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Abstract
Water shortage and in efficient irrigation were the major problems in modern agriculture especially in systems like
vertical farming. Traditional irrigation methods usually follow fixed timings or schedule and do not adjust based on
the real time environmental conditions which often leads to the unnecessary water usage and also the lower
efficiency.

Our project presents ECOIRRIGATE, an Al based smart irrigation system that helps us water more efficiently
were water loss is less and the investment is also less which needs is eventually to more efficiency and farmer
friendly. The system uses a Random Forest model to predict soil moisture and a Logistic Regression model to
predict whether it will rain or not. Based on these predictions, it designs whether irrigation should be turned on or
off ensuring that water is used much more efficiently.

To keep the system cost effective, it is developed using a simulation that mimics real sensor data such as soil
moisture, temperature and humidity. A simple dashboard is also included here to display live data, predictions and
irrigation status, whether it's on or off.

The results show that usage of this system significantly reduces unnecessary irrigation compared to traditional
methods. So, ECOIRRIGATE shows how combining Al with smart decision making can improve water wastage
and support and sustainable and budget friendly farming practices.

Keywords: Artificial Intelligence (Al), Smart Irrigation, Vertical Farming Systems, Machine Learning, Random
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1. Introduction
As the population keeps growing, the demand for food has increased rapidly at the same time climate change is
also unpredictable. Which is affecting the farming more? The biggest problem today we are facing is the over use
of water in agriculture, since farming is an occupation which consumes a lot of freshwater. Because of this it is a
strong necessity for smart and more efficient ways to use water.

So the vertical forming has come up as a modern solution where it helps the agriculture industry with the help of
Al. Here the crops are grown indoors in a control environment. It saves space and reduces the dependence on
weather conditions. Traditional systems fixed timing did not consider day to day factors a farmer would face, like
soil moisture, temperature, humidity and rainfall. This method can give plants too much or two little water, which
is wasting of resources and also affects the plant growth

So with the help of Artificial Intelligence (Al) and Machine Learning (ML) , we can say that we have better ways
to solve this problem. These technologies help in analyzing data and predicting future conditions and smart
decisions can be taken which leads to saving of major resource, that's water. So, instead of watering them at fixed
timing, we can customize the irrigation on the basis of their actual needs..
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In this particular project, we introduce ECOIRRIGATE, a smart irrigation system powered by Al. It predicts soil
moisture and rainfall using machine learning models that we have created and decides whether irrigation is needed.
Since we have built this system using a simulation environment it works without expensive hardware. The main
goal of us is to reduce water wastage, improve efficiency and support sustainable farming

2. LITERATURE REVIEW

Proper water management in agriculture and cropping has to be considered a critical research area, considering the
amount of ground water levels in countries and especially urban areas. Water management techniques can now
implement Machine Learning, Al, IoT, Drone technology to agriculture to prevent the wastage of water and to
move towards smarter farming techniques, combined with vertical farming.

Worldwide, a lot of studies and research programs have been conducted to solve the problem of water wastage and
prevention of possibly running out of the most important recourse: Fresh water. Diving into the studies already
conducted on this.

A study by Gu et al. [1] proposed a model of soil moisture prediction based on neural network for irrigation
scheduling and their model successfully demonstrated that it is possible to capture complex interactions between
environmental parameters and soil moisture using machine learning algorithms, which can ultimately lead to the
betterment.

Likewise, Chen et al. [14] explored hybrid machine learning algorithms to predict soil moisture and found that
combination of different algorithms leads to higher accuracy of predictions.

Deep reinforcement learning (DRL) was introduced by Saikai et al. [2] as an irrigation scheduling algorithm that
uses high dimensional sensor data. The DRL algorithm learns about the environment to provide efficient irrigation
scheduling. Deep reinforcement learning algorithms allow for making adaptive decisions. However, they need
many computational resources and data to train the algorithm properly. The works of Agyeman et al. [6] expanded
the concept of DRL in order to incorporate machine learning into MPC approaches.

The work by Bhardwaj and Sharma [3] provided an overview of the use of Al in precision irrigation and the
significance of predictive models in enhancing water efficiency and boosting agricultural output. From their
findings, the researchers noted that the use of Al enhances automation and minimises the involvement of humans.
Similarly, Singh et al. [5] explored Al-supported climate smart agriculture with the adoption of sustainable
resource management and protection.

An assessment of the different machine learning techniques used in smart irrigation systems was conducted by Li
et al. [4]. According to their findings, ML-powered irrigation systems outperform the time-based irrigation
methods owing to their ability to respond to prevailing conditions. The effectiveness of machine learning models in
precision irrigation depends on the use of sensor data, according to Kim et al. [10].

Current investigations on this matter have yielded substantial evidence showing how the combination of IoT and
artificial intelligence (AI) in smart irrigation can be very useful. In one such study, Jones et al. [8] created an
irrigation system using IoT that makes use of real-time data gathered by sensors and uses machine learning (ML)
algorithms in decision-making. Another investigation by Kumar and Patel [9] created an Al-based water
optimization system, utilizing loT and predictive analytics in improving irrigation efficiency.

Investigations have been conducted involving irrigation control systems employing Artificial Neural Networks
(ANN). One such research was done by Raza et al. [11], wherein they created a system for smart irrigation using
ANN models that effectively improve water usage and productivity of crops. Another study conducted by Verma et
al. [12] explored the application of Al technology in vertical farming and identified automation as an essential
component in closed-environment agriculture.
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According to the research by Brown and her colleagues the irrigation systems should take a lot of things like
environmental forecasting into account in order to conserve water.

Although there has been significant research being done in this field the irrigation systems at present still do
depend on physical sensors, have a very complex hardware setup that makes it inconvenient for the farmers to use
it, high maintenance and repair costs making it a not very considerable option for the farmers, many such models
depend heavily on a lot of real world data making them very less accessible for small scale farming lands.

So we understand that even though there has been a huge difference in research and knowledge regarding this
topic, the implementation and working scale models of these proposed or researched topics is not still being done,
and this gap can be filled by putting Al and ML to proper use.

3. PROPOSED METHODOLOGY

3.1 Problem Statement

Agricultural practices and vertical farming systems depend on traditional irrigation methods which follow
predetermined time schedules while ignoring current weather conditions. The systems fail to adapt and predict
future needs which results in water waste because they use too much water during irrigation. The systems fail to
forecast future soil moisture conditions and upcoming rainfall events which leads to their inability to handle
irrigation needs during agricultural operations. The decision-making process gets affected because of this limitation

which results in excessive water usage and insufficient irrigation that harms plant development and environmental
health.

The development of a smart irrigation system needs to happen because it analyzes environmental data to forecast
future weather patterns which will then make irrigation decisions automatically. The ECOIRRIGATE system
resolves this problem through its combination of machine learning models and rule-based logic which enables
vertical farming systems to manage their water resources safely and effectively.

3.2 Objectives
The ECOIRRIGATE system has established its primary goals which include

* The creation of a machine learning model which will forecast soil moisture levels by analyzing past
environmental data.

e The establishment of a rainfall prediction system which will enhance irrigation management through its
ability to decrease excessive water application.

o The development of an intelligent irrigation system which will use predictive analysis to manage water
resources efficiently.

e The creation of a simulation system which will model vertical farming environmental conditions through
software without needing actual sensor equipment.

e The development of an accessible dashboard which displays environmental data and irrigation progress to
users in real time.

3.3 Methodology

The ECOIRRIGATE system implements an intelligent irrigation system through a simulation-based framework
which combines automated decision-making with data-driven prediction models. The system begins by acquiring
environmental data which includes soil moisture and temperature and humidity and rainfall information. The
system uses virtual sensors to produce actual environmental data because it operates as a simulation. The data
collected from the system undergoes preprocessing which includes normalization and noise reduction to achieve
accurate and consistent results.
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The processed dataset is then used to train a Random Forest Regression model for soil moisture prediction. The
model was chosen because it can process nonlinear environmental variable relationships while achieving accurate
predictions. The model uses historical data to show upcoming soil moisture levels which will occur in response to
present-day environmental conditions.

The implementation of a rainfall prediction module uses a Logistic Regression model to classify weather
conditions into two categories of rainfall and no rainfall. The system uses binary classification to identify which
irrigation schedules need postponement because of predicted rain. The predicted outputs from both models are then
passed to an intelligent decision-making system. The algorithm uses threshold-based rules to evaluate predictions
and make decisions about irrigation actions. Irrigation becomes active only when soil moisture drops below a
specific threshold and rainfall prediction indicates dry conditions.

The system applies irrigation only during essential periods which leads to water conservation and operational
efficiency. The system maintains active prediction and decision updates by using current simulated data to manage
irrigation operations.

3.4 Workflow of the Proposed System

The ECOIRRIGATE system implements its irrigation management process through a series of operational steps
which occur in their established order. The process begins with data acquisition, where environmental parameters
such as soil moisture, temperature, humidity, and rainfall are obtained from simulated sensors. The prediction
models receive these inputs as their input data. The system uses its Random Forest model to forecast soil moisture
levels while using its Logistic Regression model to predict upcoming rainfall. The predictions give information
about upcoming environmental conditions. The system starts its decision process after making predictions, which it
performs according to established criteria. The system uses decision logic to determine when to start or stop
irrigation. The irrigation control module implements its decision by turning the irrigation system ON or OFF. The
system continuously repeats its entire operational process to maintain its ability to adjust to new environmental
conditions.

System Architecture
System Architecture

The ECOIRRIGATE smart irrigation system system architecture operates through modular system design which
provides both scalable capacity and operational flexibility while maintaining operational efficiency. The system
architecture comprises five primary structural components which build the system. The system consists of
following components:

1. The Data Input Layer

Simulated sensors generate environmental data which includes soil moisture and temperature and humidity and
rainfall conditions.

2. The Prediction Layer

The machine learning models execute data processing through two models which include: Random Forest
Regression for soil moisture prediction and Logistic Regression for rainfall prediction.

3. The Decision Layer

The rule-based decision engine uses threshold conditions to evaluate predicted values which it uses to establish
irrigation needs.
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4. The Control Layer

The decision engine establishes system control for the irrigation system which activates or deactivates irrigation
based on its determined decisions.

5. The Visualization Layer

6. The graphical dashboard presents real-time environmental data together with predictions and irrigation status
which enables users to monitor the system and interact with it.

The system uses a layered architecture which provides continuous data processing and effective system operation
and precise decision production throughout the organization.
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Fig. 2. System Architecture of the Proposed ECOIRRIGATE Smart Irrigation System

Algorithms and Models Used

The ECOIRRIGATE system integrates multiple algorithms to achieve efficient irrigation management:

1. Random Forest Regression Algorithm

This algorithm is used for soil moisture prediction. It constructs multiple decision trees and aggregates
their outputs to improve accuracy and reduce overfitting. It is particularly effective for handling nonlinear
relationships between environmental variables.

2. Logistic Regression Algorithm

Used for rainfall prediction, this model performs binary classification to determine whether rainfall is
expected. It provides probabilistic outputs that assist in decision-making.
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3. Threshold-Based Decision Algorithm

This rule-based algorithm determines irrigation actions based on predicted values. The logic is defined as:

e Ifsoil moisture < threshold AND rainfall = No — Irrigation ON
e Flse — Irrigation OFF

This hybrid approach ensures accurate and efficient irrigation scheduling.

3. RESULTS AND DISCUSSION

To determine how well the ECOIRRIGATE system optimized irrigation, it was tested in a vertical agricultural
simulation. The findings show that by basing decisions on anticipated environmental circumstances rather than set
schedules, the system effectively minimizes needless irrigation. While rainfall forecasting helps avoid unnecessary
watering during anticipated precipitation, the application of machine learning algorithms allows for precise
prediction of soil moisture levels. By ensuring that crops receive the necessary amount of water without using too
much, the system exhibits adaptability to changing environmental conditions. ECOIRRIGATE offers better
resource management, decreased water waste, and increased efficiency as compared to conventional irrigation
systems. The conversation emphasizes how crucial it is to include intelligent decision-making and predictive
analytics into contemporary agriculture in order to meet sustainability objectives.

4. CONCLUSION
The research presents ECOIRRIGATE, which functions as an artificial intelligence smart irrigation system
that improves water management for vertical farming operations. The system achieves water conservation
through its three components which include soil moisture prediction and rainfall forecasting and intelligent
irrigation scheduling to provide optimal growing conditions.

The simulation-based implementation demonstrates that advanced irrigation systems can be developed
without relying on expensive hardware components, making the solution cost-effective and scalable. The
proposed system contributes to sustainable agriculture and demonstrates how artificial intelligence serves
as a critical tool for precision farming and resource optimization efforts.
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