
1 
 

 

 

 

 

 

 

 
 

NUST College of 

Electrical and Mechanical Engineering CEME 
 

 

Wi-Fi BASED ENERGY MONITORING AND  

CONTROL SYSTEM 

 
                                                        FYP Project Report 

                                                         DE-40 (DEE) 
 

 

 

 

 
 

Submitted By: 

        NC Muhammad Noman Shahid (257660) 
        NC Muhammad Huzaifa Javaid (212620) 
        NC Muhammad Mateen Zahid (207768) 
        NC Hafiz Muhammad Sharjeel Ghaffar (237870) 

  

 
  Bachelors in Electrical Engineering  

Year-2022 

 
Project Supervisor: 

Dr. Usman Ali 

 

 

 

 

 

 

 
NUST COLLEGE OF ELECTRICAL AND MECHANICAL 

ENGINEERING PESHAWAR ROAD, RAWALPINDI 



2 
 

Contents 
DECLARATION ............................................................................................................................ 4 

COPYRIGHT STATEMENT ......................................................................................................... 5 

ACKNOWLEDGMENTS .............................................................................................................. 6 

Abstract ........................................................................................................................................... 7 

List of Figures ................................................................................................................................. 8 

List of Abbreviations ...................................................................................................................... 9 

CHAPTER 1: Introduction ........................................................................................................... 10 

1.1 Introduction: ........................................................................................................................ 10 

1.2 Problem Statement: ............................................................................................................. 13 

1.3 Statement of Project: ........................................................................................................... 13 

1.4 Aims and Objectives: .......................................................................................................... 14 

1.5 Methodology ....................................................................................................................... 14 

1.6 Block Diagram: ................................................................................................................... 16 

1.6.1 Explanation: .................................................................................................................. 16 

CHAPTER 2: Literature Review .................................................................................................. 24 

Description: ............................................................................................................................... 24 

2.1 Literature Review: ............................................................................................................... 24 

CHAPTER 3: Components Description ....................................................................................... 31 

3.1 Arduino (ESP32/NodeMcu): ............................................................................................... 31 

3.2 Current Sensor (ACS712): .................................................................................................. 33 

3.3 Voltage Sensor (Zmpt101B): .............................................................................................. 34 

3.4 Relay ................................................................................................................................... 35 

Types of Electromechanical Relays: ......................................................................................... 38 

Classification of EMRs based on their construction & operation: ........................................ 39 

Solid State Relay Input: ............................................................................................................. 41 

Solid State Relay DC Input Circuit ....................................................................................... 43 

Solid State Relay AC Input Circuit ....................................................................................... 44 

Solid State Relay Output: .......................................................................................................... 45 

Solid State Relay Output Circuit ........................................................................................... 45 

Solid State Relay Output Waveform: .................................................................................... 46 

AC Solid State Relay Circuit ................................................................................................. 48 



3 

 

3.5 Firebase ............................................................................................................................... 48 

3.6 Circuit Breakers: ................................................................................................................. 49 

3.7 64x128 LCD Display .......................................................................................................... 52 

CHAPTER 4: Environmental and Societal Aspects: .................................................................... 54 

4 Environmental and Societal Aspects: ..................................................................................... 54 

4.1 Financial Security ................................................................................................................ 54 

4.2 Safety and Comfort: ............................................................................................................ 54 

4.3 Lesser Health Issues: ........................................................................................................... 54 

4.4 Peak Load Reduction .......................................................................................................... 54 

4.5 Lesser Climate Changes: ..................................................................................................... 55 

CHAPTER 5: Project Layout and Software Simulation ............................................................... 56 

5.1 Software Simulation: ........................................................................................................... 56 

CHAPTER 6: Hardware Implementation ..................................................................................... 57 

6.1 Introduction: ........................................................................................................................ 57 

6.2 Design and Implementation: ............................................................................................... 57 

CHAPTER 7: Conclusion and Future Suggestions ...................................................................... 63 

7.1 Conclusion: ......................................................................................................................... 63 

7.2 Future recommendations: .................................................................................................... 63 

7.3 Applications: ....................................................................................................................... 64 

References: .................................................................................................................................... 65



4 
 

DECLARATION 

Therefore, we confirm which no part of the work mentioned in this Project Thesis was 

already presented in favor like an candidacy for only a degree or certificate from another 

university or other institute of higher learning. Depending on the type of plagiarism found, we 

are entirely responsible for any disciplinary action taken against us, up to and including the 

revocation of our degree. 

 

 

 

 

 

 

 

 

 

 

 

1- MUHAMMAD NOMAN SHAHID  
NUST ID: ______________________ Signature: _____________________  

 

2- HAFIZ MUHAMMAD SHARJEEL GHAFFAR  
 

NUST ID: ______________________ Signature: _____________________  

 

3- MUHAMMAD HUZAIFA JAVAID  
 

NUST ID: ______________________ Signature: _____________________  

 

4- MUHAMMAD MATEEN ZAHID 
 

NUST ID: ______________________ Signature: _____________________  

 

 

 



5 
 

 
Certificate of Approval 

It is to certify that the project “WI-FI BASED APPLIANCES ENERGY MONITORING 

AND CONTROL SYSTEM” was done by Muhammad Noman Shahid, Hafiz Muhammad 

Sharjeel Ghaffar, Muhammad Huzaifa Javaid and Muhammad Mateen Zahid under the 

supervision of Dr. Usman Ali. This project is submitted to Department of Electrical Engineering 

College of Electrical & Mechanical Engineering Peshawar Road Rawalpindi National University 

of Science and Technology Pakistan in partial fulfillment of requirements for the degree of 

Bachelor of Engineering in Electrical Engineering.  

 
STUDENTS:  

 

1. Muhammad Noman Shahid 

 

NUSTl ID:                                                                                    Sign: ……………… 
 

2. Hafiz Muhammad Sharjeel Ghaffar 

 

NUSTl ID:                                                                                    Sign: ……………… 

 

3. Muhammad Huzaifa Javaid 

 

NUSTl ID:                                                                                    Sign: ……………… 

 

4. Muhammad Mateen Zahid 

 

NUSTl ID:                                                                                    Sign: ……………… 

 

Approved BY:  

 
Project Supervisor:l Dr. Usman Ali 

 

Date: ----------------------------  

 

Head of Department: Dr.l  Fahadl Mumtazl Malik  

 

Date: ---------------------- 

 



6 
 

COPYRIGHT STATEMENT 

 

 
The content of this report is still protected by the student author's ownership. Copies (by any 

method) in whole or snippets may only be made in accordance well with writer's guidelines and 

after being registered inside the repository of NUST College of E&ME. More details are 

available from the librarian. Any versions created should also include this page. No further 

duplicates of photocopies made in line with so much guidelines may be made (by any method) 

without the author's prior written approval. 

Possession of any property rights proposed in this thesis is reserved by NUST College of 

E&ME, barring any written contract to the other hand. No such rights may be made accessible to 

external parties alone without College of E&ME's prior approval, that will also specify the 

contract terms of any such contract. 

More details on the circumstances that may contribute to breaches and misuse are available 

at the NUST College of E&ME, Rawalpindi, and library. 



7 
 

ACKNOWLEDGMENTS 

 
 

First of all and probably most important, we would want to thank ALL-MAGNIFICENT 

ALLAH, who provided us with the knowledge and abilities required to complete the project. We 

would like to thank our directing supervisor, Dr. Usman Ali , for his kind supervision and 

guidance throughout the semester; without his directions and experience, we would not have 

been able to complete this project. We are extremely grateful for his help and support. 

We are grateful for all of our professors' and support staff's help, notably the faculty of the 

Department of Electrical Engineering, who assisted us in solving numerous challenges, 

particularly for the Head of Department. We'd also like to thank everyone who has supported and 

encouraged us in our attempt. Additionally, we want to thank and appreciate our parents, who 

have prayed ceaselessly for our success. 

Finally, we express our heartfelt gratitude and heartfelt congratulations to our group 

members for their tremendous efforts and contributions to the project's completion. 



8 
 

ABSTRACT 

 
Energy is essential for any household, industry, agriculture, and so on. It is vital to manage 

energy effectively and wisely for appliances. Electricity generation is directly influenced by coal, 

oil, and other energy sources. 

We are all seeing an increase in the use of electronic equipment as technology and science 

improve. This dramatic increase in appliance usage necessitates an equally dramatic increase in 

energy availability. To fulfill the energy demands, we may either generate more energy or save 

the energy that we already have. Our project's main goal is to find a technique to save a lot of 

energy. 

Due to the physical restrictions of the electronics, a large amount of rework on the detecting 

principle may be necessary to overcome the constraints, which may not be feasible. Our project's 

purpose is to devise a method for circumventing the restrictions imposed by human efforts. 

Not only can the project we're proposing save energy, but it can also save water, gas, heat, and 

other utilities. This technology, in comparison to traditional systems, can defend against energy 

theft, improve efficiency, and is user-friendly. 

The suggested project is an IoT-based energy meter that uses an ESP32 as a microcontroller and 

a user interface application to allow users to easily access, analyze, and control energy 

consumption. 
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CHAPTER 1: Introduction 

 
1.1 Introduction: 

Green production enterprises are currently being promoted by a variety of factors, including 

production conditions, increasing prices, increased environmental crisis, and economic changes. 

In areas such as transportation, management, governance, and personal happiness, the rapid 

expansion of technology in recent years needs the development of cost-effective, productive, and 

intelligent solutions. Energy consumption in IoT applications is rising. 

Growing economic growth and consumption patterns have resulted in rising energy demand. 

Because fossil fuels account for the bulk of energy, the resource is depleting, resulting in higher 

energy expenditures. Severe weather phenomena are a result of increased atmospheric co2 

concentrations brought on by the increased concentrations of greenhouse gases. Sectors of the 

economy must therefore take steps to reduce energy waste, promote sustainable development, 

and reduce costs. 

India uses 45% of the 1.9 trillion electricity sources produced worldwide. Transportation and 

delivery (16%), fraud (10%), and user unreliability result in the loss of 35% of the electricity 

generated (10 percent). Residential and manufacturing customers with big KVA HT links are 

mostly responsible for the 10% wastage. Harmonic issues, poor cabling, interference from 

subsystems and nearby power components can all lead to inefficiency. 

The maximum power decreases while energy consumption increases as a result, resulting in 

higher rate slabs and fines. Data centers, for example, track their Power Usage efficiency by 

consuming significantly more units per year than are required to power all of their equipment. 

SME's, along with other industries, are impacted, as well as limestone, metal, automobile, 

thermo mechanical, food preparation, pharmaceuticals, polymers, fabrics, office properties with 

Air conditioners, healthcare, and hotels. 

A smart home monitors and control system based on Zigbee, Bluetooth, and other technologies 

has also been investigated. In order to reduce the risks brought on by electrical issues, research 

has also been done on Remote Monitoring leveraging Android and smart appliances, in which 

the usage features of electricity supply per each power outlet are watched in live time. 
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Additionally, research using Internet of things technology for autonomous illumination and 

Microcontroller control was conducted in the classroom. The device could also be managed via a 

smartphone app using Bluetooth. 

No system for regulating the use of electronic components based on external conditions, that can 

lower usage of energy, was established in any of the investigations. 

Due to significant efficiency gains and excellent energy security causes, energy management is a 

critical worry in this situation. Renewables reaction and interaction from producers and 

consumers are the study's objectives for IoT energy management. In order to address these 

difficulties, process automation management has to be able to introduce resources usage. During 

that point, a system for streamlining reservations and increasing fuel economy in IoT-enabled 

intelligent enterprises would be put in place. 

The to include wireless power transmission through Iot networks with in smart factory power 

generation. The current state for smart industrial facilities has been contextually assessed, and 

this assessment includes developments in balancing energy supply and demand as well as 

unresolved problems with Cellular smart metering. 

We created a smart meter for this project, which is a gadget that can save electricity, water, or 

natural gas by recording and relaying data to the customer. It allows the user to remotely monitor 

and operate the system, and it is an Internet of Things-based system that allows you to access the 

system from anywhere in the world via the internet and an application that we created 

specifically for this purpose. 

The application lets the user to see how much electricity each load uses, and if any of the loads 

use more than 2 amps, the system will turn them off. The application created for this aim is user- 

friendly because it tells you about current events affecting energy use on a regular basis. This 

will assist us in making our system more energy efficient. A 24x128 LCD has also been linked to 

receive a clear and better visual picture of the energy being consumed from anywhere. 

This device is quite useful in a variety of ways. If it is used more frequently, it can surely assist 

shape the country's infrastructure. The monitoring system can raise awareness about how much 

energy certain gadgets consume and how we can efficiently control them to use less energy. It 
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can also be used to detect defects in electrical appliances connected to the system by reporting a 

deviation from the normal current flow or voltage level. 

Traditional electric meters are still commonly used in Pakistan, making it impossible for users to 

examine the energy consumption rates of particular items. The analogue and digital meters we 

use in Pakistan lose their accuracy over time, are unable to provide information on the energy 

usage of individual appliances, and offer no protection against energy theft. From a financial 

standpoint, utilizing energy efficiently can be extremely beneficial. Other countries are 

considering implementing this technology on a wide basis as well. Telia (in Sweden) use 5.4 

million electric meters, with 2 million of them being cellular IOT. (2019, Smart Metering: The 

Role and Market of Smart Meters) 

Smart meters based on the Internet of Things can also contribute to the welfare of society by 

significantly reducing global emissions. According to a recent study, using smart measures to 

regulate energy usage saves more than 2 billion metric tonnes of carbon dioxide per year. (2020) 

During 2001 until 2006, Enel was the first business in Italy to use smart metres commercially. 

An Italian energy company is called Enel. Nearly 85% of Italian buyers are now using smart 

meters as a result of this. Enel estimates that customers will save $750 million each year by 

paying in installments. Peer pressure was also a factor in some companies' adoption of smart 

meters. The US government is also actively encouraging the usage of smart grids. The US 

government contributed $4.5 billion under the American Recovery and Reinvestment Act of 

2009. 2012 (Andeen) 
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1.2 Problem Statement: 

We have made a lot of progress in science and industry in our contemporary world, yet 

we still have an energy crisis in many locations. The demand for energy has increased in recent 

years as a result of advancements in electronic devices and overall use of various appliances. 

Developed countries are consuming more energy than is required, resulting in an energy crisis in 

developing countries. We must take drastic measures in order to meet everyone's energy needs. 

One of them could be to conserve the electricity that is already available. This project can assist 

us in monitoring and managing energy usage in order to save energy. 

1.3 Statement of Project: 

Things are becoming increasingly automated as time passes. New technologies are being 

created in order to automate specific operations and reduce the need for human involvement. In 

some cases, human influence can be extremely costly, both financially and in terms of human 

life. This project's purpose is to automate and design a smart meter that will allow people to save 

energy. 

Using pre-programmed scenarios, internet users of Contents (IoT) can operate networked 

electronic objects with little or no human involvement. IoT-based energy management systems 

(EMS) are gaining importance as a result of the requirement to consistently enhance industrial 

energy consumption. EMS that have been upgraded by industrial IoT (IIoT) are intended to aid 

enterprises with in transition to the virtual environments. 

They increase staff members' awareness of green waste and equip them with advanced analytical 

expertise to predict significant potential catastrophes and upcoming energy needs. In order to 

help enterprises achieve the planned approach, our article demonstrates the network topology for 

the power management aid. 

To ensure energy conservation on an individual level, we created a system that collects data on 

power consumption by each load connected to the meter and displays it to the user via an 

application and an LCD display. This will assist users in recognizing the additional energy they 

are consuming and managing it accordingly. We should take measured precautions to avert 

extreme instances of energy scarcity. 
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1.4 Aims and Objectives: 

 To preserve as much energy as possible in order to meet everyone's basic energy needs. 

 To offer a sense of security by sounding an alarm whenever there is a threat of theft. 

 To help you save time and effort. 

 To ensure the accuracy of bills. 

 To draw attention to appliance flaws. 

 To keep track of and manage energy consumption. 

 To protect energy and appliances by shutting off any load that is acting erratically. 

 

1.5 Methodology: 

The present Smart Home and Energy Management system has been designed to regulate 

appliances and reduce the dangers of electrical failures. In none of the experiments, a method for 

energy conservation was established by monitoring ambient conditions and controlling appliance 

usage accordingly. 

As a result of the development of device connection, or Internet - of - things, we created an IoT- 

based Monitoring System in which light and temperature brightness sensors are utilized, and the 

readings were communicated to an Embedded system. Depending on the statistics detected, the 

Microcontroller board is employed to regulate how the device is used. 

In order to maintain track of equipment consumption, Hall Sensors measure the electricity that 

each device draws. A Wi-Fi module wirelessly transmits this data to the node MCU, which 

routinely calculates and graphs the total power usage of each appliance. Power consumption vs. 

time graphs for all appliances under various climatic conditions have been posted. Arduino 

would also employ a transistor to regulate the appliance's necessary voltage. 

A Hall sensor will inform the Arduino of how much current is being supplied towards the device. 

The Arduino would also provide the power used to the node mcu. This microcontroller would 

also create a graph based on current taken and publish the data to a website in addition to 

receiving the current drawn and calculating the power consumed. 
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There are two sections to this project: 

 
Software implementation: 

 
 Programming: 

Programming is the first and most crucial component. All of the procedures, 

including voltage and current monitoring and detection, will be controlled by a 

microcontroller. A microcontroller must be created to make the system work, as it 

will aid in the effective control and monitoring of the detecting system. 

We'll use a current sensor, a voltage sensor, and relays to compute and control the 

system remotely, which will need programming and system integration. 

Finally, we'll upload the measures to the firebase so they can be seen; this will 

require programming, as will the display of the data on the screen, which will also 

require programming. Current sensors, voltage sensors, the node mcu itself, and 

relays are among the other devices controlled by the microcontroller. 

Hardware implementation: 

 
 Current and Voltage Measurement. 

 Relay turning on and off loads. 

 Controlling with microcontroller. 

 Displaying information on LCD and application. 



17 
 

1.6 Block Diagram: 
 

 

 

 

1.6.1 Explanation: 

Fig 1.1: Block Diagram 

In images 1.1 and 1.2, we utilized graphical representations to represent the connections 

in our project in a more structured and understandable way. Each load's current and voltage 

sensors are connected to breakers. Our system will be protected by a breaker if the individual 

sensors detect an excessive or insufficient flow of voltage or current. The information about the 

loads is also transmitted to the microcontroller, which subsequently displays it on the application 

and on the LCD with the help of a database. Loads and current sensors are directly connected to 

relays. They are in charge of turning off any load that exceeds the 2 amp load current limit. 
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IOT systems: 

 
The Internet of Things (IoT) is a collection of components, or "objects," that have 

internet-based communication capabilities thanks to detectors, algorithms, as well as other 

capabilities embedded into them. These devices vary in severity from simple everyday items to 

powerful factory equipment. Well over 10 billion iot - connected gadgets will exist by 2020, and 

by 2025, there will be 22 billion. 

What purpose does the Internet of Things (IoT) serve? 

 
Among the most significant 21st-century innovations is now widely acknowledged to be 

the Internet of Things. It is already easy to attach everyday device to the internet using 

microcontrollers, like kitchenware, vehicles, heaters, and baby monitors, in order to give 

continuous interaction between students, organizations, and stuff. 

Especially with low processors, the internet, big data, statistics, plus development of mobile, 

material entities could interact as well as gather information with such little physical interactions. 

With today’s modern interconnected society, electronic networks have the potential to capture, 

watch, and modify every contact between connected objects. Though they compete with each 

other, the print and virtual worlds also cooperate. 

What innovations have made the Internet of Things possible? 

 
Although it has been a theory for few period, new technological advances have made the Iot a 

fact. 

 There is products and service that is at once inexpensive and reduced. IoT technology has 

become more affordable for more companies given the abundance of low-priced, reliable.

 Connectivity. Several internet backbone standards had helped to attach sensing to the 

web or other "things" for fast transmitting data.

 Cloud computing frameworks with rise of public cloud, companies and organizations 

can access the equipment they want with trying to handle it own.

 Analytics and machine learning. Latest innovations in deep learning and statistics, 

along with accessibility towards the vast amounts of data remotely stored, organizations
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can now gain information very rapidly and easily. These technologies are driven by Data 

sources, or the growth of these interconnected devices stretches IoT's frontiers. 

 Artificial intelligence that can talk (AI). Due to advancements in deep learning, natural 

language processing (NLP) was already stretched into Internet of Things (IoT) devices, 

like personal digital aides Alexa, Cortana, and Siri, enabling devices increasingly 

attractive, accessible, yet efficient to be used at residence.

What is the Industrial Internet of Things (IIoT)? 

 
The phrase "industrial IoT" describes the use of IoT technology in industrial contexts, 

specifically in regard to sensor and gadget mechatronics employing cloud services (IIoT). 

Cellular control and monitoring in manufacturing sectors are facilitated by a latest tech called as 

device interaction (M2M). Organizations may achieve a higher level of technology thanks to the 

advent of both the computer and associated systems, but with it, new revenues and monetization 

strategies (such as analytics and machine learning). Industries 4.0, sometimes defined as the 

network of Everything, is indeed the fourth phase of the industrialization. The Iot devices is 

widely included in the factors explained beneath: 

 Lean factory,

 interconnected resources, planned maintenance,

 intelligent electric grids,

 "smart" cities,

 integrated supply chain, and

 digitized supply line.

 

How does IoT work? 

 
The IoT environment consists of internet connected devices that collect, transmit, and analyze 

the information from its environment employing intelligent systems including CPUs, detectors, 

plus physical devices. Through joining to an IoT gateway or other edge device, IoT devices can 

share sensor data, which might either be included in the cloud for processing or reviewed onsite. 

Several sensors may sometimes interface to each other and take measures referring to the data 

they acquire. The bulk of the research is handled by the tools automatically, even when persons 

can engage on them to hold them up, provide it commands, or download information. 
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What advantages can IoT offer to businesses? 

 
There are many other instances where the iottechnology potentially improves enterprises. Whilst 

other bonuses are common to a diverse economy, others are economy. Even some of the most 

famous IoT opportunities enable the business to: 

• raise team performance, combine and customize revenue streams, 

• increase operational efficiency (CX), 

• minimize time and expense, boost business judgments, and raise profits 

• Document conclusions from IoT data to benefit corporate strategy 

• Monitoring the performance and effectiveness of the business 

• Creating new sources of income and economic concepts 

• shortening the time to benefit by conveniently and effectively linking the digital and real 

worlds. 

IoT encourages companies to reevaluate current marketing strategies and supplies customers 

well with skills that ought to sharpen their approach. 

Although detectors or other Iot were mostly commonly used in manufacturing, transit, and 

energy industries, they have indeed seen employment in agribusiness, engineering, and homekit, 

leading to the digitization of some enterprises. 

Ranchers can benefit from using the Internet of Things to make their responsibilities simpler. To 

help ranchers automate their work, sensors can capture data on various of factors, including 

temperature, soil formation, stickiness, and rainfall. 

The ability to screen framework exercises is yet another element of IoT that might be useful. For 

instance, sensor can be used to distinguish between activities or modifications to fundamental 

element, spans, and distinct foundation. Cost savings, time reserves, improvements to work 

processes that reflect nature of ways of living, and just a transparent work process are a couple of 

the benefits. 

A personal computerization company within the family may utilise the Internet of Things to 

display and manage the electromechanical systems of a building. On a much larger level, urban 

planning institutes may assist residents in lowering trash and electricity use. 
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Each business is stimulated with the help of the draw of Things, including medical concern, 

income, retailing, and gathering. 

What sectors can profit from the Internet of Things? 

 
Companies that might benefit from utilising different sensors in existing enterprise applications 

are the greatest candidates for IoT. 

• Manufacturing: 

Incorporating output monitor would afford organizations a significant advantage just 

because it provides reactive regular inspection where monitors signal near collapse. 

Gadgets can discover once industrial base is impeded. Operators can consider 

checking machine for quality using monitoring cautions, and that they can cease 

production till an issue is addressed. Manufacturers can lessen maintenance expenses, 

maintain compliance, and boost facility performance appraisal system. 

• Automotive: 

Usage in It always had the ability to greatly impact the industrialization. Sensors are 

used to measure pending electrical fault in buses and is street legal and deliver 

information and support to such vehicle, in order to get the benefits through using 

Smart sensors on production systems. Both designers and dealers would learning all 

about how to kept engines functional as well as drivers happy according to integrated 

reports collected using Technology software. 

• Transportation and Logistics: 

Certain Implementations exhibit great outcomes overall logistics processes. 

Because integrated knowledge of IoT optical sensors, squadrons of buses, 

truckers, barges, including rails that will be hauling things can always be 

relocated relying upon this condition, that available of machines, and thus the 

employment of people. The stocking may well contain equipment for thermostat 

and inventory control. Thermo equipment is popular inside this restaurant, 

decorative, and chemical products. IoT pose challenges that can provide warning 
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once temperatures increase or decrease to such a rate and harms the stock would 

be really handy. 

• Retail: 

Shops might control every aspect, enhance, expedite value chain, and thus save 

dollars by use of Iot. Thus verify goods as well as throw forward warning when 

consumables stand approaching thin, savvy bookcases using height monitors, 

among examples, would receive Technology data and transmit it from an 

embedded system. Nodes make it a lot further appealing by enable users to 

consume customized price reductions. 

• Public Sector: 

There in public service and perhaps other client companies, the positives of 

Connectivity are often significantly considered. Coalition utilities, for particular, 

would deploy Technology software to advice subscribers both of local or regional 

shortages in sewage, gas, or sewer operations. Iot devices help receive evidence 

on the impact of either an incident and route staff to enable institutions to 

recovered through disturbances quicker fast. 

• Healthcare: 

The modern healthcare benefitted by Smart device monitor in the many unique 

ways. Equipments and certain other public assistance technology be regularly 

stowed in location for doctor, pharmacists, including attendants do have to know 

on. An Connected capital platform will be used to control bikes that are being 

equipped to Sensor devices in something like an institution, making it simple to 

everyone wishing for everybody to access person. To allow proper use or 

budgetary control at each bureau's assets, many hospital assets can indeed be 

maintained throughout this approach. 

 

 

 

 
 

 General Safety across All Industries:
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Internet can indeed be applied to enhance safety of workers in order to add new 

real assets. Operators in quarries, extraction of oil and gas, industrial plants, and 

electric utilities also have to be alert of both the likelihood that a hazardous 

situation will damage him. Humans can always be forewarned to approaching 

incidents or rescue as rapidly as necessary until they are hooked to IoT controller 

apps. Wearable technologies both detect weather parameters like health also 

incorporate Iot devices. Some software also help customers in evaluating their 

mental wellbeing but is also let experts to virtually monitor and record. 

What effects will the Internet of Things have on the world? 

 
By permitting transportation systems, the Internet is transforming the automotive industry. Cab 

owners can use the Internet of Things to access remote company automobiles, such as warming 

the car while getting in or scheduling a rental car over the internet. Due of the Internet of Things' 

potential to enable equipment contact, cars are required to schedule their own servicing 

appointments as needed. 

Automakers and dealers can employ linked cars to completely alter the private vehicle business. 

In the past, there was no connection between makers and individual consumers (or none at all). 

When the car was delivered to the dealer, its maker's relationship to it practically came to an end. 

Automakers and dealers can maintain a constant interaction with their customers thanks to 

automated vehicles. IoT enables automakers to upgrade their vehicles with updated features on a 

regular basis, which is a significant break from the old paradigm of auto ownership, in which 

vehicles gradually degrade in performance and value. Instead of selling cars, self-driving 

vehicles might charge drivers user fees and provide "transport-as-a-service”. 

What are the benefits and drawbacks of IoT? 

 
The following are a few benefits of IoT: 

 

 a better level of connectivity between connected technological equipment;

 making life easier by sending network packets across a network connection;

 accessibility at whichever location and at any time through any other device;
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 Using automate to eliminate necessity social interaction while raising an industry's 

quality service.

Some drawbacks of the Internet of Things include the following: 

 

 As the number of devices connected rises and also more data can be shared across users, 

the likelihood of a hackers receiving personally identifiable improves.

 As in ahead, enterprises may even have to deal all millions or billions additional Iot 

nodes, therefore involved in gathering data from some of those devices will then be 

problematic.

 If the cell requires vulnerability, then data centres would most surely be ruined.

 Networking products via multiple companies is difficult as there is no world organization 

for Wifi accessibility..
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CHAPTER 2: Literature Review 

 

 
 

We need to know what kind of work has already been done and how we might improve or 

differentiate ours before we can complete a project. As a result, We read a few publications to 

better comprehend the idea or fundamental technological problem that we're trying to tackle. We 

were able to construct a road map for our research as well as learn about the defects in these 

publications, which we will aim to rectify as much as possible, by reading these journals. 

Following that, a brief description of the journals we used for our research was provided. 

Description: 

Every day in this modern world, we come across new technology. Monitoring and controlling 

power consumption via the Internet of Things is also a technological application of electronics. 

Smart meters are the subject of a number of research. It is not only an invention, but also a 

necessity of the day because it allows us to use energy more efficiently. In this section, we'll go 

through some of the research on IoT-based smart meters. 

2.1 Literature Review: 

 

 
1. The author of a study named "Smart Electric Meters" completed by 

(PallaviChirumamilla) SushmithaMoturi focuses light on the fact that smart metres are a 

modern-day innovation that can assist us in conserving energy on the planet by properly 

utilising it. Smart metres, according to the report, are electronic devices that capture 

information on the electricity of linked appliances in less than an hour. The data is then 

shared for the purposes of monitoring and charging. 
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Fig 2.1: Smart Meters 

 
These meters are frequently used in the United States, Australia, Canada, and other 

countries because they provide long-term findings. The installation of smart grids is the 

initial stage towards using smart meters. It is a technologically advanced electric grid that 

utilizes information and communication technology. Smart grids collect and act on data 

on user behavior, both suppliers and receivers. It gives both parties a feeling of security. 

Satisfactory communication technology is critical to the whole system's success. Cell and 

paper networks, satellite, licensed radio, and lower line communication are some of the 

possibilities offered in this study. The importance of the communication network is equal 

to that of the communication medium. In this way, rural communities confront more 

difficulties than urban places. Three interfaces are frequently utilized in smart metering 

communication system: 

 WAN (Wide area network) 

 NAN (Neighborhood area network) 

 HAN (Home area network)[1] 

2. Nitin Rakesh presents a "Review on Design of Residential IoT based Smart Energy 

Meters" in Semawit Araya's worldwide Engineering and technology manuscript is 

appropriate for publication (Semawit Araya, 2019). This study discussed several smart 

metre features and technologies in use today, as well as a low-cost and efficient smart 

metre system based on the Internet of Things. A platform of systems known as the 

Internet of Things (IoT) enables a variety of gadgets, objects, instruments, various things 
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to connect and communicate with one another from any location. A technology that may 

be automated or used by a person is referred to as "SMART." A smart device has sensors 

that enable it to be conscious of its environment. 

The author's approach is based on a conventional IoT architecture in which smart metres 

communicate with utilities and residents via the cloud. The energy metre is a single phase 

energy metre using an Arduino microcontroller, an ACS712 current sensor, a Zmpt101B 

voltage sensor, and a relay. 

 

 
Fig 2.2: Smart energy meter design. 

 
The microprocessor calculates power after receiving voltage and current consumption 

data from voltage and current sensors, i.e. Power= voltage x current. The following 

formula is used to calculate energy: Energy is equal to the product of power and time. 

They used the ESP8266 Wifi module to construct a wireless communication design. The 

SSR (Solid State Relay) is in charge of turning on and off the load. If the load consumes 

too much energy, it will be turned off. Every user's channel id is generated by the 

ThingSpeak website. [2] 

3. Baishali Pradhan's "STUDY ON THE SMART WATER SYSTEM BY USING SMART 

METERS AND IoT" has been published in another international journal of creative 

research thoughts (IJCRT). (2021) Pradhan Because of the rising demand for water, the 
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authors suggest a smart water system concept. These systems can detect, measure, and 

record data such as pipe pressure, water quality, and reservoir levels, among other things. 

Following that, they tell system management of the information. They can also assess a 

situation and respond appropriately to improve the outcome. AMI/AMR (Automatic 

Meter Reading) technology is used in the smart water system. 

Data is automatically recorded by AMR and then transferred to a database for further 

processing. It is a subset of AMI and has one-way communication with utility. AMI 

allows for two-way communication between the metre and the utility, as well as between 

the metre and the consumer. AMI/AMR can assist in cost reduction and reliable 

outcomes. IoT has its own methods for optimising the system. The Internet of Things can 

help businesses measure smarter, communicate more effectively, analyse data more 

easily, and increase revenue and efficiency. [3] 

4. Sustainable green enterprises are currently being promoted by a variety of factors, 

including production conditions, depletion of resources, increased environmental 

awareness, and market changes. In areas such as transportation, management, 

governance, and personal happiness, the rapid expansion of technology in recent years 

needs the development of cost-effective, productive, and intelligent solutions. Energy 

consumption in IoT applications is rising. Due to significant electricity costs and 

effective emission reduction explanations, energy management is a critical worry in this 

situation. 

Zero emission adaptation and connection beyond supply are the study's objectives for IoT 

energy management. In order to address these difficulties, smart factory strategy had to 

be able to deploy energy efficiently. During that juncture, we'll provide a framework for 

combining restrictions and enhancing energy efficiency in IoT-enabled smart sectors. 

The article compares switching devices from IoT deployments in the smart industry as 

part of the reward workplace power sector. A contextual assessment of the current state 

of smart industrial facilities has been presented, which covers advancements in balancing 

energy supply and demand, as well as unresolved issues energy management solutions 

based on the Internet of Things.[4] 

5. The development of intelligent microgrids for processing sites need take consideration 

scalability and universality. There is currently no clear and consistent method for 
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transmitting energy-related information among facility organisations. In hopes of helping 

industry customers make a flexibility (DR) intelligent, it study aimed to provide a more 

Smart interconnection with both an appropriate data paradigm. 

In moreover, to integrate DR energy systems in a manufacturing area featuring linked 

energy production lines, we devised as well as established integrated Technology 

efficiency channel united by a common integrated database but rather communication 

mechanisms. The survey's empirical results show that such provided technology will 

strengthen in connectedness of entities in business microgrids with reducing total the 

power bills across industries.[5] 

6. Due to the growing of iot., there has already been a lot of international and educational 

enthusiasm in ecological utilities (standby generator, smart cities, etc.) in recent decades. 

Systems can make effective resource utilization though ubiquity inspection and regular 

contact besides adopting World wide web of Items (IoT) capabilities. Constructing an 

IoT-based system model now involves the consideration regarding tall energy 

consumption. Therefore in piece, we'll analyze how else to build a strong optimization 

algorithm and peripheral processing engineering IoT inverter. 

The first section gives an overview of smart city energy management using IoT. The 

Technology system's infrastructure and code strategy for cloud computing are then 

provided. Then, using the framework as a guide, we devise a cost-effective energy 

scheduling strategy based on deep reinforcement learning. Finally, we demonstrate the 

effectiveness of the suggested approach.[6] 

7. Over the last decade, meeting the world's energy consumption has been a serious 

challenge. Only by monitoring the load's energy consumption can power savings be 

realised. Following the monitoring of energy usage, a suitable control mechanism can be 

utilised to optimise energy usage, resulting in energy savings. Traditional energy-saving 

measures, as well as home and industrial energy monitoring, are ineffectual in terms of 

saving an enormous quantity of heat. 

Therefore, the engineering team throughout this report is stored on the Internet of Things 

(IoT), what measures loading system capacity and reduces energy consumption in either 

an inexpensive way. Technologies for the Cloud computing (IoT) technology do 
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everything from remote monitoring to industries when physically goods are accessible to 

such a networking from almost anywhere. 

The initiative builds an Internet of Things (IoT)-based energy management system that 

gathers data from smart energy metres that use the GPRS network and then displays it on 

a website. This system can gather information from a load and control it in an Internet of 

Things scenario (IoT).[7] 

8. All technology in today's society can be operated automatically from anywhere on the 

planet. The potential transformer, which will be used to measure the current spent piece 

at the consumers end, is not supposed to add up first 100 kilocalories, per our gov't's 

system. IoTs are commonly used in home automation applications, such as controlling a 

fan or a lamp with a mobile phone and a cloud platform. For internet activities, the 

modern arduino was also used to regulate one data. 

However, while data can be regulated, the consumer node cannot be supplied with energy 

on a constant basis. This cloud platform basically records dates and handles the controller 

portions with the help of the ThinkSpeak website. This research, on the other hand, 

focuses on using an Arduino controller to monitor solar energy and energy metres, as 

well as home automation using an IoT with a Esp8266 Wifi module. On the consumer 

side, this module is used to regulate data and monitor energy levels. 

The solar and energy metres feed data to the cloud, which is subsequently dumped into 

the Arduino controller via the Wi-Fi module. Both data streams are controlled in parallel 

by the controller, and the data is presented on an LCD. As a result, IoT energy from solar 

panels and energy metres provides users with continuous electricity for home 

appliances.[8] 

9. Context-aware computers that can immediately reflect current conditions of the 

environment are expected, as exemplified by the Internet (IoT) and its profusion or City - 

wide apps. Our awareness of the links between semantics and the recall of which 

incidents occurred for which circumstance inside providing accurate frames is 

particularly weak. Context modelling is still a low-level procedure that requires a lot of 

human talent, making it difficult to visualise, describe, measure, and monitor typical 

contexts in IoT-based systems. 
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We introduce a new context lifetime throughout this analysis that consists of contexts 

construction as well as scenario sensing. We built a set for manner monitoring in which 

conditions get defined as plots and various appearances may very well be noted and 

precisely defined. Researchers, executives, and users will, in this opinion, potentially be 

able to produce and maintain situation graphing by increasing the lot of information 

generated by substantially deployed Internet of things.[9] 

10. In the civilized era, the label "Smart Grid" is widely used to explain a junction that 

checks both inflow and changing economic work, balanced it too when consumption is 

positive or negative, as well as shares the spared electrical current and use the Iot based 

(loT). The Internet of Things increases the electrical system's dependability and 

efficiency (smart grid). The Internet of Things provides a wealth of data on demand and 

supply, as well as assisting in energy conservation. It also generates a load demand 

pattern for power consumption and sends a signal to the generator for the required energy 

for a set period of time. 

High-speed response and storage technologies, as well as energy usage, are all part of the 

IoT-enabled smart grid. Smart Grid operation is more dependable and stress-free during 

high demand periods thanks to this type of networking, which uses IoT. (since this 

stockpiled electricity is generated as meet basic consumption). It also enhances the 

environment for gathering power from distributed sources and speeding up operation in a 

smart grid setup employing loT. In to provide better, faster competitive, but damage light 

but to also enhance alternative energy though recycling, such usage of Ict in collaboration 

using Microgrid is discussed in this article. 

The Power System obtains authentic information from the Web connected Stuff, thus aids 

in resource efficiency because use fluctuates. IoT having confirmed the relationship 

across purchasers of said centralized approach. [10] 



32 
 

CHAPTER 3: Components Description 

 

 
3.1 Arduino (ESP32/NodeMcu): 

In order to monitor and run the system, the project employs the ESP32 to implement IoT- 

based communication. Chinese business Espressif Systems, with headquarters in Shanghai, 

developed and produced the ESP32, which is produced by TSMC using their 40 nm technology. 

It can be used in place of the ESP8266 microcontroller. The ESP32 is a microcontroller chip 

family. It is a new edition of the ESP8266 that is being used to link items since it includes an in 

built Wi-Fi and Bluetooth system. The ESP32 microcontroller is a low-cost, low-power 

microcontroller that's perfect for battery-powered projects. 

Features: 

 

 Processors:

o CPU: The Xtensa LX6 microprocessor is a 32-bit of double (or separate) 

processor capable of 600 DMIPS and running at 160 or 240 MHz. 

o A co-processor with an extremely low power consumption (ULP). 

 Memory: 448 KiB ROM, 320 KAiB RAM.

 connectedness via radio:

o Wi-Fi 802.11 b/g/n 

o BLE (Bluetooth Low Energy) (shares the radio with Wi-Fi) 

 Peripheral interfaces:

o Up to 18 12-bit SAR ADC channels 

o 2 Digital to Analog Converters (8 bits each) 

o There are ten different touch sensors (capacitive sensing GPIOs) 

o I2S connectors with an SPI of 4 2 

o IEEE 1588 Precision Time Protocol compatibility is proposed for an Ethernet 

MAC interface with dedicated DMA. 

o 3 multiple UART 

o Host controller for SD/SDIO/CE-ATA/MMC/Emmc 
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o Slave SDIO and SPI microcontroller IEEE 1588 Precision Time Protocol 

compatibility is planned for an Ethernet MAC interface with dedicated DMA. 

o 2.0 CAN bus 

o Remote control infrared ( 8 x bridgesulse, TX/RX) 

o LED Pulse Module 

o Motor modules 

o Sensor with a seeback 

o ADC pre-amplifier with low power consumption 

o 34 programmable GPIOs 

 Power management:

o The RTC has its own power domain and has an internal regulator with a low 

dropout rate. 

o Timer interruptions, ADC measurements, and capacitive touch sensor interrupts 

all cause you to wake up when you're in a deep slumber. 

 

 

 
Figure 3.1 shows ESP32 

The ESP32 we utilized is a dual-core microcontroller with a 32-bit architecture. To keep the 

logic levels at 3.3V, the ESP32 requires a 3.3V voltage regulator. On I/O pins, DC current is 40 

mA, whereas on 3.3V pins, it is 50 mA. Because the I/O pins can only work with voltages less 

than 5V, we must apply level shifting if the related component has a greater voltage. 



34 
 

3.2 Current Sensor (ACS712): 

ACS712 is the current sensor utilized in this research. Direct or indirect sensing 

can be utilized in a current sensor; in the instance of the ACS712, indirect sensing is used. 

It operates on the Hall Effect principle. 

 
On the board of the ACS712, there is a circuit that works on the Hall Effect principle. When 

current runs with the circuit, it makes magnet flus, thatisrecognized by the Hall Effect sensor, 

resulting in the formation of voltage proportional to the magnetic field generated. This voltage 

measurement aids in estimating the quantity of current. 

 

 
Fig 3.2: ACS712. 

 

Voltage Supply 5V 

Current Access 

(maximum) 

12 mA 

Humidity at Work -30°C ~ 

89°C 

Table 3.1: Specifications of ACS712. 

 
Features: 

 
The features of ACS712 include: 

 

• 80 kHz bandwidth 

• At the outcome, sensitive ranges in 60- 180 mV/A. 

• Electronic voltage line with less latency 



35 
 

• Device's band-width is controlled by a new FILTER pin. 

• Resistivity of 1.2 external contacts 

• There is an average production discrepancy of 1.5 percent at TA = 25°C. 

• Stable output voltages; magnetic hysteresis is near zero. 

 

 
3.3 Voltage Sensor (Zmpt101B): 

The voltage sensing module in this project is the Zmpt101B. It's a voltage transformer that can 

measure up to 250V of AC power. The output voltage of the Zmpt101B changes as the input 

voltage changes. This module has four pins: two GNDs, one VCC (for module power of 5V), 

and one analogue output pin. 

The Temperature Identification Photodiode seems to be a cheap , helpful gadget who use a 

possible split to suppress every voltage value from a great margin. Thus enable us to detect 

energies that have been more than even a microcomputer typically register would use its Rs-232 

pin. That instance, a vout to include both input range will assess pressures upwards until calls 

this Hinged terminals are included in the this modules for fast and accurate connectors.. 

The Voltage Sensor Module's internal circuit schematic is illustrated below. 
 
 

 
Figure 3.3, shows internal structure of the voltages sensor 
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Output 
voltage 

ADC 0 to 5V 

workingsigna
l 

DC 5V-25V 

 

Table 3.2: Specifications of Zmpt101B. 
 
 

 

 

Fig 3.3: Zmpt101B Pin out. 

Features: 
 

• Input voltage range: 0 to 25V 

• Voltage Range for Detection: 0.02445 to 25 

• Resolution of 0.00489V in Analog Voltage 

• No additional hardware or software is required. 

• Using microcontrollers is straightforward. 

• It's compact, low-cost, and easy to get there. 

• 4 x 3 x 2 cm in size 

3.4 Relay: 

Relays are electronic or electromechanical switches which open and shut contacts in another 

system to regulate a system. A relatively modest amount of current in one circuit can be used to 

control a higher current in another circuit using relays. In our project, we are using relay 

modules, which are electronic switches that can control the flow of current by turning on or off. 

These modules are compatible with low-voltage devices like as the ESP32 that we use in our 

system. Relays can also be used to ensure circuit safety. 
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Input circuit: 

 
The component controlling the relay is directly connected to the input circuit. When the input 

circuit receives a signal greater than its pickup voltage, it is engaged, and when it receives a 

signal less than its minimum dropout voltage, it is deactivated. 

Control circuit: 

 
The control circuit determines whether the output component should be turned on or off. 

 
Output circuit: 

 
The load is turned on by the output circuit. 

 

 

Fig 3.4: shows a relay module 

 
Pin Name Function 

Normally Closed (NC) Relay operates when control pin has an active high 

signal. 

Common Connect Load 

Normally Open(NO) Relay operates when control pin has an active low 

signal. 

Ground Connects to the ground terminal. 

VCC 5V pin 
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Signal Control pin 

 

Table 3.3: Function of Relay pins. 
 

There are two types of relays: 

 
1. Electromechanical Relays (EMR). 

2. Solid state Relays (SSR). 

 
Electromechanical Relays (EMR). 

 
The moment an operating point is given to an electromechanical relay, it is operated by a 

magnetic field generated by an electromagnetic coil. The output circuit consists of moveable 

contacts that are actuated by an electrical signal, hence the name electromechanical. 

Working Principle of an Electromechanical Relay: 

 
An electromagnetic circuit uses linear actuator to transmit between this surfaces. The data signal, 

level strategy, and exhaust category represent three segments. 

 

 
Figure 3.5 shows the internal working of the relay 

 
The input section has input terminals that will receive a low-level control signalAfter giving a 

modulation index message to the operational amplifier, an electromagnetic coil is energized, and 

the output section contains a moving moving as well as immovable hydraulic linkages and or the 

alternator, with the actuator's movement making and breaking electrical contact. 
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The electromagnetic coil becomes magnetizedas the initial signal, and the magnet field created 

by the looppulls the contacts. The armature is attached to the movingpins, which close when the 

armature approaches the electromagnet, allowing the output circuit to be turned on. The spring 

drives the armature back to its original position when the control signal is removed, effectively 

turning off the outercontacts. 

Electromechanical Relay Varieties: 

Predicated on functional usage, construction and operation, and connect topology, 

electromechanical relays might be subdivided. 

The applications of EMRelays are used to classify them. 

 
• General-purpose relays include Microscopic contacts, pushbutton transistors, time 

solenoids, contact information, machine transmits data, blended transmits data, savvy 

communicates, message transmits data, vehicular transmits data, even Fpga relays were 

amongst the forms of transmissions provided. 

• Protection relays include Semiconductor contacts, high voltage solenoids, ground - 

fault transmits, control valves solenoids, disparity relays, protection coordination 

transmits data, sequential control relays, at or under polarity relays, below either over 

power flow, and thus more. 

EMRs are categorized depending on contact setups: 

 
 Single-Pole Single-Throw (SPST)

 Single-Pole Double-Throw (SPDT)

 Double-Pole single-Throw (DPST)

 Double-Pole Double-Throw (DPDT)
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Figure 3.6 shows types of relays 

EMR types based on management and design: 

• Type of magnetic attractionrelays include armature type EMRs, solenoid type EMRs, and 

balanced beam type EMRs. 

 
 

 

Figure 3.7 shows balanced beam relay 

 
• Electromagnetic induction type relays include shad polarityversion EMRs, watt-hour 

metreversion EMRs, and inducting cup version EMRs. 
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Figure 3.8 shows pole type relay 
 

Solid state Relays (SSR). 

 
The metal oxide relaying, or SSR, executes intake through outlet isolator as well as flipping 

actions without any need for mechanical devices, in opposed to electro-mechanical relays 

(EMRs), typically regulate that convert a supplies with bundles, electric flux, cushions, with 

mechanic interfaces. 

SSRs, like conventional electronic control, offers comprehensive galvanic connection for both 

with there upstream and downstream communications. About there emission roles like that of a 

conventional ac converter such that and has an exceedingly high, virtually endless barrier when it 

isn't implementing (open) and a really low sensitivity just before implementing (closed). Rather 

than on the mechanical typically (NO) links, thin film gates can always be built to toggle 

simultaneous Dc current flux just use a Rc, Transformer, or changing semiconductor inputs. 

All these dance music and digital signals repeaters have just a minimal battery voltage that also 

is electromagnetically seperated out from throughput which also moves and regulate a massive 

amount, though - and conductivity wires, largish power solenoids but rather solenoid valves, 

have one restrained notify gestation period, dominate a lot of space, but rather transfer extra 

gently. These limits are not apparent when thin film circuits. 

Thin film fuses have just a lot of benefits bar stools . kitchen mainstream conductivity relays, 

such as with the relative paucity of moving components which also minimise notify jumps, the 

power to transition "ON" and "OFF" well rapidly than would a mechanical relay's magnetic force 
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could walk, or no voltage and zero voltage turn-on and take that effectively removes noise and 

vibration and external disturbances. 

 
 

 
Figure 3.9 shows solid state relay 

 
Considering outputting flipping capacity extending form a few voltage or megawatts to a few 

dozens of volts as well as megawatts, solar cells lights are come in a choice with off products. 

The need for thyristors with cooling fins, solar cells timers with the really high power rates 

(150A or more) are also still unreasonably expensive to make, therefore lesser techno contactors 

is still used. 

A minor voltage source, often about 3 as 32 degrees DC, can then be used to drive a vastly 

greater voltage level, more like a dance music relay. 240V, 10Amps, for exemple. Signal 

conditioning also appropriate for controller, PIC, as well as Iot interface even though a moderate, 

5-volt message like, say, a shift register or servo controller, may very well be leveraged to 

manage a specified device. 

 

Solid State Relay Input: 

 
A metal oxide relay (SSR) based on obtained a signal conditioning, often know as a 

phototransistor, incorporates a responsive circuit but also an ultraviolet energy diode (LED) 

camera flash together in contained environment. These upstream and downstream frequencies 

are filtered by the signal conditioning. 

Through some kind of buffer between this and the SSR's main drive region, the Light source is 

electrically addressed to a connected hypersensitive mosfet, diode couple, or thyristor. If a 
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current is passed through all the Diode, it ignites, and or the radiation is concentrated to across 

separation to a portrait or camera. 

By delivering a LED with only a low data rates, a range of traits SSR's emission is rendered 

"ON." Whereas a beam is the only relationship between it energy transfer, thus inherent coupler 

offers amazing electric segregation (often several thousand volts). 

The signal conditioning can transit dc and moderate sounds in addition to promoting input/output 

exclusion. Moreover, the Lightbulb and new picture devices can be wholly different though 

optical joined by a fiberoptic. 

The inputs electronics of an SSR would range in severity from just a simple circuit with only a 

single major resistive load only with coupler or isolating to something with rectified, current law, 

reversal polarisation correction, screening, and some other functions. 

A signal more than that of fixed amount (generally 3 volts DC) must all be introduced to a 

selling state relay's input signal in need for it to be energized or declared "ON" thus continue 

propagation (equivalent to the electro-mechanical relay coil). A hardware gear, a circuit device, 

or a microcomputer both can output this Circuit. 
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Circuit for a solid-state relay's DC input: 
 

Figure 3.10 shows the SSR DC input circuit 

 
 

With using structural contact information, swaps, control devices, and certain other transmitter 

social connections as the alkylating pulse, the input power can also be comparable to the SSR's 

lower limit input signal value. Notwithstanding, with using solar cells systems, such as mosfets, 

turnstiles, and embedded system, the reasonable level input power must've been one or two volts 

extremely high than the SSR's commutation amplitude to take full responsibility for said 

institutional supply voltage of the switches. 

 

We might convert the solar cells circuit into conducting just using a pure sine wave and a 

Potential difference, perhaps sinks or originating, including a dc source for entire reproduction 

and a filtration system device to the Dc link. 
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AC Input Circuit for Solid State Relays: 
 

 

 
 

 
Figure 3.11 shows the SSR AC input circuit 

 
Tower thyristors halves the sampling rate of rms value into comprehensive converted flashes. 

The concern is whether the maximum turn-on voltage required by the SSR's input threshold is 

met by these voltage pulses, whose starts and ends at zero voltage. As a word, the outputting 

rotates through "on" and "off" over positive half. 

By attaching a smoothed resistor (C1) to the link rectifier's end, we can prevent the generated 

disturbances' irregular result shooting. The Line current of something like the rigveda will just be 

boosted out over metal oxide pin's limit commutation strength due to such capacitor's charging or 

discharging impacts. 

Both of the transfer function of both the switch and also the power flow of 120 volt AC or three 

phase AC being kept in mind while determining the energy dropping regulator, R1, and smoother 

component, C1. From the other hand, a frequency within 40k and 10uF should acceptable. 

A traditional DC solar cells sensor can also be handled by either an AC or – anti DC source 

whenever the bridged diode and smoothed buffer system is applied. There have been constructed 

but easily accessible metal oxide valves using Ac source (generally 90 to 280 volts AC). 
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Output of a solid state relay: 

 
 

A solid state relay's output switching capability might be AC or DC, depending on the input 

voltage requirements. Most common solid state relays' output circuits are set up to conduct only 

one sort of switching action, which is equal to an electromechanical relay's Single-pole, single- 

throw, normally-open (SPST-NO) function. 

 

Power transistors, Darlington's, and MOSFETs are widely used in DC SSRs, whilst a triac or 

back-to-back thyristors are commonly used in AC SSRs. Because of its high voltage and current 

characteristics, thyristors are chosen. As demonstrated, a single thyristor can be utilised in a 

bridge rectifier circuit. 

 

Circuit for a solid-state relay output: 
 
 

 
Figure 3.12 shows SSR output circuit 

 
Either for ON/OFF switching, lights fading, servo administration, and other controller 

application, solar cells transistors are commonly then used govern frequency transitioning of an 

Ac current. Those AC loads can really be conveniently handled with only a reduced current 

Power supply but use a solar cells relays with a life time and quick given extra. 
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Their ability to shift "OFF" Ac current at minimal grid voltage, which reduces short circuit, 

voltage spikes, and connection rebound that are prevalent with mechanic closures and 

electromagnetic charges, is just one of many features contemporary metal oxide valves offer 

versus protective relays. 

This one is due to the fact that SCRs and TRIACs, which can be used as emission having to switch 

modules in AC shifting solar cells relays, remain operational once the current has really been separated 

until the AC current passing it through aspect tumbles far below the target level or retaining current value. 

If so, an SSR's outputs won't ever shut off in the heart of a sinusoidal high. 

A solar cells relay eliminates the noise and vibration and back-emf caused by transferring converter, it  

can be seen as corona discharge by the surfaces of a techno relay. Look at the figure below to see the 

output current representation of a basic AC series connection. 

 

Solid State Relay Output Waveform: 
 

 

 

Figure 3.13 shows the output waveform 
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When no input signal is supplied, the SSR is operationally OFF (open-circuited), therefore no 

load current flows through it, and the output terminals sense the entire AC supply voltage. 

Because of the SSR's zero-voltage switching properties, With a D.c stream, the return only opens 

is when amplitude surpasses the zero value, regardless of whether part of the sinusoidal 

waveform the cycle is going through, positive or negative. 

The lowest necessary to entirely light on the outputting mosfets or thyristor is realized as the 

supplying value develops whether in a pro or con trend (usually less than about 15 volts). The 

electric field, VT, in between SSR's output current match the power losses in the on-state of the 

relay (usually less than 2 volts). As a function, reactionary or lighter loads that induce inrush 

ripples are drastically lessened. 

The output does not turn off abruptly when the DC input voltage signal is removed because, once 

triggered into conduction, the thyristor or triac used as the switching device remains ON for the 

rest of the half cycle until the load currents fall below the device holding current, at which point 

it switches OFF. The huge dv/dt back emfs created by switching inductive loads in the middle of 

a sine wave are reduced as a result. 

 

The key benefits of both the AC circuit well over electronic circuit are the zero  crossing 

function, that either spins mostly on SSR when the AC load voltage is close to zero volts, 

suppressing any high inrush currents because the load current will still begins from just an 

occasion tight to 0V, or the varistor or triac's inbuilt low impedance commutation descriptor. 

Accordingly, there's also a minimal quarter switching wait (between the removal of the input 

signal and the removal of the load current). 
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AC Solid State Relay Circuit: 
 

 

 
 

 

Figure 3.14 shows the AC SSR Relay Circuit 

 
The foundation for a quite basic solar cells circuit implementation that could also operate 

whatever AC amps load, encompassing illumination and motorized, is that really analog input 

structure. In this picture, an unpredictable cycling suppressor titled the MOC 3020 been 

implemented. Equal to the Mbc 3040 opto-triac insulator for transitioning converter, the MOC 

3041 offers built-in nonexistent recognition that lets the weight to consume maximum 

capabilities sans making substantial overvoltage. 

The 56-ohm resistor (R3) nudges any di/dt flux and precludes accidental activating when diode 

D1 preserves the voltage value prevent reversing connect once the triac is off. In verifying that 

the relay coil is totally cut off, it immediately wires the gating connection to MT1. 

The ON/OFF speed control for something like an AC load should really be restricted and not 

more than 10Hz and using a frequency response multiplexed, PWM digital signals; then, the 

return switch of this thin film relay circuit might not even be capable of coping. 

3.5 Firebase: 

In this project, Firebase is used to allow clients to operate and monitor the smart metre from 

anywhere in the globe over the Internet. Firebase offers a variety of tools for analysing, 

experimenting with, and fixing app problems in real time from anywhere on the planet. 

Causing issues, an earlier enterprise developed in 2011 by James Tamplin and Andrew Lee, 

gives birth to Firebase. Producers can embed conversation tools into their applications utilising 
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Envolve's API. Tamplin and Lee identified so after installing the chat feature, it was used to 

transport user information else than chat messages. Creators integrated downloads folder, also 

including game state, among many users in real time using Envolve. Tamplin and Lee kept the 

chatbot and the authentic system that makes it feasible distinct. In 2011, they launched Firebase 

as an independent startup, and in April 2012, it came clean. 

By secure financing access to the network remotely using client application, the Firebase Real - 

time database contributes to the expansion of elaborate, collaborating apps. In able to include an 

useful service, information is stored locally, and current stories continue to occur and even if the 

user is not available. 

3.6 Circuit Breakers: 

An product safety activate a circuit breaker defends any short-circuit or overcurrent disruption to 

a connection. Its principal goal is to limit the flow of power so necessary to defend apparatus and 

eliminate catastrophe. Unlike a fuse, that only performs once before having to replace, a circuit 

breaker can be restored (automatic or manual) to maintain proper operation. 

Circuit breakers vary in a variety of thicknesses, ranging tiny sensor nodes that defend poor 

circuits or solo kitchen appliances to big machinery that defends high-voltage networks that feed 

an entire state. OCPD relates to the general role of a circuit breaker or fuse as just an automatic 

mechanism to switch off current to a defective machine (Over Current Protection Device). 

 

 
Figure 3.15 shows the circuit breaker 

 
Origin: 

 
In an 1879 patent filing, Thomas Edison described an early type of circuit breaker, so although 

his corporate power supply was device. Its goal was to protect lighting circuit wire against 
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human-caused short circuits and overloads. In 1924, Brown, Boveri&Cie designed a modern 

compact circuit breaker that is comparable to those in use today. DRP (DeutschesReichspatent) 

458392 credited Hugo Stotz, an entrepreneur who already had sold his corporation to BBC, as 

the originator. Stotz's invention foreshadowed today's thermal-magnetic breaker, which is still 

frequently used in residential load centres. 

Whenever numerous supplying source are connected to power system, circuits with increased 

voltage levels and indeed the ability to better halt the growing summary magnetic fields caused 

by networking have now been produced. Simple air-break manually switchgear who broke high - 

voltage caused harmful burns; similar valves being upgraded to contacting contained inside oil 

and many other systems and used a focused flow of pressurized air or petroleum to cooling and 

extinguish the flare. The especially manufactured circuits for the Boulder Dam project was 

accomplished in 1935 and used eight parallel breakers and compressed oil shipments to prevent 

problems of up to 2,500 MVA in three cycles of the AC power standard. 

Working: 

 
The subtleties complicates the process upon that current classes, power level, but kind of light 

switch, since all breaker systems act in a comparable pattern. 

A malfunction circumstance still must be recognized by the fuse box. It's often accomplished out 

somewhere inside smaller mains and low voltage circuit breakers. For heating or magnetic 

effects, electrical charge is sometimes used. Protection system starter mechanisms are widely 

used in electrical devices for big fluxes or voltages to recognise a faulty condition and initiate the 

appears to rise. Despite the reality that only some greater circuits have integrated voltage 

regulation suppliers, security relays, and substations, bulk of them seem to have an external 

energy, such a bank. 

The connections of a circuit may expand to break the network when one fault is noticed; this is 

typically performed by automatically charging the battery inside this breaking, including 

compressed gas or a piston, to detach the connectors. Circuit breakers are using a bigger flux 

produced by the break, including heat flux or a magnetosphere, to remove the terminals. Larger 

electrical components feature electromagnets to trigger the machinery and electricity drives to 
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recover charge to the springy, however compact circuits do have a human input lever to switch it 

off output or fix a failed breaker. 

The circuit breaker contacts must be able to withstand the heat generated by the arc while 

interrupting (opening) the circuit, as well as manage the load current without overheating. 

Contacts are made of copper or copper alloys, silver alloys, and other highly conductive 

materials. Contact material attrition induced by arcing while interrupting the current limits the 

contact's service life. Although connections on electricity electrical devices as well as increased 

electrical devices can always be restored, contacting on microscopic and thermoplastic electrical 

devices typically normally ruined after devices go away. 

An inferno is formed that whenever a large supply or intensity is broken. The currents, therefore, 

are direct proportion here to arc's intensity (or heat). The flare must also be caught, chilled, and 

burned out over a safe fashion for the separation in between terminals to be capable to withstand 

the energy in the connection once again and. The spark is manufactured in so many kind of 

electrical devices use emptiness, air, dielectric gasses, or lubricant as the intermediate. The flare 

is dispelled using such a number of tactics, like as: 

• Extending or turning the arc around 

 
• cooling on a vast scale (in jet chambers) 

 
• dividing the arc into half arcs 

 
• Contacts open during the AC waveform's zero current time crossing, causing no load 

current to flow at the time of opening, a process known as zero point quenching. About 

double the duty cycle, or Hundred times a second for 50 Hz and 120 times per minute for 60 

Hz AC, when zero-crossing arises.) 

• Capacitors are connected in parallel with contacts in DC circuits. 

 
The contacts must also be shut in restoring light to the blocked route once the issue signal was 

already erased. 
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3.7 64x128 LCD Display: 

By connecting an LCD Display module to software, it can display letters, numbers, and graphics. 

The customer is given power consumption information via an LCD display in our project. The 

display can be placed wherever you want to be informed. 

When a character or image must be displayed, a graphical LCD can be utilised in a number of 

electrical equipment. In general, industrial equipment uses medical, hand-held, safety, or 

performance equipment. A graphic LCD can also be found in a number of electronic DIY 

projects. Connecting it to microcontrollers, Arduino boards, and other controllers is simple. 

While we integrate Ezoic to enable customized and information and concepts on our webpage, 

you can view Ezoic's privacy policy at any time in effect. 

 

 
 

 

 
Fig 3.16: 64x128 LCD. 

 
Difference between Graphical LCDs and Ordinary LCDs: 

 
The character LCD has a total of 16 characters. If you look closely, you can see the small 

rectangles where the characters are shown. A pixel grid is represented by each rectangle. Each 

Character LCD controller has its own character generator and typeface. 

Graphical LCDs contain a huge grid of pixels (12864 pixels in this case) and can display both 

text and graphics. Some Graphical LCDs are larger, more expensive, and more difficult to use as 

a result of the added complexity, requiring many more pins. 
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LCDs were falling behind CRT displays despite being extremely energy efficient, light weight, 

and small, leading to a shift in LCD manufacture where performance became a major issue. 

Many of the newer Graphic LCD controllers include their own internal font. As a consequence, 

you may send it as text and it will draw it for you automatically. Others don't, therefore in that 

case, you'll have to send a bitmap of the character to the display. The library code that drives the 

real device is obviously larger for the Graphics chip, and an external typeface uses programme 

memory. 

Feature of 128×64 GLCD: 

 

• KS0108B controller built-in 

• 64 x 128 pixel display 

• Blue backlight 

• Voltage5.0V 

• Operating voltage4.5V–5.5V (100mA) 

• STN | 1/64 Duty | LED Backlight 

• Module size 78mm x 70mm 

• Viewing area 62mm x 42mm 
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CHAPTER 4: Environmental and Societal Aspects: 

 

4 Environmental and Societal Aspects: 

Communities have been shown to be influenced by living conditions. People in various societies 

have varying positive effects on society. The following are some of the social aspects of energy 

conservation using smart meters, including disease resistance and even COVID-19. We can 

achieve this by utilizing energy efficiently. 

4.1 Financial Security: 

Smart meters can help reduce power bills and are being utilized in both households and 

businesses to save money. Knowing where you spend the most money makes it easier to keep 

track of your expenditures. 

4.2 Safety and Comfort: 

Excessive energy use increases the requirement for additional energy to be produced. The 

majority of energy is generated through environmentally destructive processes. Additionally, 

appliance use can add to pollution and harmful emissions. We can provide cleaner air and a more 

comfortable lifestyle by conserving energy. 

4.3 Lesser Health Issues: 

The majority of hazardous pollutants created during the production and consumption of energy 

can be harmful to people's health. We can reduce this by making better use of energy. (2020, 

Hayes) 

4.4 Peak Load Reduction: 

When the energy demand is particularly high, it is referred to as peak load. Smart metres assist 

its users in successfully managing their energy during those periods and saving money and 

energy. 
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Fig 4.1: Lowering Demand. 

 

4.5 Lesser Climate Changes: 

The energy derived from fossil fuels can result in the production of greenhouse gases. These 

emissions have the potential to significantly alter the climate. We can eliminate the 

environmental problems that humans have caused by using energy more wisely. 
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CHAPTER 5: Project Layout and Software Simulation 

 
5.1 Software Simulation: 

 
Before putting our project on hardware, we used simulation software to generate a visual 

depiction of it. It enabled us to improve your knowledge of the procedure and procedures 

involved in our project. We looked at the simulations and tweaked the settings that produced 

better outcomes. Simulations made our job far more efficient and cost-effective. 

Simulation was quite helpful in providing us with a visual representation of all of the options 

available to us, allowing us to select the best option for our project. In Proteus, we used 

simulation software. From the Proteus components window, we gathered all of the components 

for our project and then connected them in the required configurations. 

 

We used ESP32 to control and monitor our system in this project. It's a more advanced model 

with dual-core Wi-Fi and Bluetooth. With a 3.3V voltage regulator, it runs on less power. We 

employ the ACS712 for current sensing, which relies on the Hall Effect concept. This sensor is 

used to monitor the load current value. The voltage sensor we're utilizing is the Zmpt101B, 

which has a tendency to measure AC volts up to 250 V. Relays are then utilized to control the 

system's final output and turn on the load. 
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CHAPTER 6: Hardware Implementation 

 

6.1 Introduction: 

The hardware implementation of the "IoT-based energy monitoring system" will be discussed in 

this chapter. We are monitoring power on runtime for eight loads connected to the output 

terminals of relays in our project. To measure the voltage and current value for each load, we 

need eight voltage sensors and eight current sensors. 

This data is then transferred to the microcontroller, which in our case is the ESP32. The data is 

further processed by the microcontroller to make it more manageable. We can readily calculate 

the power of each load because we have information on individual currents and voltages. The 

ESP32 includes certain advanced characteristics that allow us to connect it to the internet, like as 

Wi-Fi and Bluetooth. This data is then delivered to an Android application that we created using 

the Firebase database. 

We can now use the android application to keep an eye on and manage the electricity 

calculations that are delivered to us. For our system, the maximum load current is 2 amperes. 

After receiving a command from the microcontroller, any of the eight loads attached to the 

output terminals that draw more than 2 Amps current will be shut off by relay. 

6.2 Design and Implementation: 

We'll see a pictorial representation of the step-by-step procedure of putting this system on 

hardware in this section. We had a good understanding of how our components should be 

connected before we executed it on hardware because we had done the identical circuit in 

modeling software. First, we double-checked that all of the components in our project were 

functioning properly. 

Then, using jumper wires, we began connecting the components. Eight current sensors are 

attached in Figure 6.1 to obtain load current data and communicate them to the microcontroller. 

The ACS712's sensitivity value is 66MV/A, which is computed as: 

Irms=Vrms*sensitivity 

Vrms=Peak 

Voltage*0.707 
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Figure 6.1: Current Sensors. 

We used ZMPT101B voltage sensors to collect voltage readings for individual loads 

connected to the output. The voltages must be found in order to perform the power 

calculations, which are then supplied to the microcontroller (ESP32). 
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Figure 6.2: Voltage Sensors. 

Relays are then used to control the functioning of loads. As we will be monitoring the load 

current on run time so whenever the current drawn is greater than 2 amperes that load will be 

turned off. 
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Figure 6.3: Relays. 

The next component we used is circuit breaker. It activates in case of a short circuit or an 

overload condition. It’s basically used to ensure safety of the device being used. It can be 

controlled both manually and automatically. 

 

 
Figure 6.4: Circuit Breakers. 
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Figure 6.5 and 6.6 shows the complete setup of our project. 
 

 

 

 

 

 

 
 

 

 

 

 

 
Figure 6.5: Side view of Project. 
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Figure 6.6: Project Setup. 
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CHAPTER 7: Conclusion and Future Suggestions 

 
7.1 Conclusion: 

To wrap off our talk, we'd like to point out that smart meters can provide both short- and long- 

term benefits. When employed on a lesser or larger basis, they can be advantageous. They can be 

used to keep an eye on and manage household loads' energy consumption, factories, and 

businesses. The device provides real-time information, allowing users to save time and effort. 

It is easy for customers to identify any flaws or faults in any of the appliances because the 

readings are continuously supplied to the user via notifications on the application and LCD 

display. If there is an excessive amount of current being drawn, there could be a problem with 

the apparatus or someone could be stealing electricity. The connection to that component will be 

automatically shut down if the load current exceeds the threshold. Even when the user is not 

paying attention, this results in energy and appliance savings. 

7.2 Future recommendations: 

Future recommendations for this product are: 

 

 Reliable connection: 

Smart meters stop reporting readings when the connection is weak, causing 

frustration and late bill submissions, among other things. 

IoTeSIMS can help us avoid this problem by ensuring constant internet access 

throughout the day. They live for about 10-15 years. (2022, Bosworth) 

 Cyber-security: 

We may face security concerns while dealing with a system that is online Every 

day of the week, nonstop. Because it is a two-way communication system, there is 

a possibility of hacking. 

We may provide users with distinct accounts and a unique identity to provide 

them a sense of security. Other cyber-security precautions should also be 

performed. 
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7.3 Applications: 

Because of their efficiency, smart meters are widely used in residences, industries, and 

companies. They can assist the masses on an individual and community level. The following are 

some of their applications: 

• Bills are submitted automatically. 

• Keep an eye on the load during peak hours and try to lessen it. 

• Appliances with remote defect detection. 

• Load monitoring and control from afar. 

• Reliable meter readings. 
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