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Abstract—The increasing global concern for environmental
sustainability has prompted the development of innovative tech-
nologies aimed at optimizing waste management processes. In
this context, the Al Audio Classify Recycle Bin emerges as a
groundbreaking solution, leveraging artificial intelligence to
enhance recycling practices. The system captures and analyzes
audio signals produced by disposed items through integrated mi-
crophones and classifies materials such as glass, plastic, metal,
and paper based on their distinct sound signatures. This real-
time, decentralized approach ensures efficient sorting directly
within the bin, minimizing contamination and promoting proper
recycling practices. With benefits including increased accuracy,
environmental sustainability, reduced operational costs, and
user-friendly interfaces, this technology represents a significant
advancement toward a more environmentally conscious and
effective waste management system.
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INTRODUCTION

The Al Audio Classify Recycle Bin is an innovative waste
management solution that integrates artificial intelligence with
edge computing to enhance recycling processes. Rapid urban-
ization and industrial growth have significantly increased the
volume of solid waste generated globally. Traditional waste
segregation methods rely heavily on manual labour, which is
inefficient, error-prone, and costly. Automated solutions that
can accurately classify waste at the point of disposal are there-
fore critical for improving recycling rates and reducing landfill
burden.

By capturing and analyzing audio signals of deposited items
through integrated microphones, the system accurately classi-
fies materials such as glass, plastic, metal, and paper based on
their distinct sound signatures. This real-time, decentralized
approach ensures efficient sorting directly within the bin, mini-
mizing contamination and promoting proper recycling practices.
With benefits including increased accuracy, sustainability, re-
duced costs, and user-friendly interfaces, this technology repre-
sents a significant step toward creating a more environmentally
conscious and effective waste management system.

The use of Edge Al allows the classification to occur locally
on the device without relying on cloud connectivity, ensuring
faster response times and enhanced data privacy. The mechan-
ical components — including the rotating base, trapdoor, and
partitioned collection bins — work in tandem with the Al soft-
ware to physically route each classified item to its designated

compartment, making the system fully autonomous.

LITERATURE SURVEY

Several research works have explored the intersection of
Al 10T, and waste management. A smart waste management
system using big data and multiple sensors achieved a clas-
sification accuracy of 95.31%, demonstrating the viability of
sensor-fusion approaches. Researchers trained image classifica-
tion models on embedded systems including Jetson Nano and
K210, achieving high classification accuracy while reducing
overall power consumption through intelligent bin management
[3].

Nermeen Abou Baker et al. [2] applied transfer learning by
fine-tuning AlexNet on a small dataset of 12 e-waste classes
from 6 smartphone brands, demonstrating that pre-trained mod-
els can be adapted for specific recycling tasks with limited data.
Li and Grammenos (2022) proposed a smart recycling bin using
waste image classification at the edge, significantly reducing
latency and bandwidth requirements. Bingbing Fang et al. [4]
reviewed Al applications in smart city waste management, cov-
ering prediction models, robotic sorting arms, and sensor-based
monitoring systems.

Acoustic-based material identification through impact sound
analysis has also been explored, where microphones and Rasp-
berry Pi were used to differentiate materials based on sound
signatures with promising results [1]. This body of work forms
the foundation upon which the AI Audio Classify Recycle Bin
builds by combining audio classification with a fully mechanical
sorting mechanism.
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Table 1: Literature Survey

INo. Title Hardware Result
Smart Waste Arduino, Automated

1 Segregation Ultrasonic, sorting &
Using [oT & ML IR, WiFi monitoring
loT-Enabled ESP32, Cloud, Smart waste|

3 Smart GSM/Wi-Fi management
Recycling Bin - anageme
Acoustic-Based Materials

1 Material ID Microphone identified
Using ML by sound

SYSTEM ARCHITECTURE

Block Diagram

The system architecture of the Al Audio Classify Recycle
Bin consists of several integrated hardware and software compo-
nents working in a coordinated pipeline. When a user deposits a
waste item, the system immediately captures the acoustic signa-
ture, classifies it using an on-device Al model, and mechanically
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routes it to the correct partition.
The key components of the system are as follows:

1. Trash Items (Metal Can, Plastic Bottle, Paper, Plastic Ball)
— Recyclable materials that produce characteristic sounds
when dropped into the bin.

2. Audio Classifier — Employs Al and audio recognition to
analyze sounds produced by different materials. Classifies
sounds into categories using a trained ML model running
entirely on the edge device.

3. Microcontroller — Central processing unit that coordinates
all system actions based on the classifier output and commu-
nicates with all peripheral components.

4. Power Supply — Provides regulated electrical power to all
components for continuous, reliable operation.

5. Edge Software — Software module running locally that inter-
faces with the audio classifier and microcontroller, process-
ing classification results and triggering mechanical actions.

6. Rotating Base — Mechanical component that rotates the bin
to align the trapdoor with the appropriate partition for the
classified waste material.

7. Trapdoor — Opens based on classification results to allow
sorted items to drop into the correct collection bin.

8. Partition — Divides the bin interior into sections correspond-
ing to different recyclable material types.

9. Separated Collection Bins (Metal, Plastic, Paper) — Dedi-
cated compartments where each material type is collected
after automated sorting.

The overall process flow: a user deposits an item — micro-
phone captures impact sound — audio classifier identifies the
material — microcontroller processes the result — rotating base
aligns to the correct partition — trapdoor opens and item drops
into the designated bin.

WORKING PRINCIPLE

The system operates on the principle of acoustic material
identification. Different materials produce distinct frequency
profiles and sound envelopes when they impact a surface:

* Metal can — sharp, high-frequency metallic ring
 Plastic bottle — dull, hollow thud

» Paper — soft, low-intensity rustle

* Plastic ball — mid-frequency hollow bounce

The audio classifier is trained on a labeled dataset of these
sound signatures using Mel-Frequency Cepstral Coefficients
(MFCQC) feature extraction combined with a neural network
classifier. MFCCs capture the perceptually relevant frequency
content of the impact sound in a compact feature vector, which
is then fed to the classifier to predict the material class.

Upon classification, the microcontroller receives the pre-
dicted label and actuates the rotating base to align with the
correct partition angle. The trapdoor then opens momentar-
ily to allow the item to fall into the designated bin. The en-
tire sequence — from sound capture to mechanical actuation
— completes within a few seconds, enabling a seamless and
user-transparent waste segregation experience.
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FUTURE SCOPE

The future scope of the Al Audio Classify Recycle Bin is very
promising and can revolutionize waste management through in-
telligent automated segregation. Potential future enhancements
include:

* Integration with IeT devices and cloud platforms for real-
time monitoring, data analytics, and remote bin management.

Addition of camera-based visual classification as a secondary

verification layer to improve accuracy in ambiguous cases.

» Continuous learning algorithms that adapt to new materials
and environmental noise conditions over time.

* Deployment in smart city infrastructure including schools,
offices, public spaces, and residential areas.

» Weight sensors to track the volume of each material collected,
enabling optimized collection schedules.

* Multi-language user feedback via LCD or speaker to guide
users.

* Solar-powered operation to support off-grid deployment.

HARDWARE PROTOTYPE

The prototype consists of a white box enclosure housing
the rotating base mechanism, integrated microphone module,
microcontroller board, and LCD status display. The four output
partitions are arranged around the rotating base. The system is
powered by a regulated DC supply and the entire electronics
assembly is mounted on the exterior of the bin for ease of
maintenance and debugging.

The hardware prototype successfully demonstrated the end-
to-end pipeline: waste item insertion — audio capture — Al
classification — mechanical sorting into the correct partition.
All four material classes (metal, plastic, paper, plastic ball) were
correctly sorted during demonstration tests.

CONCLUSION

The Al Audio Classify Recycle Bin project is an innovative
and sustainable solution for modern waste management. By
combining artificial intelligence with audio-based waste classifi-
cation, it automates the process of waste segregation, improves
recycling efficiency, and reduces environmental pollution. The
system’s ability to operate entirely at the edge without relying
on cloud connectivity makes it robust, fast, and suitable for
deployment in diverse environments.

The project demonstrates the practical application of Al in
solving real-world environmental challenges and has the po-
tential to contribute significantly to smarter, cleaner, and more
sustainable communities. As waste volumes continue to rise
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HARDWARE PROTOTYPE — PHOTOGRAPHS

Fig. 1: Prototype Overview

Fig. 2: Prototype Top View

Fig. 3: System Block Diagram
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