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Abstract—Agriculture in hilly regions faces several 

challenges due to irregular rainfall, water scarcity, and 

difficulty in continuous field monitoring, making 

traditional irrigation methods inefficient. This project 

proposes a Smart Agriculture System integrating 

sensors, automation, and Internet of Things (IoT) 

technology to monitor soil conditions, automate 

irrigation, and improve crop productivity. The system 

uses an ESP32 microcontroller to automatically monitor 

soil moisture, temperature, and humidity using different 

sensors. A soil moisture sensor first detects the moisture 

level in the soil; if the soil is dry, the microcontroller 

activates the relay to turn on the water pump; if the soil 

has sufficient moisture, the pump is turned off 

automatically. A temperature and humidity sensor 

monitors environmental conditions. The system sends 

real-time data to the ThingSpeak cloud platform for 

remote monitoring. A GSM module sends SMS alerts to 

the farmer regarding soil condition and pump status. An 

LCD display shows live sensor values, and a buzzer 

provides alerts for abnormal conditions. This system 

helps in efficient water management, reduces manual 

labor, and improves crop yield. The system enables 

intelligent irrigation management, improving water 

efficiency and agricultural productivity in hilly regions. 

 

Index Terms—Automatic Irrigation System, Soil 

Moisture Monitoring, IoT-based Agriculture, ESP32, 

GSM Alert System, Remote Field Monitoring 

 

I. INTRODUCTION 

 

The need for efficient agricultural practices has 

significantly increased due to irregular rainfall, water 

scarcity, and the difficulty of continuous field 

monitoring in hilly regions, creating major challenges 

for farmers. Traditional irrigation systems are mostly 

manual and are often inefficient and unable to meet the 

modern agricultural requirements. As a result, 

problems such as water wastage, improper irrigation, 

low crop productivity, and increased labor work have 

become more common. 

In addition to affecting agricultural productivity, 

improper irrigation management leads to serious 

environmental issues such as soil degradation and 

water resource depletion. Over-irrigation and under-

irrigation can damage crops and reduce soil fertility. 

Farmers also face difficulties in regularly visiting 

fields located in hilly areas, which makes manual 

monitoring more difficult and time-consuming. 

By combining sensor technology, automation, and 

Internet of Things (IoT)-based monitoring, the 

proposed Smart Agriculture System addresses these 

issues. Using sensors and a microcontroller, the 

system can automatically monitor soil moisture, 

temperature, and humidity levels. Based on the soil 

moisture level, the system automatically controls the 

irrigation pump using a relay module. Additionally, 

the system includes features such as real-time field 

monitoring, automatic irrigation control, SMS alerts 

using a GSM module, and live data display on an LCD 

screen. 

The system allows efficient water management and 

proper irrigation by sending data to a cloud platform 

for remote monitoring. This reduces water wastage, 

minimizes labor work, and improves resource 

utilization. Overall, the proposed system improves 

agricultural productivity, supports smart farming, and 

provides a reliable solution for efficient cultivation in 

hilly regions. 

Additionally, the system includes advanced features 

such as automatic pump control, real-time sensor 

monitoring, and remote field monitoring through the 

IoT platform. Farmers are able to monitor soil and 

environmental conditions remotely, which helps them 
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make better decisions regarding irrigation. This not 

only improves water management but also increases 

operational efficiency. 

At the agricultural field, the system is designed to 

collect environmental and soil-related data and link it 

to specific time intervals. This method enables 

continuous monitoring of field conditions. The 

collected data can be sent to a cloud platform that 

farmers can access remotely. 

In addition to that, the system also contributes to 

environmental sustainability. This is because the 

system promotes efficient water usage and prevents 

water wastage. This leads to better water resource 

management and improved soil health. This way, 

environmental impact is reduced and sustainable 

agriculture is supported. 

The integration of IoT technology in the system also 

improves transparency and efficiency in agricultural 

management. This is because the system allows real-

time data collection and monitoring. This data can be 

used to improve irrigation planning and farming 

practices. This way, the overall efficiency of the 

agricultural system can be improved. 

 

II. LITERATUREREVIEW 

 

In order to increase agricultural productivity and water 

efficiency, recent developments in smart agriculture 

systems have focused on integrating Internet of Things 

(IoT) technologies. Numerous studies have suggested 

automated irrigation systems that use sensors and 

microcontrollers (Kumar et al., 2019; Sharma et al., 

2021). These systems reduce manual labor and 

increase irrigation accuracy by monitoring soil 

moisture, temperature, and humidity using sensors 

such as soil moisture sensors, temperature sensors, and 

humidity sensors. 

Several researchers (Reddy et al., 2020; Patel et al., 

2022) have highlighted the importance of real-time 

monitoring in agriculture. Their work demonstrates 

how IoT-enabled systems can transmit data to cloud 

platforms, allowing farmers to monitor field 

conditions remotely. This approach helps optimize 

irrigation schedules, prevent water wastage, and 

improve overall agricultural efficiency. 

Various researchers Singh et al. 2018 and Gupta et al. 

2021 have investigated methods to reduce water 

wastage and improve soil health using automated 

irrigation systems. These systems reduce the need for 

continuous manual monitoring and help farmers 

manage irrigation more efficiently, which results in 

better crop growth and improved water resource 

management. 

Researchers have investigated advanced irrigation 

techniques which use multiple sensors to improve 

monitoring accuracy. The systems effectively monitor 

soil moisture, temperature, and humidity and use 

automated systems such as relay-controlled water 

pumps to ensure proper irrigation based on soil 

conditions. 

Recent research developed machine learning and data 

analysis techniques which enable intelligent farming 

through the work of Joshi et al. 2023 and Mehta et al. 

2024. These methods help in crop prediction, 

irrigation planning, and smart farming decisions, 

enabling smart agriculture systems to operate more 

efficiently. 

The research demonstrates that agricultural systems 

undergo major improvements through the combination 

of IoT, automation, and intelligent technologies, yet 

farmers face challenges related to system cost and 

technical complexity. 

Multi-sensor-based systems for smart irrigation have 

achieved recent technological developments. Smart 

irrigation systems developed by Verma et al. (2020) 

and Nair et al. (2023) use multiple sensors together 

with microcontrollers to monitor soil conditions and 

automate irrigation systems. 

Overall, the reviewed studies demonstrate that the 

integration of IoT, automation, and intelligent 

techniques can significantly improve agricultural 

efficiency and water management, though challenges 

related to cost and implementation still persist. 

 

III. METHODOLOGY 

 

1. Soil Moisture Detection:  

The system continuously monitors soil moisture 

using a soil moisture sensor. The sensor detects the 

moisture level in the soil and sends the data to the 

microcontroller for further processing. 

 

2. Temperature and Humidity Monitoring:  

A temperature and humidity sensor are used to 

measure environmental conditions. The sensor sends 

real-time temperature and humidity data to the 

microcontroller for monitoring and analysis. 
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3. Automatic Irrigation Control:  

The microcontroller checks the soil moisture level. If 

the moisture level is below the threshold value, the 

controller activates the relay to turn on the water 

pump. If the moisture level is sufficient, the pump is 

turned off automatically to prevent over-irrigation. 

 

4. Relay and Pump Operation:  

The relay module acts as a switch to control the water 

pump. The microcontroller sends a signal to the relay 

to turn the pump ON or OFF based on soil moisture 

conditions. 

 

5. IoT Cloud Data Monitoring:  

The sensor data is sent to the cloud platform through 

the IoT module. The data is stored and monitored 

remotely using the Thing Speak platform. 

 

6. LCD Display Monitoring:  

The LCD display shows real-time values of soil 

moisture, temperature, and humidity. This helps in 

local monitoring at the field. 

 

7. Buzzer Alert System:  

A buzzer is used to provide alert notifications when 

the soil moisture level is too low or when there is any 

abnormal condition in the system. 

 

8. Integrated System Operation:  

All components work together in a coordinated 

manner. The system ensures efficient water 

management, automated irrigation, and smart 

agriculture monitoring for hilly regions.  

 

IV. EXISTING SYSTEM 

 

The existing irrigation system in agricultural fields, 

especially in hilly regions, mainly relies on traditional 

manual irrigation techniques. Under this system, 

farmers manually monitor the field and irrigate the 

crops based on their observation and experience. 

However, the irrigation process does not consider the 

actual soil moisture level in the field. This sometimes 

causes over-irrigation or under-irrigation. This leads to 

water wastage and improper crop growth. 

Additionally, irrigation is sometimes done even when 

the soil has sufficient moisture. This causes inefficient 

use of water, labor, and time. 

Another limitation in the existing irrigation system is 

the lack of environmental monitoring. Generally, 

farmers do not continuously monitor temperature and 

humidity conditions in the field. These environmental 

factors directly affect crop growth and soil conditions. 

Without proper monitoring, farmers cannot make 

accurate decisions regarding irrigation and crop 

management. This reduces the overall efficiency of the 

agricultural process. 

In addition to this, the traditional system does not 

incorporate any real-time monitoring and smart 

irrigation features. There are no sensors installed to 

monitor soil moisture, temperature, and humidity in 

real time. This way, the farmers do not get exact 

information about field conditions. This also reduces 

the efficiency of water management. The absence of 

communication between the field and the farmer also 

reduces the efficiency of the irrigation system. 

In addition to this, the system requires a high level of 

human involvement in field monitoring and irrigation 

control. This increases labor work and time 

consumption. Additionally, farmers must frequently 

visit the field, which is difficult in hilly regions. There 

is no automatic irrigation control system in the 

traditional method. This way, irrigation efficiency is 

reduced. 

Another environmental factor that is not taken into 

consideration in the existing system is irregular 

rainfall and water availability. Sometimes crops do not 

get sufficient water, and sometimes excess water is 

supplied. This affects crop growth and soil fertility. In 

addition, there is no proper data monitoring or analysis 

system, which makes it difficult to take appropriate 

decisions to improve agricultural productivity. 

Overall, the existing system is inefficient, labor-

intensive, and does not include any smart or automated 

features. This shows that there is a need to develop a 

smart agriculture system that uses sensors and IoT 

technology to monitor field conditions and automate 

irrigation efficiently. 

 

V. PROPOSEDSYSTEM 

 

The proposed Smart Agriculture System aims to 

overcome the limitations of the existing system by 

integrating automation, sensor devices, and IoT-based 

monitoring. This system facilitates efficient irrigation 

management, environmental monitoring, and 

intelligent agricultural practices. This leads to 

improved efficiency in the agricultural system. 
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The system uses various sensors such as a soil 

moisture sensor and temperature and humidity sensor 

to monitor field conditions. Once the soil moisture 

level is detected by the sensor, the microcontroller 

(ESP32) processes the data and initiates the irrigation 

process. If the soil moisture level is low, the 

microcontroller activates the relay module to turn on 

the water pump. If the soil moisture level is sufficient, 

the system automatically turns off the pump. 

Similarly, the temperature and humidity sensor 

monitor environmental conditions and sends the data 

to the microcontroller for analysis and monitoring. 

The proposed system also includes an automatic 

irrigation control system. Based on the soil moisture 

level, the microcontroller controls the relay module, 

which operates the water pump automatically. This 

ensures that crops receive the required amount of 

water without manual intervention. 

To address the problem of water wastage and improper 

irrigation, the proposed system includes IoT-based 

monitoring. The sensor data is continuously monitored 

and sent to a cloud server such as ThingSpeak using 

IoT technology. The farmer can monitor soil moisture, 

temperature, humidity, and pump status in real time. 

Notifications are sent to the farmer through a GSM 

module when the soil moisture level is low or when 

the pump is turned ON or OFF. 

The proposed system also includes an LCD display to 

show real-time sensor data and a buzzer alert system 

to indicate abnormal conditions. All the components 

such as sensing, processing, actuation, and 

communication are integrated into one cohesive 

system. It promotes efficient water management, 

reduces human intervention, improves irrigation 

accuracy, and prevents water wastage.  

The proposed system supports smart farming and 

provides a reliable and scalable solution for efficient 

cultivation in hilly regions. By combining automation, 

intelligent irrigation, and real-time monitoring, the 

proposed system increases agricultural efficiency. 

Overall, the system provides a sustainable and scalable 

approach to smart agriculture. The system sends real-

time data to the Thing Speak cloud platform and 

provides SMS alerts to farmers, enabling efficient 

water management and smart irrigation for hilly 

regions. 

 
Fig: 1-Flow Chart 

 

VI. SYSTEM DESIGN 

 

The system design for the Smart Agriculture 

Monitoring System has been developed using a 

structured approach to design a system that integrates 

sensing, control, actuation, and communication units. 

The design has been done to achieve automation for 

efficient irrigation, environmental monitoring, and 

real-time communication for smart agriculture in hilly 

regions. 

The system has been divided into four layers: input or 

sensing, processing or control unit, output or 

actuation, and communication. Each component has 

been designed to perform a specific function to 

achieve efficient operation. The sensing layer 

comprises a number of sensors, which perform the role 

of monitoring environmental parameters. A soil 

moisture sensor is used to measure the moisture level 
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in the soil. A temperature sensor and humidity sensor 

are used to monitor environmental conditions. These 

sensors continuously collect data from the agricultural 

field. 

The processing layer comprises a microcontroller. The 

microcontroller acts as the brain of the system. The 

microcontroller receives signals from all the sensors. 

Based on the processed information, the 

microcontroller determines the action needed. The 

microcontroller also acts as a coordinator between the 

different modules in the system. 

The processing layer comprises a microcontroller, 

which can be ESP32. The microcontroller receives 

signals from all the sensors. The signals are then 

processed using predefined algorithms.  

 
Fig2-Block Diagram 

 

The actuation layer comprises different mechanical 

and electrical components that take physical actions 

according to the decisions made by the controller. A 

relay module is used to control the water pump for 

automatic irrigation. When the soil moisture level is 

below the threshold value, the relay turns ON the water 

pump. When the moisture level reaches the required 

level, the relay turns OFF the pump. An LCD display 

is also used to display sensor values and system status. 

The communication layer is achieved by integrating 

IoT technology using ESP32 Wi-Fi module. In this 

system, data is sent in real-time to a cloud server like 

Thing Speak. This enables farmers to access data from 

anywhere using a mobile phone or computer. In 

addition, SMS alerts are sent to the farmer regarding 

the irrigation status and field conditions. 

In addition to the above layers, the system design also 

includes power management and reliability. The 

system provides a stable power supply to all 

components, and energy efficiency is ensured by 

operating the water pump only when required. The 

modular approach in the system design makes it easy 

to maintain, scalable, and adaptable for further 

extensions such as weather prediction and automated 

fertilization. 

In conclusion, the system design provides a 

comprehensive solution by integrating hardware and 

software components. The system design ensures 

efficient water management, automatic irrigation, real-

time monitoring, reduced human effort, and improved 

agricultural productivity, which makes it a suitable 

solution for smart agriculture in hilly regions. 

 

VII. COMPONENTS 

 

1. Microcontroller (ESP32):  

The microcontroller is the main processing unit of the 

system. It collects input data from various sensors, 

processes the information, and controls the output 

devices such as the water pump, LCD display, and 

GSM module. It ensures proper coordination between 

all modules in the system. 

 

2. Temperature Sensor:  

The temperature sensor is used to monitor the 

environmental temperature of the agricultural field. 

This helps in analyzing weather conditions affecting 

crop growth. 

 

3. Humidity Sensor:  

The humidity sensor measures the moisture content 

present in the air. This data helps in monitoring 

environmental conditions for efficient cultivation. 
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4. Relay Module:  

The relay module is used to control the water pump. 

It acts as a switch to turn the water pump ON or OFF 

based on the soil moisture level. 

 

5. Water Pump (Motor):  

The water pump is used for automatic irrigation. It 

supplies water to the field when the soil moisture 

level is below the threshold value. 

 

6. LCD Display:  

The LCD display is used to display sensor values 

such as soil moisture, temperature, humidity, and 

system status. 

 

7. GSM Module:  

The GSM module is used to send SMS alerts to the 

farmer regarding soil condition and irrigation status. 

 

8. Power Supply Unit:  

A regulated power supply unit is used to provide the 

required voltage and current to all components of the 

system for proper functioning.  

 

9. IoT Cloud Platform (ThingSpeak): 

The IoT cloud platform is used to store and monitor 

sensor data in real time. The data collected from soil 

moisture, temperature, and humidity sensors is sent to 

the cloud through the ESP32 Wi-Fi module. Farmers 

can monitor field conditions from anywhere using a 

mobile phone or computer. 

 

VIII. CONCLUSIONS 

 

The Smart Agriculture System designed for efficient 

cultivation in hilly regions offers an efficient and 

intelligent solution to the problems faced in traditional 

farming methods. The incorporation of sensors, 

microcontroller automation, and IoT technology 

effectively addresses problems related to improper 

irrigation, water wastage, and difficulty in monitoring 

environmental conditions. The automation in 

irrigation based on soil moisture minimizes manual 

effort and ensures that crops receive the required 

amount of water. 

Moreover, the real-time monitoring of soil moisture, 

temperature, and humidity through sensors and cloud 

connectivity ensures proper irrigation management 

and improves crop growth. The addition of automatic 

irrigation control enhances water management 

efficiency and supports agriculture in areas where 

manual irrigation is difficult, especially in hilly 

regions. 

In addition, the system also supports data-driven 

decision-making through continuous monitoring and 

notifications, thus allowing farmers to make better 

decisions regarding irrigation and crop management. 

This not only reduces water usage but also increases 

agricultural productivity and efficiency. 

The efficient utilization of water resources and 

automation reduces labor work and saves time and 

energy. With continuous technological improvements, 

this system can be further developed to include 

weather prediction, soil analysis, and automated 

fertilization, which will further improve smart farming 

practices.  

In conclusion, the system has been successfully 

designed and implemented, proving its potential as a 

useful solution for smart agriculture. The system 

improves water management, reduces human effort, 

and increases crop productivity. The system can be 

further enhanced using mobile applications, artificial 

intelligence, and solar power systems for better 

performance in remote and hilly areas. The system 

also enhances precision farming by providing accurate 

and timely data for better decision-making. It helps 

farmers adapt to changing environmental conditions 

and improves overall farm management. The use of 

IoT technology ensures connectivity and accessibility 

from remote locations. 

 

IX. FUTURE SCOPE 

 

1. Advanced Crop Monitoring: Integration of machine 

learning and image processing techniques to 

monitor crop health, detect diseases, and improve 

yield prediction. 

2. Cloud and Big Data Integration: Use of cloud 

platforms to store large volumes of agricultural data 

and perform predictive analysis on soil conditions, 

irrigation patterns, and crop growth. 

3. Weather Prediction Integration: Integration of 

weather forecasting systems to adjust irrigation 

schedules based on rainfall and climate conditions 

4. Scalability and Deployment: Expansion of the 

system for use in large-scale farms, greenhouses, 

and remote agricultural areas. 

5. AI-Based Smart Irrigation: Use of artificial 
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intelligence to optimize irrigation schedules and 

improve water efficiency based on historical and 

real-time data. 

6. IoT-Based Mobile Application: Development of a 

mobile app to monitor real-time field data, control 

irrigation remotely, and receive instant 

notifications. 

7. Water Quality Monitoring: Integration of sensors to 

check water quality (pH level, impurities) to ensure 

suitable irrigation for crops. 

8. AI-Based Predictive Maintenance: Use of AI to 

predict system failures and schedule maintenance in 

advance to ensure uninterrupted operation. 

9. Voice Assistant Integration: Implementation of 

voice-controlled systems to help farmers operate the 

system easily using voice commands in local 

languages. 

Other improvements, such as mobile applications, 

real-time analytics, and automation, not only make the 

system more efficient but also help farmers manage 

their fields more effectively. Moreover, this system 

can be integrated with other smart agriculture 

technologies and government schemes for practical 

implementation. The future scope of this project lies in 

transforming it into a fully intelligent, scalable, and 

sustainable smart farming solution for next-generation 

agriculture. 
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