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Abstract—With advancements in science, machine learning 

and artificial intelligence integration with different fields have 

opened up new horizons. In this paper, some simplified custom 

machine learning algorithms are defined to train different faults 

for electrical machines. The industry has been moving towards 

predictive maintenance of machines rather than scheduled 

maintenance with the new industry 4.0 revolution. It has also 

paved the way for researchers to explore more in machine 

learning and have specific machine learning training algorithms 

catered to diagnose faults in electrical machines. Here, three 

different variations of a simplified machine learning algorithm 

are present for the training of faults of electrical machines. A 

comparison of the results is presented at the end, along with 

further studies carried out in this area. 

Keywords—machine learning, artificial intelligence, neural 

network 

I. INTRODUCTION  

With the advancement in information technology in recent 
years, machine learning has also grown and advanced rapidly 
within the domain of computing power and data analysis [1]. 
This growth has helped utilize software and computational 
hardware in a more efficient way to solve complex problems 
[2]. The core of this advancement lies with the methods and 
tools that process massive data sets allowing physical devices 
to learn and decide based on the previous data, resulting in the 
new industry revolution [3,4], commonly termed Industry 4.0. 
Industry 4.0 [5,6] is technically the automation of devices in 
the industry that enables them to communicate with each other 
and make a decision based on machine learning algorithms. 
This broad area is also known as the Internet of Things [7]. 
The devices can communicate with each other in a confined 
area and over a more extensive network and give suggestions 
and make decisions based on machine learning algorithms. 
The primary key to these decisions lies with machine learning 
algorithms and how well they are used according to the 
training data set. Machine learning algorithms are also 
becoming more scalable and agile with time and are a critical 
part of future information technology enhancement. 

The machine learning algorithm can be divided mainly 
into four major areas: supervised learning, unsupervised 
learning, semi-supervised learning, and reinforcement 

learning [8], with each further divided into different 
algorithms. These algorithms are becoming more common in 
our daily lives with the advent of large data sets for different 
fields being monitored and maintained online. There have also 
been examples of implementing machine learning algorithms 
in daily routine by big companies like google, facebook and 
others. As machine learning is a data-driven approach, it needs 
to keep learning with the recent data sets to get more accurate 
results. Hence, a minimum optimal data set and a suited 
algorithm are required to get the best outcome. Several 
algorithms, including classification analysis, data clustering, 
linear regression, linear discrement analysis, pattern 
recognition, reinforced learning technique, and others, can 
help build an efficient data-driven system [9,10]. Some of 
these algorithms are used for classification, whereas others 
can be used for prediction using regression or neural networks. 

Although machine learning algorithms are divided into 
different categories, it is crucial to know how to choose the 
algorithm that best suits the scenario and data characteristics, 
as each algorithm is unique. Their results may vary with the 
other algorithms even of the same category [11]. As machine 
learning algorithms also use high processing power and 
storage [12,13], most processing has been moved to the cloud. 
Choosing the best among them is also necessary according to 
the need of the situation. Different research areas have 
integrated with information technology and used machine 
learning to automate or predict results in their respective areas 
to enhance their fields' capabilities further. This has made the 
application of machine learning broad, such as 
implementation in cyber security, IoT systems, e-healthcare, 
smart cities, sustainable energies, autonomous vehicles, etc. 
This has also resulted in a simplified version of machine 
learning algorithms that are best suited for the respective 
fields. The machine learning algorithms are still developing 
with the advancement in parallel to these fields and might 
enhance further. 

This paper presents a simplified custom machine learning 
algorithm with two variations used to train a model for 
diagnosis purposes. This machine learning algorithm is still 
developing with further enhancements to multi-layered 
custom neural networks. The paper further explains the 
direction of research and its future prospects. 



 
Fig. 1. Categories of Machine Learning Techniques 

II. TYPES OF MACHINE LEARNING TECHNIQUES 

Machine learning algorithms are most commonly divided 
into three categories: supervised learning, unsupervised 
learning, and reinforcement learning. In addition, one other 
category is also taken into account, i.e., semi-supervised 
learning. A general overview of these four categories and a 
brief description are shown in Fig. 1. 

A. Supervised Learning 

This is the most commonly used machine learning 
category, as the machine learning algorithm devises a function 
by mapping the input to output data sample pairs [9]. The 
training data used here is labeled, i.e., the input and output are 
defined beforehand and the machine learning algorithm trains 
the model such that those input samples are paired with the 
output. The trained function is then used to predict the output 
for the new data set and is more of a task-driven approach [4]. 
The most common approach in supervised learning is 
“regression”, which fits a function according to the data and 
“classification”, which separates the data according to the 
training data set. 

B. Unsupervised Learning 

This is quite the opposite of supervised learning; we know 
the output for the input while training in supervised learning. 
In unsupervised learning, the data sets are unlabeled and there 
is no output. This approach is more suited to a data-driven 
approach [9] than a task-driven. In this approach, the 
algorithm extracts features from the data sets or trends and 
groups the results together based on similar patterns, trends, 
or features. The most common usage of unsupervised 
techniques is feature learning, pattern recognition, clustering, 
knn. 

C. Semi-supervised Learning 

This technique is a combination of both supervised and 
unsupervised learning and can be known as a hybrid technique 
[9]. The data used here for training is labeled and unlabeled 
and primarily used where labeled data is rare, especially in 
real-world implementation [8]. However, as unlabeled data is 
quite in number, a combination of both labeled and unlabeled 
data can generate better results in some scenarios. The most 

common usage of semi-supervised learning is text 
classification, fraud detection, machine translation and others.  

D. Reinforcement Learning 

Reinforcement learning is a self-learning technique in 
which the algorithm enables the machine to evaluate the result 
in a specific context and decide on the best possible outcome 
to improve its efficiency [14]. This approach can also be 
termed an environment-driven approach. This approach is 
based chiefly on penalty or reward, with its main purpose to 
minimize the risk by increasing the reward. This technique is 
mostly used to train AI models for automation setups like 
manufacturing, autonomous vehicles, robotics, and others.  

There are different approaches to machine learning 
techniques for different problem scenarios, which mostly 
depend on the nature of data and where it will be implemented. 
Similarly, they can be used either to classify the incoming data 
or to predict values. Many classification techniques are 
present, like Linear Discriminant Analysis, Naïve Bayes, 
Decision Trees, Regression Techniques, Support Vector 
Machine. In this paper, a small custom machine learning 
algorithm is presented with variation to work in diagnosing 
faults in electrical machines. The presented technique is 
simple and to the point and will be further enhanced in the 
future to work with predictions of faults with high accuracy. 

III. METHODOLOGY AND RESULTS 

This research presents a simplified machine learning 
approach to neural networks with two variations to work on 
the fault diagnostics of the electrical machine. This is a more 
straightforward approach to get the result in a minimum 
number of layers and with higher accuracy in the shortest time 
possible. This is also to check if the results can be generated 
with higher accuracy using a small number of datasets. The 
first layer of the neural network consists of a dot product of 
weights and the incoming inputs, whereas the second layer is 
different for both variations. One variation includes a sigmoid 
function on the second layer, whereas the second variation has 
a hyperbolic tangent function present. Both equations are 
given in (1)(2), respectively. 
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The variations are trained separately using 10,000 training 

data sets and then the results are validated with a different set 
of 500 validation data sets. The model trained is still under 
development to improve their results consistency as it may 
vary when the model is retrained. The models are trained using 
python with a custom neural network defined class and 
without the use of tensor flow or any other third-party library. 
The flowchart for the working and training of the neural 
network algorithm is shown in Fig. 2. 

 
Fig. 2. Overview of Training of Machine Learning Model 

The error is calculated after predicting the values after 
layer 2 and the weights are adjusted accordingly in layer 1 for 
the following input. The training undergoes 10,000 iterations 
for the test data set and a mean square error for the trained 
model is generated for both sigmoid and hyperbolic tangent 
variations. The results for the mean square error for both 
variations are shown in Fig. 3 and Fig. 4. 

 
Fig. 3. Mean Square Error (MSE) of Model trained with Sigmoid Function 

 

Fig. 4. Mean Square Error (MSE) of Model trained with Hyperbolic 
Tangent Function 

From the above graphs, it can be seen that the model 
trained using the Sigmoid function has a low Mean Square 
Error (MSE) compared with the one trained using Hyperbolic 
Tangent Function. From the graphs of training algorithms, it 
is seen that the model with Sigmoid function is better off than 
the one with Hyperbolic Tangent Function. For validation of 
the results, a validation data set for 500 sets was used and the 
comparison results for both are summarized in Table 1. 

TABLE I.  COMPARISON FOR SIGMOID AND HYPERBOLIC TANGENT 

 Sigmoid Hyperbolic Tangent 

Mean Square 
Error (MSE) 

1.8 3.17 

Accuracy 80.41% 65.48% 

IV. CONCLUSION 

Artificial Intelligence is taking its place in different 
research fields and is advancing at a rapid rate. Although there 
are a lot of machine learning algorithms present for 
classification, there is not a specific one that can be altered to 
one domain. This paper has presented two variations for a 
simplified machine learning algorithm with two layers that are 
a work in progress but target electrical machines' diagnostics. 
The proposed algorithms are simple and easy to train; they do 
not need a heavy system or wait for hours to get the trained 
model. Among the two variations of the presented approach, 
the one with the sigmoid function outperformed the 
hyperbolic tangent function in terms of performance. 

The study is still a work in progress with future works, 
including the enhancement of neural networks to multi-
layered algorithms with testing of different functions and 
having a consistent result in return. The future works also 
include further catering it towards fault diagnostics of 
electrical machines and adding some preprocessing, so it can 
detect and predict specific faults for electrical machines in the 
start. This will be further enhanced to make it a more generic 
approach. 
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