displays the important simulation parameters 

that were applied in the experimental setup. 

 

Table 1. Simulation Parameters 

Parameter Value 

Motor power 2 kW 

Rated speed 1500 rpm 

Supply voltage 230 V 

Sampling frequency 10 kHz 

Edge processing delay 5 ms 

 

A power rating of 2 kW of the motor is a standard 

industrial drive applicable to the automation systems 

in small scale. These PVI values of 1500 rpm 

represent a typical 4 pole induction motor with a 50 

Hz supply rate. A supply voltage of 230 V was chosen 
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and this is intended to reflect the more typical 

industrial drive conditions. The 10 kHz sampling rate 

provides proper detection of the high frequency 

signal content needed in fault detection analysis 

especially under vibration and current signal 

monitoring. Moreover, the simulation was also 

introduced with an edge processing delay of 5 ms in 

order to introduce a realistic computational latency 

in edge computing devices. The presented simulation 

parameters permit the suggested cyber-physical 

electric drive model testing in real operation fluency 

and enable an effective foundation of the efficiency 

enhancements associated with the introduction of 

intelligent control and edge-based predictive fault 

management. 

8. RESULTS AND DISCUSSION 

The effectiveness of the suggested cyber-physical 

electric drive system was assessed with the help of 

simulation experiments in the MATLAB/Simulink. The 

aim of the analysis was to cheque the performance of 

the electric drive system under control as well as the 

efficiency of the predictive fault detection 

framework executed with the edge computing. The 

analysis of the results was also based on both the 

normal operation conditions and the simulated fault 

conditions to evaluate the strength of the proposed 

architecture. 

8.1 Electric Drive Control Performance 

Evaluation of the intelligent control strategy was 

done through the dynamic response of speed of the 

electric motor under different load conditions. The 

findings of the simulation show that the adaptive 

intelligent controller would offer a better dynamic 

performance than the traditional proportional 

operators of the integrative (PI) controllers. 

Precisely, the given controller decreases the speed 

overshoot under transient conditions and enhances 

settling time of the system. When there was 

instability in the load in the simulation environment, 

faster stabilisation of the motor speed was observed. 

This enhancement is achieved through the fact that 

the intelligent controller is capable of changing 

control parameters in real-time depending on the 

operating condition of the motor. Control 

performance is also improved which increases 

stability of the system and decreases the fluctuations 

of the motor torque and speed. The latter properties 

are especially notable in the industrial field, where 

the accuracy of motion control and the reliability of 

the functioning of the systems are needed. The 

proposed control system can decrease the overshoot 

and decrease the settling time, which can be 

showcased in fig. 2. 

 

 
Fig. 2. Motor speed response comparison between 

conventional PI control and the proposed intelligent 

control strategy. 

 

8.2 Predictive Fault Detection Performance 

The predictive fault management system was tested 

by inserting a number of simulated faults into an 

electric drive model that comprised bearing faults, 

stator windings abnormality, and rotor imbalance 

faults. The edge computing module was used to 

process sensor information obtained by the system to 

detect DNPs in the state of work. The effectiveness of 

proposed edge-based predictive fault detection 

system was compared to traditional systems of 

monitoring and cloud-based diagnostic systems. The 

findings have been summarised in Table 2. 

 

Table 2. Fault Detection Performance 

Method Detection 

Accuracy 

Response 

Time 

Conventional 

monitoring 

85% 0.8 s 

Cloud-based 

monitoring 

90% 0.6 s 

Proposed edge-based 

system 

96% 0.25 s 

 

These findings indicate that the proposed system 

has the best detection accuracy when compared to 

among the evaluated system. The predictive fault 

detection system that operates on the edge basis was 

found to have a high value of accuracy estimated to 

be about 96 as compared to traditional monitoring 

methods. Besides higher detection rates, the given 

system will yield a considerably lower response time 
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towards detecting abnormal system functioning. It 

reduced response time which was 0.8 seconds with 

the conventional monitoring system to about 0.25 

seconds with edge computing as the local processing 

system. This has been made possible mainly because 

the communication delay with distributed edge 

analytics is reduced. 

8.3 Impact of Edge Computing on System 

Responsiveness 

Among the main benefits of implementing edge 

computing with the cyber-physical electric drive 

architecture, one can notice the option to think 

about sensor data processing, instead of transferring 

all data to the distant cloud platforms. In 

conventional cloud based monitoring patterns, the 

communication latency may delay fault identification 

of the systems and reduce the response time. The 

results of the simulation prove that the edge 

computing framework is a significant enhancement of 

the system responsiveness. Due to the processing of 

sensor data at the edge node, fault detection 

algorithms can detect abnormal system behaviour in 

real time. This is more critical in the automation 

industries where one needs to react quickly to the 

equipment failure to avoid system failure as well as 

the production disruptions. The decrease in the 

detection latency of the proposed system can be 

visualised using Fig. 3. 

 

 
Fig. 3. Fault detection response time comparison 

between conventional monitoring, cloud-based 

monitoring, and edge-based predictive fault detection. 

 

8.4 Comparison with Existing Approaches 

The findings of this research are aligned with the new 

research results pointing out that the distributed 

monitoring architectures have the capability to 

significantly enhance the reliability of the industrial 

systems. As it has already been demonstrated, 

machine learning-based fault-detection systems have 

the potential to improve the quality of the diagnostic 

process over conventional signal analysis algorithms. 

Nonetheless, numerous of the existing 

implementations are based on centralised cloud 

platforms in data processing. The proposed system is 

based on extending the earlier work, incorporating 

intelligent control, predictive maintenance 

algorithms, and edge computing in the single 

architecture of cyber-physical electric drive. Such an 

inter-operative method is not only more effective in 

point of fault detection, but the system 

responsiveness is minimised, allowing more workable 

predictive maintenance strategies. Motor faults can 

be detected in time so that corrective actions can be 

undertaken by the maintenance personnel prior to 

the occurrence of critical faults. Through this, the 

proposed architecture is able to minimise the system 

downtime, enhance the reliability of the equipment, 

and general operational efficiency of industrial 

electric drive systems. 

CONCLUSION 

This paper reported a cyber-physical electric drive 

system, which combines smart control methodologies 

with edge-based fault management in order to 

enhance the dependability and performance 

character of the industrial electric drive systems. 

Traditional monitoring systems tend to use 

centralised data processing and responsive 

maintenance approaches that may cause system crash 

detection and system downtimes. In an effort to 

overcome these drawbacks, the framework proposed 

integrates multi-sensors surveillance, distributed 

edge computing, and machine learning-diagnostic 

algorithms in a single architecture of a cyber-physical 

system. According to the suggested system 

architecture, there are four operational layers, which 

are physical sensing layer, cyber data processing 

layer, edge computing layer and cloud analytics 

layer. This multilayered structure allows constant 

control of operating parameters of the motors and 

facilitates real-time analytics and most importantly 

predictive maintenance opportunities. To control the 

speed of motors and enhance the operation of 

dynamic system under different loading conditions, 

intelligent control approach was adopted. The 

simulation experiments that were carried out in the 

MATLAB/ Simulink environment shows that the 

proposed system greatly improves the performance of 

control as well as the fault detection. The dynamic 
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response performance of the electric drive system 

was enhanced by the intelligent control approach and 

an edge-based predictive fault detection system 

results in a fault detection success rate of about 96 

and the latency to respond was less than 0.25 

seconds. These findings have demonstrated that 

appropriatability of edge computing in use with 

cyber-physical electric drive systems can considerably 

enhance responsiveness and reliability of the system 

over the traditional monitoring methods. The main 

results related to this study include the design of a 

combined cyber-physical system to monitor electric 

drives, the use of edge computing in predictive fault 

detection conditions in real time, and the 

introduction of an intelligent control system that 

enhances the stability and performance of the 

system. Future studies can be conducted on the 

application of the proposed architecture in actual 

industrial setting and testing its performance with the 

help of experiment hardware platforms. The further 

research directions would consist of integrating the 

digital twin technologies to further develop the 

system modelling, usage of deep learning algorithms 

to reach a better fault classification and create a 

distributable framework of monitoring large-scale 

industrial drive systems. 
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