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Abstract: Water scarcity and inefficient irrigation practices pose significant challenges in agriculture and
home gardening. Traditional irrigation methods often lead to overwatering or under watering, affecting
plant health and wasting resources. This research presents an loT-based Automatic Plant Watering System,
integrating NodeMCU ESP8266, multiple sensors, and a Flutter-based mobile application to optimize
irrigation. The system uses a soil moisture sensor to determine water needs, a DHTII sensor for
temperature and humidity monitoring, an ultrasonic sensor for water level detection, and a relay module to
control the water pump. Sensor data is stored in an SQL database and displayed in real-time on the mobile
app, allowing users to monitor conditions remotely. The proposed system enhances water efficiency,
reduces manual effort, and promotes smart gardening solutions. Experimental results show that this system
reduces water usage by 30-50%, making it a sustainable and cost-effective approach to irrigation
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I. INTRODUCTION
Watering plants is an essential yet time-consuming task for farmers and gardeners. Improper irrigation techniques result
in water wastage, poor plant growth, and soil degradation. Traditional irrigation methods rely on manual watering or
timer-based irrigation systems, which do not account for real-time soil moisture levels. The Internet of Things (IoT)
provides a promising solution by enabling automated, sensor-based irrigation systems that optimize water usage based
on environmental conditions.

II. STATEMENT PROBLEM

e  Current irrigation methods face several challenges:

e Overwatering can lead to root rot and plant diseases.

e  Underwatering results in poor plant growth and crop failure.

e  Water wastage due to inefficient irrigation practices.

e  Manual effort required for regular watering
To overcome these limitations, an IoT-based Automatic Plant Watering System is proposed. The system monitors soil
moisture, temperature, humidity, and water tank levels, automatically activating the water pump when required. The
Flutter-based mobile application enables real-time monitoring and remote control of the system, making plant care
more efficient and sustainable.

I11. OBJECTIVES
The primary objectives of this research are:
e To design and implement an [oT-based smart irrigation system using NodeMCU ESP8266.
e To integrate soil moisture, temperature & humidity, and water level sensors for real-time monitoring.
e To develop a Flutter-based mobile application for remote control and monitoring.
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e To store and analyze sensor data using an SQL database.
e To evaluate the system's efficiency in reducing water usage compared to traditional methods.

Scope of the Study

This system is designed for home gardens, small-scale farms, and greenhouse applications. It is Wi-Fi- dependent,
meaning it is best suited for environments with stable internet connectivity. The system can be scaled up for larger
agricultural applications with additional hardware modifications.

Significance of the Study

This research contributes to smart agriculture and water conservation by providing a cost-effective, automated, and
user-friendly irrigation solution. The integration of IoT, database management, and mobile applications demonstrates a
practical approach to improving irrigation efficiency.

IV. METHODOLOGY
System Architecture
The system consists of four main layers:
Sensing Layer — Collects real-time environmental data using:
e  Soil Moisture Sensor — Detects soil water content.
DHT11 Sensor — Measures temperature and humidity.
e  Ultrasonic Sensor — Monitors the water level in the storage tank.
Processing Layer — The NodeMCU ESP8266 microcontroller:
e  Analyzes sensor data.
e  Controls the relay module to switch the water pump ON/OFF.
e Sends real-time data to the SQL database via Wi-Fi.
Storage & Communication Layer —
e  Sensor readings are stored in an SQL database for historical analysis.
e The mobile app retrieves data using HTTP requests.
Application Layer —
e A Flutter-based mobile app displays live sensor data.
e  Users can manually override the pump operation.
e Sends alerts/notifications for low moisture or empty tank conditions.

Hardware Components
e NodeMCU ESP8266: -Main controller for data processing and Wi-Fi communication.
e Soil Moisture Sensor: -Detects soil water content and determines irrigation need.
e DHTI11 Sensor: -Measures temperature and humidity 4.Ultrasonic Sensor: -Monitors water level in the tank.
e Relay Module Controls: - the water pump based on moisture readings.
e  Water Pump: -Supplies water to plants.

Software Components
e  Flutter (Dart): -Develops the mobile application for remote monitoring.
e SQL Database: -Stores sensor data for real-time and historical analysis.
e Arduino IDE: -Used for programming the NodeMCU microcontroller.
e  Wi-Fi Communication: - Enables data transfer between NodeMCU, database, and app.
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System Workflow
Sensors Collect Data

e Soil moisture, temperature, and water level readings are measured in real- time.
Data Processing & Decision Making

e Ifsoil moisture < threshold, the pump is activated.

e If the water tank is empty, the pump remains OFF, and an alert is sent.
Data Storage & Transmission

e Sensor data is sent to the SQL database via Wi-Fi.
Mobile App Interaction

e  Users monitor real-time data.

e  Users can manually control the pump if needed.
Notifications & Alerts

e  Alerts are sent when soil moisture is too low or the tank is empty

Objectives
The Automatic Plant Watering System aims to enhance irrigation efficiency through IoT-based automation. The
specific objectives of the project are:
e To develop an IoT-based smart irrigation system using NodeMCU ESP8266 for automatic plant watering.
e To integrate multiple sensors (soil moisture, temperature & humidity, ultrasonic) for real-time monitoring of
environmental conditions.
e To design a mobile application using Flutter that allows users to monitor sensor data and control the pump
remotely.
e To store and analyze sensor data in an SQL database for historical trends and future optimization.
e To improve water efficiency and reduce manual labor by automating irrigation based on real-time soil
moisture levels.
e To send notifications and alerts to users when the soil moisture is too low or the water tank is empty.

Advantages
The proposed Automatic Plant Watering System offers several benefits:
e  Water Conservation — Reduces water wastage by 30-50% compared to manual watering.
e Automated & Efficient — Plants receive water only when needed, optimizing irrigation.
e Remote Monitoring & Control — The mobile app allows users to check soil moisture, water levels, and turn the
pump ON/OFF remotely.
e Low Maintenance — Once installed, the system operates with minimal human intervention.
e  User-Friendly Interface — The Flutter-based app provides a simple and interactive Ul for real-time monitoring.
e  Cost-Effective — The system is built using affordable components (NodeMCU, sensors, relay, pump).
e Sustainable Solution — Helps in smart gardening and precision agriculture, reducing resource wastage.
e  Scalability — Can be expanded for large farms and commercial applications with additional sensors.

Disadvantages
Despite its advantages, the system has some limitations:
e Internet Dependency — The system requires a stable Wi-Fi connection for real-time monitoring and control.
e  Power Supply Issues — It relies on continuous electricity, which may be a challenge in remote areas.
e Limited Coverage — The range of Wi-Fi-based communication may not be suitable for very large fields.
e Initial Setup Cost — Though cost-effective in the long run, the initial hardware setup may require investment.
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e Sensor Accuracy Variations — Environmental factors (e.g., humidity, soil type) may affect sensor readings,

requiring periodic calibration.
e Single Point of Failure — If the NodeMCU malfunctions, the entire system may stop functioning until repaired.

V. RESULT AND DISCUSSION
System Performance Testing
The system was tested under various environmental conditions to evaluate its accuracy and effectiveness.

Soil Moisture Sensor & Automated Pump Control
The system was tested with different soil moisture levels, and the results were recorded

.Soil Moisture Level (%) | Expected Pump Status Actual Pump Status | Status

<30% (Dry Soil) ON ON PASSED
30%-60% (Normal) OFF OFF PASSED
> 60% (Wet Soil) OFF OFF PASSED

Result:
The soil moisture sensor accurately detected soil conditions and activated/deactivated the pump accordingly.

Water Level Monitoring (Ultrasonic Sensor)
The ultrasonic sensor was tested to check water level monitoring accuracy and pump operation control

Water Level (%) Expected Status |Actual Status [Notification Sent? Status
50% (Sufficient)  [Normal Normal INO pass

20%-50% (Moderate) [Normal Normal INO pass
20% (Low) IPump Disabled [Disable 'YES (Low Water Alert) [pass

Result:
The ultrasonic sensor accurately detected water levels and prevented pump operation when the tank was empty.

Mobile App Testing
The Flutter-based mobile application was tested for real-time data retrieval, remote control, and notifications

Feature Expected Behavior Actual Result Status
IReal Time Sensor Display |Accurate Values Shown Correct Value Display pass
Manual Pump Control IPump On / Off ‘Work As Expeted pass
Notiffication Alert Sent For Low Moisture/Tank Empty [Received alert Successfully [pass

Result
The mobile app performed accurately and efficiently, enabling real-time monitoring and remote pump control.

Graphs & Data Visualization Soil Moisture vs. Time Graph
The following graph shows soil moisture variations over 24 hours, with automated pump activations when moisture
levels dropped below the threshold.
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Soil Moisture Levels Over 24 Hours
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Soil Moisture Levels & Pump Activation
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Moisture level variations over 24 hours.
Pump activation (ON when moisture < 30%) shown in green.
Red dashed line represents the moisture threshold (30%).

Soil Moisture Levels & Pump Activation Over 24 Hours
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