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ABSTRACT:

This paper introduces an Al-powered waste management system that combines Internet of Things (10T), machine learning, and real-time alerting mechanisms. The
system uses an ultrasonic sensor connected to Node MCU to measure garbage levels in bins. Data is transmitted to a Node.js backend and stored in a MongoDB
database. A Python-based Al model predicts future fill levels, enabling proactive waste collection. An alert system, including a buzzer, warns when bins are nearly
full. The proposed model enhances cleanliness, reduces operational costs, and improves urban waste collection efficiency.
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INTRODUCTION

Improper waste disposal and lack of efficient monitoring lead to environmental pollution and unhygienic conditions in urban areas. Traditional waste
collection is labor-intensive and inefficient. This project aims to automate the monitoring process by combining loT devices and Al to optimize waste
collection systems. The proposed system offers a web interface for real-time monitoring and uses machine learning to predict bin fill times, ensuring
timely alerts and efficient resource deployment.

LITERATURE REVIEW
Several recent studies have explored the integration of artificial intelligence into waste management systems:

[1] Chatterjee et al. (2023) discussed the implementation of Al for optimizing waste collection routes and bin monitoring using smart sensors, highlighting
significant operational improvements.

[2] Agarwal et al. (2022) reviewed various Al applications such as waste-sorting robots and predictive models in smart city environments.

[3] Khan et al. (2020) developed a system using deep learning and IoT for real-time waste detection, proposing an architecture adaptable for urban
settings.

[4] Mitra et al. (2023) proposed an Al-powered image classification model to detect and categorize garbage using CNN and YOLO algorithms, improving
waste segregation efficiency.

These studies have laid the groundwork for intelligent waste systems, yet few combine Al prediction, real-time web dashboards, and alert mechanisms
like our proposed system.

SYSTEM ARCHITECTURE
The system architecture is divided into three primary layers:

. Hardware Layer: Involves the use of Node MCU, an ultrasonic sensor (HC-SR04) for waste level detection, and a buzzer for alerting.

. Communication Layer: Utilizes ESP8266 Wi-Fi module or USB serial communication to transmit data to the server.

e  Software Layer: Comprises a Node.js backend for data handling, MongoDB for storage, a Python-based Al prediction script, and a web
dashboard for visualization.
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TECHNOLOGY STACK AND REAL-WORLD USAGE
Use of Node.js:

Node.js is a powerful, event-driven JavaScript runtime environment widely used for building scalable server-side applications. Its non-blocking I/O model
makes it ideal for real-time data streaming and loT applications.

Why Node.js in this Project:

It allows fast and efficient handling of incoming data from Arduino sensors and provides real-time API endpoints to serve the frontend dashboard. Node.js
is lightweight and works well with hardware-based projects that require quick data exchange.

Real-World Use Cases:
. Netflix: Uses Node.js for fast and lightweight streaming experiences.
e LinkedIn: Shifted from Ruby to Node.js for mobile backend, improving performance by 20x.
e NASA: Uses Node.js to build real-time applications for space data visualization and fault detection.

Use of MongoDB:

MongoDB is a NoSQL database that stores data in flexible, JSON-like documents. It is widely used for applications requiring high availability, scalability,
and schema flexibility.

Why MongoDB in this Project:

Sensor data from dustbins changes dynamically and doesn’t follow a strict structure. MongoDB allows storing such time-series data effectively, supports
querying historical trends, and integrates easily with Al modules for training models.

e  Real-World Use Cases:

e  eBay: Uses MongoDB to store search suggestions and metadata.

e  CERN: Uses MongoDB to manage metadata for the Large Hadron Collider experiments.
e Uber: Uses MongoDB to store trip and user information in real-time scenarios.

PROPOSED ALGORITHM
The Al model implemented in our system uses Linear Regression for predicting future waste levels. Below is the step-by-step algorithm:

Collect Data: Periodically collect distance values (in cm) from the ultrasonic sensor.
Preprocess Data: Store and clean sensor readings, removing outliers or missing values.
Feature Extraction: Use timestamp and past readings as input features.

Train Model: Apply Linear Regression to fit the trend line of fill-level data.

Predict: Estimate future fill-levels based on current trends.

Trigger Alert: If predicted level crosses threshold, activate buzzer and send web alert.
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This algorithm allows proactive decision-making for waste collection schedules.

COMPARATIVE ANALYSIS WITH EXISTING SYSTEM
Compared to existing Al-powered waste management systems, our solution:

Uses a simpler and low-cost hardware setup (Node MCU + Ultrasonic Sensor + Buzzer)
Provides real-time monitoring via a custom-built Node.js and MongoDB stack
Integrates Al prediction using Linear Regression to forecast waste levels

Supports a buzzer alert system as a local alerting mechanism

DN E

While some existing systems use computer vision or image recognition to detect waste types, our approach focuses on predictive maintenance and live
monitoring, making it more scalable and efficient for municipalities.
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Table: Comparison of Proposed System with Existing Al Waste Systems

Feature Proposed System (Intelligent Waste Existing System (e.g. Vision-based)
Monitoring System)

Hardware Cost Low (Node MCU, Ultrasonic Sensor, Buzzer) High (Cameras, GPU for image processing)

Real-Time Yes (Web Dashboard + Buzzer Alerts) Often delayed due to heavy image processing

Monitoring

Prediction Yes (Linear Regression using sensor data) Some use ML, but often limited to

Capability classification

Complexity Low, Easy to implement and maintain High, requires model training and tuning

Power Low High

Consumption

Scalability High (easily replicable in multiple bins) Moderate to Low (cost & setup intensive)

Alert Mechanism Buzzer + Web Notification Usually limited to web/mobile only

EXPERIMENTAL RESULTS

The system was tested in a simulated environment using a dustbin prototype. The HC-SR04 sensor recorded the distance from the bin top to the waste
level. When the distance dropped below 10 cm, the buzzer was triggered and data was sent to MongoDB via Node.js.

The Al model was trained on past 10 readings and used linear regression to forecast when the bin would reach full capacity. The dashboard displayed
both current and predicted levels. The buzzer consistently alerted when the bin was nearly full, and the Al model had a prediction accuracy of 89%.

CONCLUSION

The developed system demonstrates the potential for intelligent waste management through real-time monitoring and predictive alerts. It reduces manual
checks, optimizes collection schedules, and contributes to a cleaner environment. The integration of Al adds smartness by forecasting waste levels and
improving response time.
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