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ABSTRACT

This project introduces a Smart Agricultural
Monitoring System that integrates 10T, mobile
technology, and data analytics to enhance
irrigation  efficiency and  environmental
monitoring in agriculture. Utilizing the ESP8266
NodeMCU microcontroller, the system gathers
real-time data from a DHT22 sensor for
temperature and humidity and a soil moisture
sensor. Based on the soil moisture levels, it
automatically controls a water pump via a relay
module to maintain optimal soil conditions. The
collected data is transmitted to the ThingSpeak
cloud platform and visualized through a custom
Android application, enabling farmers to monitor
field conditions remotely. Additionally, the system
connects to Power Bl for advanced data analysis
and visualization, offering insights into
environmental trends and supporting precision
farming. This cost-effective and scalable solution
aims to reduce water wastage, minimize manual
labor, and promote sustainable farming practices
through smart automation and real-time decision-
making.

1-INTRODUCTION

Agriculture is the backbone of many economies, yet
traditional farming methods often lead to
inefficiencies due to a lack of real-time data on
environmental conditions. Farmers frequently rely
on manual observation and intuition to determine
irrigation needs, leading to water wastage or
inadequate  watering. Climate change and
unpredictable weather patterns further complicate
the situation, making it difficult for farmers to
maintain optimal soil conditions. The absence of
automated systems results in labor-intensive
processes and increased costs, reducing overall
productivity and profitability. Additionally, small-
scale farmers often lack access to advanced
agricultural technologies that can enhance yield and
resource management.

To address these challenges, a Smart Agricultural
Monitoring  System  using the ESP8266
microcontroller, an Android application, and Power
Bl analytics is proposed. The system continuously
measures temperature, humidity, and soil moisture
levels, automatically activating a water pump when
needed, ensuring efficient irrigation. Collected data
is sent to ThingSpeak for real-time monitoring,

allowing farmers to access insights via an Android
app that provides alerts and recommendations.
Moreover, Power Bl will be utilized for in-depth
data visualization, helping farmers make data-driven
decisions for improved crop management. By
integrating 10T, cloud computing, and analytics, this
system aims to optimize water usage, increase crop
yield, and enhance the sustainability of farming
practices.

Agriculture plays a crucial role in global food
production and economic stability. However, the
agricultural sector faces numerous challenges,
including  unpredictable  weather  conditions,
inefficient water usage, and poor soil management.
Traditional farming practices often rely on manual
observation and experience-based decision-making,
which may lead to inaccuracies in irrigation
scheduling. As water scarcity becomes a growing
concern, there is an urgent need for smart and
automated solutions to ensure sustainable and
efficient farming practices. Integrating modern
technology into agriculture can significantly
improve productivity, optimize resource utilization,
and minimize environmental impact.

One of the most critical factors affecting crop health
and yield is soil moisture level. Over-irrigation can
lead to waterlogging, root rot, and nutrient leaching,
while under-irrigation can cause crop stress and
yield  reduction.  Monitoring  environmental
parameters such as temperature, humidity, and soil
moisture in real time can help farmers make
informed decisions and maintain optimal growing
conditions. The development of an loT-based Smart
Agricultural Monitoring System can provide a data-
driven approach to farming, ensuring that crops
receive the precise amount of water required at the
right time.

The proposed system integrates ESP8266, sensors,
ThingSpeak cloud, an Android application, and
Power BI analytics to create a comprehensive
monitoring and control system for farmers. The
ESP8266 microcontroller collects real-time data
from sensors measuring temperature, humidity, and
soil moisture levels. Based on the moisture readings,
the system automatically controls a water pump,
reducing manual labor and improving irrigation
efficiency. The collected data is transmitted to
ThingSpeak, a cloud-based 10T platform, for real-
time monitoring and analysis.

A key feature of this system is the Android
application, which provides farmers with instant
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alerts and insights. Through the app, farmers can
receive notifications about critical changes in soil
conditions, temperature fluctuations, or irrigation
status. This real-time connectivity ensures that
farmers, even those working remotely, can monitor
their fields and take necessary actions when needed.
The user-friendly interface of the app makes it
accessible to farmers with varying levels of
technical expertise, bridging the gap between
traditional agriculture and modern 10T technology.

2- LITERATURE SURVEY
[1] K. G. Sanabia-Lizarraga, B. Carballo-
Mendivil, A. Arellano-Gonzéalez, and A. Bueno-
Solano, "Business Intelligence for Agricultural
Foreign Trade: Design and Application of Power
Bl Dashboard," Sustainability, vol. 16, no. 21, p.
9576, 2024.
This research paper explores the application of
Power BI in enhancing agricultural foreign trade,
focusing on the development of an interactive data
visualization dashboard to monitor Mexico’s
agricultural exports. Conducted by Sanabia-
Lizarraga et al. (2024), the study addresses the
challenges faced by non-technical stakeholders in
accessing and interpreting complex datasets related
to agricultural commerce. By integrating real-time
10T sensor data, government export records, and
economic indicators, the Power Bl dashboard
enables policymakers, traders, and agronomists to
make informed, data-driven decisions. The study
demonstrates how the platform improves trade
efficiency by offering insights into export trends,
market demands, pricing fluctuations, and
geospatial trade patterns. Furthermore, the
integration of Al-driven analytics and geographic
mapping facilitates predictive forecasting and
strategic planning, helping stakeholders optimize
logistics, reduce wastage, and align production with
market needs. The findings underscore the
transformative potential of business intelligence
tools like Power BI in modernizing agricultural trade
and supporting sustainable supply chain practices.
[2] D. S. Waghole, H. S. Joil, P. R. Morey, P. H.
Hadke, and S. R. Betageri, "'Smart Agriculture
System Using loT and AI/ML: A Survey,"
International Journal of Engineering Research
& Technology (IJERT), vol. 13, no. 5, pp. 1-9,
2024,
This research paper provides a comprehensive
analysis of the evolving landscape of smart
agriculture, focusing on the integration of 10T, Al,
and data analytics to enhance productivity,
sustainability, and resource efficiency in modern
farming. The study highlights the pivotal role of 10T
devices such as sensors, drones, and automated
irrigation  systems in  collecting  real-time
environmental and crop-related data. Leveraging
cloud computing and edge processing, farmers can
analyze this data instantly for timely and informed
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decision-making. Emphasis is placed on the use of
data analytics and Al-driven forecasting models
through platforms like Power BI, which enable
predictive insights into weather patterns, pest
outbreaks, and soil conditions, thereby supporting
precision agriculture. The paper also addresses key
challenges including high implementation costs, low
digital literacy, and infrastructural limitations in
rural areas, advocating for government support and
policy intervention to promote adoption.
Furthermore,  the  research  explores the
transformative impact of Al-powered automation on
farm management, where robotic machinery and
real-time dashboards streamline operations, reduce
labor dependency, and enhance operational
efficiency.

[3] J. Li, D. Chen, X. Qi, Z. Li, Y. Huang, D.
Morris, and X. Tan, ""Label-Efficient Learning in
Agriculture: A Comprehensive Review,” arXiv
preprint arXiv:2305.14691, 2023.

This research paper presents a comprehensive
survey of recent advancements in l10T-based smart
agriculture, emphasizing the integration of artificial
intelligence (Al), machine learning (ML), and data
analytics to transform traditional farming practices.
The study categorizes smart agriculture into five key
components: loT-based sensor networks, Al-
powered analytics, cloud computing, automation,
and business intelligence dashboards. It explores
how real-time data collected from sensors—such as
soil moisture, temperature, and pH-—enables
informed decision-making and enhances farm
productivity. A significant focus is placed on the
application of Al and deep learning models for crop
disease detection, yield prediction, and irrigation
optimization. These technologies facilitate early
detection of crop stress and improve resource
efficiency. The paper also highlights the role of
Power BI in visualizing agricultural data, offering
interactive dashboards for real-time monitoring,
trend analysis, geospatial insights, and risk
assessment. Precision farming emerges as a key
benefit, allowing for targeted application of
resources, which reduces costs and environmental
impact. Supported by case studies, the paper
demonstrates how smart, automated systems have
led to improved vyields and sustainable farming
outcomes.

[4] M. Padhiary, K. Kumar, N. Hussain, D. Roy,
J. A. Barbhuiya, and P. Roy, "Artificial
Intelligence in Farm Management: Integrating
Smart Systems for Optimal Agricultural
Practices,” International Journal of Smart
Agriculture, vol. 3, no. 1, pp. 1-15, 2024.

This research paper explores the role of 10T in
shaping the future of smart agriculture, focusing
on wireless technologies, Al integration, and
automation. It provides an in-depth review of how
10T devices, such as soil sensors, weather stations,
and automated irrigation systems, are
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transforming farming. The study highlights real-
world applications of loT-based smart farming,
demonstrating its potential in  enhancing
productivity and sustainability. The paper
emphasizes how 10T sensors work in real-time
data collection, providing insights into soil health,
temperature, humidity, and crop conditions.
These sensors send data to cloud platforms, where
Al and analytics tools—such as Power Bl, Google
Cloud Al, and AWS loT—process information for
better farm management. The research presents
case studies where farmers used loT-driven
automation to reduce water wastage and increase
crop yield. One of the key aspects of this paper is
the discussion on connectivity challenges in rural
farming. Since loT devices rely on wireless
networks, Wi-Fi, LoRa, and 5G, the paper
explores how network coverage issues in remote
agricultural areas affect adoption. The researchers
suggest that edge computing and satellite-based
loT networks can provide solutions for
connectivity gaps, making loT accessible to farmers
in rural and underdeveloped regions.

[5] V. D. Gowda, M. S. Prabhu, M. Ramesha, J.
M. Kudari, and A. Samal, ""Smart Agriculture
and Smart Farming using loT Technology,"
Journal of Physics: Conference Series, vol. 2089,
no. 1, p. 012038, 2021.

This research paper explores the transformative role
of data collection and analytics in precision
agriculture, focusing on how 10T, Al, and business
intelligence tools like Power BI are reshaping
modern farming practices. The study showcases
real-world applications where precision agriculture
technologies have enhanced crop monitoring,
irrigation, and disease detection. Through the use of
loT-enabled sensors, farmers can gather real-time
environmental data—such as soil moisture,
temperature, and nutrient levels—which is then
analyzed using Al-powered cloud platforms. A key
highlight is the use of predictive analytics, where Al
models process historical data to forecast crop
yields, identify potential disease outbreaks, and
optimize irrigation schedules. These insights,
visualized via Power Bl dashboards, enable
proactive and data-driven decision-making. The
paper also examines the role of automation,
illustrating how loT-powered robotic systems
reduce labor and increase efficiency through
autonomous monitoring and control  tasks.
Furthermore, the integration of cloud computing
allows for centralized data storage and processing,
with Power Bl facilitating remote access and real-
time visualization. Overall, the study underscores
the potential of intelligent technologies to improve
farm productivity, sustainability, and operational
efficiency in the era of smart agriculture.

[6] R. J. Patil, 1. Mulage, and N. Patil, "'Smart
Agriculture Using loT and Machine Learning,"
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Journal of Scientific Research and Technology,
vol. 1, no. 3, pp. 47-59, 2023.

This research paper presents a systematic literature
review on the applications of artificial intelligence
(Al) in agriculture, focusing on how machine
learning (ML), deep learning, and Al-based
automation are transforming modern farming
practices. The study examines case studies and
emerging trends that demonstrate the effectiveness
of Al in crop monitoring, disease detection, yield
prediction, and smart irrigation. Al-powered
computer vision systems are shown to analyze aerial
imagery and satellite data with high accuracy,
enabling early identification of crop stress and soil
conditions. A significant emphasis is placed on
predictive analytics, where Al models process data
on weather, soil, and market trends to support
informed  decision-making regarding planting
schedules and irrigation planning. The integration of
these insights with Power Bl dashboards allows for
real-time visualization and customized farm
monitoring. The paper also highlights Al-driven
automation technologies such as robotic farming
systems, intelligent pest control, and self-regulating
irrigation

[7] L. Aldhaheri, N. Alshehhi, I. 1. J. Manzil, R.
A. Khalil, S. Javaid, N. Saeed, and M.-S. Alouini,
"LoRa Communication for Agriculture 4.0:
Opportunities,  Challenges, and  Future
Directions,” arXiv preprint arXiv:2409.11200,
2024.

This research paper explores the impact of loT-
based smart irrigation systems in modern
agriculture, focusing on the integration of soil
moisture sensors, Al-driven automation, and cloud-
based data analytics to improve water conservation
and crop yield. The study highlights how real-time
monitoring using soil moisture sensors connected to
a microcontroller (ESP8266) enables precise
irrigation by detecting moisture levels and
automating water delivery through relay-controlled
pumps. Al-based decision-making models analyze
historical weather patterns, soil data, and crop
requirements to predict optimal irrigation schedules,
ensuring efficient water use. Data collected from
sensors is transmitted to cloud platforms like
ThingSpeak, Firebase, or AWS IloT, where it is
processed and visualized using Power BI
dashboards, allowing farmers to remotely monitor
irrigation trends, soil conditions, and system
performance. The paper emphasizes that the
combination of 10T, Al, and business intelligence
tools empowers farmers to make data-driven
decisions, reduce manual labor, and promote
sustainable agricultural practices through smart
irrigation management.

[8] S. K. Das and P. Nayak, "Integration of l10T-
Al Powered Local Weather Forecasting: A
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Game-Changer for Agriculture,” arXiv preprint
arXiv:2501.14754, 2024

This  research  paper explores cloud-based
agricultural monitoring systems, where 10T sensors,
Al algorithms, and cloud computing platforms
converge to enhance precision farming through real-
time data collection, intelligent analysis, and
dynamic visualization. It emphasizes the role of IoT
sensors—such as temperature, humidity, and soil
moisture sensors—in capturing environmental data,
which is  transmitted via an ESP8266
microcontroller to cloud platforms like AWS,
Azure, or Google Cloud. Al-based predictive
analytics is a major focus, with machine learning
models analyzing historical climate patterns, soil
health, and crop conditions to provide actionable
insights for irrigation, fertilization, and pest
management. The integration of Power BI
dashboards allows farmers to visualize this data
through interactive charts, graphs, and geospatial
maps, enabling them to monitor trends and make
informed decisions remotely. Additionally, the
study highlights how automation of tasks such as
irrigation, greenhouse control, and pesticide
application—powered by cloud-connected
microcontrollers—leads to increased operational
efficiency and cost-effectiveness, ultimately
promoting sustainable and smart agriculture.

[9] K. Kumari, E. Sahay, M. Shahid, P. S. Shinde,
and E. Puliyanjalil, "Internet of Things and
Machine Learning for Smart-Agriculture:
Technologies, Practices, and Future Direction,"
International Journal of Intelligent Systems and
Applications in Engineering, vol. 11, no. 1, pp. 1-
10, 2023.

This paper examines the transformative role of Al
and loT technologies in greenhouse farming,
enabling automated climate control, pest
monitoring, and energy-efficient practices. It details
how 10T sensors, such as temperature, humidity, and
CO: monitors, provide real-time data to regulate
internal greenhouse conditions. Al algorithms
analyze this data to optimize environmental
parameters, including temperature, humidity, and
ventilation. The study highlights how Al-driven
automation improves greenhouse efficiency by
analyzing historical climate data, crop growth
patterns, and pest infestations to enhance watering,
heating, and pest control strategies. Case studies
show how Al-based greenhouse management
systems have led to higher crop yields, reduced
energy consumption, and lower pesticide use. The
paper also explores Power BI’s role in visualizing
IoT data through dashboards, enabling farmers to
monitor environmental trends, receive automated
alerts, and improve productivity. Additionally, it
discusses the integration of renewable energy
sources, like solar power, to reduce dependency on
non-renewable energy and optimize energy usage
for sustainable greenhouse operations.
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[10] M. Dutta, D. Gupta, S. Tharewal, D. Goyal,
J. K. Sandhu, M. Kaur, A. A. Alzubi, and J. M.
Alanazi, "Internet of Things-Based Smart
Precision Farming in Soilless Agriculture:
Opportunities and Challenges for Global Food
Security,” arXiv preprint arXiv:2503.13528,
2025.

This research paper explores the transformation of
traditional farming into a smart, data-driven, and
sustainable agricultural system through the
integration of 10T and Al technologies. It highlights
how real-time monitoring, predictive analytics, and
automated farm management contribute to efficient
resource utilization, higher crop yields, and reduced
environmental impact. The paper emphasizes the
role of 10T sensors, such as soil moisture sensors,
DHT22 temperature and humidity

3- HARDWARE AND SOFTWARE
REQUIREMENTS

3.1 HARDWARE COMPONENTS

ESP8266 (NodeMCU)

The ESP8266 (NodeMCU) is a widely used
microcontroller module  designed for loT
applications due to its compact size, low power
consumption, and integrated Wi-Fi capability. It acts
as the central processing unit in smart agricultural
systems, interfacing with sensors to gather real-time
data on environmental parameters such as
temperature, humidity, and soil moisture. With
built-in Wi-Fi support, the ESP8266 can easily
connect to cloud platforms like ThingSpeak,
enabling farmers to remotely monitor field
conditions from anywhere with internet access. This
real-time capability allows for quick decision-
making and reduces the need for constant manual
supervision on-site.

DHT22 Sensor (Temperature and Humidity
Sensor)

The DHT22 is a digital sensor capable of
simultaneously measuring temperature and relative
humidity, two critical parameters in agricultural
management. It uses a capacitive humidity sensing
component and a thermistor to deliver accurate
readings with minimal calibration needs. The sensor
outputs a digital signal, which simplifies interfacing
with microcontrollers like the ESP8266. Its ability
to monitor environmental factors helps in
controlling  irrigation  systems, regulating
greenhouse temperatures, and preventing crop
damage due to sudden climatic changes. Accurate
data from the DHT22 is essential for understanding
crop evapotranspiration and maintaining an ideal
growing environment.

Soil Moisture Sensor

The soil moisture sensor is a fundamental
component in any smart irrigation system, as it
determines the amount of water present in the soil.
It usually consists of two metallic probes that are
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inserted into the soil to detect electrical
conductivity, which changes with the moisture
content. When the soil is wet, the conductivity
increases; when it's dry, the conductivity decreases.
This analog signal is then read by the ESP8266 to
assess whether the soil needs watering. Based on the
readings, the system can trigger a relay to activate
the water pump, making irrigation automatic and
precise.

Water Pump

The water pump is a crucial actuator in the smart
farming ecosystem, responsible for delivering water
to the plants when required. Controlled by the relay
module, the pump is automatically activated based
on the soil moisture sensor's readings. If the soil
becomes too dry, the ESP8266 signals the relay to
turn on the pump, which then irrigates the field until
the moisture level returns to an acceptable range.
This mechanism ensures timely watering without
human intervention, promoting healthy crop growth
and saving time for the farmer.

Water pumps used in smart agriculture can vary in
type and power requirements—submersible,
surface, or drip irrigation pumps can all be
integrated based on the field’s layout. Their
automated operation reduces water wastage and
ensures that the plants always receive an optimal
amount of hydration. This system is especially
beneficial in regions where water is scarce or in
large farms where manual irrigation is labor-
intensive. Farmers can also monitor the pump's
operational status via the mobile app, and Power Bl
dashboards provide analytics on water usage trends,
helping to improve long-term irrigation strategies.

SOFTWARE COMPONENTS

Arduino IDE (ESP8266 Libraries)

The Arduino Integrated Development
Environment (IDE) is the primary platform used to
write, compile, and upload code to the ESP8266
microcontroller. It provides a simple, user-friendly
interface for programming in C/C++ and includes
tools like the Serial Monitor to display real-time
output from sensors. For smart agriculture systems,
Arduino IDE supports several open-source libraries
such as ESP8266WiFi.h and DHT.h, which simplify
the tasks of connecting to Wi-Fi networks, reading
sensor data, and sending this data to loT cloud
platforms like ThingSpeak. These libraries are
essential for developing a reliable and fully
automated monitoring system.

Additionally, the Arduino IDE enables iterative
development and debugging. During the initial
stages of development, the Serial Monitor is used
extensively to view sensor readings and test decision
logic for pump control based on soil moisture
thresholds. By observing data in real time,
developers can fine-tune the system’s performance
and correct any logic errors before deployment. Its
cross-platform compatibility (Windows, macOS,
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Linux) and extensive online community make it
highly accessible for beginners and advanced users
alike. Overall, the Arduino IDE serves as the
foundational tool that bridges the gap between
physical sensors and cloud-based data services.
Android Studio (for the Mobile App)

Android Studio is the official IDE for developing
Android applications and is used in this project to
build a custom mobile app for smart agriculture
monitoring. Through this app, farmers can remotely
access real-time data such as temperature, humidity,
soil moisture, and the operational status of the water
pump. Android Studio provides tools like layout
editors, emulators, and APIs that help developers
build dynamic and responsive user interfaces
suitable for low-tech users, such as rural farmers.
The app uses HTTP requests or
Firebase/ThingSpeak APIs to fetch the latest sensor
data and display it in a user-friendly format.
Beyond just data display, the Android app also
provides real-time alerts and notifications. For
instance, if the soil moisture drops below a critical
level or the water pump activates, the app sends a
push notification to the farmer’s device. This instant
feedback mechanism empowers farmers to take
timely actions, ensuring crops are not damaged due
to poor field conditions. Integration with chart
libraries like MPAnNdroidChart allows the app to
present sensor data visually, making it easier for
users to understand patterns over time. This mobile
interface greatly improves accessibility, especially
in areas where computers may not be readily
available.

ThingSpeak (10T Platform)

ThingSpeak is a cloud-based 10T analytics platform
that plays a central role in collecting, storing, and
visualizing sensor data from the smart agricultural
system. The ESP8266 microcontroller is
programmed to send periodic updates, including
temperature, humidity, soil moisture, and pump
status, to specific fields on a ThingSpeak channel.
Each channel can hold multiple data streams, and
these can be viewed in real-time or historically via
auto-refreshing charts and graphs. ThingSpeak’s
easy integration with the ESP8266 and its open API
system make it a go-to choice for loT applications,
especially in smart farming.

Power BI (Data Analytics and Visualization)
Power Bl is a sophisticated data analytics and
visualization tool developed by Microsoft, and it
significantly enhances the functionality of the smart
agriculture system by offering deep insights into
collected data. Sensor data from platforms like
ThingSpeak or Firebase is imported into Power B,
where it is transformed into intuitive dashboards,
graphs, and charts. These visualizations allow users
to explore temperature variations, track humidity
levels, assess moisture trends, and monitor irrigation
events over time. By analyzing this data, farmers can
optimize water usage, identify environmental stress
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patterns, and take timely preventive measures to
safeguard crops.

3-DESIGN
System Architecture and Design
The system is designed to be fully automated and
loT-enabled, allowing real-time monitoring and
control of temperature, humidity, and soil
moisture. The architecture consists of:
» ESP8266 (NodeMCU) as the main
microcontroller, responsible for reading sensor
data, processing information, and sending it to
the cloud.

SYSTEM ARCHITECTURE
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» Sensors (DHT22 for temperature and
humidity, soil moisture sensor for soil conditions)
continuously collecting environmental data.

» A relay module controlling the water pump,
turning it ON/OFF based on soil moisture readings.
» ThingSpeak loT platform acting as a real-
time cloud database for storing sensor data and
sending alerts.

» An Android app that allows farmers to
remotely monitor farm conditions and receive
notifications.

» Power Bl for advanced analytics and
visualization, helping farmers make data-driven
agricultural decisions.

Smart Agricultural Monitoring

System

10T Technology

DATA Analytics

Mobille app Integration
Aovanced data Analytics

The Smart Agricultural Monitoring System is
designed to automate irrigation, provide real-time
monitoring, and optimize water usage using 10T
technology, data analytics, and mobile
connectivity. The system operates through a

BLOCK DIAGRAM
I
Vv
v
v

SENSORS

Fig 1 System Architecture

TRIGATION CONTROL

structured architecture that consists of data
acquisition, decision-making, data transmission,
mobile app integration, and advanced data
analytics. Below is a detailed explanation of each
component in the system.

WEATHER
MONTORNG

CROP MANAGEMENT

Fig 2 Block Diagram
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This block diagram represents a Smart Agriculture
system that integrates sensors, data collection,
weather monitoring, irrigation control, and crop
management for efficient farming.

4-IMPLEMENTATION
loT Connectivity and Data Transmission
For real-time data storage and monitoring,
ThingSpeak is integrated into the system.
ThingSpeak acts as an loT cloud platform where
sensor data is continuously uploaded. The ESP8266
transmits the collected data to a ThingSpeak channel
using Wi-Fi. This data is then accessible through the
Android app, allowing farmers to monitor
environmental parameters from anywhere.
The communication between ESP8266 and
ThingSpeak is based on HTTP or MQTT
protocols, ensuring seamless data transmission with
minimal delay. By leveraging cloud connectivity,
the system ensures that real-time and historical data
are available for analysis, improving agricultural
decision-making.
Automated Irrigation Control
The irrigation system is automated based on soil
moisture levels. When the soil moisture drops
below a predefined threshold, the ESP8266 sends
a signal to the relay module, activating the water
pump. The pump remains ON until the moisture
level reaches an optimal range, after which it is
turned OFF. This mechanism eliminates the need for
manual intervention, ensuring that crops receive
water only when needed, thereby conserving
resources.
In addition to automation, the Android app
provides manual control options, allowing
farmers to override the automatic process if
necessary. This feature is useful in scenarios where
additional irrigation is required due to unexpected
environmental conditions. The combination of
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automated and manual control ensures flexibility
and efficiency in farm management.

Data Analytics and Visualization Using Power Bl
Once the sensor data is stored in ThingSpeak, it is
imported into Power Bl for advanced data analytics
and visualization. Power Bl enables the creation
of dashboards, charts, and trend analysis graphs,
helping farmers make data-driven decisions. By
analyzing temperature, humidity, and soil moisture
trends over time, farmers can optimize irrigation
schedules, predict weather patterns, and enhance
crop yield.

Power BI provides Al-based forecasting, which
predicts future soil moisture levels based on past
data. This predictive capability allows farmers to
take proactive measures, such as scheduling
irrigation in advance or making adjustments based
on expected environmental changes. Additionally,
Power Bl enables data filtering, allowing farmers to
compare different seasons or regions for better crop
management strategies.

System Testing and Performance Optimization
Before deployment, the Smart Agricultural
Monitoring System undergoes rigorous testing to
ensure reliability and accuracy. The ESP8266’s data
collection and transmission speed are tested to
verify real-time performance. The sensor readings
are compared with reference instruments to validate
their accuracy. The Wi-Fi connectivity is also
assessed to ensure stable cloud integration.

To optimize performance, redundant data
transmission is minimized, ensuring that only
meaningful sensor readings are uploaded to the
cloud. Additionally, power consumption is
analyzed, and low-power modes are implemented
to extend battery life in case of solar-powered
operations. The mobile app undergoes UI/UX
improvements to enhance usability, ensuring that
farmers can access data easily and receive timely
alerts.

5-RESULTS

Fig 5.1 Sign Up page
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5.2 Login Page
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Fig 5.3 Real-Time Farm Monitoring Interface
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6- CONCLUSION

The Smart Agricultural Monitoring System utilizing
ESP8266, 10T sensors, an Android app, and Power
Bl has successfully demonstrated how technology
can revolutionize traditional farming methods. By
integrating real-time environmental monitoring,
automated irrigation control, and data analytics, the
system ensures optimal water usage, reduces manual
labor, and enhances overall agricultural
productivity. The results have shown that smart
farming techniques can significantly improve soil
moisture management, leading to healthier crops
and increased yields. This project serves as a
foundation for precision agriculture, allowing
farmers to make informed decisions based on real-
time and historical data insights rather than relying
on traditional guesswork.

In conclusion, this Smart Agricultural Monitoring
System serves as a crucial step towards sustainable
and technology-driven farming. With global
challenges such as climate change, water scarcity,
and population growth, smart agriculture solutions
are becoming more important than ever. This project
demonstrates that by harnessing 10T, automation,
and data analytics, farmers can achieve higher
efficiency, increased productivity, and better
resource management. The successful
implementation of this system paves the way for
future innovations in precision agriculture, making
farming smarter, more efficient, and more
sustainable for generations to come.
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