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Abstract

Improper waste segregation is a major cause of environmental pollution and poor recycling practices. Mixing
recyclable waste, organic waste, hazardous waste, and electronic waste often leads to more landfill use and
the loss of valuable recyclable materials. To tackle this problem, this paper introduces a smart waste
classification system that uses deep learning techniques. Users can capture or upload images of waste, which
the system processes with a YOLO-based object detection model to identify and classify the different types of
waste in the image. The system detects multiple waste items and provides clear outputs, including waste type,
recyclability status, confidence score, and proper disposal guidance. Additionally, a risk level indicator alerts
users to potential environmental or health dangers linked to specific waste types. A confidence-based message
also lets users know how reliable the detection results are. To make it more accessible, the system offers voice-
based disposal instructions. This solution aims to encourage proper waste segregation, raise recycling

awareness, and support sustainable waste management practices.
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1. Introduction

Improper waste segregation is a significant
environmental problem because of the rapid rise in
solid waste generation. Mixing recyclables, organic
waste, hazardous waste, and electronic waste leads to
pollution, health risks, and ineffective recycling
processes [3], [6], [7]. Traditional manual waste
segregation methods are ineffective, slow, and
unsafe, highlighting the need for smart automated
solutions [6]. Recent advancements in deep learning
and computer vision have made it possible to create
image-based  waste  classification  systems.
Convolutional neural networks and object detection
models are widely used to identify waste categories
from images with improved accuracy [3], [7]. In
particular, YOLO-based object detection models can
detect and classify multiple waste objects in real time,
making them suitable for practical waste
management applications [2], [4], [5]. However,
most existing studies mainly focus on detection
performance and lack user-friendly features like
recyclability awareness, risk indication, and disposal
guidance [1], [8]. To address these gaps, this work
proposes a smart waste classification system using

International Research Journal on Advanced Engineering Hub (IRJAEH)

deep learning. This system detects and classifies
waste from images while providing recyclability
information, risk level indication, confidence-based
reliability messages, and proper disposal guidance.
The goal is to raise public awareness and encourage
responsible waste segregation practices.

2. Related Works

Recent studies have shown significant progress in
using deep learning techniques for waste
classification and management. Image-based waste
classification with convolutional neural networks
(CNNs) has been widely explored. This method
demonstrates better accuracy compared to traditional
machine learning methods in identifying waste types
like plastic, paper, and organic waste [3], [7]. These
approaches prove how effective deep learning is in
recognizing visual features of waste materials.

To overcome the limitations of classifying single
objects, object detection algorithms like YOLO have
been introduced for waste detection. YOLO-based
models allow real-time detection and classification of
multiple waste items in a single image. They have
been successfully used for both domestic and
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inorganic waste classification tasks [2], [4], [5]. Their
capability for fast and efficient detection makes them
ideal for practical waste management applications.

Several studies have also focused on identifying
electronic waste with image-based deep learning
models. These studies show that deep learning object
classifiers can effectively recognize e-waste items
from images. This supports recycling efforts and
waste collection planning [1]. However, these
systems mainly focus on detection accuracy and
operational efficiency. Even though current research
shows strong performance in waste detection and
classification, most studies lack user-oriented
information. Important features like recyclability
awareness, risk indication, confidence-based
reliability feedback, and proper disposal guidance are
often overlooked [1], [8]. These gaps highlight the
need for intelligent waste classification systems that

combine accurate detection with meaningful
guidance to improve public awareness and
responsible waste disposal.

3. Problem Statement

Improper waste segregation is a major issue in
effective waste management. Often, recyclable,
organic, hazardous, and electronic waste gets mixed
together because people lack awareness and there are
no smart support systems in place [9]-[11]. Manual
waste sorting is not only slow but also risky for
sanitation workers' health. While there are deep
learning systems that can identify waste in images,
most of them mainly focus on how accurately they
can detect waste and how well the systems perform.
They usually do not give users useful information like
whether something can be recycled, how to dispose
of it properly, the associated risks, or how reliable the
detection results are. This shows a clear need for an
intelligent waste classification system that uses
images. This system should not only identify and
classify waste but also offer users information on
recyclability, indicate risk levels, provide reliable
feedback, and give clear disposal instructions. This
would help encourage responsible waste segregation.
4. Proposed System

The proposed system is a smart waste classification
system that uses deep learning. It helps users identify
waste types by analyzing images. Users can capture
or upload an image of waste. The system processes
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this image with a YOLO-based object detection
model to recognize and classify waste objects. It
gives clear information about the waste type,
recyclability status, risk level, confidence level, and
proper disposal guidance [12]-[15]. The system also
includes voice output to improve accessibility and
user understanding.

4.1. Key Objectives

e Automatic identification and classification of
waste using image-based deep learning.

e Detection and classification of multiple waste
objects from a single image.

e Clear indication of recyclability status for the
detected waste.

e Risk level indication to highlight potential
environmental or health hazards related to
different waste types.

e Confidence-based reliability feedback to
inform users about the trustworthiness of the
detection results.

5. Method
The proposed system uses a structured deep learning

approach to detect and classify waste from images. It also
provides guidance for proper disposal. Image-based waste
classification with deep learning has been studied
extensively because it is effective at recognizing visual
waste patterns [3], [7].

5.1. Image Acquisition
The system accepts input images that users capture or
upload. The input image can have one or more waste
objects from different categories, which is common in
image-based waste classification systems [3], [7].

5.2. Image Preprocessing
The system resizes and normalizes the acquired image
before it goes to the deep learning model. Image
preprocessing is a typical step that helps improve
detection consistency and model performance in deep
learning-based waste classification systems [6], [7].

5.3. Waste Detection and Classification
A YOLO-based object detection model detects and
classifies waste objects in the image. YOLO-based models
are popular for waste detection because they can perform
real-time, multi-object detection efficiently [2], [4], [5].
The model produces bounding boxes, class labels, and
confidence scores for each detected waste object.
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5.4. Recyclability and Risk Assessment
Each detected waste object is examined to determine if it

can be recycled. A risk level indicator is also assigned
based on the type of waste to highlight potential
environmental or health hazards, especially for hazardous
and electronic waste [1], [8].

5.5. Confidence-Based Reliability Feedback
The confidence score from the object detection model
helps generate reliability feedback. This feedback informs
users about how reliable the detection results are and
whether they should recapture the image [4], [5].

5.6. Disposal Guidance and Voice Output
Based on the identified waste category, the system gives
clear and simple disposal instructions to help users with
proper waste segregation. Disposal guidance is crucial for
raising recycling awareness and encouraging responsible
waste handling [1], [8]. To improve accessibility, the
system also provides the disposal instructions through
voice output (Figure 1).
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Figure 1 Hlustrates the Flow Diagram of the
Proposed Smart Waste Classification System
6. Performance Analysis
The evaluation of the proposed smart waste
classification system looks at practical and user-
focused factors. The analysis emphasizes detection
reliability, system efficiency, scalability, and user
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experience.

6.1. Detection Accuracy
The system detects and classifies various types of
waste, including plastic, paper, organic waste, and
electronic waste. It uses a YOLO-based object
detection model. The confidence score produced for
each detected waste item shows how reliable the
classification results are. This ensures proper
identification of waste objects in real-world
conditions.

6.2. Confidence Reliability
For every detected waste object, the system offers
feedback based on confidence levels. When
confidence is high, the system confirms that detection
is reliable. If confidence is low, users are prompted to
re-capture the image for better results. This improves
transparency and builds user trust in the system.

6.3. Response Time
The proposed system processes images uploaded by
users and generates results quickly. A fast response
time ensures smooth interaction. This makes the
system suitable for real-time uses, such as public
awareness applications and educational settings.

6.4. Scalability
The system architecture allows for scalability by
effectively managing multiple image inputs. The
deep learning model can process a growing number
of waste images without major drops in performance.
This makes it suitable for broader use and future
growth.

6.5. User Satisfaction
User satisfaction improves with clear visual outputs,
recyclability information, risk level indication, and
proper disposal guidance. Adding voice-based output
further improves accessibility, especially for users
with reading difficulties or visual impairments.
7. Results and Discussion
The evaluation of the proposed smart waste
classification system aimed to determine how well it
works in real-life situations. The system was tested
with actual waste images that contained both single
and multiple items, including plastic, paper, organic
waste, and electronic waste. The evaluation looked at
detection ability, reliability of results, and how easy
the system outputs were to use. The YOLO-based
object detection model successfully identified and
categorized waste items from the input images and

557


https://irjaeh.com/

IRJAEH

provided confidence scores for each detection. The
system correctly linked recyclability status and risk
level indicators to the detected waste types, offering
more context for users [16]-[18]. It produced clear
disposal instructions in both text and voice formats,
making it easier to understand and access. These
results show that the proposed system works well in
real-world conditions and can classify waste in real
time. The feedback based on confidence scores
increases transparency by helping users grasp how
trustworthy the detection results are. Additionally,
the risk level indicators promote awareness about
environmental and health impacts, particularly for
hazardous and electronic waste. Unlike existing
approaches that focus mainly on detection accuracy,
this system emphasizes meaningful interpretation and
guidance, making it more effective for responsible
waste segregation and awareness efforts.

8. Future Enhancements

In future work, the proposed system can be expanded
to support live camera input. This will allow for real-
time waste detection and classification in public and
household settings. We can explore better
classification techniques to identify smaller waste
subcategories and improve waste sorting accuracy.
The system might also connect with loT-enabled
smart bins to allow for automated sorting,
monitoring, and collection of waste. This connection
can help reduce manual work and improve efficiency.
The system can connect with smart city waste
management platforms for large-scale monitoring.
Features like multilingual voice support and mobile
app deployment can improve accessibility and
scalability.

Conclusion

This paper presents a smart waste classification
system that uses deep learning to solve the issue of
improper waste sorting. The system allows users to
take or upload images of waste. It automatically
detects and classifies the waste using a YOLO-based
object detection model. Besides identifying waste,
the system offers recyclability information, indicates
risk levels, provides feedback on reliability, and
guides users on proper disposal. The results show that
combining image detection with user-friendly
features raises awareness and encourages responsible
waste disposal. Adding voice-based output makes the
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system more accessible and easier to use. Overall, the
proposed system has practical uses for promoting
sustainable waste management and encouraging
effective waste sorting.
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