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Abstract— Efficient water management and real-time 

monitoring are critical challenges in modern agriculture. 

This project proposes a Smart Farming System that 

automates irrigation and monitors environmental 

conditions using embedded systems and sensor technology. 

The system continuously measures soil moisture, 

temperature, and humidity using appropriate sensors. A 

microcontroller processes this data and makes decisions 

based on predefined threshold values. When the soil 

moisture level falls below the required limit, the system 

automatically activates a water pump through a relay 

module, ensuring optimal irrigation. 

Additionally, the system provides real-time feedback 

through a display unit or IoT platform, enabling farmers to 

monitor field conditions remotely. The proposed solution 

minimizes water wastage, reduces manual effort, and 

enhances crop productivity, making it suitable for 

sustainable agriculture. 
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Introduction: 

 
Agriculture plays a vital role in the economic development of 

a country, especially in nations like India where a large portion 

of the population depends on farming for their livelihood. 

However, traditional farming practices often rely on manual 

irrigation and observation, which are time-consuming and 

inefficient. These methods can lead to improper water 

management, resulting in over-irrigation or under-irrigation, 

ultimately affecting crop health and productivity. 

 

With the increasing demand for food and the limited 

availability of water resources, there is a growing need for 

smart and efficient agricultural solutions. Advances in 

embedded systems and sensor technologies have made it 

possible to develop automated systems that can monitor 

environmental conditions and make real-time decisions. 

 

This project focuses on the development of a Smart Farming 

System for automated irrigation and crop monitoring. The 

system utilizes sensors to measure soil moisture, temperature, 

and humidity, which are critical parameters for plant growth. 

A microcontroller processes the collected data and controls 

the irrigation system based on predefined threshold values. 

When the soil moisture level drops below the required level, 

the system automatically activates the water pump, ensuring 

timely irrigation. 

 

In addition to automation, the system can provide real-time 

feedback through a display or IoT platform, enabling farmers 

to monitor field conditions remotely. This approach not only 

improves water efficiency but also reduces manual labor and 

enhances crop yield. 

 

Overall, the proposed system aims to introduce a cost- 

effective, reliable, and scalable solution for modern 

agriculture, promoting sustainable farming practices and 

efficient resource utilization. 

 

 

Objectives of the Study: 

• To design and develop a smart farming system 

capable of automatically controlling irrigation based 

on real-time soil moisture conditions. 

• To continuously monitor environmental parameters 

such as soil moisture, temperature, and humidity 

using sensor-based technology. 

• To implement an automated decision-making 

mechanism that activates or deactivates the water 
pump based on predefined threshold values. 

• To reduce water wastage and improve irrigation 

efficiency through precise and timely water supply. 

• To minimize human intervention in agricultural 

activities by introducing automation. 

https://ijsrem.com/
mailto:jyotischendake@coep.sveri.ac.in
mailto:dnyaneshwarisasabe@coep.sveri.ac.in
mailto:pratikshasdeshmane@coep.sveri.ac.in
mailto:sspawar@coe.sveri.ac.in
mailto:smrutishawale@coep.sveri.ac.in


                 International Journal of Scientific Research in Engineering and Management (IJSREM) 
                           Volume: 10 Issue: 04 | April - 2026                           SJIF Rating: 8.659                                  ISSN: 2582-3930                                                                                                                                               

  

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                         |        Page 2 

• To provide real-time monitoring of field conditions 

through a display unit or IoT-based system. 

• To develop a cost-effective and energy-efficient 

solution suitable for small and medium-scale 

farmers. 

• To enhance crop productivity and support 

sustainable agricultural practices through smart 

technology integration. 

 

 

Initial and Associated Work: 

In recent years, significant research has been carried out in 

the field of smart agriculture, particularly focusing on 

automated irrigation systems and environmental monitoring 

using embedded systems and sensor technologies. These 

studies have contributed to improving farming efficiency, 

reducing resource wastage, and enabling precision 

agriculture. 

 

Early systems for irrigation automation were primarily based 

on timer-controlled mechanisms, where water was supplied 

at fixed intervals regardless of soil conditions. Although 

simple, these systems lacked adaptability and often resulted in 

over-irrigation or under-irrigation, leading to inefficient water 

usage and reduced crop productivity. 

 

With the advancement of sensor technology, researchers 

introduced soil moisture-based irrigation systems. These 

systems utilize soil moisture sensors to measure the water 

content in soil and control irrigation accordingly. When the 

moisture level drops below a certain threshold, the system 

activates the water pump. This approach significantly 

improved water efficiency compared to traditional methods. 

However, many of these systems were limited to basic control 

and lacked additional environmental monitoring capabilities. 

 

Further developments incorporated temperature and 

humidity sensors to provide a more comprehensive 

understanding of environmental conditions affecting crop 

growth. By analyzing multiple parameters, these systems 

enabled better decision-making for irrigation and crop 

management. Some studies also integrated LCD displays to 

provide real-time data feedback to users. 

 

In recent years, the integration of Internet of Things (IoT) 

technology has enhanced smart farming systems by enabling 

remote monitoring and control. IoT-based systems allow 

farmers to access real-time data through mobile applications 

or web platforms. These systems improve convenience and 

allow timely decision-making even from distant locations. 

However, many IoT-based solutions depend heavily on 

continuous internet connectivity and may involve higher 

implementation costs. 

 

Additionally, some advanced systems have explored the use 

of automation with motor control and relay modules to 

manage irrigation systems efficiently. These systems ensure 

precise control of water flow based on sensor data. Despite 

these improvements, challenges such as system cost, power 

consumption, scalability, and reliability in real field 

conditions still exist. 

The proposed smart farming system builds upon these existing 

approaches by integrating soil moisture sensing, 

environmental monitoring, and automated irrigation into a 

single, cost-effective solution. It aims to provide a balance 

between functionality, affordability, and ease of use, making 

it suitable for small and medium-scale fa 

 

 

System Architecture: 

The proposed Smart Farming System is designed by 

integrating hardware and software components to enable 

automated irrigation and real-time monitoring of 

environmental conditions. The architecture focuses on 

simplicity, low cost, and efficient operation, making it 

suitable for practical agricultural applications. 

 

The system mainly consists of sensors, a microcontroller unit, 

a relay-controlled water pump, and an output interface such as 

an LCD display or IoT module 

 

1. Sensor Layer (Data Acquisition) 

 

The first stage of the system involves collecting real-time 

data from the field using sensors: 

 

• Soil Moisture Sensor: Measures the water content in 

the soil and provides analog/digital signals. 

• Temperature and Humidity Sensor 

(DHT11/DHT22): Monitors environmental 

conditions affecting plant growth. 

 

These sensors continuously gather data and send it to the 

microcontroller for processing. 

 

2. Processing Unit (Microcontroller) 

 

The core of the system is the microcontroller (Arduino UNO 

/ NodeMCU), which performs the following functions: 

 

• Reads sensor data at regular intervals 

• Converts analog signals into digital values 

• Compares sensor readings with predefined threshold 

values 

• Executes control logic for irrigation 

 

This unit acts as the brain of the system, making decisions 

based on real-time conditions. 

 

3. Decision and Control Module 

 

The decision-making process is based on threshold logic: 

 

• If soil moisture is below the set limit, irrigation is 

required 

• If soil moisture is above the limit, irrigation is 

stopped 

• A relay module is used to control the water pump 

based on this decision: 
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• Relay ON → Water Pump ON 

• Relay OFF → Water Pump OFF 

 

This ensures automatic and precise irrigation control. 

 

4. Actuation System 

 

The actuation system includes: 

 

• Water Pump: Supplies water to the field 

• Relay Module: Acts as a switch to control the pump 

 

The system ensures that water is supplied only when 

necessary, reducing wastage. 

 

5. Output and Monitoring Layer 

 

The system provides output in the following ways: 

 

• LCD Display: Shows real-time values of soil 

moisture, temperature, and humidity 

• IoT Module (Optional): Sends data to a mobile app 

or cloud platform for remote monitoring 

 

This allows farmers to track field conditions easily. 

 

6. Power Supply 

 

The entire system is powered using a regulated power supply: 

 

• 5V/12V DC supply for microcontroller and 

components 

• Battery or adapter-based power system 

 

Methodology: 

o Sensor Data Acquisition : 

 

Signal processing is an important stage in the Smart Farming 

System, where raw data collected from sensors is refined and 

prepared for accurate decision-making. The signals obtained 

from the soil moisture sensor and temperature-humidity 

sensor may contain noise, fluctuations, or minor 

inconsistencies due to environmental conditions, sensor 

limitations, or electrical interference. Therefore, proper 

processing of these signals is essential to ensure reliable 

system performance. 

 

Initially, the raw analog signals from the soil moisture sensor 

are read by the microcontroller and converted into digital 

values using an internal Analog-to-Digital Converter (ADC). 

Similarly, the temperature and humidity values from the 

DHT11 sensor are received in digital form. These readings are 

then processed to remove noise and irregular variations. 

 

Basic filtering techniques, such as averaging or smoothing, are 

applied to stabilize the sensor readings. This helps in reducing 

sudden spikes or drops in values caused by temporary 

disturbances. After filtering, the data is normalized or scaled 

into a standard range to make it easier for comparison with 

predefined threshold values. 

 

The processed signals are then periodically sampled and 

stored for short durations, allowing the system to observe 

trends rather than relying on a single reading. This improves 

the accuracy of decision-making and prevents false triggering 

of the irrigation system. 

 

 

 

o Signal Processing: 

 

 

Signal processing is an important stage in the Smart Farming 

System, where raw data collected from sensors is refined and 

prepared for accurate decision-making. The signals obtained 

from the soil moisture sensor and temperature-humidity 

sensor may contain noise, fluctuations, or minor 

inconsistencies due to environmental conditions, sensor 

limitations, or electrical interference. Therefore, proper 

processing of these signals is essential to ensure reliable 

system performance. 

 

Initially, the raw analog signals from the soil moisture sensor 

are read by the microcontroller and converted into digital 

values using an internal Analog-to-Digital Converter (ADC). 

Similarly, the temperature and humidity values from the 

DHT11 sensor are received in digital form. These readings are 

then processed to remove noise and irregular variations. 

 

Basic filtering techniques, such as averaging or smoothing, are 

applied to stabilize the sensor readings. This helps in reducing 

sudden spikes or drops in values caused by temporary 

disturbances. After filtering, the data is normalized or scaled 

into a standard range to make it easier for comparison with 

predefined threshold values. 

 

The processed signals are then periodically sampled and 

stored for short durations, allowing the system to observe 

trends rather than relying on a single reading. This improves 

the accuracy of decision-making and prevents false triggering 

of the irrigation system. 

 

By ensuring that only clean, stable, and meaningful data is 

passed to the decision module, the signal processing stage 

enhances the overall reliability, efficiency, and performance 

of the Smart Farming System. 

 

 

o Decision Module: 

 
The Decision Module is the core component of the Smart 

Farming System, responsible for analyzing sensor data and 

determining the appropriate action for irrigation control. It 

receives processed data from the microcontroller, which 

includes soil moisture, temperature, and humidity values, and 

applies predefined logic to make real-time decisions. 

 

The module operates based on threshold-based decision 

logic. A specific soil moisture threshold is set according to the 

crop requirement. When the measured soil moisture value 
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falls below this threshold, the system identifies the condition 

as dry soil and triggers the irrigation process. Conversely, 

when the soil moisture level reaches or exceeds the threshold, 

the system recognizes that sufficient water is present and stops 

irrigation. 

 

To enhance reliability, the decision module ensures 

continuous monitoring and periodic evaluation of sensor data. 

This helps avoid unnecessary switching of the water pump due 

to minor fluctuations in readings. The module can also 

consider environmental parameters such as temperature and 

humidity to support better decision-making, especially in 

varying climatic conditions. 

 

The final decision is executed through the relay module, 

which controls the ON/OFF state of the water pump. This 

automated decision-making process reduces human 

intervention, improves water efficiency, and ensures that 

crops receive the optimal amount of water. 

 

Overall, the decision module transforms raw sensor data into 

meaningful actions, enabling the system to function 

intelligently and efficiently in real-time agricultural 

environments. 

 

 

 

Experimental Setup: 

 
The Smart Farming System is based on the principle of 

sensor-based monitoring and automatic control of 

irrigation using embedded systems. The system works by 

continuously measuring environmental parameters such as 

soil moisture, temperature, and humidity, which are essential 

factors affecting plant growth. 

 

The soil moisture sensor operates on the principle of 

electrical conductivity. It measures the volumetric water 

content in the soil by detecting changes in resistance between 

its probes. When the soil is wet, conductivity increases, 

resulting in lower resistance, whereas dry soil shows higher 

resistance. This variation is converted into an electrical signal 

that is sent to the microcontroller. 

 

The temperature and humidity sensor (DHT11) measures 

atmospheric conditions. Temperature affects evaporation and 

plant metabolism, while humidity influences transpiration. 

Monitoring these parameters helps in maintaining optimal 

conditions for crop growth. 

 

The microcontroller (Arduino/NodeMCU) acts as the 

central processing unit of the system. It reads sensor data, 

processes it, and compares the values with predefined 

threshold levels. Based on this comparison, it determines 

whether irrigation is required or not. 

 

The relay module functions as an electronic switch, allowing 

the microcontroller to control high-power devices like a water 

pump. When the soil moisture level falls below the threshold, 

the microcontroller sends a signal to activate the relay, which 

turns ON the pump. Once the soil reaches the desired moisture 

level, the relay is deactivated, turning OFF the pump. 

The system follows a closed-loop control mechanism, where 

continuous feedback from sensors ensures accurate and 

automatic decision-making. This approach minimizes water 

wastage and ensures that crops receive the required amount of 

water at the right time. 

 

Thus, the integration of sensors, microcontroller, and control 

mechanisms forms an efficient automated irrigation system, 

supporting smart and sustainable farming practices. 

 

 

Result and Discussion: 

The developed Smart Farming System was tested under 

different soil and environmental conditions to evaluate its 

performance and reliability. The system successfully 

monitored soil moisture, temperature, and humidity in real 

time and responded accurately based on predefined threshold 

values. When the soil moisture level dropped below the set 

limit, the water pump was automatically activated through the 

relay module, and it was turned off once the desired moisture 

level was achieved. This ensured efficient water usage and 

prevented both over-irrigation and under-irrigation. The 

system demonstrated stable operation during continuous 

monitoring and responded quickly to changes in soil 

conditions. Additionally, the real-time data displayed on the 

LCD and optional IoT interface allowed easy tracking of field 

parameters. Overall, the system proved to be effective, cost- 

efficient, and reliable for small-scale smart farming 

applications. However, minor variations in sensor readings 

due to soil type and environmental factors were observed, 

indicating the need for proper calibration. The results confirm 

that the proposed system can significantly reduce manual 

effort, conserve water, and improve crop productivity. 

 

 

Limitations and Future Scope: 

o Limitations: 

Despite the effective performance of the proposed Smart 

Farming System, certain limitations were observed during its 

implementation and testing. The accuracy of the system 

largely depends on the reliability and calibration of the 

sensors, as variations in soil type, temperature, and 

environmental conditions can affect sensor readings. The 

system operates based on predefined threshold values, which 

may not be suitable for all types of crops and soil conditions 

without proper adjustment. Additionally, the current design is 

limited to small-scale applications and may require further 

enhancement for large agricultural fields. The dependence on 

a continuous power supply can also affect system 

performance in remote areas where electricity availability is 

inconsistent. Moreover, the system does not consider external 

factors such as rainfall, weather forecasts, or soil nutrients, 

which play an important role in crop growth. Therefore, while 

the system is efficient for basic irrigation automation, further 

improvements are required to make it more robust, adaptive, 

and suitable for diverse farming conditions. 
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o Future Scope: 

The proposed Smart Farming System offers significant 

potential for further enhancement and expansion. In future, 

the system can be integrated with advanced sensors such as 

pH sensors, nutrient sensors, and rain sensors to provide a 

more comprehensive analysis of soil and environmental 

conditions. The inclusion of weather forecasting data can help 

in making more intelligent irrigation decisions by considering 

rainfall predictions and climate changes. 

 

Additionally, the system can be upgraded with IoT-based 

mobile applications, allowing farmers to monitor and control 

irrigation remotely in real time. The use of solar panels can 

make the system energy-efficient and suitable for rural areas 

with limited power supply. Further improvements can include 

the implementation of automated fertigation systems, where 

fertilizers are supplied along with irrigation water in 

controlled amounts. 

 

The system can also be expanded using wireless sensor 

networks for large-scale farming applications, enabling 

coverage of bigger agricultural fields. Integration with data 

analytics and machine learning techniques can help in 

predicting crop health, optimizing irrigation schedules, and 

increasing overall productivity. Thus, the proposed system 

can evolve into a fully intelligent and autonomous smart 

farming solution in the future. 

 

 

References: 

1. A. Monteiro, “Precision Agriculture for Crop and 

Livestock Farming: A Review,” Frontiers in Sustainable 

Food Systems / PubMed Central, 2021. Available: PMC 

article. 

2. C. M. Pareek, “A mechatronic seed metering control 

system for improving seed spacing,” ScienceDirect, 2023. 

3. M. Skoczeń, “Obstacle Detection and Avoidance Using 

Ultrasonic/LiDAR for Agricultural Mobile Robots,” 

Sensors, vol. 21, 2021. 

4. H. Guo, “Design and Simulation of a Garlic Seed 

Metering Mechanism,” Agriculture (MDPI), 2021. 

5. J. Minfeng, “Optimal Structure Design and Performance 

Tests of Seed Metering Device,” ScienceDirect, 2018. 

6. J. Liang, “A Precise Simultaneous Sowed Control System 

for Maize,” Agriculture (MDPI), 2024. 

7. E. Šarauskis, “Variable Rate Seeding in Precision 

Agriculture,” Agriculture, vol. 12, 2022. 

8. H. N. Azmi, “Design and Fabrication of an Agricultural 

Robot for Crop Seeding,” Procedia / ScienceDirect, 2023. 

9. G. Jun, “Design and simulation for seeding performance 

of high-efficiency corn seed planter,” PMCID/Science, 

2022. 

10. G. Raveendran, “A Comprehensive Systematic 

Review of Precision Planting,” MDPI, 

https://ijsrem.com/

