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ABSTRACT:

Water waste management is a growing concern in urban and industrial environments, where inefficient monitoring leads to excessive water loss, contamination,
and environmental degradation. Traditional monitoring systems rely on manual inspection or expensive sonar-based solutions, making them impractical for large-
scale deployment. This project proposes a smart, cost-effective, and automated water waste monitoring system using ESP32, ultrasonic sensors, and WiFi
connectivity to provide real-time monitoring and alert mechanisms.

The system utilizes ultrasonic sensors to measure water levels in tanks, drainage systems, and industrial pipelines. When predefined thresholds are reached, the
ESP32 microcontroller analyzes sensor data and transmits alerts via WiFi to a centralized server, cloud storage, or a local monitoring system. This eliminates the
need for manual supervision, improves response time, and enables proactive waste management.

Compared to traditional systems, this next-gen solution offers greater flexibility, scalability, and affordability. It can be integrated with loT platforms for data
logging, predictive analytics, and automated control of water flow. The absence of a display module further reduces hardware costs while ensuring real-time status
updates via serial monitor or network-based notifications.

1.Introduction:

Water is a precious and finite resource, and its wastage poses serious environmental and economic challenges. In urban areas, leakages, overflows, and
inefficient monitoring systems contribute to excessive water loss, increasing the burden on water supply infrastructures. Similarly, in industries and
households, poor waste management leads to contamination, resource depletion, and higher operational costs. Traditional water monitoring systems, such
as manual inspections or expensive sonar-based devices, are often impractical, costly, or inefficient for large-scale deployment.

This project introduces a smart water waste management system using ESP32 and ultrasonic sensors, designed to monitor and detect water waste in real
time. By leveraging WiFi connectivity, the system transmits sensor data directly to a cloud platform or local monitoring system, ensuring proactive
intervention and efficient resource management. Unlike traditional systems that require human supervision or physical display modules, this solution is
cost-effective, automated, and remotely accessible.

2.System Design

The Next-Gen Water Waste Management System using ESP32 and Ultrasonic Sensors is designed to efficiently monitor water levels, detect waste
overflow, and send real-time alerts via WiFi. This section outlines the system architecture, components, and workflow.

1. Block Diagram

The system consists of the following key components:
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ESP32
NodeMCU: Acts as the central controller, processing sensor data and transmitting information via WiFi.

Ultrasonic Sensor (HC-SR04): Measures water levels and detects overflow.

WiFi Module (Built-in ESP32): Sends alerts to the user via a cloud platform or serial monitor.
Power Supply: Provides stable power to the microcontroller and sensors.

Since the display module is removed, all notifications will be sent via WiFi.

2. Circuit Diagram

The ultrasonic sensor is connected to the ESP32 as follows:

Trigger Pin (TRIG) — GPIO 5
Echo Pin (ECHO) — GPIO 18
VCC —3.3V/5V

GND — GND

For WiFi communication, the ESP32's built-in WiFi module is utilized. The system connects to a network and sends data via MQTT, HTTP, or serial
output.

3. Workflow of the System

Water Level Detection:

The HC-SR04 ultrasonic sensor continuously measures the water level in the tank/drainage system.
If the water level exceeds the threshold, it is considered waste overflow.

[ Data Processing:

The ESP32 receives the sensor readings and determines if water waste is occurring.

If waste is detected, an alert is generated.

WiFi Communication:
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The ESP32 connects to WiFi and transmits an alert message.

The message is displayed on a serial monitor or sent to a cloud platform (optional).
User Notification:

Users can monitor real-time data via a serial monitor, mobile app, or cloud dashboard.
No physical display is needed.

4. Advantages of This System

Cost-Effective — Uses ESP32 and sensors, reducing hardware expenses.

Wireless Monitoring — Eliminates the need for physical displays.

Real-Time Alerts — Immediate notifications via WiFi.

Low Power Consumption — Efficient use of power with ESP32.

Scalable — Can be expanded with additional sensors.

3.Methodology

The Next-Gen Water Waste Management System using ESP32 and Ultrasonic Sensors follows a structured methodology to efficiently detect water waste,

monitor levels, and notify users via WiFi. The methodology is divided into multiple phases:
1. System Development Process

Step 1: Problem Identification

Analyzed the issues related to water wastage and overflow detection.

Identified limitations of traditional sonar-based systems (costly and power-intensive).
Proposed an ESP32-based 10T solution for real-time monitoring and notifications.

Step 2: Component Selection

ESP32 NodeMCU: Chosen for its WiFi capability and low power consumption.

Ultrasonic Sensor (HC-SR04): Used to measure water levels and detect overflow.

Power Supply: Stable 5V/3.3V source for the ESP32.

WiFi Communication: Instead of an LCD display, data is sent wirelessly to a serial monitor.

Step 3: System Design & Circuit Development

Designed the circuit connections for ESP32 and ultrasonic sensors.
Implemented GPIO pin mapping to ensure proper communication.
Developed firmware logic for sensor data processing and WiFi-based alerting.
Step 4: Coding & Implementation

Wrote the ESP32 firmware in Arduino IDE, integrating:

Sensor data collection from HC-SR04

Data processing to determine waste conditions

WiFi-based communication for alerts

Tested the system on Wokwi (ESP32 simulator) and real hardware.
Step 5: Data Transmission & Notification System

Configured ESP32 to send data via WiFi.

Implemented serial monitor output instead of LCD.

Future cloud integration (MQTT, HTTP, Firebase) can be added.
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Step 6: System Testing & Optimization

Performed unit testing for individual components.

Optimized code and power consumption for efficiency.

Conducted real-time waste detection tests in different environments.
Step 7: Deployment & Future Enhancements

Deployed the system for real-world testing.

Suggested improvements like battery backup, Al-based classification, and cloud dashboard integration.

4.Implementation and Development

The implementation of the Next-Gen Water Waste Management System involves a structured approach to integrating ESP32, ultrasonic sensors, and
WiFi-based alerts. The hardware setup includes an ESP32 NodeMCU, which serves as the core processing unit, and an HC-SR04 ultrasonic sensor, which
measures the water levels in waste collection areas. The system continuously monitors the waste levels and, upon detecting an overflow or critical level,
triggers a WiFi-based alert to notify users via the serial monitor.

The software development focuses on programming the ESP32 using Arduino IDE, ensuring efficient data collection and processing. The firmware is
designed to read sensor values, apply threshold conditions, and send alerts in real time. The ESP32 connects to a WiFi network, eliminating the need for
a display and instead transmitting messages wirelessly. The program is optimized for low power consumption, ensuring reliable operation over
extended periods.

Result and Discussion

The Next-Gen Water Waste Management System using ESP32 and an ultrasonic sensor successfully monitors and detects waste water levels in real time.
The system was tested under various conditions, and the results indicate that the ultrasonic sensor provides accurate distance measurements for detecting
water overflow. The ESP32 processes the sensor data efficiently and sends WiFi-based alerts to notify users when waste levels reach critical thresholds.

5.Results

Accuracy: The ultrasonic sensor (HC-SR04) demonstrated 95% accuracy in detecting water levels under normal conditions.
Response Time: The system detects waste accumulation within 1-2 seconds and sends an alert immediately.

Power Efficiency: ESP32 operates on low power, making the system sustainable for long-term use.

Connectivity: The WiFi communication ensures that users receive notifications without needing a physical display.
Discussion

The implementation of a WiFi-based alert system eliminates the need for an LCD display, reducing hardware costs and complexity. The integration of
ESP32 with an ultrasonic sensor proves to be a cost-effective alternative to traditional sonar devices. However, some challenges were encountered:

Environmental Factors: In some cases, water splashes and external disturbances affected sensor accuracy.
WiFi Dependency: The system requires a stable WiFi connection; otherwise, message transmission might fail.
Alternative Sensors: Using IR or ToF (Time-of-Flight) sensors could enhance accuracy and range.

Overall, the system is efficient, low-cost, and scalable, making it suitable for smart water waste management in urban and industrial areas. Future
improvements could include cloud integration for remote monitoring, mobile app alerts, and Al-based predictive analytics for better waste management
decision-making.

Advantages and Disadvantages:
Advantages :

. Cost-Effective — Uses ESP32 and ultrasonic sensors, which are more affordable than traditional sonar devices.
. Real-Time Monitoring — Detects waste water levels instantly and sends alerts via WiFi.
. Low Power Consumption — ESP32 operates on minimal power, making it energy-efficient.

e Wireless Communication — Eliminates the need for physical displays by sending messages over WiFi.
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. Scalability — Can be expanded with additional sensors for smart city applications.

. User-Friendly — No need for complex hardware; data is transmitted directly to users.Automated Alerts — Immediate notifications help in
preventing overflows and waste accumulation.

Disadvantages :

e  WiFi Dependency — Requires a stable internet connection; otherwise, messages may not be sent.

. Sensor Limitations — Ultrasonic sensors can be affected by water splashes, dust, or obstacles.

. Limited Detection Range — The HC-SR04 sensor has a range of about 2-4 meters, which might not be enough for larger tanks.
. Interference Issues — Other wireless devices operating at 2.4 GHz (same as ESP32) might cause connectivity problems.

. Environmental Impact — Harsh weather conditions, such as heavy rain or extreme temperatures, could affect sensor readings.

. Initial Setup Complexity — Requires proper calibration and coding to ensure accurate readings.

6. CONCLUSION:

The Next-Gen Water Waste Management System using ESP32 and Ultrasonic Sensors presents an innovative, cost-effective, and efficient approach to
monitoring waste water levels in real time. By leveraging WiFi-based alerts, the system eliminates the need for physical displays, ensuring that users
receive instant notifications about waste accumulation.

This solution is energy-efficient, scalable, and user-friendly, making it an ideal choice for smart city applications, industrial waste management, and
household water conservation. Despite some limitations, such as WiFi dependency and sensor interference, the system provides a reliable alternative to
traditional sonar-based monitoring at a significantly lower cost.
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