’,/ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

JET Volume: 12 Issue: 03 | Mar 2025

www.irjet.net

p-ISSN: 2395-0072

Smart Agriculture: A Review of Smart Farming Technologies and
Application of Internet of Things in Agriculture.

Asst. Prof. Satvir S wami, Mr. Mayur Kanawade, Mr. Rushikesh Gavande, Mr. Shubham Auti

Assistant Professor, Department of computer Science, Dr. D.Y. Patil Arts, Commerce & Science College, Pimpri,Pune-

18.

MSc(CS) Student, Dr. D.Y. Patil Arts,C ommerce & Science College, Pimpri,Pune-18.
MSc(CS) Student, Dr. D.Y. Patil Arts, Commerce & Science College,Pimpri,Pune-18.
MSc(CS) Student, Dr. D.Y. Patil Arts, Commerce & Science College, Pimpri,Pune-18.

Abstract: The increasing demand for sustainable and
efficient agricultural practices necessitates the adoption of
advanced technologies to optimize resource management.
This paper presents an IoT-based automated agriculture
system designed for real-time monitoring and control of
environmental conditions in farming. The system
incorporates sensors for rain, soil moisture, and
temperature, interfacing with a Raspberry Pi for data
processing and decision-making. By automating irrigation
through a stepper motor based on soil moisture levels, the
system ensures optimal water usage while reducing
manual intervention. Real-time data is displayed on an
LCD screen and accessible remotely via an IoT platform,
empowering farmers to monitor and manage their fields
conveniently. The project leverages Proteus simulation
software for virtual testing and evaluation, ensuring
reliability and robustness. This innovative approach
integrates loT with traditional farming, enhancing
productivity, reducing labor costs, and promoting
sustainable agriculture. By addressing challenges like
water conservation and labor shortages, the proposed
system underscores the transformative potential of 10T in
revolutionizing modern agriculture.

Key Words Raspberry Pi, Rain Sensor, Soil Moisture
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1.Introduction

Agriculture is essential for food production but often faces
challenges like water scarcity, labor shortages, and
inefficient practices. Traditional methods can waste
resources and are labor-intensive. lIoT (Internet of Things)
technology offers a solution by enabling "smart farming,”
where sensors and devices collect data on field conditions,
allowing for precise, data-driven decisions.

This project, Automation in Agriculture using IoT, aims to
create a system that automatically adjusts irrigation based

remotely, with a LCD display showing real-time field
conditions. The setup is accessible through an IoT
platform  for remote monitoring and control. This
automated approach reduces water use, cuts down on
manual labor, and promotes sustainable farming. By using
IoT, this project aims to make agriculture smarter, more
productive, and environmentally friendly.

2.Key Areas for Smart Agriculture

e JoT-Based Farming: Sensors for soil, weather, and
crop monitoring; smart irrigation and GPS tracking.

e Precision Agriculture: Data-driven crop management,
fertilization, and pest control.

e Automated Irrigation: loT-controlled smart irrigation
systems with Raspberry Pi & cloud access.

e Al & Machine Learning: Crop disease detection, yield
prediction, and weather forecasting.

e Drones & Remote Sensing: UAVs for crop monitoring
and spraying; satellite-based analysis.

e C(loud & Big Data: Real-time farm data processing and
Al integration.

e  Blockchain: Supply chain tracking and smart contracts
for agribusiness.

e Robotics & Automation: Al-powered planting,
harvesting, and self-driving tractors.
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data, the system can manage irrigation efficiently and
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3. Challenges in Smart Agriculture

High Costs - Expensive 10T devices, sensors, and
automation systems.

Connectivity Issues — Poor internet access in rural
areas.

Technical Knowledge - Farmers need training to
use smart technologies.

Data Security - Risk of cyberattacks and
unauthorized access.

Power Supply - Dependence on electricity and
sustainable energy sources.

Scalability - Difficult to implement on large farms.
Environmental Factors - Sensor accuracy affected
by extreme weather.

Maintenance & Reliability - Frequent calibration
and upkeep of devices.

4. Applications of IOT inSmart Agriculture

Smart Irrigation - IoT sensors automate water
management, reducing waste and improving
efficiency.

Precision Farming - Al and sensors optimize
fertilizer, pesticide, and water use for better yield.
Livestock Monitoring - Wearable [oT devices
track animal health, location, and feeding
patterns.

Smart Greenhouses - Automated climate control
optimizes temperature, humidity, and nutrients.
Pest & Disease Control - Al-powered detection
and drones enable targeted pesticide spraying.
Drones & Remote Sensing — UAVs monitor crop
health, optimize spraying, and assess soil
conditions.

Supply Chain Management - Blockchain ensures
transparent farm-to-market tracking and reduces
losses.

Farm Automation - Al-driven robots handle
planting, weeding, and harvesting, cutting labor
costs.
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5. Future Trends in Smart Agriculture

Al & Machine Learning - Predictive analytics for
crop yield, pests, and irrigation.

IoT & Sensors - Real-time monitoring of soil,
weather, and crops.

Precision Agriculture - GPS-guided machinery
optimizing resources.

Drones & Robotics - Automated spraying,
monitoring, and harvesting.

Blockchain - Transparent supply chains and
secure transactions.

Vertical & Urban Farming -  Al-driven
hydroponics and aeroponics.

Biotechnology - Gene editing for resilient and
nutritious crops.

Autonomous Machinery - Self-driving, electric
tractors and equipment.

Sustainable Farming - Al-driven eco-friendly
practices.

Climate Resilience - Smart irrigation and weather
forecasting

6. Research Objectives :-

Review Smart Farming Technologies - Assess Al,
IoT, and automation in agriculture.

Analyze IoT Applications - Explore IoT's role in
precision farming and resource efficiency.
Optimize Resource Management - Study IoT for
water, soil, and energy conservation.

Improve Supply Chain Transparency - Examine
blockchain and IoT integration.

Enhance Sustainability - Research eco-friendly
and climate-resilient practices.

Automate Farming - Evaluate drones, robotics,
and autonomous machinery.

Leverage Data Analytics - Assess Al-driven
decision-making in farming.

Identify Adoption Barriers - Explore challenges in
smart farming implementation.

Explore Future Trends - Investigate 5G, edge
computing, and smart greenhouses.
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7.Problem Statement :-

Smart farming technologies and IoT applications offer
many benefits, but their adoption is limited due to high
costs, complexity, and compatibility issues. Many systems
require technical expertise, making them difficult for
small-scale farmers to use. Challenges like network
connectivity, energy consumption, and data security also
affect their effectiveness. Making these technologies more
affordable, user-friendly, and efficient is essential for
wider adoption in agriculture.

8.Methodology :-

8.1. System Design
e Utilize Raspberry Pi as the central controller for
smart farming operations.
e Integrate soil moisture, temperature, and rain
sensors for real-time data collection.
e Use relay modules to automate irrigation based
on sensor inputs.
e Implement loT-based remote monitoring using
cloud platforms and mobile applications.
8.2. Implementation
e Develop a prototype smart irrigation system with
sensor-based automation.
e Program Raspberry Pi using Python for data
processing and decision-making.
e Display real-time sensor data on LCD screens and
IoT platforms for remote access.
8.3Testing and Evaluation

e Test system functionality under varied
environmental conditions (e.g., different soil
moisture levels and temperatures).

e Measure latency, energy consumption, and
reliability to ensure optimal performance.

8.4.Data Collection and Analysis

e Analyze water usage patterns to improve

irrigation efficiency.

e Evaluate the effectiveness of automated decision-
making in resource conservation and yield
improvement.

9.Literature Review :-

9.1. Literature on Automation in Agriculture

e IoT integration in farming enables real-time
monitoring and control using sensors (e.g., soil
moisture, temperature).

e Studies (Jamil et al., 2016; Gajbhiye et al., 2018)
show improved irrigation and crop yield through
real-time data.

e Research (Islam et al., 2020; Pantelidis et al.,
2020) highlights the cost-effectiveness of using
Raspberry Pi for monitoring and automation.

9.2. Method - Using Raspberry Pi for Agriculture

Automation
e Raspberry Pi is popular for its low cost, flexibility,

and sensor compatibility.

e Studies (Pantelidis et al., 2020; Kaur et al., 2017)
confirm its effectiveness in automating irrigation
and environmental monitoring,.

e Platforms like Blynk and MQTT enable remote
control, enhancing decision-making.

9.3. Theoretical Approach
e Based on Cyber-Physical Systems (CPS), where

[IoT sensors gather data, processed by
microcontrollers like Raspberry Pi.

e Automated actions (e.g, irrigation) are triggered
based on real-time analysis.

e Ensures optimized resource use, reduced labor,
and higher productivity.

9.4. Research Gaps
e Scalability - Lack of research on scaling IoT

systems for large farms.

e Al and Predictive Analytics - Need for Al-based
insights on weather, soil health, and diseases.

o Energy Efficiency - High power demands;
research needed on renewable energy solutions.

e Data Security - Need for stronger security
measures in [oT systems.

9.5. Value of Further Research
e Scalability will enable large-scale [oT adoption.

e Al integration will improve predictive capabilities
and decision-making.

e Renewable energy use will enhance sustainability.

e Stronger data security will boost farmer
confidence and adoption.

10. Expected Outcomes :-

e Efficient Water Management - Smart irrigation
system optimizes water usage, reducing wastage
and improving sustainability.

e Automated Farming Operations - IloT-based
automation reduces manual labor and enhances
operational efficiency.

e Real-Time Monitoring & Control - Farmers can
remotely monitor and manage farm conditions
through IoT platforms.

e Improved Crop Productivity - Optimized
irrigation and environmental monitoring lead to
better crop growth and yield.

e Energy & Cost Savings - Automated resource
management minimizes energy consumption and
operational costs.

e Scalability & Adaptability - The system can be
expanded and adapted for various agricultural
applications.
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e Data-Driven Decision Making - Real-time data
analysis helps farmers make informed decisions
for better resource utilization.

e Sustainability & Environmental Benefits -
Conservation of water and energy promotes eco-
friendly farming practices.

11.Result

1.Response Time:
= Rain Detection: ~0.4 seconds.
= Soil Moisture Monitoring: ~0.6 seconds.
* Temperature Monitoring and Pump Activation
and Adjustment: ~0.8 seconds.
2.0bservations on Simulated Data:
The system was tested using a simulated environment
with different sensor inputs to mimic field conditions:
2.1.Normal Conditions (Optimal Environment):
* Soil Moisture Level: Above threshold
(sufficient).
* Rain Detected: No rain.
* Temperature: Within optimal range.

* Result: Irrigation pump remains off. LCD
displays "Conditions Optimal, No Irrigation
Needed."

2.2.Dry Soil Conditions (Irrigation Required):

* Soil Moisture Level: Below threshold.

* Rain Detected: No rain.

* Temperature: Within normal range.

= Result: Irrigation pump activated. LCD displays

"Dry Soil Detected, Irrigation Started."
2.3.Rainfall Detected :

= Soil Moisture Level: Below threshold.

= Rain Detected: Rain present.

* Temperature: Normal.

* Result: Irrigation pump remains off. LCD

displays "Rainfall Detected, Irrigation started.”
2.4.High Temperature with Dry Soil:

= Soil Moisture Level: Below threshold.

= Rain Detected: No rain.

* Temperature: Above threshold (high
temperature).
= Result: Irrigation pump activated with

increased cycles to compensate for evaporation.

e Alerts and system actions were easy to
monitor both locally via the display and
remotely through the IoT platform.

12.Conclusion

The Smart Irrigation System in this project integrates IoT
technology with agriculture to improve irrigation
management. Using soil moisture, rain, and temperature
sensors, along with a Raspberry Pi, the system enables
real-time monitoring and automatic irrigation control.
This helps conserve water, reduce waste, and improve
crop growth. By automating irrigation based on moisture
levels, the system makes farming more efficient and
sustainable. Farmers can remotely monitor and control
irrigation, making it especially useful for large farms or
areas with limited labor. An LCD display provides real-
time updates, and a stepper motor automates watering,
reducing manual work and ensuring crops get the right
amount of water at the right time.
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2.5Normal Soil with Rain (System Idle): https://doi.org/10.1109/]J10T.2021.3085451
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2.6User Interface and Notifications:
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