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Abstract:

Water scarcity and inefficient irrigation practices remain major challenges in modern agriculture,  
leading to reduced crop yield, resource wastage, and increased production costs. The proposed 
project, “IoT and Edge AI-Based Precision Agriculture System for Water Optimisation,” aims to 
develop an intelligent, real-time irrigation management system that optimises water usage through 
data-driven decision-making at the edge.

The  system  integrates  Internet  of  Things  (IoT)  sensors  such  as  soil  moisture,  temperature, 
humidity, and light intensity sensors to continuously monitor field conditions. The collected data is 
processed locally using an Edge AI module, enabling real-time analysis and predictive irrigation 
control without relying entirely on cloud connectivity. By deploying machine learning algorithms 
at the edge, the system can determine optimal watering schedules based on soil conditions, crop 
requirements, and environmental factors, thereby minimising water wastage and ensuring efficient 
irrigation.

A cloud platform is incorporated for long-term data storage, visualisation, and remote monitoring 
via a web or mobile dashboard. This hybrid architecture enhances scalability, reduces latency, and 
improves reliability in rural areas with limited internet connectivity. Automated irrigation control 
using smart valves or pumps ensures precise water delivery tailored to specific crop zones.
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1. INTRODUCTION

Agriculture plays a vital role in the economic development of many countries and remains a 
primary source of livelihood for a large segment of the population. However, one of the most 
critical challenges faced by modern agriculture is the efficient management of water resources. 
With increasing water scarcity and unpredictable climatic conditions, optimising water usage has 
become essential for ensuring sustainable crop production and long-term agricultural growth. 
Proper irrigation management is crucial for maintaining soil health, improving crop yield, and 
minimising resource wastage.

In traditional farming practices, irrigation is often carried out based on fixed schedules or manual 
observation of field conditions. This method is not only time-consuming but also lacks precision 
and consistency. As a result, over-irrigation or under-irrigation frequently occurs, leading to water 
wastage, soil degradation, and reduced crop productivity. Moreover, the absence of real-time 
monitoring makes it difficult for farmers to respond effectively to dynamic environmental changes, 
further impacting agricultural efficiency.

With the rapid advancement of technology, the integration of the Internet of Things (IoT) and Edge 
Artificial Intelligence (Edge AI) is transforming conventional agriculture into smart and precision-
based farming. IoT enables the deployment of sensors and connected devices to continuously 
monitor environmental parameters such as soil  moisture,  temperature, humidity, and weather 
conditions. Meanwhile, Edge AI allows data processing and intelligent decision-making to occur 
locally  at  the  device  level,  reducing  latency  and  dependency  on  cloud  connectivity.  This  
combination ensures faster response times, improved reliability, and efficient resource utilisation.

In this context, an IoT and Edge AI-Based Precision Agriculture System for Water Optimisation is 
proposed to address the limitations of traditional irrigation methods. The system will utilise sensor 
nodes integrated with microcontrollers to collect real-time data from the agricultural field. This 
data will be processed at the edge using AI-based algorithms to determine optimal irrigation 
requirements. Based on the analysis, the system can automatically control irrigation systems, 
ensuring that crops receive the right amount of water at the right time.

Additionally, the system will be connected to a cloud platform for data storage, visualisation, and 
long-term analysis. Farmers will be able to monitor field conditions remotely through mobile or 
web-based dashboards, enabling better decision-making and improved farm management. The 
integration of IoT and Edge AI will significantly reduce water wastage, lower operational costs, 
and minimise the need for manual intervention.

The proposed system is expected to provide a cost-effective, scalable, and user-friendly solution 
suitable  for  small  and  medium-scale  farms.  It  will  enhance  water-use  efficiency,  support 
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sustainable agricultural practices, and improve overall crop productivity. Furthermore, this study 
highlights the potential of combining IoT and Edge AI technologies to drive the future of smart 
agriculture, ensuring efficient resource management and environmental conservation.

2. LITERATURE SURVEY

     Peng & Zhang (2025) [1] proposed an advanced IoT and Machine Learning-based smart 
irrigation system aimed at  improving water efficiency in agricultural  practices.  Their system 
integrates soil moisture and temperature sensors to continuously monitor environmental conditions 
in real time. The collected data is transmitted to a central processing unit, where machine learning 
algorithms are applied to analyse patterns and predict irrigation requirements. The system uses 
predictive models to determine the exact amount of water needed by crops, thereby avoiding 
unnecessary irrigation. This approach not only enhances crop growth but also ensures optimal 
utilisation of available water resources.

The experimental results of their system demonstrated high prediction accuracy and a significant  
reduction in water wastage compared to traditional irrigation methods. By using machine learning 
techniques, the system can adapt to changing environmental conditions and provide more precise 
irrigation recommendations. One of the key features of this work is the use of intelligent algorithms 
for decision-making, which improves system efficiency and reliability. This study highlights the 
importance of integrating IoT with machine learning to achieve smart and sustainable agricultural 
solutions.

      Amit Kumar et al. (2026) [2] developed an IoT-based smart irrigation system integrated with  
edge computing and LoRa communication technology.  The system utilises  multiple  sensors, 
including soil moisture, temperature, and humidity sensors, to monitor environmental parameters 
in agricultural fields. The use of LoRa technology enables long-range wireless communication, 
making  the  system  suitable  for  large-scale  farming  areas  where  traditional  communication 
methods may not be effective. The collected data is processed locally using edge computing, 
reducing the dependency on cloud infrastructure and enabling faster decision-making.

The system demonstrated reliable  real-time monitoring and efficient  irrigation control  under 
various environmental conditions. By processing data at the edge, the system minimises latency 
and  ensures  quick  response  to  changes  in  soil  moisture  levels.  The  use  of  low-power 
communication  technology  also  improves  energy  efficiency,  making  the  system suitable  for 
remote and resource-limited areas. The notable feature of this system is its ability to provide long-
range communication with minimal power consumption, combined with intelligent edge-based 
processing for better performance.            

      Hasib et al. (2026) [3] introduced an IoT-based smart irrigation system that utilises cloud 
computing for monitoring and control of agricultural processes. The system employs soil moisture 
sensors and DHT sensors to collect real-time data related to soil condition, temperature, and 
humidity. This data is transmitted to a cloud platform, where it is processed and analysed to 
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determine  irrigation  requirements.  Based on predefined conditions,  the  system automatically 
activates or deactivates the irrigation system, ensuring efficient water usage.

The system achieved approximately 92% accuracy in irrigation control and demonstrated water 
savings of  up to 40% compared to conventional  methods.  The cloud-based approach allows 
farmers to monitor and control the system remotely using mobile devices or web applications.  
However,  the  system  depends  on  continuous  internet  connectivity,  which  may  limit  its 
performance  in  remote  areas.  The  key  feature  of  this  work  is  its  ability  to  provide  remote 
monitoring  and  control  through  cloud  integration,  improving  convenience  and  efficiency  in 
agricultural operations.

      Taueatsoala et al. (2026) [4] proposed an advanced smart irrigation system based on IoT and 
Tiny  ML, which is a form of Edge AI designed for low-power devices. The system integrates 
sensors such as soil moisture, temperature, and pH sensors to collect environmental data. Unlike 
traditional systems that rely on cloud processing, this system performs data analysis locally on 
edge devices. This approach reduces latency and enables real-time decision-making directly at the 
source of data collection.

The  system achieved  an  impressive  accuracy  of  approximately  99% in  predicting  irrigation 
requirements,  demonstrating  the  effectiveness  of  Edge  AI  in  agricultural  applications.  By 
processing  data  locally,  the  system  ensures  faster  response  times  and  improved  reliability, 
especially in areas with limited internet connectivity. The notable feature of this system is the use 
of Tiny ML for efficient and intelligent processing on resource-constrained devices. This study 
highlights the potential of Edge AI in developing smart and autonomous agricultural systems.

     Jiang et al. (2025) [5] developed an innovative IoT-based agriculture system that combines Edge 
AI with advanced data processing techniques, including large language models (LLMs). The 
system collects data from multiple sensors and processes it locally to provide real-time insights and 
decision-making. The integration of Edge AI allows the system to analyse complex data patterns 
and  respond  quickly  to  environmental  changes,  improving  irrigation  efficiency  and  crop 
management.

The system demonstrated high efficiency and reliability in handling real-time agricultural data. By 
combining IoT with advanced AI techniques, the system can perform predictive analysis and 
optimise resource usage.
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3. PROPOSED METHODOLOGY

The proposed IoT and Edge AI-Based Precision Agriculture System for Water Optimisation is 
designed to monitor field conditions in real time and automate irrigation to reduce water wastage. 
Initially, soil moisture, temperature, humidity, and pH sensors are deployed in the agricultural field 
to  continuously  collect  environmental  and  soil  data.  These  sensors  are  interfaced  with  a 
microcontroller-based unit that gathers and transmits the readings for processing.

An edge computing device processes the collected data locally to ensure fast and reliable decision-
making without continuous internet dependency. The raw sensor data is preprocessed to remove 
noise and normalise values. A lightweight Edge AI model, trained using historical agricultural  
data,  analyses soil  moisture levels and environmental  conditions to predict  the precise water 
requirement of crops. Based on the model’s output, the system automatically controls irrigation 
components such as water pumps and solenoid valves. When soil moisture drops below the optimal 
threshold, irrigation is activated, and once the desired level is achieved, the system stops water flow 
to prevent over-irrigation. A flow sensor monitors water usage to ensure accurate distribution.
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4. CONCLUSION

The IoT and Edge AI-Based Precision Agriculture System provides an intelligent, adaptive, and 
resource-efficient solution for modern farming challenges. By combining IoT sensors, Edge AI, 
and automated irrigation, the system ensures optimal water usage, reduces wastage, improves crop 
yield, and supports sustainable agriculture. Optional cloud integration enables remote monitoring 
and historical data analysis, enhancing farm management. This project demonstrates the potential 
of smart agriculture technologies to transform traditional farming into a precise, efficient, and 
environmentally responsible practice.
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