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Abstract

A digital twin is a virtual representation of a physical object or system used

for simulation, analysis, and monitoring. It uses data from sensors and oth-

er sources to create a digital model of the object or system, allowing for the

analysis of its performance, behavior, and potential issues. Digital twins

can be used in a variety of industries, including manufacturing, healthcare,

and urban planning, to improve efficiency, reduce downtime, and optimize

processes. For this project, we are implementing a smart agricultural sys-

tem which refers to a virtual representation of a farm, its resources (such

as land, crops, and equipment), and its processes (such as planting, wa-

tering, and harvesting). This digital representation is created by collecting

data from sensors and using that data to create a virtual model of the

farm. Using a digital twin in a smart agricultural system provides a virtu-

al representation of a farm and its processes, allowing for Improved crop

management: By monitoring crop growth and soil conditions in real-time,

farmers can optimize irrigation and fertilization to improve crop yield and

quality. Predictive maintenance: A digital twin can be used to monitor the

performance of equipment and predict potential failures, allowing farm-

ers to schedule maintenance proactively and minimize downtime. Better

resource management: By analyzing data from the digital twin, farmer-

s can optimize the use of resources such as water, fertilizer, and energy,

reducing costs and minimizing environmental impact. Enhanced decision-

making: By providing real-time data and insights, a digital twin can help

farmers make more informed decisions about planting, harvesting, and re-

source management. Increased efficiency and profitability: By improving

crop management, resource utilization, and decision-making, a digital twin

can help farmers increase the efficiency and profitability of their operations.

iv



Contents

1 Introduction 1

1.1 Project Background: . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Project Description: . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Project Objectives: . . . . . . . . . . . . . . . . . . . . . . . 5

1.4 Project Scope: . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Literature Review 7

2.1 History of Digital Twin . . . . . . . . . . . . . . . . . . . . 8

2.2 Purpose of this technology . . . . . . . . . . . . . . . . . . . 9

2.3 Benefits of using Digital Twin Technology . . . . . . . . . . 11

2.4 Basic design concept of Digital Twin . . . . . . . . . . . . . 13

2.5 Enabling Digital Twin Technology . . . . . . . . . . . . . . 15

2.6 Challenges required for implantation of a digital twin? . . . 17

2.7 Digital twin in the agriculture sector . . . . . . . . . . . . . 19

2.8 Iot based smart agriculture monitoring system vs digital

twin smart agriculture monitoring system . . . . . . . . . . 21

2.9 Limitation of this technology(Digital Twins) . . . . . . . . . 23

3 Requirement Specifications 26

3.1 Existing System . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.2 Proposed System . . . . . . . . . . . . . . . . . . . . . . . . 29

3.3 System Requirements(Hardware Spec) . . . . . . . . . . . . 30

3.3.1 RBPi 4(Raspberry Pi) . . . . . . . . . . . . . . . . . 32

3.3.2 Moisture Sensor(YL-100) . . . . . . . . . . . . . . . 34

3.3.3 DHT22 Temperature And Humanity Sensor . . . . . 38

v



3.3.4 Flame Detector . . . . . . . . . . . . . . . . . . . . . 40

3.3.5 Luminosity Sensor . . . . . . . . . . . . . . . . . . . 41

3.3.6 Analog-to-Digital Convertor(ADS1115) . . . . . . . 43

3.3.7 Display And Inputs . . . . . . . . . . . . . . . . . . 45

3.3.8 Relay Switch . . . . . . . . . . . . . . . . . . . . . . 46

4 System Design 48

4.1 System Architecture(Design Process/Procedure) . . . . . . 49

4.1.1 Farm/Field(Physical Environment) . . . . . . . . . . 50

4.1.2 Cloud Service Platform . . . . . . . . . . . . . . . . 50

4.1.3 Digital Representation (Virtual Environment) . . . . 50

4.2 Design Constraints . . . . . . . . . . . . . . . . . . . . . . . 52

4.3 Design Methodology . . . . . . . . . . . . . . . . . . . . . . 53

5 System Implementation 56

5.1 System Architecture(Implementation Process) . . . . . . . . 57

5.2 Hardware Setup(Sensors Configuration And Coding) . . . . 58

5.3 Software Setup(Microsoft Azure Platform: Digital Twin) . . 60

5.3.1 Azure Digital Twin . . . . . . . . . . . . . . . . . . . 60

5.3.2 Digital Twin Explorer . . . . . . . . . . . . . . . . . 62

5.3.3 Digital Twin Storage Account . . . . . . . . . . . . . 65

5.3.4 Digital Twin 3d Scenes( Virtual Model Representa-

tion) . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5.3.5 Elements In 3d scene . . . . . . . . . . . . . . . . . . 69

5.3.6 Azure IOTHUB . . . . . . . . . . . . . . . . . . . . . 71

5.4 Event Hub And Clustering(Azure Data Explorer) . . . . . . 73

5.4.1 Azure Function App . . . . . . . . . . . . . . . . . . 74

5.5 Logic App . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6 System Testing and Evaluation 76

6.1 Cloud Service Testing And Analysis . . . . . . . . . . . . . 77

6.1.1 Initial Analyses and Results . . . . . . . . . . . . . . 77

6.1.2 Updated/Final Analyses and Results . . . . . . . . . 82

vi



7 Conclusion 88

References 90

A User Manual 93

A.1 RB-PI4 External Information . . . . . . . . . . . . . . . . . 94

A.1.1 RB-PI4 Data-sheets and pin-out board . . . . . . . . 94

A.1.2 RB-PI4 OS(Ubuntu) and important libraries . . . . 97

A.2 Azure Platform Services used and Software Usage . . . . . . 99

List of Figures

3.1 Existing subsystem layout [1] . . . . . . . . . . . . . . . . . 28

3.2 Existing system prototype [1] . . . . . . . . . . . . . . . . . 28

3.3 Raspberry Pi 4 [2] . . . . . . . . . . . . . . . . . . . . . . . 32

3.4 Moisture Sensor Images [3] . . . . . . . . . . . . . . . . . . 34

3.5 Gas Sensor(MQ-135) Images [4] . . . . . . . . . . . . . . . . 36

3.6 DHT-22 Sensor Images [5] . . . . . . . . . . . . . . . . . . . 38

3.7 Flame Sensor Module [6] . . . . . . . . . . . . . . . . . . . . 40

3.8 Luminosity Sensor Module [7] . . . . . . . . . . . . . . . . . . 41

3.9 ADC(ADS1115) IC Images [8] . . . . . . . . . . . . . . . . . 43

3.10 Display and inputs . . . . . . . . . . . . . . . . . . . . . . . 45

3.11 Relay Switch Module [9] . . . . . . . . . . . . . . . . . . . . 46

4.1 System basic Architecture . . . . . . . . . . . . . . . . . . . 49

4.2 Project CAD design . . . . . . . . . . . . . . . . . . . . . . 50

4.3 System Software overview [10] . . . . . . . . . . . . . . . . . 51

4.4 System Design Hardware And Software . . . . . . . . . . . 55

5.1 System Architecture(implementation) . . . . . . . . . . . . 57

vii



5.2 Sensors Interfacing . . . . . . . . . . . . . . . . . . . . . . . 58

5.3 Sensors Coding . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.4 Azure Digital Twin Instance . . . . . . . . . . . . . . . . . . 61

5.5 Azure Digital Twin Explorer . . . . . . . . . . . . . . . . . 63

5.6 Azure Digital Twin Explorer . . . . . . . . . . . . . . . . . 64

5.7 Azure Digital Twin Storage . . . . . . . . . . . . . . . . . . 65

5.8 Azure Digital Twin 3d Scene . . . . . . . . . . . . . . . . . 67

5.9 Azure Digital Twin 3d Scene . . . . . . . . . . . . . . . . . 68

5.10 3d Scene Elements Overview . . . . . . . . . . . . . . . . . 70

5.11 Azure IOT Cloud service . . . . . . . . . . . . . . . . . . . 72

5.12 Azure IOT Cloud service . . . . . . . . . . . . . . . . . . . 73

5.13 Azure IOT ingest Function . . . . . . . . . . . . . . . . . . 74

5.14 Azure Notification Service . . . . . . . . . . . . . . . . . . . 75

6.1 Adding Connection to Azure IoT Explorer to observe in-

coming telemetry . . . . . . . . . . . . . . . . . . . . . . . . 78

6.2 DeviceId:Field is used as a device to cloud server Azure IoT

Explorer(No Message Read) . . . . . . . . . . . . . . . . . . 78

6.3 IOTHub Overview (No Message Read) . . . . . . . . . . . . 79

6.4 Azure Function App to transfer telemetry to Azure Explorer

(No Message Read) . . . . . . . . . . . . . . . . . . . . . . . 79

6.5 Service Bus Event Notifier Overview (No Messages Read) . 80

6.6 Logic Hub Metrics Overview (No Message Read) . . . . . . 80

6.7 Azure Digital Twin Explorer Graph Overview (No Values

Updated By default zero indication) . . . . . . . . . . . . . 81

6.8 Azure Digital Twin 3d scene Overview(No Values updated:

system model values updates if Explorer Graph is updated) 81

6.9 RBPI4 Code status: Running . . . . . . . . . . . . . . . . . 82

6.10 RBPI4 Code status: Running . . . . . . . . . . . . . . . . . 82

6.11 RBPI4 Code status: Running (Sending Notification) . . . . 83

6.12 DeviceId:Field Azure IoT Explorer (Message Read) . . . . . 83

6.13 IOTHub Overview (Message Read) . . . . . . . . . . . . . . 84

viii



6.14 Azure Function App to transfer telemetry to Azure Explorer

(Message Read) . . . . . . . . . . . . . . . . . . . . . . . . . 84

6.15 Service Bus Event Notifier Overview (Messages Read) . . . 85

6.16 Logic Hub Metrics Overview (Message Read) . . . . . . . . 85

6.17 Received Notification Screenshots . . . . . . . . . . . . . . . 86

6.18 Azure Digital Twin Explorer Graph Overview (Values Up-

dated By default zero indication) . . . . . . . . . . . . . . . 87

6.19 Azure Digital Twin 3d scene Overview(Values updated: sys-

tem model values update if Explorer Graph is updated) . . 87

List of Tables

3.1 Digital Farm Components . . . . . . . . . . . . . . . . . . . 30

3.2 RBPi 4 Model Specs [2] . . . . . . . . . . . . . . . . . . . . 33

3.3 SM Pin Configuration [3] . . . . . . . . . . . . . . . . . . . 35

3.4 GS-mq135 Pin Configuration [4] . . . . . . . . . . . . . . . 37

3.5 DHT22 Pin Configuration [5] . . . . . . . . . . . . . . . . . 39

3.6 Flame Detector Pin Configuration [11] . . . . . . . . . . . . 40

3.7 LDR Sensor Module Pin Configuration [7] . . . . . . . . . . . . 41

3.8 ADS-1115 Pin Configuration [8] . . . . . . . . . . . . . . . . 44

3.9 Relay Switch Module Pin Configuration [9] . . . . . . . . . 47

ix



Chapter 1

Introduction

Digital Twin 1



1.1 Project Background:

In the late 1700’s, 1800’s the agriculture sector was not developed or famil-

iar with the technologies being used for the proper production of crops and

their maintenance. They used the old techniques they were familiar with,

mostly buffalos and handmade tools. But with the passage of time, the

world has developed its agriculture sector with other sectors as well with

the help of new technologies. As with the revolution of Industry 4.0 across

the world, every country has achieved many developments in all sectors

of technology. But as concerned with Pakistan as our mother land with

the increase in technology, somehow the agriculture sector of Pakistan is

not so much developed with respect to the other countries. As we are now

living in the 21st century, our country’s agriculture sector is not familiar

with the increasing technologies in the agriculture domain due to a lack

of education or lack of proper channels or training of our farmers. This

project Digital Twin Technology in Smart Agriculture System, deals with

the data collection of the production of crops using IOT-based sensors, this

collected data can be stored in the cloud server. The system is capable of

making the predicted values and decisions by comparing the data stored

with the accurate data that is good for the production of plants and crops.

The gas sensor gives us the reading of the amount of gases that are good

for production. The moisture sensor gives us the reading of moisture in the

soil. All the given data can be seen through the dashboard of the android

app that we use in this project to record the sensors shown in the meter.
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1.2 Project Description:

Digital Twin Technology is a way of representing the physical appearance

and behavior of an object in real-time and provides its specifications in

a virtual space. Using Digital Twins Technology in Smart farming as a

median permits splitting physical process from its plotting and controlling

it in a virtual space. Therefore, it can enhance the farmers to control

the operations in some way by providing real-time digital data instead

of having to depend on the manual task and observation. It will help to

automate the whole process in the digital domain in your smart mobile

application. In this way the farmers are allowed to act rapidly in case of

threshold value increases or decreases and to trigger effects of interruptions

on the basis of real-time digital data [12]. According to the Food and

Agriculture Organization (FAO) research, the need of food will increase

by 40% from 2012 to 2050 to unite the essential requirement of food for

the rapidly growing population of the world, which has almost crossed 78

billion people by 2030 [13]. This project will deal with the low-cost so

that every farmer can easily take advantage of this for the proper crop

production. This project will help him with sufficient training and provide

skills to understand the sensor’s measurement that could be displayed on

the app so it can provide proper maintenance to its fields. The IOT-based

sensors are directly connected to the Raspberry pie, through which data is

stored on the cloud server and the readings of the sensors can be shown on

the mobile app’s dashboard. In producing and manufacturing food, we have

to look at the raw material first. As the raw material in the agricultural

sector/domain to produce food is soil for the constraints of soil based on

the specification of land where we want to grow the food. So, a Digital

Twin Technology in Smart farming requires us to understand and evaluate
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everything about the volume, wealth, and reserve of the soil [14]. Like the

soil, the other things are related to the seeds and fertilizers that are used for

food production according to their season. So, to produce crops, we must

deal with the soil moisture and the sunlight and the air quality needed for

the crop’s good health [14].So, for this purpose, this project can measure

all the basic conditions of the soil for the healthy growth of our crop using

IoT-based sensors like moisture and temperature sensor for soil and the

air quality checking the gas sensor is required with the measurement of

the intensity of sunlight required we use a luminosity sensor. So, with the

help of this project, we can easily analyze and improve the way of our crop

production. This project will help the farmers to increase the rate of output

of food produced and helps the farmer to make an unceasing exercise all

over the world [14]. Moving towards the detail of the sensors that we use in

this project are temperature, moisture, gas, fire, and luminosity sensor. The

moisture sensor will show us the level of moisture in the sand in accordance

with its reading; the water pump motor will operate as the required level

of the moisture of sand that is suitable for the health of crops or plants is

less than the motor will operates until the required condition is fulfilled,

the gas sensor basically shows the reading of the gases like carbon dioxide,

nitrogen etc. that are essential for the good health of our crop present

in the air, the luminosity sensor shows the amount of sun light that is

important for the plant or crop production and the flame or fire sensor is

used in case of fire- flames it will shows the reading of the presence of fire in

our mobile app. This project, Digital Twin Technology in Smart Farming,

advances the field’s monitoring system that could collect and examine the

data. Anyhow the selection and steps were taken by the farmer himself.

The project can be extended to vast applications, but we are using limited

applications.
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1.3 Project Objectives:

This project aims to build, design and implement a portable and cost-

effective IoT-based smart agriculture system that is made specifically for

monitoring, a mobile phone-based smart application and for predicting and

storing the data as a cloud-based service. In addition, these sensors play

an important role in giving the reading through the raspberry-pie module

to the smart application mobile app so the farmer can take immediate

action according to the readings provided on the app through sensors if the

threshold is exceeded for the proper growth of his crop. There are several

objectives that are needed to be done in order to achieve our required goal

successfully. These are stated below as followings:

� To design an efficient system that can notify the farmer before any

fatal condition that is not suitable for the good health of its crop.

� To reduce the un-healthy conditions for the growth of the crop.

� To provide a real-time monitoring system of the crop.

� To establish the accurate prediction of the data collected through

sensors.

� To establish better management of fields and crop using new tech-

nologies.

� To provide the farmer proper control of the field through smart

mobile-phone applications.
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1.4 Project Scope:

As for the scope of the project, digital twin technology can advance smart

farming in the most amazing ways. Smart agriculture is dealing with the

enablers to produce more food for the increasing population worldwide.

Smart agriculture can provide more efficient ways to use natural resources

for the production of food and to improve land and environmental man-

agement. Digital Twin Technology in Smart farming plays an important

part in all players in the supply chain by empowering the well-organized

and fair flow of data and, in doing so, easing well decision-making. Digital

Twin Technology in Smart farming helps farmers to well recognize the ma-

jor elements such as water, aspect, vegetation, and soil types. This project

will help the farmers to decide on a better way of using natural resources

for the healthy production of crops. It will also help farmers to monitor

and do changes according to the increase or decrease in threshold val-

ues for the healthy production of their crops. So, these IoT-based sensors

connected to the raspberry-pie provide the essential readings of the land

and environmental aspects. This data is stored on cloud server and can be

monitored through the smart mobile-phone application. So, it will help the

farmer to act accordingly after checking the readings through an app and

can take measurements accordingly. So, this Digital Twin Technology in

Smart farming will provide us with up-to-date and real-time data through

the cloud and predicted maintenance and scheduling of the field or crops.
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2.1 History of Digital Twin

The aerospace and defence sectors are where the idea of digital twin tech-

nology initially emerged to simulate intricate systems and procedures. Yet,

the concept of creating a digital model of a physical system has been around

since the middle of the twentieth century. In the early days of digital twin

technology, it was used primarily in the aerospace and defense industries

to model complex systems, such as aircraft and missiles. This technology

was used to simulate the behavior of these systems and to analyze their

performance, and it was instrumental in helping engineers and designers to

improve their performance and reli- ability. Over time, digital twin tech-

nology has evolved and expanded into other industries, including manu-

facturing, healthcare, and energy. Today, digital twin technology is used to

model and analyze a wide range of systems, from individual components to

entire production facilities. The expansion of digital technologies like IoT

and cloud computing, along with the growing data availability, are some of

the key factors influencing the development of digital twin technology. As

a result of the real-time collection and analysis of enormous amounts of da-

ta made possible by these technologies, more advanced and precise digital

twin models have been created. Another factor contributing to the growth

of digital twin technology is the increasing demand for predictive main-

tenance and real-time decision-making. By using digital twin technology

to model and analyze complex systems, organizations can gain a deeper

understanding of their behavior and performance and use this information

to make more informed and timely decisions. One of the main challenges

facing digital twin technology is ensuring that the digital representations

of physical systems are accurate and reliable. This requires the integration

of multiple data sources and using sophisticated algorithms to model and
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analyze system behavior. Another challenge facing digital twin technology

is data management and privacy concerns. With the increasing amounts of

data being generated and collected, it is important to ensure that this data

is secure and protected from unauthorized access and breaches. In conclu-

sion, digital twin technology has a long and rich history and has evolved

into a powerful technology used in many industries. Despite its growth and

success, there are still many challenges facing digital twin technology. It

will be important for organizations to address these challenges to ensure

their continued growth and success.

2.2 Purpose of this technology

Digital twin technology’s goal is to provide organizations with a flexible

virtual image of a physical object that may be utilized for various tasks.

This technology has the potential to revolutionize the way organizations

operate and make decisions by providing real-time data and insights into

the behavior and performance of physical entities. One of the key purpos-

es of digital twin technology is monitoring and analysis. With the help

of digital twins, organizations can track the performance and behavior of

physical objects in real-time and get valuable data and insight for analy-

sis. For example, a digital twin of a manufacturing facility could be used

to monitor the performance of equipment and machines, providing data

on utilization, efficiency, and energy consumption. This data can be used

to optimize operations, improve performance, and reduce costs. Another

purpose of digital twin technology is simulation and testing. Digital twins

also simulate physical entities’ behavior under various conditions, allowing

organizations to test and evaluate designs, prototypes, and systems before

they are built or deployed. This can help organizations identify potential
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issues and make improvements, reducing the risk of failure and increasing

the likelihood of success. For example, a digital twin of a building could be

used to test and evaluate the performance of HVAC systems, lighting, and

other building systems, allowing organizations to optimize these systems

for energy efficiency and comfort. Predictive maintenance is another key

purpose of digital twin technology. Digital twins also anticipate possible is-

sues with physical objects, enabling companies to take proactive measures

to solve issues before they arise and save downtime. For example, a digital

twin of a wind turbine could be used to monitor the performance of the

turbine and predict potential issues with the gearbox, generator, or oth-

er components, allowing organizations to schedule maintenance and avoid

costly downtime. Optimization is another important purpose of digital twin

technology. Digital twins can optimize the efficiency and performance of

physical entities by analyzing data, testing different scenarios, and mak-

ing improvements based on real-time feedback. For example, a digital twin

of a shipping fleet could optimize routes, reduce fuel consumption, and

improve delivery times. Finally, digital twin technology can be used to

support decision-making. By providing organizations with real-time data

and insights, digital twins can help organizations to make more informed

decisions and improve their operations. For example, a digital twin of a

city could be used to support decision-making around transportation, en-

ergy, and other critical infrastructure. In conclusion, the purpose of dig-

ital twin technology is to provide organizations with a virtual image of

a physical object that can be used for various purposes, including moni-

toring, analysis, simulation, testing, predictive maintenance, optimization,

and decision-making. This technology has the potential to revolutionize

the way organizations operate and make decisions, providing real-time da-

ta and insights that can be used to improve performance, reduce costs, and
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increase efficiency.

2.3 Benefits of using Digital Twin Technology

Digital twin technology has several benefits that make it a valuable tool

for organizations across a range of industries. Some of the key benefits of

using digital twin technology include the following:

1. Improved decision-making: Digital twin technology provides organi-

zations with a wealth of data and insights into the behavior and

performance of physical entities, such as products, systems, and in-

frastructure. This information can support decision-making, allowing

organizations to make informed decisions based on real-time data and

analytics. For example, digital twin technology may use to optimize

energy consumption, reduce costs, and improve product quality.

2. Increased efficiency: Digital twin technology allows organizations to

simulate the behavior and performance of physical entities in real-

time, providing valuable insights into how they function. This in-

formation can be used to optimize operations, reduce waste, and

increase efficiency. For example, digital twin technology can improve

supply chain management, reducing stockout risk and increasing de-

livery schedules’ accuracy.

3. Improved safety: With digital twin technology, it is possible to track

the behaviour and performance of physical objects in real-time, pro-

viding early warning of potential safety issues. This can improve safe-

ty and reduce the risk of accidents, making it an essential tool for

organizations that operate in hazardous environments, such as man-

ufacturing facilities or offshore oil rigs.
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4. Predictive maintenance: Digital twin technology allows organizations

to monitor the performance of physical entities in real-time, providing

early warning of potential maintenance issues. This can improve the

accuracy of predictive maintenance, reducing equipment failure risk

and maximizing the assets’ lifespan.

5. Enhanced product development: Digital twin technology allows or-

ganizations to simulate the behavior and performance of new prod-

ucts before they are manufactured, providing valuable insights into

their functionality and performance. This information can be used

to improve the design of products, reducing the risk of defects and

improving the overall quality of the final product.

6. Cost savings: Digital twin technology can help organizations reduce

costs by optimizing operations, reducing the risk of equipment failure,

and improving the accuracy of predictive maintenance. Additional-

ly, the ability to simulate the behavior and performance of physical

entities in real-time can help organizations reduce the need for phys-

ical prototypes, saving time and money in the product development

process.

7. Better customer experience: Digital twin technology is used to mon-

itor and analyze the behavior and performance of physical entities,

providing valuable insights into how customers use them. This infor-

mation can be used to improve the customer experience, for example,

by providing real-time support and addressing customer issues more

quickly.

8. Improved sustainability: Digital twin technology can be used to mon-

itor and optimize energy consumption, reducing the impact of physi-
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cal entities on the environment. Additionally, the ability to simulate

the behavior and performance of physical entities in real-time can

help organizations reduce the need for physical prototypes, reducing

waste and improving sustainability.

2.4 Basic design concept of Digital Twin

A digital twin’s primary design principle is to develop a digital view of a

physical entity, such as a system, infrastructure, or product. In order to

provide organizations with valuable data and insights into the behavior and

performance of the physical entity, the digital twin’s goal is to closely mim-

ic its behavior and attributes. This can support decision-making, optimize

operations, and improve performance. A digital twin is typically created

using a combination of digital technologies, including sensors, software,

and data analytic. Data from the physical object is gathered using sensors

and transmitted to a software platform to create the digital twin. Depend-

ing on the application’s needs, the sensors can be installed either within

or externally to the physical object. Typically, the software platform used

to create the digital twin is built on Internet of Things (IoT) technology,

which allows organizations to gather, store, and analyze massive volumes

of data in real-time. The platform should be scalable and flexible, allow-

ing organizations to easily add or remove sensors as needed and be secure

to ensure that the data collected is protected. Data analytics is a critical

component of the digital twin, as it allows organizations to extract insights

and knowledge from the data collected by the sensors. This can support

decision-making, improve performance, and optimize operations. For ex-

ample, data analytics can be used to identify patterns and trends in the

data, such as changes in energy consumption or usage patterns, which can
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optimize energy efficiency and reduce costs. The data analytics should be

user-friendly, allowing organizations to easily access and interpret the data,

and should be integrated with the software platform to provide real-time

insights. The graphical user interface (GUI) is another important compo-

nent of the digital twin, as it allows organizations to visualize and interact

with the digital twin. The GUI should be intuitive and user-friendly, allow-

ing organizations to easily access and interpret the data. The GUI should

provide a visual representation of the digital twin, including information

on the behavior and performance of the physical entity, as well as any

insights or recommendations generated by the data analytic. The design

of the digital twin should also consider the physical entity’s requirements.

For example, the sensors used to collect data from the physical entity may

need to be rugged and durable if the physical entity is located in a harsh

environment, such as an offshore oil rig or a manufacturing facility. The

software platform should also handle large amounts of data in real-time.

It should integrate with other systems, such as manufacturing execution

systems (MES) or enterprise resource planning (ERP) systems. In addi-

tion to the technical requirements, the design of the digital twin should

also consider the organization’s business requirements. For example, the

digital twin may need to support multiple languages or comply with data

privacy regulations. The digital twin should also be easy to implement and

use, with a low total cost of ownership, to ensure that organizations are

able to quickly realize the benefits of the technology. Finally, the design of

the digital twin should also consider the organization’s future needs. The

digital twin should be scalable and flexible, allowing organizations to easily

add or remove sensors as needed, and it should be able to evolve over time

as the organization’s needs change. This will ensure that the digital twin

remains relevant and valuable over the long term.
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2.5 Enabling Digital Twin Technology

Enabling digital twin technology involves several key steps, including:

1. Data collection: The first step in enabling digital twin technology is

to collect data from physical entities, such as products, systems, and

infrastructure. This data can be collected from sensors, telemetry,

and other sources and must be accurate, complete, and up-to-date. To

ensure data quality, organizations must clearly understand the data

sources, how they will be used, and the data management processes

that will be required. In addition, organizations must have the right

infrastructure in place to store and manage the data, such as such as

cloud-based storage, data lakes, and data warehouses.

2. Data integration: Once data has been collected, it must be integrated

with other data sources, such as historical data, simulation model-

s, and operational data. This integration must be performed in a

way that ensures data accuracy, completeness, and consistency. To

achieve this, organizations must have a well-defined data integration

strategy, which includes using data integration tools and data gov-

ernance processes. In addition, organizations must ensure that the

data integration process is secure and that data privacy is protected

at all times.

3. Data visualization: Data must be visualized in a form that makes

it easy to understand, analyze, and interpret. This can be achieved

through the use of interactive dashboards, real-time data visualiza-

tions, and other data analysis tools. The visualizations must be de-

signed to be intuitive and accessible to all stakeholders, regardless

of their technical expertise. In addition, organizations must have the
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right infrastructure in place to support data visualization, such as

cloud-based data analytics platforms and visualization tools.

4. Model creation: The next step is to create a digital twin model

that accurately represents the physical entity. This model must be

based on data collected from the physical entity and data from other

sources, such as simulation models and historical data. The model

must be designed to be flexible and scalable, allowing it to evolve over

time as new data and insights are generated. In addition, the model

must be validated and tested to ensure that it accurately represents

the physical entity and that it provides reliable results.

5. Simulation and analysis: Once the digital twin model has been cre-

ated, it can be used to simulate the behavior and performance of

the physical entity. This simulation must be performed in real-time,

allowing organizations to monitor the performance of the physical

entity in real-time and make informed decisions based on the data

and insights generated. To achieve this, organizations must have the

right infrastructure in place to support simulation and analysis, such

as cloud-based computing platforms and high-performance comput-

ing systems.

6. Continuous improvement: Finally, the digital twin must be continu-

ously improved over time based on new data and insights from the

physical entity. This continuous improvement cycle ensures that the

digital twin remains accurate and up-to-date, providing organizations

with a valuable tool for monitoring and optimizing the behavior and

performance of physical entities. To achieve this, organizations must

have a well-defined continuous improvement process in place, which

includes regular review and updates of the digital twin model, da-
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ta collection and integration processes, data visualization tools, and

simulation and analysis methods.

2.6 Challenges required for implantation of a dig-

ital twin?

Implementing digital twin technology is a complex process, and there are

several challenges that organizations must overcome in order to realize its

full potential. Some of these challenges include:

1. Data quality: The data used to create and maintain the digital twin

model is critical to its accuracy and usefulness. Data must be accu-

rate, complete, and up-to-date, and organizations must clearly un-

derstand the data sources and how they will be used. In addition,

data integration must be performed to ensure data accuracy, com-

pleteness, and consistency.

2. Data security and privacy: One major challenge is to guarantee the

privacy and security of the data utilized in the digital twin model.

Data storage and processing must be safe, and organizations must

have a well-defined data security and privacy strategy in place. This

strategy should include measures to protect data privacy, such as

data encryption and access control, as well as measures to prevent

data breaches, such as firewalls and intrusion detection systems.

3. Integration with existing systems: Digital twin technology must be

integrated with existing systems, like customer relationship manage-

ment (CRM) ERP systems and manufacturing execution systems

(MES) are two examples.This integration must be performed to en-

sure data accuracy, completeness, and consistency, and organizations
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must have the right infrastructure to support the integration process,

such as cloud-based data integration platforms and APIs.

4. Data governance: A well-defined data governance mechanism is re-

quired to ensure the quality and reliability of the data utilized in the

digital twin model. This process should include measures to ensure

data accuracy, completeness, consistency, and data validation and

verification processes. In addition, data governance should include a

clear understanding of who has access to the data, how it can be

used, and what measures are in place to prevent data breaches.

5. Technical expertise: Implementing digital twin technology requires a

high level of technical expertise, including expertise in data collec-

tion and integration, data visualization, simulation and analysis, and

continuous improvement. Organizations must have the right people

in place to support the implementation process, including data sci-

entists, data engineers, and software developers, and the right tools

and systems to support their work.

6. Change management: Implementing digital twin technology requires

significant change management, as it involves changes to existing sys-

tems, processes, and organizational structures. Organizations must

have a clear awareness of how these changes will affect them and

their stakeholders and a well-defined change management process to

manage the transition. This process should include measures to ed-

ucate stakeholders about the benefits of digital twin technology and

address any resistance to change.

7. Cost: Implementing digital twin technology can be expensive, and

organizations must have a clear understanding of the costs involved,
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including the cost of data collection and integration, data visual-

ization, simulation and analysis, and continuous improvement. Or-

ganizations must also have a clear understanding of the return on

investment (ROI) they can expect from the technology and must

have a well-defined budget in place to support the implementation

process.

8. Technical limitations: Digital twin technology is still in its early

stages of development, and technical limitations must be overcome

to realize its full potential. For example, the technology is still devel-

oping regarding the accuracy and realism of the models, the speed of

simulation, and the ability to integrate data from multiple sources.

2.7 Digital twin in the agriculture sector

The application of digital twin technology in farming has the potential

to alter how farmers run their businesses and increase yields. By building

a digital representation of a real-world agricultural system, farmers may

utilise data and simulation to optimise their operations, monitor perfor-

mance, and arrive at well-informed choices.

1. Precision Agriculture: Precision agricultural assistance is one of the

main advantages of digital twin technology in agriculture. A manage-

ment technique called precision agriculture employs data and tech-

nology to streamline farming processes, increase yields, and save ex-

penses. In order to build a complete picture of the farm, digital twins

in agriculture can gather and analyse data from numerous sources,

including sensors, drones, and satellite photos. Using this knowledge,

decisions about planting, watering, fertilising, and pest control can

be made with confidence.
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2. Real-time Monitoring: Digital twin technology also enables real-time

monitoring of agricultural operations. This allows farmers to monitor

the health of their crops and livestock, track weather patterns, and

manage resources in real-time. For example, digital twins can be used

to track the moisture levels of crops, the growth rate of livestock, and

the quality of the soil. This information can be used to make informed

decisions about watering, feeding, and other management practices.

3. Predictive Analytics: Another benefit of digital twin technology in

agriculture is its ability to support predictive analytics. Predictive

analytics is a technique that uses data and machine learning algo-

rithms to predict future events. In agriculture, predictive analytics

can predict crop yields, forecast weather patterns, and optimize re-

source allocation. For example, digital twins can be used to track the

moisture levels of crops, livestock growth rate, and soil quality. This

information can be used to make informed decisions about watering,

feeding, and other management practices.

4. Sustainability: Digital twin technology can also support sustainabil-

ity in agriculture. By monitoring the impact of farming operations

on the environment, digital twins can help farmers make informed

decisions about resource use, minimize waste, and reduce their car-

bon footprint. For example, digital twins can be used to monitor

water and fertilizer use, track greenhouse gas emissions, and identify

opportunities to conserve resources.

5. Collaboration and Decision-making: Digital twin technology also en-

ables agricultural collaboration and decision-making. By sharing data

and information in real-time, farmers, agronomists, and other stake-

holders can work together to make informed decisions about resource
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allocation, production processes, and risk management. Digital twins

can also be used to facilitate communication and collaboration be-

tween different departments within an organization, such as market-

ing, supply chain, and operations.

2.8 Iot based smart agriculture monitoring sys-

tem vs digital twin smart agriculture moni-

toring system

IoT-based smart agriculture monitoring systems and digital twin-based

smart agriculture monitoring systems are two of the most promising tech-

nologies in the field of agriculture. Both are designed to help farmers op-

timize their operations and improve yields, but they differ in several key

ways. IoT-based smart agriculture monitoring systems are based on a net-

work of sensors and devices that collect data about crops, soil, weather,

and other factors. This data is transmitted to a central hub where it can be

analyzed and acted upon. The key advantage of IoT-based systems is their

ability to provide real-time data on crop and soil conditions, which may

assist farmers in making prompt choices regarding watering, fertilizing,

and pest control. For instance, soil moisture sensors could be positioned

across the field to keep track of the soil’s moisture levels. This data can

determine when to water the crops, which can help conserve water and

reduce the risk of drought stress. Weather sensors can also be used to col-

lect temperature, rainfall, and wind speed data, which can help farmers

make decisions about crop protection and disease management. However,

IoT-based systems have some limitations. For one, they typically use sim-

ple data analytics techniques, such as statistical analysis and regression,

to make predictions and identify patterns. Their predictive capabilities
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are limited, and their results can be imprecise. Additionally, IoT-based

systems can be less expensive to implement. Still, they may require addi-

tional human intervention to make decisions, which can be time-consuming

and lead to human error. In contrast, digital twin-based smart agriculture

monitoring systems rely on a digital representation of the real-world agri-

cultural system, which can be fed by a range of data sources, including

IoT devices, satellite imagery, and weather forecasts. This digital repre-

sentation, or” digital twin,” allows farmers to simulate various scenarios

and make more informed decisions about their operations. The key ad-

vantage of digital twin-based systems is their ability to use data from a

range of sources to create more accurate and sophisticated models of the

real-world system. For example, satellite imagery can be used to monitor

crop health and identify areas of the field that may require additional at-

tention. This information can be combined with soil moisture and weather

sensor data to create a more complete picture of the agricultural system. In

turn, this information can be used to make more informed decisions about

crop management, such as adjusting the timing of fertilization or pest con-

trol treatments. Digital twin-based systems can leverage advanced machine

learning algorithms and predictive analytics to make predictions and iden-

tify patterns. This means they can provide farmers with more accurate

and sophisticated recommendations, helping them make better decisions

and optimize their operations. Additionally, digital twin-based systems can

automate decision-making and provide farmers with actionable recommen-

dations based on the data and simulations generated by the digital twin.

For instance, machine learning algorithms can analyze historical weather

data and soil moisture levels to predict future crop yields. This informa-

tion can be used to make decisions about planting dates, crop rotations,

and the selection of seed varieties. Predictive analytics can also identify
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the optimal time for fertilization and irrigation, which can help farmers

conserve water, reduce the risk of disease, and increase yields. However,

there are also some challenges associated with digital twin-based systems.

For one, they can be more expensive to implement, as they require more

advanced technology, such as high-performance computing, data storage,

and machine learning algorithms. Moreover, developing and maintaining

the digital twin itself and training the machine learning algorithms may

involve a large time and resource investment for digital twin-based systems.

2.9 Limitation of this technology(Digital Twins)

Digital twin technology, despite its numerous benefits, also faces some lim-

itations that need to be addressed for its widespread adoption and imple-

mentation. Some of these limitations include the following:

1. Cost and Complexity: Digital twin technology can be costly to imple-

ment and maintain, as it requires high-performance computing, data

storage, and machine learning algorithms. The cost of the underly-

ing hardware and software required to run digital twin simulations

can be substantial, and the ongoing costs associated with mainte-

nance and updates can also be high. Furthermore, the process of

creating and maintaining the digital twin itself can be difficult and

time-consuming, requiring a significant investment of both time and

resources.

2. Data Management and Privacy Concerns: Digital twin technology

requires a significant quantity of data, which needs to be gathered,

saved, and continuously analyzed. This data can include sensitive

information such as personal data, trade secrets, and confidential

business information. Ensuring this data is secure and protected from
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unauthorized access and breaches is a major challenge that must be

addressed to ensure the privacy and security of digital twin systems.

3. Accuracy and Reliability: Digital twins rely on complex algorithms

and simulations to model real-world systems, which means that the

accuracy and reliability of the digital twin can be affected by the

quality and accuracy of the data used to create the model. In addi-

tion, the digital twin can only be as accurate as the data it is fed,

which means that it is dependent on the quality and accuracy of the

data sources used to create the model.

4. Integration with Existing Systems: Combining digital twin technolo-

gy with current systems may be a difficult and time-consuming pro-

cedure since it needs the integration of numerous data sources and

systems. This can be especially challenging in large organizations

where multiple systems are in place and data is stored in differen-

t formats and locations. Ensuring that the digital twin integrates

seamlessly with existing systems and that data can be easily shared

and accessed is a key challenge that must be addressed.

5. Data Analytics Capabilities: Digital twin technology relies on data

analytics and machine learning algorithms to make predictions and

provide actionable recommendations. So far, both the quality and

accuracy of the data used to train the algorithms and the algorithms

themselves may impact the dependability and accuracy of these pre-

dictions. Ensuring that the data analytics capabilities of digital twin

systems are accurate and reliable is a major challenge that must be

addressed.

6. Model Validation and Verification: Digital twin technology relies on
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simulations to model real-world systems, which means that the accu-

racy and reliability of the digital twin can be affected by the accuracy

and validity of the model itself. Ensuring that the digital twin model

is accurate and validated against real-world data is a key challenge

that must be addressed to ensure the accuracy and reliability of the

digital twin.

7. Human Expertise: Digital twin technology can automate many decision-

making processes, but it still requires human expertise and judgment

in many cases. For example, digital twin simulations can provide rec-

ommendations about the best course of action, but it is up to human

operators to make the final decision about how to act on these rec-

ommendations. Ensuring that human operators have the necessary

expertise and judgment to make informed decisions is a key challenge

that must be addressed.
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Chapter 3

Requirement Specifications
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This chapter thoroughly examines the current systems connected to our

project. The detailed description and breakdown of each system component

are then provided in this chapter.

3.1 Existing System

Many solutions were introduced to the problem of farm management sys-

tems or farm monitoring systems; the figure below shows that the re-

searchers developed a fuzzy (prototype) system to comprehend this prob-

lem [1]. In this project, the system was incorporated by taking sensor

input, deciphering it using probabilistic reasoning architecture, and em-

ploying the Internet of Things as the user interface. Since the project aims

to assist farmers, a more straightforward system design is required with-

out a sophisticated theoretical foundation. The correlation between the at-

mospheric temperature, moisture content, soil wetness, and watering time

was thoroughly included in the system by making full use of the knowledge

from fuzzy systems. In comparison to the manual and traditional farming

tools, the method is, therefore, more effective. The chosen platform has

translated the information into the IoT.
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Figure 3.1: Existing subsystem layout [1]

Figure 3.2: Existing system prototype [1]
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3.2 Proposed System

The proposed system or more dignified solution to the problem will not

only be just monitored by using IoT sensors as explained above, but we will

also perform model prediction, 3d model visualization and metric analysis

of our system as well. The system will use a four-level supervised machine

learning method to compute and estimate the field for the appropriate

climate in phenomena as,

1. Data: Data sets on soil properties, climatic conditions, and seed qual-

ity are used to forecast harvests and boost agricultural yields.

2. Data Pre-processing: This parameter is essential if we have any miss-

ing data values from the data set.

3. Extraction of Features: To characterize a large data collection, the

required data size would be reduced through feature extraction. The

features that have a higher correlation value are chosen as a key

predictive function for yield in this method, which bases its feature

selection on the correlation matrix.

4. Data training And ML model: the final step is to split the data set

into train, and test sets to train the model and develop a model best

fit for the system.
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3.3 System Requirements(Hardware Spec)

The table below shows the requirements and basic information regarding

the smart digital system or IoT-based digital farm in which the main mod-

ule(raspberry pi) monitors all the values using sensors attached to it and

logs all the data from the sensor to Cloud Service.

Raspberry Pi 4

Moisture Sensor YL-100

Gas Sensor MQ-135

DHT-22 Temperature and Humidity Sen-
sor

Flame Sensor

LDR Sensor

ADS 1115(ADC)

Monitor(Display),Inputs(Keyboard,Mouse)

Relay Switches

Motor or pump (general outdoor opera-
tion)

Table 3.1: Digital Farm Components
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Our System can also be summarized as follows:

� Acquiring Dataset, which consists of sensor data. And need to apply

ML algorithms for training, testing and model prediction.

� Sensors connected to raspberry pi to measure data in real-time and

send data to cloud agent.

� An app or application consisting of different input parameters for

data visualization and observing any changes.

� A relay switch connected to raspberry pi for any automatic ON/OFF

Operation, such as water pumping to a field or plant when desired

parameter or condition is met.
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3.3.1 RBPi 4(Raspberry Pi)

The RBPi 4 Model B is the most recent version of the well-known RBPi

range of computers. It offers radically improved CPU speed, multimedia

performance, memory, and connection over the RBPi 3 Model B+ of the

previous generation while keeping backward compatibility and consuming

roughly the same amount of power. For the user, the RBPi 4 Model B’s

desktop performance is comparable to that of entry-level x86 PC systems

[2]. The main purpose for using raspberry pi instead of micro controller is

Figure 3.3: Raspberry Pi 4 [2]

because raspberry pi uses python language and is mainly used for Machine

Learning algorithms so it is better to use raspberry pi instead of micro-

controller.

Raspberry Pi Specs and Features :
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Computer: Quad-core Cortex-A72 (ARM v8)
64-bit SoC, 1.5GHz, Broadcom
BCM2711 processor.

Memory: 2GB low-power double data
rate(LPDDR4)

Connection: ac wireless LAN operating at 2.4
and 5.0 GHz, Gigabit Ethernet 2 Ö

USB 3.0 ports USB 2.0 ports in two

General Pur-
pose I/O:

40-pin Raspberry standard connec-
tions

Audio And
Video:

a pair of micro HDMI ports for com-
posite video and stereo audio

Graphic Card: OpenGL ES 3.0 graphics

SD card: Operating system loading on a Mi-
cro SD card and data storage

Supply Input: 5V DC through USB-C connec-
tor(min 3 Ampere)

Operating tem-
perature:

0 to 50 Degree Celcius

Table 3.2: RBPi 4 Model Specs [2]
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3.3.2 Moisture Sensor(YL-100)

To measure soil moisture, a moisture device is used. It computes the mois-

ture content of the soil and calculates the volumetric amount of water

existing therein [3].

Soil moisture Specs and Features :

� Operating Voltage: DC 3.3 to 5

� 15 mA operating current

� Digital output range: 0V to 5V

� LEDs are 0V to 5V signalling output, and power is used for analogue output.

� PCB Dimensions: Based on the LM393 design, 3.2 cm by 1.4 cm

� Easy to use with ordinary Digital/Analog ICs or microcontrollers

� Compact, reasonably priced, and easily reachable

(a) Moisture Sensor [3] (b) Moisture Sensor Module [3]

Figure 3.4: Moisture Sensor Images [3]

The moisture sensor module is made up of resistors, capacitors, poten-

tiometers, comparator LM393 ICs, Power LEDs, and Status LEDs. The

voltage comparator in this moisture sensor module is an LM393 Compara-

tor IC. The moisture sensor pin is connected to LM393 pin 3, whilethe pre-

set pin is connected to LM393 pin 2. (10K Pot). The sensor pins threshold
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Voltage: 5 volt

Ground: Supply to Ground

D0: Digital Output

A0: Analog Output

Table 3.3: SM Pin Configuration [3]

voltage will be compared to the preset voltage set via pin 2 by the com-

parator IC [3]. The moisture sensor, which gauges the amount of moisture

in the soil, is made up of two probes. These probes’ immersion gold coat-

ings prevent the nickel’s oxidation by protecting it. The sensor analyses

the resistance to determine the moisture values.
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The mq135 sensor is generally employed in air pollution control systems

and is suitable for detecting or measuring Ammonia, NO, NO2, Ethanol,

Benzoic acid, Charcoal, and CO2 [4].

Gas Sensor Specs and Features :

� Broad detection range

� High sensitivity and quick response

� durable and long-lasting

� +5V is the operating voltage.

� NH3, NOx, alcohol, benzene, smoke, CO2, etc., can all be detected and

measured.

� Analogue Output : 0 to 5 Volt

� Digital Output : 0 or 5 Volt (TTL Logic)

� 20-second reheating period

� Suitable for use as either a digital or analogue sensor

(a) Gas Sensor Module [4] (b) Gas Sensor Pin configuration [4]

Figure 3.5: Gas Sensor(MQ-135) Images [4]
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For module

1 Voltage: 5 Volt

2 Ground: Supply To Ground

3 Digital
Out:

Outputs Digital Value

4 Analog
Out:

Outputs Analog Value

For Sensor Pins

1 Pins(H): One pin is connected to the
supply, and the other pin is
connected to ground

2 Pins(A): These pins will be linked to
the voltage supply.

3 Pins(B): The output pin will be one,
and the ground pin will be the
other

Table 3.4: GS-mq135 Pin Configuration [4]
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3.3.3 DHT22 Temperature And Humanity Sensor

The DHT22 is a hybrid sensor. The sensor produces a calibrated digital

signal that measures temperature and humidity. Due to its great sensi-

tivity, the DHT-22 temperature and humidity sensor is used to measure

temperature and humidity. and provides values that are generally accu-

rate. It can accurately measure temperatures between -40 and 80 degrees

Celsius. The sensor has NTC temperature measurement components and

resistive sensing of wet parts.

DHT-22 Sensor Specs and Features :

� Voltage Range: 3.5 to 5.5V

� current: 0.3 mA

� Data output in serial

� Range of temperatures: -40°C to 80°C

� Range of humidity: 0% to 100%

� Pixel density: Both are 16-bit values.

� Precision: 0.5°C and 1%

(a) DHT-22 Sensor Module [5]
(b) DHT-22 Sensor Pin [5]

Figure 3.6: DHT-22 Sensor Images [5]
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Module Pins

1 Voltage: Supply Range 3.5 to 5.5 volt

2 DATA: Serial Data Output

3 Ground: Connected to ground

Sensor(Pins)

1 Voltage: Supply Range 3.5 to 5.5 volt

2 DATA: Serial Data Output

3 N/C: Not Connected

4 Ground: Connected to ground

Table 3.5: DHT22 Pin Configuration [5]
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3.3.4 Flame Detector

To detect or respond to the presence of a fire or flame, a flame sensor is

utilized.

Features and Specs:

� Operating voltage: 4.75 – 5V

� Working current: 20 mA

� light in a range 760nm to 1100nm wavelength

� Detection range: 0-1 m

Figure 3.7: Flame Sensor Module [6]

1 Voltage: Supply range 3.5 to 5.5 volt

2 D0: Digital Output (0 or 1)

3 Ground: Connected to ground

Table 3.6: Flame Detector Pin Configuration [11]
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3.3.5 Luminosity Sensor

Detecting and measuring light intensity is possible with the low-cost digi-

tal and analogue sensor module known as LDR. This sensor is additionally

referred to as a photo resistor sensor. An internal LDR (Light Dependent

Resistor) aids in the detection of light by this sensor.

Figure 3.8: Luminosity Sensor Module [7]

1 Voltage: Supply Voltage to 5.0 volt

2 D0: Digital Output (0 or 1)

3 Ground: Connected to ground

4 A0: Analog Output Pin

Table 3.7: LDR Sensor Module Pin Configuration [7]
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Advantages of LDR Sensor Module:

� Low Cost: LDR sensors are relatively inexpensive and readily avail-

able, making them popular for many hobbyist and DIY projects.

� Easy to Use: LDR sensors are simple to use, requiring only a few

lines of code to read the light level.

� Versatile: LDR sensors can detect light in a variety of wavelengths,

making them suitable for a wide range of applications.

� Energy Efficient: LDR sensors consume very little power, making

them an ideal for battery-powered devices.

� Reliable: LDR sensors are a proven technology that has been around

for many years, and they have a long operational lifespan.

Disadvantages of LDR Sensor Module:

� Limited Accuracy: LDR sensors are not very accurate and can be

affected by factors such as temperature and humidity.

� Slow Response Time: LDR sensors have a slow response time com-

pared to other types of light sensors, which may not be suitable for

applications that require fast response times.

� Limited Sensitivity: LDR sensors may not be able to detect low levels

of light or be sensitive enough for some applications.

� Limited Dynamic Range: LDR sensors have a limited dynamic range,

which means they can only measure a certain range of light levels.

� Susceptible to Interference: LDR sensors can be susceptible to inter-

ference from other sources of light, which can affect their accuracy.
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3.3.6 Analog-to-Digital Convertor(ADS1115)

ADS1115 is a flexible Analog-to-Digital Conversion IC (ADC). This com-

ponent is essential because the majority of sensors only produce analogue

output, while the RBPi 4 requires digital input.

Features And Specs:

� Range of Operation: -40°C to +125°C

� Range of Supply: 2 to 5.5 Volt

� 150 Ampere when Current Consumption is low or at continuous con-

version

� Interface I2C: Four addresses selected by pin

� either two differential inputs or four single-ended inputs

� 8 to 860 samples per second (SPS) of programmable internal oscilla-

tor data rate

(a) ADC IC [8]
(b) ADC IC Pinout [8]

Figure 3.9: ADC(ADS1115) IC Images [8]

Digital Twin 43



1 Address: Address select

2 Ready: Ready output from a digital
comparator or conversion

3 Ground: Connected to ground

4 Analog in
0:

Analog channel 1 input

5 Analog in
1:

Analog channel 2 input

6 Analog in
2:

Analog channel 3 input

7 Analog in
3:

Analog channel 4 input

8 Voltage: Supply Voltage 2 to 5.5 volt

9 Serial Da-
ta:

T/R Data

10 Serial
Clock:

Data clocks on the serial data
pin

Table 3.8: ADS-1115 Pin Configuration [8]
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3.3.7 Display And Inputs

Since we are using raspberry pi, we will be using a monitor for display.

VGA monitor with vga cable will also need HDMI to VGA converter

adapter to connect to the raspberry pi.

(a) Monitor [15] (b) HDMI to VGA convertor [16]

(c) Power cable [17] (d) KeyboardAndMouse [18]

Figure 3.10: Display and inputs

Digital Twin 45



3.3.8 Relay Switch

The contacts of a switch are opened or closed by this electromechanical

mechanism using an electric current. It is made up of parts that facilitate

connection and switching.

Module Specs:

Figure 3.11: Relay Switch Module [9]

� Range of Voltage 3.75 to 6 Volt

� 2 milliamps of current

� 70mA of current flow when the relay is enabled.

� Relay Constant Voltage(MAX): 250 Alternate Current Voltage(ACV)

or 30 Direct Current Voltage(DCV)

� Relay Current(MAX): 10 Amps

The principal parts of a relay module are as follows: 3 3-pin screw-type

terminal connector, male header pins, 5V relay, transistor, diode, LEDs, re-

sistors, etc. The relay’s product number, ”05VDC,” indicates that the coil
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1 R Trigg.: A signal that triggers the relay

2 VCC: Power Source of Relay

3 GND: Ground

4 Normally
Open
Contact:

The relay’s open terminal.

5 Normally
Closed
Contact:

The relay’s closed terminal.

6 Common
Contact:

The relay’s Common termi-
nal.

Table 3.9: Relay Switch Module Pin Configuration [9]

must be triggered at a minimum voltage of 5V in order to reliably close the

contacts. Any voltage lower than this will not work. Additionally, there are

marks for voltage and current that showvoltage and current marks show-

ing the maximum voltage and current that the relay can switch. When

the relay is in operation, the ”relay status LED” illuminates, showing the

amount of current flowing through the relay coil. The relay coil is driv-

en by the switching transistorswitching transistor drives the relay coil by

amplifying an input signal that cannot provide enough current to directly

drive itrive it directly. This signal is then used to drive the relay coil. In

this manner, a microcontroller or sensor output can drive the input. [9].
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Chapter 4

System Design
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The system architecture, design constraints, and system methodology

of the comprehensive crop management or agricultural monitoring system

are covered in this chapter.

4.1 System Architecture(Design Process/Procedure)

In this section, we are going to describe our system through different block-

s, which is going to explain the whole system in a much easier way. Hence

consequently, we have divided our system into three major portions, as

shown in the block diagram.

� Farm/Field(Physical Environment)

� Cloud services Platform

� Digital Representation (Virtual Environment)

Figure 4.1: System basic Architecture
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4.1.1 Farm/Field(Physical Environment)

In this block, the farm or field is the physical aspect/environment of our

project. The Figure below shows a basic idea of our project, and it will be

changed according to our budget constraints and requirements.

Figure 4.2: Project CAD design

The farm/field will have different IoT sensors which need to be configured

to our raspberry pi module.

4.1.2 Cloud Service Platform

The second is cloud services which means that the data/information will

be sent to IoT agents, and through that service, the data will be sent to

cloud service storage and accessed through the service database in real

time. We will use this service, a software platform that will be used to

create IoT applications or consoles.

4.1.3 Digital Representation (Virtual Environment)

The final block element is essential to our project and defines our project

outcome.
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(a) System Software Design Logic

(b) System Software Design Logic

Figure 4.3: System Software overview [10]

In our previous system, we observed that the system works under the

assumptions of a real-time based monitoring system and condition-based

outcome.Thus we want to improve our outcome by applying the digital

concept of 3d virtual-based visualization and metrics analysis.
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4.2 Design Constraints

We have found the following limitations in our system:

� Since our device is IoT based, it merely depends on the WiFi sig-

nal strength for updating the values of moisture level, air quality,

temperature and humidity, etc., on the Cloud server. So in case of a

weak/No signal, it can go in a counter-negative way.

� Due to budget constraints and complexity, training of the system will

be considered only those parameters in which the system is evaluated.

For instance, if the parameters increase from 10 to 20. It becomes

more difficult to observe and manage all systems at once. Thus this

technology is better at minimum parameters observation.

� The module should stay switched on for all the sensors to work for

their respective trained functions.

� This system does not work in the hazardous environment. If so, the

system will not work properly, making it difficult to manage and

predict outcomes.

� Even though we are designing our project to maintain the steady and

stable outcome of our field without much or any supervision since

it is just a prototype, minimum supervision should be considered;

otherwise, it will lead to the critical condition of our field.
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4.3 Design Methodology

We have designed this methodology by considering the previous system-

s that have been designed and implemented for monitoring temperature,

Humidity and soil moisture in the soil field to control the sufficient water

level within the time frame. The first thing that comes to mind is how

we are going to implement all this using digital technology known as the

Internet of Things and then how we can take immediate actions (such as

alert SMS, manual operation, conditional operational etc.) in case of any

Wi-Fi signals failure and emergency situation and how we can make an

efficient monitoring system which can portray a smart living. Keeping all

of the above concerns in mind, we are going to implement the following

methodology to design an efficient and predictive base user-specific out-

come monitoring and management system:

1. First, we will need to consider the physical environment in which

the system will be implemented since this is just a prototype, we will

consider only certain parts of the field/farm and observe data on that

particular environment.

2. To achieve our goal, we will employ a variety of sensors, including

a flame/LDR sensor, air sensor, indicator of soil moisture, and tem-

perature and humidity sensors.

3. We will be configuring all the above sensors to the RB-Pi 4.

4. The data will be sent cloud service platform from raspberry pi to fire

real-time data to our database.

5. We also need to apply decision-making using the ML algorithm,

which will help to predict user-specific outcomes or previous data
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record management.

6. Our system works on a metrics system for efficient monitoring and

communication with in the machine.

7. Our Raspberry Module will have a relay switch to switch between

desired operations (such as start water pumping, fan etc.) when a

certain condition is met.

Digital Twin 54



(a) System Hardware Design(Block Representation)

(b) System Design(Block Representation)

Figure 4.4: System Design Hardware And Software
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Chapter 5

System Implementation
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This chapter includes the block diagram of the system, which is imple-

mented which is followed by the functional details of the hardware and the

software implementation.

5.1 System Architecture(Implementation Process)

The figure below shows the system which will be implemented and observed

in physical and digital environments.

Figure 5.1: System Architecture(implementation)
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5.2 Hardware Setup(Sensors Configuration And Coding)

In our project, we are using various Iot sensors for the monitoring of our

field, such as a Gas sensor (MQ-135), Fire Sensor, Temperature sensor,

Humidity sensor, LDR Sensor and Soil Moisture Sensor. All these sensors

are interfaced with the GPIO pins of Raspberry Pi 4.

Since I have already explained all these sensors’ specs and features etc. In

this section, I will display real connected sensors to RBPI4.

Figure 5.2: Sensors Interfacing
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(a) Libraries Added
(b) Digital Sensor Coding

(c) Analog Sensor Coding
(d) Displaying Output

Figure 5.3: Sensors Coding

Note:We use ”Thoney IDE Python”, an integrated build-in environment

to develop our python programming/consoles. This Code is not a complete

representation of our code running on our Pi. The Code will be further

explained in Next Chapter afterwards. This Code shows/explains how the

sensor’s interfacing can be done.
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5.3 Software Setup(Microsoft Azure Platform: Digital Twin)

The Software Microsoft Azure is a powerful cloud computing platform

with dozens of features and services provided by it. The services we have

considered in our project will be explained/observed afterward.

5.3.1 Azure Digital Twin

Microsoft Azure Digital Twins is a platform that allows you to create com-

prehensive digital models of physical environments. These models can be

used to simulate, monitor, and control physical systems, such as buildings,

factories, and cities. The platform provides a way to create a virtual repre-

sentation of a physical environment, including all its components and their

relationships, and then use this model to gain insights into how the system

is functioning and optimize its performance.

Azure Digital Twins provides a range of tools for developers and engineers

to build, test, and deploy digital models of physical environments. These

tools include a range of APIs and SDKs for interacting with the platform

and tools for visualizing and analyzing data from the digital model. The

platform also provides a range of security features, including access control

and encryption, to help keep your data safe and secure.

The image below shows our main digital twin instance, which we created

using basic information. And after this, we created Azure Digital Twin

Explorer Graph and 3d Scenes.
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Figure 5.4: Azure Digital Twin Instance
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5.3.2 Digital Twin Explorer

A digital ”twin” of a real-world object, such as a machine or structure, is

produced by the software program known as Digital Twin Explorer utiliz-

ing information gathered from sensors, cameras, and other sources. This

virtual twin can be used to test changes or improvements without affect-

ing the actual object and to simulate how the real object behaves under

various circumstances.

Note: In Digital Twin Explorer, DTDL(.json) language models can be

created in any programming development platform. After then, navigate

to the ”Models” tab and click “Upload Model”. You will then be prompted

to enter a name for your model, DTDL.
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(a) Digital Twin instance link

(b) Twin Graph (c) Model Graph

Figure 5.5: Azure Digital Twin Explorer
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(a) View uploaded Model

(b) DTDL Language preview

Figure 5.6: Azure Digital Twin Explorer
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5.3.3 Digital Twin Storage Account

Data can be kept in blobs, queues, and tables, among other types of s-

torage containers, in a digital twin storage account. Depending on the

requirements of the application, different types of data can be stored in

these containers.

In this project, we used blobs to store large files, such as images, videos,

and 3d Models.

(a) Storage account

(b) Storage Containers
(c) Container files

Figure 5.7: Azure Digital Twin Storage
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5.3.4 Digital Twin 3d Scenes( Virtual Model Representa-

tion)

Digital twin 3D scenes are virtual environments that are created to repre-

sent the physical world in a digital twin application. These scenes are often

used in combination with sensor data and other real-time information to

create a highly accurate and interactive representation of a physical asset

or system.

In a digital twin 3D scene, the physical asset or system is modelled in a

virtual environment using 3D modeling tools and techniques. This can in-

clude detailed models of individual components, as well as the surrounding

environment and other contextual information.

Note: We have created the model using software known as blender.

Other software such as 3d engine, Unity, Autodesk, Forge, Revit,

etc can also be used. But Azure only allows .glb or .glft format

files to be uploaded in 3d scenes.
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(a) Linking our 3d scene with account storage

(b) Uploading Model to 3d scene

Figure 5.8: Azure Digital Twin 3d Scene
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(a) 3d Model: Wirefram View

(b) 3d Model: Real View

Figure 5.9: Azure Digital Twin 3d Scene
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5.3.5 Elements In 3d scene

Elements refer to the physical or virtual objects that are represented in a

digital twin application. These can be individual components of a system

or larger structures, such as buildings or factories. Other Factors are:-

1. Behavior: Behavior refers to the way in which elements interact with

each other and their environment.

2. Twins: Twins are digital representations of physical assets or systems.

3. Visual rules: Visual rules specify the behavior of elements in a digital

twin application. They allow developers to define conditions and ac-

tions based on data from sensors or other sources, enabling elements

to interact with each other in a meaningful way.

4. Widgets: Widgets are user interface components that are used to

display information and interact with a digital twin application.
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Figure 5.10: 3d Scene Elements Overview
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5.3.6 Azure IOTHUB

As a fully managed cloud service, Azure IoT Hub offers a safe and scal-

able platform for integrating, managing, and connecting IoT devices. It

provides bi-directional communication between IoT devices and back-end

services and makes it simple for devices to connect to the cloud server.

� You can connect and manage IoT devices with Azure IoT Hub, re-

gardless of their protocol or operating system.

� Azure IoT Hub offers a secure and scalable platform for connecting

and managing IoT devices. Devices can be easily provisioned, con-

figured, managed, and monitored for status and performance. IoT

Hub lets you gather, store, and perform real-time IoT device data

analysis.

� Before transmitting data to downstream services for additional anal-

ysis, you can modify and enrich it using built-in data processing

tools. Enable two-way communication with Azure IoT Hub to en-

able real-time command and control scenarios. This allows you to

send messages to IoT devices and receive messages from them.
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(a) IOTHUB Service

(b) IOTHUB Virtual Device Created

Figure 5.11: Azure IOT Cloud service
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5.4 Event Hub And Clustering(Azure Data Ex-

plorer)

Event Hub provides a scalable and reliable platform for ingesting and pro-

cessing large amounts of data. It can process millions of events per second

and can be used to capture data from a variety of sources, including IoT

devices, social media feeds, and application logs.

On the other hand, Azure Data Clustering is a data processing technique

that groups similar data points into clusters based on their similarity. Clus-

tering is a common technique used in machine learning and data analysis

to identify patterns and relationships in data.

(a) Event-Hub Service

(b) Azure Data Explorer Service

Figure 5.12: Azure IOT Cloud service
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5.4.1 Azure Function App

Azure Function Apps with Event Grid are often used in a variety of sce-

narios, such as processing IoT data, automating business workflows, and

integrating with external systems. By using a serverless architecture, we

can reduce costs and simplify deployment while still maintaining high levels

of scalability and reliability.

(a) Azure Function App

(b) Event Grid Trigger(Link to Function App)

Figure 5.13: Azure IOT ingest Function
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5.5 Logic App

Logic Apps use a visual designer to create workflows comprising a series

of steps or triggers executed in response to specific events or conditions.

These steps can be simple actions like sending an email, or updating a

database or more complex processes like parsing JSON data or integrating

with an API.

(a) Azure Logic App Service

(b) Logic App Workflow(Link to Service Bus notifier)

Figure 5.14: Azure Notification Service

Digital Twin 75



Chapter 6

System Testing and

Evaluation
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This Chapter list the Overview, Testing, Metrics Analysis and Out-

come of our virtual-based 3d model, its back-end coding and other services

overview.

6.1 Cloud Service Testing And Analysis

Before viewing the 3d Model, we will see that the sensor data coming from

RBPI4 is sent to IoT Hub service and then trigger the Event Function,

which will also be monitored and check the telemetry (real-time sensor

data) being fetched into our function to our 3d model.

And also send a notification to our user-end email server to notify us of

any critical condition of our field.

Below shows an overview and results analysis of our system (pictorial rep-

resentation).

6.1.1 Initial Analyses and Results

Results of the system before system hardware(Hardware is disabled) is

established.
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Figure 6.1: Adding Connection to Azure IoT Explorer to observe incoming
telemetry

Figure 6.2: DeviceId:Field is used as a device to cloud server Azure IoT
Explorer(No Message Read)
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Figure 6.3: IOTHub Overview (No Message Read)

Figure 6.4: Azure Function App to transfer telemetry to Azure Explorer
(No Message Read)
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Figure 6.5: Service Bus Event Notifier Overview (No Messages Read)

Figure 6.6: Logic Hub Metrics Overview (No Message Read)
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Figure 6.7: Azure Digital Twin Explorer Graph Overview (No Values Up-
dated By default zero indication)

Figure 6.8: Azure Digital Twin 3d scene Overview(No Values updated:
system model values updates if Explorer Graph is updated)
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6.1.2 Updated/Final Analyses and Results

Results of the system after system hardware(Hardware is enabled) is es-

tablished.

Figure 6.9: RBPI4 Code status: Running

Figure 6.10: RBPI4 Code status: Running
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Figure 6.11: RBPI4 Code status: Running (Sending Notification)

Figure 6.12: DeviceId:Field Azure IoT Explorer (Message Read)
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Figure 6.13: IOTHub Overview (Message Read)

Figure 6.14: Azure Function App to transfer telemetry to Azure Explorer
(Message Read)
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Figure 6.15: Service Bus Event Notifier Overview (Messages Read)

Figure 6.16: Logic Hub Metrics Overview (Message Read)
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Figure 6.17: Received Notification Screenshots
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Figure 6.18: Azure Digital Twin Explorer Graph Overview (Values Updat-
ed By default zero indication)

Figure 6.19: Azure Digital Twin 3d scene Overview(Values updated: sys-
tem model values update if Explorer Graph is updated)

Digital Twin 87



Chapter 7

Conclusion
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We have applied the concept of Digital Twin in the agricultural sector

to minimise losses during crop production. Our technology works like smart

IoT-based sensors connected to the field to monitor the outcome. Howev-

er, this digital twin technology improves the project’s outcome, which is

3d visualization(virtual Model based upon physical product/environment)

and better management by the continuous monitoring system. The sen-

sor data coming from our Pi module is sent to Software known as ”Azure

Digital Twin” Service, and through that, an ”IOTHUB Cloud server” is

created to read that telemetry (sensors values in real-time) Data. Then we

created another service known as ”Azure Function App” to read Event da-

ta(Event is where data is being recorded and can be called through other

services when in need) correctly and send real-time sensor values to the

3d Model. We define the rules and conditions in the 3d Model to observe

the perimeter changes when they occur in Field. Other Services such as

“Logic App”, “Service Bus”, and “SMTP Protocol” for notification ser-

vice are being send to the user. This technology continues to evolve and is

major evolution to industrial 4.0 technology. We have tried to accomplish

this project to a certain degree, but improvement and advancement in this

domain through time and effort can be used for further development.
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Appendix A

User Manual
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A.1 RB-PI4 External Information

This section gives insights for raspberry pi 4 (RB-PI4) pinout configuration

and information regarding important libraries to add before start working

on raspberry pi 4.

A.1.1 RB-PI4 Data-sheets and pin-out board
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A.1.2 RB-PI4 OS(Ubuntu) and important libraries

If you need to install Ubuntu on your Raspberry Pi 4, you can follow these

steps:

Download the Ubuntu Server image for Raspberry Pi from the official

website [19].

1. Insert the micro-SD card into your computer and use a tool like

Etcher to flash the Ubuntu image onto the card.

2. Once the flashing process is complete, eject the micro-SD card from

your computer and insert it into your Raspberry Pi 4.

3. Connect your Raspberry Pi to a monitor, keyboard, and mouse, and

power it on.

4. Follow the on-screen instructions to set up Ubuntu on your Raspberry

Pi.
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5. Once Ubuntu is set up, you can open a terminal window and start

writing Python code using the built-in os library.

Important Libraries to add :-

� sudo pip install adafruit-blinka

� sudo pip install adafruit-circuitpython-dht

� sudo pip install adafruit-circuitpython-ads1x15

� sudo pip install numpy

� sudo pip install azure-iot-device

� sudo pip install azure-iot-device-aio

� sudo pip install azure-iothub-service-client
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A.2 Azure Platform Services used and Software Usage

Given below is an general figure table in which we have mentioned the

services and software being used for the completion of the project.

Note:-” Other Services can be employed to meet your needs.”
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