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Abstract

The EcoFarm 360 project integrates cutting-edge IoT and Al technologies to revolutionize
farm management, offering an intelligent solution to monitor and manage four key aspects
of a farm: water, weather, soil, and crop health. By incorporating a weather monitoring
system, water monitoring system, irrigation system, and crop health monitoring system,
EcoFarm 360 provides real-time insights into critical farm conditions, allowing for timely
interventions. The system utilizes sensors like temperature, humidity, soil moisture, and
water level sensors, in this part Al algorithms analyze data to optimize decision-making.
The project also features a handheld device for farmers, which displays essential metrics
like temperature, soil condition, air condition, and security and sends SMS alerts for any
information about significant changes or needs. This smart system helps increase crop
yields, conserve water, and reduce manual effort, contributing to a more sustainable and
efficient farming approach. EcoFarm 360 offers a holistic, data-driven approach to large-
scale farm management, empowering farmers with advanced tools for better decision-
making and resource optimization.
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Chapter 1 (Introduction)

Farmers today are confronted with a range of challenges, including the impacts of climate change,
efficient resource management, and the increasing demand for higher productivity. To address
these challenges, EcoFarm 360 offers an innovative, loT-based smart agriculture solution. This
system simplifies the monitoring and management of key agricultural components, including water,
weather, soil, and crop health. By integrating various sensors and providing an environment that
displays real-time data, EcoFarm 360 empowers farmers to make informed decisions. Additionally,
the system sends timely SMS alerts to notify farmers of important changes, ensuring efficient farm
management and improved productivity.

In the lead of this cutting-edge domain is Home Assistant, a celebrated open-source platform for
its ability to be versatile and comprehensively integrated. Users can use Home Assistant to combine
a diversity of devices from different manufacturers into a synchronized smart home ecosystem. The
flexibility found in this platform is derived from its ability to manage over a thousand integrations
including lighting, climate control, security systems, and home entertainment.



Chapter 2 (Initial Study)

2.1 Background and Motivation

Agriculture is a cornerstone of human survival, but it faces numerous challenges due to climate
change, resource scarcity, and population growth. Traditional farming methods often struggle with
inefficiencies in water usage, crop monitoring, and responding to unpredictable weather patterns.
The rise of smart farming technologies presents a promising solution to these issues. The Internet
of Things (IoT) has emerged as a transformative force in modern agriculture, offering real-time data
collection and automation. By integrating loT, farmers can monitor environmental conditions,
manage resources more efficiently, and improve crop yields. EcoFarm 360 aims to leverage loT
and Al technologies to revolutionize traditional farming practices. The project focuses on key areas
such as water management, weather monitoring, soil health, and crop condition analysis. Through
real-time data and predictive analytics, farmers can make informed decisions, optimize resource
usage, and enhance productivity.

The motivation behind this project is to address the pressing need for sustainable and efficient
agricultural practices. By providing a holistic solution, EcoFarm 360 seeks to empower farmers,
improve food security, and promote sustainable farming in the face of global challenges.

2.2 Problem Statement

The agricultural sector faces significant challenges, including inefficient resource management,
unpredictable weather conditions, and labor-intensive monitoring processes. Traditional farming
methods often result in water wastage, suboptimal crop health, and reduced yields. Additionally,
the lack of real-time data makes it difficult for farmers to make timely and informed decisions, further
exacerbating these issues. With the growing global population and the increasing impact of climate
change, there is an urgent need for innovative solutions to enhance agricultural productivity and
sustainability. Farmers require a system that can provide real-time monitoring, automate processes,
and offer actionable insights to optimize resource usage and improve crop management. This
project aims to address these challenges by developing EcoFarm 360, an loT-enabled smart
farming system. The system integrates various sensors and Al-driven analytics to monitor weather,
soil, water, and crop conditions. It provides farmers with a comprehensive, data-driven approach to
farming, enabling them to make better decisions, reduce resource wastage, and enhance overall
productivity and sustainability.

©Daffodil International University 2



2.3 Project objective

The objective of EcoFarm 360 is to develop a comprehensive 10T-based smart agriculture system
that enhances farming efficiency, sustainability, and productivity. This system aims to integrate
advanced technologies such as 10T, Al, and real-time data analytics to provide farmers with a
holistic solution for managing key aspects of their farms, including:

1.

Weather Monitoring: Continuously track temperature, humidity, and other environmental
conditions to provide accurate forecasts and alerts.

Water Management: Monitor soil moisture levels and automate irrigation to optimize water
usage, preventing wastage and ensuring crops receive adequate hydration.

Soil Health Monitoring: Assess soil quality and moisture levels to support optimal crop
growth and yield.

Crop Health Analysis: Detect crop conditions and potential issues early, enabling timely
interventions to prevent disease and improve crop health.

Real-Time Data Access: Provide farmers with real-time data and actionable insights
through a handheld device and SMS alerts, ensuring they can make informed decisions
from anywhere.

6. Sustainability: Promote sustainable farming practices by optimizing resource usage and
reducing environmental impact.
2.4 Scope

The scope of EcoFarm 360 encompasses the development and implementation of an loT-based
smart agriculture system designed to improve farming efficiency and sustainability. The project will
cover the following key areas:

1.

Sensor Integration: Utilize a range of sensors to monitor environmental parameters such
as temperature, humidity, soil moisture, light intensity, and water levels. This data will be
collected in real-time for analysis.

Data Collection and Processing: Implement a centralized system to collect data from all
sensors. This data will be processed and analyzed to provide actionable insights for
farmers.

Automation: Enable automated control of irrigation systems, lighting, and other farm
operations based on real-time sensor data to optimize resource usage and improve crop
management.

Al-Driven Analytics: Integrate Al algorithms to analyze data trends, predict potential
issues, and recommend actions to enhance crop health and yield.

Real-Time Monitoring: Develop a user-friendly interface, including a handheld device and
SMS alert system, to provide farmers with real-time access to critical information about their
farm conditions.

©Daffodil International University 3



6.

Sustainability Focus: Ensure the system promotes sustainable farming practices by
reducing water and resource wastage, minimizing environmental impact, and supporting
long-term agricultural productivity.

Scalability: Design the system to be scalable, allowing it to be used by smallholder farmers
as well as large-scale agricultural operations.

2.5 Overview and Benefits

Overview:

1.

0T Integration: The system employs multiple sensors to gather data on environmental and
crop conditions.

2. Al Analytics: Advanced algorithms analyze the collected data to predict potential issues
and recommend optimal farming practices.

3. Real-Time Monitoring: Farmers receive real-time updates through a handheld device and
SMS alerts, enabling them to manage their farms remotely.

4. Automated Systems: Key operations like irrigation and lighting are automated based on
sensor data to optimize resource usage.

5. Sustainability Focus: The system is designed to reduce resource wastage, promote
sustainable farming, and enhance productivity.

Benefits:

1. Increased Efficiency: Automating farm operations saves time and reduces manual labor,
allowing farmers to focus on other critical tasks.

2. Resource Optimization: Real-time monitoring and data-driven insights help in optimizing
the use of water, fertilizers, and other resources.

3. Enhanced Productivity: Early detection of issues and precise control over farm conditions
lead to healthier crops and higher yields.

4. Sustainability: By minimizing resource wastage and promoting efficient practices,
EcoFarm 360 contributes to sustainable agriculture.

5. Remote Accessibility: Farmers can monitor and manage their farms from anywhere,
receiving timely updates and alerts.

6. Cost Savings: Efficient resource management and automation result in significant cost
reductions in the long term.

7. Scalability: The system can be easily scaled to accommodate farms of various sizes, from

smallholder plots to large agricultural operations.

©Daffodil International University 4



Chapter 3 (Literature Review)

3.1 Literature Review on Smart Agriculture Solutions

The adoption of 10T (Internet of Things) in agriculture has revolutionized the sector by enabling
precision farming, where data-driven decisions enhance productivity and sustainability. A variety
of smart agriculture solutions have emerged, leveraging technologies such as sensors, cloud
computing, machine learning, and robotics. Below is a detailed discussion on the problem domain,
solutions based on published research, and comparison of leading solutions.

3.2 Discussion on Problem Domain

Agriculture faces a myriad of challenges that require innovative solutions, particularly in the areas
of resource management, crop health monitoring, environmental monitoring, and farm
security. These challenges are heightened by factors such as:

1. Climate Change: Changing weather patterns affect crop yield and water availability, making
traditional farming techniques increasingly inefficient.

2. Water Scarcity: In regions where water is limited, traditional irrigation systems often waste
water, leading to poor crop production.

3. Soil Degradation: The depletion of soil nutrients and improper irrigation techniques
contribute to declining agricultural productivity.

4. Labor Shortages: Many farming regions are facing labor shortages, particularly in manual
labor-intensive tasks like harvesting, pest control, and crop monitoring.

5. Pest and Disease Management: Monitoring crop health in real time and detecting pests or
diseases early are critical in ensuring high-quality yields.

Published studies (e.g., Raza et al., 2021; Liu et al., 2022) emphasize the importance of data-
driven solutions for addressing these challenges. loT-based systems can offer real-time insights
on soil moisture, crop health, weather conditions, and pest infestations, helping farmers make
informed decisions.
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3.3 Discussion on Problem Solutions

Several l0T-based solutions have been proposed to address the problems in the agriculture sector.
These include:

3.3.1. |oT for Soil and Irrigation Management

Soil Moisture Sensors (e.g., FC-28 Soil Moisture Sensor) enable real-time monitoring of
soil conditions, helping farmers optimize irrigation schedules and reduce water usage.
Studies (e.g., Khan et al., 2020) show that these systems significantly reduce water
wastage and improve crop yield.

Automated Irrigation Systems powered by 10T sensors adjust water levels based on soil
moisture content, ensuring crops receive optimal water. Al integration in irrigation systems
further enhances decision-making by predicting water needs based on weather forecasts
and soil conditions (e.g., Jha et al., 2021).

3.3,2. Weather and Environmental Monitoring

Weather Stations integrated with 10T technologies measure temperature, humidity, and
atmospheric pressure, providing real-time data for precise farm management (e.g., Bouras
et al., 2020). These systems can predict weather changes and offer early warnings of
extreme weather events, helping farmers take preventive measures.

Studies also highlight the importance of integrating solar-powered loT devices for
monitoring environmental conditions in remote areas, reducing dependency on the grid (Raj
et al., 2021).

3.3.3. Crop Health Monitoring

Al-based Image Processing and drones are used to assess crop health by detecting signs
of diseases, pests, and nutrient deficiencies. Machine Learning algorithms analyze data
from cameras and sensors to provide actionable insights, improving crop management
efficiency (Patel et al., 2022).

3.3.4. Robotics and Automation

Robotics-based harvesting has emerged as a solution for addressing labor shortages.
Autonomous machines can harvest crops more efficiently and consistently than human
labor, improving farm productivity (Caccia et al., 2021).
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3.3.5. Farm Security

e PIR Motion Sensors and flame sensors integrated with I0T platforms enhance farm
security by detecting intrusions or fires. Automated alert systems can notify farmers in real-
time, providing a layer of protection for crops and equipment (Singh et al., 2021).

3.4 Comparison of Leading Solutions

3.4.1. EcoFarm 360 (EcoFarm loT)

Best Features:

e Comprehensive farm management, combining weather, water, crop health, and security.
e Solar-powered sensors ensuring sustainability.
e Modular design for scalability and adaptability to various farm sizes.
e Automated irrigation and real-time alerts via SMS for better water conservation and farm
management.
Limitations:

e Initial cost for setup with solar power integration and multiple sensors.
e Complexity in setting up multiple interconnected systems.
e Lack of advanced machine learning or Al-driven predictive analytics.

3.4.2. John Deere Operations Center

Best Features:

Cloud-based platform for accessing farm data anytime and anywhere.
Integration with advanced analytics, enabling predictive maintenance and Yyield
forecasting.

e Real-time equipment monitoring, optimizing machinery use and reducing downtime.

Limitations:

e High initial cost and ongoing subscription fees for cloud services.
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e Primarily suited for large-scale farms, not accessible for smallholder farmers.
e Complexity in using the platform and integrating with existing farm systems.

3.4.3. Ripe Robotics

Best Features:

e Robotic harvesting, ideal for crops requiring precision, such as fruits.
e Al-driven analysis for plant health, pest detection, and disease prevention.
e Labor reduction, reducing dependency on manual labor for harvest and inspection.

Limitations:
e High cost, especially for small to medium-sized farms.

e Niche application: primarily for fruit crops, limiting versatility.
e Advanced infrastructure requirements, including robust internet and sensor systems.

3.4.4. CropX

Best Features:

e Soil moisture and fertilization optimization, improving resource usage.
e Real-time monitoring via user-friendly app interfaces.
e Integration with other farm management tools, providing a holistic farm solution.

Limitations:

e Focuses primarily on soil moisture, lacking broader environmental monitoring (e.g.,
weather, air quality).

e Subscription-based model, which may be costly over time.
Reliance on internet connectivity, limiting use in areas with poor network coverage.
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3.5 Recommended Approach for Smart Agriculture

Based on the findings from the literature and the comparison of leading solutions, the
recommended approach for modern smart agriculture should focus on holistic, scalable, and
sustainable solutions that integrate:

1.

loT Sensors for continuous monitoring of soil moisture, temperature, humidity, and
water levels. These sensors can optimize irrigation and fertilization, significantly
improving crop yield while conserving resources.

Cloud Integration for real-time data storage and accessibility, enabling farmers to monitor
farm conditions remotely and make data-driven decisions (e.g., John Deere Operations
Center).

Al & Machine Learning to analyze data from sensors, predict weather patterns, and identify
early signs of pests or diseases, improving crop health management (e.g., CropX and Ripe
Robotics).

Solar-Powered Systems to reduce dependency on the grid, ensuring sustainability and
cost-effectiveness, especially for remote farms.

Modular and Scalable Solutions to cater to various farm sizes, ensuring that the system
can evolve with the growing needs of the farm.

By combining 10T, Al, and cloud computing, EcoFarm 360 emerges as an ideal solution, offering
a modular, flexible, and sustainable approach for precision farming, with the added advantage
of solar power for off-grid operations.
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Chapter 4 (Methodology)

4.1 Methodology for EcoFarm 360

The methodology outlines the approach taken to design, develop, and implement the EcoFarm 360
smart agriculture system. It includes the technologies used, the reasoning behind their selection,
and the steps followed to build and deploy the system.

4.1.110T Sensors:

1. Soil Moisture Sensors (FC-28):

a. Purpose: To measure the soil’'s moisture level and help in automating irrigation and
also give the real time information about soil condition.

b. Why to Use: Soil moisture is a critical parameter that directly impacts plant growth.
By using loT technology, soil moisture data can be continuously monitored in real
time. The data from the soil moisture sensor is used to automate irrigation, ensuring
that crops receive the right amount of water when they need it. This system can also
reduce labor costs since irrigation decisions are made automatically, reducing
human intervention.

Figure 4.1-0-1 Soil Moisture

2. DHT11/DHT22 Temperature and Humidity Sensors:

a. Purpose: These sensors measure both the temperature and the relative humidity in
the air. They typically work by sensing the changes in air properties and converting
them into readable digital outputs.

b. Why to Use: Temperature and humidity are two key environmental factors that affect
plant growth. Extreme temperatures or high humidity levels can stress crops, stunt
growth, and reduce yields. By continuously monitoring these variables, the
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DHT11/DHT22 sensors provide essential data for making informed decisions about
irrigation, ventilation, and crop management. For example, in hot conditions, the
system can increase irrigation or activate fans to cool down the environment. The
DHT11 is more affordable but has a lower range of operation, while the DHT22 offers
better accuracy and wider range, making it suitable for more precise environmental
control in larger or more sensitive agricultural settings.

Figure 4.1-2: DHT11/DHT22

3. MQ135 Air Quality Sensor:

a. Purpose: The MQ135 sensor is designed to detect various gases such as ammonia,
carbon dioxide (CO2), alcohol, benzene, and other harmful air pollutants. It works
by measuring the resistance of the gas-sensitive layer inside the sensor.

b. Why to Use: Maintaining good air quality is essential for healthy crops. High levels
of certain gases, like carbon dioxide or ammonia, can impair photosynthesis, stunt
plant growth, or even damage crops. The MQ135 sensor ensures that the air around
the farm is free from harmful gases by continuously monitoring the air quality. If the
levels of harmful gases exceed a certain threshold, the system can trigger an alert
or activate ventilation systems to improve the air quality. This is especially important
in enclosed environments like greenhouses or poultry farms, where air quality can
be a limiting factor for crop or livestock health.

Figure 4.1-3: MQ135
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4. BH1750 Light Intensity Sensor:

a. Purpose: The BH1750 sensor measures the intensity of ambient light in lux. It uses
a photodiode and a light-to-voltage conversion mechanism to measure light levels.

b. Why to Use: Light is an essential factor in the process of photosynthesis, which
plants rely on for energy. If crops do not receive sufficient light, their growth may be
stunted. The BH1750 sensor helps ensure that crops receive the optimal amount of
light for photosynthesis. During the day, if natural light levels are low (e.g., on cloudy
days), the system can automatically turn on artificial lighting. The sensor also plays
a role in energy conservation by ensuring that artificial lights are turned off during
the day when natural sunlight is sufficient. In nighttime conditions, it can also help
adjust the lighting systems to provide enough illumination for crops during nighttime
photosynthesis or for other agricultural activities.

Figure4.1-4: BH1750 Light Intensity Sensor

5. Ultrasonic Sensor:

a. Purpose: The ultrasonic sensor uses sound waves to measure distances to objects.
It emits an ultrasonic pulse, and the time taken for the pulse to return is used to
calculate the distance to an object.

b. Why to Use: Security is a significant concern on large farms, where unauthorized
intrusions or animal activities could damage crops or equipment. The ultrasonic
sensor is used to monitor the farm’s boundaries or specific areas for security
purposes. When movement is detected, the sensor sends a signal to trigger an alarm
or send an alert to the farmer’s phone, ensuring that they can respond quickly to any
potential threat. Additionally, it can be used to detect animals that may be wandering
into crop fields or security-sensitive areas, preventing crop damage. The system can
also automate gates or barriers to prevent intrusions when the sensor detects
movement.
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Figure 4.1-5: Ultrasonic Sensor

6. Flame Sensors:

a. Purpose: Flame sensors detect the presence of flames by sensing infrared light or
UV radiation emitted by a fire. These sensors are highly sensitive to even small
amounts of light produced by flames or fire.

b. Why to Use: Fire is one of the most devastating risks to farms, particularly those
with high-value crops or equipment. The flame sensor helps mitigate the risk of fire
damage by detecting flames early in the process. The system can automatically
trigger fire suppression systems, such as sprinklers or fire alarms, or send alerts to
the farmer’s phone, enabling them to take prompt action. This is especially useful in
regions prone to wildfires or where open flames, such as those used in farm
equipment or machinery, are a fire hazard.

Figure 4.1-6: Flame Sensor

7. Water Level Sensor:
a. Purpose: The water level sensor measures the water level in storage tanks, wells,
or ponds, helping farmers monitor the amount of available water for irrigation and

other farm needs.
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b. Why to Use: Water conservation is a crucial issue in modern agriculture, and
ensuring that there is always an adequate water supply for irrigation is critical for
farm productivity. The water level sensor helps monitor water storage levels,
ensuring that the irrigation system doesn’t run dry or waste water by overfilling the
tanks. If the water level is too low, the system can send alerts to the farmer or initiate
alternative water sourcing methods. This feature is especially important for farms in
areas where water resources are scarce or where water access may be unreliable.

Figure 4.1-7: Water Level Sensor

8. Rain Sensor:

a. Purpose: The rain sensor detects the presence of rain, typically by using a water-
sensitive circuit that closes when rain is detected.

b. Why to Use: In automated irrigation systems, the rain sensor helps prevent the
unnecessary watering of crops when it is already raining. When rain is detected, the
system automatically stops the irrigation cycle, conserving water and preventing
overwatering. Additionally, the rain sensor can be used to trigger rain covers or
protective measures for sensitive crops and equipment.

Figure 4.1-8: Water Level Sensor
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4.1.2 Actuators

1. Servo Motor:

o Purpose: The servo motor is a type of motor that provides precise control over
rotational position. It is often used to control mechanical systems that require fine
adjustments, such as valves, irrigation pipes, or solar panel positions. Automatic
cover protection for storage.

o Why to Use: The servo motor can be controlled based on data from various sensors,
such as the rain sensor or soil moisture sensor. For example, when the rain sensor
detects rainfall, the servo motor can be used to close irrigation valves, stopping the
watering process. The servo motor can also be used for tasks like adjusting the tilt
of solar panels to maximize energy capture or adjusting ventilation systems to
maintain optimal environmental conditions for crops.

Figure 4.1-9: Servo Motor

2. Water Flow Sensor:

o Purpose: This sensor measures the amount of water flowing through pipes or
irrigation systems. It detects water flow rate and can be used to monitor system
efficiency.

o Why to Use: Efficient water usage is crucial in modern farming, and the water flow
sensor ensures that the irrigation system operates optimally. By monitoring water
flow, the system can detect any issues, such as clogs or malfunctions in the irrigation
system, and alert the farmer. It can also be used to adjust the flow rate to ensure
that crops receive the correct amount of water without wastage, thereby improving
irrigation efficiency and water conservation.
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Figure 4.1-10: water flow sensor

3. Buzzer and LED Lights:

o Purpose: These simple components serve as alerting mechanisms for various
system conditions. The buzzer generates sound to draw attention to important alerts,
while the LED light provides a visual signal.

o Why to Use: These components ensure that the farmer is notified of critical system
conditions that require attention. For example, if soil moisture levels are too low, the
buzzer will sound, and the LED will light up, signaling the need for irrigation.
Similarly, the buzzer and LED can be used to alert the farmer about high
temperatures, fire detection, or security breaches. These visual and audible alerts
help ensure that the farmer can respond immediately to any urgent conditions.

Figure 4.1-11: Buzzer and LED
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4. Water Pump (5V Relay Module):

o Purpose: The water pump, controlled by a relay module, is used to automate the
irrigation process. The relay module acts as a switch that controls the power supply
to the pump.

o Why to Use: The water pump is automatically activated when the soil moisture
sensor detects low moisture levels, ensuring that the crops receive adequate water.
the system can trigger the pump to refill the tanks, ensuring continuous water
availability for irrigation. The relay module makes it possible to control the water
pump remotely, automating irrigation based on real-time data from the soil moisture
or water level sensors.

Figure 4.1-12: water pump and Relay

5. Exhaust Fan:

o Purpose: The exhaust fan helps regulate temperature and humidity levels in
enclosed farm environments such as greenhouses or storage areas.

o Why to Use: Maintaining the right temperature and humidity is critical for crop health.
If the temperature or humidity exceeds optimal levels, the exhaust fan is activated to
cool down the environment and maintain ideal conditions. This ensures that crops
remain in a healthy and productive state, preventing heat stress or the growth of
mold and fungi due to excessive humidity.

Figure 4.1-13: Exhaust Fan
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6. Solar Panels:

o Purpose: Solar panels provide renewable energy to power the entire 10T system,
including sensors, actuators, and communication devices.

o Why to Use: Solar panels are an eco-friendly solution that reduces the farm's
reliance on the electricity grid, making the EcoFarm 360 system more sustainable
and cost-effective. By harnessing solar energy, the system can run continuously
without incurring high electricity costs, especially in remote or rural areas where
power access may be unreliable. Solar panels also help lower the carbon footprint
of the farm, aligning with environmentally friendly practices and reducing the overall
energy costs of the farm.

Figure 4.1-14: Solar Panel

4.1.3 Microcontroller and Communication

Arduino (or ESP32/Arduino Nano):

e Purpose: The Arduino or ESP32 microcontroller acts as the brain of the system. It
interfaces with all the sensors, collects data, and controls the actuators.

e Why to Use: The microcontroller is programmed to make real-time decisions based
on sensor data. It processes input from the sensors and uses it to control the
actuators accordingly. For instance, based on the data from the soil moisture sensor,
the microcontroller will decide when to activate the water pump. The microcontroller
is the core element of the system and ensures that all components work in sync to
optimize farm operations.
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Figure 4.1-15: Arduino and ESP32 microcontroller

GSM Module:

e Purpose: The GSM module enables the system to send SMS alerts to the farmer’s
phone, notifying them of any critical events or system status changes.

e Why to Use: In the event of an emergency, such as a fire, security breach, or critical
change in soil moisture, the GSM module allows the system to alert the farmer
immediately. This helps the farmer take quick action, even when they are not on-
site, reducing the risk of crop damage or other potential issues.

M\- YV}

Figure 4.1-16: GSM Module

©Daffodil International University 19



Display Units (OLED, LCD):

e Purpose: These display units provide a real-time, user-friendly interface that shows
essential data from the sensors, such as temperature, humidity, and soil moisture
levels.

e Why to Use: Display units are crucial for farmers who want to monitor the system’s
performance without relying on mobile phones or computers. By having instant
access to data on the farm’s

Figure 4.1-17: Oled and LCD Display

4.2 Sections of Methodology

The methodology section describes the overall design and implementation plan for the EcoFarm
prototype. It is structured around several critical aspects, such as system architecture, data
collection and processing, system control logic, user interface, and energy management. These
sections help explain the systematic approach used to build the EcoFarm system and ensure its
efficiency in smart farming.
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4.2.1 System Architecture Design

The system architecture for the EcoFarm prototype is built upon IoT technology, enabling a
seamless integration of sensors, actuators, microcontrollers, and communication modules. This
section explains how these components interact to create an intelligent farming environment that

can monitor, control, and optimize farm operations.
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Figure 4.2-1: System Architecture
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4.2.2 System Overview:

Sensors: The system uses a variety of environmental sensors to monitor conditions that
affect crops, such as soil moisture, temperature, humidity, air quality, light intensity, water
levels, and rain. These sensors provide real-time data, ensuring that the farm is continuously
monitored.

Microcontroller: The central processing unit of the system is a microcontroller (e.qg.,
Arduino, ESP32, or STM32). This microcontroller gathers data from the sensors, processes
the information, and controls the actuators accordingly.

Actuators: Based on the sensor data, the system controls various actuators, such as water
pumps (for irrigation), exhaust fans (for temperature and humidity regulation), servo motors
(for valve operation), and artificial lighting (for crops requiring optimal light). Actuators help
automate farm operations, ensuring efficiency and minimizing the need for manual
intervention.

Communication Modules: Communication modules, such as GSM, Wi-Fi, or LoRa, are
used to transmit sensor data to a central server or cloud platform. This ensures that farmers
can monitor the farm remotely and receive real-time updates and alerts.

loT Cloud Platform: An IoT cloud platform is used for storing and analyzing the data
collected from the sensors. This platform provides farmers with a real-time dashboard where
they can access detailed insights and visualize farm conditions. It enables data-driven
decisions, improving farming practices and optimizing resource use.

4.2.3 Key Features of the Architecture:

1.

Data Integration: The sensors collect data that is sent to the microcontroller, which
processes the data and sends it to the 10T cloud platform for further analysis.

Automation: Actuators like pumps, fans, and lights are automatically controlled based on
predefined thresholds set by the sensor data. For example, if soil moisture is below the
required level, the irrigation system is activated.

Remote Monitoring: The system enables remote monitoring and control through a mobile
app or web dashboard, giving farmers the ability to access real-time farm data from
anywhere.

Decision-Making Algorithms: The system uses algorithms that analyze sensor data and
make autonomous decisions, such as activating irrigation when the soil moisture is low or
triggering an alarm when a security breach occurs.

Sustainability: Solar panels power the system, ensuring its sustainability. This reduces
dependence on external electricity sources and promotes an eco-friendlier solution.
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4.3 System Integration (Without IoT Platform)

4.3.1 Local Automation Setup:

Direct Sensor Integration:

The system will be designed to operate without the need for an external I0T cloud platform.
Instead, it will function autonomously based on sensor values and local control logic
programmed directly into the microcontroller (e.g., Arduino, ESP32, etc.).

Sensors will continuously monitor environmental conditions such as soil moisture,
temperature, humidity, air quality, and light intensity. The microcontroller will process this
sensor data locally and trigger the necessary actions (e.g., activating the water pump,
turning on the fan, or sending an alert) based on predefined thresholds.

4.3.2 Actuator Control:

Automated Control Based on Sensor Data: The system will automatically control actuators based
on real-time sensor values, ensuring that the farm is optimized for efficient operation without manual
intervention. For example:

Water Pump: If the soil moisture is below the desired threshold, the microcontroller will
automatically turn on the water pump, activating irrigation to maintain optimal soil moisture
levels.

Exhaust Fan: If the temperature or humidity exceeds a specified level, the exhaust fan will
be activated to regulate the environment.

Lighting System: If the light intensity drops below a certain level, the system will
automatically turn on lights to ensure crops receive enough light for photosynthesis.

4.3.3 Local Display Units:

LCD/OLED Display:

A local display unit (such as an LCD or OLED screen) will be integrated to provide real-time
data about the system’s current status (e.g., soil moisture level, temperature, air quality).
This display will allow farmers to monitor their system directly without needing an external
device.

The screen will also provide status updates such as "Irrigation ON," "Fan ON," or "Alert: Low
Air Quality," ensuring farmers are aware of current conditions and actions taken by the
system.
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4.3.4 Alert Mechanism (Local Alerts):

GSM Module Integration:

The system will use a GSM module to send SMS alerts to farmers in case of critical
conditions, such as fire detection, low soil moisture, high air pollution, or security breaches.
This local alert system will operate independently, ensuring that farmers receive immediate
notifications without needing access to an internet platform.

Alerts will be triggered based on sensor values crossing certain thresholds, ensuring timely
responses to any farm conditions that require attention.

4.3.5 No IoT Cloud Platform Required:

Offline Operation:

The system will function fully offline, with no need for internet connectivity or a cloud platform
for data storage or analysis. All data processing and decision-making will occur on the
microcontroller.

The microcontroller will store sensor data locally and make decisions on the fly based on
the preset logic, ensuring that farm automation continues even without an internet
connection.

The system can be further optimized with local storage for logging data, which can later be
accessed manually by the farmer for analysis if needed.

4.4 System Integration (with Platform)

4.4.1 10T Platform Integration:

Choose a Cloud Platform:

Select an appropriate 10T cloud platform (e.g., Blynk, ThingSpeak, or others) for collecting,
storing, and visualizing sensor data in real time.

Set up API connections between the microcontroller and the cloud platform to allow
seamless data transmission.

Data Handling:

Ensure the system is capable of sending data to the cloud at regular intervals.
Set up data analytics features on the cloud platform to allow farmers to view historical trends,
monitor real-time conditions, and receive insights from the data collected by the sensors.
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4.4.2 Dashboard Development:

User Interface:

e Develop a user-friendly mobile or web-based dashboard that provides farmers with an
intuitive way to view sensor data, control actuators (e.g., turn on/off irrigation), and receive
alerts.

e The dashboard should include key performance indicators (KPIs), such as soil moisture
levels, temperature, air quality, and water levels.

e Implement visualization elements, like charts and graphs, to help farmers understand trends
and make better decisions.

4.5 Implementation Plans

Phase 1

Prototype T~a
Development ~

Phase 2

System
integration

.
Key Tasks:
Hardwafe Setup Local Autd

ECOFARM 360
DEVELOPMENT
PHASES

Real Farfn Testing

Phase 5 Fhase 3

System System
Deployment Testing

Figure 4.5-1: Implementation Plan
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Step 1: Prototype Development

A. Hardware Setup:

e Objective: Assemble all sensors, actuators, and the microcontroller (e.g., Arduino,
ESP32, etc.) on a breadboard or PCB. This includes connecting components such
as soil moisture sensors, temperature and humidity sensors, water pumps, exhaust
fans, light intensity sensors, GSM modules, and any other necessary peripherals.

e Action: Ensure all hardware components are securely connected and properly wired
to facilitate seamless data collection and actuator control.

B. Firmware Development:

e Objective: Write and upload the necessary code to the microcontroller to interface
with all sensors and actuators. This code will handle real-time data collection from
sensors and control logic to automate tasks (e.g., activating irrigation, turning on
fans, etc.).

e Action: Develop code for sensor data processing, actuator control, and local
decision-making. Ensure that thresholds for conditions (like soil moisture,
temperature, etc.) are defined and actions are triggered automatically. The firmware
will also need to integrate GSM module functionality for sending alerts.

Step 2: System Integration

A. Local Automation Setup:
e Objective: Integrate all sensors and actuators with the microcontroller and ensure
that the system works autonomously without relying on an external cloud platform.
e Action: Set up the local control system where sensors collect data and the
microcontroller makes decisions (e.g., activating the water pump, adjusting
ventilation, etc.). Implement a local display unit (LCD/OLED) for real-time monitoring.
B. Actuator Control:
e Objective: Automate tasks such as irrigation, lighting, and fan control based on
sensor data.
e Action: Use the microcontroller's logic to turn actuators on/off when specific
conditions are met. For example:
m Irrigate crops when the soil moisture is below a set threshold.
m Turn on exhaust fans when the temperature exceeds a certain level.
m Activate lights when light intensity is too low.

C. Alert Mechanism:

e Objective: Set up an alert system using the GSM module to send SMS notifications
to farmers for emergencies or critical conditions (e.g., low soil moisture, high air
pollution, or fire detection).

e Action: Ensure the GSM module sends alerts when sensors trigger threshold
conditions.
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Step 3: Testing

A. Prototype Testing:

e Objective: Verify the functionality of each component (sensors, actuators, and alert
systems) independently.

e Action: Test sensors like soil moisture, temperature, and light intensity to ensure
they return accurate readings. Check the actuator response to sensor data and verify
that the GSM module sends correct alerts.

B. System Testing:

e Objective: Test the entire system working together as a whole.

e Action: Run comprehensive tests on the whole system to verify automated tasks
like irrigation, security, and fan control. Ensure sensors trigger the right actions
based on real-time data and that the alert system works as expected.

Step 4: Field Trials

A. Conduct Field Tests:

e Objective: Test the prototype under real-world farm conditions to evaluate its
performance.

e Action: Deploy the system on a test farm, simulating different scenarios such as
varying weather conditions and soil moisture levels. Monitor how the system
responds to real conditions and gather data on its effectiveness.

B. Fine-tuning:

e Objective: Refine the system based on feedback and results from field trials.

e Action: Adjust sensor thresholds, actuator control algorithms, and system logic to
ensure optimal performance under diverse conditions.

Step 5: Deployment

A. Final Setup:
e Objective: Deploy the fully integrated EcoFarm 360 system on a larger scale to
multiple farms.
e Action: Set up the system on different farm locations, ensuring it works consistently
across varying environmental factors.
B. Ongoing Monitoring and Support:
e Objective: Provide remote monitoring and troubleshooting to ensure the system
continues to function smoothly.
e Action: Offer remote support to farmers for troubleshooting and provide periodic
checks and updates to the system, ensuring all components are operational.
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Chapter 5 (Feature)

Main Features of the EcoFarm Prototype

The EcoFarm prototype is a state-of-the-art smart farming system designed to optimize agricultural
processes through automation and real-time data analysis. It integrates various loT-enabled
sensors, actuators, and communication modules to monitor, control, and automate farm operations,
ultimately improving productivity, sustainability, and resource efficiency. The following are the key
features of the EcoFarm prototype:

5.1. loT-Enabled Sensors for Environmental Monitoring

The EcoFarm system utilizes a wide array of IoT sensors to monitor different environmental factors
that influence farm conditions. These sensors provide real-time data and enable intelligent decision-
making.

e Soil Moisture Sensors (FC-28): These sensors measure the moisture levels in the soil,
ensuring optimal irrigation. By monitoring soil moisture, the system can trigger irrigation only
when necessary, conserving water while maintaining healthy crops.

e Temperature and Humidity Sensors (DHT11/DHT22): These sensors track the ambient
temperature and humidity of the farm environment. Monitoring these conditions allows for
adjustments to irrigation schedules and the overall environmental control, ensuring ideal
conditions for plant growth.

e Air Quality Sensors (MQ135): Air quality is critical for both crops and animals. The MQ135
sensor detects harmful gases like ammonia, carbon dioxide, and others, ensuring a safe
environment for farming activities.

e LightIntensity Sensors (BH1750): These sensors measure the light intensity that reaches
the crops. By ensuring that crops receive adequate light for photosynthesis, the system
optimizes crop health and vyield. Additionally, in low-light conditions, the system
automatically turns on artificial lighting to supplement natural light.

e Rain Sensors: These sensors detect rainfall and adjust irrigation systems accordingly.
When rain is detected, the system stops irrigation to prevent overwatering, which helps
conserve water and prevent crop damage.

e \Water Level Sensors: These sensors monitor the water levels in reservoirs, tanks, or wells,
ensuring that the irrigation system has an adequate water supply for crops.

e Flame Sensors: These sensors detect the presence of fire or high temperatures. They
provide early warnings of fire hazards, allowing the system to activate safety measures or
send alerts to the farmer for immediate action.
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e PIR Motion Sensors: These sensors detect movement and can be used for farm security
purposes. The motion sensors can trigger alarms or send notifications if unauthorized

movement is detected, ensuring the safety of the farm.

5.2. Actuators for Automation

The EcoFarm prototype includes a range of actuators that automate processes based on sensor

inputs. This reduces the need for manual intervention and increases farm efficiency.

EcoFarm Prototype
Water Pump Servo Motors Exhaust Fans Artificial Lighting Buzzer and LED Lights
Controlled by 5V Relay ) Controlled by Controlled by Light Alerting mechanisms for
Nodule e DHTH1/DHT22 Intensity Sensor system conditions
Automaes rigation based Adjusts iriation valves Regulates temperature and Turns on when light evels ndates v ';'r“;c“ﬁ:'tf’e
on soil moisture based on rainfall humidity are insufficient bre’ach
-]
Activates when moisture Turns on when thresholds
falls below threshold R exceeded
Figure 5.2-1 Actuators for Automation
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Water Pump (Controlled by 5V Relay Module): The water pump is used to automate
irrigation based on real-time soil moisture levels. When soil moisture falls below a certain
threshold, the system activates the water pump to ensure that crops receive sufficient water.
Servo Motors (Controlled by Rain Sensors): In response to rainfall detected by the rain
sensors, the servo motors adjust the position of irrigation valves or watering mechanisms,
reducing water wastage and maintaining efficient irrigation.

Exhaust Fans (Controlled by DHT11/DHT22): These fans regulate the temperature and
humidity in greenhouses or storage areas. The system automatically turns on exhaust fans
when the temperature or humidity exceeds a set threshold, ensuring a conducive
environment for crops.

Artificial Lighting (Controlled by Light Intensity Sensor): The BH1750 light intensity
sensor ensures that crops receive the required amount of light for photosynthesis. If light
levels are insufficient, the system automatically turns on artificial lighting to supplement
natural light during the night or cloudy days.

Buzzer and LED Lights: These are used as alerting mechanisms for various system
conditions such as low soil moisture, fire detection, or security breaches. The buzzer emits
an alarm sound, and the LED lights flash or turn on to draw the farmer’s attention to critical
issues that need immediate attention.

5.3. Centralized Control and Communication System

The EcoFarm system is powered by a central microcontroller that processes data from the sensors
and controls the actuators. This system provides a centralized platform for farm management and
communication.

Microcontroller (e.g., Arduino, ESP32, STM32): The microcontroller serves as the central
unit, reading data from the various sensors, making decisions based on predefined
conditions, and sending commands to actuators like the water pump, fans, or lights.

GSM Module for SMS Alerts: The GSM module enables the system to send SMS alerts to
farmers in case of critical events, such as fire detection, low soil moisture, or security
breaches. This ensures that farmers receive real-time updates on the farm's status, even
when they are not physically present on-site.

User Interface (LCD/OLED Displays): The system includes display units that provide real-
time data on farm conditions, including soil moisture levels, temperature, humidity, air
quality, and light intensity. This allows the farmer to easily monitor and control the farm
operations.

Cloud Integration (IoT Cloud Platform): The system is integrated with a cloud platform
that stores sensor data and provides remote monitoring. Farmers can access a dashboard
on their mobile phones or computers to track farm conditions and manage irrigation, lighting,
and other automated processes from anywhere in the world.
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5.4. Energy-Efficient and Sustainable Design

The EcoFarm prototype emphasizes sustainability and energy efficiency. Several features are
incorporated to reduce the environmental impact and operating costs of the system.

Solar Power Integration: The system integrates solar panels to power sensors, actuators,
and communication modules. This reduces the reliance on conventional power sources and
promotes the use of renewable energy, making the system eco-friendlier and more cost-
effective.

Low-Power Components: The use of low-power sensors and components ensures that
the system consumes minimal energy while still providing real-time data and automation.
This helps reduce the overall energy consumption of the farm and ensures that the system
operates efficiently even in remote locations.

5.5. Scalability and Flexibility

The EcoFarm system is designed with scalability in mind. As farm operations grow, the system can
be easily expanded to accommodate additional sensors and actuators.

Modular Architecture: The system can be customized and extended by adding more
sensors or actuators to monitor different environmental factors or automate additional
processes. For example, more temperature sensors could be added to monitor different
parts of a large farm, or additional cameras could be integrated for better security.
Integration with Future Technologies: The system is designed to integrate with future
technologies such as Al-driven decision-making algorithms and machine learning tools. This
will allow for more advanced predictions and optimizations in farm operations.
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Chapter 6 (Management)

6.1 Risk Management

Risk management is a critical aspect of ensuring the successful implementation of the EcoFarm
360 system. Identifying, assessing, and taking proactive actions against potential risks will help
mitigate challenges that might arise during the project’s lifecycle.

1. Risk Identification
The following risks have been identified that may impact the EcoFarm 360 system:
Technical Risks:

e Sensor failure due to extreme weather conditions.
e Communication breakdown or signal loss in remote areas.
e Incompatibility of hardware components or software bugs.

Operational Risks:

e Power failure, especially in areas with unreliable electricity.
e Human error during system setup or maintenance.
e Lack of technical knowledge among farmers to use the system effectively.

Environmental Risks:

e Weather-related disruptions, such as floods or droughts, affecting sensor accuracy.
e Solar panel performance degradation due to dust, dirt, or heavy rains.

Financial Risks:

e Overrun of budget during the prototype development phase.
e Lack of funds for large-scale deployment and scaling up.

Regulatory Risks:

e Non-compliance with local agricultural and loT-related regulations.
e Privacy concerns about farmer data collection and storage.
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2. Risk Assessment

Each identified risk is assessed based on its likelihood of occurrence and its potential impact on the

project:
Risk Type Likelihood Impact Severity
Sensor failure Medium High High
Communication failure Low High Medium
Power failure Medium Medium Medium
Human error Medium Medium Medium
Weather disruption Low High Medium
Budget overrun Medium Medium High

Table 1 Risk Assessment
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3. Risk Precaution / Action Plan
To mitigate these risks, the following precautions and action plans will be implemented:
Technical Risks:

e Sensors: Use weather-resistant, high-quality sensors, and conduct thorough testing
before deployment. Establish backup systems in case of sensor failures.

e Communication: opt for robust communication modules like GSM and Wi-Fi, which
can function effectively even in remote areas.

e Software: Implement a continuous testing phase to debug and identify potential
issues early.

Operational Risks:
e Power failure: Equip the system with backup batteries or integrate solar panels for
off-grid power supply.
e Human error: Provide detailed instructions and training for farmers. Implement an
easy-to-use interface that minimizes the chances of human error.

Environmental Risks:

e Weather disruption: Deploy sensors designed for extreme conditions. Include
regular calibration and maintenance checks.

e Solar panel performance: Install cleaning mechanisms or ensure periodic
maintenance of solar panels to keep them operational.

Financial Risks:

e Monitor the budget regularly and ensure that adequate funds are allocated for
unforeseen costs. Seek funding from external sources if necessary.

Regulatory Risks:

e Research and comply with local regulations regarding data privacy and IoT devices.
Keep the farmer's data encrypted and ensure proper data handling procedures.

6.2 Change Management
Change management ensures that any modifications to the project, whether they arise due to
market conditions, technological advancements, or client requirements, are carefully evaluated and

integrated into the system in a controlled manner.

1. Factors That Might Cause Change
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Several factors may lead to changes in the EcoFarm 360 system:

e Technological advancements: New sensors, communication methods, or improved
energy solutions may require system updates.

e Farmer feedback: Farmers may request additional features or improvements based on
their experiences.

e Regulatory changes: Changes in government regulations or agricultural practices could
necessitate changes in the system.

e Market demand: Changes in the market or farming trends might demand feature updates
to meet new needs.

2. DSDM Astern Welcomes Change

The DSDM (Dynamic Systems Development Method) Astern approach emphasizes flexibility and
accommodates change throughout the project lifecycle. This method supports incremental
development, allowing the system to evolve as new information arises. In EcoFarm 360, changes
can be introduced in the following ways:

e Incremental releases: New features or updates can be introduced in phases.
e |lterative development: Feedback from each phase will guide the next steps in
development.

3. Considering Business Value / Priority
When considering changes, the business value and priority are key factors:

e Business Value: Any change or enhancement must bring measurable value to the farmer,
whether it is in terms of increased productivity, cost savings, or ease of use.

e Priority: Changes should be prioritized based on the urgency, impact on the system, and
the resources available to implement them.

4. Change Workshop

A change workshop involves key stakeholders, including project managers, developers, and end-
users (farmers), to discuss and evaluate the impact of proposed changes. This workshop ensures
that:

e The change aligns with the overall project goals.
e It meets the users’ needs and does not disrupt existing operations.
e |tis implemented within the budget and timeframe.

5. Changes That Are Allowed
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Changes to the following aspects of the EcoFarm 360 system are allowed:

Additional Sensors: New sensors or updates to existing ones can be added to improve
system accuracy or monitor additional parameters.

Software Updates: Code optimizations, bug fixes, or new features can be implemented as
needed.

User Interface Enhancements: Changes that improve the user experience, such as
simplifying the dashboard or adding more data visualization options, are allowed.

6. Key Decision Takers of Change

Key decision-makers responsible for evaluating and approving changes include:

Project Manager: Oversees the overall direction of the project and ensures changes align
with business objectives.

Technical Lead: Ensures that the technical feasibility of the change is thoroughly evaluated
and integrated.

Farmer Representatives: Provide valuable feedback on whether the changes will benefit
the end users.

Quality Assurance Lead: Ensures that the quality of the system is maintained after any
change.

6.3 Quality Management

Quality management ensures that the EcoFarm 360 system meets its design specifications and
performs optimally throughout its lifecycle.

1. Rules Applied to Maintain Quality

To ensure high quality, the following rules are applied:

Standards Compliance: The system is developed in compliance with industry standards
for 10T, agriculture, and environmental sensors.

Continuous Testing: Every phase of the development process includes rigorous testing,
including unit tests, integration tests, and field tests.

Documentation: Comprehensive documentation is maintained, including system
specifications, maintenance guidelines, and user manuals.
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2. DSDM astern Standard Quality Measures

The DSDM astern methodology defines specific quality measures to ensure that the project is
delivered as expected:

Functionality: The system must meet the functional requirements outlined by the
stakeholders (e.g., automated irrigation, temperature control).

Usability: The user interface must be intuitive and easy for farmers to use.

Performance: The system must operate efficiently and handle the required data load
without lag or failure.

Reliability: The system must operate with high availability and be able to handle faults
gracefully.

3. Quality Plan and Measuring Meter

A quality plan is created that outlines the quality goals, methodologies for assessing performance,
and key metrics for measuring quality. These metrics may include:

Sensor Accuracy: Ensuring that all sensors provide accurate readings within an
acceptable margin of error.

System Downtime: Minimizing the system's downtime to ensure continuous operation.
Response Time: Measuring the time it takes for the system to respond to sensor data (e.g.,
triggering irrigation or sending an alert).

User Satisfaction: Gathering feedback from farmers to ensure that the system meets their
needs and expectations.
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Chapter 7 — Foundation

The foundation of the EcoFarm 360 project forms the base of the system, aiming to address the
challenges farmers face in managing agricultural environments. It involves identifying the specific
problems in farming, exploring potential solutions, and setting the technical and functional
requirements for the project.

7.1 Problem Area Identification

The primary goal of this chapter is to identify the key challenges that farmers face in their day-to-
day agricultural practices and how the EcoFarm 360 system can address these issues. The
foundation of EcoFarm 360 starts by identifying the core issues farmers face, and to identify these
problems, methods such as:

1. Interview

Interviews are conducted with farmers and agricultural experts to identify the key problems
they face in farming. These interviews provide qualitative data about their needs, concerns,
and limitations. For example:

Farmers’ Water Management Issues: Many farmers struggle with inefficient
irrigation systems, leading to over-watering or under-watering of crops.

Climate Control Problems: Farmers often struggle to optimize temperature and
humidity for better crop growth, especially in regions with fluctuating weather
conditions.

Manual Monitoring: Farmers spend a significant amount of time manually
monitoring soil moisture, temperature, and other environmental conditions, which
can lead to inefficiencies.

Security Issues: Unauthorized entry or animal intrusion on farms can be a concern,
requiring additional measures for security.

2. Observation

Field observations are conducted on farms to observe existing practices and their
limitations. These observations help identify how manual tasks are handled and what
improvements can be made with technology.

Water Usage Inefficiencies: Observation of irrigation methods reveals that manual
control often results in wasteful water usage, especially in areas where water
resources are scarce.

Temperature Regulation: Some farms struggle with maintaining optimal
temperature levels for crops, leading to poor growth or crop damage.
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e Lack of Automation: There is minimal use of automation in farm management,
leading to manual intervention for tasks like irrigation, monitoring, and security.

3. Questionnaires

A guestionnaire is distributed to a wider group of farmers to gather quantitative data about
their practices, challenges, and technology usage. The survey covers topics such as:

e Water Usage: How often do farmers irrigate their fields manually? Do they have an
automated irrigation system?

e Weather Conditions: How do farmers monitor temperature and humidity? Do they
use weather stations or rely on manual observation?

e Security Concerns: Are farmers concerned about security and intrusion on their
farms?

7.2 Rich Picture

A rich picture provides a visual representation of the problem area, capturing various aspects of
farm management, the challenges farmers face, and the interactions between different components
of the farming system. It includes:

e Key Stakeholders: Farmers, agricultural experts, system developers, and technology

providers.

e Challenges and Needs: Water management, temperature control, soil monitoring, and
security.

e Current Practices: Manual monitoring, reliance on traditional irrigation, and security
concerns.

e Technological Gaps: Lack of automated systems for monitoring and control.

EcoFarm 360 Ecosystem

Figure 7.2-1: Rich Picture
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7.3 Specific Problem Area Identification and Description

Based on the data gathered from interviews, observations, and questionnaires, the following
specific problem areas are identified:

Inefficient Irrigation: Traditional irrigation methods lead to water wastage, either due to
over-watering or under-watering. This is especially problematic in areas where water is
scarce.

Poor Environmental Monitoring: Farmers struggle to maintain optimal conditions for crop
growth. Manual monitoring of temperature, humidity, and soil moisture is time-consuming
and prone to errors.

Lack of Real-time Data: Farmers do not have access to real-time data that could help them
make better decisions regarding crop care, irrigation, and security.

Security Concerns: Unauthorized access and animal intrusion are significant problems,
but farms lack automated security systems that can monitor and respond to these threats.

7.4 Possible Solution

EcoFarm 360 offers a comprehensive solution to these identified problems by integrating loT
sensors and automation systems into farming practices. The proposed solution includes:

Automated Irrigation System: Using soil moisture sensors to monitor soil moisture levels
and trigger irrigation when needed, ensuring efficient water usage and crop health.
Environmental Monitoring System: Using DHT11/DHT22 sensors for temperature and
humidity monitoring, and BH1750 light intensity sensors to ensure crops receive optimal
light.

Real-time Data Access: Data collected from various sensors is sent to a local dashboard
or mobile device, providing farmers with up-to-date information on soil moisture, air quality,
temperature, and other factors influencing crop growth.

Security System: Using ultrasonic sensors for detecting intruders or animals, and flame
sensors for fire detection, triggering alarms or sending alerts to the farmer.

Solar Power Integration: Solar panels are used to power the entire system, reducing
reliance on grid power and ensuring the system is sustainable.
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7.5 Recommendations and Justifications

Based on the identified problems and the proposed solution, the following recommendations are
made:

A. Adopt Automation for Watering: Implement an automated irrigation system to reduce
water wastage and improve crop yield. The soil moisture sensor-based irrigation will ensure
precise water delivery only when needed.

B. UseloT for Real-Time Monitoring: Provide farmers with real-time access to environmental
data (temperature, humidity, light intensity) to optimize crop growth conditions.

C. Integrate Solar Power for Sustainability: Utilize solar panels to power the entire system,
making it energy-efficient and reducing dependence on the grid.

D. Strengthen Farm Security with Sensors: Install ultrasonic sensors and flame sensors to
ensure security and prevent potential fire hazards, alerting farmers in case of intrusion or
danger.

E. Focus on Usability: Develop an intuitive, easy-to-use interface that allows farmers with
minimal technical expertise to interact with the system and make informed decisions.
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Chapter 8 (Hardware modelling and setup)

8.1 Hardware Requirements:

The following requirements are essential for the successful implementation of EcoFarm 360:

8.1.1Microcontroller:

Arduino UNO-

Figure 8.1-1: Arduino Uno

1. Digital Pins (0-13)

e Function: These pins can be configured as either input or output. They can read
digital signals (HIGH or LOW) and can also output digital signals.

e (Pulse Width Modulation): Pins 3, 5, 6, 9, 10, and 11 support PWM output, which
allows for analog-like control of devices (e.g., dimming LEDS).

e Special Functions:
Pin 0 (RX): Receive pin for serial communication.
Pin 1 (TX): Transmit pin for serial communication.
Pin 2: External interrupt 0.
Pin 3: External interrupt 1 (also PWM).
Pin 4: Not used for special functions.
Pin 5: PWM.
Pin 6: PWM.
Pin 7: Not used for special functions.
Pin 8: Not used for special functions.
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Pin 9: PWM.

Pin 10: PWM (used for SPI).

Pin 11: PWM (used for SPI).

Pin 12: Used for SPI.

Pin 13: Built-in LED (connected to the pin).
2. Analog Pins (A0-A5)

e Function: These pins can read analog signals (0-5V) and convert them to a digital

value (0-1023).
e Usage: Commonly used for reading sensor values (e.g., temperature, light).

e Special Functions:
A0 to A5 can also be used as digital pins (14-19).
3. Power Pins

e Vin: Input voltage to the Arduino board when using an external power source (7-
12V).

5V: Regulated power supply output (5V) for powering external components.

3.3V: Regulated power supply output (3.3V) for powering low-voltage components.
GND: Ground pins (there are multiple GND pins).

4. Reset Pin

RESET: This pin can be used to reset the microcontroller. It can be connected to a
button to reset the board manually.
e 5. Other Pins

e ICSP Header: This header is used to program the Arduino using an external
programmer.

e Serial Communication: The Arduino Uno has a built-in USB-to-serial converter,
allowing for easy communication with a computer.
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Arduino Nano
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Figure 8.1-2: Arduino Nano

The Arduino Nano is a compact and versatile microcontroller board based on the
ATmega328P (or ATmegal68). It is similar to the Arduino Uno but in a smaller form factor,
making it ideal for projects where space is limited. Below is a detailed overview of the pins
and their functions on the Arduino Nano.

Arduino Nano Pinout Overview

1. Digital Pins (D0-D13)

e Function: These pins can be configured as either input or output. They can read
digital signals (HIGH or LOW) and can also output digital signals.

e PWM (Pulse Width Modulation): Pins D3, D5, D6, D9, D10, and D11 support PWM
output, which allows for analog-like control of devices (e.g., dimming LEDS).

e Special Functions:

DO (RX): Receive pin for serial communication.
D1 (TX): Transmit pin for serial communication.
D2: External interrupt O.

D3: External interrupt 1 (also PWM).

D4: Not used for special functions.

D5: PWM.

D6: PWM.

D7: Not used for special functions.
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D8: Not used for special functions.

D9: PWM.

D10: PWM (used for SPI).

D11: PWM (used for SPI).

D12: Used for SPI.

D13: Built-in LED (connected to the pin).

2. Analog Pins (A0-A7)

e Function: These pins can read analog signals (0-5V) and convert them to a digital
value (0-1023).
Usage: Commonly used for reading sensor values (e.g., temperature, light).
Special Functions: AO to A7 can also be used as digital pins (D14-D21).

3. Power Pins

e Vin: Input voltage to the Arduino board when using an external power source (7-
12V).
5V: Regulated power supply output (5V) for powering external components.
3.3V: Regulated power supply output (3.3V) for powering low-voltage components.
GND: Ground pins (there are multiple GND pins).

4. Reset Pin
e RESET: This pin can be used to reset the microcontroller. It can be connected to a
button to manually reset the board.
5. Other Pins

e ICSP Header: This header is used to program the Arduino using an external
programmer.

e Serial Communication: The Arduino Nano has a built-in USB-to-serial converter,
allowing for easy communication with a computer.
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8.1.2 Sensors Function:

1. Soil moisture sensors (FC-28)

Probe Insertion: The sensor's two probes are inserted into the soil.
Resistance Measurement. The sensor measures the electrical resistance between the
probes.

e Moisture Indication:

Higher Moisture: More water in the soil leads to lower resistance.
Lower Moisture: Less water in the soil leads to higher resistance.

2. Temperature and Humidity Sensors (DHT11/DHT22)

Function: Measure ambient temperature and humidity.
DHT11:
Range: 0-50°C, 20-80% RH
Accuracy: +2°C, +5% RH
e DHT22:
Range: -40 to 80°C, 0-100% RH
Accuracy: £0.5°C, £2-5% RH
3. Light Intensity Sensor (BH1750)

Function: Measure ambient light levels.
Range: 1-65535 lux

Interface: 12C communication

Power Supply: 3-5V

4. Air Quality Sensor (MQ135)

e Function: Detects various gases (e.g., CO2, NH3, alcohol, benzene).
e Sensitivity: Adjustable; can detect concentrations from 10 to 1000 ppm.
e Power Supply: 5V

5. Ultrasonic Sensor for Security (HC-SR04)
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e [Function: Measure distance and detect motion.
e Range: 2 cm to 400 cm
e Power Supply: 5V

5. Flame Sensor for Fire Detection

e Function: Detects flames or fire.
e Sensitivity: Detects infrared light from flames.
e Power Supply: 5V

6. Water Level Sensors

e Function: Monitor water levels in tanks or reservoirs.
e Types: Float switch, capacitive, or resistive sensors.
e Power Supply: Varies by type, typically 5V.

7. Servo Motors for Irrigation Valves

e Function: Control the opening and closing of irrigation valves.

e Rotation: Typically, 180 degrees (standard servos).
e Power Supply: 4.8-6V

8. Water Pumps for Automated Irrigation
e Function: Supply water to crops based on moisture levels.

e Types: Submersible or surface pumps.
e Power Supply: Varies (typically 12V or 24V).

9. Solar Panels for Power Supply
e Function: Provide renewable energy to the system.

e Output: Varies (commonly 5W to 100W).
e \oltage: Typically, 12V or 18V.
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10. Rain Sensor

e Function: Detects rainfall to prevent unnecessary irrigation.
e Output: Digital signal (HIGH/LOW).
e Power Supply: 5V

11. Water Flow Sensor

e Function: Measures the flow rate of water in irrigation systems.
e Output: Pulses corresponding to flow rate.
e Power Supply: 5V

12. Arduino Microcontroller (or ESP32)

e Function: Central processing unit for the system, controlling sensors and actuators.
e Arduino Uno: 14 digital I/0 pins, 6 analog inputs.
e ESP32: Dual-core, Wi-Fi and Bluetooth capabilities, more 1/O pins.

13. GSM Module for Sending Alerts (e.g., SIM80OL)

e Function: Sends SMS alerts to the farmer.
e Power Supply: 3.4-4.4V
e Interface: Serial communication (UART).

14. LCD/OLED Display for Real-time Monitoring

e Function: Displays real-time data (temperature, humidity, alerts).
e Types: 16x2 LCD, 128x64 OLED.
e Interface: I2C or parallel communication.

8.2. Software Requirements:

Firmware to control sensors and actuators

Data visualization software for the dashboard (mobile or web-based)
Algorithms for sensor data processing and triggering actions

Alerts and notifications system
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8.3 User Interface Requirements:

e Simple, user-friendly interface for farmers to monitor system data and receive alerts
e Real-time data presentation on mobile or web platforms

8.4 Specific Features Highlighted by Implementation

1. Real-Time Soil Moisture Monitoring

e Component: FC-28 Soil Moisture Sensor
e Functionality: Continuously measures soil moisture levels, ensuring optimal irrigation by
activating the water pump when moisture drops below a certain threshold.

2. Automated Water Management System

e Components: 5V Relay Module, Water Pump
e Functionality: Automates water distribution based on soil moisture data, conserving water
and preventing over-irrigation.

3. Weather Monitoring
e Component: DHT11 Temperature and Humidity Sensor

e Functionality: Monitors environmental conditions (temperature and humidity) to help
farmers make informed decisions about planting and harvesting.

4. Crop Health Monitoring

e Functionality: Integrates data from various sensors to analyze and maintain crop health,
ensuring timely interventions for issues like pest infestations or nutrient deficiencies.

5. Air Quality Monitoring

e Functionality: Utilizes sensors (like the MQ135) to track air quality, ensuring safe conditions
for both crops and workers.

6. Security System

e Component: HC-SR501 PIR Motion Sensor
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e Functionality: Detects unauthorized movement, enhancing farm security through alerts or
automated responses like activating lights or alarms.

7. Seed Storage Automation

e Functionality: Maintains optimal storage conditions for seeds, preserving their viability
through controlled temperature and humidity.

8. Exhaust Fan Control

e Functionality: Automates ventilation to regulate greenhouse or storage environment,
preventing overheating or excess humidity.

9. Solar Power Integration

e Component: 18650 Battery (Power Source)
e Functionality: Utilizes renewable energy to power the system, enhancing sustainability and
reducing reliance on external power sources.

10. Handheld Display Interface
e Component: 16x2 LCD Display

e Functionality: Provides farmers with real-time data on essential parameters like
temperature, humidity, and soil moisture directly on a handheld device.

11. SMS Alert System

e Functionality: Sends real-time alerts and updates to farmers via SMS, enabling remote
monitoring and timely actions.

12. 1oT-Enabled Integration

e Functionality: Centralizes data from multiple sensors, offering a comprehensive overview
of farm conditions and enabling remote management through 10T connectivity.

13. Fire Safety Mechanism

e Component: Flame Sensor
e Functionality: Detects fire hazards and triggers safety protocols, such as activating an
alarm or sending alerts.

14. Enhanced Scalability and Flexibility
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e Functionality: Designed to be modular and scalable, allowing easy integration of additional
sensors or functionalities as needed.

15. Farm Security System

e Functionality: Combines motion detection, alerts, and automated responses to safeguard
farm assets against theft or unauthorized access.

8.5 Project Layout

EcoFarm Dashboard

Sensors Control Center Analytics

Temperature Irrigation System Reports
Humidity Climate Control Trends

Soil Moisture Secunty Systems

nvironmentz

Monitoring

Figure 8.5-1: Project Layout
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Chapter 9 (Hardware assembly)

9.1 ESP32 with 4-Channel Relay

e Irrigation and Lighting Automation: Manages pumps, lighting, and other devices for

efficient farm management.
e Emergency Response Coordination: Enables immediate shutdown of systems during

fires or other emergencies.

Figure 9.1-1: ESP32 with 4-Channel Relay

Components Needed:

ESP32 Development Board

4-Channel Relay Module

Jumper Wires

Power Supply (5V for the relay module)

Assembly Steps:

Powering the Relay Module:

e VCC: Connect to the 5V pin on the ESP32 (or an external 5V source).
GND: Connect to the GND pin on the ESP32.

Connecting Relay Control Pins:
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IN1: Connect to GPIO 16 on the ESP32.
IN2: Connect to GPIO 17 on the ESP32.
IN3: Connect to GPIO 18 on the ESP32.
IN4: Connect to GPIO 19 on the ESP32.

Connecting Devices to Relays:

e Each relay channel has COM, NO (Normally Open), and NC (Normally Closed) terminals.
e Connect your devices between COM and NO (if you want the device off by default) or COM
and NC (if you want it on by default).

9.2 Arduino Uno with DHT11 Sensor, Buzzer, and MQ135 Air
Quality Sensor

e Environmental Optimization: Provides actionable insights for climate control, ensuring
ideal crop-growing conditions.

e Critical Condition Alerts: Detects and responds to hazardous conditions like high humidity
or poor air quality.

Figure 9.2-1: Arduino Uno with DHT11 Sensor, and MQ135 Sensor
Components Needed:

Arduino Uno

DHT11 Temperature and Humidity Sensor
MQ135 Air Quality Sensor

Buzzer

Jumper Wires

Breadboard (optional)
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Assembly Steps:
DHT11 Sensor Connection:

e VCC: Connect to the 5V pin on the Arduino.
GND: Connect to the GND pin on the Arduino.
DATA: Connect to a digital pin (e.g., D2).

MQ2135 Air Quality Sensor Connection:

VCC: Connect to the 5V pin on the Arduino.

GND: Connect to the GND pin on the Arduino.

A0 (Analog Output): Connect to an analog input pin (e.g., AO).

(Optional) DO (Digital Output): Connect to a digital pin if using digital threshold detection.

Buzzer Connection:

e Positive Terminal: Connect to a digital pin (e.g., D8).
e Negative Terminal: Connect to GND.

Explanation:

1. DHT11 Sensor: Reads temperature and humidity data.

2. MQ135 Sensor: Monitors air quality, outputting an analog signal that is interpreted to
determine the air quality level.

3. Buzzer: Activated when air quality drops below a predefined threshold (e.g., sensor
value > 400)

9.3 Arduino Uno with Ultrasonic Sensor for Security

e Enhanced Farm Security: Detects unauthorized access and activates alarms or sends
alerts to the farmer.
e Proactive Deterrents: Integrates with lights and sound alarms to deter intruders.
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Figure 9.3-1 Arduino Uno with Ultrasonic Sensor

Components Needed:

Arduino Uno

Ultrasonic Sensor (e.g., HC-SR04)
Buzzer or LED (for alert)

Jumper Wires

Breadboard (optional)

Assembly Steps:
Ultrasonic Sensor Connection:

VCC: Connect to the 5V pin on the Arduino.
GND: Connect to the GND pin on the Arduino.
TRIG: Connect to a digital pin (e.g., D9).

ECHO: Connect to another digital pin (e.g., D10).

Buzzer or LED Connection:

e Positive Terminal: Connect to a digital pin (e.g., D8).
e Negative Terminal: Connect to GND.

Explanation:
1. Ultrasonic Sensor: Measures distance by sending and receiving sound waves.

2. Buzzer/LED Alert: Activates when an object is detected within a predefined range (e.g., 50
cm).
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3. Serial Monitor: Displays distance readings for debugging and monitoring.

9.4 Arduino Uno with Rain sensor and servo motor

e Automation: Reduces the need for manual intervention.
e Protection: Safeguards sensitive crops or equipment from rain damage.
e Efficiency: Ensures timely response to weather changes, optimizing farm operations.

EtechRobot

Figure 9.4-0-1 Arduino Uno with Rain sensor and servo motor

Components Needed:

Arduino Uno

Rain Sensor (e.g., FC-37 or YL-83)
Servo Motor (e.g., SG90 or MG90S)
Jumper Wires

Breadboard (optional)

Assembly Steps:
Rain Sensor Connection:

VCC: Connect to the 5V pin on the Arduino.

GND: Connect to the GND pin on the Arduino.

DO (Digital Output): Connect to a digital pin (e.g., D2).

(Optional) AO (Analog Output): Connect to an analog pin (e.g., AO) if you want analog
readings.
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Servo Motor Connection:
e Signal: Connect to a PWM-capable digital pin (e.g., D9).

e VCC: Connect to the 5V pin on the Arduino.
GND: Connect to the GND pin on the Arduino.

Explanation:
1. Rain Sensor: Detects rain; outputs HIGH when dry, LOW when wet.

2. Servo Motor: Moves to cover or uncover based on rain detection.
3. Serial Monitor: Outputs the rain detection status for monitoring.

9.5 Arduino Uno with water level sensor and water pump
e Automation: Eliminates the need for manual monitoring and control.

e Efficiency: Ensures water is used only when necessary, conserving resources.
e Protection: Prevents water pump burnout by automatically turning it off when not needed.

y

eeeeeeeeeee

Water Sensor

12V Power Adapter
Figure 9.5-0-1 water level sensor and water pump
Components Needed:

Arduino Uno

Rain Sensor (e.g., FC-37 or YL-83)
Servo Motor (e.g., SG90 or MG90S)
Jumper Wires

Breadboard (optional)
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Assembly Steps:
Rain Sensor Connection:

VCC: Connect to the 5V pin on the Arduino.

GND: Connect to the GND pin on the Arduino.

DO (Digital Output): Connect to a digital pin (e.g., D2).

(Optional) AO (Analog Output): Connect to an analog pin (e.g., AO) if you want analog
readings.

Servo Motor Connection:

e Signal: Connect to a PWM-capable digital pin (e.g., D9).
VCC: Connect to the 5V pin on the Arduino.
GND: Connect to the GND pin on the Arduino.

Working Principle:

e Water Level Sensor: Monitors the water level and sends the data to the Arduino.
e Arduino: Processes the sensor data and controls the water pump based on the water level.
e Relay Module: Acts as a switch to turn the water pump on or off.

9.6 Arduino Uno with soil moisture, ultrasonic sensor, and
water pump

e Automation: Automatically waters plants based on soil moisture levels, ensuring efficient
irrigation.

e Water Conservation: Prevents overwatering by activating the pump only when the soil is
dry.

e Cost and Labor Savings: Reduces manual effort and water wastage, cutting labor and
water costs.
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Figure 9.6-0-1 Arduino Uno with soil moisture, ultrasonic sensor, and water pump

Components Needed:

Arduino Uno

Soil Moisture Sensor (FC-28)

Water Pump (5V or 12V depending on your setup)
Relay Module (if using a 12V water pump)

Diode (for relay protection)

External power supply (if needed)

Jumper wires

Breadboard (optional)

Wiring Diagram:
Soil Moisture Sensor:

e VCC pin of the sensor to 5V (Arduino)
e GND pin of the sensor to GND (Arduino)
e Signal pin (Analog) of the sensor to an analog pin (e.g., AO) on the Arduino

Water Pump (via Relay Module):

e Relay Module:
o VCCto 5V (Arduino)
o GND to GND (Arduino)
o IN pin (control) to a digital pin (e.g., D7) on the Arduino
e Water Pump:
o Connect one terminal of the pump to the NO (Normally Open) terminal on the
relay
o Connect the other terminal of the pump to the external power supply (5V or
12V depending on the pump)
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o Connect the COM (Common) terminal on the relay to the positive terminal of
the power supply
o Connect the GND of the power supply to the GND of the Arduino (if using 12V)

Diode Protection (optional but recommended):

e Place the diode across the pump (cathode to the positive terminal) to protect the relay from
back current.

Explanation:

The soil moisture sensor reads the moisture level from the soil and outputs an analog value.
The Arduino checks this value and compares it to a threshold (in this case, 400).
If the soil moisture is below the threshold, the relay is triggered, turning on the water pump
to water the plants.

e |f the soil moisture is above the threshold, the water pump is turned off.

9.7 Arduino Uno with LCD, GSM module, flame sensor

Figure 9.7-0-1 Arduino Uno with LCD, GSM module, flame sensor

Components Needed:

Arduino Uno

16x2 LCD Display (12C version recommended)
GSM Module (e.g., SIM80OL or SIM900)
Flame Sensor (Analog or Digital)

Ultrasonic Sensor (HC-SR04)

Jumper wires

External power supply (for GSM module)
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Wiring Diagram:
LCD Display (12C version):

VCC of the LCD to 5V on Arduino

GND of the LCD to GND on Arduino
SDA of the LCD to A4 (Arduino Uno)
SCL of the LCD to A5 (Arduino Uno)

GSM Module:

VCC of the GSM module to 5V (external power supply recommended if needed)
GND of the GSM module to GND

TX of the GSM module to RX (Pin 0) on Arduino

RX of the GSM module to TX (Pin 1) on Arduino

Flame Sensor:

e VCC of the flame sensor to 5V on Arduino
e GND of the flame sensor to GND on Arduino
e Signal of the flame sensor to A0 (Analog input) on Arduino

Ultrasonic Sensor:

VCC of the ultrasonic sensor to 5V on Arduino
GND of the ultrasonic sensor to GND on Arduino
Trig pin to D2 (Digital pin) on Arduino

Echo pin to D3 (Digital pin) on Arduino
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Chapter 10 (Logic and Operation)

10.1 Flow chart

EcoFarm 360 System Flow

Figure 10-1Flow chart

10.2 Programing and operation

1. Weather Monitoring System:

Components: DHT11 (temperature and humidity sensor)
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Operation:

The DHT11 sensor will measure the temperature and humidity.

The data will be sent to an 10T platform via an ESP32 or Arduino Uno.

The farmer can view the temperature and humidity data on the handheld device.
The data can also trigger events (e.g., activate fans if humidity is high).

Programming:

e Read data from the DHT11.
e Send data to the cloud (if using an loT platform) or display it locally.
e Optionally trigger a relay to control external devices like fans or heaters.

2. Water Monitoring and Management System:
Components: FC-28 Soil Moisture Sensor, Water Pump, Relay, Water Level Sensor
Operation:

The soil moisture sensor will check the moisture level of the soil.

If the moisture level is below a certain threshold, the water pump will be activated via a
relay.

A water level sensor will monitor the water tank's level, ensuring it doesn’t run dry.

The water pump can be turned off when soil moisture reaches the desired level.

Data can be displayed on the handheld device.

Programming:

Monitor soil moisture values from the FC-28 sensor.

Control the water pump based on soil moisture values.

Use a water level sensor to ensure the water tank isn’t empty.

Send alerts (SMS or visual alerts) when irrigation is needed or if there’s a problem.

3. Crop Health Monitoring System:
Components: Camera (optional for advanced Al), soil sensors, light sensors
Operation:

e Use sensors (e.g., soil pH, moisture, light intensity) to monitor crop health.

e If any values deviate from the expected range, the system will send alerts to the farmer.
e Al can be integrated for analyzing crop conditions through camera or sensor data.
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Programming:

e Gather data from sensors like soil moisture, pH, and light.
e Send the data to a central processor (Arduino or cloud).
e Trigger alerts for low or high soil moisture, pH imbalance, or insufficient light.

4. Security System:
Components: HC-SR501 PIR Motion Sensor, Buzzer, LED
Operation:

e The PIR sensor detects movement within a specified area.
e |f motion is detected, the system will trigger a buzzer and LED to alert the farmer or
activate a security system.

Programming:

e Continuously monitor the PIR sensor for motion.
e [f motion is detected, activate the buzzer and LED.
e Optionally, send an SMS alert to the farmer’s phone for real-time notifications.

5. Watering Control via Irrigation System:
Components: Relay, Water Pump
Operation:
e The system uses soil moisture readings to determine if irrigation is needed.
e When the moisture level is low, the relay will activate the water pump, watering the plants.
e The system will automatically stop watering once the soil is sufficiently moist.
Programming:
e Read the soil moisture level.

e Control the relay to turn on/off the water pump based on the moisture level.
e Optionally, set up a timer for regular watering if the moisture level is consistent.

6. SMS Alert System:
Components: GSM Module

Operation:
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e The GSM module will send SMS alerts to the farmer about system status, such as low
water level, high temperature, or motion detection.
e Alerts will also be sent for critical events like fire detection or low soil moisture.

Programming:

e Program the GSM module to send SMS based on certain triggers, such as moisture levels
or motion detection.
e Use simple Serial.printin() to send messages to the GSM module.

7. Power Management:
Components: 18650 Battery, Power Management Module
Operation:

e The system will be powered by an 18650-battery regulated by a power management
module.
The module will ensure proper voltage for the Arduino, sensors, and ESP32.
The system should include a low battery warning if the battery power drops below a safe
level.

Programming:

e Monitor the voltage from the power management module.
e Display a warning on the handheld device if the battery is running low.
e Optionally, implement a power-saving mode when battery levels are low.

8. Handheld Display Interface:
Components: LCD Display, Buttons (optional for user input)
Operation:

e Display real-time data (temperature, humidity, soil moisture, etc.) on a handheld LCD.
e Allow the farmer to view system status, activate/deactivate systems, and receive alerts.
e Include buttons for user input (e.g., to adjust threshold levels for sensors).

Programming:

e Use an LCD library to display data.
e Implement buttons for adjusting settings like soil moisture threshold.
e Continuously update the display with current system data.
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Overall Program Flow:
Initialization:

e Set up all sensors, relay modules, and communication systems.
e Display initial information on the handheld device (e.g., temperature, humidity, soil
moisture).

Continuous Monitoring:

e Continuously check all sensors for their values (temperature, humidity, soil moisture, etc.).
e Act based on sensor readings (activate water pump, trigger alerts, etc.).

Alerts:
e Send SMS or visual alerts if sensor values fall outside of acceptable ranges.
User Interaction:

e Allow the farmer to interact with the system through the handheld device, adjusting
settings or manually controlling devices like the water pump.

10.3 Advantages and Benefits of EcoFarm 360

Advantages

1. Efficient Resource Management

e Water Efficiency: EcoFarm uses a smart irrigation system that waters crops only when
necessary, based on real-time soil moisture data, reducing water wastage.

e Energy Efficiency: The solar-powered system reduces dependency on external power
sources, cutting energy costs and promoting sustainability.

2. Real-Time Monitoring
e Instant Data Access: Farmers can monitor soil moisture, temperature, humidity, and crop
health in real time through SMS alerts or a handheld device, ensuring prompt action when
needed.
e 24/7 Monitoring: The system operates continuously, providing constant data without the
need for manual checks, increasing overall efficiency.
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3. Cost Savings

e Reduction in Water and Labor Costs: Automated irrigation based on moisture readings
reduces water wastage, while automation in other tasks reduces labor costs.

e Solar Power Integration: By using solar energy, EcoFarm minimizes electricity costs,
providing an eco-friendly and cost-effective power source.

4. Improved Crop Yield and Quality

e Optimal Growth Conditions: Continuous monitoring of temperature, humidity, and soil
moisture ensures crops grow in ideal conditions, improving yield and quality.

e Early Problem Detection: The system detects issues like diseases, pests, or water
shortages early, allowing farmers to address them quickly before they affect the crop yield.

5. Enhanced Farm Security

e Motion Detection: The PIR motion sensor provides farm security by detecting unauthorized
movements and sending alerts to prevent theft or vandalism.

e Fire Safety: The integration of fire and gas sensors ensures early warning in case of fire or
hazardous conditions, preventing damage and ensuring safety.

6. Sustainability and Environmental Impact

e Resource Optimization: By reducing waste in water, energy, and labor, EcoFarm promotes
sustainable farming practices, contributing to environmental conservation.

e Solar Power: Solar integration reduces the farm’s carbon footprint, making it an
environmentally friendly option for farm operations.

7. Scalability and Flexibility

e Modular Design: The system can be expanded or adapted as the farm grows, making it
suitable for both small and large farms.

e Customizable Features: The system can be tailored to meet the specific needs of different
crops and farming environments.

8. Increased Productivity and Efficiency

e Automation of Routine Tasks: EcoFarm automates processes like irrigation, ventilation,
and water level monitoring, freeing up farmers to focus on other aspects of farm
management.

e Data-Driven Decisions: The system uses Al to analyze data and provide actionable
insights, improving decision-making and farm management.
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9. Remote Accessibility and Alerts

e Remote Monitoring: The system allows farmers to monitor farm conditions remotely,
making it easier to manage the farm from anywhere.

e SMS Alerts: Instant notifications about critical conditions like low moisture or temperature
fluctuations enable timely interventions.

10. Increased Farm Security

e PIR Motion Detection: Enhances farm security by detecting unauthorized movements and
preventing theft.

e Fire and Gas Safety: Alerts farmers about potential fire hazards or gas leaks, ensuring the
safety of both the farm and its workers.

Benefits:

Efficient resource use (water, energy, labor).

Cost savings through automation and solar power.

Improved crop yield and quality with real-time monitoring.

Farm security through motion sensors and fire detection.
Sustainability by promoting eco-friendly practices.

Scalability and flexibility for farm growth.

Remote monitoring and timely alerts for quick responses to changes.

Business Purpose:

Increase Productivity: Automates key farming processes, leading to higher crop yields.
Resource Optimization: Reduces water and fertilizer usage, cutting costs and conserving
resources.

Sustainability: Promotes eco-friendly practices, reducing environmental impact.
Scalability: Adaptable for both small and large farms, making it a versatile solution.
Market Competitiveness: Offers cutting-edge technology to modernize farming, making it
attractive to farmers seeking innovative solutions.

Key Features:

e Automated Irrigation: Uses real-time soil moisture and weather data to optimize
watering.
Weather and Crop Monitoring: Tracks environmental conditions and crop health.
Al Integration: Enhances decision-making through predictive analytics and automated
alerts.

e Remote Monitoring: Provides real-time updates and alerts via SMS and dashboards.
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Al Integration:

e Data Collection: Sensors gather real-time data (light, temperature, humidity, soil

moisture).

Preprocessing: Clean and normalize data for Al analysis.

Al Models: Use predictive models for irrigation, classification models for crop health, and

neural networks for complex predictions.

e Deployment: Al models are deployed on loT devices or cloud platforms for real-time

decision-making.

e Applications: Automated irrigation, crop health monitoring, predictive alerts, and resource

optimization.

10.4 Cost estimation

Component Quantity Estimated Cost per Unit

Solar Panel (5V) 1 800
GSM Module (SIM800L) 1 1,000
ESP32 1 800
Water Pump 2 700
18650 Battery (Power Source) 2 300
Exhaust Fan 1 300
Relay Module (4-channel) 1 500
Servo Motor 1 500
Miscellaneous (Wires, PCB, - 500
etc.)

Water Flow Sensor 1 400

©Daffodil International University

Total Cost
(BDT)

800
1,000
800
1400
600
300
500
500

500

400
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16x2 LCD Display

Soil Moisture Sensor (FC-28)
MQ135 Gas Sensor

Battery Management Module
Water Level Sensor
BH1750 Light Sensor

DHT11 Sensor

Rain Sensor

Flame Sensor

LED (Pack of 5)

Buzzer

©Daffodil International University
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350
150
300
250
250
200
150
150
150
100
100

7,950

Table 10.4 cost estimation

350
300
300
250
250
200
150
150
150
100
100

9,100
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Chapter 14 — Lessons Learned

14.1 Pre-Project Review

In the pre-project phase, | learned the importance of thoroughly defining the project scope, setting
clear goals, and understanding the requirements of each component of the system. The planning
phase allowed me to analyze all the resources, time, and skills required, which helped ensure that
the project had a solid foundation before the execution began.

14.2 Challenges Faced

During the project, several challenges arose, including hardware compatibility issues, software
debugging, and ensuring the system's real-time performance. One of the major challenges was
integrating different sensors and devices while maintaining stable communication between the
components, especially when it came to managing power sources like the 18650 battery and
ensuring consistent voltage supply. Another challenge was debugging the sensor data collection
and analysis process, which initially resulted in inconsistencies.

14.3 Solutions Implemented

To resolve these issues, | conducted rigorous testing and troubleshooting of each component. |
focused on refining the connections and implementing power regulation techniques to ensure that
the devices received consistent voltage. For software-related challenges, | referred to
documentation, online forums, and collaborated with others to refine the coding. | also tested the
sensors individually to ensure accurate readings and then integrated them carefully, verifying the
functionality of each feature along the way. By keeping a methodical approach to problem-solving,
| was able to overcome most of the challenges.
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Chapter 15 — Conclusion

15.1 Summary of the Project

The EcoFarm 360 project is a smart agriculture solution aimed at optimizing farm management
through loT and automation. It integrates multiple sensors to monitor environmental conditions like
soil moisture, temperature, humidity, and crop health. The system also includes features like smart
irrigation, real-time weather monitoring, and security mechanisms, all aimed at improving farm
productivity, reducing costs, and promoting sustainability. The project provides farmers with an
efficient, automated solution that can be monitored remotely, ensuring that resources are used
effectively.

15.2 Goal of the Project

The goal of the project was to develop a comprehensive, automated, and scalable system that
could help farmers manage their farm operations more efficiently and sustainably. It aimed to
integrate multiple sensors and automation systems to monitor water usage, soil conditions, crop
health, and security, thus enhancing productivity while reducing manual labor and resource
wastage.

15.3 Success of the Project

The project has been a success in terms of meeting its primary goals: it provides real-time
monitoring, resource optimization, and farm security. The system is scalable and adaptable,
suitable for a variety of farming environments, and it operates with a high degree of automation.
The incorporation of solar power and SMS alerts makes the system cost-effective and accessible
to farmers, enhancing its sustainability and ease of use.

15.4 What | Have Done in the Documentation (Stages / Activities
/ Plans)

In the documentation, | outlined the various stages of the project, starting with the initial planning
and requirements gathering. The document includes detailed descriptions of the components,
hardware, and software used in the system. | also documented the development process, including
the challenges faced and the solutions implemented. The activities and plans were laid out in a
step-by-step manner, starting with sensor integration, followed by the development of automation
systems, and concluding with the final testing and deployment of the system.
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15.5 Value of the Project

The value of the EcoFarm 360 project lies in its potential to revolutionize farming practices. By
automating key tasks and integrating real-time monitoring, the system helps farmers reduce costs,
improve crop yield, and minimize resource wastage. The focus on sustainability through solar power
and water efficiency adds long-term value to the project, making it not only cost-effective but also
eco-friendly. The value is amplified by the ease of use, accessibility, and adaptability of the system,
which can benefit a wide range of farming operations.

My Experience

Throughout the project, | gained valuable hands-on experience in hardware integration, sensor
management, and loT-based automation systems. The process helped me develop problem-
solving skills, as | had to address various challenges in both hardware and software aspects.
Additionally, | learned how to manage and troubleshoot complex systems, gaining insight into the
real-world applications of IoT in agriculture. This experience has broadened my technical and
analytical skills and has given me a deeper understanding of how technology can positively impact
traditional industries.

Appendix
The appendix will include supplementary materials, such as:

e Circuit Diagrams: Detailed circuit diagrams for the EcoFarm 360 system, showing
connections for all sensors, relays, and devices.

e Code Listings: The full source code for the system, including the Arduino and ESP32 code
for sensor data collection, processing, and sending alerts.

e Component List: A comprehensive list of all hardware components used in the project,
including model numbers and suppliers.

e Testing Logs: Logs and results from various testing phases, showing the performance of
the system, sensor readings, and troubleshooting steps taken.

e User Manual: A user guide for setting up and operating the system, including installation
instructions, troubleshooting tips, and guidelines for future expansion or modification.

This appendix will provide further technical details and insights into the development process and
functionality of the EcoFarm 360 system.

©Daffodil International University 73



Plagiarism Report

211-16-552

ORIGINALITY REPORT

12+ 5« 616 7

SIMILARITY INDEX INTERMNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Mohamed Abdel-Basset, Hossam Hawash,
Laila Abdel-Fatah. "Artificial Intelligence and
Internet of Things in Smart Farming", CRC
Press, 2024

Publication

1w

programmingtrick.com

Internet Source

1%

M "Intelligent Robots and Drones for Precision
Agriculture”, Springer Science and Business
Media LLC, 2024

Publication

1w

Prabh Deep Singh, Mohit Angurala. {1 %
"Integration of Cloud Computing and IoT -
Trends, Case Studies and Applications”, CRC
Press, 2024
Pulblication

fiffﬂlfd to Federal University of Technology {1 %
iarjset.com

[n'lErJnL"l Source {1 %

©Daffodil International University

74



	Acknowledgment
	Abstract
	Chapter 1 (Introduction)
	Chapter 2 (Initial Study)
	2.1 Background and Motivation
	2.2 Problem Statement
	2.3 Project objective
	2.4 Scope
	2.5 Overview and Benefits

	Chapter 3 (Literature Review)
	3.1 Literature Review on Smart Agriculture Solutions
	3.2 Discussion on Problem Domain
	3.3 Discussion on Problem Solutions
	3.3.1. IoT for Soil and Irrigation Management
	3.3,2. Weather and Environmental Monitoring
	3.3.3. Crop Health Monitoring
	3.3.4. Robotics and Automation
	3.3.5. Farm Security

	3.4 Comparison of Leading Solutions
	3.4.1. EcoFarm 360 (EcoFarm IoT)
	3.4.2. John Deere Operations Center
	3.4.3. Ripe Robotics
	3.4.4. CropX

	3.5 Recommended Approach for Smart Agriculture

	Chapter 4 (Methodology)
	4.1 Methodology for EcoFarm 360
	4.1.1 IoT Sensors:
	4.1.2 Actuators
	4.1.3 Microcontroller and Communication

	4.2 Sections of Methodology
	4.2.1 System Architecture Design
	4.2.2 System Overview:
	4.2.3 Key Features of the Architecture:

	4.3 System Integration (Without IoT Platform)
	4.3.1 Local Automation Setup:
	4.3.2 Actuator Control:
	4.3.3 Local Display Units:
	4.3.4 Alert Mechanism (Local Alerts):
	4.3.5 No IoT Cloud Platform Required:

	4.4 System Integration (with Platform)
	4.4.1 IoT Platform Integration:
	4.4.2 Dashboard Development:

	4.5 Implementation Plans
	Step 1: Prototype Development
	Step 2: System Integration
	Step 3: Testing
	Step 4: Field Trials
	Step 5: Deployment


	Chapter 5 (Feature)
	5.1. IoT-Enabled Sensors for Environmental Monitoring
	5.2. Actuators for Automation
	5.3. Centralized Control and Communication System
	5.4. Energy-Efficient and Sustainable Design
	5.5. Scalability and Flexibility

	Chapter 6 (Management)
	6.1 Risk Management
	6.2 Change Management
	6.3 Quality Management

	Chapter 7 – Foundation
	7.1 Problem Area Identification
	7.2 Rich Picture
	7.3 Specific Problem Area Identification and Description
	7.4 Possible Solution
	7.5 Recommendations and Justifications

	Chapter 8 (Hardware modelling and setup)
	8.1 Hardware Requirements:
	8.1.1Microcontroller:
	8.1.2 Sensors Function:

	8.2. Software Requirements:
	8.3 User Interface Requirements:
	8.4 Specific Features Highlighted by Implementation
	1. Real-Time Soil Moisture Monitoring
	2. Automated Water Management System
	3. Weather Monitoring
	4. Crop Health Monitoring
	5. Air Quality Monitoring
	6. Security System
	7. Seed Storage Automation
	8. Exhaust Fan Control
	9. Solar Power Integration
	10. Handheld Display Interface
	11. SMS Alert System
	12. IoT-Enabled Integration
	13. Fire Safety Mechanism
	14. Enhanced Scalability and Flexibility
	15. Farm Security System

	8.5 Project Layout

	Chapter 9 (Hardware assembly)
	9.1 ESP32 with 4-Channel Relay
	9.2 Arduino Uno with DHT11 Sensor, Buzzer, and MQ135 Air Quality Sensor
	9.3 Arduino Uno with Ultrasonic Sensor for Security
	9.4 Arduino Uno with Rain sensor and servo motor
	9.5 Arduino Uno with water level sensor and water pump
	9.6 Arduino Uno with soil moisture, ultrasonic sensor, and water pump
	9.7 Arduino Uno with LCD, GSM module, flame sensor

	Chapter 10 (Logic and Operation)
	10.1 Flow chart
	10.2 Programing and operation
	10.3 Advantages and Benefits of EcoFarm 360
	10.4 Cost estimation

	Chapter 14 – Lessons Learned
	14.1 Pre-Project Review
	14.2 Challenges Faced
	14.3 Solutions Implemented

	Chapter 15 – Conclusion
	15.1 Summary of the Project
	15.2 Goal of the Project
	15.3 Success of the Project
	15.4 What I Have Done in the Documentation (Stages / Activities / Plans)
	15.5 Value of the Project
	My Experience
	Appendix

	Plagiarism Report

