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ABSTRACT:Technologies may assist and improve education in a number of ways, from making it easier for 

lecturers to create educational content to allowing learners to study and contribute in new ways. Learners 

can have quick access to information, learn faster, and practice what they've acquired in an engaging way 

thanks to technology. Technologies have changed the field of education and plays a significant role in all 

aspects of life. This research focuses on the Role of education in future world with the help of modern 

technologies. The author also depicts the positive impacts of technology in education system in this research. 

The data for this study is gathered through the responses from the respondents (Students and Educators) 

with the help of online survey. The results conclude that, by the utilization of technology in their learning it 

will assist the students and educators to make their learning easier.In coming days, the education system will 

be shaped in large portion with the use of technological advancements and with these modern technologies, 

students will be more active and smarter than they are now. 

KEYWORDS:Education Systems, Learning, Modern Technologies, Online Course, Students.  

1. INTRODUCTION 

With increased connectivity as well as technological advancements it encourages advanced 
creativity and thinking due to which the sector of education has shifted rapidly in recent 
decades.Virtual classes, adaptive technologies in classrooms, as well as internet access for 
parents and students are all evolving to meet this "new normal" in schools.Introduction of 
advanced technology has altered schooling in a variety of ways.For one angle, innovative 
progressions have significantly expanded instructive potential outcomes. Books were 
remarkable all through the middle age period, and just a limited handful approached 
instructive conceivable outcomes. Individuals need to make a trip to scholastic foundations to 
get schooling. Gigantic amounts of data (books, music, photographs, and recordings) are 
currently reachable readily available simply because of the Internet, and formal learning 
choices flourishes through MOOCs, online classes, conventional web-based degree programs, 
as well as more. Today's learning opportunities are unsurpassed in scope only because of 
technological advancements [1]–[3].  

Technology may assist as well as improve the level of education in a multitude of ways, from 
making it easier for educators to create teaching material to permitting individuals to learn as 
well as engage in new ways. A new generation of anytime, everywhere schooling is on the 
horizon, thanks to the Internet's worldwide reach as well as the broad access to new 
technologies which can connect with it. It will be up to professional teachers and school 
technology to harness the potential of technologies to boost learning so that everyone, 
everywhere may receive an efficient and effective learning. The twenty-first century is 
usually referred to as a technological period. Technology today plays a significant part in our 
existence and is seen as an economic development pillar. A technologically weak economy 
will never exist in today's world. It’s because technologies facilitates and expedites our work 
[4]–[7].  
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The effect of technology may be seen in almost every industry, including education. The 
future of higher education will be marked by several developments in the coming years. 
Educators and Information Technology (IT) administrators at colleges and universities must 
anticipate and prepare for these inevitable developments, such as adopting a phone system for 
schools to remain connected. Rising education technology usage that facilitates remote 
delivery and student-teacher engagement, individualized learning, as well as accessibility 
measures will aid university educators and administrators in making the transition to the new 
era of education as unified as possible[8].  

1.1. Modern Technology in Education: 

As of the latest researches on how modern students are using technology and also how 
technology impacts their learning. When students use current equipment, technology, as well 
as tools in their schooling, their education and engagement improve. When technology is 
used to assist students, they perceive it to be lot more participatory and fuller of interesting 
destinations. Information exchange becomes extremely simple, enjoyable, as well as efficient. 
Our brains prefer to function quicker whenever supported by contemporary technology in all 
aspect of life, including academics. Even at today's schools, institutions, as well as colleges, 
this reliance and dependency on technology which just makes things easier as well as faster is 
unavoidable[9]–[12]. Today's students may utilize technology in a variety of ways, including:  

1.1.1. Using Projectors and Visuals: 

As comparing to language, visual images are always more appealing.Another excellent 
example of specialized application is the use of projections as well as graphics to improve 
teaching and learning. Top establishments all over the world are increasingly relying on 
wonderful PowerPoint presentations as well as projections to make picking appealing and 
engaging. The use of innovative technology in schools and institutions, such as projectors, 
may help to boost motivation while also increasing dedication and interest. Understudies like 
captivating images and anything that encourages them to think about anything more than 
merely comprehending language. When it comes to adaptive technologies, schooling is also 
becoming more productive [13]–[15]. 

1.1.2. Digital Footprints in the Education Sectors: 

The usage of contemporary media in the classrooms has expanded whenever it comes to the 
internet as well as learning.This availability has permitted learners to speak with one another 
at any time of day or night, and also engage in a range of dialogues in which they may seek 
assistance with various tasks. As the computerized force grows, more apps will assist learners 
in their improvement and progress. 

1.1.3. Online Degrees with the utilization of Advanced Technologies: 

Online degrees and courses have become increasingly popular in recent years. Individuals 
prefer to attend online courses to upgrade their skills and acquire certifications. Top colleges 
provide excellent online programs employing a variety of technologies including the 
internet.Working learners and teachers throughout the world have become more comfortable 
with online degree choices. 

1.2.Importance of Technology in Education: 

Students can have quick access to information, learn better, and practice whatever they've 
acquired in an engaging way by the help of technology. It allows students, particularly in 
Science, Technology, Engineering and Mathematics (STEM) fields, to investigate new 



 

subjects and get a better understanding of complex concepts. There is no dependency on the 
institute or teacher having technology
well as from the comfort in their homes. Students can also benefit from e
easy access to all relevant information related to their subject of study. This low dependency 
can result in students from any field accessing e
as well as exposing them to the world beyond their city or country.
thrive in a traditional classroom setting, so providing availability of digital courses might help 
them attain credentials they might not otherwise be able to acquire. 
the students to remain interested in what they are being taught, the use of technology is 
critical to allowing them to gain knowledge more efficiently while maintaining their 
consideration. Technology helps them to get high qual

1.3. Positive Impacts of Technologies in Education:

There are several positive impacts of modern technologies in education which is illustrated in 
Figure 1. Technologies in education makes life easier with the comparison of simplest form 
of learning. With these modern technologies learners and educators get several benefits in 
their education and makes it easier. The utilization of such modern technologies enhanced 
their teaching and learning skills, learners are able to gain knowledge from at an
also it provides ease of access to information related to their problems in education.

Figure 1: Illustrating the Several Positive Impacts Learners 

Technologies 

This research focuses on theRole of education in future world with the help of modern 
technologies. The present research 
of which is introduction and the second section is the reviews and sugges
studies from diverse literatures. After that, the methodological portion of the study is 
mentioned where the data is examined in the following sub
and discussion part are discussed where the results are c
followed by the methodologies. Lastly, conclusion of this research is declared where the 
author provides the final outcomes as well as suggestions of the present research.
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subjects and get a better understanding of complex concepts. There is no dependency on the 
education. Learners can understand anytime as 

-learning by having 
easy access to all relevant information related to their subject of study. This low dependency 

learning resources, expanding their horizons 
Many learners do not 

thrive in a traditional classroom setting, so providing availability of digital courses might help 
Because it is difficult for 

the students to remain interested in what they are being taught, the use of technology is 
critical to allowing them to gain knowledge more efficiently while maintaining their 

There are several positive impacts of modern technologies in education which is illustrated in 
Figure 1. Technologies in education makes life easier with the comparison of simplest form 

ning. With these modern technologies learners and educators get several benefits in 
their education and makes it easier. The utilization of such modern technologies enhanced 
their teaching and learning skills, learners are able to gain knowledge from at any distant and 

ease of access to information related to their problems in education. 

 

Utilizing Modern 

This research focuses on theRole of education in future world with the help of modern 
characterized into five different sections where the first 

of which is introduction and the second section is the reviews and suggestions of previous 
studies from diverse literatures. After that, the methodological portion of the study is 

Furthermore, the result 
ompared with the existing data, 

followed by the methodologies. Lastly, conclusion of this research is declared where the 
author provides the final outcomes as well as suggestions of the present research. 
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2. LITERATURE REVIEW 

D. Nadrljanski et al. states that Learning is an essential factor of the complex development 
process, as it is linked to population growth, labor force skills, as well as cultural and 
infrastructure development. Their research expresses some of the most vital educational and 
societal aspects. According to their research it is estimated that around 2020, 1.5 million new 
digital employment are expected to be offered around the world and Simultaneously, IT skills 
are in limited supply in 90% of firms, and 75% of lecturers and learners believe there is a gap 
among their IT abilities as well as job requirements. Education must adapt rapidly to the ever-
growing and rising demands for IT abilities in order to deliver the competence necessary for a 
digital world.The authors study explores concepts as well as a possible future path for 
education which combines artificial intelligence, informational technologies, as well as a 
variety of other factors. The future of educational systems across the globe is personalized 
learning, experiential learning, as well as skills-based learning as per their research[16]. 

G. Paudyaltheir study depicts a change in Nepal as a result of the utilization of information 
and communication technology (ICT) into learning and teaching activities. The objective of 
his paper is to look at how online courses have changed traditional teaching methods. As the 
globe rapidly moves to the digital age, it examines the usefulness and problems of online 
classrooms. The Government of Nepal's policies and objectives are focused at integrating 
ICT tools to modify traditional teaching methods, acknowledging the need and value of 
utilizing technologies in education. Although students face certain challenges and online 
courses utilize flexible delivery options to support and solve the problems of diverse 
prospective learners by giving numerous paths as well as chances for individuals pursuing 
additional education in the future according to his research. The author also subjected that 
During the COVID-19 epidemic, all schools and colleges in Nepal are shifted to online 
classrooms to maintain continuity in learning as well as teaching. This epidemic may provide 
an opportunity for academic institutions to enhance technology-based education by creating 
online learning and teaching infrastructures [17]. 

F. Mikre highlighted the importance of ICT in education, and information and 
communication technology now affects every aspect of human life. According to the author, 
information and communication technology (ICT) plays a vital role in the workplace, 
learning, business, and leisure. Many people also consider ICTs as catalysts for change in 
educational settings, information handling and sharing, instructional methodologies, learning 
strategies, academic research, as well as access to information. His study concluded that, 
despite all of its limitations, ICT education systems in providing high-quality education in a 
modern learning perspective [18]. 

U. Abdurahimovna the objective of the research was to examine the adoption and the use of 
information and communications technologies (ICT) in higher education specialties, as well 
as to educate teachers how to utilize ICT to increase the quality of teaching and learning. His 
article addresses the problems of increasing students' attention in the educational process as 
well as their ability to implement their knowledge for the future by the use of information and 
communications technologies. According to the author information and communication 
technologies provide a significant contribution to the enhancement of educational processes 
at educational institutions where information and communications technology are an 
innovative aspect. To achieve this high standard, the educational institution not only to 
upgrade its technology capabilities, but also adapt its teaching methods [19]. 

The above reviews of the literatures represent that using modern technologies in education 
system are an opportunity for academic institutions to enhance technology-based 
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education by creating online learning and teaching infrastructures. In this present study the 
author establishes the need of technologies in their learning and how technology-based 
education will become a prospect for learning institutions as well as students to improve their 
learning and teaching methods. 

Research Questions: 

• Why do students need technology in the classroom? 
• What are the benefits of using technologies in education? 

 
3. METHODOLOGY 

3.1.Design: 

This research is carried out by using an online survey through the various parts of India 
which includes different academic institutions, students of different age groups, teachers etc. 
In this research all the data is collected by asking the questions to the respondents or learners.  
The primary data of this research is gathered by asking questions to the respondents to gain 
relevant information about how modern technologies are affecting the education system. The 
secondary data for this present research is gathered by questionnaires, which are collected 
through online surveys such as Google forms, News, articles, magazines etc. The design of 
this research deals with the role of education in future by using of modern technologies. 

3.2. Sample: 

The collection of the data completed through the help of questionnaires.The simplest and 
most useful method of gathering information is through survey questions. The different types 
of question is used to gather the information abouteducation with the help of modern 
technologies and how it help the learners as well as educators in teaching and learning. The 
survey asked to the 200 different students and educators belonging from several regions of 
India as well as having various educational background. 

3.3. Instruments: 

In this section the researchers used to collect the data and also determine the impacts of 
digital technologies in education system. The data is gathered from the learners which are 
belongs various parts of the India and different educational backgrounds. The authors take 
their opinion towards the impacts of modern technologies in their education. Some of the 
survey questions which were used to frame this study are listed below.  

• Aremodern technologies in education system are beneficial? 
• Are your institutions introducing technologies in education system? 
• Are modern technologies is changing the educational system? 
• Is it cost-effective to use technology in education? 
• How many learners are agreeing and disagree by using modern technologies in their 

education? 
• Why do students need technology in the classroom? 
• What are the benefits of using technologies in education? 
• How technologies affecting the health of learners? 
3.4. Data Collection: 

Technological advancements may help and enhance the education system in a variety of 
ways, from providing more efficient for instructors to producing effective teaching materials. 
This study is done through a survey by asking question to the respondents related to this 



 

research. To gain the relevant information about the importance of technology in education 
sector the primary and secondary data were used for this study. 
inseveral figures which are listed below, 
stages. The collection of data is done through taking the responses as well as 
from the different learners and educators who came from several regions of India having 
different education backgrounds. 
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research. To gain the relevant information about the importance of technology in education 
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by Using Modern 

 

Crucial for the Students 



 

Figure 4: Illustrates the Health Problems 
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and 44% learners are disagreeing
3, 30% learners said that implementing technology
comparison to simplest education, 
20% of students said that their grades are improving with the help of technologies because 
they get appropriate solutions and
that it is easy to access as well as 12
education is cost effective in comparison to simplest form of education. Figure 4 depicts that 
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effective use of Technology in teaching. The impact of modern technologies in education 
system are observed in the above research a
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Google forms, magazines etc., and these data are based on different eight questions. 

The gathering of the data on
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practice whatever they've acquired in an engaging way with the help 
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Health Problems of Learners in their Education Using Modern 

Technologies. 

The survey used to assess the data defined the problems addressed in this research, as well as 
the methods employed to determine the samples. It is easy to identify the analysis' outcomes 
after evaluating the data and also how modern technologies affecting the education system. 
From the Figure 2 out of 200 respondents (Students and educators) 56% of learners are agree 
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their grades are improving with the help of technologies because 

they get appropriate solutions and answers related to their problems, 18
is easy to access as well as 12% of learners are declared that technology based 

education is cost effective in comparison to simplest form of education. Figure 4 depicts that 
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from the students and educators who answers “Yes” or “No” to utilizing modern technologies 
in their learning and whether or not it is beneficial and helpful for them.  

Table 1: Represents the Responses from the Students and Educators who Answers Yes 

or No to Utilizing Modern Technologies in their Learning. 

 

From the above Table the author has seen that after asking the questions from 200 
respondents 64% of respondents said yes that modern technologies are really beneficial for 
the education system and 36% are against with this. After that 85% learners accept that their 
institutions introduce technologies for their education where 15% are not. Furthermore, out of 
200 respondents 80% peoples believe that modern technologies really change the face of 
education system on the other hand 20% peoples are not. Lastly, when the question was 
asked to the 200 respondents is it cost-effective to use technology in their education, 65% of 
them said that yes using modern technologies in learning reduce the costs on either side 35% 
are believe that it doesn’t cost effective for their learning. 

5. CONCLUSION 

Technologies plays a significance role in education system whether in the form of devices, 
media, or the internet, technology makes a major difference in making education system far 
better than now. Modern technology introduces the variety of functions in education system 
through which learners can get their solution from wherever they are. There is no dependency 
on the institute or teacher having technology-based education and learners can understand 
anytime from the comfort in their homes. Students can also benefit from E-learning by 
having easy access to all relevant information related to their subject of study. Technology 
has a greater impacton education, by making it more interactive, time saving and allowing 
students with disabilities to accomplish their goals. Peoples also believe that technology is a 
gift of God because technology makes our life easier and using modern technology in 
education learners get several benefits on the basis of their education and learning. The future 
of education will be shaped in large portion by the utilization of technological advancements 
in the learning.  
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ABSTRACT:Piezoelectric energy is generated by mechanical stress exerted on piezoelectric discs that 

produce the electrical charge. Multiple countries are consumed large amounts of power cutting-edge several 

forms of renewable energy similar tidal power, thermal energy, besides wind power. Since piezoelectric power 

remains a significant issue in the progress of any country because piezoelectric energy generators have no 

need for conventional and non-conventional fuel for electricity generation, it can be produced power by 

human foots which employing pressure on piezoelectric discs. This study is focused on piezoelectric energy 

generation at railway platforms where the electric load (Fan, light etc.) of the platforms are controlled by 

artificial intelligence (AI) module. Herein this study, the data are collected from two railways platform where 

the piezoelectric energy generating units are employed. The piezoelectric energy generation units at platform 

A is generated more power compared to Platform B because a lot of people are moving at platform A. The 

electricity demand is increasing day by day, so a major gap is created between the demand and supply of 

electricity. The piezoelectricity power generation will compensate for the major gap in electric supply and 

distribution. 

KEYWORDS:ArtificialIntelligence, Electric Charge, Piezoelectric energy, Renewable Energy, Transducer 

1. INTRODUCTION 

Renewable energy is energy derived from renewable resources that do not harm the 
environment. For electricity generation, a variety of renewable energy sources are accessible, 
including sunlight, rain, tides, and waves, as well as geothermal heat. Renewable energy 
generation is reliant on renewable resources and challenging to manage because of the high 
voltage and power generated. The renewable energy generating station takes up a lot of extra 
space, while the piezoelectric power generating station doesn't because piezoelectric discs are 
placed on the surface. The vehicles and people's feet are affected by the gravitational force of 
the Earth, which exerts pressure on the piezoelectric material due to external pressure 
deformation in the paving material[1]. The technology of piezoelectric energy harnessing has 
major advantages over renewable energy generation [2].A piezoelectric sensor is the most 
common type of transducer found in many devices, and it is a device that measures 
temperature, strain, pressure, and acceleration through the piezoelectric effect. A 
piezoelectric transducer is an electronic device that transforms power from single form to 
additional by altering external force into an electrical charge. Automation, control systems, 
electrical charge creation, and power monitoring are all common uses for transducers. 
Mechanical and electrical transducers are two most common forms of transducers. 
Mechanical transducers, such as thermometers, pressure sensors, microphones, and antennas, 
respond to changes in physical or mechanical quantities, while electrical transducers, such as 
thermometers, pressure sensors, microphones, and antennas, respond to changes in electrical 
signals. 



 

1.1.  piezoelectric Transducer and Effect:

Piezoelectric materials remain materials that change mechanical power into electrical pow
due to external pressure applied. Piezoelectric means the electricity generated due to pressure, 
a single piezoelectric crystal located amid 2 metal plates initially,the device remains cutting
edge faultless equilibrium and is not conducting an electric
force is employed to the piezoelectric materials besides the impact of external force is caused 
by deformation in the dimension of piezoelectric material that is produced an electric charge 
as well as their effect is known as piezoelectric effects, an electric charge is generated from 
the charge-collection plate in a piezoelectric as shown in Figure 1.

Figure 1: Illustration of charge generation due to external force applied on Piezoelectric 

1.2.  Classification of Piezoelectric Material:

Piezoelectric materials are utilized for making an electrical device that conve
power into electrical power. Piezoelectric materials are ferroelectric structures and their 
strong arrangements, which are made by the union of a combination of various oxides, 
carbonates, and salts of metals. The piezoelectric materials are
characteristics of piezoelectric materials such as high strain constant, permittivity, high Curie 
temperature, and coupling constants as well as a low mechanical quality feature. The 
classification of piezoelectric materia

Figure 2: Illustrating the  classification of the piezoelectric materials for renewable 
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Piezoelectric materials remain materials that change mechanical power into electrical power 
due to external pressure applied. Piezoelectric means the electricity generated due to pressure, 
a single piezoelectric crystal located amid 2 metal plates initially,the device remains cutting-

[4]. When an external 
force is employed to the piezoelectric materials besides the impact of external force is caused 
by deformation in the dimension of piezoelectric material that is produced an electric charge 

ll as their effect is known as piezoelectric effects, an electric charge is generated from 

 

Figure 1: Illustration of charge generation due to external force applied on Piezoelectric 

Piezoelectric materials are utilized for making an electrical device that converts mechanical 
power into electrical power. Piezoelectric materials are ferroelectric structures and their 
strong arrangements, which are made by the union of a combination of various oxides, 

classified on basis of different 
characteristics of piezoelectric materials such as high strain constant, permittivity, high Curie 
temperature, and coupling constants as well as a low mechanical quality feature. The 

 

: Illustrating the  classification of the piezoelectric materials for renewable 

Piezoceram



 
12 Intelligent Electrical Systems 

 

1.2.1. Single-Crystalline Material: 

The single-crystal material has excellent piezoelectric properties and has been applied for 
various sensor and actuators applications. The piezoelectric single crystal is used for 
ultrasonic transducer applications[6]-[7]. Ultrasonic transducers are operated based on 
converse effects of pyroelectrics materials that are produced vibration due to potential 
differences. 

1.2.2.  Glass Ceramics: 

Glass-ceramics remain partly crystallized spectacles that are the composition of a 
combination of an amorphous glass phase and crystalline stage. Glass-ceramics are widely 
used for various applications because of their thermal and mechanical properties[8]. The 
compact glass-ceramic consumes physical possessions greater to parent glass the numbers of 
crystalline phases are varied over a wide range[9]. 

1.2.3. Piezoelectric Semiconductor:  

Piezoelectric materials are used as dielectric or semiconductors, the piezoelectric 
semiconductor is applied to make acoustics wave devices. New piezoelectric semiconductor 
nanostructures have been developed such as tubes, Zinc oxide (ZnO) fibers, belts, films, and 
spirals in the past two decades [10]-[11]. The piezoelectric semiconductors have been utilized 
to generate electricity. 

1.2.4. Piezoelectric Composites: 

Piezoelectric compound materials remain specially used aimed at underwater sonar as well as 
medicinal diagnostic ultrasonic transducer implementations. The piezoelectric composites are 
an alternative to standard piezo materials for specific applications. 

1.2.5. Piezoceramics: 

Piezoceramics are an important class of piezoelectric ingredients and piezoceramics remain 
known as ferroelectric ingredients with polycrystalline structures such as Perovskite, 
tetragonal or rhombohedral crystals  [12].  The most significant piezoceramics are lead 
zirconate titanate (PZT), lithium titanate (LiTaO3), sodium tungstate (Na2WO3), barium 
titanate (BaTiO3), lead titanate (PbTiO3), zinc oxide (ZnO), lithium niobate (LiNbO3),  as 
well as potassium niobate (KNbO3)  [13]. 

1.2.6. Polymer; 

Piezoelectric polymers are a polymer that are generating electric charges on the surface due 
to pressure, and thus can convert mechanical power into electrical power. Polyvinylidene 
fluoride (PVDF) remains the most significant piezoelectric polymer that sutures have found 
to be very common in tensile breaking forces [14]. The study focussed on piezoelectric 
energy generation at Railway platforms by applying foot’s pressure to piezoelectric discs, 
where the electric fan loads are regulated by an artificial intelligence (AI) module. The 
present study is divided into multiple sections, the first is an introduction and the second 
section discussed the prior review regarding this renewable power generation by piezoelectric 
materials and the third is the methodology used for the current study], after that, the result 
and discussion regarding this study and the next conclusion of this study. 
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2. LITERATURE REVIEW 

Mohamed A. Shabara et al. discussed comprehensive piezoelectric material application 
problems on power harvesting aimed at artificial intelligence systems [15]. The author had 
desired to develop renewable, reliable, sustainable as well as local electricity generator-based 
self-powered AI systems installed in the city. Piezoelectric Energy Harvesting (PEH) 
technology was used to convert vibration/motion mechanical energy into electrical energy 
with the help of the AI Base Self Power System. When mechanical force or stress was 
exerted on a piezoelectric material, generated electrical energy. The author said that the 
Application of piezoelectric ingredients-founded energy harvesting was impressive in the 
upcoming future. Herein author discussed major piezoelectric materials and devices 
classification. 

Vikram Puri et al. discussed a hybrid artificial intelligence as well as Internet of things model 
aimed at the production of renewable resources of power [16]. The author said that numerous 
investigators strained to produce electricity from renewable sources gathered through the 
sensor for home applications as well as in Industrial areas. This research was based on 
Internet of Things (IoT) for the production of electrical energy from numerous sensors aimed 
at an electrical converter. The solar panel was utilized to connect the energy storing circuit 
aimed at the production of electricity. There were 2 dissimilar Artificial Intelligence (AI) 
based models for example Adaptive Network-founded Fussy Interfere System (ANFIS), and 
Artificial Neural Network (ANN) utilized for power generation from renewable energy 
resources. There were developed four models from the real-time that was gathered dataset as 
well as verified then skilled by ANFIS as well as ANN by statistical parameters specifically 
root mean square error (RMSE) as well as correlation factor (R2). According to the author, 
there were three input modules for example solar energy, piezoelectric, besides body to 
warmth power that were recognized to forecast the entire outcomes energy production as 
output cutting-edge the AI models. This study was favourable for forecasting energy 
production from renewable resources. 

D Vatansever et al. discussed an investigation of power harvesting from Renewable sources 
with polyvinylidene fluoride(PVDF) and lead zirconate titanate [17]. The author said that 
piezoelectricity had gained a significant position cutting-edge research as well as growth to 
extract power from the atmosphere. According to the author’s research the voltage replies of 
ceramic were founded on piezoelectric fiber compound structure (PFCs) and polymer-
founded piezoelectric strips and PVDF. There were two easy ways to generate electricity, 
such as wind and water. Natural renewable power bases aimed at use cutting-edge low-
energy electronic equipment.As the above literatures have provided information regarding 
piezoelectric power harnessing by the implementation of piezoelectric power generating 
units, therefore this current study shows piezoelectricity harnessing as well as electrical load 
is carried by piezoelectric power using AI, Piezoelectric materials can generate electricity to 
complete the electricity demand for lighting, LED display, and Fan at the platform. This 
study is demonstrated that the generation of energy due to external pressure applied to 
piezoelectric materials and the piezoelectricity is used cutting-edge low-power electronic 
devices cutting-edge outdoor implementations such as railway platforms which is possible 
through the use of flexible polymers based on piezoelectric structures. 

Research question: 

•  How to compensate for electricity demand? 
•  How to generate piezoelectricity at the railway platform? 
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3. METHODOLOGY 

3.1. Design: 

In this research, electrical energy is generated through applying an external force to a 
piezoelectric material. This external force is exerted by the feet of the human due to the 
movement of people on the railway platform. By using the piezoelectric technique waste 
energy of feet (pressure due to gravitational force) is converted into electrical energy and 
generated electricity as per the requirement of the platform.Initially, the output power is 
generated in the form of Alternating Current (AC) from piezoelectric materials and the AC 
supply is converted into Direct Current (DC) supply through a converter. The load & 
artificial intelligence (AI) is connected with a battery that is controlled the energy distribution 
and maintains supply when voltage fluctuation occurs as shown in Figure 3. 

 

Figure 3: Represents the block diagram of power generation by exerting footstep 

pressure on Piezoelectric Materials. 

3.2. Instruments: 

In this research paper, various components are used for renewable power generation which is 
applicable to compensate for the requirement of electricity at the Railways platform with the 
utilization of feet energy (during the walk on the platform). These are the following 
components.  

3.2.1. Footstep Arrangement: 

The Footstep arrangements are employed at both platform A and Platform B that is 
generated energy when external pressures are applied by foots of people. The piezoelectric 
material has deformed from its original shape which is the cause of piezoelectric energy 
generation. 

3.2.2. converter: 
The converter is an electronic component that is used to convert the A.C power into D.C 
power, while at the same time regulating the frequency, current, and voltage of the power 
supply [18]. In this project, an inverter is used one times for converting the D.C supply into 
A.C supply.  

3.2.3. Battery: 

A battery remains a device that supplies electrical energy cutting-edge form of chemical 
power, whenever people are moved on a platform then multiple rechargeable batteries are 
started to store D.C charge. The rechargeable battery has carried a 15-ampere current and it’s 
completely charging in a 10hour, 12-volt DC supply, and 1.8 kVA energy storage capacity. 

Foot step 
Arrangement

Piezoelectric 
Materials

Converter

Battery Converter Load & AI Module
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The battery is connected with a converter, as well as batteries, are connected in the series 
form to each other for increasing  DC voltage [20]-[22].When no one is moving on the 
platform, the battery's storage power is continuously delivered to the electric load on the 
platform. 
 

3.2.4. Artificial Intelligence: 

Artificial intelligence (AI) has the ability of a robot or computer system controlled by a 
microprocessor of a computer to perform tasks that are commonly completed by a human 
with the possibility of error but AI has completed a task without error. Here in this project, AI 
is used for monitoring and regulating the supply voltage as well as distribution of 
electricity[21]. 

3.3. Data collection: 

The AC unbalanced voltage is generated by the piezoelectric material after pressurizing the 
footstep arrangement during the movement of people on the platform. The output AC discrete 
voltage is converted into DC discrete voltage by the converter and this DC discrete voltage is 
converted into pure DC voltage after rectification by the converter. The converter is 
connected to the battery that is stored in the DC supply. The pure DC supply is converted into 
pure AC supply by the converter and further supplied to the platform's load. The entire 
electrical loads are monitored by the AI module. Herein study data are collected from two 
different platforms (A, B) and the complete arrangement of platform A are shown in Table 1 
and Table 2. 

Table 1: This table illustrates the data collected from platform A, which are No of 

Footsteps, Time interval of a running Fan, Energy/ steps, Pressure Exerting/step as well 

as Total energy generation. 

 

No. of 

Footsteps  

 

Time interval 

of a Running 

Fan(80W) in 

second 

 

 

Energy/ step 

(Jules) 

 

Total Energy 

generation 

(kWatt) 

 

Pressure 

Exerting/step in 

(Newton/(square 

meter)) 

50 4 2.8 0.560 47 

100 8 2.8 2.240 47 

120 9.6 2.8 3.225 47 

144 11.4 2.8 4.596 47 

 

Table 2: This table represents the data of Platform B, which are No of Footsteps, Time 

interval of a running Fan, Energy/ steps, Pressure Exerting/step as well as Total energy 

generation. 

 

No. of 

Footsteps  

 

Time interval 

of a Running 

 

Energy/ step 

(Jules) 

 

Total Energy 

generation 

 

Pressure 

Exerting/step in 
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Fan(80W) in 

second 

 

(Watt) (Newton/(square 

meter)) 

60 3 2.8 0.504 47 

110 5.5 2.8 1.694 47 

150 7.5 2.8 3.150 47 

180 9 2.8 4.536 47 

 

3.4. Data analysis; 

When mechanical pressure is applied to the material, and pressure is generated electric 
charges due to the deformation of pyroelectric’s materials, the diameter of the piezoelectric 
disc is 26 mm, and the regular thickness is 0.33 mm.The ratio of the electric field intensity 
and pressure is known as the voltage sensitivity of the disc, and the voltage sensitivity of the 
piezoelectric disc is 0.86 V/g. 

The output voltage of the piezoelectric crystal may be calculated by utilizing the formula. 

E= V/d 

Where V remains Voltage as well as d plate separation inside the electric field 

V = P×G× T 

Where P remains the pressure applied cutting-edge N/ (sq.m) 

G remains the sensitivity of the material 

T remains the width of the material 

V remains an outcome voltage 

Thus, Voltage generated by piezo disc of Platform A is 

P = 50, G = 0.86, T = 0.33 

VA = 47×0.86× 0.33 

      =13.3386 V 

Total energy generated at platform A by employed pressure by people's foots 

EA= (No. of Footsteps) x (Time interval of a Running Fan (80W) in second) x (Energy/ step 
in Jule) 

EA1=50×4×2.8 = 0.560 kWatt 

EA2 = 2.240 kWatt ,  EA3 = 3.225 kWatt,   EA4 = 4.596 kWatt 

Thus, Voltage is generated by piezo disc of Platform B is 

P = 47, G = 0.86, T = 0.33 

VB = 47×0.86× 0.33 
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      = 13.3386 V 

EB = (No. of Footsteps) x (Time interval of a Running Fan (80W) in second) x (Energy/ step 
in Jule) 

EB1 =60×3×2.7 =0.504 kWatt 

EB2 = 1.694 kWatt ,  EB3 = 3.150  kWatt,   EB4 = 4.536 kWatt 

This project is analyzing the data that has been collected from two platforms A and B. 
Renewable energy is generated by the piezoelectric disc, having the thickness and diameter of 
the disc are sequentially 0.33 mm and 26 mm, as well as the voltage sensitivity of the 
piezoelectric disc is 0.86V/g. According to Table 1, 50 footsteps are applied pressure on the 
piezo discs, and energy per footstep (2.8 j) generates total energy of 0.560 kW in 4 seconds. 
Another 100 footsteps are exerted pressure [47 N/ (sq .m)] on the piezo disc, and energy per 
footstep generate total energy of 2.240 kW pressure in 8 seconds. 120 footsteps are applied 
pressure on the piezo disc, and energy per footstep generates total energy of 3.225 kW by 
pressure in 9.6 seconds. 144 footsteps are applied pressure on the piezo disc, and energy per 
footstep generates total energy of 4.596 kW by 47N/ (sq .m) in 11.4 seconds. Voltage 
generation at Platform A is 13.3386 V by a single piezoelectric disc.According to table 2, The 
piezo disc is pressurized 60 footsteps [47N/(sqm)], producing 2.8 J of energy per step and a 
total energy of 0.504 kW in 3 seconds. 110 footsteps are the pressure acting on the piezo disc 
which generates a total energy of 1.694 kW in 5.5 seconds. A pressure of 150 footsteps is 
applied to the piezo disc which generates a total energy of 3.150 kW in 7.5 seconds. Another 
180 footsteps are the pressure acting on the piezo disc which generates 2.8 J of energy per 
foot and a total of 4.536 kW of energy is generated in 9 seconds. The voltage output by a 
piezoelectric disc at platform B is 13.3386 V. 
 

4. RESULTS AND DISCUSSION 

The various techniques are capable to generate renewable power generation but renewable 
power generation is dependent on renewable sources such as water, sun, wind, tide, etc. 
Renewable power generation by piezoelectric disc is a different technique of power 
generation that is not dependent on the renewable source. The footsteps pressure is applied to 
the piezoelectric disc that is converted mechanical energy into electrical energy. The 
electrical energy originating from a piezoelectric disc is in discontinuous alternating current 
(AC) form. The discrete AC supply is converted into a pure AC supply through a converter 
and the pure AC supply is converted into a Pure DC supply by a converter. The pure DC 
supply is not appropriate for applications such as Fan, Light, and LED displays. Therefore the 
DC supply has converted into pure AC supply by converter and the pure AC supply is 
connected with the load and AI module. The power distribution is monitored by artificial 
intelligence (AI) and AI is employed for the Measurement of Voltage, Current as well as 
Power. Herein this study, data on renewable power generation through piezoelectric material 
is collected from two different railway platforms such as Platform A and Platform B. Various 
dissimilar data are obtained from platform A such as voltage, power, and energy/ steps. The 
total energy obtained at platform A that are sequentially EA1=0.560kWatt, EA2 = 2.240 kWatt 
,  EA3 = 3.225 kWatt,   EA4 = 4.596 kWatt as well as total energy obtained from platform B are 
sequentially EB1 =0.504 kWatt,EB2 = 1.694 kWatt ,  EB3 = 3.150  kWatt,   EB4 = 4.536 kWatt. 
The output energy of the platform A is more than platform B. both platforms are generating 
different voltage through the piezoelectric disc. 

4.1.Advantages of piezoelectric energy utility: 
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• No need of conventional and non-conventional fuel 
• Protect the environment without releasing harmful gas, particles, and heat. 
• To convert the waste energy of legs (during a walk at the piezoelectric device) into 

electrical energy. 
•  It could be easy to handle due to its small size and dimension. 

4.2.Application of piezoelectric energy: 

• It can be used in various prospective such as lighting bulbs, LED displays, and fans. 
• It can be applicable for both supply AC and DC. 
• It can be installed on railways platform, metro as well as Airport. 
• Piezoelectric power generating Modules can be installed in universities, colleges, and 

rural and urban areas. 
• It can be supplied power to the power grid due to an unbalanced load. 

 
5. CONCLUSION 

The world utilizes huge amounts of power cutting-edge numerous forms, including electrical 
and mechanical power. Because the demand for electrical power remains growing by the day, 
numerous power generation techniques are being used to fulfill the demands. Both 
conventional and non-conventional fuels are used in the generation of electric power. The 
conventional source of energy generation, such as coal power generation, produces a large 
amount of polluted gas, dust particles, and heat, all of which have an impact on nature. 
Renewable energy generation is an expensive way to generate energy without damaging the 
environment. Renewable energy production is dependent on non-conventional energy 
sources, while piezoelectric power generation is free from both conventional and non-
conventional energy sources. When external pressure is applied to the piezoelectric disc, the 
piezoelectric generator converts mechanical energy into electrical energy. In this study, the 
output voltage is obtained in AC form by using piezoelectric unit plates.The converter is used 
to convert AC discrete supply to DC discontinuous supply. The converter converts the 
unregulated DC supply into a pure AC supply, which is connected across the load. The whole 
process of load distribution is controlled by artificial intelligence. In this paper, 13.3386 V 
AC discrete supply has been obtained from platform A and platform B of the piezoelectric 
disc. The total energy produced on platform A is more than the energy received on platform 
B. The power generation figures have been calculated by AI. The voltage of platform A is 
higher than platform B which is monitored by AI. The research aims to address the power 
shortage for railway platform equipment. Piezoelectric power will be used in various 
electronics applications like mobile charging, LED display, etc. 
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ABSTRACT: The use of artificial intelligence and microcontroller in solar-wind hybrid power generation 

systems without producing hazards in the environment and is also monitored by artificial intelligence. The 

energy produced by the whole system is pollution-free and eco-friendly and energy is produced by solar and 

wind, which increased rapidly day by day with the increase in energy demands. The energy generated from 

fossil fuels such as coal, oil, and natural gas is limited in nature and will vanish in the future. The problem 

arises due to the use of fossil fuels which generates a lot of environmental pollution and also responsible for 

global warming. To overcome these problems author generates the energy production system with a hybrid 

system and this system control and monitor by artificial intelligence. In this paper, the method used for a 

hybrid power generation system is controlled with a microcontroller with the help of artificial intelligence. As 

a result, the overall power generated with the hybrid is 240kwh/day which is sufficient to cover the electrical 

consumption of the house. In the future, this hybrid system helps to cover the shortage of electricity as well as 

also maintain the continuous supply of electricity.     

KEYWORDS: Artificial Intelligence, Hybrid Energy, Renewable Energy, Solar Energy, Wind Energy. 

1. INTRODUCTION 

1.1. Benefits of Solar Energy: 

There are a few reasons why energy based on sunlight is so valuable. Sunlight-based receive 
various monetary benefits, such as lower service bills spent on investment funds. There are 
several additional perks and advantages such as some folks just appreciating the concept of 
being greener and more self-sufficient in terms of energy [1]. They like not having to rely as 
heavily on the system for their energy consumption. However, one of the main benefits of 
solar-powered energy is its impact on the climate. There are 5 benefits of solar energy are: 

• Decrease Air pollution 

Pollutants are produced by fossil fuels.If anyone has ever visited foreign country or any other 
region with mountains and valleys, it has seen what dirty air looks like. Smog and polluted air 
are dreadful for the climate, harmful to wellbeing, and terrible for our appearance [2]. At the 
point when impurities become consumed in the air, everything seems to fade. Solar panels 
add to the decrease of air contamination as well as create clean energy that doesn't dirty the 
climate. 

• Reduce Water Consumption 

If our source of energy does not use fossil fuels, it is almost certainly powered by water. To 
produce electricity, both hydroelectric and nuclear energy usage a plenty of water.To manage 
water flow and create electricity, a dam is frequently required. Reservoirs have a considerable 
impact on the local ecosystem, which is an issue. 

• Lowers Reliance on non - Renewable Energy Sources (RES) 
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Certain people are drawn to solar energy because they desire to be environmentally conscious 
and self-sufficient. Solar energy, on the other hand, has the potential to help us lessen our 
reliance on non - renewable energy sources such as fossil fuels [3]. This is excellent for a 
number of reasons. First and primarily, non-renewable energy fuels make a significant 
contribution to the toxins that harm our air quality [4]. Non-renewable resources, on the other 
hand, are non-renewable because they diminish over time. The earlier and more effectively 
that can switch to renewable power, the better it would be for the Earth and our species. 

• Aids in Climate Change Protection 

Finally, there’s the issue of climate change, which means that continuing to discharge 
pollutants and carbon dioxide into the atmosphere is harmful to our biosphere. It impacts the 
ecosystem's ability to clean the air more difficult. As even the carbon level rises, our ability 
to retain energy from the sun will decline [5].These shifting air conditions will likely have an 
impact on many nations, warming some of it and cooling others while also making weather 
systems more unpredictable and volatile around the world. One way to try to alleviate the 
effects of climate change is to use solar energy. Reducing carbon dioxide emissions and 
releasing fewer pollutants into the atmosphere which all help to combat climate change. 

1.2. Benefits of wind energy: 

Wind energy is a technologically developed energy source with huge potential. It takes up 
less area since it expands vertically, requires minimum upkeep, and interacts nicely also with 
the circular economy model, making it incredibly attractive.Many of the advantages of wind 
energy are shared by other renewables. The first is its role in combating climate change: 
using wind power reduces the use of fossil energy, lowering co2 emissions, fine particles, and 
other climate-altering elements that cause the greenhouse effect [2]. Furthermore, wind 
power may help countries attain energy self-sufficiency by providing indisputable economic 
advantages besides being a step toward environmental sustainability because it is free once 
the wind turbine is constructed [3]. Furthermore, the wind is a plentiful form of energy that is 
both infinite and limitless in time and is available on much of the Earth's surface.One of the 
unique characteristics of wind power that makes it such a potential source of green energy is 
the ability to combine it with solar power. In contrast to functioning at the same facility, the 
two types of energy share various complementing characteristics. 

• There is Wind Nearly Everywhere 

Not only is wind prevalent practically everywhere on Earth, but we also know where it blows 
the most regularly and forcefully. It's a matter of availability: because we know in which the 
wind blows the hardest, we can construct wind turbines based on our extensive knowledge of 
the local circumstances [4]. The windier a region, the more energy it may create, balancing 
the initial investment expenditures. 

• Wind Power is Ideal for Faraway Places 

Wind power, like many other renewable energy sources, is beneficial in that it may be used 
via micro-grid solutions even in areas in which there is no connectivity to the electricity grid. 
This presents a major potential in more remote places far from towns or cities since it can 
result in large savings from not having to develop costly infrastructure. Wind, unlike 
geothermal or hydroelectric electricity, may be used on a worldwide scale, except a few 
regions where installing wind turbines is not advantageous. 

• The Wind Remains Stable over the Medium and Long Term 
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One of the limitations of wind power is the intermittent nature of the wind from one moment 
to the next or from a day to the next. However, there is another side to this coin, just as there 
is with solar power: the wind does not typically depend on precise times of the day or the 
alternating of day and night, but it does have a seasonal or yearly rhythm [5]. Overall, it's a 
resource that, in the medium to long term, provides great assurance of consistency, separating 
itself from fluctuation which does not follow the very same pattern as the sun's electricity. 

• The Environmental Damage is Negligible 

Even though the visual element and low rate of sound pollution created by turbine blade 
rotation are continuing work process in addition to making wind farms even more 
ecologically friendly, it is worth mentioning that the real impact today is, however, extremely 
limited [6]. Wind power is, in reality, the greenest source with the least total impact since any 
pollutants and resources consumption are restricted only to the plant's development, 
transportation, and installation [7]. Furthermore, many nations need certificates before 
commencing construction on a wind power installation to guarantee that any collateral 
impacts on fauna and flora are kept to a minimal [8].Although wind turbines are often erected 
on mountains, hills, or at ocean, when they are positioned in meadows or on moderate 
inclines, the area may still be utilised for agricultural cultivation or animal grazing without 
interfering with either activity [9]. 

1.3. Photo-voltaic Cell (PVs): 

The PV (Photovoltaic) cells are prepared by semiconductor materials like silicon, which is 
the furthermost extensively utilized element right now in the semiconductor industry. Mainly, 
a portion of the semiconductor material absorbs the light that strikes the cell. When it comes 
to energy in which the electrons particles are loosely packed and easy to flow in the 
semiconductor [10]. Photo-voltaic cells are made up of one more electric cell.The attraction 
of the arenas light causes the illuminated electrons to move in a particular path. Electrons 
flow to produce current, and metal contacts are inserted on the top and bottom of the circuit 
board to form that current can be drawn off and used externally by a PV cell. The voltage is a 
result of the electric field that is integrated into the device[11]. 

1.4. Artificial Intelligence:    

Artificial intelligence (AI) is a term to describe is entirely automated using big data 
technologies and combines the advantage of hybrid systems, resulting in the monitoring of all 
measured value and data respectively without great initial effort [12]. Any machine that 
demonstrates brain characteristics such as real concern and learning is referred to as a 
humanoid machine [13].The present study focuses on electricity generation by the solar-wind 
hybrid power generation system with artificial intelligence which reduce the harmful effect of 
the chemical by producing a clean energy source. This hybrid power generation system is 
monitored with a microcontroller and artificial intelligence to give more reliability and 
stableness. This research is characterized into several sections where the first is an 
introduction and the second section is a literature review of previous studies. Furthermore, 
the methodological section of this study is mentioned where the data is examined in the 
different sub-sections. After that, the results and discussion part are discussed where the 
results are compared with the existing data followed by the methods applied in this research. 
Lastly, the conclusion of this research is declared where the research gives outcomes as well 
as future scopes.     
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2. LITERATURE REVIEW 

Bharat Raj Singh and Bal Krishna Dubey explained the energy generation by the solar-wind 
hybrid power generation as a combination of a solar plant and a wind energy plant. In that 
paper, the method was used as solar equation as well as the wind equation to calculate the 
energy generation cost for electricity. In that paper, the outcomes have helped reduce the 
dependency on a single source and make the system more consistent. In comparison to non-
renewable energy resources, the developed hybrid system is the most appropriate and 
effective alternative for producing electricity. It not only less costly but is also does not affect 
the environment.  

According to the authors it may be used to generate electricity in hilly places where 
traditional transmission techniques are challenging [14].  

Rajashekhar P. Mandi, explained the energy production by the hybrid model of a solar energy 
system that uses the sun and winds renewable energies to generate power. The comparison of 
their distinct ways of generation, the hybrid system relies mostly on microcontrollers and 
allows for the most efficient use of resources, hence increase in the efficiency.  

The authors used hybrid model for power generation which was created using the following 
method such as wind energy conversion systems, solar energy conversion systems, and solar-
wind hybrid energy systems are all examples of energy conversion systems. In those papers, 
the results have helped to improve reliability and lessen reliance on a single source. It can be 
used to produce energy for companies as well as for household uses [15].  

K. Boopathi explained the electricity generation by wind-solar hybrid energy production. In 
that paper, author compared to their single technique of generation, the results have helped to 
boost efficiency. It can be used in both industrial and home settings energy sources. The 
author takes the various wind potential sites based on the met-masts installed in different 
areas and examines the graph, pie-chart where the wind power range with seasonal trend 
difference.  

As a result, combining various renewable sources through hybrid power systems is beneficial 
in lowering power demand and ensuring a continuous supply of renewable energy to the grid 
[16]. 

Research Questions:  

• How to generate electricity from solar-wind power generation? 

• How to generate an eco-friendly and clean source of energy? 

3. METHODOLOGY 

3.1. Research Design: 

In this research Hybrid system is used to generate the electricity which is a mix of solar and 
wind power, as shown in Figure 2 in which the output generated from the system is used to 
charge batteries, this stored energy can be transferred to the inverter which converts DC to 
AC voltage, and these devices are not generating any kind of power because power is 
generated from the DC source. The microcontroller is attached to the battery which is used to 
command the signal. The AI is used to monitor the microcontroller command according to 
the system requirements. Load is connected with an inverter that receives AC voltages.  



 

Figure 2: Diagrammatic Representation of block diagram of hybrid System with 

3.2. Instrument: 

• Wind Turbine: 

A wind turbine converts the kinetic energy contained in the wind into electricity. The energy 
is converted with help of a generator, which is attached to the shaft of the blade in which 
electrical energy is converted from mechanical energy. The wind turbine is 
and the first is based on the blades rotating axis, while the second is based on the rotating axis 
of the blades. Wind turbines are divided into two categories: horizontal and vertical axis. The 
turbine output is determined by the wind spe
power which are to provide a constant supply of electricity, the electricity is first stored in a 
battery unit before being transmitted to the load.

• Batteries: 

Batteries are used to accumulate power generated by
varies based on the scope of the solar power plant as well as the wind turbine. Battery 
maintenance should be minimal, and charge loss should be minimal. When all of these factors 
are taken into account, the free d
multiple batteries can be linked in both series and parallel configurations. Depending on the 
output from the hybrid systems, raise or decrease the battery capacity.

• Inverter: 

With the help of an inverter, the battery’s DC output will be transformed into AC form at the 
required frequency and voltage output, which will then be distributed to the loads. This 
device never generates any kind of power because the power is generated by the dc source. 
Overvoltage protection, reverse protection, reverse polarity protection, and short circuit 
protection are all required on the inverter.

• Micro-controller:   

The microcontroller’s role is to compare the inputs from both power systems and then relay 
to charges the battery after the DC voltage that was used in the test with the help of an 
inverter, inverter voltage is converted into AC voltage which is fed into the battery. To be 
used in a center-tapped transformer's secondary coil there is a MOSFET (Metal
Semiconductor Field-Effect Transistor) attached. To make the current in the pipe flow a 
MOSFET is triggered by a main winding alternate in nature.
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Artificial Intelligence. 

d turbine converts the kinetic energy contained in the wind into electricity. The energy 
is converted with help of a generator, which is attached to the shaft of the blade in which 
electrical energy is converted from mechanical energy. The wind turbine is 
and the first is based on the blades rotating axis, while the second is based on the rotating axis 
of the blades. Wind turbines are divided into two categories: horizontal and vertical axis. The 
turbine output is determined by the wind speed. The turbine generates varying amounts of 
power which are to provide a constant supply of electricity, the electricity is first stored in a 
battery unit before being transmitted to the load. 

Batteries are used to accumulate power generated by wind and solar sources. Battery capacity 
varies based on the scope of the solar power plant as well as the wind turbine. Battery 
maintenance should be minimal, and charge loss should be minimal. When all of these factors 
are taken into account, the free discharge type is the best option.To get the desired effect, 
multiple batteries can be linked in both series and parallel configurations. Depending on the 
output from the hybrid systems, raise or decrease the battery capacity. 

inverter, the battery’s DC output will be transformed into AC form at the 
required frequency and voltage output, which will then be distributed to the loads. This 
device never generates any kind of power because the power is generated by the dc source. 

rvoltage protection, reverse protection, reverse polarity protection, and short circuit 
protection are all required on the inverter. 

The microcontroller’s role is to compare the inputs from both power systems and then relay 
he battery after the DC voltage that was used in the test with the help of an 
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Effect Transistor) attached. To make the current in the pipe flow a 
MOSFET is triggered by a main winding alternate in nature. 
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d turbine converts the kinetic energy contained in the wind into electricity. The energy 
is converted with help of a generator, which is attached to the shaft of the blade in which 
electrical energy is converted from mechanical energy. The wind turbine is made up of steel 
and the first is based on the blades rotating axis, while the second is based on the rotating axis 
of the blades. Wind turbines are divided into two categories: horizontal and vertical axis. The 

ed. The turbine generates varying amounts of 
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rvoltage protection, reverse protection, reverse polarity protection, and short circuit 

The microcontroller’s role is to compare the inputs from both power systems and then relay 
he battery after the DC voltage that was used in the test with the help of an 
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Effect Transistor) attached. To make the current in the pipe flow a 
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• Artificial Intelligence: 

In general, an AI model is a computer program that has been trained to perform specific 
tasks, such as identifying patterns, using a set of data. Artificial intelligence uses training and 
decision-making algorithms to learn from data, then apply what they have learned to achieve 
pre-determined objectives. 

3.3. Data Collection: 

In the data collection various component are taken which are used in the generation of the 
electricity are, PV panels having range from between 25kw-30kw, the battery is range from 
between 90Ah-100Ah, inverters are range from between 25kw-30kw, and wind turbines are 
range from between 25kw-30kw. 

3.3.1. Solar Power system 

Let us consider 1st 30kw PV panel, 30kw inverter, and battery of 100Ah. As a 30kw PV panel 
generates 120 units per day so this system should be used for loading conditions of 120kw/h 
day as presented in Table 1. 

Table 1: Illustrating the Equipment and their Rating Detail which is used for Solar 

Power System. 

Equipment  Rating Lifetime(Years) 

Battery  100Ah 2 

PV 30kw 22 

Inverter 30kw 25 

3.3.2. Wind Power System 

Let us consider 1st 30kw PV wind turbine, a battery of 100Ah. As a 30kw wind turbine 
generates 120 units per day so this system should be used for loading conditions of 120 
kWh/day as presented in Table 2. 

Table 2: Illustrating the Equipment and their Rating Detail which is used for Wind 

Power System. 

Equipment Rating Lifetime(Years) 

Battery  100Ah 2 

Wind Turbine 30kw 20 

3.3.3. Solar-Wind Hybrid Power System 

Let us consider 1st 30kw PV, 30kw wind turbine, 30kw inverter, and a battery of 100Ah. As a 
30kw PV panel generates 120 units per day and a 30kw wind turbine generates 120 units per 
day so this system should be used for loading conditions of 240 kWh/day as shown in Table 
3. 
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Inverter

The DC power energy generated by the hybrid power system is 
battery is monitored with the microcontroller and controlled with artificial intelligence 
automatically, after the DC voltage is converted into ac voltage by the inverter and then 
transfer to the load. 

3.4. Data Analysis: 

In the data analysis at first, we calculate separately the wind energy after that calculate 
separately the solar energy, at the end combine both equations as a result hybrid power is 
generated and the flow chart of hybrid system as shown in Figure 3. The use of 
is the combination of two system such as wind and solar which produce electricity and both 
solar radiation as well as differ throughout the day thereafter battery is connected which used 
to store power generated through solar and wind thereaf
used for monitoring and form automatically according to the system thereafter inverter is 
connected to battery which is used for dc output will be transformed into AC form at the 
required frequency and voltage output th
generated power is more as compared to the individual energy source which helped to reduce 
the dependence on a single source

   Figure 3: Flow Diagram of Hybrid Management System Which Monitoring with 

Microcontroller and Artificial Intelligence.
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Table 3: Illustrating the Equipment and Rating Detail of Solar-Wind Hybrid Power 

System. 

Equipment Rating Lifetime(Years) 

 30kw 22 

Wind Turbine 30kw 20 

Battery  100Ah 2 

Inverter 30kw 25 

The DC power energy generated by the hybrid power system is collected in a battery. The 
battery is monitored with the microcontroller and controlled with artificial intelligence 
automatically, after the DC voltage is converted into ac voltage by the inverter and then 

data analysis at first, we calculate separately the wind energy after that calculate 
separately the solar energy, at the end combine both equations as a result hybrid power is 
generated and the flow chart of hybrid system as shown in Figure 3. The use of 
is the combination of two system such as wind and solar which produce electricity and both 
solar radiation as well as differ throughout the day thereafter battery is connected which used 
to store power generated through solar and wind thereafter microcontroller with AI which is 
used for monitoring and form automatically according to the system thereafter inverter is 
connected to battery which is used for dc output will be transformed into AC form at the 
required frequency and voltage output thereafter load is received converted voltages. The 
generated power is more as compared to the individual energy source which helped to reduce 
the dependence on a single source 

Figure 3: Flow Diagram of Hybrid Management System Which Monitoring with 

rocontroller and Artificial Intelligence. 
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Wind Hybrid Power 
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The use of artificial intelligence and microcontroller in solar-wind hybrid power generation 
system based is entirely automated using big data technologies and combines the advantage 
of hybrid systems, resulting in the monitoring of all measured value and data respectively 
without great initial effort. The above equation is generating more energy because it 
combined solar and wind power to give a hybrid power generation system.    

4. RESULTS AND DISCUSSION  

The wind power system generates power of 120kwh/day, and solar power generates the 
power of 120kwh/day overall power generated with the hybrid system is 240kwh/day. The 
power is sufficient to cover the electrical consumption for own house.A photovoltaic solar 
plus wind turbine hybrid system is ideal for climates with different seasons in wind and sun. 
As everyone all know that the wind doesn’t blow throughout the day and the sun does not rise 
throughout the day. A hybrid system that harnesses the power of both the sun and wind and 
saves it in a battery could be a far more realistic and stable power source. Even when there is 
no wind or sun, the load can still be powered using the energy stored in the battery. Hybrid 
systems with artificial intelligence are usually built to plan systems with maximum reliability 
and the lowest possible cost. 

Wind power and solar system are becoming increasingly popular which implies reversing the 
situation. A hybrid power system is made up of several different types of energy solar panels, 
wind turbines, and other RES, etc. charge batteries and supply electricity to meet the 
demands considering the local geography and energy needs other information about the 
installation site. These kinds of systems aren’t also employed in stand-alone applications and 
can run on their own independently and consistently the most appropriate applications for this 
system are found in remote locations, such as rural areas, telecommunications, villages, and 
so on. The significance of hybrid systems has increased in popularity since they appear to be 
the best solution.The advantage of a hybrid system is providing continuous power supply 
power continuously,with no inconvenience.So, whenever electricity is interrupted,the 
battery's stored energy is utilized to solve the problem of electricity shortages.It has low 
maintenance cost, unlike older generators that run on diesel, these newer generators run on 
electricity. It has also high efficiency as compared with traditional generators which under 
specific circumstances, the fuel should be thrown away.   

5. CONCLUSION 

The use of artificial intelligence and microcontroller in solar-wind hybrid power generation 
system has been implemented so that the energy generating by the hybrid power generation 
system is more as compared to a single source. In this study that the energy produced by the 
system helps in decreasing on depending a single source and is more reliable, which is 
monitored by the microcontroller and controlled with artificial intelligence. Developing a 
hybrid system with artificial intelligence is one the most effective solution and convenient for 
generating electricity as compared to non-renewable energy.A hybrid power generation 
system has the advantage of a never-ending oil source. Naturally renewable sources of 
combining energy include sunshine, wind, water, biomass, and even geothermal (bottom) 
heat. The fact that renewable energy produces zero emissions and there are no greenhouse 
gases or other impurities throughout the process is probably the most significant 
advantage.Solar panels and wind turbines do not emit carbon dioxide while coal power plants 
emit carbon dioxide for each kWh of electricity (kWh) generated.Coal power plants generate 
significant amounts of carbon dioxide and nitrous oxide, two of the greatest greenhouse 
gases, directly into the environment. Mercury, lead, sulphur dioxide, particulates, and 
hazardous metals are also emitted, posing health risks ranging from shortness of breath to 
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early death. In the coming year, it can be used to generate electricity in the upper hill areas 
where normal transmission is challenging. It just requires some high initial investment. Not 
only is it expensive, but it also does not harm the environment.   
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ABSTRACT: Universal motor is a special kind of electric motor that is operated with both supply alternating 

current (AC) as well as direct current (DC). It has a series of wound winding that allowed them to produce 

high torque for rotation of the rotor. The universal motor is operated at a higher speed on DC supply 

compare to AC supply because the reactance loss occurs only in the AC supply. Prevention of Universal 

motor from unbalanced supply and overload is a very complex issue. The Universal motor could be protected 

by manually disconnecting the supply but this has a high risk. This study is focused on the protection of 

universal motor using the internet of things (IoT) that can employ unbalanced supply occurrence. Herein the 

study the data are collected from the running universal motor and analysing the obtained data for the 

protection of the universal motor. The back electromagnetic force (EMF) is induced the torque for rotation 

of the shaft of the motor.The future demand for IoT is unlimited as it will be applicable for industrial 

advancement which will enhance network agility, as well as protect the security system of industries. The 

demand for protection systems for the motor is increasing day by day, so the security system using IoT is 

increasing together. There is a vast scope of research in the field of Universal Motor Protection systems 

through the innovation of new technology in the operational use of the universal motor protection system. 

KEYWORD: AC Supply, Back EMF, DC Supply, Universal Motor, Voltage.  

1. INTRODUCTION 

A universal motor remains a superior kind of motor that operates on both alternating current 
(AC) besides direct current (DC) power supplies. The universal motor has series-wound 
winding which means the field windings and armature are in series. The series connection 
remains allowed them to produce high torque. Therefore, the universal motor is normally 
constructed into the device they remain destined to drive. Most universal motors have meant 
to function at speeds as high as 3500 revolutions per minute (rpm) [1]. The universal motor 
operates at an upper speed on a Direct current (DC) supply than an AC supply of a similar 
voltage. Because of the reactance voltage drip that remains to exist only cutting-edge AC 
supply, as well as reactance voltage drip, do not occur in DC supply. The field pole is 
connected to the stator, and the field coils remain coiled through the outfield pole in the 
universal motor. Mutually the armature and stator field circuit of a universal motor remain 
coated for reduction of the eddy currents that are produced while working on AC supply. A 
universal motor rotary armature is composed of straight or oblique slots to which the 
commutator and brushes are attached [2]-[3]. Armature coil on AC has poor commutation as 
compared to DC due to induced current being state-of-the-art. Whenever a Universal motor 
remains associated with a direct current (DC) supply, it performs like a DC series motor.  

Therefore, whenever current is flowed by the field winding, it generates an electromagnetic 
field. The identical current drifts in the armature electrodes, as well as the current-carrying 
electrode, remains employed in cutting-edge a magnetic field, and the conductor experiences 
a mechanical power. This mechanical power is caused for the rotation of the rotor [4]-[5]. 
The unidirectional torque is generated by the AC power supply in the universal motor. This 



 

happened due to the field winding besides armature winding remaining aligned with cutting
edge series and similar phrases. When the polarity of the AC supply is changed then the 
direction of the current cutting
[6]-[7]. Therefore, the direction of force employed on armature conductors remains identical. 
Hence, the Universal motor is performed on the same principle that DC series motors 
perform. The universal motor failed to operate due to fluctuation of electric supply, 
overcurrent, overload, and low or high voltage supply 
is protected through applying protection procedures. 

1.1. Type of Universal Motor Protection:

Motor protection remains rummage
motor. Also, external conditions whenever it is linked to abnormal energy supply then 
protection system is triggered to prevent the universal motor, the protection r
main protection to the motor that can be used Circuit breaker. Various protection systems are 
used to protect the universal motor as shown in Figure 1. 

Figure 1: The above Block Diagram represents several types of protection systems for 

• Overload protection:

Overload protection is a special type of protection that is opposed the mechanical overload. 
The overload conditions may happen in the universal motor when the motor is in running 
condition. The overload condition can result in the temperature of the motor
the motor [11]-[12]. The protection unit is used to disconnect the motor in an overload 
situation from the main power supply.

• Overcurrent protection:

When an extreme amount of current flowed by the universal motor then the protection units 
trip. Fuses and circuit breakers are used as protection units for the protection of universal 
motor as well as overcurrent protection units 
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• Low voltage protection: 

When the voltage is decreased to below the rated value for running the motor then a 
protection unit is applied to separate the motor from the supply voltage. The protection units 
may be reset to balance when the voltage steadied to the rated value and the motor is 
activated again when the supply voltage is a balance to the normal value [14]. 

• Phase Failure protection: 

Phase failure protection is employed for the safety of the motor in case of any phase failure 
during the running condition of the motor. It is generally engaged with 3-phase motors and 
keeps on running even if the phase failed in the circuit which may burn the universal motor or 
affect the task of the motor [15]. 

• Phase Reversal protection: 

Protection technology is utilized to protect the motor from phase reversal conditions. Phase 
reversal inside a universal motor could occur due to several reasons which are a reason of 
safety and operational problems. If two out of the three connections of the motor are reversed 
then the motor operates rotating in the opposite direction. When detecting reverse rotation of 
the motor, the protection unit is separated the motor from the supply [16]. 

• Ground Fault protection: 

A ground fault is occurred due to several short circuit conditions as well as an extreme 
number of current flows in the motor that is the cause of the short circuit. Ground fault 
protection is used to separate the motor in the situation of ground fault occurrence. 

2. LITERATURE REVIEW 

Jérôme Cros et al. [17], discussed a novel structure of universal motor utilizing soft magnetic 
composites. According to the author,In addition to the concentrated winding technique, a 
novel universal motor fabrication was based on the effective use of the isotropic magnetic 
properties of the soft magnetic mixture. The author demonstrated the comparison between 
classical universal motor structures and new structure universal motor with closely matching 
performance and the total volume of the classical universal motor was 200% more than the 
new structure universal motor. The study held that the new structure of the universal motor 
had a minor numeral of poles for minimizing the magnetic damages besides a upper numeral 
of coils/winding path was used for improving the commutation performance that would be 
more beneficial for cutting-edge high-speed range. 

Gregor Papa et al. [18], discussed the improvement of universal motor efficiency used by 
evolutionary optimization. The author presented a novel design process for improvement in 
the efficacy of universal motor that was rummage-sale cutting-edge home appliances as well 
as power tools. The main objective of the study remained to detect the self-governing 
geometrical parameter of the rotor besides the stator to decrease the motor’s energy wounded 
that occurred iron losses and copper losses in the universal motor. The author said that the 
iron and copper losses were reduced by 20% through a genetic algorithm (GA) and the 
running time of the universal motor was increased. 

Barbara Seljak and Gregor Papa [19], discussed the efficiency development of the universal 
motor through an approach of Artificial Intelligence. The study presented a project approach 
aimed at improving the efficacy of a universal motor. The main objective of optimization 
remained to analyse the optimum standards of the self-governing geometrical parameter of 



 

the rotor besides the stator of the universal motor which had the aim to decrease the energy 
losses that occurred in the cutting
with a genetic algorithm (GA) that optimized the geometry of the rotor as well as the stator of 
the universal motor. The procedure of loss reduction was founded on a genetic algorithm GA 
through using it, besides the efficacy of unive

Marius D. Marco et al. discussed the universal Motor protection system Founded on 
Microcontroller embedded Algorithm 
analysing, besides regulatory aggregates powered through DC motors remains to protect in 
contradiction of dissimilarities above the machines' nominal operational limits. The current 
paper suggests an optimized technical solution aimed at low voltage, overvoltage, and 
overload protection in an extensive range of incessant present motors. A microcontroller 
circuit is used to protect the motor via a relay founded on the data obtained from the sensors. 
The microcontroller unit (MCU) is an integral part of the overall control system. Using an 
MCU, one can develop various algorithms that organize the movement of 
components more efficiently, reduce the power consumption, shorten control algorithms and 
increase the accuracy of control processes.The application
includes all of the initialization routines as well as the main appl
the software structure is as robust as possible.As the above literature has inappropriate 
information on the implementation of a protection system for Universal motors using the 
internet of things. This study is better than the
universal motor. The microcontroller is communicated to the universal motor through the 
Internet of things (IoT). This study also demonstrated the protection of the universal motor.

Research question: 

• How to protect the universal motor from an unbalanced supply?
• How to implement the Internet of things in the protection system of the 

universal motor?
 

3.1 Design: 

In this research, the universal motor is protected through Pulse with modulation (PWM) 
chopper using the Internet of Things. In the present study, AC main supply is associated with 
a bridge rectifier that is used to rectify the AC supply and it is converte
DC supply.  

Figure 2: The above Block Diagram represents the Protection system of Universal 
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the rotor besides the stator of the universal motor which had the aim to decrease the energy 
losses that occurred in the cutting-edge universal motor. The developing software was linked 
with a genetic algorithm (GA) that optimized the geometry of the rotor as well as the stator of 
the universal motor. The procedure of loss reduction was founded on a genetic algorithm GA 
through using it, besides the efficacy of universal motor was improved.  

Marius D. Marco et al. discussed the universal Motor protection system Founded on 
Microcontroller embedded Algorithm [20]. The author said that industrial issues in verifying, 
analysing, besides regulatory aggregates powered through DC motors remains to protect in 
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overload protection in an extensive range of incessant present motors. A microcontroller 
ircuit is used to protect the motor via a relay founded on the data obtained from the sensors. 

The microcontroller unit (MCU) is an integral part of the overall control system. Using an 
MCU, one can develop various algorithms that organize the movement of 
components more efficiently, reduce the power consumption, shorten control algorithms and 
increase the accuracy of control processes.The application-specific code C package also 
includes all of the initialization routines as well as the main application kernel. As a result, 
the software structure is as robust as possible.As the above literature has inappropriate 
information on the implementation of a protection system for Universal motors using the 
internet of things. This study is better than the earlier study on the protection system of 
universal motor. The microcontroller is communicated to the universal motor through the 
Internet of things (IoT). This study also demonstrated the protection of the universal motor.
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In this research, the universal motor is protected through Pulse with modulation (PWM) 
chopper using the Internet of Things. In the present study, AC main supply is associated with 
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The bridge rectifier is connected with the Current sensor, Renesas microcontroller, and 
electric energy metal-oxide-semiconductor field-effect transistor (MOSFET). When the 
overcurrent is flowing in the universal motor then overcurrent flow is detected by the current 
sensor and generates a signal to the microcontroller to protect the universal motor overcurrent 
flow. The speed sensor remains utilized to sense the speed of the universal motor and 
generates a signal to the microcontroller for the safety of the universal motor. The power 
MOSFET is used to handle the high power which is delivered from the bridge rectifier. The 
entire process for the protection of the universal motor is shown in Figure 2. 

3.2. Instrument:  

In this research paper, various components are employed to the protection of universal motor 
from an unbalanced supply using the internet of things (IoT) that are applicable to decrease 
the damage inside the motor. There are the following components that are used for the 
protection of the universal motor. 

• Current Sensor: 

The current sensor is employed for current measurement and alternating current is converted 
to an effortlessly measurable voltage by the current sensor that remains proportional to the 
current by the measurable path. The current sensor is recognized as a current to voltage 
converter.  

• Renesas Microcontroller: 

Renesas Microcontroller remains associated with Speed Sensor, Current sensor, Bridge 
rectifier, and Power MOSFET. The Microcontroller has received a signal from the Current 
sensor, speed sensor, power MOSFET, and bridge rectifier, and generates the command 
signal for the protection of the universal motor which is already programmed in the 
microcontroller. 

• Speed Sensor: 

The speed sensor stays used for detecting the shaft speed of the universal motor and the 
direction of spin. The speed sensor is associated with the microcontroller and has delivered 
the signal regarding the speed of the universal motor to the microcontroller. 

• Bridge Rectifier: 

The Bridge rectifier remains directly connected with AC main supply that delivers the full-
wave rectification by converting AC discrete supply into a Pure DC supply. The bridge 
rectifier remains also allied with Renesas Microcontroller and current sensor. 

• Power MOSFET: 

Power MOSFET is applied to handle high power that is delivered from the Bridge rectifier 
and can perform better in comparison with other normal MOSFETs. Power MOSFET is 
coupled with Renesas Microcontroller and provides the signal for controlling the high DC 
power supply from Bridge Rectifier to Microcontroller.  

3.3. Data Collection: 

The unbalance supply is caused by the damage to the universal motor. AC main Supply is 
connected with a bridge rectifier that is used to convert the AC supply into pure DC supply. 
The power MOSFET is associated with DC supply and (PWM) MOSFET protection system 
using IoT is a progressive solution aimed at protecting the angular velocity of Universal 
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motor. Cutting-edge this research rectified AC line voltage remains switched at a high 
frequency through power an energy MOSFET to produce time variable voltage for the motor. 
Herein study data are collected from a universal motor that is operated with overload as 
shown in Table 1. 

Table 1: This table illustrates the data collected from the Universal motor’s active 

overload, which are Field winding current in Ampere, Running Time of Universal 

Motor, and Angular velocity of Universal motor. 

The field winding 

Current (if) in 

Ampere 

Running Time (T) 

of Universal Motor 

in (second) 

Angular velocity 

(ω) of Universal 

motor 

(radian/second) 

0.05 2 360 

0.07 3 540 

0.09 4 720 

0.11 5 900 

0.13 6 1080 

 

3.4. Data Analysis: 

When the unbalance supply is connected with the Universal motor and extreme field winding 
current is induced in the magnetic coil of the universal motor it affected the speed of the 
universal motor. The magnetic field cutting-edge the motor generates the back 
emf Vb cutting-edge the armature of universal motor. 

Vb =Laf *if *ω 

Where Laf  remains a constant of proportionality, if remains field winding current and ω is 
the angular velocity. 

If1 = 0.05, ω1 = 360, Laf = 1 

Vb1 = Laf * If1 * ω1 = 1* 0.05 * 360 = 18 volt 

Vb2 = 37.80 volt, Vb3 = 64.80 volt, Vb4 = 99 volt, Vb5 = 140.40 volt 

The mechanical power remains equal to the power responded through the back EMF: 

P=vb*if=Laf *if
2 
ω 

Speed of universal motor Us = ω/6 

Us1 = ω1 / 6 = 360/6 = 60 rpm, 

Us2 = 540/6 = 90 rpm, Us3 = 720/ 6 = 120 rpm, Us4 = 150 rpm, Us5 = 180 rpm 

The project is analyzing data that has been collected from the universal motor that is 
connected with AC unbalanced supply. The AC unbalance supply is converted into DC 
supply by rectifier and DC unbalance voltage has flowed in universal motor that is caused by 
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overvoltage fault occurrence. According to Table 1, 0.05 ampere (A) field winding current 
and 360 rad/second angular velocity are induced at 18 volts back emf in the universal motor, 
as well as the speed of the motor, is 60 rpm. Another field winding current 0.07 A and 540 
rad/ sec angular velocity generates the 37.8V back emf including the speed of motor 90 rpm. 
The angular velocity (720 rad/ sec) and field current (0.09) of the motor are produced by the 
back EMF 64.8 volt and the speed of the rotor is 120 rpm. 99 volt back EMF is generated by 
the field winding current (0.11) and angular velocity (900) of the motor and back emf 
generate 150 rpm speed of the motor. The back EMF (140.4 volts) is induced through a 
0.13A field winding current and 1080 rad/sec angular velocity, as well as the speed of a 
motor, is 180 rpm. Table 2 represents the data of Universal motor, which are back emf 
Voltage, Running time of universal, and Speed of Universal motor active overvoltage. 

Table 2: This table represents the data of Universal motor, which are back emf Voltage, 

Running time of universal, and Speed of Universal motor active overvoltage. 

Back emf Voltage (Vb) 

in volt 

Running Time of 

Universal motor 

(second) 

Speed of Universal 

motor (rpm) 

18 2 60 

37.80 3 90 

64.80 4 120 

99 5 150 

140.40 6 180 

4. RESULTS AND DISCUSSION 

The universal motor remains a special kind of motor that can be activated on both electric 
supply AC and DC energy as well as usages an electromagnet as its stator to produce the 
magnetic field. The universal motor shaft is wrapped with the laminated coil that is a 
commutated series-wound motor where the field coils of the stator remain related cutting-
edge series with the coil of the rotor by the commutator. The universal motor remains very 
close to DC series motor cutting-edge construction. Therefore, a slight modification of the 
DC motor could be operated with an AC supply. The universal motor is generated high 
torque and can run at high speed as well as has a compact and lightweight structure. The DC 
supply associated with the universal motor is generated high torque compare to the AC 
supply because of AC supply is produced reactive loss in the universal motor, but the DC 
supply is not produced any reactive losses inside the core of the universal motor.  

In the previous research, the authors present a universal motor structure that makes effective 
use of the soft magnetic composites' isotropic magnetic properties and the concentrated 
winding technique.The previous study optimization's goal was to find the independent 
geometrical parameters of the rotor and stator in order to reduce the motor's power losses, 
which occur in iron and copper.The previous study's procedure is based on a genetic 
algorithm (GA), and it was able to significantly improve the motor's efficiency by using this 
procedure.it was able to reduce the iron and copper losses of an initial Universal motor by at 
least 20% by using the GA, and we were able to boost the GA running time or set its 



 

parameters more appropriately by using the GA. The use of a microcontroller in the digital 
control and regulation of electric motors proved to be very effective, lessening work in 
designing the traditional protection
protection system using IoT, the microcontroller interacts with a universal motor 
an electric fault is detected which protects the universal motor from an electrical hazard that 
happened infrequently of the second.

The prevention of universal motor from unbalanced supply and overload is a huge challenge 
in front of industrial appliances as well as commercial appliances. Herein the study, the data 
are collected from the Universal motor’s active overload that is influenced by the angular 
velocity (360, 540, 720, 900,1080 in rad/sec) of the universal motor due to the field winding 
current (0.05, 0.07,0.09,0.11,0.13 in Ampere). The back EMF is induced in the magnetic coil 
of the universal motor that is exerted torque for rotation of the rotor. The back EMFs are 
induced corresponding 18, 37.8 volts, 64.8, 99, and 140.40 volts. The bac
torque applied on the rotor’s shaft that is generated at the speed corresponding to 60, 90, 120, 
150, and 180 rpm as shown in Figure 3.

Figure 3: The above graph represents the Back EMF, Speed of the Universal motor, 

and running time o

The universal motor stands an exceptional motor that may be functioned with both supply AC 
and DC and the DC series motor is similar to the Universal motor in its construction. In the 
construction of a universal motor, if 
an AC supply. The universal motor is protected from unbalanced supply and overload 
through a protection system using the Internet of Things. The Internet of things is used to 
compensate for the communication gap between the microcontroller to other protection 
system components such as power MOSFET, current sensor, and speed sensor. The back 
EMF is induced due to the armature current flow in an electromagnetic coil of the motor such 
as 18, 37.8, 64.8, 99, 140.40 volts, and the speed of the motor (60, 90,120, 150, 180 in rpm) 
is generated due to back EMF. The future demand for IoT is unlimited as it will be applicable 
for industrial advancement which will enhance network agility, as well as protect the
system of industries. Also, the use of IoT will help in reducing operating costs and improve 
the quality of service. The protection system of the universal motor will be employed in 
various industrial and commercial appliances as well as househol
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parameters more appropriately by using the GA. The use of a microcontroller in the digital 
regulation of electric motors proved to be very effective, lessening work in 

designing the traditional protection. But the present study is based on a universal motor 
protection system using IoT, the microcontroller interacts with a universal motor 
an electric fault is detected which protects the universal motor from an electrical hazard that 
happened infrequently of the second. 

The prevention of universal motor from unbalanced supply and overload is a huge challenge 
ppliances as well as commercial appliances. Herein the study, the data 

are collected from the Universal motor’s active overload that is influenced by the angular 
velocity (360, 540, 720, 900,1080 in rad/sec) of the universal motor due to the field winding 
current (0.05, 0.07,0.09,0.11,0.13 in Ampere). The back EMF is induced in the magnetic coil 
of the universal motor that is exerted torque for rotation of the rotor. The back EMFs are 
induced corresponding 18, 37.8 volts, 64.8, 99, and 140.40 volts. The back EMF is caused by 
torque applied on the rotor’s shaft that is generated at the speed corresponding to 60, 90, 120, 
150, and 180 rpm as shown in Figure 3. 

Figure 3: The above graph represents the Back EMF, Speed of the Universal motor, 

and running time of the Universal motor. 

5. CONCLUSION 

The universal motor stands an exceptional motor that may be functioned with both supply AC 
and DC and the DC series motor is similar to the Universal motor in its construction. In the 
construction of a universal motor, if the slight change in its construction can be operated with 
an AC supply. The universal motor is protected from unbalanced supply and overload 
through a protection system using the Internet of Things. The Internet of things is used to 

munication gap between the microcontroller to other protection 
system components such as power MOSFET, current sensor, and speed sensor. The back 
EMF is induced due to the armature current flow in an electromagnetic coil of the motor such 

, 99, 140.40 volts, and the speed of the motor (60, 90,120, 150, 180 in rpm) 
is generated due to back EMF. The future demand for IoT is unlimited as it will be applicable 
for industrial advancement which will enhance network agility, as well as protect the
system of industries. Also, the use of IoT will help in reducing operating costs and improve 
the quality of service. The protection system of the universal motor will be employed in 
various industrial and commercial appliances as well as household appliances.
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parameters more appropriately by using the GA. The use of a microcontroller in the digital 
regulation of electric motors proved to be very effective, lessening work in 

But the present study is based on a universal motor 
protection system using IoT, the microcontroller interacts with a universal motor whenever 
an electric fault is detected which protects the universal motor from an electrical hazard that 

The prevention of universal motor from unbalanced supply and overload is a huge challenge 
ppliances as well as commercial appliances. Herein the study, the data 

are collected from the Universal motor’s active overload that is influenced by the angular 
velocity (360, 540, 720, 900,1080 in rad/sec) of the universal motor due to the field winding 
current (0.05, 0.07,0.09,0.11,0.13 in Ampere). The back EMF is induced in the magnetic coil 
of the universal motor that is exerted torque for rotation of the rotor. The back EMFs are 

k EMF is caused by 
torque applied on the rotor’s shaft that is generated at the speed corresponding to 60, 90, 120, 

 

Figure 3: The above graph represents the Back EMF, Speed of the Universal motor, 

The universal motor stands an exceptional motor that may be functioned with both supply AC 
and DC and the DC series motor is similar to the Universal motor in its construction. In the 

the slight change in its construction can be operated with 
an AC supply. The universal motor is protected from unbalanced supply and overload 
through a protection system using the Internet of Things. The Internet of things is used to 

munication gap between the microcontroller to other protection 
system components such as power MOSFET, current sensor, and speed sensor. The back 
EMF is induced due to the armature current flow in an electromagnetic coil of the motor such 

, 99, 140.40 volts, and the speed of the motor (60, 90,120, 150, 180 in rpm) 
is generated due to back EMF. The future demand for IoT is unlimited as it will be applicable 
for industrial advancement which will enhance network agility, as well as protect the security 
system of industries. Also, the use of IoT will help in reducing operating costs and improve 
the quality of service. The protection system of the universal motor will be employed in 

d appliances. 
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ABSTRACT: One of the most important pillars for correct modelling of the difficult optimization of cutting-

edge Micro Hydropower Plants (MHP) is the hydropower production structure.Emerging countries that need 

resources must undertake stress cracking to stabilize the power system.The stream rate of aquatic cutting-

edge release gates remains an appropriate interest aimed at problem optimization because it is based on the 

relationship between the reservoir's water height and the capability of the micro hydro-turbine cutting-edge 

the tank. This study is focused on Micro hydropower generation as well as distribution using Artificial 

intelligence.A micro hydropower generating unit, for instance, has a small dam or water reservoir, turbine, 

and generator, as well as a power distributing unit that comprises a step-up transformer, electric utility, and 

artificial intelligence.The execution of micro-hydro schemes with novel cost-effective designs is expected to 

result from cutting-edge local industry expansion, which will lead to general economic growth in developing 

countries, and also social development. There is a wide scope of research in the field of micro-hydropower 

generation, other research is the possibility of a developed novel method for micro hydro-power generation.  

KEYWORDS: Artificial Intelligence, Micro Hydropower, Reservoir, Transformer, Turbine.         

1. INTRODUCTION  

Hydroelectricity generation was a golden period of cutting-edge the 1st half of the 20th 
century earlier oil was regulated on the power of overriding cutting-edge the delivery of 
vigor. Numerous developing countries began to convert out oil and coal based on coal, oil 
besides natural gas as oil prices rose, fossil fuel costs rose, thermal pollution rose, and the 
global energy crisis increased, allowing renewable hydro plants to take their place. In recent 
times, the energy demand is increasing day by day, requiring more electric energy generating 
resources and dissimilar power grid constructions. The emerging countries that require 
obtaining resources must accomplish load cracking that can stabilize the power scheme. The 
generators that remain connected to a hydro-turbine grow slowly as the load grows, causing 
the output to be influenced by lowering the rate of electrical energy. As a result, the whole 
scheme would go up, resulting in a  cascaded or blackout failure [1]. For most dependability 
annotations of generation schemes, the energy reserve aimed at power output is assumed to 
be available at all times. This indicates that the electrical generation portion of the power 
plant's general failure is the only single cause of the energy manufacturing deficit. An 
abundance of energy generation defeats the instruction of water stream rate when the lake 
remains enough to ensure power, showing that this model remains correct [2]. 

The stream rate of aquatic cutting-edge release gates remains an appropriate optimal aimed at 
problem optimization since it is based on the relationship between the reservoir's water height 
and the capability of the micro hydro-turbine. One of the most important pillars for correct 
modelling of the difficult optimization cutting-edge Micro Hydropower Plants (MHP) is the 
hydropower production construction. Let's examine how the construction of micro-
hydropower relates to the hydropower system, as well as how the water may easily get into 
the entire detail of micro-hydroplane discharge [3]-[4]. In hydro-turbine power production 
optimization, relying on unit numbers in operation, the connection between water flow rate 
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and power production is difficult and nonlinear. It has become more complex because the 
system's overall loss is decided by entire units released cutting-edge the plant. When a single 
of the generation path solutions remains an assorted integer with a linear programming 
model, the success of linear programming influences the behaviour and situation of the 
nonlinearity method [5]-[6]. 

The flowing water strikes a hydro turbine, that mechanically converts it to rotational power, 
and the turbine's rotating shaft is hooked to an electric generator. The efficiency of a turbine 
is largely controlled by the turbine's power, type, the water flow rate [7]. Kaplan turbine can 
be analyzed that its efficacy remains to achieve to the highest worth aimed at numerous run 
rates of water, indicating that these types of turbines are desirable for a river with a changing 
water flow rate regime Ground acceleration, water flow rate, water drop height, and general 
efficiency are the four factors that make it up a hydropower plant's unit of generating 
electricity [8]-[9]. There are 3 kinds of micro-hydro power amenities such as diversion micro-
hydropower units, impoundment micro-hydropower units, and micro pumped storage.  

1.1.  Impoundment micro- hydropower generating unit:  

The impoundment facility, Micro-hydropower remains a small hydropower scheme that 
usages a dam to stock aquatic cutting-edge a reservoir. The flowing water remains stroked to 
the blades of the turbine, and the turbine converts its rotational energy. The rotating shaft of 
the turbine is coupled with an electric generator that is produced electricity [10]-[11]. The 
aquatic might be discharged to content altering electricity demands, plus other needs such as 
recreation, fish passage, and flood control besides other ecological and aquatic quality 
problems. 

1.2. Diversion micro- hydropower generating unit:  

The channel section of a river through a canal diverts flowing water for hydroelectric power 
generation that utilizes the natural inclined of river bend evaluation to produce the electrical 
energy. The flow of water remains controlled through gates, and valves, besides turbines in a 
penstock, which remains a closed conduit that channels aquatic to turbines; hence, the dam 
may not be obligatory aimed at a diversion [12]. Water is realized by gates as per the 
requirement for electricity that strikes to turbine’s blade and produces electricity. 

1.3. Pumped Storage micro- hydropower generating unit:  

Storage of Pumps Pumping aquatic from the lower lake to the upper reservoir enables the 
Micro-Hydropower Generating Unit to store energy. Water storage is used to produce 
electricity whenever there is a high electricity demand, water is released to strike the blades 
of the turbine, and the rotating shaft of the turbine remains attached to an electric generator. 
The induction generator is used as a backup source of energy production for synchronous 
generator micro-hydropower, a definition of low production costs [13]. When compared to 
synchronous generators, induction generators have a lower rate per unit of electric power 
[14]-[15]. Electricity is generated from an electric generator that is transmitted through the 
power grid. The electric generator of the micro-turbine has produced the electricity in 
alternating current (AC) form. The AC supply is converted into a direct current (DC) supply 
through an “AC to DC converter” and then the DC supply is transmitted through the power 
grid to the sub-station. For long transmission AC supply must be used to convert in DC 
Supply because DC supply is not produced eddy current loss as well as Hysteresis loss, 
therefore DC supply is used for long supply instead of AC supply. 
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Micro-hydro power generation and distribution of electricity using artificial intelligence are 
the main focus of this current study. The present study is divided into multiple sections, the 
first is an introduction and second is a prior review regarding this Micro-hydropower 
generation and distribution as well as the third is the methodology of the current study. After 
that, the result and discussion regarding this study and the next conclusion of this study. 

2. LITERATURE REVIEW 

Yanlai Zhou et al. discussed Small-hydropower installation settled upon optimal aquatic. 
Distribution and taking action to stimulate synergies of the aquatic-food-vigor nexus [16]. 
This study suggested that a complete scheme-extensive solution compelled through aquatic 
resources perspectives encountering micro-hydroelectric power production by artificial 
intelligence (AI) techniques to control the interactions of the aquatic-food-energy (AFE) 
Nexus. The suggested 3-faceted methodology was investigated deliberately by enhancing 
several-sectoral aquatic distribution, expanding the establishment of little hydropower 
turbines lined up with the acquired ideal several-sectoral water allotment, as well as elevating 
the synergistic advantages of the WFE (Water, Fuel, Energy) Nexus controlled through the 
ideal aquatic designation besides micro hydropower establishment. The author's analysis of 
M-5 execution principal curves imitation like the benchmark and comparative results 
obtained have illustrated the several-year combined optimization below the association of 
water distribution beside micro- hydropower installation. The average yearly food production 
was raised by approximately 10.6% as well as annual hydro production was improved by 
about 7.5 %. This study not only unlocks new prospective for clean energy generation as well 
as care about production benefit.  

Krishna Kumar and R.P Saini demonstrated the application of Artificial Intelligence for 
optimal hydropower energy production [17]. Both authors said that Hydropower generation is 
a special promising source of renewable power generation that had delivered an impact on the 
environment clean and pollution-free. The authors suggested to the analysis feasibility study, 
itemized project report readiness, development arranging, and ideal implementation of work 
remain the significant exercises of a hydropower plant. Energy generation cutting-edge 
hydropower plants chiefly rely upon release and head. Along these lines, an exact assessment 
of release and head is vital to choosing the plant limit. Disintegration, cavitation, activity, and 
upkeep are critical difficulties in the hydropower energy age. Man-made consciousness 
artificial intelligence (AI) has developed well known, which may be used aimed at site 
determination as well as parameters assessment and timely execution of work. This study 
showed the implementation of artificial Intelligence for hydropower generation that had 
identified the future potential areas of hydropower plants. 

Ali Thaeer Hammid et al. demonstrated the forecast of a small hydropower plant cutting-edge 
Himreen Lake dam through Artificial Intelligence [18]. According to the author, the 
developing countries had less capacity to develop electricity as per demand inside the 
countries. Hence, a small hydropower plant (SHP) included a Kaplan turbine remained 
specified to discover its relevance. This study emphasized on implementation of Artificial 
Neural Networks (ANNs) and back-propagation was built on activity prediction of 
waterpower plants. Stream rate of aquatic besides influence creation that information 
accumulated throughout an examination north of a long-term period. The model investigated 
the vulnerabilities of data sources and result activity and there was planning to organize 
design and afterward prepared through the whole of 3570 trial and noticed information. 
Besides, ANN offers a breaking down and diagnosed instrument actually to demonstrate the 
execution of the nonlinear plant. The study proposed that the ANN might analyze the 
activities of plants and predict the output power generation. 



 

Guo-ping Liao et.al explained hydroelectric producing units' Fault diagnosis through a one
conventional Neural Network as well as a gated recurrent unit in small hydropower 
generation [19]. According to the statement of the auth
was founded on hand-made topographies that demonstrated the actual result of cutting
the hydropower generating unit (HGU) error diagnosed in current years. The author said that 
the methodology of hydropower generati
the vibration indication, and a gated recurrent unit (GRU) founded on continuous data was 
proposed. The performance of Hydropower energy was suggested to verify through likening 
with the outcomes of additional machine learning techniques.

 As the above literature has inappropriate information regarding the Micro Hydropower 
Generation and Distribution using AI. This study is better than the earlier study on the power 
generation and distribution from Hydr
monitored by an energy meter comprised of AI. This study also demonstrated the distribution 
of hydropower Monitored through the energy meter comprised with AI.

Research question: 

•  How the AI-powered energy meter monitors power distribution?
•  How to implement micro hydel power generation units equipped with AI for power 

distribution monitoring system?
 

3.1. Design:  

The micro hydropower generating unit especially consists 
turbine, and generator as well as a power distributing unit comprised of a step
Electric Utility, and Artificial intelligence. The water is flowed through the penstock from a 
reservoir to the turbine and flowin
power into mechanical power. The governor of micro
flow in the turbine as well as the main function of the governor remains to regulate the 
generator turn, therefore the rate of the generator has not varied through the supply of water. 
The generator is associated with a turbine, and the generator is converted mechanical energy 
into electrical energy. The step
low voltage to high voltage as well as electrical Utility (power grid) is controlled the electric 
power distribution to another electric sub
monitored through an energy meter using artificial intell
producing electric power has been calculated through artificial intelligence as shown in 
Figure 1. 

Figure 1: Illustrates the Block Diagram of Micro Hydropower Generation 
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3.2. Instrument: 

In this research paper, numerous components are used for micro-hydro power generation 
which is applicable to compensate for the requirement of electricity in the Rural and urban 
areas with the utilization of renewable energy. These are the following various components 
for micro-hydro power generation as discussed below. 

• Reservoir: 

A micro-hydroelectric reservoir is a small pond behind a hydroelectric dam that generates 
electricity by utilizing the potential power of water. The dam holds back most of the water, 
therefore a small amount remains allowed to flow down the dams found to generate 
electricity when it's desirable. These reservoirs are a sort of water storage that is particularly 
important for hydropower. The water in the micro-reservoir of a hydroelectric facility is at a 
higher elevation on one side of the dam than on the other. The hydraulic head is the height 
with which this water flows. 

• Turbine: 

The Kaplan turbine is 30m apart from the height of the reservoir that obtains the physically 
hydro force strikes to the blades of the Turbine and converted into rotational power. The 
rotating shaft of the Turbine is coupled with an electric power generator. Kaplan turbine has 
been observed that efficiency of the turbine is achieved to the highest value aimed at 
numerous stream rate of water and flow of water is controlled by penstock as well as Kaplan 
turbine has high shaft speed. 

• Generator: 

The induction generator is used instead of a synchronous generator to generate electricity in 
microsystems. As a result, of induction generators, the cost per unit of electricity is reduced. 
The electric induction generator is coupled with the rotating shaft of the Kaplan turbine that 
converts the mechanical power into electrical power. Induction generators are more efficient, 
with a simple starter and control mechanism, as well as fault protection. Instead of single-
phase induction generators, 3-phase induction generators are used, which convert 3 -phase 
power into single-phase energy and then supply it to single-phase loads. 

• Step-up-Transformer: 

Step-up-Transformer is connected with a 3-phase induction generator that is used to increase 
the voltage from primary to secondary. The 10 KVA step-up transformer has a 240-volt yield 
and a current capability of 41.670 amperes (10,000 watts / 240 volts equal to (=) 41.67 
amperes). Step-up-transformer is associated with electric utility units as well as 3-phase step-
up transformer are designed to be compatible with current infrastructure and equipment. They 
could keep the power grid safe, lower the chance of power failures, and help generators run 
more efficiently. 

• Energy meter Comprised with Artificial Intelligence: 

The energy meter comprised of (AI) is linked with the Electric Utility units that are used to 
monitor power generation as well as power distribution. AI Energy meter has been used to 
forecast the yield of hydropower plants in terms of net turbine head, power generation as well 
as water flow rate. To simulate the nonlinear plant output, it delivers an actual instrument for 
analysis besides diagnosis. The AI energy meter could forecast plant presentation and the 



 

coefficient of correlation amid the forecast besides detected output variables is higher than 
0.960, per the results. 

3.3. Data collection: 
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3.4. Data Analysis:  

The water is flowed from the Dam to the lake and the lake to the turbine using the penstock. 
Whenever aquatic fall to the blade of the turbine that changes hydraulic power into rotational 
power, the hydraulic turbine convert function remains specified for the determination of 
mechanical output power.  

∆��
∆� = 1 − �	


1 + 0.5�	
 

Where delta Pm represents turbine mechanical outcome power cutting-edge per unit, 

Delta G represents gate inaugural of turbine cutting-edge per unit besides 

 Tw is the aquatic initial period of a turbine. 

The servo motor is used to control through Gate position, it adjusts the flow rate of water for 
the production of electricity permitting to load. The conversion function aimed at the relay 
valve beside the gate servomotor remains specified. 

�
� = (��)/{�(1 + � ∗ ��)} 

Where servo gain is Ks and pilot value or servo meter time constant is represented as Tp. 

The electric generator is coupled with the rotating shaft of the turbine, and electrical energy is 
obtained. The rotating shaft is produced mechanical power  

P = ɳ x s x g x Q x H 

Where ɳ remains hydraulic turbine efficiency, P remains to produce mechanical power 

s remains the solidity of aquatic, 

g remains acceleration because of gravity 

Q remains stream rate of aquatic,  

H remains aquatic head. 

4. RESULTS AND DISCUSSION 

As oil prices rose, fossil fuel costs grew, thermal pollution rose, and the global energy crisis 
worsened. Several developing countries began to generate electric power by using natural 
sources of oil, coal, and natural gas, after those renewable hydro plants took their place for 
electric power generation. The micro-hydro power plants have not been completely used 
aimed at electrical power generation because of the high wealth cost. The high cost remains 
owing mostly to the operational expenses. Reduced costs of these plants are made to fulfil the 
fast upsurge in energy demand. The spare of conventional equipment with fee substitute 
equipment besides an induction generator is one method to reduce corners. The micro- 
hydroelectricity is generated by several and power is monitored by artificial Intelligence. 
Several countries are producing electricity as 40% of power is generated by china, and 15% 
of micro-hydropower is generated by India. Italy has produced hydropower of about 3% as 
well as Brazil generates 3% micro hydropower as illustrated in Figure 4. United States 
America (USA) and Japan have produced hydroelectricity sequentially at 8% and 11%. 

The entire cost of micro-hydro power generation remains divided into four parts. The most 
expensive part is the construction of Dam that is 40% of the entire cost, and the cost of the 



 

turbine remains 16% of the total price as shown in Figure 5. The cost of the management 
system and controlling units are sequentially 8% and 12% as well as electricity distributing 
unit’s cost is 24 % of the total cost.
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annual benefits, and recoverability period. It is found that installing 81 Kaplan turbines with a 
entire installed capacity of 405 kW (=81 * 5 kW) besides 12 Vor
installed capacity of 336 kW (=12 * 28 kW) could lead to an average annual hydropower 
advantage limitation amid 246 thousand USD (=3600 MWh * 65.57 USD/MWh) besides 348 
thousand USD (=5220 MWh * 65.57 USD/MWh).The proposed model 
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in two or three years after the start of energy production in this scenario based on current 
energy price structures. 

5. CONCLUSION 

The hydropower production construction remains regarded as one of the most essential pillars 
for correct modelling of the difficult optimization cutting-edge micro-Hydropower plants. 
Several developing countries started to shift away from oil and coal in favour of oil, coal, and 
natural gas, allowing renewable hydroelectric plants to take their place. In cutting-edge terms 
of water flow rate, net turbine head besides energy generation, artificial intelligence has been 
used to predict the output of hydropower plants. To simulate the output of a nonlinear plant, 
Micro hydropower plants remain the most extensively rummage-sale renewable energy 
source in the world.Micro Hydropower is installed with 81 Kaplan Turbines with a full power 
generation capacity of 405 kW and the annual hydropower generation unit gets a profit of 
USD 246 thousand to 348 thousand. Micro hydropower generation unit has 96% efficiency 
which is comparatively higher than the earlier model of micro-hydropower generation.There 
is a wide scope of research in the field of micro-hydropower generation, other research is 
possible to develop the innovative method developed for micro-hydro power generation. 
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ABSTRACT:Electricity theft remains a major concern in a country with such a large population. Electricity 

theft in India's households and industrial power supply is increasing every year. Due to power theft, many 

power generation companies have gone bankrupt or are not able to sustain electricity generation. The power 

theft monitoring system can trace the exact location of the power theft as well as generate a message to the 

nearest sub-station, transmitting the power theft data wirelessly through a microcontroller connected to the 

Internet of Things (IoT). The objective of this study is to reduce the theft of electricity and protect the power 

transmission line as well as benefit the power generation companies. In this study, whenever there is 

unauthorized tapping on the load side, the data of the electric power load is transmitted through the load side 

energy meter and this data is received by the receiver of the energy meter at the pole. This received data is 

compared by a pre-programmed microcontroller. After comparing the data, the obtained dataset is 

transmitted to the consumer as well as the nearest electrical substation.In the future, there is a maximum 

probability to develop new technology for detecting power theft in three-phase transmission lines as well as 

load side transmission lines. Microcontroller-based electrical power theft monitoring systems can identify 

power thefts in transmission systems, allowing power generating companies to reduce power losses and 

maintain economic stability.  

KEYWORDS: Electricity Theft, Electrical Power, Microcontroller, Transmission Line, Unauthorized 

Tapping.  

1. INTRODUCTION 

Power theft remains an actual common issue in the world, where the world's population is 
very high. Also, the use of electricity is ultimately unreliable. In India, the number of 
electricity thefts in domestic electricity connections as well as industrial power supplies is 
increasing every year.Due to this, there is a loss of energy for the power company, apart from 
this, the urban and rural areas are facing the constant loss of load shedding to meet the power 
requirement of the entire state. In addition to this, the habits used to commit theft are 
countless, so how the theft happened can never be tracked, and this problem needs to be 
addressed as quickly as possible. This summary, suggests an electricity theft detection system 
to identify theft which remains made through the most common technique of theft besides 
which remains to bypass the meter by utilizing a piece of wire, people just use electricity [1]. 
Bypass the meter. Including the current unit in addition to the meter reading unit by the first 
wiring. The suggested system remains hidden in such meter besides as soon as an attempt 
remains made burglary, it is sending a message to the control unit of the electric power board. 
In this arrangement, a single current transformer is used to place on the input side of the post 
line. Another current transformer is used to place at the supply point of the home lines [2]. 

The outcomes power of a current transformer (CT) remains transferred to the programmable 
interface controller (PIC) as an input supply to the microcontroller, converting the analog 
input signal into a digital signal. The input current, as well as the same output current, are 
compared by the PIC. If the likened outcome has negative values then this specific post 
remains recognized as a power theft point [3]. This comparison value remains conveyed to 
the power board, this value is displayed in the Light Crystal Diode (LCD) display. The 
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information remains processed quickly through the microcontroller as well as a message is 
transferred through GSM (Global System for Mobile Communication) technology. 

The power theft monitoring system consists of a wireless communication system of energy 
meters that is used in conjunction with ZigBee, General Packet Radio Service (GPRS), and 
Relay. The cryptography method is used to protect the communication channel. Also, ZigBee 
is used aimed at data transmission in a serial process. The negative point of this procedure is 
to gather the reading of the energy meter whenever going in a specific range of areas, as well 
as the power supply is disconnected manually if needed. Energy theft comprises the illegal 
exploitation of electricity from a feeder, grounding the neutral wire as it does not measure the 
readings apart from avoiding the payment of bills. In the primary system, there was no theft 
detection device on the line so that anyone could access the electricity without getting it. 
Electricity remains single of the most basic requirements, particularly aimed at persons who 
work in industries that rely on electricity as their primary source of energy [4]-[5]. At present 
moment, the prepaid and post-paid electricity measuring equipment still has a flaw, as there 
remain still numerous examples of electricity theft performed through numerous elements 
using various theft modes. This remains because each customer's residence is equipped with 
an electric measurement instrument. At present moment, power supply companies still utilize 
an antiquated way to identify incidents of power theft, which involves reviewing the pattern 
of electricity bills collected by manual recording through officers. Detecting electricity theft, 
of course, comes at a high expense. Various research has looked into ways to avoid electrical 
theft [6]. 

1.1. Energy meter: 

The reduced energy costs besides recovering power efficiency on machines as well as 
electrical possessions, one must be aware of energy consumption. Energy meters allow 
owners, facility managers, and users to identify areas for improvement and generate profit. 
They make it possible to run better buildings with less money and energy. Because Mild 
Intellectual Disability (MID) certification can also split utility costs between multiple homes 
using an energy meter. Sub-metering delivers an accurate picture of power ingesting as well 
as usage [7]-[8]. 

1.1.1. Electromechanical Induction Energy Meter: 

The electromechanical Induction Energy meter contains a revolving aluminum disc mounted 
on a spindle amid 2 electromagnets. The rotational speed of the disc remains relative to the 
energy besides this electric energy remains combined through the usage of a counter 
mechanism as well as gear trains. The electromechanical Induction energy meter consists of 
two silicon steel coated with electromagnets that are a series magnet and shunt.The coil is a 
series magnet consisting of a few turns of thick wire associated with cutting-edge series with 
the line. The flux generated through the series magnet remains comparative to the flux [9]. 
The flux generated through the shunt magnet remains comparative to the voltage as it carries 
a coil with several turns of thin wire associated with the supply. Due to their inductive nature, 
these two fluxes are 90 degrees apart. The interaction of these 2 fields causes an eddy current 
cutting-edge the disc, which exerts a force comparative to the product of their immediate 
current, voltage as well as phase angle [10]-[11]. This kind of meter is easy to construct and 
the accuracy of electricity measurement is less because of creeping as well as external fields. 

1.1.2. Digital Electronic Energy Meter: 

The earlier electro-mechanical meters are replaced by a novel digital electronic meter which 
is more accurate for showing a reading. The advanced electronic energy meter is founded on 
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Digital microtechnology as well as usage of no moving parts. Therefore digital energy meter 
is recognized as a Static Energy meter [12]-[13]. The electronic energy meter is provided an 
efficient and accurate reading of power supply because it has an integrated circuit (IC) that is 
specially designed for controlling accuracy functioning, and the design IC is known as 
Application specified integrated circuit (ASIC). 

1.1.3.  Smart Electric Power Measuring Meters: 

A smart electric power measuring meter is excellent metering technology that is involved to 
transfer metering data to read as well as receiving feedback data from customers regarding 
the power supply. It is capable to measure energy utilization, automatically turning ON and 
turning OFF switch for supply to customers as well as automatically controlling the 
maximum electricity utilization. For improved presentation, smart metering schemes use 
current metering substructure scheme technology [14]. They are capable of bidirectional 
communication. They can provide data to utilities such as energy consumption, parameter 
values, alerts, and other necessary messages, and they can also receive data from uses for 
example automatic meter reading systems, re-join/separate instructions, meter software 
upgrades, besides other important messages. The study focussed on a microcontroller-based 
electrical power theft monitoring systemwhere the electric power supply is regulated without 
any electricity larceny. 

The present study is divided into several sections, the first section is the introduction of the 
electric power theft monitoring system, with the second section is a prior review of the 
current study. The third section implementation is the working of a microcontroller-based 
power theft monitoring system. Results and discussion are the next part of the study, the last 
section is the conclusion of the study. 

2. LITERATURE REVIEW 

Sagar Patil et al. discussed electrical power theft identification as well as wireless meter 
reading [15]. The author stated that the unauthorized tapping was detected utilizing a power 
theft detection system from the distribution line. This tapping system was implemented in the 
distribution network of the electric power supply, the system detected the fault in the 
distribution system. According to the author, wireless receiving and transmitting technology 
was used which was linked to wireless meter reading. This power theft detection device was 
safe for the power distribution system.  

M.Dinesh Sundar and R. Rathika discussed the development of electricity theft recognition 
using the smart meter cutting-edge energy distribution networks founded on wireless 
technology. The author realized that power burglary happened frequently in dissimilar spots. 
Therefore, the author suggested a framework that utilized the power theft sensor 
accommodated with a ceaseless screen. The sensor esteems were continuously analyzed, and 
power burglary had recognized, an alarm message was provided to the client utilizing the 
Global system for mobile communication (GSM) Module. Whenever power burglary 
happened then the alarm message provided real-time power burglary [16].  

A Tjahjono et al. discussed consumer power forecast founded on a neural network aimed at 
electrical theft detection [17]. The author said that state electricity enterprise monitored the 
active energy of consumers through recording meters besides was still prone to electricity 
theft. The location of the theft was detected by an electricity measuring device that was 
placed at every consumer of electricity. In this research, the author has proposed an electric 
theft detection device accommodated with Advanced RISC Machines (ARM) microcontroller 
that was located centrally on the corner of the distribution transformer panel to measure the 



 

active energy cutting-edge of each consumer. The entire distributed active energy was 
predicted to total active energy of the entire
technique. The entire active energy of distributing transformer was compared with the entire 
active power of customers, and this device was capable to detect the electrical theft through 
error predicated value of active power on

Ram K. Kanhe et al. explained Electrical Theft detection using GSM, Author said that 
Electricity was compulsory for our daily life with a growing energy theft was also increasing, 
and power theft was an issue that continued to plague the energy subdivision across the entire 
country. This study aimed to design a scheme that was an attempt to decrease the illegal use 
of electricity as well as decrease the opportunities for electricity theft 
author, electronic companies faced the electric theft issue in recent times as well as electricity 
theft directly affects the profit made by electricity companies, prevention, and detection of 
electricity theft was compulsory. 

Research Question: 

• How to meet the demand for electricity without a power shortage?
• How do employ a microcontroller to detect power theft in transmission lines?

 

3.1. Design: 
The electrical power theft monitoring systemconsists of a 3
supply, this supply is connected with different 2 single
remain two energy meters M1 and M2 that are used to measure the power consumed through 
loads, load side meters have an additional feature of transmitt
electric pole, the receiver passes the signal to the microcontroller

Microcontroller based system have been install to find out power theft. The pole side energy 
meter is used to detect electric energy transmitted through 
with the pole. Whenever unauthorized tapping of electricity happens from the load side, then 
wireless data transmitting units at the load side meter is transmitted a signal to a receiver, and 
the receiver provides data to the microcontroller as shown in Figure 1. The microcontroller is 
compared to the data of the energy meter at the pole as well as the electric meter at the load 
side, if unauthorized tapping happens on the load side, then the microcontroller is transmitted
data to the electric sub-station.
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author, electronic companies faced the electric theft issue in recent times as well as electricity 
theft directly affects the profit made by electricity companies, prevention, and detection of 
electricity theft was compulsory.  

How to meet the demand for electricity without a power shortage? 
How do employ a microcontroller to detect power theft in transmission lines?

3. METHODOLOGY 

The electrical power theft monitoring systemconsists of a 3-A phase electricity 
supply, this supply is connected with different 2 single-phase loads L1 as well as L2. There 
remain two energy meters M1 and M2 that are used to measure the power consumed through 
loads, load side meters have an additional feature of transmitting data to the receiver at the 
electric pole, the receiver passes the signal to the microcontroller.  

Microcontroller based system have been install to find out power theft. The pole side energy 
meter is used to detect electric energy transmitted through every single-phase line associated 
with the pole. Whenever unauthorized tapping of electricity happens from the load side, then 
wireless data transmitting units at the load side meter is transmitted a signal to a receiver, and 

the microcontroller as shown in Figure 1. The microcontroller is 
compared to the data of the energy meter at the pole as well as the electric meter at the load 
side, if unauthorized tapping happens on the load side, then the microcontroller is transmitted
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Figure 1: The above Block Diagram represents the Pole base Theft Protection system 

3.2.Instrument: 

This study has been done on a three-phase transmission line installed between power 
generations to power consumption. In thisstudy, three energy meters are used, two energy 
meters are used on either side of the load as well as one wireless energy meter mounted on a 
pole. Receiving power consumption data from the load side and comparing the total power 
transmission is done by the microcontroller. The microcontroller is already programmed for 
comparing data, herein some following basic equipment for data collection. 

3.2.1. Load side Energy Meter (M1, M2): 

The digital electric load meters are measured the consume electricity through loads (L1, L2) 
over an interval of time. The load meter consists of wireless data transmitting units that have 
transmitted data to a receiver on a pole, and the receiver is transmitted data to the 
microcontroller. The load-side energy meter has a digital display and data storage memory, 
the digital display shows the reading of power consumption, and memory storage units have 
stored the data of power consumption on the load side. 

3.2.2. PIC16F877A Microcontroller: 

The microcontroller used to compare load-side energy meter data with pole-mounted wireless 
energy meter data, some will have tolerance if the value measured at the pole is 
comparatively higher than the value sent to the load-side energy meter which means the 
energy is stolen. In addition, the microcontroller has generated a theft signal and transmitted 
the theft signal to the substation by the wireless commutation system. 

3.2.2.1. Special Features of Microcontroller: 

• Electricity-saving Sleep mode 
• In-Circuit Debug via two pins 
• Ten-bit, eight-channel analog to digital Converter 
• Brown-Out Reset 
• Analog Comparator module 
• Data “SRAM: 368 bytes” 
• Data “EEPROM: 256 bytes” 
• Self-reprogrammable under software control 
• Cutting-edge-Circuit Serial Programming via 2 pins (5V) 
• Watchdog Timer with on-chip “RC oscillator” 
• Programmable code shield 

 
3.2.3. Wireless Energy Meter on pole: 

The wireless energy meter has been performed as the same rule of wireless data transmitting 
unit that remains utilized to find out energy larceny detection. The wireless energy meter is 
installed on the pole of the 3-phase transmission line that has a wireless data receiver 
associated with a microcontroller or display. The receiver of the wireless energy meter is 
received the data from the load side meter, then it has transmitted the data to the 
microcontroller. 

3.3. Data Collection:  
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The gathered data has illustrated in tables that outcome information about power 
consumption by two loads (L1 and L2), 3-Phase electricity distribution supply, and this 
supply is connected with different two single-phase loads L1 and L2. The power consumption 
of electric load L1 is measured by load-side energy meter M1, and load-side energy meter 
M2 is measured by the power consumption of electric load L2. Based on this data further 
Data analysis regarding theft detection in 3- phase transmission lines. 

Table 1: Specified below data based on the power consumption of the load side 

(L1), Total power transmission, and transmission loss. 

Month Total Power Transmission 

(kW) 

Consumption of 

Power (kW) 

Transmission Loss 

of power 

(kW) 

January 110 90 20 

February 220 190 30 

March 210 180 20 

April 205 190 15 

May 222 202 20 

Table 2: Demonstrated below data based on power consumption on the Load 

side (L2), Total power transmission, and transmission loss. 

Month Total Power 

Transmission 

(kW) 

Consumption of 

Power (kW) 

Transmission Loss 

of power 

(kW) 

January 120 95 15 

February 230 195 25 

March 240 191 39 

April 211 192 15 

May 223 193 17 

3.4.  Data Analysis: 

When the input alternative current (AC) supply remains transitory from the AC power 
supplier to the receiver, at that time if the entire quantity of electrical supply remains not 
obtained through the receiver, then there remains a maximum likelihood of energy theft. 

�  ��	�� �� !��"��"�!
= � ��	�� #�!�$��% + �� !��"��"�! &��� … … . .  (� �ℎ�*� + ���! 
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� ��	�� �� !��"��"�! 
≠ � ��	�� #�!�$��% + �� !��"��"�! &��� … … . .  �ℎ�*� -##$� 

Here, Power transmission = Electric energy measured through Pole side energy meter 

Energy Consumed = Load electricity measured through a load-side energy meter 

• Mathematical calculation: 

According to Table 1,  

(Total transmission power) = (Power consumed by load side L1) + (Transmission loss) 

TP = Pc1 + Ts1, where TP = Total transmission power in kW, Pc1 = Power consumed (kW) 
by load side L1, Ts1= Transmission loss in kW  

TP (January) = Pc1 (January) + Ts1 (January) 

                 = 90 + 20  

                  = 110 kW 

Sequentially total transmission power for February, March, April and May are TP (February) 
= 220 kW, TP (March) = 210 kW, TP (April) = 205 kW, TP (May) = 222 kW 

According to Table 2,  

(Total transmission power) = (Power consumed by load side L1) + (Transmission loss) 

TP = Pc2 + Ts2, where TP = Total transmission power in kW, Pc2 = Power consumed (kW) 
by load side L2, Ts2= Transmission loss in kW  

TP (January) = Pc2 (January) + Ts2 (January) 

                 = 95 + 15 

                  = 110 kW 

Sequentially total transmission power for February, March, April and May are TP (February) 
= 220kW, TP (March) = 230kW, TP (April) = 207 kW, TP (May) = 210 kW 

This research is analyzing the data that has been collected from two dissimilar power 
consumption loads (L1, and L2), these loads are associated with single-phase supply. The 
electricity consumption is measured by the energy meter (M1, M2) on the load side. In the 
data collection Table1, shows the monthly report of electricity consumption, Total AC power 
transmission, as well as transmission losses. According to Table 1, In January total power 
transmission is 110 kW and power consumption is 90 kW on the load side and transmission 
loss of power is 20 kW. Total transmission power, power consumption, and transmission loss 
are sequentially 220 kW, 190 kW, and 30 kW in February. In the march, total transmission 
power, power consumption, and transmission loss are sequentially 210 kW, 180 kW, and 20 
kW. The power consumption is 190, the total power transmission is 205 kW, and 
transmission loss is 15 kW in April. In May, Total Transmission power, Consumption power 
on the Load side (L1), and transmission loss in May are sequentially 222 kW, 202 kW, and 
20 kW. 
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According to Table 2, In January total power transmission is 120 kW and power consumption 
is 95 kW on the load side and transmission loss of power is 15 kW. Total transmission power, 
power consumption, and transmission loss are sequentially 230 kW, 195 kW, and 25 kW in 
February. In the march, total transmission power, power consumption, and transmission loss 
are sequentially 240 kW, 191 kW, and 39 kW. The power consumption is 192 kW, total 
power transmission is 211 kW, and transmission loss is 15 kW in April. In May, Total 
Transmission power, Consumption power on the Load side (L1), and transmission loss in 
May are sequentially 223 kW, 193 kW, and 17 kW. 

4. RESULTS AND DISCUSSION 

In a society with such a large population, power theft continues to be a serious problem. 
Electricity larceny is increased unreliable, every year, the number of electrical thefts in 
India's home and industrial power supplies rises. There is a loss of energy for the power 
company as a result of this, and the urban and rural areas are constantly experiencing load 
shedding to meet the state's power requirements. The electrical power theft monitoring 
system is made up of a three-phase energy distribution supply that is connected to 2 single-
phase loads, L1 as well as L2. There remain two energy meters, M1 besides M2 that is used 
to measure the power consumed by loads. Load side meters also have the capability of 
transmitting data to a receiver at the electric pole, which then sends the signal to a 
microcontroller. A microcontroller-based system has been installed to detect power theft.The 
microcontroller is compared with the data from the energy meter at the pole as well as the 
power meter at the load side, if unauthorized tapping occurs on the load side the 
microcontroller transmits the data to the electric sub-station. Herein this study). The data in 
Table 1 shows that Total electrical transmission power is equal to the sum of transmission 
loss and power consumption at L1. Therefore, no unauthorized tapping is happed in load side 
L1.   According to Table 2, Total transmission power is not equal to the sum of transmission 
loss and Power consumed by load L2 which shows the unauthorized tapping of electricity has 
happened on the load side (L1). The wireless power meter protects the electricity 
transmission system from larceny of electricity as well as electricity board or company will 
get the benefit without any economic problem. Because of this wireless energy meter has a 
microcontroller that is capable to analyse the data of electricity transmission as well as 
sending the data to the sub-station (Table 3). 

When there is a difference between the predicted value from active power on Intelligent 
Electronics Device (IED) Master at 58th seconds and real active power on (IED) Master at 
the same time, and when there is a difference between the value of total active power from 2 
pieces IED slave at 58th seconds and real active power on IED master, which is representing 
power usage in that group at 58th seconds for electricity theft detection parameter test.  

Table 3: Represents the below data is collected from the Wireless energy meter attached 

to Microcontroller. 

Month Powder 

Measure 

by 

Wireless 

meter 

(kW) 

Power of 

IED 

Master 

(kW) 

Entire 

Power 

IED 

Slave 

(kW) 

Microcontroller 

Signal 

Error in 

IED 

Master 

(%) 

Error in 

the IED 

Master 

and IED 

slave 

(%) 

January 402.93 403.01 403.02 Normal 0.21 0.22 
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February 402.2 402.19 402.18 Normal 0.19 0.17 

March 403.4 403.9 403.7 Normal 0.06 0.05 

April 405.9 400.2 410.7 Theft detection 7.45 5.45 

May 1220.6 1200.7 1296.7 Theft detection 20.65 19.89 

January 1296.8 1297 1296.9 Normal 0.18 0.05 

The percentage of error between values obtained by summing active power from two portions 
of IED Slave (reality) with active power measured on the IED Master (transformer power) is 
in the range of 14.99%. And the percentage of errors between the predicted value of active 
power on IED Master (forecast) as well as the measured value of active power on IED Master 
(power transformer) is in the range of 14.99%. The parameter test for electricity theft 
detection reflects violations committed by bypassing the measurement phase or changing the 
electric measuring device design.  

5. CONCLUSION 

Electricity theft remains a major concern in a country with such a large population. In the 
long run, the power is also unreliable. Incidents of power theft in India's domestic and 
industrial power supplies increase every year. Serval Electricity Generation Company has 
gone bankrupt due to loss in power generation, apart from this there is a continuous loss of 
power load-shedding in rural and urban areas. The study aims to reduce the theft of electricity 
and protect the power transmission line as well as benefit the power generation companies. In 
this research data is collected from two unequal electric loads (L1, and L2). There is no 
power theft on the load side (L1), so there is power theft at the L2 electric load side. The 
receiver receives data from the load side (L1 & L2), and this received data is compared by the 
microcontroller. The microcontroller compares the received data with the previously 
programmed data. The power theft data is transmitted through a microcontroller which is 
connected to the energy meter on the pole. The microcontroller remains capable of passing 
the electric power bill to the electricity sub-station as well as the consumers. The 
microcontroller-based electrical power theft monitoring system is capable of detecting power 
theft in transmission systems and will be able to improve power shortages and create 
economic stability for power generation companies.  

REFERENCES 

[1] International Journal Of Engineering Research & Technology (IJERT), “Power Theft Detection using GSM,” 2019, 
[Online]. Available: https://www.ijert.org/Power-Theft-Detection-using-GSM. 

[2] P. Bhardwaj, D. V. Rai, M. L. Garg, and B. P. Mohanty, “Potential of electrical impedance spectroscopy to 
differentiate between healthy and osteopenic bone,” Clin. Biomech., 2018, doi: 10.1016/j.clinbiomech.2018.05.014. 

[3] M. V. Ramesh and P. Sowjanya, “IoT based energy meter with theft detect,” Int. J. Recent Technol. Eng., 2019, doi: 
10.35940/ijrte.B1075.0982S1019. 

[4] “Power System Automation with CAS Using Wireless Sensor Network (ZIGBEE),” Int. J. Sci. Res., 2016, doi: 
10.21275/v5i2.10021601. 

[5] G. Khan, K. K. Gola, and M. Dhingra, “Efficient techniques for data aggregation in underwater sensor networks,” J. 

Electr. Syst., 2020. 

[6] J. Kaur, A. Kumar, D. V. Rai, and S. K. Tripathi, “Electrical study of ultra high molecular weight 
polyethylene/multi wall carbon nanotubes (UHMWPE/MWCNT) nanocomposite,” 2011, doi: 10.1063/1.3653706. 

 



 
57 Intelligent Electrical Systems 

[7] M. K. Jangid, S. S. Sharma, D. Mathur, and Y. C. Sharma, “Optical, electrical and structural study of Mg/Ti bilayer 
thin film for hydrogen storage applications,” Mater. Lett. X, 2021, doi: 10.1016/j.mlblux.2021.100076. 

[8] G. Khan, K. K. Gola, and W. Ali, “Energy Efficient Routing Algorithm for UWSN - A Clustering Approach,” 
2015, doi: 10.1109/ICACCE.2015.42. 

[9] H. Sharma and Y. C. Sharma, “Experimental investigation of electrical properties of bismuth selenide thin films,” 
Chalcogenide Lett., 2020. 

[10] Electrical India, “Types of Energy Meter,” 2018, [Online]. Available: https://www.electricalindia.in/glimpse-of-
energy-meters/. 

[11] A. Kumar and A. Jain, “Image smog restoration using oblique gradient profile prior and energy minimization,” 
Front. Comput. Sci., 2021, doi: 10.1007/s11704-020-9305-8. 

[12] D. K. Gupta, M. Verma, R. Gopal, N. D. Jasuja, K. B. Sharma, and N. S. Saxena, “Synthesis, characterization and 
electrical properties of GO/PANI/NPs (NPs = CdSe, CdSe/CdS, CdSe/ZnS) nanocomposites,” Indian J. Pure Appl. 

Phys., 2018. 

[13] R. Kumar and P. Ailawalia, “Moving load response in micropolar thermoelastic medium without energy dissipation 
possessing cubic symmetry,” Int. J. Solids Struct., 2007, doi: 10.1016/j.ijsolstr.2006.11.008. 

[14] A. U. Kumar and A. Sachar, “Evaluation of correlation’s between Cbr using Dcp with laboratory Cbr at varying 
energy levels,” Int. J. Adv. Sci. Technol., 2020. 

[15] S. Patil, G. Pawaskar, and K. Patil, “Electrical Power Theft Detection and Wireless Meter Reading,” Int. J. Innov. 

Res. Sci. Eng. Technol., vol. 2, no. 4, pp. 1114–1119, 2013, [Online]. Available: 
http://www.doaj.org/doaj?func=fulltext&aId=1489660. 

[16] M. DineshSundar and R. Rathika, “Development of electricity theft detection using smart meter in power 
distribution network based on wireless technology,” Technology, no. 2, pp. 25–33, 2020, [Online]. Available: 
https://www.malayajournal.org/articles/MJM0S200664.pdf. 

[17] A. Tjahjono, S. Raziqurrahman, and R. N. Wardhani, “Consumer power prediction based on neural network for 
electricity theft detection,” J. Phys. Conf. Ser., vol. 1450, no. 1, 2020, doi: 10.1088/1742-6596/1450/1/012048. 

[18] R. S. Z. Ram K. Kanhe* and Amol L. Bhandare, Sunayna S. Mane, “Electricity Theft Detection Using Gsm and 
Gps,” vol. 05, no. 12, pp. 448–452, 2018. 

 

  



 
58 Intelligent Electrical Systems 

CHAPTER 7 

MICROCONTROLLER-BASED SUBSTATION MONITORING AND 

CONTROL WITH ARTIFICIAL INTELLIGENCE 

Ms. Priyanka Ray, Assistant Professor,  
Department of Electrical and Electronics Engineering, Presidency University, Bangalore, India, Email 

Id-priyanka.ray@presidencyuniversity.in 
 

 

 

 

ABSTRACT: Microcontroller-based substation motoring and control with artificial intelligence are used to 

monitor the operation of the substation through a microcontroller which is commanded the signal with the 

help of artificial intelligence to send electrical parameters such as current, voltage, and temperature via the 

microcontroller and artificial intelligence. The problem that arises in substation motoring is due to which 

lack of supporting service, lack of independent monitoring function, poor linkage performance, the high 

error rate in a complex environment, and some functions overlap. Hence to overcome all these this problem 

substation motoring and control based on a microcontroller with artificial intelligence are introduced. The 

result shows that the unit time of information acceptance on traditional manual acceptance is approximately 

6 minutes, but with artificial intelligence receiving, the unit time of information acceptance is just 2 seconds. 

It concluded that with the continuous development of the electric utility grid, there will be a need to 

modernize the substations to suit the diverse needs of people's lives. In future by incorporating new 

components such as General Packet Radio Service (GPRS) technology, which allows for the transmission of 

monitored and regulated data to any location on the planet. 

KEYWORDS: Artificial Intelligence, Microcontroller, Power Plants, Substation Monitoring, Transmission. 

1. INTRODUCTION 

In our modern capitalist society, electricity is a practical and convenient source of energy that 
is growing increasingly significant. The power systems are extraordinarily vast, nonlinear, 
and dynamic networks[1]. For cost-effective benefits, such electric power systems are 
consolidated.They have some of the utmost essential aspects of both nationwide and 
worldwide arrangement, and their let-down has massive potential economic as well as public 
safety consequences. The part of a power network such as transformers, loads, switches 
pipes, generators, and compensators[2].Modern electrical systems are made up of a variety of 
sources of energy and charges. Distribution and transmission are the two substations that 
make up the electrical power system [3]. A transmission system's role is to transfer electricity 
from electrical generators to customer locations, whereas a distribution network’s primary 
purpose is to transfer power from an electrical generator to a nearby consumer location, 
which is the perfect connection between high-voltage and low-voltage systems [4].Provides 
customer services and transmission systems after using transformers, the voltage is reduced. 
Electrical energy is provided from the transmission grid to the distribution substations by 
dielectric power distribution systems in which the voltage is normally reduced to 10kV and 
then supplied to commercial, housing, and industrialized clients [5].Shorter supply 
connections assist industrial users and modern electric power systems like power 
transmission and distribution grids are among a huge number of distributed, separately 
functioned capital rigorous effects. Such properties include equipment for protection, 
transformers, power plants, and transmission lines [5]. 

Both the transmission and distribution systems use electric utility substations, and they 
produce electricity separately [6]. Hundreds of Kilometres of transmission lines transfer the 
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power generated at the major stations until it reaches the substations. Several projects 
involving uninterrupted monitoring of unit concentrations, analyst movements at various 
periods, and monitoring of frequency, power, current, and voltage variations in distribution 
transformers at sub-stations have been completed in recent years with the help of 
microprocessors and controllers [7].When the temperature of the distribution transformers 
rises the values of the current may change inadequate way and the power provided to the 
consumer may be insufficient.  

The motoring of voltage and other parameters on the side of distribution will aid in 
improving the output voltage and the quality of power delivered to customers [8].It can also 
detect breakdowns caused by heat, such as when the temperature rises above the desired 
temperature, to protect the distribution transformer from which the control equipment can 
shut down the unit.The biggest difficulty with the Electricity Board (EB) is the transformer 
repair. Transformers burn out during abnormal events due to overloads and short circuits in 
their windings. The temperature rise in internal oil is due to the variation of current[9].As a 
result, the distribution transformer's power, frequency, or temperatures quickly changes. 
Consider the limits of voltage, current, and temperature in mechanization as the transformer 
demonstrates its maximum responsiveness for almost the same [10].As a result, let's build a 
microcontroller-based machine that manages the transformer in real-time. The transformer 
present at the sub-station side is turned off by the micro-controller activity. 

 

Figure 1:  Single Line Diagram of Alternating Current (AC) Power Transmission and 

Distribution System. 

Electric power generation is generally generated in 11 kilo-voltage (kV) at a substation in 
some circumstances, generation power may be greater or lesser in India and Europe. Some 
large manufacturers offer generating machines with voltages ranging from 6 to 25 kV for use 
in power plants. It is mentioned in Figure 1, the generating voltage is then increased to 132 
kV, 220 kV, 400 kV, 765 kV, and so on. The stepping up of a current level is determined by 
the power transmission distance [11]. If the distance is long and moving forward the voltage 
level is high andthe power remains constant in proportion, so the I2R loss is decreased. This 
is known as the primary transmission [12]. At a receiving station, the voltage is stepped down 
to 33KV or 66kV. This receiving station has secondary transmission connections that connect 
substations nearby load centers. At a substation, the voltage is again reduced to 11kV and 
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these substations can directly provide 11kV to large industrial users.Feeders also come out of 
these substations. This is known as the primary distribution. 

The present study focuses on substation monitoring and control based on a microcontroller 
with artificial intelligence to reduce human afford which works automatically as well as very 
quick to detect momentary irregularity of equipment and feedback to control in real times 
controls the transformer. This research is characterized into several sections where the first is 
an introduction and the second section is a literature review and suggestions of previous 
studies in terms of substation monitoring and control based on microcontrollers. Furthermore, 
the methodological section of this study is mentioned where the data is examined in the 
different sub-sections. After that, the results and discussion part are discussed where results 
are compared with the existing data followed by the methods applied in this research. Lastly, 
the conclusion of this research is declared where the research gives outcomes as well as 
future scopes. 

2. LITERATURE REVIEW 

A. Balamurugan [13] et al. explained that project utility companies will benefit from (Internet 
of Things) IOT-based substation control bydecreasing the duration of intensity incursions by 
confirming the near sub-station problems are rapidly revealed and linked to the main 
agencies. According to the author objective of the paper is to minimize substation labor costs 
and free up time. The microcontroller will work with the sensor installed at the neighbouring 
substation to complete the task as directed. The author concluded that improving the quality 
of power supply as well asthe safety of the substation and its equipment is ensured by real-
time tracking of several parameters. 

Emmanuel [14] et al. explained that a microcontroller-based parameter monitoring system 
acquires the remote electrical parameters like current, voltage, and apparent power as well as 
transmits those data in real-time “(Global System for Mobile Communication)” GSM over a 
system using GSM modern. According to the author objective of this paper was to help 
consumers monitor the energy usage of their electrical appliances, a real-time power 
monitoring system is used to inform consumers about the power consumption of the 
individual electrical appliance to avoid energy wastage. In this paper, the method was used of 
an on-board computer which is commonly termed a microcontroller, as well as the computer, 
can communicate effectively with the many sensors in use. As the result examined by the 
author such devices can be monitored utilizing GSM contemporary connected technology 
from anywhere in the world. It was concluded that each module's existence has been carefully 
considered and placed, resulting in the best possible functional unit. In the future scopecan be 
expanded through the use of GPRS technology, which allows monitoring and regulated data 
to be sent anywhere around the globe. 

Kaxil Patel [15] has explained a review of efficient monitoring of substations using a 
microcontroller-based monitoring system on developing a system based on innovative design 
(Automatic Voltage Regulators) a microcontroller that monitors and protects a transmission 
system in a substation from increases in current, voltage, and temperature. According to the 
author objective of this review paper,is too constantly monitor the electrical performance to 
avoid the distributed energy transformer from combusting because of restraints are 
overheating, overcharging, and input voltage output. The author focuses on the Protection of 
distribution, the transformer can be switched off by using radio frequency communication to 
shut down the whole machine. This paper’s author concludedmonitors and controls such as 
current, voltage, and temperature of the transmission system by systems based on AVR 



 

microcontrollers. In the future,the suggested system makes distribution
dependable, and efficient. 

Amit Sachan [16] has explaine
system with Global System for Mobile Communication (GSM) modernist to use a GSM 
phone to collect external electrical properties are current, temperature, and voltage and 
communicate these in real-time through a GSM
control station.In this project, the author employs an on
to as a microcontroller, to efficiently communicate with the various sensors being employed. 
The main focus is to secure the circuit by activating an electromagnetic relay whenever the 
system parameters surpass the predetermined limits.As a result, that concept was created in 
such a way that the devices could be GSM
and operate the system from anywhere in the world.It was concluded that it had built
integrated functions for all hardware devices used. In future scope,the technology is primarily 
intended for use with GSM-based smartphones to operate equipme
and motors. 

From the research paper problem faced by the substation monitoring system obtains the 
remote parameters such as over
author researched the importance of subs
microcontroller with artificial intelligence which significantly minimizes the time it takes for 
substation information to be accepted.

Research Question: 

• How to Monitor and Control Substation Monitoring with AI?

• How to Solve Various Problems in Substations?

 

3.1. Research Design: 

Unexpected increase in current, temperature, and voltage in an application transformer 
defines them. Accordingly, let’s select the mechanization of the distribution transformer fro
the utility power supply of the substation. In the robotization process, the parameters are to be 
observed voltage, current, and temperature the transformer establishes its peak for a similar, 
consequence. Later, consider monitoring a mechanization backg
microcontroller with an AI controller that can very quickly and accurately detect momentary 
irregularity of equipment and feedback to control in real
Because of the micron roller, Artificial intelligence i
substation at the main station (Figure 2). 

Figure 2: Substation motoring based on Microcontroller with Artificial Intelligence.
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microcontrollers. In the future,the suggested system makes distribution

has explained microcontroller-based substation monitoring and control 
system with Global System for Mobile Communication (GSM) modernist to use a GSM 
phone to collect external electrical properties are current, temperature, and voltage and 

me through a GSM system, alongside with the temperature at the 
control station.In this project, the author employs an on-board computer, commonly referred 
to as a microcontroller, to efficiently communicate with the various sensors being employed. 

focus is to secure the circuit by activating an electromagnetic relay whenever the 
system parameters surpass the predetermined limits.As a result, that concept was created in 
such a way that the devices could be GSM-enabled mobile phones that could be use
and operate the system from anywhere in the world.It was concluded that it had built
integrated functions for all hardware devices used. In future scope,the technology is primarily 

based smartphones to operate equipment such as lighting, fans, 

From the research paper problem faced by the substation monitoring system obtains the 
remote parameters such as over-voltage, over-current and apparent power.In this study, the 
author researched the importance of substation monitoring and control based on a 
microcontroller with artificial intelligence which significantly minimizes the time it takes for 
substation information to be accepted. 

How to Monitor and Control Substation Monitoring with AI? 

How to Solve Various Problems in Substations? 

3. METHODOLOGY 

Unexpected increase in current, temperature, and voltage in an application transformer 
defines them. Accordingly, let’s select the mechanization of the distribution transformer fro
the utility power supply of the substation. In the robotization process, the parameters are to be 
observed voltage, current, and temperature the transformer establishes its peak for a similar, 
consequence. Later, consider monitoring a mechanization background in a well
microcontroller with an AI controller that can very quickly and accurately detect momentary 
irregularity of equipment and feedback to control in real-time controls the transformer. 
Because of the micron roller, Artificial intelligence is used to turn off the transformer in the 
substation at the main station (Figure 2).  

Figure 2: Substation motoring based on Microcontroller with Artificial Intelligence.
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microcontrollers. In the future,the suggested system makes distribution more safe, 

based substation monitoring and control 
system with Global System for Mobile Communication (GSM) modernist to use a GSM 
phone to collect external electrical properties are current, temperature, and voltage and 

system, alongside with the temperature at the 
board computer, commonly referred 

to as a microcontroller, to efficiently communicate with the various sensors being employed. 
focus is to secure the circuit by activating an electromagnetic relay whenever the 

system parameters surpass the predetermined limits.As a result, that concept was created in 
enabled mobile phones that could be used to view 

and operate the system from anywhere in the world.It was concluded that it had built-in 
integrated functions for all hardware devices used. In future scope,the technology is primarily 

nt such as lighting, fans, 

From the research paper problem faced by the substation monitoring system obtains the 
current and apparent power.In this study, the 

tation monitoring and control based on a 
microcontroller with artificial intelligence which significantly minimizes the time it takes for 

Unexpected increase in current, temperature, and voltage in an application transformer 
defines them. Accordingly, let’s select the mechanization of the distribution transformer from 
the utility power supply of the substation. In the robotization process, the parameters are to be 
observed voltage, current, and temperature the transformer establishes its peak for a similar, 

round in a well-lit 
microcontroller with an AI controller that can very quickly and accurately detect momentary 

time controls the transformer. 
s used to turn off the transformer in the 

 

Figure 2: Substation motoring based on Microcontroller with Artificial Intelligence. 
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3.2. Instrument: 

3.2.1.Voltage sensor: 

It is a device that is used to compute and monitor voltage as well as to identify the voltage 
whether is to be alternating current or direct current.The sensor’s input is voltage, and its 
outputs are analog voltage signals, switches, a current signal, or an audio signal as well as the 
sensor is a device that is used to recognize and respond to specific types of optical signals or 
electrical. 

3.2.2.Current sensor: 

It’s a sensor that detects electric current in a wire and produces a signal that can be as simple 
as voltage or as complex as yield.The signal generated can subsequently be used to display 
the deliberate in an ammeter, stored in an information security system for further inquiry, or 
used for control. 

3.2.3.Relay: 

Many relays use an electromagnet to mechanically activate a switch, however other 
operational standards, such as strong state transfers, are also used.Relay is used when access 
to a circuit via a separate low-control signal is required, or when a single signal must control 
multiple circuits.The large exchanges were utilized as fixes in long separation display 
circuits, reconstructing and re-transmitting the flag rolled into it from one channel. 

3.2.4.Microcontroller: 

The microcontroller utilized is a PIC (Programmable Interface Controller), which can be used 
in a range of electronic devices such as computers, phones, control systems, alarm systems, 
embedded systems, and so on. This microcontroller circuit-wizard software was created using 
a computer. The PIC microcontroller architecture includes the CPU (central processor unit), 
I/O (inputs/outputs) channel, memory organization, A/D (analog to digital) conversion, 
timers/counters, interrupts, and serial connectivity, oscillator, and CCP (capture, compare and 
pulse width modulation). PIC is a microcontroller with RAM (random access memory), ROM 
(read-only memory), and DAC (digital to analog converter). The microcontroller used 
forHarvard architecture has been updated, and it now supports RISC (Reduced Instruction Set 
Computer). The pic microcontroller is faster than as compared to the other microcontroller. 

3.2.5.LCD(Liquid Crystal Display): 

A liquid crystal display (LCD) is a flat, electrical device that makes quiet and portable images 
and is commonly used as a screen in televisions, laptops, smartphones, and display signs.A 
tiny bright bulb is switched on or off electronically for each pixel on a plasma screen. The 
pixels are turned on or off automatically using liquid valuable stones to pivot enchanted light. 

3.2.6.ADC (Analog to Digital Converter): 

Analog to Digital Converter (ADC) changes analog impulses into binary information, 
permitting digital circuitry to interconnect with the outdoor world. ADC is allow 
microprocessor-controlled circuit Arduinos, Raspberry Pi, and to communicate with the 
outside environment, as well as other digital logic circuits. In everyday life,many digital 
systems detect analog signals from such transducers to interact with their 
surroundings.Analog signals have constantly changed values that come from a range of 
sources, such as sound, light, temperature, and movement sensors. 
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3.2.7.Digital to Analog Converter: 

Any digital signal (a binary signal) is transformed into an analog signal via a digital signal 
converter (voltage as well as current). The digital signal present in binary numbers is 0’s and 
1’s (high and low-level voltage). The binary digital data exists in the form of bits 1 and 0 
representing its weight corresponding to its position as shown in Figure 3.The weight is 
measured in 2 powers of n, where n is the bit's right-hand position, hence it begins at 0. 

3.2.8.Circuit Breaker: 

A circuit breaker is a switching mechanism that could be used to protect and operate an 
electrical power supply both automatic and manual. Its primary function is to open and close 
electrical circuits, it protects the electrical system from damaged.It is a mechanical device 
that interrupts the flow of high-amplitude electricity while also switching. 

3.3.Data collection: 

The Power Grid business developed and executed a technical specification for a substation 
monitoring system, allowing power supply subdivisions in whole areas to substitute and 
improve the previous remote monitoring system year after year, and in compliance with the 
integrated deployment. Develop an understanding of the issues with microcontroller-based 
substation monitoring and control using artificial intelligence. 

According to the study, questionnaires and field visits are used to analyze 360 substations in 
China. 360 questionnaires were distributed during the investigation, 356 of which were 
collected, as well as the effective rate, was 98.8% as mentioned in Table 1. The fundamental 
issue with China’s substation monitoring system is thatseveral functionalities are 
overlapping, lack of independent monitoring function, a high error rate in a complex 
situation, poor connection presentation, and absence of supporting services. 

Table 1: Illustratesthe Results of an Investigation into a Problem with the Operation of 

the Substation Monitoring System. 

Difficulties Percentage (%) 

There are a lot of manufacturers, but not enough support services. 58.7 

Absence of independent observing function. 65.6 

Poor linkage performance. 75.2 

The high inaccuracy ratio in complex environments. 80.9 

Some functions overlap. 88.2 

 

3.5 Data analysis: 

The real simulation study is carried out in a specific area of 120kV in the design of substation 
monitoring control based on a microcontroller with AI-based needed information access 
automatic acceptance system.In a substation artificial intelligence monitoring system, the 
time consumed of accessing information automated acceptance job is characterized, as shown 
in Figure 3. The test result ofthe unit time of information acceptance in traditional manual 
acceptance is roughly 6 minutes.However, because of artificial intelligence, automatic 
receiving is now possible, Information acceptance takes only 2 seconds per unit time, and the 
closing, as well as each circuit breaker's opening cycle, can be precisely controlled for 42 
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seconds,The match level confirmation rate as high as 99 percent, lowering the time it takes to 
approve substation data significantly. 
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intelligence and a microcontroller. It can see the full equipment from our personal computers 
utilizing GPRS and GPS technology by connecting wireless cameras in industries, factories, 
and other locations.The devices may be monitored and controlled from a personal computer, 
which we can employ to tackle a variety of scenarios.It asserts that the systems planned 
design renders the transmission system resistant to several serious power quality problems 
that result in excesses in voltage, current, or temperature. By connecting thermocouples, it is 
possible to obtain the temperature of dangerous areas in businesses; this eliminates the need 
to send workers into the field and the associated difficulties.It suggested that the device is 
built to shut down in order to stop more harm from occurring if the microcontroller notices 
any rise in voltage, current, or temperature values. The technology not only manages the 
substation's distributing transformer's breakdown but also shows the user these same values 
as they change for their reference. In the future will be used this proposed paper, by adding 
new components likeTemperature-controlling systems, as well asGPRS technology allows for 
the transmission of monitored and regulated information to any location in the world, such as 
coolants, which can similarly be used in situations where a constant temperature is required.  
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ABSTRACT: The automatic irrigation system is useful for monitoring irrigation land and crops with the help 

of a microcontroller which reduces human efforts as well as saves time according to their requirement. There 

is a wide range of crops that have different requirements for water for the growth of crops. The problem arises 

in the irrigation system due to lack of moister content in the soil, lack of continuous monitoring of the 

irrigation land not possible for the farmer, and water waste occurs due to a deficiency of rain and unplanned 

use of water. Overcome this problem by Using the Arduino Uno Microcontroller to Create an Automatic 

Irrigation System Based on Soil Moisture Content. This research focused on the benefits of automatic 

irrigation systems such as sensing the soil moisture, continuous monitoring of the system of crops, used for 

saving time, and is to decrease human interference. For monitoring the soil moisture content an Arduino Uno 

microcontroller can also check how much water is required by different crops according to the season.  The 

result of this system helps the farmer with an automatic irrigation system as well as fulfills the water 

requirement for a variety of crops. It concluded that a solution to increase the efficiency of the agricultural 

processes with the recent technological advancement of the irrigation system.  In the future scope, it will save 

time and can be adjusted for automatic irrigation watering systems based on environmental circumstances. 

KEYWORDS: Agriculture, Automatic Irrigation System, Crops,Microcontroller, Soil Moisture Content, Water. 

1. INTRODUCTION 
 

  The ongoing increase in food demand requires the advancement of food-producing technology. 
Food production requires human monitoring of crops for irrigation. This continual human 
monitoring is not possible all of the time [1]. As a result, an autonomous irrigation system is a 
good option for irrigating crops without the need for human involvement [2]. This system will be 
constantly monitored to improve production.Agriculture is an important sector of India’s 
economy, accounting for around 16 percent of the overall Gross Domestic Product (GDP) of the 
country.Farmers are vital to the survival of our varied communities because they offer food and 
fiber, which provide us with sustenance and clothing [3].The main reason for this is a shortage of 
rain and water in land reservoirs [4]. The repeated extraction of soil water lowers the water table, 
causing a large area of land to gradually become unirrigated. Another major contributor is 
unplanned water consumption, which wastes a lot of water. 

 
1.1.Modern and Traditional Technology used in Irrigation System: 

Irrigation is the process of applying water to plants artificially, and it has existed since people 
began to cultivate plants [4]. Previously, individuals had to water their plants using buckets. This 
method of irrigation is still in use, however, a new method has been discovered [2]. Check basin 
irrigation, furrow irrigation, strip irrigation, and basin irrigation are some of the methods utilized 
in traditional irrigation [5].Sprinkler irrigation, drip irrigation, and pot irrigation are some of the 
current methods employed in irrigation systems. 
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1.1.1 Check Basin method: 

In this method, the whole area is divided into basins depending on water capacity. A small drain-
like flow way having high earthen barriers on both sides, connects basins [6]. The input of water 
determines the size of the brain [8]. Drain width is influenced by a variety of factors including 
ground structure, slope, proportion and flow of water, and so on. The length of Dhora is 
determined by the slope of the fields and their formations. 

1.1.2 Furrow Irrigation Method: 

The method is employed in areas where the crop is grown in stalks, a dol is produced along the 
side of the rows of crops, and a furrow is formed across two such dols in which irrigation flows 
[9]. The amount of water flowing depends on the requirements for water by plants as well as the 
rate of infiltration. 

1.1.3 Strip Irrigation Method: 

Fields are separated into strips of varying sizes when using the strip irrigation method. The strips 
are separated by a line termed Med [7]. The slope determines how these strips are created. The 
source of water is at the maximum height in the field, and it supplies water to the entire region [8]. 
The width of the bars is determined by the amount of water used. If the strips are wider, there is 
more water waste. The elevation of the ground and its composition determine the length of the 
strip. It is also affected by the soil makeup. 

1.1.4 Basin Irrigation Method: 

This watering method is more beneficial to horticultural development a higher platform known as 
a Thanvla is erected around shrubs and trees that are connected by drains and water is flowing 
from one tree to the next in this method [12] is not good for crops. 

1.2.Modern Techniques are used in Irrigation systems: 

Water is in scarce supply everywhere under the current circumstances. As a result, we should use 
irrigation technologies that have proven to be effective in reducing the water scarcity situation 
through proper water management [9]. Only current irrigation systems will be discussed here. 

1.2.1. Sprinkler Irrigation Method: 

It is now the most straightforward form of irrigation in which water is delivered to the field via 
pipes from the source in this approach. This approach is used to maintain humidity in situations 
where there is a paucity of water or in high-temperature zones [10]. It is mostly employed on 
sandy loam and areas with uneven ground levels. Irrigation efficiency could increase from 60% to 
90% with this strategy [11].Traditional irrigation methods leave 15 to 20% of land unoccupied in 
depres-sions and boundaries, making the entire field open for crop development. Because there are 
no depressions or barriers, modern technology can be used. In sandy soils with frequent watering, 
the level of pollution is higher [12].Sprinkler irrigation is, therefore, better suited to sandy soils. 
As a consequence, given the current expansion of water supplies, it is an adequate irrigation plan. 
Three approaches are used to install it in fields permanent, semi-permanent, and temporary. 

1.2.2.  Drip Irrigation Method: 

In locations where water is scarce, a newly created irrigation technology known as drip irrigation 
or trickling irrigation, designed in Israel, is gaining popularity [18]. A small amount of water is 
delivered as droplets by perforations in plastic pipes or injectors connected to tubes spread across 
the soil to hydrate a limited region from all over the plant with this irrigation system [13].It is 
necessary to apply a specific level of liquid equivalent to the daily consumptive usage or the 



 
69 Intelligent Electrical Systems 

depleted soil water [14]. During the crop growing season, the soil water can be kept at field 
capacity [15]. Deep infiltration loss can be avoided, and an increase in moisture content can be 
significantly minimized. 

1.2.3. Pot Irrigation Method: 

Pot irrigation is better suited to locations with little rainfall for pot irrigation is effective in saline 
locations where flow irrigation is ineffective [16]. This approach makes use of an earthen pitcher. 
The pitcher is buried up to its neck in the earth.The container is drilled with holes and filled with 
water so that water seeps through to the holes and keeps the soil adjacent moist. Those containers 
are filled at regular times with water [17]. This technique can be used as a substitute for drip 
irrigation. 

The present study focuses on the automatic irrigation systems that irrigate the land by 
continuously monitoring soil moisture content and wirelessly controlling pipeline valves to open 
when the moisture level falls below the minimum threshold for the planted crop.This research is 
characterized into several sections where the first is an introduction and the second section is a 
literature review of previous studies. Furthermore, the methodological section of this study is 
mentioned where the data is examined in the different sub-sections. After that, the results and 
discussion part are discussed where the results are compared with the existing data followed by the 
methods applied in this research. Lastly, the conclusion of this research is declared where the 
research gives outcomes as well as future scopes. 

2. LITERATURE REVIEW 

Mon Arjay F. Malbog [18] et al. has explained to create an irrigation water delivery system that 
controls the amount and frequency of irrigated agriculture sprayed on the land and employs a low 
moisture sensor system that is similar to high-priced detectors on the market. The method used by 
the author isthe soil moisture sensor was also put through its paces in (60) sixty trials with diverse 
soils, with findings that were comparable to other moisture in soil monitoring systems on the 
market. As the results come out has proven that the soil moisture sensor-controlled automatic 
watering system works effectively and correctly. It concluded that low-budget tools for controlled 
soil moisture estimation become important for those who require autonomous irrigation as well as 
a system to help with farming issues. 

Beza Negash Getu and Hussain A. attia [19] have to investigate based on the degree of moisture in 
the soil detection, the construction and modeling of an electrical system for automatic regulation 
of water motors use for farm areas or plant irrigation. In the method used by the author, a 
conditional comparator circuit processes the observed signal from the soil moisture sensor, which 
corresponds to varying degrees of actual soil moisture content. The result shows that the suggested 
solution eliminates the need for farmers or users to manually turn on or off irrigation or related 
watering system.It was concluded that by automating the system,is possible to obtain decent water 
management, conserve human energy, and boost crop or plant yields. 

Abhishek Kumar and Magesh. S [20] have explainedautomating agricultural irrigation and soil 
moisture control with an Arduino, a moisture sensor, and an L293D module. The author describes, 
that whenever the electricity is turned on,the autonomous irrigation system senses soil moisture 
and activates the pump.The author's application is designed to preserve water, and automatic 
irrigation can be used to save time and energy. It concluded that when the appropriate moisture 
level is attained, the system will automatically stop and the water supply will be shut off. As a 
result, the entire system's operation has been tested extensively which is said to work well. 



 

M. Priyadharshini [2] et al. has explained the automated irrigation system using soil moisture 
sensor, the data of the moisture content updated for regulating the water pump. The author has 
usedWireless sensor networks that have advanced to the point where they can detect moistu
temperature, and humidity. It concluded thatby upgrading the wireless sensor networks, the system 
may deduce various metrics such as nitrogen content and carbon dioxide level for many users.

The above review shows that the design of an irrigation water
amount and regularity of irrigated agriculture spray on the ground, and uses a moderate sensor 
system to measure soil moisture content as well as the degree of moisture in the soil detection, the 
construction and modeling of an electrical system for automatic regulation of water motor use it 
for plant irrigation. In this research paper,the automatic irrigation system detects the soil moisture 
content with the help of a microcontroller, which helps in continuous monitoring 
and then starts the water pump to increase the output.

Research Question: 

• How to monitor an irrigation system with a microcontroller?

• How does the automatic irrigation system work?

 

3.1  Research Design: 

An irrigation system works effectively and has a good impact on the environment in which it is 
implemented. Water distribution to crops and nurseries becomes simple once it is established in 
the agricultural area, and it does not require any human assistance to complete the tasks 
permanently. Automatic irrigation can also be done with the use of mechanical devices like clay 
pots or a bottle watering system. Irrigation systems are difficult to implement due to their high 
cost and complicated design. It has implemented certain project
utilizing various technologies, taking some essential things into mind from expert support.The 
autonomous irrigation system for detecting moisture in the soil project intends to develop an 
irrigated system that uses relays
assists in reducing human meddling and ensuring enough irrigation. In Figure 1 the 
microcontroller is the central component of the project, and a power supply block uses a 
transformer, rectifier, and voltage regulator to provide 10V to the entire circuit.The Arduino Uno 
R3 microcontroller is set up to receive an incoming signal from sensing material, which 
incorporates a comparator that helps with soil moisture monitoring.When the microcontrol
receives data from the sensing material, it compares it to the data that has been programmed, 
generating output signals and activating the relays to operate the submersible pump. 

Figure 1: Illustrates the Block Diagram of Automatic Irrigation System
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t al. has explained the automated irrigation system using soil moisture 
sensor, the data of the moisture content updated for regulating the water pump. The author has 
usedWireless sensor networks that have advanced to the point where they can detect moistu
temperature, and humidity. It concluded thatby upgrading the wireless sensor networks, the system 
may deduce various metrics such as nitrogen content and carbon dioxide level for many users.

The above review shows that the design of an irrigation water delivery system that controls the 
amount and regularity of irrigated agriculture spray on the ground, and uses a moderate sensor 
system to measure soil moisture content as well as the degree of moisture in the soil detection, the 

of an electrical system for automatic regulation of water motor use it 
for plant irrigation. In this research paper,the automatic irrigation system detects the soil moisture 
content with the help of a microcontroller, which helps in continuous monitoring 
and then starts the water pump to increase the output. 

How to monitor an irrigation system with a microcontroller? 

How does the automatic irrigation system work? 

3.  METHODOLOGY 

effectively and has a good impact on the environment in which it is 
implemented. Water distribution to crops and nurseries becomes simple once it is established in 
the agricultural area, and it does not require any human assistance to complete the tasks 

ermanently. Automatic irrigation can also be done with the use of mechanical devices like clay 
pots or a bottle watering system. Irrigation systems are difficult to implement due to their high 
cost and complicated design. It has implemented certain projects on automatic irrigation systems 
utilizing various technologies, taking some essential things into mind from expert support.The 
autonomous irrigation system for detecting moisture in the soil project intends to develop an 
irrigated system that uses relays to control submersible pumps based on soil moisture content. It 
assists in reducing human meddling and ensuring enough irrigation. In Figure 1 the 
microcontroller is the central component of the project, and a power supply block uses a 

ier, and voltage regulator to provide 10V to the entire circuit.The Arduino Uno 
R3 microcontroller is set up to receive an incoming signal from sensing material, which 
incorporates a comparator that helps with soil moisture monitoring.When the microcontrol
receives data from the sensing material, it compares it to the data that has been programmed, 
generating output signals and activating the relays to operate the submersible pump. 

Figure 1: Illustrates the Block Diagram of Automatic Irrigation System
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t al. has explained the automated irrigation system using soil moisture 
sensor, the data of the moisture content updated for regulating the water pump. The author has 
usedWireless sensor networks that have advanced to the point where they can detect moisture, 
temperature, and humidity. It concluded thatby upgrading the wireless sensor networks, the system 
may deduce various metrics such as nitrogen content and carbon dioxide level for many users. 

delivery system that controls the 
amount and regularity of irrigated agriculture spray on the ground, and uses a moderate sensor 
system to measure soil moisture content as well as the degree of moisture in the soil detection, the 

of an electrical system for automatic regulation of water motor use it 
for plant irrigation. In this research paper,the automatic irrigation system detects the soil moisture 
content with the help of a microcontroller, which helps in continuous monitoring of soil moisture 

effectively and has a good impact on the environment in which it is 
implemented. Water distribution to crops and nurseries becomes simple once it is established in 
the agricultural area, and it does not require any human assistance to complete the tasks 

ermanently. Automatic irrigation can also be done with the use of mechanical devices like clay 
pots or a bottle watering system. Irrigation systems are difficult to implement due to their high 

s on automatic irrigation systems 
utilizing various technologies, taking some essential things into mind from expert support.The 
autonomous irrigation system for detecting moisture in the soil project intends to develop an 

to control submersible pumps based on soil moisture content. It 
assists in reducing human meddling and ensuring enough irrigation. In Figure 1 the 
microcontroller is the central component of the project, and a power supply block uses a 

ier, and voltage regulator to provide 10V to the entire circuit.The Arduino Uno 
R3 microcontroller is set up to receive an incoming signal from sensing material, which 
incorporates a comparator that helps with soil moisture monitoring.When the microcontroller 
receives data from the sensing material, it compares it to the data that has been programmed, 
generating output signals and activating the relays to operate the submersible pump.  

 

Figure 1: Illustrates the Block Diagram of Automatic Irrigation System with Arduino Uno 
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3.2  Instrument: 

 

3.2.1 Transformer and Rectifier: 

 
A transformer is a device that transfers the electrical energy of one circuit to the other circuit 
according to with require voltages. A rectifier is a type that transforms alternating current, which 
regularly switches directions, to direct current, which flows in only one direction. 
 

3.2.2 Regulator: 

A voltage regulator is an electronic or electrical device that holds the voltage of a source of 
power within reasonable parameters. The voltage regulator's priority is to keep voltages within 
safe limits for electronic systems that consume that voltage. In the above system, the voltage 
regulator is provided 10v which is suitable for working the soil moisture content with a 
microcontroller. 

3.2.3 Comparator: 

A comparator is an electronic signal that compares and contrasts inputs and outputs the 
comparative result. The output value of the comparator shows which one of the inputs is greater 
or lesser. It's important to keep in mind that the comparator is a non-linear IC application. The 
op-amp-based comparator compares two inputs and generates the result of the comparison as 
the output. 

3.2.4 Microcontroller: 

The Arduino Uno microcontroller is usedthe board features a variety of I/O (Input/Output) pins 
that can be used to connect it to other boards and circuits. A Universal Serial Bus (USB) 
connection port, fourteen I/O pins, and an (Input Circuit Serial Programming) ICSP 
header,among the ports attached are a power supply connection and a reset button. A USB 
cable allows you to connect it immediately to your computer or laptop. 

3.2.5 Sensor: 

It is an electrical device that uses natural phenomena as inputs to detect and respond to them, 
such as light, heat, temperature, pressure, and moisture. This signal is developed as the output 
of the signal, which is sent to the specified address in readable format over a connection for 
detection and monitoring. 

3.2.6 Liquid Crystal Display (LCD): 

A liquid-crystal display (LCD) is a display technology or even another electronically controlled 
optical system in which light is modulated by liquid crystals with polarizers. Rather than 
generating light directly, liquid crystals need backlighting or reflector to provide color or 
monochrome pictures. 

3.2.7 Relay: 

A relay is an electrical control switch with single or more control signal input terminals and 
operating contact terminals. Several contacts in any contact form, including creating contact, 
break contact, or a mix of both, can be used in the switch. 

3.3  Data Collection: 

There is a lack of any observed climate change data, estimations of water requirements for 
certain crops are generally sufficient (Table 1). The approximate value of seasonal water 
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requirement for the different crops is used because some of the crops are seasonal but some of 
the crops are not seasonal and needs are different such as the cotton crop has more water as 
compared to the other crop.Not just between crops, including within one type, there is a wide 
range of values. The growing period of a certain crop is usually assumed to be longer in cool 
climates and shorter in hot climates.  

Table 1: The Approximate Value of Seasonal Water Requirement for Different Crop and 

Total Growing Period. 

 

Sl.
Crop 

Water requirement for the crop (mm/total time 

spent growing) 

Total time spent growing 

(days) 

1. Beans 250-495 55-60 

2. Citrus 880-1150 240-365 

3. Cotton 650-1250 180-195 

4. Groundnut 450-650 110-120 

5. Maize 450-850 80-110 

6. Sorghum 400-600 120-130 

7. Soybean 400-750 135-150 

8. Sunflower 650-1050 125-130 

3.3.1. Crop Water Requirements and Other Factors: 

• Impact due to Climate Change  

A crop produced in a hot, bright climate uses more water per day than one planted in a dark, cool 
climate. Other climate factors influence agricultural water requirements in addition to sunlight 
and warmth. Two of these variables are humid and wind velocity.Agricultural water demand is 
higher in dry weather than in humid weather. Ones in windy climates need more water than 
crops in calm settings. Crop water requirements are greater in hot, dry, breezy, and sunlit 
conditions.When the weather is frigid, rainy, and gloomy with little or no breeze, the smallest 
values are obtained. Crops cultivated in different climate zones would require varying amounts 
of water. A maize variety is grown in a temperate region, for examplein a hotter area, a maize 
variety would need less freshwater each day. 

• The Impact of various types of  Crop on Irrigation  

The lowest readings are found when the weather is chilly, damp, and gloomy with little or no 
breeze. Crops grown in various climate zones require different amounts of water.A maze type 
produced in a temperate climate, for example, uses less water each day than one grown in a 
hotter one. Short-season crops, such as peas, have a 90-99 day total growing season, whereas 
relatively long crops, such as melons, have a 120-160 day complete growing season.Fruit trees, 
for example, are perennial crops that can last for several years in the field. While melons have a 
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lower daily water need than beans, melons have a greater seasonal water demand since their 
growing season is much longer. 

3.4 Data Analysis: 

 

In the data analysis to find that the water requirement of the different crops according to the 
seasonal with help of the ETcrop factor which is known as the reference crop evapotranspiration 
which calculates with the multiplication of the Kc and ETo. 
 

• Calculation of  ETcrop: 

The methods presented here make calculating crop water requirements pretty straightforward. 
The following is the basic calculating formula: 

ET crop equal to Kc * ETo 

Therefore, 

ET crop = the water needs of a certain crop in millimeters per unit of time, such as millimeters 
per day, season, or month. 

Kc = the “crop factor” 

E To =the "reference crop evapotranspiration" in millimeters per amount of time, such as 
millimeters each day, monthly, or season. 

The crop factor (crop coefficient) changes with the crop's growth phase. In agricultural 
enterprises, there are 4 stages of crop growth, including the primary stage, when the crop 
consumes less water: the stage of crop growth when water usage rises: when water use peaks 
in the middle of the season: late in the growing season when the mature crop demands less 
water. 

Because ETo values are commonly seen or calculated on a daily (mm/day) basis, an estimate 
for such a whole growth phase must be calculated, but then multiplied by the standard 
seasonally crop factor Kc. Evapotranspiration of the reference crop ETo (potential 
evapotranspiration, PET) is the rate of evapotranspiration from a big patch of vegetation in the 
exponential development phase that thoroughly shades the land and is not solvent. The amount 
of water that evapotranspires is influenced by the climate. The highest ETo values are found in 
warm, dusty, blustery, and sunlit conditions, whilst the lowest values are found in cold, 
humidity, and gloomy conditions with no wind. 

4. RESULTS AND DISCUSSION 

The automatic irrigation system is sensing soil moisture content using a microcontroller that 
irrigates the soil with help of a microcontroller that continuously monitors soil moisture content 
and wirelessly controls pipeline valves to open when the moisture level falls below the 
minimum threshold for the planted crop. The research paper show the adequate use estimates of 
water requirement for a different crop such as beans, citrus, cotton, groundnut, maize, sorghum, 
soybean, and sunflower as well asbecause a crop takes more water each day in a bright and hot 
climate than a crop grown in a cloudy and colder climate, the overall growing period differs is 
shown in Figure 2.  

Separately from the sunlight and temperature, other climate elements affect crop water 
requirements such as humidity and wind speed. The result come from this research is taken 
equation for calculation of crop water requirements are different according to their 



 

needs.Because ETo values are commonly measured (mm/day), an estimate for the ent
growth period must be calculated but then multiplied by that of the average seasonal crop factor 
Kc, which varies depending on the stage of the crop.

Figure 2: Illustrates the Seasonal Water Requirement for Different Crop and the Total 

Conventional farmers who do not have enough time to irrigate their crops are the principal 
beneficiaries of this endeavor. It also covers farmers who waste water while irrigating their 
crops.The study could be expanded to cover greenhouses wit
Automated landscapes and farmlands can benefit from the concept. If implemented 
appropriately, it can save a lot of water when combined with both the rainwater collection 
principle. With most types of soil in agricultural sett
this research can be used to achieve exceptional results.A solution to ease the agricultural 
process and the strain on farmers is urgently needed. With recent technological advancements, 
India has been boosting its annual agricultural production,creating a completely
economy.Using this strategy in the country's agricultural sector has several goals, one of which 
is to conserve the environment while enhancing agricultural productivity. Water and time were 
the most crucial considerations to save the farmer's tiredness.In the future, an automatic 
irrigation system will lengthen plant watering times and allow crops to grow in a variety of 
situations. It saves time and can be adjusted for automatic irrigation w
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ABSTRACT:The widespread use of mobile devices and the widespread arrangement of sensing technologies 

in our everyday contexts create enormous prospects for the deployment smoke detectors. Currently, the 

majority of the conventional smoke alarm schemes include transmission sensor modules, cables, and each of 

which is linked to a sensor module, as well as displays. Due to their dual nature, fires can cause both 

property damage and injuries in addition to being useful for manufacturing and cooking. It has the power to 

cause destruction among other things since fire and some of its byproducts are used in many productive 

processes, such as the creation of food, energy, and manufactured goods. In this review also discussed so 

many data related to fire accident and so on. In this review also discussed cause of death and injuries due to 

home fire. This review paper cover so many approaches to making the smart fire alarm and fire detection 

model. From the above study it is clear, every fire detection system having their own pros and cons. so there 

is many opportunity and future scope with the enhancement in technology and the sensors. 

KEYWORDS: Alarm, Cause,Detection,Module,Smoke. 

1. INTRODUCTION 

The dual nature of fires means that even though they can be valuable for food preparation and 
manufacturing, they can also result in casualties and property damage. With the employment 
of fire and some of its byproducts in numerous beneficial applications, including such is the 
production of power, food, and manufactured goods, it has the capacity to wreck devastation 
among other things. According the Bureau of Fire Data of the World Working Group for the 
Prevention and Extinction of Fire, between 70,000 and 80,000 persons perished in fires in 
2016. (CTIF).each year as a result of fire outbreaks since the start of contemporary era [1].In 
the time of a fire outbreak in a building, office, or factory, according to fire safety experts, the 
occupants typically approximately two minutes remain until it is too late to flee [2]. The 
number of people killed and property destroyed in fires is rising. Despite the fact that there 
are active fire safety initiatives being the government agencies. In poor nations, common fire 
Detection is dependent on people. When in need, an impoverished town planning and 
national policy make it challenging for firefighters to arriving on schedule [3]. The issue is 
made worse by poor notice and alert systems. 

The widespread use of mobile devices and the widespread arrangement of detecting 
technologies in our everyday contexts create enormous prospects for the deployment smoke 
detectors. Currently, the majority of the conventional smoke alarm methods include 
transmission cables, sensor modules, and each of which is linked to a sensor module, as well 
as displays. Consequently, the timeliness and accuracy are flawed. Of the conventional alarm 
mechanism. Misinformation about the front alarm brought on by oil smoke or water mist 
generates unnecessary loss to individuals [4].Almost 4 billion hectares of the earth's surface 
are covered in forests, or territory where trees predominate. This is roughly equal to 29% of 
the surface of the planet. Thus, maintaining biodiversity on a global scale requires the 
management and conservation of forests. Forest fires that may be caused by humans or 
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Events that occur naturally have the potential to endanger our world. Leaving behind 
disastrous conditions like damage and defeats [5]. 

The fire detection system uses a variety of fire phenomena, including smoke, temperature, 
and flammable gas, to detect early fire. The losses brought on by fire are increasing. With the 
further development, more serious a growing social economy and taller skyscrapers. If fire 
detecting system notices fire and acts quickly. Losses can be minimized as much as feasible, 
by more than 80 percent. The conventional single fire detection system is insufficiently 
precise. For fire detection and frequently results in false alarm issues and without an alert. A 
system for various parameters fire detection possesses good intelligence and strong 
comprehensiveness. It can increase the accuracy and speed of fire detection.Today, fire is a 
major issue that nations all over the world deal with frequently. Along with deaths, it will 
also result in some property damage and unfavorable sociopolitical effects [6]. Statistical data 
from the China Commercial 233,000 fires were reported by the safety and Fire Association in 
2019. 1,335 fatalities were reported nationwide, including 3.612 billion Yuan in direct 
property damages were recorded. The number of fires and property damages have increased 
in comparison to 2018, which saw decreases of 4% and 1.9%, respectively. [7]. Types of fire 
alarm system described by the Figure1. 

 

Figure 1. Demonstrate the Types of Fire Alarm System. 

2. LITERATURE REVIEW  

Robert A. Sowah et al. discussed in their paper about the fire detection alarm model using 
fuzzy logics and convolutional neural network. This article discusses the design and 
implementation of a multimodal fire detection system based on fuzzy logic, as well as a web-
based warning system using trained convolutional neural networks for proximity and wide-
area fire detection. Smoke detectors were the only type of fire detection used by most 
consumer-grade fire recognition systems until recently, and they provide only limited 
protection. Both the detection technology that is in use today. We offer a multisensory data 
fusion with ‘convolutional neural networks’ (CNN) to address this issue. Technique for 
detecting and notifying fires across a network. Convolutional neural networks are common 
techniques for deep learning. They are advantageous for learning since they can carry out 
feature extraction and classification in the same architecture. A system's goal is to allow for 
early fire detection in domestic, industrial and commercial,  settings by utilizing a variety of 
fire characteristics [8]. 

Qin Wu et al. discussed in their paper, the introduction of a sensor network, classification 
algorithm, and visual interface for an intelligent smoke alarm system. The issue of old 
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methods' poor timeliness and lack of precision Smoke alarms are provided.The human-
caused problem of burning conflagration persists, and homes are particularly vulnerable to it. 
People have recently started using smoke alarms with a single sensor to detect fire. In 
everyday life, smoke is released in many different ways. The detection of fire is not accurate 
with a single sensor. Due to the Internet's rapid progress in technology, users can remotely 
check on their homes to ascertain present state of the house. This essay proposes a 
sophisticated smoke alarm system that makes use of Zig Bee communication technology [9].  

Jianfei Zhang and Sai Ke, discussed in their paper,Taking into account the problems with the 
existing target detection model's difficulty for application in complicated fire situations and 
few detection targets, an upgraded YOLOX fire scenario detection model was introduced to 
realise multitarget detection of flame, smoke, and people.To enhance the model's overall 
detection performance, a light attention module was first added. Finally, the backbone 
channel was replaced with a light transformer module to improve the global backbone 
channel's capacity to capture information. The channel shuffle approach was utilised to 
facilitate communication between channels. Using a self-developed fire dataset, the study 
found that T-mAP YOLOX's rose by 2.24 percent in comparison to The benchmark model 
with CenterNet significantly improved detection accuracy as compared to the baseline model 
(YOLOX).  

Seyd Teymoor Seydi et al. discussed in their paper,in this work, a deep CNN (Fire-Net) was 
developed to identify ongoing forest fires across diverse locations. Australia and the USA in 
particular In contrast to testing, regions were utilized to train the network. Completed for 
Australia, Africa, Brazil, Ukraine, and not a part of training) areas. The findings showed a 
high the applicability of the suggested approach. The Fire-Net was then compared to another 
state-of-the-art deep network, MSR-U-Net, as well as other popular machine learning 
techniques, for instance. Quantitative evaluation and qualitative examination of active fire 
detection outcomes. The results of the performance evaluations showed a trade-off between 
spotting active flames and foreign fires.Considering the size of the ongoing flames in most ml 
algorithms could operate effectively in unable to locate current fires.  

Na Qu et al. discussed in their paper, this research suggests using a sparse representation 
approach to combine fire parameter data for CO, temperature, and smoke. It produces a sort 
of overly comprehensive dictionary to identify the sparse solution for fire recognition using 
the L1 norm, L3/4 norm, L1/2 norm, and L1/4 norm, respectively. For fire, a thorough 
classification approach is suggested. Identification. The simulation results demonstrate that 
the solution is obtained with exceptional scarcity using L1 norm and L3/4 norm. And great 
precision. In comparison to the minimum residual approach and the sum of weights, the 
comprehensive classification method is more efficient. Coefficients approach. This study 
makes use of the DSP TMS320F28022 core processor, the TC72 temperature sensor, and the 
MQ-7 CO gas sensor a smoke sensor, and MQ-9 [10]. 

Wei Chen et al. discussed in their paper, this research suggests an indoor distributed LoRa-
based IoT fire alarm system. A star network topology is achieved by e system with the 
deployment of distributed nodes and gateways. With LoRa technology. Each node records 
data synchronization to remote devices and environmental data real-time system monitoring 
when there is a fire, the real-time alarm can be sent out by a node monitoring system. System 
has extended deployment times and is simple to use. The weighted fusion algorithm and 
filtering of the sensor data can effectively determine whether a fire has occurred.in addition 
to being able to keep an eye on the each node's system condition in real time. Additionally, 
the Node uses minimal power and routine data transmission sleep and conserving energy 
[11]. 
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Mengjie Li and Chao Liu, are discussed in their paper about the modern alarm system and its 
present trend.The market is becoming more and more in demand for an intelligent alarm 
system as a result of the alarm system's quick development nowadays. To satisfy the needs of 
society, the traditional alarm system needs technological development. It also has to grow in 
the direction of integration, both digitally and professionally. Employing integrated 
intelligent warning systems using multisensory digital data integration techniques, it is 
possible to more precisely extract the measured object's data and holistically from many 
angles, to increase the system alarm's precision. This article tries to research the use of 
Intelligent re alarm systems with multisensory data fusion. The ID3 algorithm's multivalued 
bias is a problem, and this CAC ID3 algorithm is suggested in the publication [12].  

Haoyang Han et al.The DMS-2017B machinery operation simulator and the notion of 
affordances were suggested in this paper as a means to evaluate the design element of a ship 
fire alarm. Comparatively to the experiment in the cabin, the experiment in the simulator can 
uniformly provide a noisy atmosphere to environmental variations' impact on the 
experimental results. The simulator experiment can furthermore in the actual experiment, 
simulate a catastrophic setting to prevent harm to participants' bodies. To evaluate various 
maritime vehicles are equipped with alarms, and the design of devices for machine control, 
navigation, and other types of transmission author have information via the auditory and 
visual systems [13]. 

3. DISCUSSION 

A fire alarm system informs individuals when smoke, fire, carbon monoxide, or other fire-
related hazards are found. Both manually activated fire alarms such as manual call points or 
pull stations as well as automatically activated smoke and heat detectors can cause these 
alarms to go off. Alarms come in the form of wall-mounted sounders, horns, or mechanized 
bells.Additionally, they can be speaker strobes that flash an alarm before playing an 
evacuation announcement cautioning residents against using the elevators. Fire alarm 
sounders can be set to specific frequencies and tones, including low, medium, and high, 
depending on the country and device maker. The vast majority of fire alarm systems in 
Europe produce an alternating siren sound. It might be difficult to believe, but according to 
the NFPA's most recent study on residential structure fires, from 2014 to 2018, five general 
fire causes were responsible for 86% of recorded home fires, 95% of home fire fatalities, and 
83 % of home fire injuries. Cooking was the second-leading cause of house fire mortality and 
by far the main cause of home fires and fire injuries. It's simple to overlook the high 
temperatures and risks associated with cooking because it's such a normal activity in our life. 
The second most common source of house fires and fatal house fires are heating equipment. 
The most frequent cause of these incidents was creosote build-up in chimneys, while fires 
involving stationary and portable space heaters.The fourth most common reason for home 
fires and the fifth most common cause of home fire fatalities was intentionally starting 
flames. Nearly two-thirds of intentional fire deaths, not simply those caused by home fires, 
were suicides, according to death certificate statistics. Smoking materials resulted in the 
majority of home fire fatalities over this time period, despite the fact that they were fifth in 
terms of home fires. Only 17% of adults smoked combustible tobacco products in 2017, 
citing the Centers for Disease Control and Prevention (CDC). The leading cause of home fire, 
occurring death and injuries reported in between the year 2014 to 2018 are given below in 
Table 1. 

 



 

Table 1. Leading Cause of Home Fires and Occurring Death and Injuries Which Is 

Reported Be

S.no.  Cause 

1 Cooking 

2 Heating equipment

3 Electrical distribution and lighting 
equipment

4 Intentional

5 Smoking material

Analysis of the following given data in the graphical form are given below by the Figure 2. 
The analysis regarding to the leading cause of death and injuries due to home fires.

Figure 2. Illustrate the Analysis of Leading Cause of Death and Injuries

Fire Between the Years 2014 to 2018.

With the exception of the Northwest and Upper Mississippi River Valley, a large portion of 
the country experienced July rainfall that was above average. Widespread precipitation was 
brought on by increased monsoonal flow in the Southwest, which also reduced wildfire 
activity there. In Alaska, where the month was warm and dry and excellent for wildfires, a 
number of sizable flames broke out. Despite the above
conditions in the West did not significantly change. The Southern Rockies and Southern 
Plains did see some relief from the drought in some areas. Over 20% of Alaska was 
experiencing drought conditions as of July 30th, with a tiny area of central Alaska facing 
severe drought. Acres burned each fire in January to June in between the year 2000 to 2021. 
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Table 1. Leading Cause of Home Fires and Occurring Death and Injuries Which Is 

Reported Between the Years Of 2014 To 2018. 

Fire  Civilian death  

 49% 21% 

Heating equipment 14% 19% 

Electrical distribution and lighting 
equipment 

10% 18% 

Intentional 8% 14% 

Smoking material 5% 23% 

Analysis of the following given data in the graphical form are given below by the Figure 2. 
The analysis regarding to the leading cause of death and injuries due to home fires.
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Table 2: The Data of Acres Burned Per Fire In June between Years of 2000 to 2021. 

S.no. Year Acres 

1 2000 66.43 

2 2002 122.11 

3 2004 174.31 

4 2006 77.67 

5 2008 70.48 

6 2010 201.7 

7 2012 251.76 

8 2014 38.73 

9 2018 158.94 

10 2021 136.78 

 The analysis of the above given data which is regarding the wildfires in June month between 
the years 2000 to 2021 given below in Figure 3. 

 

Figure 3. Illustrate the Analysis of the Wildfire in June Month between the Years 2000 

To 2021. 

The domestic market is expanding quickly, and society is advancing, which is causing a rapid 
expansion in the construction industry and the construction of numerous major structures. 
The variety of building types and uses changes concurrently, and the likelihood of a fire also 
climbs to a particular degree. Several different types of fire sources could be to blame, or 
perhaps brought by human influences. In the above paper study, having the knowledge about 
the fire alarm system and different approaches of the system. There are so many approaches 
to making a fire alarm system and also by the use of the fire alarm system user protect his 
home by fire accident. There are numerous fire alarm model which is existing but each have 
their own methodology and concepts. There are many data which is discussed above which is 
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related to the fire accident. For making the fire alarm system they need various types of 
sensors and modules also use various types of software and platform. Advantages of fire 
alarm system are classified below in Figure 4. 

Figure 4. Illustrate The Advantages Of The Fire Alarm System.

Easy and Affordable. 

A system costs extremely little money to have. Many of 
have insurance that will replace any lost things. Photo albums, presents from relatives, and 
artefacts passed down from one generation to the next fall under this category. Living 
somewhere else for at least a while woul
agony of losing your house and belongings is the last factor.

24*7 Monitoring. 

A house fire alarm system offers the homeowner safety seven days a week, twenty
each day. When you are abroad and
watched. You can feel confident knowing that this monitoring is ongoing for you and your 
family. By the help of fire alarm system user live their life freely they have not much concern 
about the fire accidents. 

Insurance Discount. 

This may result in lower home insurance costs. Customers with these systems receive savings 
on homeowner coverage frequently. This is due to the possibility of saving a home rather 
than having to completely lose it. Additionally, i
accepting responsibility for their actions and is ready for the worst.

Avoid smoke inhalation. 

The most crucial justification may be the only one you actually require. Anyone inside the 
home at the time of this could be saved. This is especially important at night. If a fire starts, 
people who are sleeping could not be roused in time. People frequently pass away from 
smoke inhalation while attempting to flee. Having a system in place can provide you with 
security and peace of mind. 
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4. CONCLUSION 

There are a lot of opportunities for the usage of smoke detectors due to the extensive use of 
mobile devices and the ubiquitous use of sensing technologies in our everyday environments. 
The bulk of modern smoke alarm systems comprise displays, transmission cables, sensor 
modules connected to one another, and sensor modules themselves. Consequently, the 
timeliness and accuracy are flawed. Of the conventional alarm mechanism. Misinformation 
about the front alarm brought on by oil smoke or water mist generates unnecessary loss to 
individuals.Almost 4 billion hectares of the earth's surface are covered in forests, or territory 
where trees predominate. This is roughly equal to 29% of the surface of the planet. There are 
so many approaches to making a fire alarm system and also by the use of the fire alarm 
system user protect his home by fire accident. There are numerous fire alarm model which is 
existing but each have their own methodology and concepts. There are many data which is 
discussed above which is related to the fire accident. . In the above paper study, having the 
knowledge about the fire alarm system and different making approaches of the system. From 
the above study it is clear, every fire detection system having their own pros and cons. so 
there is many opportunities and future scope with the enhancement in technology and the 
sensors. 
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ABSTRACT:An electrical energy management system (EMS) for smart homes converts and reduces demand 

based on consumer convenience and real-time electricity pricing, increasing energy efficiency and 

decreasing electricity costs. It is difficult to determine the energy waste due to electrical equipment failure, 

lack of real-time monitoring of the system, and it does not sense the temperature of the air condition. Hence 

to overcome this problem author focuses smart home electric management system with the help of the 

Internet of Things (IoT) which provides a platform enabling monitoring and controlling various consumer 

IoT devices, such as temperatures, lighting, alarm systems, and appliances. It concluded that smart home 

automation systems allow you to operate all the appliances in their house whenever it's convenient for them, 

saving money and electricity. In the future, as systems improve by reducing energy costs and improving user 

satisfaction, affordable IoT-powered gadgets are bringing us closer to the potential of a smart home. 

KEYWORDS: Appliances, IoT, EMS, Sensor, Smart Home. 

1. INTRODUCTION 

An energy management system (EMS) is a framework used by energy consumers, such as 
businesses, governments, and other industrial and commercial entities, to control their energy 
consumption. It helps businesses explore opportunities to implement and scale up energy-
saving technology, especially those that do not demand a significant financial outlay. 
Successful network management system (NMS) deployment usually requires specialized 
knowledge and staff training. As part of the energy management system, energy use 
objectives are specified, action plans are created to achieve them, and progress is tracked 
[1],[2]. Energy policy development and implementation are also included. It may be 
necessary to use new energy-saving technologies, reduce energy waste, or optimize existing 
processes to save energy expenditure [3],[4]. There are now countless examples of industries 
and other businesses that have used EMS and dramatically increased their energy 
performance [5],[6]. They have been successful in reducing energy costs, limiting associated 
expenses, mitigating the risks associated with unpredictable energy prices, and most 
importantly, increasing productivity and operational stability as in Figure 1. Many aspects of 
your technical processes can be changed if your organization is ready. , Investing in the time 
and energy required to build an efficient EMS. Smart meters provide an interface to the smart 
grid for both customers and local energy suppliers [7],[8]. These electronic meters are 
installed instead of your old mechanical meters and enable the automated and complex flow 
of data between your home and its energy supplier. For example, smart meters will give 
signals from your energy supplier which can help you reduce your energy bills. Smart meters 
give utility access to additional data about the amount of electricity being used in their 
service areas. 

A home EMS can be used to process energy data entering and leaving the home from its 
smart meter, allowing one to easily understand it on a computer or handheld device allows. 



 

Viewable format Users can track home energy usage in great detail with Home EMS 
maximize energy conservation. For example, you can monitor your EMS whenever various 
appliances and electrical gadgets are turned on and off, so that you can see the energy impact 
of those items. An EMS enables you to track real
utility and set automatic electricity usage for times when rates are lowest [10], [11]. To 
balance the energy load in their area and avoid peak demand rates, customers can select 
settings that require precision instruments and equipment to
power outages are caused by high demand risk occurs. The utility may offer a reward for 
doing so.  

Figure 1: IllustratesProminent Proponents of Smart Home Power Systems that Give 

Existing Home Equipment Monitoring Capabiliti

Many devices in your smart home will be networked so that they can be accessed and 
controlled using your EMS. When you are about to leave the house, it can turn on the house 
heater or air conditioner without work. Users can also use EMS to monitor the energ
specific appliances or equipment, such as your recirculation pump. Additionally, smart 
devices will be able to respond to your energy supplier's signals to save energy during periods 
of high demand [12]. The switch is more complex than a straight 
may not be paying attention, millions of air conditioners may be operating in a similar 
manner, significantly reducing the demand for the electrical grid [13]. As an example, a smart 
air conditioning system may slightly lengthen it
Similarly, a smart dishwasher or refrigerator may delay operation for off
itsdefrosted cycle. These intelligent technologies will, of course, facilitate consumer controls 
to disable automatic controls as needed.

1.1. Domestic Power Generation

The interoperability of smart grids will be more and more important as consumers switch to 
residential electricity generation. Wind turbines and solar power electrical systems are now 
widely accessible, and people who live in rural areas may also consider 
hydroelectric system on a nearby stream. Domestic hydrogen fueling systems, which use 
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Existing Home Equipment Monitoring Capabilities and Improve their awareness of 

their Surroundings [9]. 

any devices in your smart home will be networked so that they can be accessed and 
controlled using your EMS. When you are about to leave the house, it can turn on the house 
heater or air conditioner without work. Users can also use EMS to monitor the energ
specific appliances or equipment, such as your recirculation pump. Additionally, smart 
devices will be able to respond to your energy supplier's signals to save energy during periods 
of high demand [12]. The switch is more complex than a straight on/off switch. While you 
may not be paying attention, millions of air conditioners may be operating in a similar 
manner, significantly reducing the demand for the electrical grid [13]. As an example, a smart 
air conditioning system may slightly lengthen its cycle time to reduce its load on the grid. 
Similarly, a smart dishwasher or refrigerator may delay operation for off-peak hours or delay 

cycle. These intelligent technologies will, of course, facilitate consumer controls 
controls as needed. 
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any devices in your smart home will be networked so that they can be accessed and 
controlled using your EMS. When you are about to leave the house, it can turn on the house 
heater or air conditioner without work. Users can also use EMS to monitor the energy use of 
specific appliances or equipment, such as your recirculation pump. Additionally, smart 
devices will be able to respond to your energy supplier's signals to save energy during periods 

on/off switch. While you 
may not be paying attention, millions of air conditioners may be operating in a similar 
manner, significantly reducing the demand for the electrical grid [13]. As an example, a smart 
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The interoperability of smart grids will be more and more important as consumers switch to 
residential electricity generation. Wind turbines and solar power electrical systems are now 
widely accessible, and people who live in rural areas may also consider installing a small 
hydroelectric system on a nearby stream. Domestic hydrogen fueling systems, which use 
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natural gas to generate heat and electricity, are also being offered by businesses. All these 
small power generation systems will be connected to the grid more efficiently with the help 
of smart grid control devices and electronic meters, which will also give utilities and owners 
information about the company and help them decide when to use excess energy [14]. Using 
Feedback is different from using Grid. One potential feature of a smart grid would be to 
allow your neighborhood to use your solar array and local neighbors even when there is no 
electricity from a corporation. The so-called island would enable a residence to use 
distributed energy sources to generate electricity, such as solar, hydro, and wind projects on a 
nearby rooftop, while utility workers could bring the system back online. 

In the present study as part of an energy management system, objectives for energy use are 
specified, action plans are made to achieve them, and progress is tracked. Energy policy 
development and implementation are also included. This research is featured in several 
sections where the first is an introduction and the second section is a literature review and 
suggestions for previous studies in the context of Importance of Smart Metering in Diverse 
Fields of Smart Cities. In addition, the methodology section of this study is mentioned where 
the data in different sub-sections are examined. After that, the results and discussion part are 
discussed where the results are compared with existing data, followed by the methods applied 
in this research. Finally, the conclusion of this research is declared where the research gives 
the result as well as the future scope. 

2. LITERATURE REVIEW 

Muhammad Saidu Aliero et al. [15] have explained global energy sources that are of concern 
to human and environmental health today. According to the author's analysis of worldwide 
demand for energy consumption in various energy consumption sectors, the construction 
industry has been identified as one of the major users of energy. To address the unnecessary 
use of energy and guarantee a safe and healthy environment for green smart cities, the author 
adopted a variety of strategies. As the results demonstrated, Smart Home Energy 
Management Systems (SHEMs) transform electrical home appliances into autonomous 
devices by turning sensor nodes into them. It concluded that energy consumption, waste, and 
supply dependence in the construction sectors are reduced through the use of smart grid 
technology and SHEM solutions, creating a comfortable and healthy living environment. 

Xiuwang Wang et al. [16] have a new Internet of Things-based best practice for residential 
energy management explained. The IoT system used in this study is based on ZigBee, which 
is known to have the lowest power consumption of all wireless technologies. To accelerate 
convergence, the author's optimization technique is based on a new improved version of 
Butterfly's algorithm. As seen from the results, the suggested solution enhances the system by 
reducing energy costs and increasing user happiness. The study concluded that an advanced 
butterfly optimization algorithm would increase system effectiveness in terms of power 
consumption cost and user satisfaction. 

Javed Iqbal et al. [17] have explained that in the smart house scenario, IoT-based 
infrastructure is demonstrated using ZigBee protocol technology. Implementation of a system 
for deployment of sensors, detection and development of electrical devices in a smart home 
or smart manufacturing, testing the proposed scheme on actual electrical equipment, and 
recording of energy usage using the proposed electronic hardware sleep work according to 
the author's The proposed system has four main phases. The result shows that when 
compared directly with wireless sensor network (WSN) based solutions, the suggested 
architectures outperformed in various contexts. To test the integrity of the system for better 



 

usage and lower billing in future smart homes, it was concluded that the technology was 
tested on real-time data obtained from a sample set of home dedicated hardware for six hours.

The above study shows that the global energy sources that are today a concern to human and 
environmental health as well as a smart house scenario, an IOT
using ZigBee protocol technology. In this study, the author researched the monitoring of 
smart electrical energy management with IoT.

Research Questions: 

• How to Monitor Smart Electrical Energy Management with IoT?
• How to Use Smart Electrical Power Management

 

3.1.Research Design: 

This smart power management system treats the microcontroller as the primary control 
element to which all the devices are connected. For example, the Arduino board is connected 
to the temperature measurement. The sole purpose of the temperature sensor is to detect the 
temperature and provide that information to the Arduino. The fan turns on or off after the 
threshold value and also alerts the application interface in Figure 2 if the tem
or higher than the threshold value. Similar to that, the light sensor determines whether the 
light intensity exceeds the current threshold value before conducting itself.

Figure 2: Illustrates the Smart Home Electric Energy Management S

3.2. Instrument: 

Each component works together as a single unit which is connected by the Raspberry Pi 
microprocessor. Since the Raspberry Pi connects to the server quickly and completes the 
interface between both the Raspberry Pi and the application, the user can access all the 
information through the Raspberry Pi. Users have the option to manually define threshold 
values in the application interface, and can also add new devices and their restrictions.

3.2.1. Motion Sensor: 

An electrical device designed to detect and analyze motion is known as a motion sensor or 
motion detector. In addition to smartphones, hand towel dispensers, gaming systems, and 
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usage and lower billing in future smart homes, it was concluded that the technology was 
data obtained from a sample set of home dedicated hardware for six hours.

The above study shows that the global energy sources that are today a concern to human and 
environmental health as well as a smart house scenario, an IOT-based structure is shown 

ing ZigBee protocol technology. In this study, the author researched the monitoring of 
smart electrical energy management with IoT. 

How to Monitor Smart Electrical Energy Management with IoT? 
How to Use Smart Electrical Power Management to Operate Electrical Appliances? 

3. METHODOLOGY 

This smart power management system treats the microcontroller as the primary control 
element to which all the devices are connected. For example, the Arduino board is connected 

temperature measurement. The sole purpose of the temperature sensor is to detect the 
temperature and provide that information to the Arduino. The fan turns on or off after the 
threshold value and also alerts the application interface in Figure 2 if the tem
or higher than the threshold value. Similar to that, the light sensor determines whether the 
light intensity exceeds the current threshold value before conducting itself.
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Operates with Help of IoT. 

Each component works together as a single unit which is connected by the Raspberry Pi 
microprocessor. Since the Raspberry Pi connects to the server quickly and completes the 
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information through the Raspberry Pi. Users have the option to manually define threshold 

in the application interface, and can also add new devices and their restrictions.
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usage and lower billing in future smart homes, it was concluded that the technology was 
data obtained from a sample set of home dedicated hardware for six hours. 

The above study shows that the global energy sources that are today a concern to human and 
based structure is shown 

ing ZigBee protocol technology. In this study, the author researched the monitoring of 

to Operate Electrical Appliances?  

This smart power management system treats the microcontroller as the primary control 
element to which all the devices are connected. For example, the Arduino board is connected 

temperature measurement. The sole purpose of the temperature sensor is to detect the 
temperature and provide that information to the Arduino. The fan turns on or off after the 
threshold value and also alerts the application interface in Figure 2 if the temperature is lower 
or higher than the threshold value. Similar to that, the light sensor determines whether the 
light intensity exceeds the current threshold value before conducting itself. 

 

Figure 2: Illustrates the Smart Home Electric Energy Management System in which it 

Each component works together as a single unit which is connected by the Raspberry Pi 
microprocessor. Since the Raspberry Pi connects to the server quickly and completes the 
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in the application interface, and can also add new devices and their restrictions. 

An electrical device designed to detect and analyze motion is known as a motion sensor or 
motion detector. In addition to smartphones, hand towel dispensers, gaming systems, and 
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virtual reality headsets, motion sensors are commonly installed in the home and occupational 
security systems. Motion sensors typically consist of three main parts: a sensor unit, an 
integrated computer, and electronics (or mechanical components), unlike many other separate 
sensors that can be moved and separated. These three components come in a variety of shapes 
and sizes because motion sensors can be configured to perform incredibly complex tasks. 
Motion sensors can be fitted to switches, floodlights, turn on sound alerts, and even call the 
police. 

3.2.2. Arduino UNO microcontroller: 

The Microchip ATmega328P microcontroller is the foundation of the Arduino Uno, an open-
source microcomputer board. The board has several analog input/output pins (I/O) pins that 
can be used to connect to the shields of various expansion panels and other equipment. An 
open-source electronic platform called Arduino is built on simple hardware and software. A 
light on a sensor, a fingertip on a button, or a motor or Light Emitting Diode (LED) on an 
Arduino board can be turned on or off to read input from a tweet. Some of these devices are 
household appliances. 

3.2.3. Temperature Sensor: 

It is a device that uses electrical impulses to measure temperature. It works by giving 
readings through electrical signals. By detecting the voltage between the diode terminals, 
detectors are constructed of two metals that produce an electric current, or impedance, when 
the temperature changes. With an increase in voltage, there is an increase in temperature. It is 
used because of its quick response time and low thermal mass. Typically, all vibrating wire 
types are interchangeable. 

3.2.4. Electric Relay: 

Relays are switches used to electronically and electromagnetically close and open circuits. It 
controls how circuit connections open and closes in an electrical circuit. The relay does not 
activate when the relay contacts are open while the relay contacts are open. The IoT Electric 
Relay is a four-output programmable power relay that can be used to build an Internet of 
Things project with safe, reliable power control. The IoT Energy Relay makes it easy to 
manage the flow of electricity to a device using an SBC or microcontroller such as an 
Arduino or Raspberry Pi. 

3.2.5. Raspberry Pi: 

A credit-card-sized, inexpensive computer called a Raspberry Pi connects to a monitor screen 
or television and operates with a regular keyboard and mouse. It's a capable little gadget that 
enables users of all ages to learn to program in a language like Scratch and Python and to 
explore computing. Therefore, the Raspberry Pi is the best choice if an IoT system needs to 
gather data from multiple sensors, access information from databases, communicate with a 
smartphone, and deliver a complex result on a single display. 

3.2.6. User Interface: 

Aspects of the user interface are how the user interacts with the computer system. Displays, 
pages, buttons, images, forms, etc. are all included in this. Software and programs on 
computers and mobile devices are the most obvious examples of user interfaces. Users are 
made aware of their needs and want, and the originators of the technologies at their disposal 
respond to cable network intelligence to enhance their ability to jointly govern. 
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3.3. Data Collection: 

This section used various devices for home appliances with different voltage ratings, 
operating voltages, home controller loads, scale factors, and actual loads determined in 
kilowatts (kW). This home has a water heater, air conditioner, clothes dryer, as well as an 
electric car with controllable loads (Table 1). It will be necessary to change the hair dryer for 
the clothes dryer; Use an actual air conditioner, an electric baseboard heater, to represent 
watt-hours, and another electric baseboard heater to symbolize an electric car. The proposed 
Smart Electric Energy System will employ IoT to autonomously adjust the load in the home 
to demonstrate load management action. Real-time electrical measurement of an electric 
baseboard heater, an air conditioner, and a hair dryer. The electrical usage of the four control 
loops in the proposed home is represented by multiplying these values using the scale factors 
compared to an exponent in arithmetic, a scale factor is still a number that is multiplied to 
represent a number on a different scale. When a real-world collection of numbers must be 
represented in a different order of magnitude to match a certain number system, a scale factor 
is used shown in Table 1. The smart home appliance power generation system then manages 
to combine those same scaled-up readings with the estimated critical. Burden. Data from the 
loading database to identify total household consumption (kW). After transmitting electrical 
impulses to the user with the help of an electrical relay, the main unit will operate under the 
instructions of the user sent via a signal from his smartphone. 

Table 1: Represent the Actual loads used in Estimating Load Size versus Performance 

and Scale Factors. 

Sl. 
Home appliances 

load in kilo-watts 

Load in the 

kilo-watt 

The actual load used in the 

demonstrated Load in kilo-watt 

Scale 

factor 

1. 
Charged the Electric 

Vehicle 
3.0 kW 0.58 kW 5.1 

2. Heating Coil 3.5 kW 0.7 kW 5 

3. Pump 0.5 kW 0.15 kW 3.3 

4. Hair Dryer 3.5 kW 0.85 kW 4.1 

5. Water Heater 4.3 kW 0.6 kW 7.1 

6. Air conditioner 2.0 kW 0.58 kW 3.4 

7. Washing Machine 1.4 kW 0.65 kW 2.1 

3.4. Data Analysis: 

The easiest way to save energy is to stop wasting it. A modern generation of sensor-based 
learning thermostats, smart lights, and systems with high voltage alternating current is built to 
autonomously maintain the correct position in areas and maintain optimum levels of energy 
use. Light, motion, humidity, and atmospheric carbon level sensors, among others. These 
technologies can continuously modify the system in response to transfer conditions, 
preventing unnecessary energy use, as in Figure 3. The applications for IoT energy efficiency 
are numerous and are easily accessible to customers. Think intelligent lighting that fades 
based on the amount of daylight present in the space and automatically turns off when no one 
is using it. A user can also learn how to use a cooling thermostat before heating a room to 
save money by not consuming energy during high-demand periods. A notable example is the 
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current IoT energy management system offered by General Electric. To build a smart power 
system in commercial and industrial locations including factories, shops, and entire towns, 
the company provides a collection of light emitting diode (LED) lights, sensors, control, and 
analytical instruments. The solution claims to reduce the cost of electricity by up to 65%. 
Accidents and environmental blackouts are two situations where predictive strategies cannot 
be used, although smart analytics systems are often used to reduce losses and address 
problems. For example, by using sensor data, technicians can locate the problem, assess the 
damage, and design a successful repair strategy. 

 

Figure 3:Illustrates the Various Appliances showing Total Household Consumption 

(kW) of electricity. 

4. RESULTS AND DISCUSSION 

By allowing the energy-efficient performances of smart homes, active home environment 
tracking, and improved social well-being, IoT sensors have been and will continue to alter 
modern families. The specific aspects that must be included in future IoT sensors for smart 
home electric energy usage management have been presented, along with an overview of the 
IoT sensors that are currently available on the market, their technical and financial 
assessment, research programs to improve IoT sensor functionality, and research initiatives. 
The development of IoT sensors for smart home electric energy usage control is gaining a lot 
of good momentum. 

 

Figure 4: Illustrates the Global Share of IoT Project Worldwide which show Smart 

City is one of the Modern Application Areas of IoT Including Smart Homes. 
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Enhancing IoT sensor fault tolerance for irregular sensor events, wireless intervention, 
transmitting errors, ambiguous logic, and empirical uncertainties by using advanced control 
algorithms to increase power, fix bandwidth-related IoT sensor information sharing network 
problems, and improve IoT sensor fault tolerance. Enhanced packet loss identification by the 
use of cutting-edge detection methods. The problem of interoperability between 
heterogeneous systems, resource-constrained IoT, and other reliable communication methods 
like communication systems PLC.By integrating new sensing devices into smart home 
applications using service-based proxy structures, such as sign language recognition and 
brain-computer interfaces (BCIs), aged and physically handicapped people can benefit from 
monitoring systems in smart house sensing. The batteries are a technique for aggregation-
based data privacy and security for IoT sensor data and are often the biggest and heaviest part 
of these sensors.IoT initiatives centered on the industry, smart cities, smart energy, and smart 
vehicles have a greater market share over others in Figure 4. 

5. CONCLUSION 

The successful development of modular IoT-based home energy management systems allows 
customers to regulate the electricity usage of their devices. This simple function allows 
consumers to operate devices from any location and integrate multiple non-smart devices into 
the IoT sector that focuses on energy efficiency and power management in both urban and 
rural locations. Also offers a cutting-edge strategy. Additionally, the suggested method was 
successfully applied in three real situations that exemplify potential use cases. Offices, high 
energy consumers and reasonable electricity consumers. These solutions will address some 
issues on their own, but they will be only small progress in the absence of a comprehensive 
strategy that includes the gradual democratization of energy infrastructure. It needs to execute 
specific solutions and address small issues to create a sustainable system for the environment 
and society. Around the same time, must take a comprehensive approach and transform our 
infrastructure to support the interconnection of fully autonomous local suppliers and micro 
grids. A primary IoT hub that collects, reads and controls the system based on the 
information received can coordinate the system. Automation of these functions will 
significantly improve the overall energy performance of the system at the apartment, 
building, community and city levels. There are many interconnected initiatives within and 
outside factories that fall into the range of industrial IoT applications. Projects outside a 
factory often include remote control, monitoring or monitoring of interconnected machinery, 
as well as overall control of remote industrial processes such as oil rigs. 
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ABSTRACT:A "smart city" is an urban area that uses Internet of Things (IoT) and information and 

communications technologies (ICT) to deliver usable data for efficient resource and asset management. This 

comprises information gathered from people and mechanical equipment that is then processed and analyses 

to track and manage power stations, water supply systems, waste disposal, traffic and transportation systems, 

etc.Train yards, electricity generation facilities, and tunnels the globe has recently seen tremendous urban 

expansion, which is mostly attributable to the ongoing rise in global population. In addition, It is proven by 

the fact of 54% of people are compared to 46% of the population who live in cities, remote regions, and it is 

anticipated that it will by 2050, the percentage will rise to 66%. In this paper author discussed many articles 

regarding smart cities which based on the internet of things and many other technologies. In this article also 

discussed about the smart city and its advantages which helps to make this article effective.The percentage of 

people who live in cities would be around 70% as compression to villages. Even if certain megacities are 

already struggling to accommodate the current influx of people, we need to construct smart cities to make 

these metropolitan regions more livable and really sustainable.  

KEYWORDS: Infrastructure,Internet of Things, Population, Smart City,Technologies. 

1. INTRODUCTION 

As the second decade of the twenty-first century draws to a conclusion, urban ecosystems are 
growing as populations continue to make the shift from rural and Due to economic 
possibilities, demographic changes, and generational shifts, some suburban regions have 
become significant metropolitan centers [1]. Preferences. 70 percent of people worldwide are 
by 2050, and there are now estimated to live in the cities there are more over 400 cities with a 
population of one million people. Social interaction is essential to human existence. 
Dynamism and is among the main engines behind the expansion of cities.  

Nevertheless, cities, particularly in the Western Hemisphere, roads, bridges, and other 
infrastructure are frequently deteriorating [2]. Train yards, electricity generation facilities, 
and tunnels the globe has recently seen tremendous urban expansion, which is mostly 
attributable to the ongoing rise in global population. In addition, It is proven by the fact of 
54% of people are compared to 46% of the population who live in cities, remote regions, and 
it is anticipated that it will by 2050, the percentage will rise to 66%. Urban planners and 
relevant agencies are working to address urbanization. An emphasis on decreasing expenses 
through developing technology especially by making sure resources are used as efficiently as 
possible and establishing a sustainable living environment [3]. 

A "smart city" is a highly inhabited place that connects its physical components with cutting-
edge information and communication technology, according to Treiblmaier et al.  
Information flow, enhancing the city's overall effectiveness operations and raising 
inhabitants' quality of life [4]. The fundamental idea is to provide a setting where the city has 
completely integrated technologies for tackling urbanization's problems, in particular by 
incorporating high-value services [5]. Application of smart cities which based on the internet 
of things (IOT) given below by figure 1. 



 

Figure 1: Demonstrate the application of IOT based smart cities.
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2. LITERATURE REVIEW  

Nada Alasbali et al. discussed in their paper block chain standardization guidelines for smart 
IOT networks in smart cities. This research paper provides a conceptual overview of block 

based database management, IoT integration, and smart city solutions. Due to the fact 
that a significant portion of the problems caused by variability cannot be solved by 
experimentation, previous research have shown that the barriers to BC integration are 
multifaceted and persistent. It is essential to make sure that IoT connections are useful, 
significant, and quick. While the process of privatization software and APIs is underway. A 

or a decentralized, extensively used available security standards for 
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authentication and validation. Research has shown the advantages of BC participating in this 
ability to serve as a common proof-of-work idea for validating Information moves within a 
network. Moreover, techniques for the project to advance, overcoming obstacles that are 
known is essential smart city concept.The study also found that a revised standard of 
measurement is urgently required for IoT-based smart city systems to go beyond its systemic 
restrictions. Practice that is not currently permitted by developer-restricted data management 
systems in the private state. 

Abd-Elhamid M. Taha [7]discussed in their paper about the A Smart City IoT Architecture 
for Measuring Road Safety. This work demonstrates the practicality of an affordable road 
safety monitoring and evaluation system within the framework of smart cities by utilizing 
advancements inside the Internet of Things (IoT). The newly proposed architecture makes it 
possible to conduct thorough and dynamic traffic safety assessments that support the 
increasingly popular Safe System methodology promoted by World Health Organization 
(WHO). The formative evaluation framework in use for trip planning is further shown. Future 
studies will entail investigating further uses, especially when it comes to increasing motorists' 
road safety circumstances as they were travelling. 

Khizar Abbas et al. [8]discussed in their paper about the Block chain and IoT convergence 
for safe transportation systems in smart cities. This paper represents Smart cities provide its 
residents cutting-edge amenities to improve lives. However, it has been noted that the normal 
burden of collecting, storing, processing, and analyzing diverse data would present some 
challenges. Technology was pushed into the framework of a smart society by the 
development of the Internet of things, cloud computing, social media, and other Industry 4.0 
influences, potentially introducing vulnerabilities to sensor data, applications, and smart city 
applications. These flaws cause issues with data security. 

M. M. Kamruzzaman et al. discussed in their paper about the Healthcare Services Powered 
by IoT and Fog Computing for Smart Cities. The current study is focused on defining the 
influence and potential of IoT, fog computing, and block chain on healthcare services as a 
result of smart cities in order to acknowledge this. The study has done a systematic review of 
the literature which is most pertinent to the paper's issue in order to achieve this goal. To 
choose the most pertinent and useful The researcher employed AMSTAR and PRISMA to 
find reliable papers, which resulted in the selection of the top 10 block chain, IoT, and fog 
computing have emerged as drivers of productivity in the healthcare sector, according to the 
results of the current study. Fog computing has been touted as the important technology for 
low-cost monitoring system, cutting latency and boosting efficiency, while block chain has 
been touted as the important technology for providing protection of private information, 
building a decentralized database, and improving data interoperability. 

Nada Alasbali et al. discussed about Stakeholders' perspectives on block chain integration 
into IoT-based smart cities were examined.This study employed a mixed method design 
strategy with an exploratory study design. Data were gathered by structured questionnaire 
surveys (quantitative) and interviews (qualitative). IBM SPSS was used to analyze the data, 
and it produced thematic analysis, cross-tabulation, Correlation analysis, and ANOVA for 
numerical data. Therefore, future study can examine block chain technology in greater depth 
to a series of decentralized transactions and block chain based that will continue to develop in 
order to realize the smart and wiser goals of an urban automation and control paradise. 
During the next several years, lifestyle importance will increase 

Daniel Minoli et al. [9]discussed in their paper about the Practical Considerations for the 
Integration of IoT Applications and 5G Networks in Smart City Environments.From an IoT 
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standpoint, this is arguably fortunate because many "mainstream" IoT applications will 
support smart city initiatives, smart campuses, and smart buildings. New-generation 5G IoT 
applications, as well as improved mobile internet (eMBB)-based 5G services, are primarily 
driven by the bandwidth need for a variety of Smart City applications. More specifically. 
Additionally, in order for 5G cellular technology to accommodate large data rates, the 
millimeter wave spectrum must be used. Solutions for millimeter wave, however, place a 
necessity on compact cells.This overview paper will discuss a number of practical issues 
related to generation 5 g IoT applications, specifically in Smart City environments, including 
a need for small cells, the transmitting issues at millimeter wave frequencies, building 
penetration issues, the need for Distributed Antenna Systems, and the impending introduction 
of pre-5G IoT technologies like NB-IoT and NB-IoT. LTE-M, which might serve as stand-ins 
for the commercial rollout and adoption of 5G IoT. 

Xuewei Li et al. discussed in their paper about the Refractory Data Prediction Using a Hybrid 
Machine Learning Model Using IoT Smart Cities.In order to give additional theoretical and 
technological assistance for IoT smart cities, they suggest in this article employing machine 
learning methods to anticipate building fire-resistance data. In this research, three inter - 
related machine learning algorithms—Extreme Random Tree (ET), AdaBoost, Gradient 
Boosting Machine (GBM), as well as the grey wolf optimization technique used to analyze 
the fire resistance data of building beam elements in a real fire setting. Optimize. The grey 
wolf algorithm is enhanced, and it is combined with the machine learning model. The GWO-
ET, GWO-AdaBoost, and GWO-GBM are three machine learning hybrid models are made 
up of algorithm. 

Chao Huang et al. [10]they discussed in their paper about the Using the Analytic Network 
Process, Analyze and Evaluate Smart Cities for IoT Depending on Use Cases. There are 
billions of linked gadgets IoT generates enormous amounts of data that are tied to the cloud 
for management, processing, and storage. Sending all data at once using the cloud might put 
your security and privacy at risk. Various smart city requirements should be taken into 
account for In order to meet the demands of the expanding population, we need both quick 
and efficient solutions. To the opposite of IoT innovations and growing technologies have 
greatly different research directions again for smart city have been established. In 
consideration of the smart city's use cases, the planned research outlines the ANP's 
methodology for assessing intelligent cities. The technique was mostly based on the 
established criteria.The choice of smart city may also have a significant impact on how 
people live in the future. The suggested study's experimental findings demonstrate that the 
strategy is successful for assessing the IoT-ready smart cities based on use scenarios. 

3. DISCUSSION  

A technologically advanced urban setting known as a "smart city" employs various electrical 
devices and sensors to gather certain data. In turn, the data is utilized to enhance operations 
throughout the city. Information obtained from such data is used to handle assets, resources, 
and services effectively. To manage and monitor road and transport systems, power stations, 
utilities, water supply networks, garbage, criminal detection, information systems, schools, 
libraries, healthcare, and other community services, data from citizens, devices, buildings, 
and assets is processed and evaluated. Smart cities are those that utilize technology in 
innovative ways while also having effective monitoring, planning, and governing systems. 
The idea of a "smart city" combines information and communications technologies (ICT) 
with numerous physical devices linked to an Internet of Things (IoT) network in order to 
interact with inhabitants and improve the effectiveness of local operations and services. City 
authorities may engage directly both with community and urban infrastructure thanks to 
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big data & the Internet of Things (IoT). By lowering expenses and enhancing services, this 
ultimately improves the quality of life for locals. 

3.2. Government engagement and enhanced citizen: 

Today's citizens demand powerful, user-friendly digital services from their cities. People now 
expect their city to provide them with collaboration tools, contemporary, user-friendly 
websites, smartphone apps, self-service portals, and accessible online accounts. Increasing 
the availability of digital services in local communities improves the quality of life for 
citizens connected to the internet in smart cities. Smart cities benefit from having open access 
to public data, interactive maps, and dashboards tracking government performance, budget 
transparency, live-streamed city council sessions, and a robust social media presence. Civic 
involvement and public confidence in municipal authorities are both boosted by these smart 
technologies. 

3.3. Safer communities: 

A smart city is one that is safer. Criminal behavior can be decreased by utilizing 
technological advancements and seeking private/public collaborations. The use of 
technologies like body cameras, networked crime centers, license plate recognition, gunfire 
detectors, and next-generation 911 gives police enforcement an advantage. Many 
communities have already begun to invest in smart technology to support the development of 
a safer neighborhood. Recently, the City of Detroit collaborated with nearby companies to 
create a linked cloud video platform enables police enforcement to instantly view video from 
corporate security cameras. The outcomes thus far have been notable. 

3.4. Environmental footprint reduce: 

Smart communities are taking action to counteract the consequences of rising greenhouse 
gases, pollution in our seas, and waste on our streets. Cities now have additional instruments 
to reduce their ecological effect thanks to energy-efficient structures, air quality monitors, 
and renewable energy sources. By placing clean air sensors around one city, for example, 
officials can track the peak periods of poor air quality, identify the sources of pollution, and 
receive the data analytics they need to create action strategies. These sensors can set the 
groundwork for lowering air pollution even in the most densely populated places, which 
would undoubtedly save lives given that pollution-related illnesses kill millions of lives 
annually. 

3.5. Transportation Improved: 

According to Smart City press, investments in smart city transportation are predicted to 
increase by over 25% yearly over the next five years. The potential for connected 
transportation systems to significantly improve citywide efficiency is considerable. Smart 
technology enable cities to better serve inhabitants despite frequently quickly rising 
populations, from improved traffic management to the ability for transit users to follow bus 
or train positions.Intelligent traffic lights are one example of a technology that optimizes 
traffic flow and relieves congestion during rush hour. The use of other smart transportation 
technology, including smart parking management, enables communities to tap into new 
sources of income. Because of the decline in traffic, the rise of autonomous cars, and 
effective vehicle routing, there is a chance that more land may be used for development. A 
recent mobile app introduction by the City gives residents access to online payment 
processing, up-to-date bus and train timetables, and real-time vehicle tracking. Residents of 
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Chicago now find it simpler to use the city's transport systems thanks to the app, which is 
compatible with all public transit alternatives. 

3.6. Digital equity increased: 

Smart city technologies have the ability to give residents access to a more egalitarian 
environment. Individuals must have access to inexpensive gadgets and high-speed internet 
connections in order to achieve digital equity. Deployment of open Wi-Fi hotspots can 
provide all citizens with dependable internet access thanks to their smart placement across a 
city. Consider the Municipality of Seattle, which has created a strategy to give skill training, 
guarantee the availability of cost-effective gadgets, and offer reasonable and accessible 
internet connections. 

3.7. New economy development opportunities: 

According to a recent analysis, the capital spending in smart city technologies has a 
significant potential multiplier impact of up to 10, which translates to a gigantic increase in 
growth of gross domestic product (GDP) when cities innovate. Together with local 
governments, many sizable private sector corporations are investing a lot of money in the 
infrastructure and programs of smart cities. Investments in smart cities are becoming more 
and more crucial in boosting cities' regional and worldwide competitiveness to draw in new 
citizens and companies. Businesses are better equipped to make educated decisions using 
predictive analytics from embedded digital city technology by providing an online 
information platform with access all city information. 

3.8. Efficient public utilities: 

Smart technologies are offering cities the tools they need to successfully save and decrease 
the unintentional waste of water and power since there is a finite amount of natural resources 
that can be used to fulfil human demand. Cities can now swiftly locate pipe leaks and repair 
damaged sections in a short amount of time, minimizing the quantity of water wasted. In 
order to more accurately pinpoint periods of high demand and disruptions, smart electric 
grids also enable two-way communication between power suppliers and customers. Smart 
metering technology has been employed in Cape Town, South Africa, to address the city's 
chronic water issue. Customers' water consumption is tracked by its smart meters, which 
transmit the information to their accounts. The daily bill for Cape Town residents then 
includes a breakdown of their water usage. After the commencement of the advanced 
metering pilot project, residential houses noticed a 40–60% decrease in water usage. Smart 
sensor technologies and data analytics have shown to be an effective way to assist save 
precious resources. 

3.9. Improved infrastructure: 

Over the course of their useful lifetimes, ageing roads, bridges, and structures frequently 
require significant maintenance and repair expenditures. Cities may use predictive analytics 
offered by smart technology to find problem areas and address them before an infrastructure 
disaster occurs. Smart sensors may discover tilts or fissures in buildings and bridges, transmit 
data demonstrating detrimental structural changes, and send messages to people informing 
them of the need for inspection or repair. Cities have a huge potential to avert infrastructure 
disasters, which might save tax dollars and lives. 

3.10. Workforce engagement increased: 
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A key requirement for achieving a successful smart city is a highly effective staff. Smart 
technology implementation helps reduce the stress of manual activities that many city 
personnel must deal with on a daily basis. The development of mobile devices, bots, 
autonomous agents, and sensors enables city workers to focus their attention on more 
strategic projects while spending less time on routine manual tasks. By automating laborious 
procedures, providing workers with more possibilities to realize their full potential, and 
improving citizen services, smart cities may alter the working environment. The tremendous 
advantages that linked cities provide are difficult to overlook. However, to achieve uptake 
and success, implementation requires vision, funding, and careful preparation, much like with 
any big metropolitan technology programme. It is, after all, prudent to start taking the initial 
steps toward imagining what your smart city may include. 

4. CONCLUSION 

As the twenty-first century's second decade comes to an end, urban ecosystems are expanding 
as populations continue to move from rural and some suburban areas have developed into 
large metropolitan centers as a result of economic opportunities, demographic shifts, and 
generational shifts. Preferences. By 2050, it is predicted that 70 percent of the world's 
population will reside in cities, and there are now more than 400 cities with a million 
residents. Human life requires social connection. Dynamism is one of the primary forces 
driving urban growth. However, roads, bridges, and other infrastructure are regularly 
decaying, especially in Western Hemisphere cities. 

Even if the notion of a "smart city" is still developing, the following points are already 
obvious: Information and communication technology are used by smart cities to improve 
service levels, citizen wellbeing, sustainability, and economic growth. Given the predicted 
substantial expansion in urban populations so over coming decades, smart city technologies 
can make towns more efficient and effective. As a result, according to BCC Research, 
spending on smart city technologies in North America will rise from $118.5 billion United 
State dollars to $244.5 billion in 2021.Currently, two-thirds of cities have made investments 
in smart city technologies, and more are considering doing so. The reality of smart cities will 
be further cemented by increased federal financing as well as solid relationships with local 
governments or private sector technology companies. By 2050, it is predicted that 
approximately 70% of the world's population would reside in cities. We need to build smart 
cities to make these metropolitan areas more livable and really sustainable, even if certain 
megacities are already failing to handle the present inflow of people. 
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ABSTRACT: A solar tracker is a tool that keeps track of the sun's path through the sky. Solar trackers and 

connected solar panels can follow the sun's rays and provide you with extra green energy. The “dual-axis 

solar tracker” tracks the sun's movement from east to west as well as its angular height position. Dual-axis 

systems operate similarly to single-axis systems, but by spinning their axes along vertical and horizontal axes, 

they are better able to collect solar energy. Solar trackers boost solar cell efficiency and provide their highest 

output. The objective of this study is to make a particular sunlight-based tracker and impart information 

through IoT. This procedure utilizes essential and auxiliary sensors to decide the area of the sun. Sun 

oriented trackers pivot the sun powered authority to follow the sun's course and keep an ideal slant point. 

Photovoltaic (PV) board energy effectiveness is fundamentally expanded by sunlight based global positioning 

frameworks. A computerized sunlight based global positioning framework is planned and created utilizing a 

mechanical construction with a stuff course of action, a "Light Dependent Resistor" (LDR), and DC motors. 

It is carried out utilizing a Sun-Earth Geometry-based Arduino UNO regulator. As indicated by the 

discoveries, an independent sunlight-based GPS beacon is more dependable and successful than a proper 

one. 

KEYWORDS: Dual Axis Solar Tracker, IoT, Renewable Energy, Solar Tracker, Solar Cell. 

1. INTRODUCTION 

Global climate change is now at a crucial point. Both natural and human-caused factors may 
contribute to climate change. Examples of natural climate change drivers include variations in the 
earth's orbit, solar oscillations, and ocean currents. The primary human-caused climate change 
contributors are greenhouse gases produced by human activity. Crop damage and extreme weather 
patterns throughout the globe are examples of natural events that may be utilized to detect global 
warming or climate change. Environmentally friendly power comes from regular assets including 
daylight, wind, downpour, tides, and geothermal intensity. Environmentally friendly power is the 
energy source that is extending the speediest around the world. Environmentally friendly power can 
be effectively and immediately recharged and doesn't exhaust the planet's limited assets. Since it 
permits organizations to gather energy cost speculations and income while diminishing the outcomes 
of environmental change, sustainable power is significant to a country's energy needs [1], [2]. 

Malaysia's primary energy sources in the past have been coal and oil. The government started taking 
these actions when it became clear that coal and oil would no longer be the main sources of 
electricity. It started an initiative to use hydropower, solar energy, and other environmentally friendly 
sources. More over 14,365 GWh, or 19 percentage, of Peninsular Malaysia's total power consumption 
in 2006 came from home energy use in Malaysia. As the requirement for power develops after some 
time, sunlight-based energy offers an answer for those electrical issues. Sun oriented energy is the 
energy gathered from the sun as sun powered radiation. The sun is presently the most abundant and 
dependable wellspring of energy [3]. The sun gives energy, intensity, and light to every single living 
thing. Sunlight based energy is free, doesn't contaminate the climate, and is consistently accessible. It 
is additionally harmless to the ecosystem. The advancement of the sunlight-based tracker is utilized in 
this specific undertaking as a result of Malaysia's heat and humidity, which is sticky and moist the 
entire year. It's memorable's significant that sunlight-based energy enjoys a few benefits and 
inconveniences contrasted with traditional energy source. It is not a question of running out of energy 
sources that is the basic problem with using solar energy. However, given that certain traditional 
energy sources have large environmental emissions, it is a cause of worry. 
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1.1. Solar Tracker: 

An object may be positioned at an angle to the Sun using a solar tracker. The two greatest common 
applications for solar trackers are placing "photovoltaic" (PV) panels or (solar panels) such that they 
continue perpendicular to the Sun's rays and positioning space telescopes to determine the Sun's 
direction [1], [4]–[6]. PV sun powered trackers change the direction of a sunlight powered charger in 
light of the Sun's situation overhead. At the point when the sun powered charger is kept up with 
opposite to the Sun, more daylight enters the gadget, fewer light is reflected, and more energy is 
assimilated, which may later be changed over into power. To decide the Sun's area concerning the 
thing being adjusted, complex hardware is used in sun oriented following. PCs, which can handle 
complex calculations that empower the framework to follow the Sun, as well as identifiers that can 
follow the Sun without a PC by interfacing with a sun powered charger with such a straightforward 
circuit or give data about the Sun’s place to a work area are the most widely recognized parts of these 
instruments. Sunlight based trackers give critical benefits to environmentally friendly power. Sunlight 
based following could increment power age by between 30 percentage as well as 40 percentage. 

The expanded result of force is anticipated to open up new business sectors for sunlight-based energy. 
Be that as it may, there are various significant inconveniences to sunlight-based trackers. A static 
sunlight powered charger can accompany a decades-in length guarantee and need practically zero 
support. Then again, sunlight-based trackers have a lot more limited guarantees and need at least one 
actuator to move the board. Dynamic global positioning frameworks might involve a minuscule 
measure of energy as an outcome of these moving parts, which increments establishment costs and 
diminishes unwavering quality. PC based calculation sun-oriented trackers are more costly, need more 
support, and disintegrate significantly more rapidly than static sun powered chargers since they rely 
upon continually changing electrical parts with parts that might be challenging to fix in moderately 
brief timeframes. Your solar panels may create more solar electricity by following the movement of 
the sun in the sky, like a sunflower, with the help of solar trackers. But the cost of solar tracking 
systems is expensive. Is the greater solar power production worth the solar tracker's higher price tag? 
Installing additional solar panels makes more sense in the majority of circumstances. Everything you 
need to know about solar trackers, including their varieties and whether or not they're a good 
purchase, is covered here. The kind of system determines how a solar tracking system travel. Sun 
tracking systems come in three different varieties: 

• Manual solar trackers 

Human trackers need manual movement of the panels in order to follow the sun all day long [5], [7]. 
This is not always possible since somebody must continuously check the sun as well as move the solar 
panel system around.  

• Passive solar trackers  

When exposed to sunshine, a low-boiling-point liquid used in passive trackers evaporates. The liquid 
evaporating causes the tilt mechanism to become imbalanced. Due to the uneven distribution of the 
sun's rays, the panels slant.  

• Active solar trackers  

In order to alter posture, active trackers use motors or hydraulic cylinders. The PV panels will rotate 
to face the sun thanks to the motors in active trackers [6], [8]. Although this is more practical than 
manual trackers, the motors' moving components might malfunction. This can result in increased 
maintenance costs during the system's lifetime.  

1.2. Solar Tracker founded on which direction they move: 

The direction in which they travel may then be used to further divide up solar trackers. There are two 
types of solar trackers: 
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1.2.1. Single Axis Solar Tracker:  

Single axis trackers keep track of the sun's path from east to west. Utility-scale projects often use 
them. Production may be increased by "between" 25 and 35 percent with a single axis tracker. Sun 
tracker with a single axis. The manner of a system's mobility may be used to categories solar tracking 
systems. These tracking systems include a PV surface that can be tilted and rotated around axes to 
determine the best angle for capturing the most sunlight. Single-axis tracking is the process of moving 
or adjusting the PV surface by rotating around a single axis. Compared to dual-axis trackers, single-
axis trackers will collect less energy per unit, but because of their smaller installation footprint and 
lower racking heights, they will operate and maintain more simply. There are two different kinds of 
single-axis trackers: centralized and decentralized trackers [4], [9]–[11]. A single motor powers a 
driveline between rows in centralized or dispersed trackers, allowing a complete section of panels to 
be moved. One motor is used in each tracking row in decentralized systems. Additionally, there are 
situations where each set of racking has trackers with motors, enabling rows to be more easily 
adjusted during installation and, in certain circumstances, allowing them to track independently of 
nearby modules (Figure 1). 

The expanded result of force is anticipated to open up new business sectors for sunlight-based energy. 
Be that as it may, there are various significant inconveniences to sunlight-based trackers. A static 
sunlight powered charger can accompany a decades-in length guarantee and need practically zero 
support. Then again, sunlight-based trackers have a lot more limited guarantees and need at least one 
actuator to move the board. Dynamic global positioning frameworks might involve a minuscule 
measure of energy as an outcome of these moving parts, which increments establishment costs and 
diminishes unwavering quality. PC based calculation sun-oriented trackers are more costly, need more 
support, and disintegrate significantly more rapidly than static sun powered chargers since they rely 
upon continually changing electrical parts with parts that might be challenging to fix in moderately 
brief timeframes. 

 

Figure 1: Representing the “Single Axis Solar Tracker” [Source sinovoltaics]. 

1.2.2. Dual Axis Solar Tracker:  

As well as following the sun's movement from north to south, this tracker additionally tracks it as it 
makes a trip from east to west. Two pivot trackers are being used all the more frequently in private 
and independent venture sunlight based projects with restricted space to deliver sufficient ability to 
meet their energy needs [1], [3], [6], [12]. A double pivot global positioning framework can 
straightforwardly quantify the Earth's revolution in regard to the sun, which vacillates every year, and 
will reliably give more energy than a solitary hub rendition. A double pivot sunlight-based tracker 
produces 30 to 45 percent more energy than fixed-slant nearby planet groups. Double pivot tracker 
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organization at utility scale is still in its earliest stages, in spite of the fact that it is more run of the 
mill in private and little business applications. Every one of these trackers is put on a solitary raised 
present together on help the more extensive scope of points the introduced boards will accomplish. A 
solitary double pivot tracker might oblige up to 20 boards. 

Higher height makes it harder to reach panels for cleaning. Dual-axis trackers, on the other hand, 
leave the land below available for various uses, like agriculture or even carports, since they have more 
headroom. In spite of the fact that observing frameworks for rooftops are as yet a moderately 
undiscovered industry, they are starting to show up. These rooftop trackers work to some degree 
correspondingly to double pivot trackers and turn on a merry go round style track at the lower part of 
its racking, permitting them to follow the sun more precisely than single-hub trackers do. Double 
pivot trackers can possibly support energy creation by around fourth percentage. Daylight is made out 
of the straight light emission, which incorporates around 90.00% of the sun-oriented energy, and the 
diffuse daylight, which contains the leftover ten percentage. The blue sky is the diffuse part on a crisp 
morning, and it extends proportionately when it is darkened. To augment assortment as the greater 
part of the energy is in the immediate pillar, the sun should be noticeable to the boards however long 
is down to earth. A standard sunlight powered charger switches only 30 over completely to 40 percent 
of the sun-oriented radiation got into electrical energy (Figure 2). 

 

Figure 2: Representing the Dual axis solar Tracker [Source sinovoltaics]. 

Renewable energy is fast overtaking fossil fuels as the price of them varies as an energy source. So, it 
is essential that engineering and technology students understand and respect renewable energy 
technologies at the educational level. One of the most well-known wellsprings of environmentally 
friendly power is sunlight based energy [13]–[15]. A few examinations were directed to decide how to 
expand the effectiveness of photovoltaic frameworks (sunlight powered chargers). One such 
technique is the utilization of sunlight powered charger global positioning frameworks. RTC-based 
sunlight powered charger global positioning frameworks are viable with this innovation. More energy 
might be produced in light of the fact that sun-oriented following empowers the sun powered charger 
to keep an opposite profile to the sun's beams persistently. 

This research is divided into several section like first section is introductory part that gives the 
overview about the topic, and next section is literature review that discussed the different study done 
and this section end with research question. After that methodology of the study is explained with 
the help of various sub section (Design, instrument, data collection and analysis), after the 
methodology section results are discuss on the basis of collection and analysis of the data. Finally 
study end with the conclusion section that gives the final outcome, suggestion and future scope of 
the research. 
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2. LITERATURE REVIEW 

Bhagwan D. V. conducted research to examine the utility and economic feasibility of solar trackers in 
solar photovoltaic systems. Once built, solar panels may provide electricity for many years without 
the need for maintenance. According to the authors the earth revolves around the sun, solar energy in 
modern solar panels is only usable during certain hours of the day. Solar photovoltaic systems are 
examples of such solar energy harvesting devices, to address this problem, solar trackers are utilized. 
[16]. 

Mst Jesmin Nahar et al. that research presents the design and execution of a sun tracker system 
particularly created for PV conversion panels. Depending on the tracking sensor or sunlight detector, 
the recommended single-axis solar tracker automatically adapts. That method also eliminates incident 
sunlight that interferes with sensors in the sunshine monitoring system. A sensor used to accurately 
gauge light intensity is the LDR. The output power of the fixed panel and the automatically adjusted 
panel are 8.289 watts as well as 14.287 watts, respectively, according to the testing findings, 
representative that the automated sun tracking system is 72.450 percent more effective than fixed 
panels [17].  

Amit Chakraborty Chhoton and Narayan Ranjan design the dual axis solar tracking system. That 
research examines the effectiveness of an Arduino-based dual-axis solar tracking device. The primary 
goal of research is to determine whether or not a static solar panel is superior to a solar tracker. The 
hardware and software systems in this study are separated into two sections. Four light dependent 
resistors (LDRs) are employed in the hardware section to identify the sun as the strongest light source. 
The solar panel is moved by two servo motors working together to place it where the LDRs can detect 
the lightest. The software component's code was created using the C programming language with the 
Arduino UNO controller in mind. Higher performance in terms of voltage, current, and power was 
found after examination and comparison of the solar tracker system with fixed or static solar panels. 
As a result, it is shown that the solar tracker is more useful for obtaining the greatest amount of 
sunlight for star harvesting applications. The results indicated that when compared to fixed and single 
axis solar tracking systems, dual-axis solar tracking systems generated an additional 10.53 watts of 
electricity [18].Typically, a solar tracking system moves reflecting surfaces or the solar panel's face to 
track the Sun. Due to more advanced and effective sun trapping technology, solar trackers are being 
employed in both household and commercial-grade solar panels more and more. Dual-axis tracking is 
believed to produce 40 percent higher output via energy absorption and provides for the most precise 
positioning of the solar device. These solar trackers are more costly and complicated, however. 

Research Question: 

• How IoT used for monitoring Dual Axis Solar Tracker? 
• What is the need to monitor dual axis tracker? 

3. METHODOLOGY 

3.1. Design: 

The suggested system aims to create a dual-axis solar tracking system that can follow the sun more 
successfully than the current traditional methods, with reduced maintenance costs and increased 
capacity for power generation, in any weather condition. Solar power facilities need to be 
continuously monitored to generate the most electricity possible. This helps restore efficient power 
generation from power plants while keeping an eye out for broken solar panels, weak connections, 
dust accumulation on panels that hinders operation, and other issues of a similar kind affecting solar 
performance. As a result, we propose in this paper an IOT-based, fully automated system for remote, 
automatic solar power monitoring. To keep track of a solar panel, we utilise an Arduino-based system. 



 

Figure 3: Illustrating the Block Diagram of Dual Axis Solar Tracker for Monitoring Power.

3.2. Instrument Used: 

The Sun tracking solar panel cons
and Micro controller and many more which are shown in Figure in Figure 4:

Figure 4: Illustrating the Components that are used in this System.

3.3. Data Collection and Analysis:

Our device provides data to the IoT system and periodically monitors the output of the solar panels. 
Here, we use IoT to transmit across the internet solar power characteristics to IoT. It now displays 
these parameters to the user with the aid of an effective Graphical user
them when the output falls below predefined thresholds. As a result, the greatest amount of electricity 
is produced, and remote monitoring of solar plants is made very easy. This model contained online 
data displays for temperature, humidity, and other factors, as well as a module for weather forecasts. 
All of these data types are visible in our smartphone app. The solar panels will get an Omni phobic 
coating to save maintenance time and costs by shielding them from harm in wind
conditions. The work is motivated by the need to develop and use a hybrid dual
system with reduced motor power and accurate tracking. In order to steer the motors in the right 
direction, the microcontroller compares the ligh
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Figure 3: Illustrating the Block Diagram of Dual Axis Solar Tracker for Monitoring Power.

The Sun tracking solar panel consists of various component such as solar panel LDRs, servo motor 
and Micro controller and many more which are shown in Figure in Figure 4: 

Figure 4: Illustrating the Components that are used in this System.

Data Collection and Analysis: 

s data to the IoT system and periodically monitors the output of the solar panels. 
Here, we use IoT to transmit across the internet solar power characteristics to IoT. It now displays 
these parameters to the user with the aid of an effective Graphical users Interface (GUI) and alerts 
them when the output falls below predefined thresholds. As a result, the greatest amount of electricity 
is produced, and remote monitoring of solar plants is made very easy. This model contained online 

ture, humidity, and other factors, as well as a module for weather forecasts. 
All of these data types are visible in our smartphone app. The solar panels will get an Omni phobic 
coating to save maintenance time and costs by shielding them from harm in wind
conditions. The work is motivated by the need to develop and use a hybrid dual
system with reduced motor power and accurate tracking. In order to steer the motors in the right 
direction, the microcontroller compares the light intensity and generates the necessary control signals.
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Figure 3: Illustrating the Block Diagram of Dual Axis Solar Tracker for Monitoring Power. 
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Figure 4: Illustrating the Components that are used in this System. 

s data to the IoT system and periodically monitors the output of the solar panels. 
Here, we use IoT to transmit across the internet solar power characteristics to IoT. It now displays 

s Interface (GUI) and alerts 
them when the output falls below predefined thresholds. As a result, the greatest amount of electricity 
is produced, and remote monitoring of solar plants is made very easy. This model contained online 

ture, humidity, and other factors, as well as a module for weather forecasts. 
All of these data types are visible in our smartphone app. The solar panels will get an Omni phobic 
coating to save maintenance time and costs by shielding them from harm in windy and dusty 
conditions. The work is motivated by the need to develop and use a hybrid dual-axis solar tracking 
system with reduced motor power and accurate tracking. In order to steer the motors in the right 

t intensity and generates the necessary control signals. 



 

3.3.1. Algorithm for Tracking:

This technique is used to calculate the solar azimuth and zenith angles. The solar panel or reflector is 
then positioned towards the sun at these angles. Other methods make ad
intensity observations, while others just employ mathematics and astronomical references.

3.3.2. Controlunit: 

The control unit directs the movement of the positioning system and runs the algorithm for tracking 
the sun. 

3.3.3. Positioningsystem: 

The panel or reflector is moved by the positioning mechanism to face the sun at the proper angles. 
Both hydraulic and electrical positioning techniques are available. Encoders, variable frequency 
motors, or linear actuators are used by electrical systems
modify it to perform certain tasks.

Since some years ago, tracking systems for solar panels have been under research. It is preferable to 
have the solar panels monitor the sun's position as 
are always parallel to the direction that the sun is shining. In general, this will maximise the amount of 
electricity that PV systems can absorb. According to estimates, switching to a tracking system from
fixed design may enhance power production by 30.00 percentage to 61 percentage. Despite the rise in 
system cost, the increase is sufficient to make tracking a practical option. The tracking heliostat may 
be electronically controlled by a microcontroller
the sun's location in the sky while it is up. Active control must be used, as well as well
Both automated and user-friendly operation are required. The benefits of a sun tracker are show
Figure 5 with little operator intervention and only when necessary.

Figure 5: Representing the Benefits of Solar Tracker.

This tracker follows the sun not just as it goes from north to south, but also as it moves from east to 
west. Residential and small commercial solar projects with limited space are more likely to use two 
axis trackers so they can generate enough electricit
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Algorithm for Tracking: 

This technique is used to calculate the solar azimuth and zenith angles. The solar panel or reflector is 
then positioned towards the sun at these angles. Other methods make advantage of real
intensity observations, while others just employ mathematics and astronomical references.

The control unit directs the movement of the positioning system and runs the algorithm for tracking 

 

The panel or reflector is moved by the positioning mechanism to face the sun at the proper angles. 
Both hydraulic and electrical positioning techniques are available. Encoders, variable frequency 
motors, or linear actuators are used by electrical systems to track the panel's present position and 
modify it to perform certain tasks. 

4. RESULTS AND DISCUSSION 

Since some years ago, tracking systems for solar panels have been under research. It is preferable to 
have the solar panels monitor the sun's position as it crosses the sky throughout the day. The boards 
are always parallel to the direction that the sun is shining. In general, this will maximise the amount of 
electricity that PV systems can absorb. According to estimates, switching to a tracking system from
fixed design may enhance power production by 30.00 percentage to 61 percentage. Despite the rise in 
system cost, the increase is sufficient to make tracking a practical option. The tracking heliostat may 
be electronically controlled by a microcontroller to orient it normal to the sun. The system must track 
the sun's location in the sky while it is up. Active control must be used, as well as well

friendly operation are required. The benefits of a sun tracker are show
Figure 5 with little operator intervention and only when necessary. 

Figure 5: Representing the Benefits of Solar Tracker. 

This tracker follows the sun not just as it goes from north to south, but also as it moves from east to 
west. Residential and small commercial solar projects with limited space are more likely to use two 
axis trackers so they can generate enough electricity to fulfil their energy demands. Solar trackers are 
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This technique is used to calculate the solar azimuth and zenith angles. The solar panel or reflector is 
vantage of real-time light-

intensity observations, while others just employ mathematics and astronomical references. 

The control unit directs the movement of the positioning system and runs the algorithm for tracking 

The panel or reflector is moved by the positioning mechanism to face the sun at the proper angles. 
Both hydraulic and electrical positioning techniques are available. Encoders, variable frequency 

to track the panel's present position and 

Since some years ago, tracking systems for solar panels have been under research. It is preferable to 
it crosses the sky throughout the day. The boards 

are always parallel to the direction that the sun is shining. In general, this will maximise the amount of 
electricity that PV systems can absorb. According to estimates, switching to a tracking system from a 
fixed design may enhance power production by 30.00 percentage to 61 percentage. Despite the rise in 
system cost, the increase is sufficient to make tracking a practical option. The tracking heliostat may 

to orient it normal to the sun. The system must track 
the sun's location in the sky while it is up. Active control must be used, as well as well-timed motions. 

friendly operation are required. The benefits of a sun tracker are shown in 

 

This tracker follows the sun not just as it goes from north to south, but also as it moves from east to 
west. Residential and small commercial solar projects with limited space are more likely to use two 

y to fulfil their energy demands. Solar trackers are 
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often not worth the extra cost, particularly for home solar systems. The lack of widespread adoption 
of solar trackers in the domestic solar market is due to this. Solar trackers are handy when there isn't 
much room for an installation. Installing a solar tracking system will enable you to generate more 
electricity in a constrained location if you don't have enough room for extra solar panels. Large-scale 
utility or commercial systems may benefit from the usage of solar trackers. Solar trackers may 
possibly quadruple the cost of installing solar panels, although they are quite costly and will improve 
the energy output of the solar panel system. To improve the energy production of the system, adding 
additional solar panels is often less expensive than adding a solar tracker. A solar tracker may be the 
ideal choice for you if you have a little amount of space and are unable to add extra solar panels. 

5. CONCLUSIONS 

When compared to single axis trackers and fixed systems, dual-axis solar trackers are more effective 
in terms of electrical energy generation. Solar power plants can produce more energy thanks to solar 
monitoring systems. The highest energy gain is often produced by an automated solar tracking system 
wherever it is installed. This makes it the most adaptable system since it has a high energy gain and 
can be utilized anywhere. From a global energy perspective, solar trackers are advised since they 
continually enhance the amount of energy gathered. Orienting with two degrees of freedom is 
possible. The position of the DC motors is controlled by an Arduino Uno controller to ensure that the 
DC geared motors create point-to-point intermittent motion. With a computer or mobile device, 
standalone functioning and wireless communication is possible, making the system dependable and 
viewable. A more precise and effective tracking system is ensured using LDR sensors and high 
precision voltage and current sensors. It now uses an efficient application to show the user the sensor 
parameters and notifies the user when the sensor parameters exceed certain limitations. This makes 
remote solar plant monitoring incredibly simple and guarantees the best energy output. 
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ABSTRACT:The demand for electrical energy has grown rapidly in the last few years. As a result, more and 

more substations are being built to handle the increasing load requirements. Electrical power systems must 

be grounded for several technical and safety purposes. Keeping the resistance of the earthing system as low 

as possible allows fault current to flow to earth without interruption. The problem arises due to a lack of 

monitoring of electrical substations such as protection from leakage current and voltage, difficulty to 

analysis fault, difficulty to analysis temperature, and pressure of soil resistivity. This research with Wireless 

Sensor Network (WSN) design and monitoring that is essential when designing an earthing system, standard 

equations are used to obtain the appropriate characteristics, including touch and phase capacitance for 

protection, increased earth capacitance, cable impedance, fault current and soil measurements are included. 

It concluded that the earthing system for the substation is critical to the design of the substation. There are 

many steps to designing a secure and effective grid, and both security and dependability are requirements.In 

the future, every utility company will now have to automate substations to improve their efficiency and to 

improve the quality of electricity being provided as the complexity of the distribution system expands. 

KEYWORDS:Electrical Substation, Earthing System, Grid, Networks, WSN. 

1. INTRODUCTION 

Real-time data is needed by electrical substations for efficient power supply to consumers, 
adaptive power distribution to end users, and increased profitability. Mobile sensors and 
better low-power wireless devices are being developed to meet these demands [1],[2]. Such 
sensing devices enable adaptable, self-healing electrical automation systems that enable tele-
maintenance, tele-protection, and tele-control while monitoring the substation's hardware 
[3],[4]. However, there is still much to learn about how to integrate them into electrical 
substations. All of the above standards will be referred to collectively as the Wireless Sensor 
Network (WSN) standards in the remaining sections of the paper [5],[6]. The effectiveness of 
WSN at electrical substations is dependent on stable communication in the challenging and 
complex impulsive noise environment (INE) of the substation. An understanding of features 
such as wireless channel architecture or link quality information in this type of environment 
is critical for WSN deployment in smart grids [7],[8]. WSNs have been recognized thanks to 
the need for process measurement and advances in wireless technology and electronics. 

A smart sensor network is a term used to describe the technology used to enable the 
development of these systems with these sensors and communication networks [9],[10]. In 
this scenario, it is important to perform local processing, participate in the system and, if 
appropriate, transmit in addition to collecting sensor data. These intelligent sensor networks 
provide more efficient fault detection, monitoring, and other functions, increasing system 
uptime and dependability. As one of the difficulties in the design, development, and 
installation of wireless sensing networks, they can pinpoint locations where electromagnetic 



 

interference may hinder your performance or render it unusable. In these circumstances, 
hybrid networks that combine wired and wireless technologies may be more appropriate.

Since the sensor node can sometimes be located in locations that are inaccessible or 
challenging to reach, these hybrid designs also enable better power management between 
these networks. In some circumstances, the physical link can potentially serve as a 
communication system redundancy 
improvement, it is not possible to monitor the substations being installed and operated 
without establishing a monitoring program using commercially available options. In this 
instance, many problems arise from modifications of the structure to accommodate the 
passage of communication cables 
substations is not being done. After some customers have alerted the concessionaire to a 
problem, the crew must travel t
buried earthing matrices to metal parts of structures as well as equipment, cables connecting 
interconnection neutrals to earthing systems, and
surface are usually components of such effective substation earthing systems are components. 
Potential discrepancies between grounded locations within the substation result from 
lightning arresters trying to ent
of the insulating material, and associated transmission from line to ground
current and distribution. Without a properly constructed earthing system, significant potential 
disparities can arise between different locations in substation construction. 

The primary threat to personal safety exists under specific circumstances, the goals of a 
successful earthing system are: to ensure appropriate human safety to exclude the possibility 
of a fatal electric shock to anyone working on or passing by earth structures. In the event of a 
failure, the touch and phase voltages must be at safe levels. A safe value will not trigger 
ventricular fibrillation by producing enough current in the body. Pro
and dissipate electrical currents under both ideal and fault conditions, without violating any 
operational constraints or adversely affecting service continuity. Provide earthing to protect 
equipment and cables from lightning strike
machinery as in Figure 1. To enhance the functioning of the protective equipment, especially 
at the lowest fault levels, provide such a low resistance that will allow the detection and 
removal of the protective relay ground fault.

Figure 1: Illustrates the External Elements that Might Influence the Installation's 

Risk Profile and have an Impact on the Earthing System.
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interference may hinder your performance or render it unusable. In these circumstances, 
hybrid networks that combine wired and wireless technologies may be more appropriate.

can sometimes be located in locations that are inaccessible or 
challenging to reach, these hybrid designs also enable better power management between 
these networks. In some circumstances, the physical link can potentially serve as a 

redundancy [11],[12]. Without some sort of infrastructure 
ssible to monitor the substations being installed and operated 

without establishing a monitoring program using commercially available options. In this 
instance, many problems arise from modifications of the structure to accommodate the 

tion cables [13],[14]. At present, online monitoring of these power 
substations is not being done. After some customers have alerted the concessionaire to a 
problem, the crew must travel to the area where the problem occurred [15]
buried earthing matrices to metal parts of structures as well as equipment, cables connecting 
interconnection neutrals to earthing systems, and insulating materials protecting the earth's 
surface are usually components of such effective substation earthing systems are components. 
Potential discrepancies between grounded locations within the substation result from 
lightning arresters trying to enter the grounding system grid, excessive heat wave switching 
of the insulating material, and associated transmission from line to ground
current and distribution. Without a properly constructed earthing system, significant potential 

es can arise between different locations in substation construction. 

The primary threat to personal safety exists under specific circumstances, the goals of a 
successful earthing system are: to ensure appropriate human safety to exclude the possibility 

a fatal electric shock to anyone working on or passing by earth structures. In the event of a 
failure, the touch and phase voltages must be at safe levels. A safe value will not trigger 
ventricular fibrillation by producing enough current in the body. Provide a means to conduct 
and dissipate electrical currents under both ideal and fault conditions, without violating any 
operational constraints or adversely affecting service continuity. Provide earthing to protect 
equipment and cables from lightning strikes and surges caused by switching substation 
machinery as in Figure 1. To enhance the functioning of the protective equipment, especially 
at the lowest fault levels, provide such a low resistance that will allow the detection and 

elay ground fault. 

Figure 1: Illustrates the External Elements that Might Influence the Installation's 

Risk Profile and have an Impact on the Earthing System.
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interference may hinder your performance or render it unusable. In these circumstances, 
hybrid networks that combine wired and wireless technologies may be more appropriate. 

can sometimes be located in locations that are inaccessible or 
challenging to reach, these hybrid designs also enable better power management between 
these networks. In some circumstances, the physical link can potentially serve as a 

. Without some sort of infrastructure 
ssible to monitor the substations being installed and operated 

without establishing a monitoring program using commercially available options. In this 
instance, many problems arise from modifications of the structure to accommodate the 

. At present, online monitoring of these power 
substations is not being done. After some customers have alerted the concessionaire to a 

[15],[16]. Earth rods, 
buried earthing matrices to metal parts of structures as well as equipment, cables connecting 

insulating materials protecting the earth's 
surface are usually components of such effective substation earthing systems are components. 
Potential discrepancies between grounded locations within the substation result from 

er the grounding system grid, excessive heat wave switching 
of the insulating material, and associated transmission from line to ground-fault circuits 
current and distribution. Without a properly constructed earthing system, significant potential 

es can arise between different locations in substation construction.  

The primary threat to personal safety exists under specific circumstances, the goals of a 
successful earthing system are: to ensure appropriate human safety to exclude the possibility 

a fatal electric shock to anyone working on or passing by earth structures. In the event of a 
failure, the touch and phase voltages must be at safe levels. A safe value will not trigger 

vide a means to conduct 
and dissipate electrical currents under both ideal and fault conditions, without violating any 
operational constraints or adversely affecting service continuity. Provide earthing to protect 

s and surges caused by switching substation 
machinery as in Figure 1. To enhance the functioning of the protective equipment, especially 
at the lowest fault levels, provide such a low resistance that will allow the detection and 
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The recent liberalization of the power industry has made substation automation even more 
important and necessary for the development of the next generation of modern power grids. 
This research is featured in several sections where the first is an introduction and the second 
section is a literature review and suggestions from previous studies in the context of 
designing electrical substation earthing systems. In addition, the methodology section of this 
study is mentioned where the data in different sub-sections are examined. After that, the 
results and discussion part are discussed where the results are compared with existing data, 
followed by the methods applied in this research. Finally, the conclusion of this research is 
announced where the research results suggest as well as provide future scope. 

2. LITERATURE REVIEW 

Ei Ei Cho and Marlar Thein Oo [17] have explained the simulations for 230 kV substation 
earthing system design and parameter computation.The main objectives are to provide 
knowledge on safe earthing procedures in alternating current substation designs and to 
establish acceptable limits for possible differences throughout normal and fault scenarios. 
The author uses traditional formulas for constructing an earthing system to obtain desirable 
properties, which include touch or step voltage norms for safety.The matrix laboratory 
(MATLAB) software generates the earthing system design results, and although the exact 
fault current level is not specified, it is estimated that the fault current will be 10 times the 
normal current. Finally, earthing systems are important in substations, not only for the safety 
of the workmen or for the characteristics of the soil. 

N. Harid [18] et al. have explained that a remote monitoring program for ground current flow, 
particularly leakage currents, in high-voltage electrical power stations is being designed and 
built. The major objective of the system is to use wireless local area network techniques to 
continually monitor a variety of plants inside a substation.It includes built-in overvoltage 
protections and consumes less power. Such Data Acquisition (DAQ) systems coupled leakage 
voltage and current sensors to transmitter and receiver modules, which were each connected 
to a wireless controller enabling data processing and storage. It has been demonstrated that 
the system can be configured to continually receive data at an 80 kHz frequency response via 
two channels and analyze certain values, such as the peak value of both the leakage current as 
well as the root mean square value. It was concluded that a unique wireless position 
monitoring system was feasible for use in high-voltage electrical power stations. 

Nitin. R. Bhasme and Swapnil. G. Shah [19] has explained the Calculation of its 
characteristics and design of the earthing system of the 400 kV substation. The main 
objective of this work is to develop a safe and economical earthing system for 400 kV 
substations located in uneven terrain. Standard formulas are used in the design of grounding 
systems to achieve desired properties such as minimum conductor size, minimum electrode 
size, maximum fault condition level, and soil resistivity. It was found that choosing the 
appropriate soil resistivity, vertical electrode size, and horizontal conductor length may be the 
safest project option. It was concluded that when developing high voltage substations the 
calculation of phase or touch voltages should be carried out, and the levels should be carried 
out in compliance with predetermined specifications. 

Mohammad Ali Adelian [20] has explained that designing a suitable substation grounding 
system is difficult because there are many factors involved. The main goal of a grounding 
design is to offer a mechanism for protecting electrical currents in both normal and faulty 
conditions. The maximum fault current, grid resistance, as well as step voltage levels shall be 
simulated for proper planning and construction of the grounding grid. It was shown that there 
are several ways to increase and overcome the challenges of earthing systems, including 



 

placing the earthen pits in the right places, always supplying water to the pits, and using 
bentonite powder, soft coal, and black salt. Finally, computer systems have been built to 
make substation grounding design simpler and more accurate.

The above study shows that the proposed designs and build of a remote monitoring system 
for ground currents including leakage currents in very high
substations as well as designing a suitab
there are many factors involved. In this study, the author researched the design of an 
electrical substation earthing system and its monitoring with a WSN.

Research Questions: 

• How to Design an Electrical
• How to Monitor Electrical Substation Earthing System with the help of WSN?

3.1.Design: 

A substation monitoring system, an ecosystem including both hardware and software 
components, can monitor a variety of equipment inc
well as circuit breakers. Distribution and transmission power stations employ substation 
monitoring systems to collect real
substation, along with specialize
monitoring to identify substation failures, tripping, or equipment breakdowns, providing a 
quick response to any such event. The safety and reliable functioning of substation equipment 
is facilitated by the substation monitoring system. The combination of the substation earthing 
system and its monitoring with WSN is shown in Figure 2.

Figure 2: Illustrates the Electrical Substation Earthing System and its Monitoring with 

WSN is used to track and record the physical conditions of the environment and to compile 
the resulting information in one place. WSNs monitor a variety of environmental factors, 
including wind, humidity, noise, pollution levels, and temperature. These are comparable to 
wireless ad hoc systems, as they rely on wireless connections and the emergence of an 
automated network to transmit sensor data wirelessly. WSNs are geographically dispersed 
autonomous sensors that track physical or environmental factors such as current, voltage
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placing the earthen pits in the right places, always supplying water to the pits, and using 
bentonite powder, soft coal, and black salt. Finally, computer systems have been built to 

ounding design simpler and more accurate. 

The above study shows that the proposed designs and build of a remote monitoring system 
for ground currents including leakage currents in very high-voltage electrical power 
substations as well as designing a suitable substation grounding system are difficult because 
there are many factors involved. In this study, the author researched the design of an 
electrical substation earthing system and its monitoring with a WSN. 

How to Design an Electrical Substation Earthing System? 
How to Monitor Electrical Substation Earthing System with the help of WSN?

3. METHODOLOGY 

A substation monitoring system, an ecosystem including both hardware and software 
components, can monitor a variety of equipment including transformers, power switches, as 
well as circuit breakers. Distribution and transmission power stations employ substation 
monitoring systems to collect real-time information on the overall operating condition of the 
substation, along with specialized equipment. The Substation Monitoring Program uses data 
monitoring to identify substation failures, tripping, or equipment breakdowns, providing a 
quick response to any such event. The safety and reliable functioning of substation equipment 

by the substation monitoring system. The combination of the substation earthing 
system and its monitoring with WSN is shown in Figure 2. 

Figure 2: Illustrates the Electrical Substation Earthing System and its Monitoring with 

a WSN. 

and record the physical conditions of the environment and to compile 
the resulting information in one place. WSNs monitor a variety of environmental factors, 
including wind, humidity, noise, pollution levels, and temperature. These are comparable to 

ss ad hoc systems, as they rely on wireless connections and the emergence of an 
automated network to transmit sensor data wirelessly. WSNs are geographically dispersed 
autonomous sensors that track physical or environmental factors such as current, voltage

114 Intelligent Electrical Systems 

placing the earthen pits in the right places, always supplying water to the pits, and using 
bentonite powder, soft coal, and black salt. Finally, computer systems have been built to 

The above study shows that the proposed designs and build of a remote monitoring system 
voltage electrical power 

le substation grounding system are difficult because 
there are many factors involved. In this study, the author researched the design of an 
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temperature, sound, humidity, etc. Each node in a WSN is associated with one or more 
sensors, and their number ranges from a few to thousands. , Each node in a smart sensor 
network typically consists of a microprocessor, a radio transceiver and an external antenna 
connected to it, and an electromechanical device to communicate with the sensor, as well as a 
source of energy that would normally be collected. Is. goes. Integrates energy. All sensors, 
including energy, memory, computing power, and telecommunications bandwidth, are 
affected by resource restrictions on the network, such as size and cost. The WSN topology 
can be as simple as a star network or as complex as a multi-hop wireless mesh network. Two 
possible techniques for networking hop-to-hop propagation are routing and flooding. 

3.2. Instrument: 

In the segment, it is possible to monitor natural or unintentional deterioration over time by 
encouraging state-of-the-art and effective methods and tools for online monitoring and 
diagnosis in Table 1. It will not cause major incidents, which can cause very costly damage to 
electricity providers and users if done early and corrected. It is possible to simultaneously 
prolong the life of the equipment, increase the maintenance schedule, reduce outages and 
reduce the cost of planned repairs. 

Table 1: Illustrates the component used for monitoring of electrical substation with help 

of WSN. 

Sl. Components Working in Wireless Sensor Network 

1. Microcontroller 

Here, the data acquisition procedure is managed by a 16-bit high-
performance, low-power microcontroller with an onboard serial 
connection module. The benefit of using a separate embedded 
system is that it gives the user the freedom to select the 
microprocessor and programming language that best meets the 
specifications of the operation under consideration. 

2. Power Supply 

Solar power is intended to be the system's primary source of self-
power, with energy storage available for nighttime and low-
irradiation functioning. To avoid the need for the replacement 
battery and maintain a steady energy source for continuous 
monitoring of something like the leakage current, electrical 
substation. 

3. 
Wireless 

Transceiver 

This electrical device's primary capabilities are to broadcast and 
receive various signals. The transceiver is a component of the 
network interface card found in local area networks. It can both send 
and receive electrical impulses traveling over the network line. 

4. Circuit Breaker 

A switching device known as a circuit breaker stops the aberrant or 
fault current. It is an electromechanical device that switches on and 
off as well as interrupts the passage of a large magnitude (fault) 
current. The circuit breaker's primary purpose is to close or open an 
electrical circuit, protecting the electrical system in the process. 

5. Memory 

Memory is most commonly used to describe the ongoing process of 
knowledge retention across time. It is a crucial component of human 
cognition because it enables people to recall and make use of prior 
experiences to frame their perception of and action in the present. 
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3.3. Data collection: 

Substation earthing systems are crucial for maintaining the correct operation of electrical 
systems as well as protecting anyone working close to earthed equipment and facilities from 
the risk of electric shock. For good design, reliability, privacy, and legislative duties must all 
be taken into account. In the segment taking the standard value for designing of electrical 
substation system in Table 2. 

Table 2: Illustrates the Constant Values Referred for Design Calculations in the 

Substation Earthing System. 

Sl. No. Parameters Units Symbol Value 

1. Ambient temperature  0C Ta 50 

2. Thermal coefficient of resistivity  - αr 0. 0034 

3. Time of the fault current's flow Sec Tc 1s 

4. Resistivity of substation soil Ωm ρ 202.8 

5. Fault duration time 0. 5s Ts 0. 7s 

6. Maximum allowable temperature 0C Tm 455 

7. Length of one earth rod m Lr 4 

8. Conductor's burial depth m h 0.8 

9. the grid conductor's diameter mm d 36 

10. Reference depth of the grid m ho 2 

11. Conductor spacing m D 8 

12. Resistivity of conductors µΩ/cm ρr 20.5 

13. the material's surface resistance Ωm ρs 2600 

14. thermal capacity factor j/cm³/°c TCAP 4.931 

3.4. Data analysis: 

Analysis of the best earth field potential distribution principles using horizontal earth 
electrodes especially meshes ones with easily controlled surface potentials. Vertical 
electrodes with high touch potential values have the least advantageous potential 
distribution. In contrast, low earthing resistances with constant values that are mainly 
seasonal can be easily achieved using vertical electrodes. The horizontal electrode and 
vertical electrode are combined for low earthing resistance. 

3.4.1. Soil Measurement: 

The substation under investigation is located in areas with extremely low soil moisture 
content and extremely high soil resistivity as a result of the presence of rock beds. For 
reliable estimation of characteristics where there is a large fluctuation in the resistivity of the 
soil, a multi-layer soil model is suggested. When there are two layers of soil, it can be quite 
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difficult to design a substation grounding grid, especially when the resistivity of the soil 
inside the lower layer is higher than that of the upper layer. 

3.4.2. Fault Current: 

Fault current is the term for the flow of an unintended, uncontrolled, high current through a 
power system. Fault current is generated by a very low impedance fault voltage. These may 
be in full phase and may be smaller than the ground. The resulting high current can 
sometimes cause destructive arcs, explosions, and explosions as well as overheating of 
forces, equipment and conductors. Lightning, animals, dirt, garbage, fallen equipment, rust, 
and human error are just a few examples of things that can go wrong.  

The calculation of fault current is based on Ohm's law. 

“I=V/R”, Where current (I) is equal to the voltage (V) divided by resistance (R). 

3.4.3. Calculation Rise of Earth Potential: 

In overhead plus underground three-core cable power distribution networks, a technique for 
calculating the leakage current split between the cable sheathing and the overall mass of the 
earth, as well as EPR and transmitted earth potential enhancement, will be described. The 
fault circuit network within those models will have a ground mat as a separate lumped 
impedance member. These models cannot explicitly calculate the contact and phase voltages 
related to the earth's potential rise (EPR). However, the transmitted EPR can be determined. 

3.4.4. Calculate Overall Impedance: 

The formula below can be used to determine the cable's surge impedance: 

Z0= square root of LC/1000*C*10-6 

Where: 

Zo = Surge Impedance of Cable (Ohms) 

LC = Conductor Inductance (MH) 

C = total capacitance of cable (microfarad). 

3.4.5. Touch potential: 

The tactile potential is the electric charge that is produced when a person's foot comes into 
contact with an active object. This is analogous to the voltage difference between the far 
point and the item. The ability to touch can achieve almost its full potential even when an 
object is grounded somewhere other than when it is in contact with another person. For 
example, anyone who comes close to a crane or its poorly insulated unloading line will be 
exposed to a touch potential, which is approximately equal to the full fault voltage when 
energized with the system in neutral and comes in contact with one of the connections. 

3.4.6. Step potential: 

In case of tower and substation failure, the current will reach the earth. The soil will have a 
uniform voltage distribution based on the distribution of different resistivity (generally, a 
horizontally stratified soil is assumed). Personnel standing too close to the grounding system 
may be at risk of power dissipation in the surrounding soil. Those that move in the direction 
of the voltage gradient may be exposed to potentially harmful voltages. 
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4. RESULTS AND DISCUSSION 

This research demonstrates the utility of a revolutionary wireless position monitoring system 
used in high-voltage electrical substations. The system can be used individually or as a part of 
a multi-sensor network to detect leakage current and voltage across various equipment. This 
was one of the main factors in our initial choice to proceed with this project. Modern 
facilities sometimes depend on regularly received data which is additionally obtained 
manually as they lack the necessary infrastructure to receive real-time data. Therefore, 
sometimes it can be challenging to find out the actual position of the machine. Here, users 
can view the real-time data of the machine regardless of the fault. Earthing system design 
ideas aim to find the right balance between cost, practicality as well as risk management 
while ensuring adequate robustness in design. An analysis is usually required to examine 
interactions between different exposure scenarios, such as contact and phase voltage hazards, 
and the impact of different design specifications on the overall tolerance for exposure to such 
sites and systems. Table 3 Safety protocols, operational requirements, hardware interference 
restrictions, corrosion interference constraints, cost-effectiveness, ability to cheaply and 
effectively monitor primary performance parameters at the time of implementation, 
maintenance, planning, and construction, and to be robust and reliable throughout gives a list 
of. Lifetime, i.e. resistant to common failure modes and easily verifiable for extended 
periods, are some of the concept-building considerations. 

Table 3: Illustrates the Various Component Factor and their Value For Grid 

Construction Design. 

Sl. Parameters Value Symbol Unit 

1. Earth conductor size 793.1 A mm2 

2. The total length of the earth conductor in the switchyard 34405.5 LT m 

3. Step voltage criteria 2103 Estep volts 

4. Maximum mesh voltage achievable 375.18 Em volts 

5. Earth resistance 0.302 Rg Ohms 

6. Touch voltage criteria 650.252 Etouch volts 

7. The spacing factor for mesh voltage 0.385 Km  

8. Maximum grid current 24 Ig kA 

9 The spacing factor for step voltages 0.360 Ks  

10. Earth potential rise 6054.38 GPR volts 

11. Maximum step voltage possible 390.68 Es volts 

5. CONCLUSION 

A key component of substation design is substation grounding, construction must be reliable 
and safe. A safe and efficient grid design involves several processes. Hand calculations can 
be time-consuming and challenging. Calculations and design adjustments can be time-
consuming processes. Computer tools have been developed to make substation grounding 
design more straightforward and accurate. The engineering construction of a grounded 
network in substations is an iterative process that makes it easy to discover ideal techno-
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economic results according to computer-aided design technology. An optimization issue that 
enables the best choice of grounding grid layout, including installation considerations for 
complimentary transmission line electrodes, while also presenting an accepted touch and 
phase voltage to meet the technical requirements of the system and function. Improvements 
in wireless communication and technology as well as the need for process equipment made it 
possible to design the WSN. A smart sensor network is a term used to describe the 
technology used to enable the development of these systems with these sensors and 
communication networks. In this scenario, it is important to perform local processing, 
participate in the system and, if appropriate, transmit in addition to collecting sensor data. 
These intelligent sensor networks provide more efficient fault detection, monitoring, and 
other functions, increasing the dependability and maintenance of the system. 
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ABSTRACT:The construction of a microcontroller-based control system to alter a direct current (DC) 

motor's speed is described in this paper. Without wasting any energy, the power supply to the load of the DC 

motor was managed using the pulse width modulation (PWM) approach. This paper emphasizes the parts 

and construction of this microprocessor circuit and tests the finished circuit. In this study, the pulse changes 

the armature voltage input DC voltage using pulse-width modulation (PWM) using the microcontroller 

program was built. The results show the DC motor's speed is altered and the path of DC motor rotation is 

altered by starting and pushing an interrupt signal to the microcontroller switches. In this paper after many 

literature reviews, the author concludes that the DC motor is driven via a channel it employed a monolithic 

integrated buffer circuit, and additionally, the control circuit has been created and fabricated.The goal of this 

paper is to analyze the effectiveness of the microcontroller by which speed can be calculated effectively. 

KEYWORDS: Direct Current (DC), Motors, Microcontroller, Power, Pulse Width Modulation (PWM). 

1. INTRODUCTION 

Numerous control systems make use of direct current (DC) motors and DC motor speed 
control involves adjusting the motor's driving speed to a value necessary to carry out a task. 
Throughout many control systems nowadays, DC motors are used and DC motor is a solid 
choice for driven by variable speed systems and hybrid stepper applications choice. Since a 
DC motor's torque is considerably high and has a fairly lax speed regulation. Latest 
technology developments in rare earth magnet development Commentator engineering and 
mode manufacturing permanent magnet (PM) dc motor methods with an ironized and 
extremely low-inertia rotor expands its use in many control systems.The stator, which is the 
fixed component of a DC motor, and the rotor, which is the inner revolving component and is 
sometimes referred to as the electromagnet, are its two fundamental components [1], [2].  

A DC motor's speed of the motor is determined by the interplay of the two magnetic fields 
created by the revolving electromagnets in the armature and the stator's stationary permanent 
magnets. The author can control the DC motor's rotational speed by manipulating this 
interconnection. There are several methods for achieving this speed control. Pulse width 
modulation (PWM), is a straightforward and straightforward approach that may be used to 
drive a DC motor by using a sequence of "on" and "off" pulses and adjusting the clock 
frequency of the spikes while maintaining a constant frequency [3], [4]. 

The speed control is controlled by modulating or changing the time of these pulses; 
specifically, the greater the pulse is "on," the greater the motor will revolve, and the smaller 
the pulse is "on," the slower the speed will rotate. As a result, the motor will revolve more 
quickly the larger the sampling rate, the higher the average voltage supplied to the neutral 
wire, the greater the permanent magnet flux inside the stator winding, and the broader the 
pulse width. Technology advancements have made microcontrollers a more advantageous 
chip for controlling diverse electro-mechanical systems. Products and equipment that are 



 

automatically controlled employ microcontrollers. Microcontrollers make it affordable to 
effectively control increasingly more systems a
[6]. 

DC motors often have their excitation temperature and field currents adjusted to achieve 
variable speed. But if the armature voltage can be adjusted, the speed fluctuation range is 
excellent. It is possible to utilize a PWM or chopper circuit to get changeable DC voltage. DC 
motor speed is often managed using PWM. The chopper or PWM circuit, however, is 
particularly difficult to design and construct. This allows for the regulation of the output 
power across the motor's terminals and, therefore, the control of the power provided to the 
motor. When "switching on" and "switching off" are performed quickly back
motor spins between zero and its maximum rated speed at a slower pace. A PWM t
based controller operates in this manner, using a pulse train to turn the motor "on" and "off." 
The motor will revolve slowly while it is briefly "on" and then abruptly "off." The motor will 
rotate at a faster speed, say, almost at full or grand t
majority of the novel and "off" for only a brief period.

A throw type four channel driver IC (L293) was utilized in the driver unit and this transistor
based control signal, dc charging driver is designed to drive 
well as inductive loads like relays, solenoids, DC, and stepping motors. It can take normal 
DTL logic levels. Each combination of channels has an empowering input to make it easier to 
utilize them as two bridges. The logic ha
lower voltage, and intrinsic clamp devices are also included. This device may be used in 
transmitting electricity at up to 7 kHz in frequency. Its output channels can handle currents of 
up to 700 mA each. It has the enable feature 

Step-down transformers, bridge rectifiers, capacitors, and power supply ICs of health 
maintenance organizations (HMOs and 7812 are used in the design of the dc power supply to 
get Electrical output of 5 V and 12 V, respectively. Thr
switching unit and are used to deliver inputs as well as interrupts to the microcontroller's 
different ports respectively.Figure 1 embellishes the microcontroller
DC motor. 

Figure 1: Embellishes the microcontroller

It includes four separate components, a microcontroller, a driving unit, a switching unit, and a 
DC power supply unit. An A8
control unit. Through its intermittent inputs (PB0, PB1, and PB2), it receives input signals 
from the various switches of the switcher unit (SW0, SW1, and SW2) before sending the 
appropriate output ports. The duty cycle of either the voltage Regulator signals is adjusted 
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automatically controlled employ microcontrollers. Microcontrollers make it affordable to 
effectively control increasingly more systems and devices by lowering the size and cost 

DC motors often have their excitation temperature and field currents adjusted to achieve 
variable speed. But if the armature voltage can be adjusted, the speed fluctuation range is 

is possible to utilize a PWM or chopper circuit to get changeable DC voltage. DC 
motor speed is often managed using PWM. The chopper or PWM circuit, however, is 
particularly difficult to design and construct. This allows for the regulation of the output 

ower across the motor's terminals and, therefore, the control of the power provided to the 
motor. When "switching on" and "switching off" are performed quickly back
motor spins between zero and its maximum rated speed at a slower pace. A PWM t
based controller operates in this manner, using a pulse train to turn the motor "on" and "off." 
The motor will revolve slowly while it is briefly "on" and then abruptly "off." The motor will 
rotate at a faster speed, say, almost at full or grand total rated speed, when it is "on" for the 
majority of the novel and "off" for only a brief period. 

A throw type four channel driver IC (L293) was utilized in the driver unit and this transistor
based control signal, dc charging driver is designed to drive switching power transistors as 
well as inductive loads like relays, solenoids, DC, and stepping motors. It can take normal 
DTL logic levels. Each combination of channels has an empowering input to make it easier to 
utilize them as two bridges. The logic has a second supply input that enables functioning at a 
lower voltage, and intrinsic clamp devices are also included. This device may be used in 
transmitting electricity at up to 7 kHz in frequency. Its output channels can handle currents of 

h. It has the enable feature [7], [8]. 

down transformers, bridge rectifiers, capacitors, and power supply ICs of health 
maintenance organizations (HMOs and 7812 are used in the design of the dc power supply to 
get Electrical output of 5 V and 12 V, respectively. Three push-type switchgear are part of the 
switching unit and are used to deliver inputs as well as interrupts to the microcontroller's 
different ports respectively.Figure 1 embellishes the microcontroller-based push switches and 

Figure 1: Embellishes the microcontroller-based push switches and DC motor 

It includes four separate components, a microcontroller, a driving unit, a switching unit, and a 
DC power supply unit. An A8-bit ATmega16 microcontroller serves as the component's 

ts intermittent inputs (PB0, PB1, and PB2), it receives input signals 
from the various switches of the switcher unit (SW0, SW1, and SW2) before sending the 
appropriate output ports. The duty cycle of either the voltage Regulator signals is adjusted 
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automatically controlled employ microcontrollers. Microcontrollers make it affordable to 
nd devices by lowering the size and cost [5], 

DC motors often have their excitation temperature and field currents adjusted to achieve 
variable speed. But if the armature voltage can be adjusted, the speed fluctuation range is 

is possible to utilize a PWM or chopper circuit to get changeable DC voltage. DC 
motor speed is often managed using PWM. The chopper or PWM circuit, however, is 
particularly difficult to design and construct. This allows for the regulation of the output 

ower across the motor's terminals and, therefore, the control of the power provided to the 
motor. When "switching on" and "switching off" are performed quickly back-to-back, the 
motor spins between zero and its maximum rated speed at a slower pace. A PWM technique-
based controller operates in this manner, using a pulse train to turn the motor "on" and "off." 
The motor will revolve slowly while it is briefly "on" and then abruptly "off." The motor will 
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A throw type four channel driver IC (L293) was utilized in the driver unit and this transistor-
switching power transistors as 

well as inductive loads like relays, solenoids, DC, and stepping motors. It can take normal 
DTL logic levels. Each combination of channels has an empowering input to make it easier to 
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transmitting electricity at up to 7 kHz in frequency. Its output channels can handle currents of 
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using ports PB0 and PB1, respectively, while the rotational direction is adjusted using port 
PB2. Guess it depends on the message at port PD5, ports PC0 and PC1 are utilized to 
transmit the instructions for the PN junction of the DC motor. The driver ICs are linked to 
port PD5. 

2. LITERATURE REVIEW 

Hammoodi et al. in their study embellish the functioning of DC motors while considering the 
factors on which the speed depends. After a brief explanation, the PID (Proportional-Integral-
Derivative) controllers are applied to the previously stated motor speed control as an 
electronic controller (PID), which is also known as a DC motor. In this paper, the author 
applied a methodology in which they stated that a Brush DC motor's closed-loop speed 
control is created using the well-known PID control technique. The results show that the goal 
of this study is to build and simulate a novel control system that will automatically depend on 
the PID controller to maintain the speed of the DC motor constant before fluctuations in the 
load. The author concludes that the system was created and put into operation utilizing a DC 
motor [10]. 

Amiri et al. in their study embellish that a geared DC motor's non-linear characteristics make 
an estimation of its parameters essential. In this study, the genetic characteristics of a 
switched Reluctance propeller are calculated. In this paper, the author applied a methodology 
in which they stated that Kirchhoff's law and a numerical solution of the DC motor's shafts 
and gearbox are used to establish the mathematical model. The results show that the geared 
DC motor's parameters are originally calculated via MATLAB. To reduce the inaccuracy of 
the real and simulated angular trajectory recorded by an encoder, the approximated 
parameters are chosen as beginning values for the Genetic Algorithm (GA). The author 
concludes that the different voltages used as the input to the real DC motor and its numerical 
method serve to validate the best-estimated model three-phase phase synchronous motor. It is 
clear from the outcomes and numerical analysis that GA is acceptable [11]. 

Ibrahim et al. in their study illustrate that In addition to starter energy control techniques, this 
paper also discusses how to adjust the electrode and field resistances of a DC motor to define 
the mechanism of speed control.  In this paper, the author applied a methodology in which 
they stated that in this work, a PI controller is used as a donor to regulate the speed of a DC 
motor. The results show the control of Terco DC power input using MATLAB Simulink real-
world data. The author of this paper concludes that the MATLAB simulation circuit is 
roughly identical to those of the real connection [12]. 

In this paper, the author elaborates on the DC motor and its functioning In addition to starter 
energy control techniques, this paper also discusses how to adjust the electrode and field 
resistances of a DC motor to define the mechanism of speed control. In this work, a PI 
controller is used as a donor to regulate the speed of a DC motor. This paper demonstrates the 
control of Terco DC power input using MATLAB Simulink and real-world data. The results 
from the MATLAB simulation circuit are roughly identical to those from the real connection. 

3. DISCUSSION 

Electromechanical methods might be used to regulate the speed of a DC motor. In the past, dc 
drives' speed controls were mostly mechanical and needed substantial hardware put into 
action. The advancement has started these returns to a stance of imposing significance, they 
were supposed to be replaced with AC drives. Some Spinning mills and paper mills 
significantly use hoists, traction, printing, machine tools, and mine winders crushers, mills, 
industrial facilities, and excavators. This is a mechanism that may be used to utilize DC 
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result of an analog signal that is continually changing. In general, this PWM converter has 
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microcontroller using the Ponyprog programmer for this purpose. “Ponyprog is serial device 
programming software that is compatible with Windows 95/98/ME/NT/2000/XP and Intel 
Linux. It has a user-friendly GUI interface”. Its function is to read
devices. It supports the Atmel AVR and Microchip PIC microcontrollers, as well as the I2C 
Bus, Microwire, SPI EEPROM, and SPI. The microcontrollers were programmed using a 
high-speed programming mode in around two seconds. “Like th
programming language, which is of the Flash kind, has a finite lifetime. The AVR 
microcontroller family's Atmega16 Programmer (ISP), which is used to burn the program 
into AVR microcontrollers, allows for up to 1,000 reprogramming without any
damage”. 

3.2.Assessment: 

The systems engineering phase is complete, and the system can be installed at any industrial 
site as a personal network area network if the system operates as the user expects it to and 
completes all jobs quickly and ef
mistakes. The limited resources a programmer has to work with is one of the challenges of 
programming microcontrollers. When opposed to microcontrollers, PCs have almost 
unlimited resources like RAM and processing speed. The code on mobile processors should 
use as few resources as feasible compared to a PC, yet being less expensive and using less 
power makes it a preferable choice 

The code for controlling the functionality of the associated liquid crystal display (LCD) 
module is found in the C file LCD. The code regulates the cursor's movement, properties, and 
placement as well as the startup of the LCD and the printing of data to the LCD. It provides 
the option to string-wise or character
command set is based on the LCD's command set, which is based on Hitachi HD4
titled(), delete(), display() and displaying are all included in this file( ).Figure 3 illustrates the 
different graphs and performance of the dc motor.

Figure 3: Illustrates the different graphs and performance of the dc motor 
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Bus, Microwire, SPI EEPROM, and SPI. The microcontrollers were programmed using a 

speed programming mode in around two seconds. “Like the EEPROM, the 
programming language, which is of the Flash kind, has a finite lifetime. The AVR 
microcontroller family's Atmega16 Programmer (ISP), which is used to burn the program 
into AVR microcontrollers, allows for up to 1,000 reprogramming without any danger of data 

The systems engineering phase is complete, and the system can be installed at any industrial 
site as a personal network area network if the system operates as the user expects it to and 

fectively. If not, the whole procedure is redone to fix the 
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programming microcontrollers. When opposed to microcontrollers, PCs have almost 
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The code for controlling the functionality of the associated liquid crystal display (LCD) 
module is found in the C file LCD. The code regulates the cursor's movement, properties, and 
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Figure 3: Illustrates the different graphs and performance of the dc motor [17]. 
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DC Devices for controlling motor speed have several uses in daily life. It works well in 
robotic motion control, professional office automation, and some home appliances. 
Applications for it in small-scale industries Settings will undoubtedly support a developing 
country's efforts to develop as ours. This created a control system based on a microcontroller 
to alter the claimed speed of just a DC motor in this study will undoubtedly reduce the 
demand for efficiency in settings for small- and medium-sized industries. This circuit's 
functionalities have been located, and the finished circuit has been examined.Figure 4 
embellishes the construction part of the dc motor. 

 

Figure 4: Embellishes the construction part of the dc motor [18]. 

This connection was used to regulate the power of the electric fan. Additionally, it may 
regulate a lamp's brightness, the movement of miniature toys, and a variety of other solutions. 
Due to the use of PWM, power loss in this circuit is negligible as a method for regulating the 
motor's speed. Also, because the transistor is either totally "on" or fully "off", giving it a 
linear kind of control, the catastrophic failure in the switching devices is minimal, leading to 
improved speed stability. Additionally, since the motor's voltage amplitude is constant, the 
motor is constantly operating at maximum intensity. It implies that a considerably slower 
rotation speed may be used without the generator malfunctioning. Table 1 discloses the motor 
speed setting of the dc motor at different points. 

Table 1: Discloses the motor speed setting of the dc motor at different points. 

Motor Speed 

Setting 

Motor Speed 

(RPM) 

Increase 

Motor Speed 

(RPM) 

Decrease 

0 0 0 

1 235 235 

2 346 360 

3 551 559 

4 623 634 

5 669 680 

6 721 732 

7 741 756 

8 845 856 
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There are three operating areas on DC motors and the first is referred known as the constant-
torque range and extends from 0 to the base speed. The capacity to generate maximum torque 
stays constant when the motor voltage rises from zero to base voltage. As the voltage 
changes, motor power rises from zero to rated power. This area is often designated as 
changeable constant torque. This feature of a DC motor made it ideal for use in applications 
that needed to run at different speeds while being fully loaded. Figure 5 embellishes the 
torque of the DC motor and its performance. 

 

Figure 5: Embellishes the torque of the DC motor and its performance [19]. 

The field-weakening (FW) operating range, also known as the constant-power range, is the 
second area. This operating range typically spans a speed that is two or three times higher 
than the basic speed. The motor accelerates when the proportional gain is decreased while 
operating at the operating point (full voltage). As speed rises in this area, power stays 
constant. The torque that can turn the load is reduced to compensate for the speed increase. 
This area is often designated as CP or continual variable torque. 

This field-weakening range is used to run the take-up rollers at the end of a paper mill. The 
machine outputs paper at a set pace. The strain on the spool is least when a fresh roll is begun 
yet it must resolve the quickest since it is at its greatest diameter. The DC motor is now 
operating in its full practice area mode, which results in the lowest torque and highest speed. 
The weight is growing as the roll swells with paper, requiring greater torque to move the 
spindle.  

As the paper roll fills up, the roll diameter grows, and the spindle has to revolve more slowly 
to maintain the roll's linear surface speed at the same rate as the paper machine, the paper 
comes out of the machine at a set pace. The field is reinforced as the roll grows while 
working in the practice area range, which raises torque and lowers spindle speed. Nearly all 
of the machinery in the paper industry that handled rolls of paper were powered by DC 
motors. This was made possible by the field-weakening property. 

The field-weakening range is extended in the third operational range and the range of this 
stretched field weakening is around four to five-fold the basic speed. It becomes more 
challenging for the charge to travel seen between the brush and the synchronous motor when 
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the field is progressively reduced for an even higher speed. When there is excessive crackling 
at the wilderness junction, too much current will flow, which harms both parts. By restricting 
the current going to the brushes at these higher rates, damage may be avoided. Because speed 
is now a factor in both power and torque, this sector is classified as the third area. 

4. CONCLUSION 

A sensor DC motor control system design to alter the direction and the speed of a DC motor's 
rotation is presented in this study. Pulse width modulation (PWM) of the input DC voltage is 
used to change the armature voltage. Changes to the DC motor's rotational direction are made 
by sending an intermittent signal to the microcontroller. The control circuit's PCB was 
developed, and the whole system was put into operation on it. The test results are tabulated 
and demonstrate excellent agreement with the anticipated outcome.This study effectively 
applied the design of a sustainable system to manage the speed and direction of a geared DC 
Motor. The future potential of this paper is due to its ability to adjust speed, DC motors may 
alter their speed, torque, and even rotational direction at any moment to adapt to changing 
conditions. 
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ABSTRACT:The designs of DSPs are appropriate for high-speed digital processing, which is a fundamental 

algorithmic activity. The DSP is an effective instrument for controlling electric motors, and its enhanced 

processing power allows for more motor/motion control versatility.The demand for better performance, more 

connectivity, easier programming, and lower costs has increased the requirements for motor control systems. 

The motor control processor determines the amount and frequency of the motor winding voltage needed to 

drive the motors at the required frequency. Hence the author focusses on the development of digital signal 

processor (DSP) (TMS320C30) of based motor control system. It found that providesreducing costs by 

effective control in all speed ranges, meaning proper sizing of power device circuits. It concludes that the 

DSP controller allows for an intelligent control strategy that can lower system expenses overall and increase 

drive systems dependability.Even though all information in nature and anywhere it is available may be 

viewed as a signals, the future of signal analysis is promising very bright and long-lasting in temporal and in 

other directions. 

KEYWORDS:Digital Signal Processor, Electric, Software, Speed, Motor Control System. 

1. INTRODUCTION 

Approximately half of a electricity used in the United States is used to power electric motors, 
which are frequently excessive for the task at hand [1],[2]. Uncontrolled motor drives do not 
perform well under light loads. The overall cost of ownership can be decreased by using a 
smaller engine with an equivalent or even greater output by switching onto a more effective 
control approach [3], [4]. The motors itself may frequently cost higher than the one it is 
replacing, however this can be offset by greater energy efficiency and the removal of certain 
parts of the system which can be substituted by software [5],[6].Every year, tens of millions 
of electric engines are produced for a variety of uses, including those in office equipment, 
automobiles, appliances, instruments, and factory floors [7], [8]. Government rules and 
customer demands both need motors to be quieter, more effective, and safer. Consumers 
desire more additional features compared to ever before in addition to decreased energy costs.  

Customers are ready to pay more for the advantages that come with feature-rich models, 
particularly when they are aware that these models have lower total ownership costs [9],[10]. 
The main parts of electric appliances like refrigerators and washing machines include electric 
motors. The appliance's overall energy consumption can be decreased by adjusting the 
motor's speed [11], [12]. An input converter, a three-phase power inverters, and the motor 
control circuits make up the core components of a variable frequency AC drive system 
[13],[14]. The CPU can sample motor feedback signals including inverters bus current and 
voltage thanks to an analog to digital converter. The control law determines a fresh estimate 
of the rotor position and determines the PWM duty cycle necessary to provide the necessary 
voltage to the motor.  

The DSP algorithms also conducts diagnostic tasks by keeping track of the motor's current 
and speed as well as the dc bus voltage. With the advent of high performing Digital Signal 
Processors (DSPs), complex control algorithms like flux vector control are now feasible, 
enabling the use of Alternating Current (AC) motors for the same precise motor speed control 
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than DC motors. Conversely, an AC electric motor is less expensive than a DC motor 
because the primary winding are simply put into slots inside the stator laminations, and the 
secondary winding of a stator are made of metal bars that have been cast through into steel 
laminations which thus make up the rest of the rotor.An induction motor requires almost little 
maintenance because it has no brushes or other moving components save the rotor, at 
minimum in the cage form. As a result, in variable-speed situations, AC motors are gradually 
replacing DC machinery. 

1.1.Digital Signal Processor(DSP): 

Signals need to be processed before the information they hold may be seen, studied, or 
converted into another signaling type that could be helpful. Analog products in the real world 
perceive and alter signals such as sound, illumination, temperature, and tension. The real-
world output is then transformed using analog-to-digital conversions into the digital format, 
which consists of 1s and 0s. The electronic information is subsequently gathered and 
processed by the DSP, which takes over. After then, the digital information is used in the real 
world.Another of the two ways it does this is either digitally or analogously, using a digital-
to-analog converters. Everything happens rather rapidly. Through a receiver and perhaps 
other resources, analog audio is supplied into the recording process. This analog signal would 
then be converted into a digital signal through an analog-to-digital converter and transmitted 
towards the DSP.  

The DSP also keeps the file in memory while doing the MP3 encoding. When a file is played 
again, it is taken from memory, decoded by the DSP, and afterwards converted yet again by 
the digital-to-analog converter (DSP) into an analogue signal so that it may be played out 
over the audio system.In a more complex scenario, the DSP would in fact function as that of 
the user interface and control volume. Data from a DSP may be used by computers to run 
functions including security, phone, home theater, and data compression. Signals can be 
condensed to move from one place to another more quickly and efficiently (e.g.during 
videoconferencing, voice and video can be transmitted through phone lines). Signals may 
also be boosted or modified to provide information which humans would perceive 
(e.g.Enhanced diagnostic imaging using a computer or echo cancelling on a smartphone). The 
analogue signal used in real-world telecommunication can be managed, but DSP provides the 
advantages of high speed and precision. 

The present study focuses on the DSP is the ideal motor control system component that 
allows the creation of cutting-edge motor control systems. This research is characterized into 
several sections where the first is an introduction and the second section is a literature review 
and suggestions of previous studies in terms of designing of DSP based of alternative current 
(AC) motors drives system. Furthermore, the methodological section of this study is 
mentioned where the data is examined in the different sub-sections. After that, the results and 
discussion part are discussed where results are compared with the existing data followed by 
the methods applied in this research. Lastly, the conclusion of this research is declared where 
the research gives outcomes as well as future scopes. 

2. LITERATURE REVIEW 

Qiang Fei [15] et al. has permanent magnet synchronous motors (PMSMs) are frequently 
employed in the field of industrial servo controls, especially in high-precision applications. 
According to this study, integrating an MPC with just an angle-based ILC can improve 
PMSM drive systems performance by lowering torque ripple. While effectively minimizing 
periodic velocity fluctuation, the novel control approach that has been presented increases the 
speed reaction time. The results shown that the recommended technique is effective in 
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reducing speed ripple and improving control performance. Finally, it obtains a control 
sequence that is ideal for the upcoming situation and has strong parameter robustness and 
quick reaction. 

Luzheng Bi [16] et al. have explained that a vital part of human-robot collaboration systems, 
the electromyography (EMG) signals is really a biological indication that is widely used to 
predict human motor intentions. Regression and classification methods have been the most 
often utilized in studies involving identifying motor intentions using EMG signals. The 
performance metrics necessary for system validation, the kinematic motion parameters 
derived from the EMG data, as well as the models and techniques utilized in continuous 
motion predictions are all presented.It showed how an automation process could be suitable 
doing repetitive and precise operations in organized contexts but might not be ideal for other 
jobs in unstructured situations that call for quick judgment, adaptability, and flexibility. In 
conclusion, the EMG is directly mapped towards the desired output goal whenever the direct 
estimating technique is utilized to estimate parameters. 

Rogério Thomazella [17] et al. has explained how chatter may produce components that are 
outside of the geometric and dimensional limits or possibly result in irreparable harm, such as 
changes to the toughness and surface quality of the functional decomposition.The objective 
of this study is to present a novel vibration signal processing technique for chatter detection 
during transverse surface grinding with AISI 1045 steel with different grinding wheels. This 
technique is based on the ratio of power (ROP) statistic and the short-time Fourier transform 
(STFT). Applying the ROPSTFT to that same vibration monitoring, it was found that the 
frequencies associated with the chattering are multiple versions of that frequency so because 
harmonic components created by the rotational frequency of a sanding back wheel fluctuate 
as the chatter phenomenon develops. In conclusion, transformation coefficients that are not 
subject to these restrictions, such as the wavelet decomposition, can be used to compute the 
ROP. 

A. Lotfy [18] et al. has explained that as the utilization of controller systems in industry has 
increased, optimization techniques have been used more recently to increase the accuracy and 
performance of these systems. The major emphasis is on using an enhanced genetic algorithm 
to regulate the ideal fuzzy controller settings in order to increase convergence speed and 
accuracy. To create fuzzy controllers as efficiently as possible, a pipeline methodology is 
offered that uses specialized methods to reduce the bit width needed.In contrast to previous 
fuzzy controllers, it showed that accurate performance, high fast convergence, and the like 
advantages in efficient implementations were possible. In conclusion, the effectiveness of the 
clock in some areas of the fuzzy controller is improved by the reasonable increase of 
equipment sources. 

The above study shows the domain of industrial servo control, PMSMs are often utilized, 
particularly in high-precision applications. And also the EMG signal is a biological signal 
that is frequently utilized to anticipate human motor intentions, a crucial component of 
human-robot cooperation systems. In this research, author are develops of DSP based motor 
control system. 

3. METHODOLOGY 

3.1.Research Design: 

In the research design develop of motor control system with help of digital signal processor 
in which modern motors such brushless DC motors, multilevel inverter AC motors, switching 
reluctance motors, and ultrasonic motors are made possible by the integration of motor 
control into contemporary design, motor manufacturing technologies, microelectronics, 
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control circuit, the engine cannot operate by itself.People will naturally wish to control a few 
of these embedded motors. Motor Control: a mechanically motion control system that 
achieves exact position control, variable speed, accelerating control, torque control, and 
quantity of the controlled machinery integrated control using a specified control algorithm. A 
comprehensive motor controller is depicted in Figure 1 and consists of seven fundamental 
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analog motor speed voltage.The employment of speed and position sen
produce system outer loop feedback path is known as a speed and position feedback module. 
An alarm signal is delivered to a DSP, or straight off the power output stage, by a self
protection device, which is a semiconductor device or motors temperatures, current, voltages, 
etc. to identify and monitoring, the fault judgment. To construct a circuit with many more 
cells and improved performance, the motor control microchip has more cells.

Figure 1: Illustrates the working process of Motor Control System with help of DSP.

In the segment taken the component of DSP based motor control system such as signal 
processing microprocessor, power switch, and speed sensor and so on.The term motor control 
refers to the integration of the technologies of motors, sensors, power electronics, 
microelectronics, automated control, and computer applications. A specialized motor control 
chip comes as a result of advancements in microprocessors other signal processors, providing 

ystems with intelligence and enabling integration. Establish a closed 
loop control of a motor, then motor control algorithms controlled mechanical motion, and 
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inputs the desired motion characteristics correspond with the fundamental principles used to 
control engine integration framework. 

3.2.1. Signal Processing Microprocessor: 

The processor is a straightforward chip or logic circuitry that controls the processing unit by 
responding to both input processes and simple commands. In electronic devices such as 
cellphones, embedded systems, laptops, workstations, etc., the CPU is a crucial component. 
Comparator and the control unit are a processor's two most important parts. Depending on the 
need, many types of processors, such as microcontrollers, microprocessors, DSP, embedded 
systems, etc., are available on the market. A digital signal processing unit is a particular kind 
of microprocessor made on integrated circuits made of metal oxide semiconductors. DSPs are 
widely utilized in a variety of applications, including voice recognition, audio signal 
processing, digital image processing as well as telecommunication. 

3.2.2. Speed Sensor: 

The shaft velocity and rotational direction are picked up by the speed sensor. The sensor 
measures speed from a revolving magnet within an AC and DC motors and is fitted to the 
terminal cover of the motor. The speed sensor works on the principle of variable reluctance 
permanent magnet detecting, which involves mounting a cylindrical magnetic materials core 
with such a coil wire wrapped around it to a stationary center carrier, axle crankcase, or back 
plate. This creates a magnetic field (flux) that overlaps the spinning exciter ring.To utilize the 
maximum capability of your tools, you must be able to manage the speed of their motors and 
machines. Giving yourself complete speed control will guarantee that you encounter little to 
no tool noise and consistently produce a flawless machined finish. 

3.2.3. Power Switch: 

An electrical connection from a ground or voltages supply to a load is made possible by a 
power switch. It conserves energy over several voltage rails and safeguards against harm to 
subsystems. Additionally, it reduces the size of printed circuit boards (PCBs) and offers 
increased component safety and inrush current protection. A switch which, when one motor 
has been switched off, is employed to lockout particular electrical current to make sure it has 
been totally de-energized. Not intended to stop the stream from flowing. The power circuit, 
as opposed to the control system, supplies the high levels of voltage and current needed by 
the motor itself. 

3.2.4. Motor Controller: 

The Motor Control is a comprehensive collection of tools, software architecture, and 
documentation created to speed up the creation of C2000 real-time controller-based motor 
control systems for a variety of three-phase motor control purposes. Devices called motor 
controllers govern how an electric motor operates. Motor controllers are typically utilized in 
artificial lift operations to regulate the functioning of the primary mover in combination with 
control panels or variable-frequency drives. 

3.2.5. Software tool: 

Extremely effective C compilers, made possible by 32-bit processors, let programmers 
produce compact object file and leaving optimization to the software program, leaving the 
engineer to concentrate on innovations rather than software design. Motor control developers 
can access a library of motor-specific programming collateral that's also freely downloaded 
through the Internet, spanning a variety of electric motors and both sensor fusion and sensor 
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less control mechanisms, to further speed the software design cycle. Modern integrated 
design environment make it simple and quick to program software for system-specific 
operations. The motor control DSP can operate at full speed thanks to real-time debugging, 
and the debugging environment collects data via the Debug interface to provide the target 
processor more visibility. 

3.3.Data Collection: 

In the segment motor control system with using DSP and their component such as speed, 
frequency, feedback, voltages, and number rotation per minutes (rpm) in Table 1.The motor 
operates at base speed, producing rated horsepower under the voltage and frequency 
specified. Base speed describes how quickly linked equipment will spin at suitable voltage 
and frequency whenever an output shaft is completely loaded. 

Table 1: Illustrates the Component of motor and DSP with their Completes 

Specification. 

S. No. Component of AC Motor Specification 

1 Speed of Motor for (2/4 pole) 3600/1800 rpm 

2 Frequency 50-60 Hz 

3 variable Torque 1800/900 rpm 

4 Voltages 220-240 volts 

5 Current 26.8 amperes 

6 Digital Signal Processor TMS320C30 

3.4. Data Analysis: 

The control of an AC motor has a significant impact on its performance. DSP controllers 
make it possible to control without sensors and with improved real-time algorithms. 
Combining the two results in a system reducing costs by reducing the number of elements 
and improving silicon design.A strong processor, like a DSP controller, supports system cost 
reduction through effective control throughout all speed ranges, which implies proper sizing 
of power device circuitry. performs high-level algorithms because torque ripple is reduced, 
actually results in less vibration as well as a longer lifespan; allows for the decrease of 
harmonic currents utilizing improved algorithms; makes requirements simpler to meet; 
lowers the cost of filters; and eliminates the need for speed or position sensing devices by 
using sensor-less techniques. 

4. RESULTS AND DISCUSSION 

In many sophisticated control applications, the modeling of the electric motors with a proper 
power converters and both speed and position response has gained popularity. A numerically 
rigorous model of each of the components of the systems is required for the participants' 
design but also compensation system. Excitation coil permanent magnetic solenoid by power 
electronically controlled module memory capacitance discharge, finished the closing process, 
and a permanent magnet lock, is the ideal combination of electromagnetic processes and 
permanent magnet mechanisms, and necessitates force-trip functionalities as well as vacuum 
electrical systems really quite close together.More importantly, it greatly improves 
controllability, decentralizes control of time in microseconds from the original mechanical 



 

device into an electrical impulses control microseconds advancement, from the mechanical 
energy storage, energy storage structural excursion progress, and from the mechanical trip 
signal directly trigger activity. It greatly reduces t
reliability of response times, accuracy, and having to run. It found that DSP performances for 
motor controls offers control algorithms. DSPs have had the speed capability to 
simultaneously monitor and operate the 
changes in the system's behavior in real time.

The modern motor is an electric motor with an electronic control component that naturally 
unite to form an organically whole, a system. Without the controller,
operate on its own. People naturally want to manage some of these embedded motors. Motor 
Control to accomplish exact position and velocity, speed control, accelerating control, 
electromagnetic torque, and quantity of the controlled 
specified control algorithm and a controlled mechanical mobility control system.The term 
Motor Control refers to the integration of the technologies of motors, sensors, power 
electronics, microelectronics, automated co
advancements in microprocessors and signal processors, specifically, specialized motor 
control chips have been developed, providing motor motion control systems with intelligence 
and enabling integrated action.

4.1. Application of DSP in Different Sector:

It serves as the brain of systems for digital signal processing. Special purpose 
microprocessors known as digital signal processors are designed to process real
These transmissions have unacceptable del
DSPs are currently increasingly common because of their programmability. It enables both 
hardware and software solutions to the issue, allowing the very same DSP chip to be utilized 
in a wide range of applications by simply altering the program that is stored in the DSP's 
memory locations (Figure 2). 

Figure 2: Illustrates the various application of digital signal processing in different 
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device into an electrical impulses control microseconds advancement, from the mechanical 
energy storage, energy storage structural excursion progress, and from the mechanical trip 
signal directly trigger activity. It greatly reduces the transmission connections, improves the 
reliability of response times, accuracy, and having to run. It found that DSP performances for 
motor controls offers control algorithms. DSPs have had the speed capability to 
simultaneously monitor and operate the system. A dynamic management algorithm adjusts to 
changes in the system's behavior in real time. 

The modern motor is an electric motor with an electronic control component that naturally 
unite to form an organically whole, a system. Without the controller, the motor is unable to 
operate on its own. People naturally want to manage some of these embedded motors. Motor 

to accomplish exact position and velocity, speed control, accelerating control, 
electromagnetic torque, and quantity of the controlled machinery embedded controller using a 
specified control algorithm and a controlled mechanical mobility control system.The term 

refers to the integration of the technologies of motors, sensors, power 
electronics, microelectronics, automated control, and computer applications. Due to 
advancements in microprocessors and signal processors, specifically, specialized motor 
control chips have been developed, providing motor motion control systems with intelligence 
and enabling integrated action. 

Application of DSP in Different Sector: 

It serves as the brain of systems for digital signal processing. Special purpose 
microprocessors known as digital signal processors are designed to process real
These transmissions have unacceptable delays, such as when a computer controls a satellite. 
DSPs are currently increasingly common because of their programmability. It enables both 
hardware and software solutions to the issue, allowing the very same DSP chip to be utilized 
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5. CONCLUSION 

A deformation detecting gadget, a controller, a separation device, a power amplifier, and a 
computer system make up the motor control scheme. A crucial component of the motor 
controlling system is the DSP controller, which is in charge of having to process the motor's 
displacement feedback signal and producing a control signal that directs the advancement of 
the motor. The motor is controlled by a DSP controller with an event management module 
that is especially suited for motor control and features a straightforward hardware and 
software architecture. The control software is essential for ensuring that the motor correctly 
performs the desired movement. The full control software, including the main program, the 
displacement motors for zero readjustment subroutine, multipurpose timer periodic interrupt 
subroutine, and serial interface communications techniques and subroutine.After the control 
program's design was complete, the paper performed tests to demonstrate the viability of the 
control program. The experiments drew motor sports throughout displacement and exercising 
time into the curve, which was then successfully controlled. Modern DSP-based three-phase 
ac motor control is still quite successful on the market, both in mature industrial automation 
industries as well as in more recent developing areas like household appliances, office 
automation, and automobiles. The management of time-sensitive activities, such as the 
production of Pulse width modulation or the real-time interfacing to rotor location 
transducers, is handled by specialized hardware units, which is necessary for the efficient and 
economical operation of these machinery.On the other hand, a DSP core's quick 
computational power makes it ideal for handling the entire control algorithm and computing 
new voltage instructions for the motors in software. Especially compared to earlier hardware 
methods, embedding the control method in software has all the benefits of simple updating, 
repeatability, and ease of maintenance. 
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ABSTRACT: In contrast to the natural intelligence shown by people and animals, artificial intelligence is the 

intelligence demonstrated by robots. Global difficulties in the energy industry include increasing 

consumption, efficiency, shifting supply and demand patterns, and a lack of analytics necessary for effective 

management. In developing market countries, these problems are more serious. The goal of this paper is to 

highlight the key artificial intelligence (AI) technologies utilized in the power system where conventional 

approaches will not be able to catch up with all operating and dispatching conditions. In addition, a short 

explanation of each technology discussed in the chapter's application of the power system is provided. For 

resolving various issues in power systems, such as control, planning, scheduling, forecasting, etc., AI 

approaches have gained popularity. Modern huge power networks with even more interconnections 

developed to accommodate rising load demand may use these strategies to handle challenging jobs. Many 

aspects of power system engineering have benefited from the use of these methodologies. 
KEYWORDS: Artificial Intelligence, Fuzzy Logic, Power Station, Power Systems, Thermal Power. 

1. INTRODUCTION 

An electric power system is a collection of electrical parts used to generate, transfer, and 
consume electricity. Power systems engineering is a branch of electrical engineering that 
focuses on the production, transmission, distribution, and use of electric power as well as the 
electrical components related to such systems, such as transformers, motors, and generators. 
The intelligence shown by machines and software, such as robots and computer programs, is 
sometimes referred to as artificial intelligence [1]. The phrase is often used to a project that 
involves creating systems that have human-like cognitive abilities, such as the capacity to 
reason, locate meaning, generalize, discriminate, learn from the past, and correct errors. A 
hypothetical machine or computer with artificial general intelligence (AGI) is intelligent if it 
can effectively complete any intellectual task that a human being [2]. 

Due to the ever-increasing energy consumption and the expansion of the present electrical 
transmission networks and lines, the contemporary power system functions near to its 
limitations. It is important to continually examine the system states in a much more detailed 
way than previously necessary in order to operate the power system and control system with 
less conservatism in this condition [3]. Power system planning, operation, diagnostics, and 
design are now tough challenges that must be solved using sophisticated computer 
technologies. Among these computer technologies, artificial intelligence has been more 
popular recently and has been used in a variety of power system applications. 

Artificial intelligence (AI) has the ability to improve power system operation, maintenance, 
control, planning, and plan execution, as well as reduce energy waste, decrease costs, and 
hasten the adoption of clean renewable energy sources in power grids worldwide. AI is so 
strongly related to the economical, clean, and renewable energy needed for development [4]. 
If properly implemented, the introduction of AI-managed smart grids will have a positive 
impact on the electricity industry. Additionally, AI puts the client back in the spotlight by 
linking electricity producers, grid managers, and end users so that they may all be linked and 
better serviced. Additionally, it must be noted that AI is used to lessen the environmental 



 

effects of thermal power plants, enhanc
effectively in terms of sending electricity to the grid 

Electrical grids that enable two
powered by AI. Smart grids have an information layer incorporated in them that enables 
communication between its many parts so they can react more quickly to changes in energy 
consumption or emergency circumstances 
made possible by this infor
installation of smart meters and sensors. Machine learning, the Internet of Things, and other 
approaches are ideally suited for their analysis and usage given the size and variety of these 
data sets [7]. This analysis may be utilized for a number
finding in meters, predicting the need for maintenance, monitoring the quality of sustainable 
energy, forecasting renewable energy, and using the most recent developments in ICT (ICT). 

The use of AI, data analytics, the 
connection between computer devices has already begun in the electricity industry in 
industrialized nations. These batteries are used to store excess solar or wind energy during 
periods of low energy demand 
wind energy by analyzing vast volumes of meteorological data pertaining to sun intensity and 
utilizing this data to forecast and decide when to collect, store, and distribute wind or solar 
energy. Additionally, AI is included into smart grids to assist in balancing th
supply. In order to lessen grid congestion and energy curtailment, this technology examines 
the system both before and after absorbing intermittent units. 

Customers may immediately communicate with their control systems, such as thermostat
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system applications mirror the capabilities of expert systems in areas including decision-
making, knowledge archiving, and problem-solving using logic, heuristics, and judgment. 
Expert systems are particularly helpful for these issues when a lot of data and information has 
to be handled quickly [12]. 

Applications of AI in the Power Industry Along with real-time maintenance and the 
determination of optimum maintenance plans, fault prediction has been one of the principal 
uses of artificial intelligence in the energy industry. AI with the right sensors may be helpful 
to monitor equipment and discover faults before they happen in a sector where equipment 
failure is widespread and can have serious repercussions [13]. This can help to save 
resources, money, time, and lives. In order to support the spread of less dependable 
renewables, geothermal energy, which produces consistent energy production, is being 
considered as a possible source of baseload power (the bare minimum required to be provided 
to the electrical grid at any given moment).  

The effectiveness and dependability of geothermal power plants have been improved via the 
application of IoT and AI, according to study by Toshiba ESS. For instance, issues that might 
possibly cause plants to shut down are predicted using predictive diagnostics, which are made 
possible by rich data. Using IoT and AI, preventive measures like chemical agent sprays to 
prevent turbine shutdowns are improved in terms of amount, composition, and time. In a 
nation like Japan, which has the third-largest geothermal resources in the world, such 
advancements are crucial, particularly in light of the falling prices of rival renewable sources 
like solar electricity [14]. 

Automation in the workplace and at home is increasingly influenced by AI. Every year, more 
research is done on power systems, and AI is increasingly being used to make them smarter. 
Power systems are influenced by geographic, meteorological, and other variables. The 
introduction of new technologies, changes in technology, the transmission and distribution of 
energy, and other elements are all important to the operation of the electric grid. Every nation 
and state needs power, thus if energy is required, it must be delivered in a reliable, 
dependable, or pleasant way [15]. Electrical power systems, electronics, industrial 
applications and instruments, and construction are just a few of the industries where machine 
learning is becoming more prevalent and will likely continue to do so. AI is playing a bigger 
role in daily life, including automation in the home and workplace.  

Every year, more research is conducted on power systems, and now, AI is being utilized to 
make power systems smarter. Power systems are determined by geography, climate, or any 
other local factors. The adoption of new technologies, the updating and modifying of 
equipment and technology, the transmission and distribution of energy, and other elements 
are also important to the power system [16]. Consistency, which was only established using 
discrete techniques, particularly outdated ways of ML in the power system not being able to 
satisfy this same possibility of essential loads study and the cost analysis, is the key 
component of power distribution planning and design described in this work. The expenses of 
upkeep and operation may rise as a consequence of ML, often known as AI. Huge truly 
understand this, a ton of study has to be done. 

2. DISCUSSION 

Artificial intelligence has emerged as one of the most cutting-edge technologies used in a 
variety of fields in the twenty-first century. The United Arab Emirates was the first nation in 
the region and the whole globe to introduce an AI strategy, proving that the Federal 
Government's strategic goals would inevitably include AI. AI has been included into the 
development plans of many nations, including China, the USA, the UK, and France. The 
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primary driver for AI adoption is the integration of several industries, including healthcare, 
energy and renewable energy, finance, water, education, and the environment [17]. The 
present chapter explores the many elements of AI in power systems. Because the currently 
used conventional procedures do not contribute to accurate findings or accurately portray the 
system's actual state. Artificial intelligence is the exhibition of intellectual processes and the 
capacity for reasoning and thinking as in humans via the use of computers and software 
development systems. The production, transmission, distribution, and use of electrical power 
as well as a variety of electrical equipment are all covered under power system engineering. 
The introduction of renewable energy sources makes it challenging for established 
methodologies, due to their complexity, to portray various situations. For its calculation, 
diagnosis, and learning, power system analysis requires the handling of a complex, diverse, 
and sizable quantity of data. Computers and other advanced technologies make it possible to 
manage the challenging problems associated with power system planning, operation, design, 
and troubleshooting [18]. From this point forward, AI helps manage the complex and 
enormous data handling system and provides an accurate and timely report to help make the 
best option for addressing power system challenges and improving power systems. 

2.1.Power Systems:  

A network of electrical devices used to provide, transfer, and utilise electric power makes up 
an electric power system. Electrical engineering's subfield of power systems engineering 
deals with the production, distribution, and use of electricity as well as the electrical 
equipment attached to such systems, such as motors, generators, and transformers [19].  

2.2.Artificial Intelligence:  

Artificial intelligence is often understood to be the intelligence shown by machines and 
software, such as robots and computer programs. The phrase is often used when discussing 
the creation of systems that have the mental faculties and traits that separate humans from 
other animals, such as the capacity to reason, generalize, make distinctions, draw lessons 
from the past, and correct errors. In general, it refers to devices or software that have the 
capacity to make judgments independently of their operator. 

2.3.A Power Station: 

An industrial facility for the production of electricity is also known as a generating station, 
power plant, powerhouse, or generating plant. The majority of power plants include one or 
more generators, which are revolving machines that transform mechanical energy into 
electrical energy. An electrical current is produced by the movement of a conductor in 
relation to a magnetic field. The majority of power plants throughout the globe produce 
electricity by burning fossil fuels including coal, oil, and natural gas [20]. While some still 
utilize nuclear power, more and more people are turning to cleaner renewable energy sources 
including solar, wind, wave, and hydroelectric power. A network of electrical devices used to 
provide, transfer, and utilise electric power makes up an electric power system. There are 
three different kinds of large power plants that are recognized for producing a lot of 
electricity: a. thermal power plants; b. hydro power plants and Nuclear power facilities. 

2.3.1. Thermal Power Plants: 

A power plant that converts heat energy into electric power is called a thermal power station. 
The turbine is steam-driven in the majority of locations across the globe. Steam is created 
when water is heated, and the steam turbine it spins then powers an electrical generator. The 
steam is returned to where it was heated after passing through the turbine and condensing in a 



 

condenser; this process is known as a Rankines cycle 
electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 
fuel power plants, which account for a significant portion of all human
to the atmosphere, are many and diverse. 

Figure 2: Illustrate the processing of the Thermal Power Plants 

2.3.2. Hydro Power Plant

Hydropower, often known as waterpower, is energy that comes from falling water or quickly 
moving water that may be used for productive purposes. In a hydroelectric power plant, we 
utilize the flowing water's gravitational pull to drive a turbine that is connected to an electric 
generator to generate energy. Due to the usage of water, a sustainable form of energy, to 
create electricity, this power plant is crucial in safeguarding our finite supply of f
massive turbine's blades are spun by the force of the water being forced from the reservoir 
through the dam. The generator that generates power while the turbine rotates is attached to 
it. The water then flows back into the river on the other
after passing through the turbine.

Figure 3:Illustrate the processing of the Hydro Power Plant 

Intelligent Electrical Systems

condenser; this process is known as a Rankines cycle [21]. In addition to producing 
electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 

ower plants, which account for a significant portion of all human-made CO2 emissions 
to the atmosphere, are many and diverse.  

Figure 2: Illustrate the processing of the Thermal Power Plants 

Hydro Power Plant: 

Hydropower, often known as waterpower, is energy that comes from falling water or quickly 
moving water that may be used for productive purposes. In a hydroelectric power plant, we 

water's gravitational pull to drive a turbine that is connected to an electric 
generator to generate energy. Due to the usage of water, a sustainable form of energy, to 
create electricity, this power plant is crucial in safeguarding our finite supply of f
massive turbine's blades are spun by the force of the water being forced from the reservoir 
through the dam. The generator that generates power while the turbine rotates is attached to 
it. The water then flows back into the river on the other side of the dam, as seen in Figure 3, 
after passing through the turbine. 

Figure 3:Illustrate the processing of the Hydro Power Plant 

143 Intelligent Electrical Systems 

. In addition to producing 
electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 

made CO2 emissions 

 

Figure 2: Illustrate the processing of the Thermal Power Plants [22]. 

Hydropower, often known as waterpower, is energy that comes from falling water or quickly 
moving water that may be used for productive purposes. In a hydroelectric power plant, we 

water's gravitational pull to drive a turbine that is connected to an electric 
generator to generate energy. Due to the usage of water, a sustainable form of energy, to 
create electricity, this power plant is crucial in safeguarding our finite supply of fossil fuel. A 
massive turbine's blades are spun by the force of the water being forced from the reservoir 
through the dam. The generator that generates power while the turbine rotates is attached to 

side of the dam, as seen in Figure 3, 

 

Figure 3:Illustrate the processing of the Hydro Power Plant [23]. 



 

2.3.3. Nuclear Power Plant

A nuclear power plant is a thermal power plant where a nuclear reactor serves as the heat 
source. Nuclear power stations generate electricity by heating water to create 
plants that burn coal, oil, and natural gas. After that, the steam drives turbines to generate 
power. Like in typical thermal power plants, the conversion of energy to electrical energy 
happens indirectly. In a nuclear reactor, the fission c
Depending on the kind of reactor, the coolant might be liquid metal, gas, or even water. The 
steam generator subsequently receives the reactor coolant, which warms water to create 
steam. The multistage steam turbine is
leftover vapour is condensed in a condenser after the steam turbine has expanded and partly 
condensed the steam. A secondary side, such as a river or a cooling tower, is linked to the 
condenser, which is a heat exchanger. The cycle then restarts with the water being pushed 
back into the steam generator. The Rankine cycle seen in Figure 4 and the water
are equivalent.  

Figure 4:Illustrate the processing of the Nuclear Power Plant 

As clean, affordable, and dependable energy is crucial to growth, the application of AI in the 
power industry is now expanding to developing nations, where it might have a significant 
influence. By imparting power industry expertise to AI software business
may eventually be solved. When appropriately constructed, AI systems may be especially 
helpful in automating repetitive and organized operations, freeing up people to address 
tomorrow's power concerns. Energy availability is fundamental to
significant barrier to growth that affects livelihoods, gender equality, health, education, food 
security, and poverty reduction is the absence of access to electricity, which affects one 
billion people, especially in Sub
Development Goals is for everyone to have access to cheap, dependable, and sustainable 
modern energy (SDGs).  

But unless new ideas and cutting
challenges that afflict developing nations, from a lack of adequate power production to 
subpar transmission and distribution infrastructure to cost and environmental issues, it will 
remain simply a goal. Additionally, complicated problems for power generation, 
transmission, distribution, and consumption in all countries are brought about by the 
diversification and decentralization of energy production, the introduction of new 
technologies, and shifting demand patterns. The adoption of clean, renewable energy sources 
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A nuclear power plant is a thermal power plant where a nuclear reactor serves as the heat 
source. Nuclear power stations generate electricity by heating water to create steam, much as 
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in power systems throughout the globe might be facilitated and accelerated with the help of 
artificial intelligence (AI), which also has the potential to reduce energy waste and costs. 
Power system planning, management, and control may all be enhanced by AI. Thus, the 
capacity to offer clean, affordable energy that is necessary for development is intimately 
related to AI technology.  

2.4.Artificial Intelligence Techniques: 

Artificial Neural Networks: Artificial Neural Networks are thought-process-inspired systems 
that use a network of neurons to transform a collection of inputs into a set of outputs. As a 
result of inputs, each neuron generates a single output. When the requirement for pattern 
categorization and pattern recognition emerges in real-world applications, these systems are 
utilized. 

Application in Power Systems: They are useful for finding answers to issues appearing in 
power production, distribution, and transmission since they are built to conduct biologically 
based evaluation of problems as a result of their fundamental architecture. ANN's may find a 
solution based on the limitations of a realistic transmission system, taking into consideration 
elements like environmental conditions and other unbalancing aspects. 

Fuzzy Logic: Fuzzy systems, often known as fuzzy logic, are logical frameworks for 
formalizing and standardizing approximative reasoning. With the capacity to generate precise 
answers from specific or even approximative knowledge and data, it is comparable to human 
decision-making. Fuzzy logic uses reasoning that is comparable to human thinking. The way 
the human brain functions is via fuzzy logic, allowing us to employ this technology in robots 
to make them function something like humans. Fuzzification improves the capacity to 
represent complicated issues at low or moderate solution costs by enhancing expressive 
power, generality, and modeling capabilities. Fuzzy logic permits a certain degree of 
ambiguity during an analysis. Fuzzy logic is helpful in many applications since this 
ambiguity may describe the information that is accessible and reduce the complexity of the 
task. Fuzzy logic is appropriate for use in many aspects of power systems when there is 
ambiguity in the available information. 

Application in Power Systems: It is possible to employ fuzzy logic while developing the 
actual parts of power systems. They can be applied to anything, including tiny circuits and 
enormous mainframes. They may be used to boost the effectiveness of the parts used in 
power systems. Due to the fact that most of the data utilized in power system analysis are 
approximations and assumptions, fuzzy logic may be very helpful in producing results that 
are reliable, precise, and devoid of ambiguity. 

Expert Systems: An expert system converts a human expert's knowledge in a specific, 
constrained field into a form that can be used by machines. Expert systems are computer 
programs that are knowledgeable and skilled in a certain topic. The procedural portion of the 
program's knowledge is often saved independently, and it may be stored in a variety of ways, 
including rules, decision trees, models, and frames. They are also known as rule-based or 
knowledge-based systems. Expert systems employ knowledge and interface mechanisms to 
address issues that are beyond the scope of human intelligence and expertise.  

Applications in power systems: Writing the codes for expert systems is easier than actually 
calculating and predicting the value of parameters used in generation, transmission, and 
distribution since expert systems are essentially computer programs. Being computer 
programs, any changes may be made with ease, even after the design has been completed. 
Virtually, these quantities may be estimated, and more study can be done on density B or 
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magnetic field strength, which is represented by the symbol 0H, to improve the process' 
efficiency. When separating compound units, such as "A•m2," use the middle dot.”With the 
introduction of technologies like AI-managed smart grids, the future of the power industry 
seems bright. These are electrical networks that enable utility and customer interaction in 
both directions. Smart grids have an information layer incorporated in them that enables 
communication between its many parts so they can react more quickly to changes in energy 
consumption or emergency circumstances. Data gathering, archiving, and analysis are made 
possible by this information layer, which was made possible by the widespread installation of 
smart meters and sensors. Synchrophasors, also known as phasor measuring units (PMUs), 
are another crucial component of the contemporary smart grid. They make it possible to 
measure and align data in real time from various distant spots on the grid. Better grid 
management is made possible by the creation of a current, accurate, and integrated picture of 
the complete power system. These smart-grid components, when combined with robust data 
analytics, have enhanced the dependability, security, and effectiveness of energy transmission 
and distribution networks.  

AI methods like machine learning are best suited for their analysis and usage due to the 
enormous amount and varied structures of such data. Numerous uses for this data analysis 
include defect detection, preventive maintenance, power quality monitoring, and forecasting 
of renewable energy sources. Smart metering has become more common because to 
advancements in information and communications technology (ICT), cloud computing, big 
data analytics, and artificial intelligence. Smart meters are widely used, and sophisticated 
sensor technology has resulted in the quick generation of enormous volumes of data. New 
techniques for data storage, transport, and analysis are required. For illustrative purposes, one 
million smart meters put in a smart grid would produce over 35 billion data at a sampling rate 
of four times per hour. 8 Although EM countries have not yet adopted smart grids to the same 
extent as developed economies, a few of EM nations have started the process. These include, 
among others, Brazil, China, nations of the Gulf Cooperation Council (GCC), Malaysia, 
South Africa, Thailand, and Vietnam.  

2.5.Current Application Of Ai In Power Systems: 

Many issues in power systems cannot be resolved using traditional methods since they 
depend on conditions that aren't always attainable. Artificial intelligence approaches are the 
sole and apparent solution under these circumstances. Application areas for AI in power 
systems include:  

i. Human employees have long been replaced by machines for hazardous and highly 
specialized tasks, such as live maintenance of high-voltage transmission lines.  

ii. Access to cramped areas like cable viaducts and cooling pipelines, operation in risky 
conditions like radioactive places in nuclear reactors, and accurate placement of 
measuring equipment.  

iii. Expert systems use the interface mechanism and knowledge to address issues that are 
either too complex or impossible for human ability and intelligence to address. 
 

3. CONCLUSION 

This paper goal is to showcase the key artificial intelligence (AI) technologies that are 
employed in the power system to handle operational and dispatching tasks when conventional 
approaches fall short. Additionally, a short summary of each technology covered in the 
chapter along with its precise application of the power system is provided. Additionally, by 
regulating voltage, stability, power flow, and load frequency, these techniques enhance the 
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efficiency and productivity of the power system. Additionally, it enables network control 
over things like size, location, and device and equipment management. The automation of the 
power system makes sure to enable network security, management, and problem diagnostics. 
To employ AI for planning, monitoring, and control of the power system, the right AI 
approach must be found. The paper will conclude by briefly highlighting the sustainable 
aspects of employing AI in power systems which helps for better understanding related to AI. 
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ABSTRACT: An artificial neural network (ANN) generally consists of hundreds to millions of units, also 

known as artificial neurons, organized in a hierarchy of layers. To make sense of the data it is fed, ANN 

utilize a variety of mathematical processing levels The problem due lack of process control in industry such 

aspoor quality, a high return ratio, a higher failure rate, and process management problems all occur 
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1. INTRODUCTION 

In order to simulate how the human brain functions, artificial neural networks (ANNs),a form 
of artificial intelligence and a method for interpreting communication were created. It is made 
up of several, intricately intertwined processing units, known as neurons that cooperate to 
address certain issues. [1], [2]. The weights and architecture of the connections determine the 
performance. The training process is a type of learning that modifies the human mind for a 

, such as data categorization or pattern recognition [3], [4]. Neuronal 
connections are changed as a result of learning[1],[2]. Neural networks (NN) can vary in 
terms of how their neurons are linked, the precise calculations they do, how they 
communicate activity patterns all through the network, and how quickly they learn. 

Figure 1: Illustrates the Purpose of using Neural Network models in Process Control 
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ANNs have been used to solve a growing number of challenging real-world situations [7], 
[8]. Their greatest strength is in tackling issues that are too difficult for traditional 
technologies, issues for which there is no algorithm answer or one that is too sophisticated to 
be found [4],[5]. The ANNs can recognize patterns and signal properties even when there are 
noisy signals present. They can also learn from a limited number of unusual events and 
generalization their findings. ANNs can represent nonlinear systems because they are 
intrinsically nonlinear. The purpose of using neural network models stem from their ability to 
in Figure 1. 

The present paper is a study about the ANN network to process control in many industry. 
This study is divided into several sections, the first of which is an introduction, followed by a 
review of the literature and suggestions based on previous research. The next section is the 
discussion and the last section is the conclusion of this paper which is declared and gives the 
result as well as the future scope. 

2. LITERATURE REVIEW 

Guangyu Robert Yang and Xiao-Jing Wang [6] has explained how ANNs are crucial machine 
learning technologies that are receiving more and more attention in the field of neuroscience. 
The author explains how to adapt the analysis, architecture, and learning of ANNs to better 
handle a variety of difficulties in brain research with an emphasis on bringing this 
mathematical formulation closer to neurobiology. The author of that instructional primer 
introduces ANNs and shows how they have been successfully used to investigate 
neuroscientific issues. It was found that machine learning may be used to analyze the massive 
amounts of large data generated by innovative neuro technology in the areas of brain connect 
omics, transcriptomic, and neurophysiology. Finally, it may be said that ANNs are a popular 
type of model system within neuroscience. 

Naceureddine Bekkari and Aziez Zeddouri [7] has explained how modeling wastewater 
treatment plants (WWTP) is a crucial tool for regulating a process's functioning and 
forecasting how well it would work in the presence of significant influent changes. The main 
aim to anticipate the wastewater Biological Oxygen Demand performances of Touggourt 
WWTP more than a ten-month period using an ANN approach with feed-forward back-
propagation (CODeff). It is required to build the assessment method of water quality criteria 
in order to produce any functional evaluation for water resources planning or management. 
An architectural networks, hyperbolic sigmoid tangent activating parameters at the hidden 
layer, linear activation parameters at the output layer, and the Levenberg-Marquardt 
technique as the supervised learning produced the best results. In conclusion, the ANN 
modeling technique can offer a useful tool for simulating, regulating, and forecasting WWTP 
performance. 

Mahmoud I. Awad [8] et al. have explained a response function or profiles of interest is used 
to characterize a system's typical behavior, and fault diagnosis is the discovery of any 
divergence from that normal behavior. In that study, a data-driven method based on 
multidimensional statistical process control and ANN characterization is presented for fault 
identification in complex systems. In that method, a system's quality is assessed based on 
how well one interpretivist approach can be described using an ANN model in relation to the 
other variables. It was observed that Hotelling T2 control charts were used to track the ANN 
model's vectors of weights and biases. Finally, it allows decision-makers lead flexibility and 
time to control structural system circumstances, giving them a considerable competitive and 
financial edge. 
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have explained how thermoplastic items with complicated geometry 
and close dimensional accuracy are frequently mass-produced via injection molding.With the 

mold temperatures and pressure transducers, the author has created an ANN
ntinuous fault detection method. Both the multilinear linear regression (MLR) and 

ANN procedures was created using real-time data, despite the fact that the ANN model 
outperformed significantly better than the Logistic regression. The ANN approach improves
accuracy of roughly 98.34% and a considerable determination coefficient (R2) around 
91.37%. Finally, various quality features of injection moldings may be simply modified for 

based continuous fault detection system. 

et al. have explained an overview of real-world uses for neural 
networks. The research has presented ANN application issues, contributions, performance 
comparisons, and approach criticisms. It rates ANN contributions, contrasts results, and 
criticizes approaches. It was found that artificial neural networks with feedforward and 
feedback propagating were more effective when applied to solving human issues. In 
conclusion, future research can concentrate on merging ANN models within one network
wide application rather than using a single technique. 

The above study shows the how MWTP is a crucial tool for regulating a process's functioning 
and forecasting how well it would work in the presence of significant influent changes. In this 
study, the author discusses the neural networks architectures for process control.

3. DISCUSSION 

A wide range of issue fields, including computer science, finance, medical, engineering, 
mathematics, etc., have seen the effective use of ANN. The capacity of neural networks to 
approximate arbitrary functions is the primary justification. Numerous findings over the past 
30 years demonstrate that feedforward networks, a type of ANN, with a single hidden layer 

on at any time.  

Figure 2: Illustrates the Schematic Diagram of a Typical Neural Network 

Architecture or topologies is a crucial component of neural network design since it is directly 
tied to generalization abilities.In certain instances, utilizing a fully connected networks and a 
set of provided methods, the total number of neurons is determined by registering as many as 
152 convergent functions, subsequently simulating every one of these functions to determine 
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the number of neurons that would cause the least amount of error. The function that creates 
the fewest errors out of the 152 functions is ultimately selected. The deep neural network's 
number of neurons and hidden layers may be searched using the hyper-parameter search 
method either manually or automatically.A schematic representation of a typical neural 
network is shown in Figure 2. The connectivity lines are the pathways via which information 
moves between the neurons, as well as the circles are indeed the processing neurons. The 
neurons in the boxes are merely storage units for the net's inputs. Each processing neuron 
carries out a calculation that transforms inputs into outputs and contains a modest amount of 
memory. The transfer function of the neurons is the name of the calculation. The transfer 
function is made up of algebraic or difference equations and can be either nonlinear or linear. 
There are three layers of neurons within the network depicted in the figure: input, hidden, and 
output. 

3.1. Neural Networks Architectures for Process Control:  

There are many different forms of networks, but nodes are their common element in all of 
them. Links between layers the nodes is the smallest component of a network. Every node 
takes signals from connections, processes them using a combination functional, and then uses 
a transfer function to transform them into an output signal. Weighted linkages join each of 
these nodes together. These weights, which may be modified by various learning rules, serve 
as the neural network's long-term memory. Depending on the issue at hand, several network 
topologies plus learning techniques are employed.Determining a set of parameters or weights, 
for the neural network during learning or training entails producing the desired behavior. 
Several network designs are detailed in the section that follows. By looking at their 
topologies, networks may be split into two primary categories: Feedforward Networks and 
Recurrent Networks. 

3.1.1. Feedforward Networks:  

It is a non-recurrent networks with processing units organized into layers, all of which are 
connected to the nodes of the layers below. There are various weights attached to the 
connection. The signal can only move in one direction, between inputs to output, due to the 
absence of feedback loop. The most popular model up to this point has been feedforward 
neural networks. The multi-layer networks is their most prevalent configuration. In essence, 
they provide a static mappings of given inputs to outputs. It can be demonstrated that a 
network containing two hidden layers may accurately approximate any non-linear 
function.The backpropagation algorithm, which really is essentially a call to the gradient 
descent technique, is typically used to identify connection weights, i.e. learn. The discrete 
time histories of system inputs and outputs may be utilized as network input variable target 
values to create multilayer feedforward neural networks (FNN) for simulating system 
dynamics. Similar to nonlinear input-output models, which have been frequently used during 
control engineering and telecommunications equipment, the network functions as a nonlinear 
mapping. The learning procedure uses repeated training patterns made up of input vectors and 
associated target values to phonate the mapping. 

3.1.2. Recurrent Networks:  

When feedback interconnections are added, a neural network transforms into a dynamic 
system. In the instance of continuous-time networks, differential equations for nodes may be 
used to explain network activities, whereas differential equations can be utilized in the 
instance of discrete-time networks. Recurrent networks were utilized in a variety of models 
and learning techniques. Asynchronous computation is used in the construction of discrete 
time recurrent networks, which means that all new outputs are computed after the operations 
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of all nodes have been assessed and used the networks as well as the neurons' most recent 
inputs and outputs. The architecture of fully linked recurrent neural networks is arguably the 
most open.They may represent any basic repeating DT structure, including feedforward 
structures. However, because of the network's topology, a discrete temporal delay appears 
(the minimal delay depends on how the method is actually implemented). This temporal 
delay enables the detection of process delays, typically referred to as a priori in feedforward 
systems, which, if there are enough neurons, may be readily addressed in recurrent networks. 

3.2. Process Modelling via Artificial Neural Networks: 

There have been several ANN designs developed, but the "feedforward" ANN (FANN) is the 
one that is most often used. Cybenko asserted that a FANN made up of two hidden layers as 
well as a fixed continuously nonlinearity may arbitrarily well approximation any continuous 
function on the compact set.According to this work, a FANN may be used to work with 
different types of nonlinear interactions. This remark consequently has a lot of consequences. 
Due to this, only FANNs will be the subject of further debate. Nodes, which resemble 
neuronal structures, make up a FANN. Layers are used to arrange these nodes. 

3.3. Network Training and Validation: 

The architecture of the network must be determined before employing the neural network 
technique to create a process model.When establishing a connection to a network with a 
certain topology, the established convention is applied. If a FANN includes three input 
neurons, two hidden regions with five to nine neurons apiece, and two output neurons, it is 
referred to here as network.The presence of two neurons in each layer, ten neurons through 
one hidden layer, and one neuronal throughout the output layer qualifies a FANN as a 
networks. These input-output data pairs are repeatedly introduced to the network after its 
inputs, outputs, and topologies have been established. When entering the network, data were 
scaled there at input feature vertices to give a well-conditioned problem.  

Therefore, once the data has now been carried forward across the network, the internal 
weights are modified to decrease the squared error between the outputs that were measured 
and those that were produced by the network. The mistake can be minimized by 
implementing any suitable optimization technique. The spread of back mistakes, as one 
example. This contribution's main focus is on the chemotaxis methodology; it includes details 
on the procedures and a comparison of them to the back - propagation learning 
technique.Information data is divided into testing and training sets during network training. It 
follows the "train-test-validate" technique. Classification models are used to determine the 
network weights, whereas test data collections are used to evaluate the network technique. 

3.4. Internal model control (IMC): 

A process model is created that makes an output forecast model-based control strategy. The 
inverse of the model is the controller Q(s). Consequently, the model inversion is really not 
physically realizable for the majority of situations of practical significance. For instance, the 
inverse model would need to know the future inputs if the process included a temporal delay. 
Every system with non-minimum phase properties would have an unstable or unfeasible 
inverse. The controller is chosen to provide the class of linear controllers with the lowest 
squared error. Unfortunately, one such design is not resilient in the sense that inaccuracies in 
the expected parameters may result in a severe deterioration or even the possibility of an 
unstable management.To solve this issue, the model inverse is given a filter Fe(s), resulting in 
an optimum controller with resilient behavior in the presence of model uncertainty. The 
models employed in IMC are often linear approximations of a real system, which is typically 



 

nonlinear. Therefore, whenever the process changes operational circumstances, it has a 
significant downside. The linear approximation's characteristics from the prior state are 
frequently incorrect in the current state. Even if the 
ideal. As opposed to a linear IMC, a neural network model captures the nonlinearities of the 
operation and should therefore be valid across a wider working range.

3.5. Manufacturing Process Control:

The disadvantage that most industrial processes experience is that their operational 
parameters are often fixed and do not allow for online modifications. Whenever processing 
parameters are prone to change and there are outside disruptions, as is typically the case in 
industrial processes, the preset numbers should indeed be changed.As was previously said, 
the manufacturing procedure is time, unpredictable, intricate, and unexpected. Variability and 
lack of certainty can be reduced when they are brought on by factors that app
our control, such as erroneous machine configurations, inconsistent commodity measurement 
techniques and concentration, inaccurate measurements, and deterioration of procedure 
device equipment, the exception being non 
process conditions and, consequently, product quality would result from reducing their 
influence. However, it might be challenging to quantify these controlled characteristics live, 
making it challenging to evaluate the effects 
environment in this condition, operational parameters must be changed or managed 
continuously online, which calls for accurate, trustworthy models of the process. This is due 
to the fact that, absent accurate knowledge 
control scheme which has been developed based on this uncertainty cannot be maintained to 
an acceptable degree. A controller, an actuator, a sensor component, and a feedback 
component make up a general manag
receives the measured and predicted signals from the feedback component. 

Figure 3: Illustrates the method of providing feedback for creating a process controller 

In accordance to the error characteristics, the controller's duty is to change
signal. As just a result, the performance of the controller has a significant impact on how 
effectively the controlling system for the design and manufacturing functions overall. The 
effectiveness of the actuators and sensor that will be emplo
Even when the controller was constructed in a way that best reflected the processing 
parameters, the control performance could not be assured unless these were properly 
developed or chosen.The biggest challenge in indust
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nonlinear. Therefore, whenever the process changes operational circumstances, it has a 
significant downside. The linear approximation's characteristics from the prior state are 
frequently incorrect in the current state. Even if the control is steady, it still falls short of 
ideal. As opposed to a linear IMC, a neural network model captures the nonlinearities of the 
operation and should therefore be valid across a wider working range. 
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the manufacturing procedure is time, unpredictable, intricate, and unexpected. Variability and 
lack of certainty can be reduced when they are brought on by factors that app
our control, such as erroneous machine configurations, inconsistent commodity measurement 
techniques and concentration, inaccurate measurements, and deterioration of procedure 
device equipment, the exception being non - linearity and rather than complexity. Enhancing 
process conditions and, consequently, product quality would result from reducing their 
influence. However, it might be challenging to quantify these controlled characteristics live, 
making it challenging to evaluate the effects of them.To respond to changes in the 
environment in this condition, operational parameters must be changed or managed 
continuously online, which calls for accurate, trustworthy models of the process. This is due 
to the fact that, absent accurate knowledge of the process parameters, the efficiency of the 
control scheme which has been developed based on this uncertainty cannot be maintained to 
an acceptable degree. A controller, an actuator, a sensor component, and a feedback 
component make up a general management system incorporating feedback. The controller 
receives the measured and predicted signals from the feedback component. 

Figure 3: Illustrates the method of providing feedback for creating a process controller 

with assistance ANN [10]. 

In accordance to the error characteristics, the controller's duty is to change
signal. As just a result, the performance of the controller has a significant impact on how 
effectively the controlling system for the design and manufacturing functions overall. The 
effectiveness of the actuators and sensor that will be employed for control is equally crucial. 
Even when the controller was constructed in a way that best reflected the processing 
parameters, the control performance could not be assured unless these were properly 
developed or chosen.The biggest challenge in industrial controller design is the lack of 
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Even when the controller was constructed in a way that best reflected the processing 
parameters, the control performance could not be assured unless these were properly 

rial controller design is the lack of 
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frequently available reliable process dynamics models. The absence of physical models 
makes it challenging to develop a process controller, and using traditional control approaches 
is essentially unworkable. These are two generally acknowledged techniques for creating 
process controllers in this context. One is to make some assumptions about the process 
mechanisms and phenomena and then approximating the precise dynamics of the 
mathematical formula.It is possible to develop all model-based control approaches, including 
adaptive, optimum, predictive, durable, and many more, using the process model which has 
basically been developed in this way. These techniques include classic controllers such time-
delay control. 

3.6. Application of Process Control: 

The several application of process control in different field are categorized as: 

3.6.1. Machining Process:  

Given that it enables process parameters to somehow be altered in real time in response to 
drastically fluctuating process circumstances, adaptive control has in fact been seen as a 
particularly promising techniques in the field of machining. To do this successfully, a process 
model is required for the method's continuous feedback control. As a result, Azouzi and 
Guillot created a monitoring system based on neural networks. Dimensional deviation (DD) 
and surface finish were two product attributes that are calculated and controlled using two 
network approaches (Ra). The goal of this method neurological paradigm is to offer a new 
mathematical model for the elements needed for optimization, which reduces the cost of 
machining. One such model indicates the = [DD, Ra] evolves by estimating the DD and Ra. 

The quality model output ~ x (t) = [DD, Ra]. 

This method makes use of a hybrid network model made up of a multilayer perceptron and a 
Kohonen combination of features. The necessity to stop memory degradation caused by 
dispersed gathering and dissemination inside the majority of contemporary feedforward 
neural networks drives the implementation of this type of network structure. This 
feedforward neural model frequently only properly depicts the process behavior adjacent to 
the most operational computational input, partially ignoring the process activity in remote 
locations. 

3.6.2. Arc Welding Process: 

High-strength welds would be produced using automated welding.Several research efforts 
have been launched in order to accomplish this. Online management of the weld form, 
including breadth and penetration, is one of these efforts. The shape, breadth, and penetration 
of a weld pool typically impact the quality and endurance of the weld. Because these 
geometrical factors are difficult to monitor while welding, a substitute has been utilized that 
monitors surface temperatures close to the torch area because surface temperature 
distributions is a good indicator of the geometry of a weld pool.Lim and Cho can determine 
the size of an immediate weld pool using this temperature data, which is not possible 
otherwise. The weld pool size is shown by PS on the process control system, while Ti 
represents the ith location's temperatures.To learn from feedback failures, the technique only 
employs two neural networks: one for calculating the size of a molten material and another 
one for the feedback forwarding controller. The error backward propagating approach is used 
to train the multilayer perceptron connections. The total input T is defined by since this 
architecture primarily uses the inverse kinematics of something like a welding operation: 

$.(�) = $/(�) + $0(�) 
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Where f seems to be the feedback control input while N is the network-generated control 
signal. In actuality, any of the traditional controllers might be utilized. The following weight 
adaption equations are used to adjust the NN controller's weights: 

	12(� + 1) = 	12(�) + 345(�)�2(�) 

45 = $0(�)*(!��5(�)) 

3.6.3. Semiconductor Manufacturing:  

Many operating input and output and many output variables interact intricately throughout 
semiconductor manufacturing operations. Particularly poorly understood is the extremely 
nonlinear low-pressure plasma etching technique known as reactive ion etching, or RIE. In 
this case, an emulator (identification) as well as an inverse neural modeling controller make 
up the neural network control scheme. The command structure. For the sake of simulation, it 
is assumed that a q-step ahead models, as defined by: 

$(�) = �(�0(�)) 

The chamber pressure vectors at sampling interval t consists of,where g represents the 
relationship between the u and pf's functional parts: 

�0(�) = {�0(6 + �), … . , �0(1 + �), �0(�)} 

The g function is written away by: 

�8�09 = �  :
;

:<5
	: 

The weight wi is determined by using the unipolar binary number Ai: 

	:(� + 1) = 	:(�) + =	: , i=1, 2…N 

4. CONCLUSION 

An increasingly prominent method for modeling issues is artificial neural networks. Without 
making any a priori assumptions about the model form, models can be produced.Then, these 
models might be used in a range of model-based processes control methods. Internal model 
manipulation is very well suited for neural network implementation. The both systematic 
approach and the inverse systems approach may be learned by a neural network. Although 
neural networks have now been utilized for many years for process control systems, they are 
still uncommon in industry. With tremendous success, this technique has been used in a 
variety of sectors.The technology can be more extensively implemented without mystery to 
resolve a number of the most troublesome process control issues with the right training to 
raise the curtain on the technology. The idea of the measurement and control space is crucial 
to creating neural network models. The multidimensional boundaries known as measurement 
space are established by that of the measurement range from each input, which represents one 
dimension. The input vector is a collection of inputs. Control space is a subset of 
measurement space, as well as the training's input vector data records' point vector 
distributions determines its bounds and form. It suggests that models may be built from data 
using artificial neural networks. Neural networks have demonstrated to be particularly 
resilient to modeling mistakes in early findings of its usage in process control. Once one 
process model is established, it may be applied in a variety of ways to enhance the 
functioning of the process. 
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ABSTRACT: In contrast to the natural intelligence shown by people and animals, artificial intelligence is the 

intelligence demonstrated by robots. Global difficulties in the energy industry include increasing 

consumption, efficiency, shifting supply and demand patterns, and a lack of analytics necessary for effective 

management. In developing market countries, these problems are more serious. The goal of this paper is to 

highlight the key artificial intelligence (AI) technologies utilized in the power system where conventional 

approaches will not be able to catch up with all operating and dispatching conditions. In addition, a short 

explanation of each technology discussed in the chapter's application of the power system is provided. For 

resolving various issues in power systems, such as control, planning, scheduling, forecasting, etc., AI 

approaches have gained popularity. Modern huge power networks with even more interconnections 

developed to accommodate rising load demand may use these strategies to handle challenging jobs. Many 

aspects of power system engineering have benefited from the use of these methodologies. 
KEYWORDS: Artificial Intelligence, Fuzzy Logic, Power Station, Power Systems, Thermal Power. 

4. INTRODUCTION 

An electric power system is a collection of electrical parts used to generate, transfer, and 
consume electricity. Power systems engineering is a branch of electrical engineering that 
focuses on the production, transmission, distribution, and use of electric power as well as the 
electrical components related to such systems, such as transformers, motors, and generators. 
The intelligence shown by machines and software, such as robots and computer programs, is 
sometimes referred to as artificial intelligence [1]. The phrase is often used to a project that 
involves creating systems that have human-like cognitive abilities, such as the capacity to 
reason, locate meaning, generalize, discriminate, learn from the past, and correct errors. A 
hypothetical machine or computer with artificial general intelligence (AGI) is intelligent if it 
can effectively complete any intellectual task that a human being [2]. 

Due to the ever-increasing energy consumption and the expansion of the present electrical 
transmission networks and lines, the contemporary power system functions near to its 
limitations. It is important to continually examine the system states in a much more detailed 
way than previously necessary in order to operate the power system and control system with 
less conservatism in this condition [3]. Power system planning, operation, diagnostics, and 
design are now tough challenges that must be solved using sophisticated computer 
technologies. Among these computer technologies, artificial intelligence has been more 
popular recently and has been used in a variety of power system applications. 

Artificial intelligence (AI) has the ability to improve power system operation, maintenance, 
control, planning, and plan execution, as well as reduce energy waste, decrease costs, and 
hasten the adoption of clean renewable energy sources in power grids worldwide. AI is so 
strongly related to the economical, clean, and renewable energy needed for development [4]. 
If properly implemented, the introduction of AI-managed smart grids will have a positive 
impact on the electricity industry. Additionally, AI puts the client back in the spotlight by 
linking electricity producers, grid managers, and end users so that they may all be linked and 
better serviced. Additionally, it must be noted that AI is used to lessen the environmental 



 

effects of thermal power plants, enhance their functionality, and allow them to function more 
effectively in terms of sending electricity to the grid 

Electrical grids that enable two
powered by AI. Smart grids have an information layer incorporated in them that enables 
communication between its many parts so they can react more quickly to changes in energy 
consumption or emergency circumstances 
made possible by this information layer, which was made possible by the widespread 
installation of smart meters and sensors. Machine learning, the Internet of Things,
approaches are ideally suited for their analysis and usage given the size and variety of these 
data sets [7]. This analysis may be utilized for a number of things, such as accurate fault 
finding in meters, predicting the need for maintenance, monitoring the quality of sustainable 
energy, forecasting renewable energy, and using the most recent developments in ICT (ICT)

The use of AI, data analytics, the Internet of Things (IoT), and other technologies that enable 
connection between computer devices has already begun in the electricity industry in 
industrialized nations. These batteries are used to store excess solar o
periods of low energy demand 
wind energy by analyzing vast volumes of meteorologic
utilizing this data to forecast and decide when to collect, store, and distribute wind or solar 
energy. Additionally, AI is included into smart grids to assist in balancing the grid's energy 
supply. In order to lessen grid congestion and energy curtailment, this technology examines 
the system both before and after absorbing intermittent units. 

Customers may immediately communicate with their control systems, such as thermostats, 
etc., to monitor their energy use, tha
Home. Additionally, consumer electronics and energy management will enable autonomous 
home meters to apply AI to optimize energy storage and consumption. In order to identify 
any inefficiencies or lack of t
disparities in consumption patterns, if any, the consumer's payment history, and other data 
[9]. Additionally, it might aid in the efficiency of pricey and time
examinations. The consumer will experience r
data input, and red tape. The industrial internet of things (IIoT), a new technology that builds 
on and broadens the effects of digital technology, was created in response to the requirement 
for connectivity. 

Figure 1: Illustrate the connection between the artificial intelligence and power station 

Figure 1 illustrates how an expert system converts the knowledge of a human expert in a 
narrowly defined topic into a machine implementable form. Expert systems are comp
programs that are knowledgeable and skilled in a certain topic. The procedural portion of the 
program's knowledge is often saved independently, and it may be stored in a variety of ways, 
including rules, decision trees, models, and frames 
knowledge-based systems. Expert systems employ knowledge and interaction mechanisms to 
tackle issues that are beyond the scope of human intelligence and expertise. Many power 
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ower plants, enhance their functionality, and allow them to function more 
effectively in terms of sending electricity to the grid [5]. 

Electrical grids that enable two-way communication between utilities and cust
powered by AI. Smart grids have an information layer incorporated in them that enables 
communication between its many parts so they can react more quickly to changes in energy 
consumption or emergency circumstances [6]. Data gathering, archiving, and analysis are 
made possible by this information layer, which was made possible by the widespread 
installation of smart meters and sensors. Machine learning, the Internet of Things,
approaches are ideally suited for their analysis and usage given the size and variety of these 

analysis may be utilized for a number of things, such as accurate fault 
finding in meters, predicting the need for maintenance, monitoring the quality of sustainable 
energy, forecasting renewable energy, and using the most recent developments in ICT (ICT)

The use of AI, data analytics, the Internet of Things (IoT), and other technologies that enable 
connection between computer devices has already begun in the electricity industry in 
industrialized nations. These batteries are used to store excess solar or wind energy during 
periods of low energy demand [8]. AI can thereby increase the dependability of solar and 
wind energy by analyzing vast volumes of meteorological data pertaining to sun intensity and 
utilizing this data to forecast and decide when to collect, store, and distribute wind or solar 
energy. Additionally, AI is included into smart grids to assist in balancing the grid's energy 

n grid congestion and energy curtailment, this technology examines 
the system both before and after absorbing intermittent units.  

Customers may immediately communicate with their control systems, such as thermostats, 
etc., to monitor their energy use, thanks to smart devices like Amazon Alexa and Google 
Home. Additionally, consumer electronics and energy management will enable autonomous 
home meters to apply AI to optimize energy storage and consumption. In order to identify 
any inefficiencies or lack of transparency, this technology may also be utilized to notice 
disparities in consumption patterns, if any, the consumer's payment history, and other data 

. Additionally, it might aid in the efficiency of pricey and time-consuming physical 
examinations. The consumer will experience reduced bureaucracy, inaccuracies from manual 
data input, and red tape. The industrial internet of things (IIoT), a new technology that builds 
on and broadens the effects of digital technology, was created in response to the requirement 
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[10]. 

Figure 1 illustrates how an expert system converts the knowledge of a human expert in a 
narrowly defined topic into a machine implementable form. Expert systems are comp
programs that are knowledgeable and skilled in a certain topic. The procedural portion of the 
program's knowledge is often saved independently, and it may be stored in a variety of ways, 
including rules, decision trees, models, and frames [11]. They are also known as rule

based systems. Expert systems employ knowledge and interaction mechanisms to 
tackle issues that are beyond the scope of human intelligence and expertise. Many power 
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installation of smart meters and sensors. Machine learning, the Internet of Things, and other 
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system applications mirror the capabilities of expert systems in areas including decision-
making, knowledge archiving, and problem-solving using logic, heuristics, and judgment. 
Expert systems are particularly helpful for these issues when a lot of data and information has 
to be handled quickly [12]. 

Applications of AI in the Power Industry Along with real-time maintenance and the 
determination of optimum maintenance plans, fault prediction has been one of the principal 
uses of artificial intelligence in the energy industry. AI with the right sensors may be helpful 
to monitor equipment and discover faults before they happen in a sector where equipment 
failure is widespread and can have serious repercussions [13]. This can help to save 
resources, money, time, and lives. In order to support the spread of less dependable 
renewables, geothermal energy, which produces consistent energy production, is being 
considered as a possible source of baseload power (the bare minimum required to be provided 
to the electrical grid at any given moment).  

The effectiveness and dependability of geothermal power plants have been improved via the 
application of IoT and AI, according to study by Toshiba ESS. For instance, issues that might 
possibly cause plants to shut down are predicted using predictive diagnostics, which are made 
possible by rich data. Using IoT and AI, preventive measures like chemical agent sprays to 
prevent turbine shutdowns are improved in terms of amount, composition, and time. In a 
nation like Japan, which has the third-largest geothermal resources in the world, such 
advancements are crucial, particularly in light of the falling prices of rival renewable sources 
like solar electricity [14]. 

Automation in the workplace and at home is increasingly influenced by AI. Every year, more 
research is done on power systems, and AI is increasingly being used to make them smarter. 
Power systems are influenced by geographic, meteorological, and other variables. The 
introduction of new technologies, changes in technology, the transmission and distribution of 
energy, and other elements are all important to the operation of the electric grid. Every nation 
and state needs power, thus if energy is required, it must be delivered in a reliable, 
dependable, or pleasant way [15]. Electrical power systems, electronics, industrial 
applications and instruments, and construction are just a few of the industries where machine 
learning is becoming more prevalent and will likely continue to do so. AI is playing a bigger 
role in daily life, including automation in the home and workplace.  

Every year, more research is conducted on power systems, and now, AI is being utilized to 
make power systems smarter. Power systems are determined by geography, climate, or any 
other local factors. The adoption of new technologies, the updating and modifying of 
equipment and technology, the transmission and distribution of energy, and other elements 
are also important to the power system [16]. Consistency, which was only established using 
discrete techniques, particularly outdated ways of ML in the power system not being able to 
satisfy this same possibility of essential loads study and the cost analysis, is the key 
component of power distribution planning and design described in this work. The expenses of 
upkeep and operation may rise as a consequence of ML, often known as AI. Huge truly 
understand this, a ton of study has to be done. 

5. DISCUSSION 

Artificial intelligence has emerged as one of the most cutting-edge technologies used in a 
variety of fields in the twenty-first century. The United Arab Emirates was the first nation in 
the region and the whole globe to introduce an AI strategy, proving that the Federal 
Government's strategic goals would inevitably include AI. AI has been included into the 
development plans of many nations, including China, the USA, the UK, and France. The 
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primary driver for AI adoption is the integration of several industries, including healthcare, 
energy and renewable energy, finance, water, education, and the environment [17]. The 
present chapter explores the many elements of AI in power systems. Because the currently 
used conventional procedures do not contribute to accurate findings or accurately portray the 
system's actual state. Artificial intelligence is the exhibition of intellectual processes and the 
capacity for reasoning and thinking as in humans via the use of computers and software 
development systems. The production, transmission, distribution, and use of electrical power 
as well as a variety of electrical equipment are all covered under power system engineering. 
The introduction of renewable energy sources makes it challenging for established 
methodologies, due to their complexity, to portray various situations. For its calculation, 
diagnosis, and learning, power system analysis requires the handling of a complex, diverse, 
and sizable quantity of data. Computers and other advanced technologies make it possible to 
manage the challenging problems associated with power system planning, operation, design, 
and troubleshooting [18]. From this point forward, AI helps manage the complex and 
enormous data handling system and provides an accurate and timely report to help make the 
best option for addressing power system challenges and improving power systems. 

5.1.Power Systems:  

A network of electrical devices used to provide, transfer, and utilise electric power makes up 
an electric power system. Electrical engineering's subfield of power systems engineering 
deals with the production, distribution, and use of electricity as well as the electrical 
equipment attached to such systems, such as motors, generators, and transformers [19].  

5.2.Artificial Intelligence:  

Artificial intelligence is often understood to be the intelligence shown by machines and 
software, such as robots and computer programs. The phrase is often used when discussing 
the creation of systems that have the mental faculties and traits that separate humans from 
other animals, such as the capacity to reason, generalize, make distinctions, draw lessons 
from the past, and correct errors. In general, it refers to devices or software that have the 
capacity to make judgments independently of their operator. 

5.3.A Power Station: 

An industrial facility for the production of electricity is also known as a generating station, 
power plant, powerhouse, or generating plant. The majority of power plants include one or 
more generators, which are revolving machines that transform mechanical energy into 
electrical energy. An electrical current is produced by the movement of a conductor in 
relation to a magnetic field. The majority of power plants throughout the globe produce 
electricity by burning fossil fuels including coal, oil, and natural gas [20]. While some still 
utilize nuclear power, more and more people are turning to cleaner renewable energy sources 
including solar, wind, wave, and hydroelectric power. A network of electrical devices used to 
provide, transfer, and utilise electric power makes up an electric power system. There are 
three different kinds of large power plants that are recognized for producing a lot of 
electricity: a. thermal power plants; b. hydro power plants and Nuclear power facilities. 

5.3.1. Thermal Power Plants: 

A power plant that converts heat energy into electric power is called a thermal power station. 
The turbine is steam-driven in the majority of locations across the globe. Steam is created 
when water is heated, and the steam turbine it spins then powers an electrical generator. The 
steam is returned to where it was heated after passing through the turbine and condensing in a 



 

condenser; this process is known as a Rankines cycle 
electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 
fuel power plants, which account for a 
to the atmosphere, are many and diverse. 

Figure 2: Illustrate the processing of the Thermal Power Plants 

5.3.2. Hydro Power Plant

Hydropower, often known as waterpower, is energy that comes from falling water or quickly 
moving water that may be used for productive purposes. In a hydroelectric power plant, we 
utilize the flowing water's gravitational pull to drive a turbine that is connected to an electric
generator to generate energy. Due to the usage of water, a sustainable form of energy, to 
create electricity, this power plant is crucial in safeguarding our finite supply of fossil fuel. A 
massive turbine's blades are spun by the force of the water being
through the dam. The generator that generates power while the turbine rotates is attached to 
it. The water then flows back into the river on the other side of the dam, as seen in Figure 3, 
after passing through the turbine.

Figure 3:Illustrate the processing of the Hydro Power Plant 
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condenser; this process is known as a Rankines cycle [21]. In addition to producing 
electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 
fuel power plants, which account for a significant portion of all human-made CO2 emissions 
to the atmosphere, are many and diverse.  

Figure 2: Illustrate the processing of the Thermal Power Plants 

Hydro Power Plant: 

n as waterpower, is energy that comes from falling water or quickly 
moving water that may be used for productive purposes. In a hydroelectric power plant, we 
utilize the flowing water's gravitational pull to drive a turbine that is connected to an electric
generator to generate energy. Due to the usage of water, a sustainable form of energy, to 
create electricity, this power plant is crucial in safeguarding our finite supply of fossil fuel. A 
massive turbine's blades are spun by the force of the water being forced from the reservoir 
through the dam. The generator that generates power while the turbine rotates is attached to 
it. The water then flows back into the river on the other side of the dam, as seen in Figure 3, 
after passing through the turbine. 
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electricity, thermal power plants are also built to create heat energy for desalination of water 
and district heating, as illustrated in Figure 2. Efforts to decrease CO2 emissions from fossil 
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Figure 2: Illustrate the processing of the Thermal Power Plants [22]. 
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5.3.3. Nuclear Power Plant

A nuclear power plant is a thermal power plant where a nuclear reactor 
source. Nuclear power stations generate electricity by heating water to create steam, much as 
plants that burn coal, oil, and natural gas. After that, the steam drives turbines to generate 
power. Like in typical thermal power plants, the
happens indirectly. In a nuclear reactor, the fission causes the reactor coolant to heat up. 
Depending on the kind of reactor, the coolant might be liquid metal, gas, or even water. The 
steam generator subsequently receives the reactor coolant, which warms water to create 
steam. The multistage steam turbine is typically supplied the pressured steam after that. The 
leftover vapour is condensed in a condenser after the steam turbine has expanded and partly 
condensed the steam. A secondary side, such as a river or a cooling tower, is linked to the 
condenser, which is a heat exchanger. The cycle then restarts with the water being pushed 
back into the steam generator. The Rankine cycle seen in Figure 4 and the water
are equivalent.  

Figure 4:Illustrate the processing of the Nuclear Power Plant 

As clean, affordable, and dependable energy is crucial to growth, the application of AI in the 
power industry is now expanding to developing nations, where it might have a significant 
influence. By imparting power industry expertise to AI software business
may eventually be solved. When appropriately constructed, AI systems may be especially 
helpful in automating repetitive and organized operations, freeing up people to address 
tomorrow's power concerns. Energy availability is fundamental to
significant barrier to growth that affects livelihoods, gender equality, health, education, food 
security, and poverty reduction is the absence of access to electricity, which affects one 
billion people, especially in Sub
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in power systems throughout the globe might be facilitated and accelerated with the help of 
artificial intelligence (AI), which also has the potential to reduce energy waste and costs. 
Power system planning, management, and control may all be enhanced by AI. Thus, the 
capacity to offer clean, affordable energy that is necessary for development is intimately 
related to AI technology.  

5.4.Artificial Intelligence Techniques: 

Artificial Neural Networks: Artificial Neural Networks are thought-process-inspired systems 
that use a network of neurons to transform a collection of inputs into a set of outputs. As a 
result of inputs, each neuron generates a single output. When the requirement for pattern 
categorization and pattern recognition emerges in real-world applications, these systems are 
utilized. 

Application in Power Systems: They are useful for finding answers to issues appearing in 
power production, distribution, and transmission since they are built to conduct biologically 
based evaluation of problems as a result of their fundamental architecture. ANN's may find a 
solution based on the limitations of a realistic transmission system, taking into consideration 
elements like environmental conditions and other unbalancing aspects. 

Fuzzy Logic: Fuzzy systems, often known as fuzzy logic, are logical frameworks for 
formalizing and standardizing approximative reasoning. With the capacity to generate precise 
answers from specific or even approximative knowledge and data, it is comparable to human 
decision-making. Fuzzy logic uses reasoning that is comparable to human thinking. The way 
the human brain functions is via fuzzy logic, allowing us to employ this technology in robots 
to make them function something like humans. Fuzzification improves the capacity to 
represent complicated issues at low or moderate solution costs by enhancing expressive 
power, generality, and modeling capabilities. Fuzzy logic permits a certain degree of 
ambiguity during an analysis. Fuzzy logic is helpful in many applications since this 
ambiguity may describe the information that is accessible and reduce the complexity of the 
task. Fuzzy logic is appropriate for use in many aspects of power systems when there is 
ambiguity in the available information. 

Application in Power Systems: It is possible to employ fuzzy logic while developing the 
actual parts of power systems. They can be applied to anything, including tiny circuits and 
enormous mainframes. They may be used to boost the effectiveness of the parts used in 
power systems. Due to the fact that most of the data utilized in power system analysis are 
approximations and assumptions, fuzzy logic may be very helpful in producing results that 
are reliable, precise, and devoid of ambiguity. 

Expert Systems: An expert system converts a human expert's knowledge in a specific, 
constrained field into a form that can be used by machines. Expert systems are computer 
programs that are knowledgeable and skilled in a certain topic. The procedural portion of the 
program's knowledge is often saved independently, and it may be stored in a variety of ways, 
including rules, decision trees, models, and frames. They are also known as rule-based or 
knowledge-based systems. Expert systems employ knowledge and interface mechanisms to 
address issues that are beyond the scope of human intelligence and expertise.  

Applications in power systems: Writing the codes for expert systems is easier than actually 
calculating and predicting the value of parameters used in generation, transmission, and 
distribution since expert systems are essentially computer programs. Being computer 
programs, any changes may be made with ease, even after the design has been completed. 
Virtually, these quantities may be estimated, and more study can be done on density B or 
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magnetic field strength, which is represented by the symbol 0H, to improve the process' 
efficiency. When separating compound units, such as "A•m2," use the middle dot.”With the 
introduction of technologies like AI-managed smart grids, the future of the power industry 
seems bright. These are electrical networks that enable utility and customer interaction in 
both directions. Smart grids have an information layer incorporated in them that enables 
communication between its many parts so they can react more quickly to changes in energy 
consumption or emergency circumstances. Data gathering, archiving, and analysis are made 
possible by this information layer, which was made possible by the widespread installation of 
smart meters and sensors. Synchrophasors, also known as phasor measuring units (PMUs), 
are another crucial component of the contemporary smart grid. They make it possible to 
measure and align data in real time from various distant spots on the grid. Better grid 
management is made possible by the creation of a current, accurate, and integrated picture of 
the complete power system. These smart-grid components, when combined with robust data 
analytics, have enhanced the dependability, security, and effectiveness of energy transmission 
and distribution networks.  

AI methods like machine learning are best suited for their analysis and usage due to the 
enormous amount and varied structures of such data. Numerous uses for this data analysis 
include defect detection, preventive maintenance, power quality monitoring, and forecasting 
of renewable energy sources. Smart metering has become more common because to 
advancements in information and communications technology (ICT), cloud computing, big 
data analytics, and artificial intelligence. Smart meters are widely used, and sophisticated 
sensor technology has resulted in the quick generation of enormous volumes of data. New 
techniques for data storage, transport, and analysis are required. For illustrative purposes, one 
million smart meters put in a smart grid would produce over 35 billion data at a sampling rate 
of four times per hour. 8 Although EM countries have not yet adopted smart grids to the same 
extent as developed economies, a few of EM nations have started the process. These include, 
among others, Brazil, China, nations of the Gulf Cooperation Council (GCC), Malaysia, 
South Africa, Thailand, and Vietnam.  

5.5.Current Application Of Ai In Power Systems: 

Many issues in power systems cannot be resolved using traditional methods since they 
depend on conditions that aren't always attainable. Artificial intelligence approaches are the 
sole and apparent solution under these circumstances. Application areas for AI in power 
systems include:  

iv. Human employees have long been replaced by machines for hazardous and highly 
specialized tasks, such as live maintenance of high-voltage transmission lines.  

v. Access to cramped areas like cable viaducts and cooling pipelines, operation in risky 
conditions like radioactive places in nuclear reactors, and accurate placement of 
measuring equipment.  

vi. Expert systems use the interface mechanism and knowledge to address issues that are 
either too complex or impossible for human ability and intelligence to address. 
 

6. CONCLUSION 

This paper goal is to showcase the key artificial intelligence (AI) technologies that are 
employed in the power system to handle operational and dispatching tasks when conventional 
approaches fall short. Additionally, a short summary of each technology covered in the 
chapter along with its precise application of the power system is provided. Additionally, by 
regulating voltage, stability, power flow, and load frequency, these techniques enhance the 
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efficiency and productivity of the power system. Additionally, it enables network control 
over things like size, location, and device and equipment management. The automation of the 
power system makes sure to enable network security, management, and problem diagnostics. 
To employ AI for planning, monitoring, and control of the power system, the right AI 
approach must be found. The paper will conclude by briefly highlighting the sustainable 
aspects of employing AI in power systems which helps for better understanding related to AI. 
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ABSTRACT:Controlling the direction and speed of a DC motor is known as DC motor control. Since 

controlling DC motors is simpler than controlling other types of motors, they are frequently employed in 

speed and direction control. The problem arises in DC motors related to their parameters such asvoltage 

electrical supply, rated current, temperature, uncontrolled frequency, and torque speed. Hence the author 

focuses on designing of microprocessor-based motor speed control (DC) motor and Recognition of the motor, 

electronic implementation of a compensator, and accurate assessment of the DC motor's control system. It 

found thatwith the help of a microprocessor, the drive's intended speed tracking control performance may be 

maintained across a large working range, and good speed loading controlling performance can also be 

attained. It concludes thatthe power circuits and also the control loops are proposed to achieve the condition 

for reducing the losses of a dc motor. In the future,the microprocessor's versatility makes it simple to 

implement dc motor power and efficiency regulation. 

KEYWORDS: Circuit, DC Motor, Microprocessor, Power, Speed Control. 

1. INTRODUCTION 

A DC motor's speed can be adjusted manually by the user or automatically via a control 
mechanism. This differs from speed regulation, which attempts to keep the speed constant (or 
"controlled") in the face of a natural variation in speed brought on by a change inside the load 
on the shaft.The speed of a DC motor (N) is equal to: 

( = > − ?@A@
6∅  

The speed method of control is useful in a variety of situations, including regulating the 
motion of robotic vehicles, the motion of motors for paper mills, and the motion of motors for 
elevators that employ various types of DC motors [1],[2]. One of the DC motor's most 
beneficial characteristics is speed control. The motor that transforms direct electricity into 
mechanical work is known as a DC motor. The Lorentz Law, which says that a current-
carrying conductor experiences a force when it is put in a magnetic and electrical field, serves 
as the foundation for its operations [3],[4]. In general, a high-performance motorized drive 
system G has to respond to speed commands with effective tracking and load regulating, as 
well as the achievements, should be unaffected by drive system uncertainty [5],[6].Typically, 
plant parameter fluctuations, external load disturbances, and unmolded and unpredictable 
dynamics of the plant make up the uncertainty [7],[8]. Many control strategies have been 
created in recent years to enable field-oriented induction machine drives to take the role of dc 
motor drives for a variety of industrial purposes.  

The nonlinear system control, model predictive control, and robust control are strategies for 
addressing plant uncertainty [9],[10]. However, they either have highly complicated 
theoretical underpinnings or are exceedingly challenging to put into practice [11],[12]. It is 
simple to derive and put into practice the robust control strategy based on the direct 
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other uncertainties, are present, a comparable endless gain loop prevents it from being 
effectively implemented [13],
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motors. Designing an energy-efficient motor is one thing; driving a standard motor efficiently 
is quite another. The efficiency of motors typically peaks between 75 and 100 percent load 
capacity and declines significantl
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Figure 1: Illustrates the direct control of the DC motor which means every DC motor 

1.1. Operating Principle of DC Motors:

The Faraday principle of electromagnetism, which asserts that a current
feels a force whenever put in a magnetic field, underlies the operation of DC motors. The 
velocity of this conductor is always moving in a perpendicular direction towards the magnetic 
field and the current according to Fleming's Left
Mathematically,  

It can express this force as  

Where, 

F= is force,  

B= is the magnetic field,  

I =stand for current,   

L= is the length of the conductor.
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discussion part are discussed where results are compared with the existing data followed by 
the methods applied in this rese
the research gives outcomes as well as future scopes.

Intelligent Electrical Systems

cancellation of uncertainty presented in Figure 1. However, if system dead
other uncertainties, are present, a comparable endless gain loop prevents it from being 

,[14]. It's crucial to conserve energy with electric motor drives 
in terms of energy conservation.There are two ways to reduce the energy used by electric 

efficient motor is one thing; driving a standard motor efficiently 
is quite another. The efficiency of motors typically peaks between 75 and 100 percent load 
capacity and declines significantly below that. Consequently, a lot of writers have focused on 
ways to increase efficiency while dealing with light loads. 

Figure 1: Illustrates the direct control of the DC motor which means every DC motor 

has two terminals out [15]. 

Operating Principle of DC Motors: 

ctromagnetism, which asserts that a current-
feels a force whenever put in a magnetic field, underlies the operation of DC motors. The 
velocity of this conductor is always moving in a perpendicular direction towards the magnetic 

the current according to Fleming's Left-hand principle governing electric motors. 

C = D?E 

L= is the length of the conductor. 

present study focuses on controlling the direction and speed of a DC motor is known as 
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2. LITERATURE REVIEW 

Mr. R. Vinothkanna [16] has explained that the permeability of space appears to be one of the 
most important considerations when developing a control system. The main objective of the 
study is to decrease the amount of space required for a motor control system by creating 
wireless communication between the motor controller component and the control unit. The 
wire and module of the control circuit require fewer space thanks to the arrangement. The 
devices were found to be just 50% successful when an impediment is present between both 
the receiver and the transmitter units and only dependable up to 80% of the declared range 
while no impediment is present. The reliability of the model might also be improved by a 
confirmation audible or signal emanating from the transmission end when it is in use. 

Serhii Buriakovskyi et al. [17] have explained how a set of rollers and a motor serve as the 
physical representation of a switching reluctance drive. As a continuation of the author's 
efforts to create a control strategy for a four-phase switching reluctance motor, the fuzzy-
regulator synthesizing technique is described (SRM). To assure a smooth motor with wheel-
set acceleration, the tests sought to record the frequencies of the major transient dimensions 
and assess the drive at different mechanical speeds. The results showed that the computer 
developed a full-drive control by selecting the speed controller, frequencies, smoothness, 
proper orientation of control, as well as the algorithm for a smooth start-up and by ensuring 
that the required beginning force was there. In conclusion,the capability of the drive is 
increased by using a microprocessor CS, which also makes it possible to employ next-
generation proximity sensors and prevents the engines from being overloaded when working. 

Rafal Szczepanski [18] et al. have Explained, the state feedback controller's main drawback is 
related to the time-consuming and arduous calibration method, despite its resilience and 
efficient disturbance avoidance. It is advised to apply an optimization approach in that study 
to automatically tune state feedback controller parameters (SFC) for the two-mass system 
(TMS). The optimal SFC coefficients are obtained using the Artificial Bee Colony technique 
(ABC). The control strategy's ABC algorithm-optimized structural characterization is also 
displayed. The SFC coefficients obtained using the recommended automated approach were 
shown to have an equivalent dynamic response to the coefficients obtained analytically, albeit 
being considerably lower.The experimental examination shows that the coefficients generated 
by the analytical approach result in dangerous amplification of the measurement noise and 
unsatisfactory chattering of something like the control signal. Last but not least, it appears 
that the recommended auto-tuning approach is more suitable for attaining both high-
performance control for TMS and its safe operation. 

Mohammad Divandari [19] et al. have proposed a brand-new switching reluctance motor 
(SRM) powering a fast terminal sliding mode control (FTSMC) method-based speed-control 
system. To evaluate the effectiveness of the proposed method, it is compared to the 
proportional-integral and conventional sliding mode control (SMC) strategies within both the 
time and frequency domains dimensions. The recommended FFTSMC outcomes are attained 
using a dual-channel, three-phase, 12/8-pole, 2.5 A, and 120 V SRM. The experimental 
treatment for the SRM drive demonstrates that the speed-control commute is made up of the 
following constituents: a gate start driving, DC power connection (120 V), three-phase fellow 
synchronous bridge transformer, trying to measure device voltage and current boards panel 
(with Hall-effect sensors), rotating shaft compression codec (1024 pressure conditions per 
rebellion), and also digital signal processor (DSP) board. Finally,applying the recommended 
speed-control strategy while the switching reluctance motor runs in an unfavorable 
environment might be an interesting topic in the future. 



 

The above study shows. In this research, the design.

Research Question: 

• How to design microprocessor
• What are the parameters for speed control of DC motors?

3.1. Research Design: 

In the research, the author will take the component used for controlling the speed of the 
motor to the reference/standard speed in Figure
dynamism in its electrical and mechanical reactions and is a standard model or higher order 
technology. In the form of a block diagram, the procedure for getting a variable dc voltage 
from the ac source again for the
microcontroller detects and feeds the motor speed signal, armature voltage, armature voltage, 
and current flowing, but also the motor speed signal towards the data collection system. The 
signals are supplied to the computer for monitoring and interpretation after being digitalized 
by the data-gathering system.Before restarting the motor, the user
computer software verifies that there is enough motor field power and requests the specified 
speed. The computer calculates an error signal equivalent to the discrepancy between the 
motor's average speed and target speed whenever the field current has been increased by 0.1 
A. The next step is to produce a delayed signal whose delay time is proporti
signal's size. The data collection system receives the delay signal and transforms it into 
analog form.Regarding the zero crossings of both the 50 Hz DC power supply, this signal is 
mentioned. The analog-to-digital converter, which opera
value, is connected to the reference speed there at the end.

Figure 2: Illustrates the Speed Control of the DC Motor with help of a Microprocessor.

3.2. Instrument: 

The purpose of this project would be to design and build a 
microprocessor-based motor speed control. Push switches, which are labeled as vertical and 
horizontal buttons throughout this circuit, are used to start interrupt signals that cause the 
microcontroller to change the speed of the DC
shaft monitored this change in speed, and the results were consistent with what they expected. 
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3.2.1. Speed Sensor (DC Tacho-Generator): 

A transducer called a tachogenerator directly transforms rotational speed into an electrical 
output. They are frequently employed to regulate the speed of spinning machinery. The DC 
motor is connected to the tachogenerator. The output voltage of a tachogenerator is 
determined by the speed that a DC motor can reach. The tacho generators voltage output (e0) 
is calculated as follows: 

�F = !G!HIJ ∗ 10KL

60!GG
 

Where, !G= Number of poles, !H= Number of Conductors in the armature, IJ=flux per pole, 
!GG=parallel brush between positive and negative brushes, ω=rpm to be measured. 

3.2.2. DC Motor: 

A stator, rotor, plus commutator are the basic components of a DC motor. The rotor, also 
known as the armature, is the spinning portion of the motor and includes wires that are 
inserted into the armature holes throughout which electricity travels. The stator is the motor's 
housing and contains magnets. Variations in the supplied operating voltage can be used to 
regulate these DC machines' speed. 

3.2.3. Power Supply:  

Circuit planning a microcontroller unit, an electromechanical relay, or several loads, 
including single-phase actuators, lights, valves, etc., are included in the majority of electrical 
household products. Either a controlled power source or direct electricity is used to run them. 
A power source that regulates its average output voltage to a predetermined value is called a 
power supply. Despite fluctuations either in the load current or even the voltage provided by 
the power appliances' source of energy, the regulated value of voltage is maintained 
practically constant. They are much more effective, use less energy, are smaller, and weigh 
less. 

3.2.4. Microprocessor : 

A microprocessor is a type of computer processor in which the logic and control for data 
acquisition are housed on a single integrated circuit or a few interconnected integrated 
circuits. The arithmetic, logical, and control circuitry needed to carry out the tasks of a 
computer’s central processing unit are all included within the microprocessor. Although 
general computer applications that call for more complicated and adaptable computing 
processes benefit more from using the microprocessor. 

3.2.5. LCD (Liquid Crystal Display): 

It is a particular kind of flat panel screen that runs mostly on liquid crystals. Since they are 
often used in cellphones, televisions, computers, and instrument panels, LEDs offer a wide 
range of applications for consumers and enterprises. Regarding the technology that was 
replaced, LCDs represented a significant advancement. Compared to cathode ray tube 
technology, LCDs allowed screens to be significantly thinner. As opposed to LED and gas-
display displays, LCDs operate on the idea of blocking light instead of generating it, which 
results in a significant reduction in power consumption. An LCD's liquid crystals use a 
backlight to create a picture in which an LED emits light. 
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3.2.6. Analogue-to-Digital Converter (ADCs): 

It enables digital logic circuits like Arduino boards, microprocessor electronics, and other 
similar circuits to interact with the outside world. Many electronic systems are integrated 
with their surroundings by monitoring the analog signals from such transducers, which are 
continually changing values that originate from numerous sources including sensors that can 
monitor sound, light, temperatures, or mobility. 

3.3. Data Collection: 

The need for considerably better control efficiency and higher supervisory capabilities in 
motor control systems has made microprocessor-based digital control technology vital. In the 
data accumulation in which the taken parameters of motor control by the microprocessor-
based in Table 1. 

Table 1: Illustrates the Configuration of the tentative setup of the Microcontroller-

based adjustable-speed DC-Motor Drive System. 

S.NO. Parameters Specification 

1 Rated Power 35 kilo-watt 

2 Rated Voltage 220 voltage 

3 Rated Current 168 ampere 

4 Rated Speed 1800 rpm 

5 Phase (φ) 0.58 V second/radian 

6 Inductance (L) 9.5 mH 

7 Torque speed (Ts) 8.0 mili second(msec) 

8 Torque Current (Tc) 4.5 msec 

9 Resistance 0.5 ohms 

3.4. Data Analysis: 

A tachogenerator is used to measure the real speed. Its response is compared with the 
reference source, and the microprocessor corrects the mistake before sending the rectified 
control signal toward the preamplifier through its output. The power amplifier (PA) with 
output saturating at U, the DC motor, as well as the digital-to-analog conversion (DAC) make 
up the system's continuous part. An independently activated DC motor's transfer function can 
be roughly represented as: 

�N(
) = OP
.PQR5(Rad/s*velocity) 

Where the mechanical time constant, Tm, as well as the transfer gain Km are typically 
provided beforehand. 

4. RESULTS AND DISCUSSION 

The goal of the study work is to provide a straightforward, highly effective speed controller 
for just an indirect field-oriented, microprocessor-based motor control system. Devices for 
controlling the speed of DC motors are widely used in daily life. It works well with a variety 
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of home appliances, robotic motion control technologies, and industrial automated systems. 
Without a doubt, its applicability in small-scale manufacturing environments will support our 
country's efforts to develop. This study's newly created microcontroller-based control system 
for changing a DC motor's speed would undoubtedly increase the demand for automated 
processes in small- and medium-scale industrial workplaces.This circuit's components have 
been located, and the finished circuit has been examined. The speed of such an electric fan 
was managed by this circuit. In addition, it would be used to facilitate the direction of small 
toys, the brightness of a lamp, and a variety of other functions. However. A de motor's 
conversion efficiency is rarely greater than 85%. A typical AC motor has 90% efficiency. 
Even taking significant losses within the control system into account. Finally, employing ac 
improves the overall efficiency of both the propulsion system-control. The DC motor is the 
ideal option while operating at low frequencies since energy recovery is easiest for it. 

4.1. Application of DC Motors in Different Fields: 

Since DC motors offer a higher starting torque than induction motors, they are employed in a 
wide range of applications. DC motors with abrasives offer excellent efficiency and superb 
rotational control, in addition to being simple to miniaturize. Thanks to the shortage of brush 
wear, brushless DC motors have a long lifespan, are simple to maintain, and are silent. Since 
they are used in numerous procedures and applications found all around us, DC motors are 
simple to locate. For more than 130 years, DC motors have served as a mechanical source of 
power. They may be used for everything from powering a bedroom ceiling fan to generating 
mechanical energy for a huge printing machine. 

4.1.1. Diesel Electric Locomotives: 

In diesel electrical locomotives, the combustion produced by the diesel car is paired with a 
generator, which transforms it from rotational energy into electrical power. The engine's 
wheels are connected to DC motors which receive the transformed electrical energy. 

4.1.2. Electric Vehicles: 

Electric car windows that are powered by electricity are retracted and adjusted using brushed 
DC motors. Due to their extended lifespan and lack of noise, automated tools are used in 
many applications for electric vehicles where brushed motors are more commonly used. 
Windshield wipers as well as CD players both employ brushless DC motors. Current hybrid 
electric cars are all powered by brushless DC motors. 

4.1.3. Cranes: 

The motor must be able to sustain a full load at zero velocity in situations with overhauling 
loads as mechanical brakes might not have been necessary. DC motors provide the most 
economical and secure choice in certain scenarios. The advantages of their height and weight 
are significant. 

4.1.4. Conveyor Systems: 

DC motors are a perfect choice for conveyor systems since they have consistent speed and 
high power requirements. DC motors have been discovered to provide strong torque during 
start-up and even steady speed in other operations. The most popular type of DC motor 
utilized in conveyor applications is brushless. A key need for conveying equipment is that 
they are silent and simple to manage. 
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4.1.5. Ceiling Fans: 

DC-powered ceiling fans have grown quite popular. They have a quick start-up torque and 
consume less electricity. A transformer may quickly convert current alternating current in 
some kind of a house or office to direct current, which reduces the power needed by the fan. 
Brushless DC motors have been most frequently utilized in ceiling fans, much like in other 
DC vehicle applications. 

4.1.6. Pump Drives: 

Due to their easy control, strong starting horsepower, variable speed regulation, and good 
transient performance, DC motors have always been the primary power source for pumps for 
many years. Pumping systems depends on brushed DC motors being their main source of 
power for a long time. For the performance of pump systems, permanent magnet DC motors 
including brushless DC motors have emerged as more advantageous options. 

4.1.7. Elevators: 

Due to their difficulties in correctly leveling with both the floor and decelerating, AC motors 
are not practicable in high-speed escalators. These issues are solved by DC motors since they 
offer limitless speed control by adjusting the current sent to the armature. Similar to ceiling 
fans, a transformer is used to convert incoming AC electricity to DC so that the DC motor for 
something like an elevator may operate. 

5. CONCLUSION 

For the synthesizing of control parameters inside a direct digital system for motor speed 
control, many analytical techniques have been suggested. The digital control rule that is used 
and the method of monitoring the controlled variable are the key determinants of the system 
structure that is chosen (motor speed). The intermediate electrical engineering participants 
without an experience in control theory were able to comprehend the microcomputer-based 
dc motor speed-controlling system. To regulate the motor's speed, the system combines a 
microprocessor, another slow-processing data-gathering device, and a 
microcomputer.Students can learn the motor's no-load and load characteristics by bypassing 
the controller. In comparison to the conventional way of data collecting utilizing analog 
equipment, computerized data collection is more efficient. The reaction speed is one of the 
general characteristics determined by the position controller and determined by the control 
system, where the complimentary controller controls the susceptibility to parameter 
fluctuations traits that dampen. Include steady-state inaccuracy since there is no interference 
between both the two controllers, such design style has the advantage that any type of 
controller may be used as a position controller. 
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ABSTRACT:  Home security is a major requirement of the household to protect the home safer from 

intruders getting robbed. Automated security systems are a useful addition to today’s home where safety is an 

important issue.  Now technology has spread in every field of our lives. In the present era, everybody has 

some kind of connectivity with technology whether in front of a mobile, laptop, or other. Here we discuss the 

use of technology in the field of home security. In this, we used an Arduino UNO microcontroller board. This 

system is based on door lock security, fire sensing unit, LPG leakage alert system, and laser light LDR wall 

protection system. here, a security system has been developed that uses the sensor to detect any security 

violation and sends out the alert signal to a high-intensity buzzer. in this paper, it has been ensured a four-

level security system. there are many benefits to having a smart home security system, in addition to having a 

traditional system. Some of the top benefits include; integration, convenience, accessibility, 24/7 protection, 

and intelligent security professional assistance. The future scope of this system is to provide automated 

security in the home, offices, and any institution. 
KEYWORDS: Arduino- based security, Door security, Fire detection, LPG leakage, Smart home security 

system. 

1. INTRODUCTION 

 For the last few years home security is an essential requirement of the household to keep the 
home safer from intruders getting robbed. So researchers and companies try to implement an 
algorithm and make some gadgets that keep your home safe from intruders[1]–[3]. This leads 
to advance technology that makes your home intelligent or modern this is called a home 
automation & security system also. With this technology, house owners can control other 
appliances as well like lighting systems, electrical appliances, and many mores.  Nowadays 
wireless technology is used to control home appliances instead of wired topological 
connection[4], [5].  The home security system offers many benefits. After so much research I 
gave mainly focused on Arduino-based home security systems. It is very easy to install and 
has a very less cost. Security has been a major concern in every field like colleges, institutes, 
corporate companies, societies, etc. 

. Automated security systems are a useful addition to today’s world where safety is an 
important issue. Incidents like thefts, fire, and LPG gas leakage are very common these 
days[3]. What is uncommon, is people's awareness of different systems like smoke detectors, 
gas leakage detectors, etc. installing all these different detectors to keep the house secure is 
also something difficult to maintain[6]. Here, we have designed an integrated home security 
system that would help people secure their houses from such incidents.  The Arduino-based 
home security system is designed to help an individual secure his/her house from theft, fire, 
and LPG leakage[7]. . It is installed over the entry that the front door where an ultrasonic 
sensor is installed which is connected to the Arduino board and coding is done in a such a 
manner that detects the human it is turned on the buzzer.This Research uses four different 
sensors, from which data is sent over a website through the Internet of Things(IoT). The IoT 
is basically, the network of things by which physical things can exchange data with the help 
of sensors, electronics, software, and connectivity. These systems do not require any human 
interaction. 
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The main objective of a smart home security system is to provide flexible access to the home 
appliances through an internet connection and the functions are, using sensors to detect the 
motion of a person entering or leaving the home, using fire sensors to detect fire and lpg 
leakage and to provide theft protection by LDR sensors, etc.,[8]. There has been much 
research done on various type of home security systems like sensor-based home security 
system, fingerprint, and keypad activation for authentication and so much. all type of security 
system uses only a technique of GSM (lobal System for Mobile Communication). Normally 
this project aims to keep the secure home from intruders. to increase the performance of a 
smart automated house, lots of research is going on[9]. 

The components that are used in the Arduino-based[10] home security system are; 

1. Arduino 
2. Flame sensor( fire sensor) 
3. MQ-6 sensor(LPG  leakage detect sensor) 
4. Ultrasonic sensor 
5. LDR sensor 
6. DC servomotor  
7. Laser light  
8. Buzzer  

 

2. LITERATURE REVIEW 

 

According to Suresh S. et al.,’ the system is designed for the home observance and security 
system consists of sensors that are meant to collect the information that may be employed by 
the owner to create sensible choices.  A passive infrared sensor (PIR) is employed to find out 
the motion and therefore temperature sensing element is employed to sense the temperature 
of the house.  Various modules especially the PIR module, temperature module, and therefore 
the GSM module communicate with one another to coordinate and increase the safety of the 
system. in this, the PIR sensing element and therefore the temperature sensing element are 
connected to the Arduino board. The digital signal is distributed to the board. 
 
Designing and implementing a smart home security system was discussed by Govinda[11] 
which provides a couple of methods for providing home security on the concepts of IoT. One 
of these proposed methods was of using cameras as a sensor. The idea was to set up multiple 
cameras at different locations such that whenever detects a motion, an alarm will be turned on 
and an alert will be sent to the owner’s phone via sms. The idea is excellent but the cost of 
the method is high because of use of high-quality cameras and hardware of the system are 
very expensive. 

Another smart security system was introduced by karri and Daniel[11] which proposes the 
use of the method of  Internet of Things (IoT) which sends a notification or alert message to 
the owners over the medium of the internet instead of using the conventional method of sms. 
another system was implemented by Jayashri and Arvind[12] which was implemented was a 
fingerprint-based door accessed sys to unlock a door. The system is good and is added with a 
few more security features like fire and LPG leakage detection. though the designated system 
was good the use of fingerprints along with the IoT is very reasonable.in addition to this, it is 
advised to use another security level in the form of a pin, passcode, etc. 

 
Lee and shen[13] proposed an amazing way to design an electronic locking morse code along 
with IoT technology they claimed to be an original idea which was never been tried before. 



 

The system uses LEDs as an encrypting medium to send signals. LED in the smartphone was 
used to make it more accessible to the general public. Microcontroller and a photosensitive 
resistor which can decrypt the code and unlock the door after checking for the authentication 
they claimed it to be an easy and user

The Arduino-based home security system uses four sensors a flame sensor to detect fire, an 
MQ-6 sensor to detect LPG leakage, and an ultrasonic sensor to detect human motion and 
open the gate automatically by operating a DC servomotor.  A laser light
sensor detects any human centered on the wall to elaborate on theft detection

Figure-1 block diagram of Arduino

3.1 Arduino: 

The Arduino is a small, complete, and breadboard
released in 2008. It offers the same connectivity and specs as the Arduino UNO board in a 
smaller form factor.The Arduino is equipped with 30 male i/o headers, in a dip
configuration, which can be programmed using the Arduino software integrated development
environment (ide), which is common to all Arduino boards and runs both online and offline. 
The board can be powered through a type
Arduino was released in 2008. In 2019, Arduino released Arduino nano every, a pi
equivalent evolution of the nano. It features a more powerful atmega4809 processor and 
twice in the ram.Arduino is programmed in c++ language to operate on given conditions such 
as theft, fire detection, LPG leakage detection, etc.

3.2 Ultrasonic sensor: 

 An ultrasonic sensor is an instrument that measures the distance to an object using ultrasonic 
sound waves. An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that 
relay back information about an object’s proximity. High
boundaries to produce distinct echo patterns.Ultrasonic sensors work by sending out a sound 
wave at a high frequency above the range of human hearing. The transducer of the sensor act 
as a microphone to receive and send the ultr
others, use a single transducer to send a pulse and to receive the echo. The sensor determines 
the distance to a target by measuring time lapses between sending and receiving of the 
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The system uses LEDs as an encrypting medium to send signals. LED in the smartphone was 
d to make it more accessible to the general public. Microcontroller and a photosensitive 

resistor which can decrypt the code and unlock the door after checking for the authentication 
they claimed it to be an easy and user-friendly interface. 

3. Methodology 

based home security system uses four sensors a flame sensor to detect fire, an 
6 sensor to detect LPG leakage, and an ultrasonic sensor to detect human motion and 

open the gate automatically by operating a DC servomotor.  A laser light
sensor detects any human centered on the wall to elaborate on theft detection

1 block diagram of Arduino-based home security system

The Arduino is a small, complete, and breadboard-friendly board based on the atmega328p 
in 2008. It offers the same connectivity and specs as the Arduino UNO board in a 

smaller form factor.The Arduino is equipped with 30 male i/o headers, in a dip
configuration, which can be programmed using the Arduino software integrated development
environment (ide), which is common to all Arduino boards and runs both online and offline. 
The board can be powered through a type-b mini – USB cable or from a 9v battery.The 
Arduino was released in 2008. In 2019, Arduino released Arduino nano every, a pi
equivalent evolution of the nano. It features a more powerful atmega4809 processor and 
twice in the ram.Arduino is programmed in c++ language to operate on given conditions such 
as theft, fire detection, LPG leakage detection, etc. 

An ultrasonic sensor is an instrument that measures the distance to an object using ultrasonic 
sound waves. An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that 
relay back information about an object’s proximity. High-frequency sound waves reflect from 
boundaries to produce distinct echo patterns.Ultrasonic sensors work by sending out a sound 
wave at a high frequency above the range of human hearing. The transducer of the sensor act 
as a microphone to receive and send the ultrasonic sound. Our ultrasonic sensors, like many 
others, use a single transducer to send a pulse and to receive the echo. The sensor determines 
the distance to a target by measuring time lapses between sending and receiving of the 
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The system uses LEDs as an encrypting medium to send signals. LED in the smartphone was 
d to make it more accessible to the general public. Microcontroller and a photosensitive 

resistor which can decrypt the code and unlock the door after checking for the authentication 

based home security system uses four sensors a flame sensor to detect fire, an 
6 sensor to detect LPG leakage, and an ultrasonic sensor to detect human motion and 

open the gate automatically by operating a DC servomotor.  A laser light-sensitive LDR 
sensor detects any human centered on the wall to elaborate on theft detection (Figure 1). 

 
based home security system[14]. 

friendly board based on the atmega328p 
in 2008. It offers the same connectivity and specs as the Arduino UNO board in a 

smaller form factor.The Arduino is equipped with 30 male i/o headers, in a dip-30-like 
configuration, which can be programmed using the Arduino software integrated development 
environment (ide), which is common to all Arduino boards and runs both online and offline. 

USB cable or from a 9v battery.The 
Arduino was released in 2008. In 2019, Arduino released Arduino nano every, a pin 
equivalent evolution of the nano. It features a more powerful atmega4809 processor and 
twice in the ram.Arduino is programmed in c++ language to operate on given conditions such 

An ultrasonic sensor is an instrument that measures the distance to an object using ultrasonic 
sound waves. An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that 

cy sound waves reflect from 
boundaries to produce distinct echo patterns.Ultrasonic sensors work by sending out a sound 
wave at a high frequency above the range of human hearing. The transducer of the sensor act 

asonic sound. Our ultrasonic sensors, like many 
others, use a single transducer to send a pulse and to receive the echo. The sensor determines 
the distance to a target by measuring time lapses between sending and receiving of the 
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ultrasonic pulse. It sends an ultrasonic pulse out at 40kHz which travels through the air and if 
there is an obstacle or object, it will bounce back to the sensor. 

To detect transparent and other items where optical technology may fail, ultrasonic sensors 
are a reliable choice. 

3.3 Servomotor: 

A servo motor is a type of motor that can rotate with great precision. Normally this type of 
motor consists of a control circuit that provides feedback on the current position of the motor 
shaft, this feedback allows the servomotor to rotate with great precision.Ultrasonic sensors 
detect human motion and the transducer sends the signal to Arduino, then Arduino sends the 
signal to the servomotor to open/ close the gate. And turned on the alarm buzzer. 

3.4 Flame sensor: 

The flame sensor is a short, thin metallic rod that creates a small current of electricity to 
confirm the presence of a flame burning within the furnaces. As the gas valve opens to 
kickstart the combustion process, the current moves from the sensor to detect the heat from a 
flame. Working of the flame sensor can detect the heat from the fire using a receiver like 
electromagnetic radiation and send the signal alarm buzzer through Arduino. This sensor uses 
the infrared flame flash method, which allows the sensor to work through the coating of oil, 
dust, water vapor, otherwise ice. 

3.5 MQ-6 SENSOR: 

 MQ-6 Sensor is a metal oxide semiconductor type gas sensor mainly used to detect the LPG 
and butane gas concentration in the air either at home or in industry. The sensor contains a 
sensing element, mainly aluminum-oxide-based ceramic, coated with tin dioxide, enclosed in 
a stainless-steel mesh.Working of MQ-6 sensor to sense the LPG leakage and send the 
operating signal to the alarm buzzer through the Arduino. 

3.6 laser light-sensitive LDR sensor: 

 photoresistors also known as light-dependent resistors (LDR), are light-sensitive devices 
most often used to indicate the presence or absence of light or to measure the light intensity. 
At night the resistance of the LDR sensor is very high.The LDR sensor is mounted on the 
wall around the home. On one side of the wall laser light is mounted and on another side of 
the wall is LDR sensor is placed. The laser radiated on the LDR sensor. When a person 
entered between the laser light and the LDR sensor, the contact between the laser light and 
LDR is broken, and the LDR sensor is operated to send the signal to the buzzer turned on 
through Arduino, and the household's peoples are alert (Table 1). 

Table 1: Technical specification data of Arduino: 

 Microcontroller   Microchip ATmega32P 

Operating voltage 5 volts 

Input voltage 5 to 20 volts  

Digital I/O pins 14 (6 optional PWM outputs) 

Analog input pins  8 

DC per I/O pin 40 mA 
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DC for 3.3V PIN 50mA 

Flash memory 32 KB, of which 2 KB is used by 
the bootloader  

SRAM 2KB 

EPROM  1KB 

Clock speed 16MHz 

Length 45mm 

Width 18mm 

Mass 7g 

USB Mini-USB type B 

ICSP Header Yes 

DC Power jack  No  

 
4. RESULT AND DISCUSSION 

 

In this section, we discuss the implementation of the Arduino security monitoring system 
evaluation result. Firstly, we integrate the designed system the connection between Arduino 
with the sensors, and the connection between the buzzer and Arduino. The ultrasonic sensor 
located at the main gate and servomotor is used for opening & closing gate operation. The 
flame sensor and LPG leakage sensor are operated in the home to detect fire and LPG leakage 
along with the buzzer. and the LDR sensor placed on the wall around the home. the scenario 
of the evaluation is described as follows: 

1. Firstly, we activate the system and the intruder will open the gate and enter the home. 
2. The system will take detect the movement of the intruder and give a signal to the 

Arduino. 
3. The Arduino will analyze the existence of the intruder and activate the buzzer. 
4.  The flame sensor detects the fire and activates the buzzer through the analysis of 

Arduino. 
5. MQ-6 sensor senses the LPG leakage and activates the buzzer. 
6. The LDR sensor detects the entrance of a thief from the wall and activates the buzzer 

by analyzing through the Arduino. 
 

4.1 Smart home security benefits: 

the are many benefits to having a home security system, in addition to having a traditional 
system. Some of the top benefits include; 

Integration:  smart home security system components can communicate to maximize 
efficiency, and performance and protect from any kind of danger such as theft, fire, LPG 
leakage, etc. 

Convenience: normal processes can be automated and streamlined for convenience.  
Whether the smart home system ensures light turn on when a tag sensor enters the home or 
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that the alarm system is automatically operated when the main gate is locked, there are many 
ways a smart home helps improve the efficiency of protection from dangerous activities. 

Accessibility:  if you have an internet connection, you can control and monitor your home 
security anywhere in the world by providing GSM technology and web cameras in addition to 
this. This may be particularly attractive to pet owners and families who wish to monitor when 
they are not in the home.  

24/7 protection: using a smart home security system and intelligent programming, and cloud 
storage your home is protected at all times. If security is breached, the feedback is quick and 
you are informed in a straight way. 

Simple set-up: smart home devices are wireless and therefore simply moved from one place, 
these devices just need to be connected to supply and communicate with others to get started. 

 Intelligent security:  smart home gives you added peace of mind, intelligent programming 
to detect when something is abnormal, and alert you to unusual activity, ensuring nothing is 
missed. 

Professional assistance: as with any security system, the smart home security system can be 
installed simply and advised on by experts. Security specialists, like A.P.E., can provide 
advice, installation, and maintenance to ensure your security system is providing maximum 
protection. 

4.2 Application of Arduino-based home security system:  

 Security is the main intent of the research, the most important application of this system is to 
provide security to the home, societies,  shopping malls, institutions, etc. this system a person 
will be intimidated by incidents likely to be caused by fire, theft, or LPG. This system also 
can be used in banks, restaurants, manufacturing units, etc. 

4.3 Advantage and future scope: 

 The main advantage of this system is that it is fully automated. Once installed, it does not 
require any kind of human interaction. Also, it is very cost-effective. Arduino-based home 
security systems can be enhanced to identify fingerprints as opposed to password 
authentication using a keypad. Additionally, we can have a voice announcement system. It 
would send out vocal instructions regarding any kind of the four hazardous conditions to 
detect smoke, temperature, and LPG sensors.   

4.4 Discussion: 

 As we discuss above the PIR module, GSM module, fingerprint-based door lock, and 
password authentication-based door locks use cameras and L.E.D. for protection. the real 
problem is each system have a different area of work and perform a different task which 
means, there is a system that is used to measure the temperature or fire in the building and 
systems which used cameras and GSM module. The hardware and software cost of these 
modules is very high and everybody can’t afford such systems because of their installation 
cost. We made such a system that is afforded by every people such as middle-class people for 
their home security. Such system cost is low budget and the performance, and efficiency of 
this security system is high. 

4.5 Future modification: 

As we have discussed in the problems, the first thing is to combine all the related systems to 
make an overall system that could work with high efficiency and might perform multi tasks 
such as prevention of unauthorized persons in the house, detection of fire, and to let 
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housekeeping about any abnormal condition going on in the home in the unavailability of the 
owner. We could use the GSM module to let the housekeeping stay connected with the house 
and to control the system from any location outside of the town. The further system should 
also be capable enough to recognize the danger and must be connected to the various 
government department for any kind of emergency case. 

5. CONCLUSION 

As we have seen in the literature section that lots of work have done in the research for a 
home security system but yet there is something which is not been touched. In any of the 
security systems, there might be coordination among all the system's proper functioning. 
security is an issue that is needed in times of emergency; hence the system must be connected 
to the department that could help in the time of emergency. A lot of work has been done in 
this field and much more is required to make a security system that gives maximum 
performance and high efficiency. 
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Abstract: The technology development has increased traffic hazard and road accident due to the lack of 

facilities. the dangerous driving can be detected using the accelerometer in car alarm application. It is used 

as crash or roll over detector vehicle during accident or after the accident. An accelerometer receives the 

signal which is used to reorganized the several accidents. In this pepper, when vehicle met with an accident 

or roll over vibration sensor. In this car have 3 sensor one has fire detector sensor, second have smoke 

detector sensor, third is token switch and IR sensor are used in this project all the sensor working are 

different. when a vehicle met with an accident or roll over the vibration sensor will detect the signal and sed it 

to ATMEGA 8A controller. GSM send alert message to police can trace the location to the GPS after 

receiving the information. When they are coming on this location police are coming on this location and 

ambulance and send msg to the relatives. During the accident, if the person did not get injured or if there is 

no serious threat to anyone life, then the alert massage can be stopped by driver of the rescuer team. This is 

used to detect accidently by mean of vibration sensor.  

KEYWORDS: Accident dictator, Accelerometer, Fire sensor, GSM, IR Sensor, Smoke Sensor. 

1. INTODUCTION 

An automation vehicle accident detection and messaging system is a technological solution 
that utilizes sensors, algorithms, and communication technologies to detect accidents 
involving vehicles and automatically send out distress messages for prompt assistance[1]–[6]. 
This system aims to enhance road safety, minimize response time, and improve emergency 
services in the event of a vehicle accident.The core components of an automation vehicle 
accident detection and messaging system typically include: 

Vehicle Sensors: These sensors are installed in vehicles and are responsible for detecting 
abnormal events or movements that indicate a potential accident. Common sensors used in 
such systems include accelerometers, gyroscopes, GPS modules, and impact sensors. These 
sensors continuously monitor various parameters such as sudden changes in speed, 
acceleration, deceleration, and vehicle orientation. 

Accident Detection Algorithms: The system employs sophisticated algorithms to process the 
data from the vehicle sensors and determine if an accident has occurred. These algorithms 
analyze the sensor data patterns and compare them against predefined criteria or thresholds 
that indicate an accident. For example, a significant impact or sudden deceleration beyond a 
certain threshold may trigger the accident detection algorithm. 

Communication System: Once an accident is detected, the system initiates communication to 
alert emergency services or designated contacts about the accident. This is typically done 
using wireless communication technologies such as cellular networks, Wi-Fi, or satellite 
communication. The system can send automated distress messages that include information 
such as the location of the accident, vehicle identification details, and relevant sensor data. 
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Emergency Response Integration: The automation vehicle accident detection and messaging 
system interfaces with emergency response services, such as local authorities, hospitals, or 
roadside assistance providers. The system can transmit the accident information directly to 
these services, enabling them to dispatch help quickly and efficiently. Integration with 
emergency response systems ensures that appropriate assistance is dispatched to the accident 
location promptly. 

User Interface and Alerts: The system may include a user interface or dashboard where users, 
such as vehicle owners or fleet managers, can monitor the status of their vehicles and receive 
real-time alerts in case of an accident. The alerts can be in the form of SMS messages, push 
notifications, or emails, notifying the users about the accident and providing relevant details. 

The benefits of an automation vehicle accident detection and messaging system are manifold. 
Firstly, it enables rapid detection of accidents, allowing for timely intervention and 
assistance. This can potentially save lives and reduce the severity of injuries. Secondly, by 
automatically sending distress messages with accurate accident information, emergency 
response services can mobilize quickly and efficiently. Thirdly, the system provides an added 
layer of security and peace of mind for vehicle owners, as they know that help will be 
promptly notified in the event of an accident. 

Overall, an automation vehicle accident detection and messaging system leverages advanced 
technologies to improve road safety, minimize response time, and enhance emergency 
services in the case of vehicle accidents. By integrating sensor data, algorithms, and 
communication systems, this system plays a vital role in protecting lives and providing timely 
assistance on the road[7],[8],[9],[10],[11].  

2. DISCUSSION 

The automation vehicle accident detection and messaging system is an advanced technology 
that aims to enhance road safety and emergency response in the transportation industry. This 
system is designed to automatically detect accidents or abnormal vehicle behavior and 
promptly notify relevant parties, such as emergency contacts or authorities. 

 

Figure 1: Automation vehicle accident detection and messaging system 



 
187 Intelligent Electrical Systems 

By implementing this system in personal vehicles, fleet management operations, public 
transportation, and emergency services, several benefits can be achieved. It enables quick 
response and assistance during accidents, minimizes downtime, and ensures passenger safety. 
Insurance companies can also leverage the system's data for risk assessment and personalized 
policies. Moreover, integrating the system with smart city initiatives contributes to creating 
safer and more efficient transportation networks.Overall, the automation vehicle accident 
detection and messaging system plays a vital role in improving road safety, optimizing 
emergency response, and facilitating a proactive approach to accident management in the 
transportation industry (Figure 1). 

The application of an automation vehicle accident detection and messaging system is 
widespread and can be implemented in various scenarios related to road safety and 
transportation. Some key applications of this system include: 

Personal Vehicles: The system can be installed in personal vehicles, such as cars, 
motorcycles, or bicycles, to provide an extra layer of safety for individual drivers and 
passengers. In the event of an accident, the system automatically detects the impact or 
abnormal vehicle behavior and sends distress messages to emergency contacts, allowing for 
quick response and assistance. 

Fleet Management: For organizations that manage a fleet of vehicles, such as transportation 
companies, logistics providers, or delivery services, implementing an automation vehicle 
accident detection and messaging system is crucial. It helps monitor the safety of the fleet and 
ensures prompt response in case of accidents, minimizing downtime and potential risks for 
drivers and cargo. 

Public Transportation: Public transportation systems, including buses, trains, and trams, can 
benefit from this system to enhance passenger safety. By equipping vehicles with accident 
detection sensors and messaging capabilities, authorities can quickly respond to accidents and 
provide necessary assistance to passengers and drivers. 

Emergency Services: Integration of the automation vehicle accident detection and messaging 
system with emergency response services, such as police, fire departments, and ambulance 
services, is vital. When an accident occurs, the system can directly transmit accident details, 
including location, to the relevant emergency services. This enables faster response times and 
ensures that the appropriate assistance is dispatched promptly. 

Insurance and Telematics: Insurance companies can leverage the data collected by the system 
to assess accident risk and determine insurance premiums more accurately. The system's real-
time accident detection and reporting capabilities provide valuable insights into driving 
behavior, enabling insurers to offer personalized policies and incentivize safe driving 
practices. Telematics solutions can also benefit from the accident detection system by 
integrating the collected data for analyzing driver patterns and providing feedback on safe 
driving habits. 

Smart City Initiatives: The implementation of automation vehicle accident detection and 
messaging systems aligns with the goals of smart city initiatives. By utilizing advanced 
technologies to enhance road safety and emergency response, cities can create safer and more 
efficient transportation networks. This system contributes to reducing accident-related 
congestion, improving overall traffic flow, and optimizing emergency services. 
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The automation vehicle accident detection and messaging system offers several benefits to the 

transportation industry and society as a whole. Here are some key advantages: 

Enhanced Safety: The system significantly improves road safety by detecting accidents or 
abnormal vehicle behavior in real-time. It allows for immediate communication of the 
incident, enabling faster emergency response and reducing the risk of further harm. 

Prompt Emergency Assistance: By automatically notifying relevant parties, such as 
emergency contacts or authorities, the system ensures that help arrives quickly at the accident 
site. This leads to faster medical assistance for injured individuals, potentially saving lives. 

Reduced Response Time: Traditional methods of reporting accidents often rely on individuals 
making emergency calls. The automation system eliminates the need for manual intervention, 
enabling faster and more efficient incident reporting, which leads to reduced response times. 

Efficient Resource Allocation: The system helps emergency services and authorities allocate 
their resources more effectively. By receiving real-time accident notifications with precise 
location details, they can dispatch the appropriate personnel and equipment to the scene 
promptly, optimizing emergency response efforts. 

 

Improved Accident Investigation: The system collects valuable data about accidents, such as 
time, location, and vehicle behavior before and during the incident. This data can be analyzed 
to gain insights into accident causes, contributing factors, and patterns. It helps authorities 
and insurance companies better understand accidents and take proactive measures to prevent 
future incidents. 

Insurance and Legal Benefits: The system's data can be used by insurance companies to 
assess risks accurately. It enables insurers to offer personalized policies based on individual 
driving behavior, leading to fairer premiums. Additionally, the recorded data can serve as 
valuable evidence in legal proceedings related to accidents, ensuring a more accurate and just 
resolution. 

Proactive Maintenance and Vehicle Monitoring: The system can monitor vehicle health 
parameters and detect potential issues or malfunctions before they lead to accidents. This 
proactive maintenance approach improves overall vehicle safety and reduces the risk of 
accidents caused by mechanical failures. 

Safer Public Transportation: Public transportation systems can benefit from the system by 
enhancing passenger safety. Real-time accident detection and immediate communication 
allow for swift response and evacuation protocols, ensuring the well-being of passengers 
during emergencies. 

Overall, the automation vehicle accident detection and messaging system brings significant 
advantages, including improved safety, faster emergency response, efficient resource 
allocation, and data-driven insights for accident prevention. It plays a crucial role in creating 
safer transportation networks and protecting lives on the roads.  
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3. CONCLUSION 

In conclusion, the automation vehicle accident detection and messaging system is a 
groundbreaking technology that revolutionizes road safety and emergency response in the 
transportation industry. By utilizing advanced sensors, real-time data analysis, and instant 
communication capabilities, the system can detect accidents or abnormal vehicle behavior 
and promptly notify relevant parties, such as emergency contacts and authorities.The system 
offers numerous benefits, including enhanced safety, prompt emergency assistance, reduced 
response times, efficient resource allocation, improved accident investigation, insurance and 
legal advantages, proactive maintenance, and safer public transportation. These benefits 
collectively contribute to a safer and more secure transportation ecosystem, minimizing the 
risk of accidents, mitigating injuries, and potentially saving lives. 

With its ability to quickly detect and communicate accidents, the system empowers 
emergency services to respond swiftly and efficiently, ensuring that help reaches the accident 
site in the shortest possible time. The data collected by the system also plays a vital role in 
accident investigation and prevention, allowing authorities to gain insights into accident 
causes and patterns, implement preventive measures, and create safer road environments. 
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