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practically possible to understand the actual behaviour of the 
system. The DT was used in Design, manufacturing, and 
predictive maintenance [17, 18, 19]. Without using many 
sensors DT model can give more reliable and accurate real time 
data which can be used for the predictive maintenance of the 
system [20]. With DT model, extreme harsh conditions can be 
predicted without any damage because it was simulation tool 
[21]. The current literature survey studies discuss Industry 4.0 
for predictive Maintenance [4,22], Machine Learning for 
Predictive Maintenance [23,24], DT for maintenance [25], 
maintenance in Industry 4.0 [26], DT in Industry 4.0 [27] and 
condition based monitoring using machine learning [7]. 
However, these papers did not discuss the DT for predictive 
maintenance and thus this said addresses following research 
questions (Rqs). 

RQ1: What previous studies are conducted on application of DT 
in Predictive Maintenance?

RQ2: What are the categories of these studies of DT in 
Predictive Maintenance?

RQ3: What are the future directions of DT in Predictive 
Maintenance?

The organization of the manuscript was as follows: Section 2 
gives the methodology adopted for the study to address RQ1. 
Section 3 gives Detailed Analysis for RQ2. Discussion and 
Concluding Remarks is given in Section 4 for Rqs.

I. INTRODUCTION AND BACKGROUND

In the competitive world it was essential to increase the 
efficiency and productivity of the industry. Sudden failure of 
machines reduces the production and increase the cost [1, 2]. 
The three commonly used maintenance techniques are reactive 
maintenance, preventive maintenance, and predictive 
maintenance [3]. Predictive maintenance predicts the trend of 
the machine and performs the maintenance shortly before the 
failure occurs in the machine [2, 4]. Compared to reactive and 
preventive maintenance, predictive maintenance avoids the 
unscheduled machine stoppage [3]. Predictive maintenance was 
nothing but its continuous monitoring of the system to prevent 
the sudden failure. So, it reduces the time interval between the 
maintenance operations and therefore definitely cost will be 
minimized [5]. Predictive maintenance was enhancement of 
condition-based monitoring, which describe the current state of 
the health of machinery [6]. Condition based monitoring was 
done through the Machine Learning algorithms. Machine 
Learning was essential and fundamental techniques of Industry 
4.0 [7]. Most frequently machine learning algorithms used in 
predictive maintenance were linear regression [5,8], random 
forest regression [5], decision tree [9,10] Bayesian Networks 
[11], Support Vector Machines [12,13,14], Artificial Neural 
Networks [12,15,16] , K- nearest neighbour [8,9,12,14]. Digital 
Twins (DT) means to create the software version of the real 
system [17]. It allows the user to do the things which were not 
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II. METHODOLOGY ADOPTED FOR SLR

The Methodology adopted for SLR is shown in Figure 1.  

Figure 1: Methodology adopted for SLR [Source- Author]

The keywords finalized were predictive maintenance, DT and 
machine learning. The search was conducted on 15 June 2023 
on Google Scholar database to find the relevant papers from 
year 2017 to 2023 June.  Initial 17,000 papers were analysed 
based on the review and articles category and 3950 papers were 
found. Further screening of the papers was done on the bases of 
relevant articles and alignment with the aim of the study. Then, 
198 papers were shortlisted. These studies were again filtered 
using the TAK principle to remove the unrelated articles. After 
that, 46 papers were found. 

III. DETAILED ANALYSIS 

The research articles on DT for predictive maintenance are 
categorized into the three different categories as shown in 
Figure 2. 

Figure 2: Structure of categorization of Papers [Source- 
Author]

3.1 Theoretical studies: The theoretical studies are 
subcategorized into the literature survey (13 papers), theoretical 
(04 papers) and conceptual framework (02papers). The 
contribution of literature survey articles in theoretical studies is 
68.42%. In Industry 4.0 the predictive maintenance plays a very 
important role in sustainable production and manufacturing 
system by including digital version of machine maintenance 
[28].  It is necessary to predict the requirement of maintenance 
in Industry 4.0 to reduce the downtime, cost and to improve the 
productivity [4]. Vibration analysis is used for the predictive 
maintenance.  It requires the data acquisition method, feature 
extraction method and AI techniques to identify the fault in the 
system [29]. Maintenance Management strategies were 
changed due to Industry 4.0 [26].  It is observed that DT was 
used in design, manufacturing, production and maintenance in 
industry [25]. The conventional simulation process considers 
the present dataset and gives the output, but the DT model 
contains the past and present data to predict the behaviour of the 
physical system [27]. The industry 4.0 techniques like cloud 
computing, Augmented Reality, Big Data, IoT, and AI-ML were 
used in Maintenance 4.0 [22]. Machine Learning algorithms 
were used in predictive maintenance to reduce the maintenance 
cost [12, 24], but there were no single algorithms which can be 
implemented. As per Industry and type of fault different 
algorithms were used [24]. Machine Learning algorithms, data 
acquisition device, type of data, size of data was required to 
mention for a particular system [23]. Supervised algorithms 
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Industry 5.0 technologies were used in European Industries for 
the mechanical vibration analysis. Short Time Fourier 
Transform (STFT) gives better results than Fast Fourier 
Transform (FFT) and Continuous Wavelet Transform (CWT) 
gives better than STFT. For frequency domain FFT was used but 
for Time- frequency domain STFT was used. STFT uses fixed - 
length time window, but CWT uses varied- length time window 
[37]. The techniques of industry 4.0 were used to reduce the cost 
of predictive maintenance [38]. For the high frequency defect, 
there was high amplitude and for low frequency defect there was 
low amplitude. Vibration amplitude was increased due to 
increment in load, size of defect and speed. The SVM algorithm 
was used for the experimental purpose [39]. KNN and SVM 
algorithms were used to identify the fault in wind turbine system 
[14]. Real time monitoring was done on motor by using low-
cost hardware component and open-source software [40]. For 
the predictive maintenance of Textile machinery, energy data 
were used to identify the fault in the system [3]. Predicative 
maintenance was done in Bottling plant manufacturing small 
scale industry to identify fault in conveyor motor. Siemens S2-
1200 PLC was used for vibration Analysis. Cloud based 
decentralization system was implemented to send report by 
email immediately [41]. Predictive maintenance was used 
continuously in ventilation equipment to identify the 
misalignment and bearing fault [42].  The accuracy and the 
reliability of fault diagnosis in machine centre was based on the 
data mining. The study contains the framework of fault analysis 
which consists of the sensor and data acquisition, data 
processing, fault diagnosis and prognosis, performance 
indicator analysis [15]. The DT was the virtual representation of 
the physical model. It was used for predicting the tool condition 
[17]. DT was used for the vibration analysis in manufacturing 
process to improve the efficiency and the accuracy [43]. It was 
used for vertical CNC milling machine for the hybrid predictive 
maintenance o estimate the tool life [21]. For improving the 
maintenance strategy of the electric motor, the control charts of 
the vibration analysis were used to generate the DT model of the 
system [44]. MATLAB software was used to make the DT of 
ventilation system for fault identification [18]. DT and IOT were 
used for the predictive maintenance of electric motor. 
Conductivity and temperature analysis were done through the 
FEA software and these data were given to the DT to predict the 
behaviour [45]. Health of the machine was predicted by using 
the Machine Learning algorithm like Design Support System 
[9]. Maintenance cost was reduced by using Machine learning 
algorithms such as Decision Support System was used in 
predictive maintenance [9]. Machine Learning algorithms were 
used for the drift detection [8]. SVM was the most popular 
classification method which was used in vibration analysis of 
unbalance fault identification. SVM can be used for small 
number of samples [13]. ANN and Decision Tree (DT) 
classifiers were used for predictive maintenance of ball bearing. 
Anysis software was used to feed the data into the Digit Twin 
model of the bearing. ANN gives 87% and DT gives 89% 
accurate results [46]. The 84% success was achieved when 
considered 3 axis vibration data, but 99% success was achieved 

were mainly used in predictive maintenance [30]. Condition 
Based Monitoring can be done by Supervised, unsupervised and 
semi supervised algorithms [7]. Knowledge based model, 
model-based model and data driven based models were used for 
predictive maintenance, SVM and ANN were mostly used ML 
algorithms [16]. Maintenance was closely related to production 
process. Quality of maintenance determines the quality of the 
product [31]. Maintenance 4.0 techniques were discussed like 
Failure Based Maintenance (FBM), Condition Based 
Maintenance (CBM), Total Productive Maintenance (TPM), 
Predictive Maintenance (PM) and Total Quality Maintenance 
(TQMain). CBM and TQMain were most important techniques 
in Maintenance 4.0 [32]. In Industry 4.0 the predictive 
maintenance plays a very important role especially in 
manufacturing industry. Author has mentioned the theoretical 
concept of predictive maintenance in automotive industries of 
Germany [6]. Knowledge based system can used in predictive 
maintenance [33]. DT was used for designing, manufacturing 
and maintenance [20]. DT was used in different industries for 
number of applications. Industries like E-commerce, food, 
textile, education; electronics was used to improve the customer 
satisfaction by changing the design of the product.  Industries 
like production, manufacturing, steel was used to reduce the 
time and cost, and in aerospace and healthcare industries were 
used DT to reduce the cost as well as risk [34].

3.2 Simulation and Mathematical Modelling Studies: The 
research study of DT in predictive maintenance contains the 
19.56% research articles on mathematical modelling and 
simulation. The simulation and mathematical modelling were 
further subcategorized into the managerial survey, 
mathematical modelling and simulation which show the 
relationship between the industry 4.0 and predictive 
maintenance effects the socio- economic factor of industry [35]. 
To increase the performance of the predictive maintenance, 
supervised machine learning algorithms were used. Modelling 
and simulations were done on the Gas turbine by using the K- 
nearest Neighbour (KNN), decision tree and random forest 
algorithms. It was proved that KNN gives good result for large 
dataset and random forest was better for small size of dataset [5]. 
Efeoğlu and Tuna [2] used predictive maintenance dataset from 
University of California, Irvine (UCI) library, and it was 
concluded that Support Vector Machine (SVM) gives 99% 
accurate result with the combination of Kernal Function. 
Combination of Jaya algorithm and Sea lion optimization 
algorithms were used for the predictive maintenance of aircraft 
engine and lithium-ion battery. Different accuracy level was 
achieved by using different algorithm and it was observed that 
ANN gives high accuracy [36]. 

3.3 Hardware implementation: A comprehensive study of the 
research articles selected during the literature survey revealed 
that hardware implication studies of DT for predictive 
maintenance were in abundance, compromising 50% of the 
selected research articles. Hardware implementation studies 
include the hardware implementation and case studies. To 
improving the sustainability of the system Industry 4.0 and 



22

February 2025

while including speed, current, temperature and sound data for predictive maintenance of Bearing. Kappa and accuracy matrix were 
calculated to find the best machine learning algorithm for the bearing analysis. KNN gives best result for bearing fault identification 
[10]. Modal analysis of the Airbus Helicopter motor was done through the machine learning algorithm like clustering [47]. The 
behaviour of the steel plant was observed by using cyber physical system, Internet of things and big data technologies and by applying 
Discrete Bayes Filter Machine Learning algorithm [11].

Table 1: Brief analysis of research papers of Digital Twin in Predictive Maintenance of different categories.
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IV. DISCUSSION AND CONCLUDING REMARK

In industry 4.0, predictive maintenance was used as a 

maintenance tool [22, 28, 31]. Maintenance was required to get 

quality, safety, and productivity [4]. Predictive maintenance 

plays very important role in sustainable maintenance [28, 31]. It 

also affects the socio-economic factor of the industry [31, 35]. 

The future work in predictive maintenance can be considered as 

label the data which were stored in the cloud as much as 

possible. Predictive model based on the data will be used to 

develop machine learning model [40, 42]. Machine Learning 

algorithms were used for the predictive maintenance [24]. The 

integration of predictive maintenance and machine learning 

algorithm reduces the cost. But, according to Price Waterhouse 

and Coopers and Lybrand (PwC) survey only 11% companies 

have implemented ML for predictive maintenance. The further 

study can be done on the combinations of the ML algorithms and 

different type of data acquisition system to collect the real time 

data [23]. Machine learning was integrated into the DT model. 

Today, supervised machine learning algorithms were data 

labelled [27]. For the predictive maintenance in industry 4.0, 

one needs to create the DT model. It creates the digital 

representation of the physical system. The digital model can be 

simulated into the different environment [34]. Machine learning 

algorithms were used to generate the DT model. Specifically 

Supervised learning algorithms can be used for the DT. In 

supervised learning algorithms, trained data were required. The 

signature analysis was the tool for the predictive maintenance 

[49] and it can be used to feed the trained data in machine 

learning for DT of predictive maintenance.
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