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Abstract - The drastic growth in the development of
electronic devices and rapid rise in technology has
significantly amplified the waste generation of electronic
waste (e-waste) and poses a major environmental and
health threat throughout the world. Harmful elements like
lead, mercury, cadmium are released into the
environment when e-waste is discarded incorrectly,
leading to pollution of the soil, water, and air. This paper
presents a Web-Based Intelligent E-Waste Classification
and E-Commerce platform which employs YOLO (You
Only Look Once) a deep learning algorithm for real time
object detection and classification. The developed system
exploits the integration of Artificial Intelligence,
Computer Vision and Web technologies to detect e-waste
elements in the uploaded image with accuracy and
precision in a quick time. The platform built using Flask
has integrated real-time detection features, interactive
user functions, administrative access to oversee the whole
process and an e-commerce model for selling and
recycling electronic items and their accessories. The
developed YOLO-based model provides decent detection
results and helps in effective e-waste recycling and
resource utilization.
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1.INTRODUCTION

Globalization, fueled by rising populations, industrial
expansion, and economic expansion, has led to an
increase in the demand for natural resources. This
increased resource consumption has simultaneously led to
an alarming increase in waste production . A significant
amount of urban waste continues to be illegally disposed
of, primarily through landfills and incineration. Machine
learning techniques such as clustering, anomaly
detection, and predictive modelling have significantly
improved the ability to discover hidden patterns and
relationships within large datasets.[ 1]

Due to the explosion in the availability of data and
computational power, machine learning (ML) techniques
have improved significantly in recent years and their use
has become extremely popular in many fields, including
in pedestrian localization systems.Furthermore, current
analytical systems often require users to work with
multiple  disconnected tools for preprocessing,
visualization, machine learning, reporting, and
interpretation. [2].

The advancement of technologies has changed many
aspects of our lives, making everything convenient,
networked and productive in a vast number of fields in
the digital age of today. The increase in usage of
electronic products such as computers, mobile phones,
tablet devices, other computing devices, household
appliances, etc., led to a phenomenal growth in its
consumption. However, these benefits and rapid growth,
on the one hand, have brought advancements in
technological development and progress of economic
status and, on the other hand, have created a problematic
issue in the environment which is commonly referred as
“electronic waste’ or e-waste.

Consumers constantly upgrade their products due to
technological advancement, improving feature designs
and, more prominently due to market-driven demands,
thus creating massive piles of electronic waste and a
problem of huge environmental concern (economic and
social concern too). Contrary to typical wastes, e-waste
consists of a variety of mixed hazardous and valuable
substances that requires proper managementOverall, the
proposed framework aims to provide an intelligent,
scalable, and integrated visual analytics environment
capable of improving analytical efficiency, enhancing
data interpretation, and supporting effective data-driven
decision-making across multiple domains.

Internet of things (IoT) is a communication paradigm that
envisions a future paradigm where everyday life objects
will be equipped with a microcontroller and some form of
communication protocol . One well-known product of
10T is the smart city, which can be defined as a city with
smart technology, smart people, and smart collaboration .
[oT shall transparently and seamlessly incorporate a large
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number of heterogeneous end systems while providing
open access to select subsets of data for the development
of a plethora of digital services .[3]

There has been extensive research on comprehensive
understanding of state-of-the-art in the field of automated
sorting and recycling of municipal solid.[4]

Different waste management techniques, such as thermal,
biological conversion, or landfilling, not only address
issues related with municipal waste but can also be a
potential source for energy generation. [5]

The rapid deployment of fifth generation (5QG)
technologies and advancements in electronic and
communication innovations have led to a significant
increase in electronic devices across various sectors,
including scientific, military, and commercial fields.[6]

2. LITERATURE REVIEW

A literature review is a fundamental component of any
research study, as it provides the theoretical and empirical
foundation for the research work [7]. A literature review
is an essential component of any research study that
provides the theoretical and empirical underpinnings of
the research itself. As e-waste management and artificial
intelligence represent multidisciplinary fields, this
literature review aims to provide an exhaustive yet critical
survey of previously conducted works, their methods and
results as well as their drawbacks. In this research the
literature review aims to examine the changes in waste
management  systems, applications of artificial
intelligence in the field of environmental sustainability,
and in-depth understanding on the creation of deep
learning models to detect and classify objects.

Since e-waste management and artificial intelligence are
multidisciplinary domains, this chapter presents a
comprehensive and critical review of previously
published studies, methodologies, findings, and identified
research gaps related to intelligent waste management
systems.[8] The primary objective of this literature
review is to examine the evolution of waste management
practices, the growing role of artificial intelligence in
environmental sustainability, and the development of
deep learning techniques for object detection and
classification [9].

In essence, the literature review is much more than a
perfunctory initial step in research; rather, it is the
intellectual backbone of any research study, which
provides the foundation on which the entire work is built.

Besides performing its primary role as a summation of
prior works, the literature review is a strategic tool, which
dictates, influences and guides the quality, direction and
scope of research. It allows the researcher to understand
previous research findings and to establish a clear

intellectual foundation for her own work. In an inter-
disciplinary field of the scale of integrated e-waste
management and artificial intelligence, a literature review
must enable to build bridges between innovation
technology and existing world envinronmental problems.
The most obvious role of the literature review is to help
to define and formulate the research problem clearly and
precisely. Research problems that do not reflect existing
work often tend to be either too vague or too broad to be
studied meaningfully. Reviewing previous research
enables the researcher to identify specific gaps or
limitations of existing work.

In recent years, advancements in artificial intelligence
(Al) and deep learning have transformed the field of
waste classification. Machine learning techniques,
particularly deep learning models, have demonstrated
high accuracy in image-based classification tasks. These
models are capable of learning complex patterns from
large datasets, making them suitable for identifying
different types of waste, including e-waste.[10]

Global technological advancements and industrialization
have led to the increased usage of electronic devices. The
rapid accumulation of electronic waste (e-waste) presents
significant threats to our environment and public health,
largely due to improper disposal practices.[11]

Deep learning has emerged as a powerful tool for image-
based classification and object detection tasks.
Convolutional Neural Networks (CNNs) are widely used
in this domain due to their ability to automatically extract
features from images. CNN-based models have been
successfully applied to various waste classification
problems, achieving high accuracy and efficiency.[12]

2.1 Research Gap

Despite  advancements in  waste management
technologies, Al, and deep learning object detection
systems, the area of intelligent e-waste management has
a number of significant shortcomings and research gaps.
In their work, existing research has often dealt with
classification systems for general waste rather than
focused solely on intelligent e-waste management system
which carries unique challenges. Electronic waste is
completely different from general waste as it comprises
of disparate material composition, arbitrary object shapes,
toxic and also valuable recoverable parts. Hence the
unique components of e-waste need a specific intelligent
system that is capable of identifying and classifying
electronic waste as well as tracking and recovering it.
Research in this field is currently still not comprehensive
to the full needs.

The general lack of large-scale, diversified and
standardized dataset for e-waste classification has led to
under performance and poor generalization of existing
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models to unseen data. Currently, most studies use
relatively small or limited datasets to train and test their
models and only few work propose real and large-scale
datasets. Moreover, the lack of benchmark datasets in e-
waste hinders the possibility to compare the obtained
results and to define the state-of-the-art in this research
area

Another significant research gap can be considered that
there is insufficient research in the field of intelligent
system, there are several studies focused on the
development of the models rather than complete
integration of these models into web or mobile based
platforms for effective interaction and deployment, which
can lead to full-scale practical deployment, where in
many studies is only developed till the classification
model, the integration to web based system is not
discussed. Most of the systems are still at the
experimental stage and not made available for end user to
classify the waste using it with full functionality such as
providing details of waste and interaction is still an
important research gap.

The lack of administration management and monitoring
systems is also a missing component of current waste
classification systems, administrative panel, reporting,
monitoring system or a dashboard is missing which can
be used to monitor all operations and activities like user
registered, items uploaded for identification,
identification log, purchase of items, management
system. Such a centralized dashboard system is crucial to
ensure the scalability of any such waste management
system.

Most of the systems currently do not have good support
and flexibility to improve over time or be scalable to
larger systems; such systems need to support increasing
data of waste, new electronic components to be integrated
and also to keep updated with the rapidly changing
artificial intelligence techniques; hence existing systems
lack adaptability, extensibility and future integration to
new technologies such as IoT, cloud systems, smart
phones application and smart environment sensing
system.

Overall, research on developing intelligent systems for
the classification of e-waste using advanced YOLO-based
detection with full stack web-application has been limited
in recent literature. While YOLO algorithms demonstrate
excellent real-time detection capabilities, they have not
been significantly utilized in e-waste intelligent system;
moreover many researches have been conducted on
general datasets, which lack specific electronic waste data
for practical purpose. Therefore this paper tries to address
this research gap by developing a Web-Based Intelligent
E-Waste Classification and E-Commerce Platform using
YOLO technology, an intelligent system with real-time
deep learning detection of e-waste components combined
with a web application to achieve full stack intelligent
system.

2.2 Proposed System

The offered system, a Web-Based Intelligent E-Waste
Classification and E-Commerce Platform, combines
Artificial Intelligence, deep learning, computer vision,
database management, and web technology in one
intelligent system. The proposed system is designed for
managing e-waste effectively in response to challenges of
rapid rise of generated e-waste, ineffective manual sorting
of waste, lack of intelligent supervision and missing
integrated recyclability and reuse system. The planned
platform aims to provide automated, expandable,
accurate, and user-friendly solution in the process of
intelligent waste management and environmental
protection.

The main idea of the offered system depends on
implementing the YOLO (You Only Look Once) deep
learning object detection algorithm, which performs the
real time identification and classification of the electronic
waste. Traditional waste management relies on manual
labour and visual checks of waste. The proposed system
exploits computer vision and deep learning to efficiently
detect various e-waste components from given images
accurately and fast. YOLO is chosen for its high
performance on real time detection tasks and its inference
speed due to its single forward pass architecture, which
performs object localization and classification in unison.
Hence, it is highly adaptable in the intelligent waste
classification domain.

Major function modules for the suggested system to
work together for an intelligent waste management
framework. Image acquisition and preprocessing module,
which collect input from user and prepare images for
detection: Various preprocessing operations like resizing,
normalization, de-noising and enhancement are applied to
improve the detection speed and accuracy regardless of
ambient light, object orientation, backgrounds, etc.
Object detection module which leverages deep learning
to determine existence of any electronic waste
components: In this module, YOLO is used for the task
of object detection in electronic waste. It is trained on a
specialized dataset which comprises of electronic
components like smart phones, batteries, chargers,
earphones, keyboards, cables, adapters, and many more
items with their respective types of recycling and
reusability status. Database Management Module: this
module is responsible for keeping user, image and output
data as well as information on marketplace, transaction,
and administration for efficient processing and
monitoring of the system.

To manage the detection process, the system works in
several steps: image acquisition, pre-processing, object
detection and post-processing. In the post-processing
part, non-maximum suppression (NMS) technique is
adopted to prevent duplicate detection of an object. Based
on detection results of the model, a report is generated,
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containing names of identified objects, confidence scores,
bounding boxes shown around these objects, and statistics
of detection on the website.

Advantages of the proposed system over existing waste
management systems. Reduce manpower, human health
risk from contact to toxic elements: system removes
labour-intensive waste identification task. Real time
detection and high accuracy: it uses YOLO for detection
that ensures both speed and accuracy. Easy and user
friendly interface: it provides a simplified interaction with
waste classification system through web technology. It is
an intelligent waste classification and e-commerce
platform instead of only a detection system: integrating
intelligent e-commerce marketplace with waste
monitoring capabilities.

The proposed system is an all-in-one intelligent waste
management framework based on object detection
algorithm combined with web application technology, a
user-friendly interaction method, an online e-commerce
platform for promoting reuse and recycling, and an
administration panel that provides centralized system
management. The future extension would involve
expanding capabilities by integrating it with other
intelligent systems like mobile applications, IoT sensors
or advanced robotic sorting methods.

3.METHODOLOGY
3.1 System Architecture

The system architecture outlines the structural blueprint
of the suggested smart system

for the detection and management of e-waste and the
manner by which its individual parts will interact, process
information, and generate outputs. The architecture needs
to be efficient, extensible, robust, and flexible with regard
to varying requirements. This study emphasizes a layered,
modular, and real-time framework, fostering efficient
interaction between the processing layer, Al models and
user interface. This layered ,modular system is organized
so that each component can be individually edited or
updated without influencing the system as a whole.

High-level of the proposed system is characterized by
four main layers namely, data layer, processing and
model layer, application layer and integration layer.
These layers are crucial for successful implementation of
this system to deal with various challenges involved in e-
waste detection. Data layer is responsible for the
acquisition and processing of all input images and the
datasets required for model training and testing. Data
augmentation techniques such as normalization, image
resizing, image enhancement were performed on the data
for providing images in consistent form to the model to
be trained. Heterogeneous nature of the e-waste images
was dealt by storing various inputs

such as images in different sizes, resolutions .The
processing and model layer comprises of the intelligence
of the system where all analyses and operations were
performed. A YOLO (You Only Look Once) object
detection model was developed at this layer due to its
state-of-the-art accuracy and real-time performance with
the detection and localization of e-waste objects. YOLO
was implemented and trained for identifying, classifying,
locating, and labeling multiple objects of e-waste using
bounding boxes and associated confidence scores for the
classified object in a single frame. The model was further
optimized and trained for handling varying number and
variety of e-waste objects under varying background
conditions with diverse illumination and orientation.
Processing layer also allows to process the

images on the fly for immediate detection at any point and
time.

The application layer forms the primary interface
between the system and the user for

providing the outputs generated by the model in the form
of graphical interface. This layer consists of a web
application which was designed and developed using
Python frameworks (Flask) with HTML, CSS, and
JavaScript to provide a smooth interaction with the
system, to allow image upload from the users and to
display the corresponding outputs which included the
bounding boxes along with the confidence scores of the
detected e-waste objects, thus classifying e-waste with
accuracy

Data Flow Mechanism: The developed intelligent e-waste
detection system follows a definite flow of operations
when a user interacts with the system.

Once the user uploads the image through the application
layer, the image will then be passed through the data layer
where it undergoes various data preprocessing techniques
before being sent to the processing and model layer for
analyzing and detecting e-waste objects present in the
image, after which it would be passed on to the
application layer where all detected bounding boxes
along with their respective classes are displayed to the
user for clear and accurate results.

Scalability and Real-Time Performance of system were
some of the key design considerations for building a user
friendly, effective and readily adaptable intelligent
system. High accuracy of model detection with minimal
processing time and efficient computation resources used
further enhances the performance and speed of the system
for rapid real-time detection of e-waste in the image,
especially critical in waste management practices like
sorting and classification. The layered system supports
extensibility for integration with additional hardware and
software technologies in the future to build

more advanced features and for seamless incorporation
with different applications. Security concerns associated
with transmitting and storing sensitive user data has also
given special attention to ensure data integrity and user
privacy through secure
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protocols of data transfer.

3.2 System Workflow

The workflow of the proposed system describes the steps
of the operations performed from receiving input data to
presenting a relevant output for accurate detection and
classification of e-waste. It can be seen as a schematic
plan of all the tasks being performed by the various units
that help us to achieve the research goal. Proper workflow
definition is crucial for having the efficiency, consistency
and reliability in systems with multiple stages of
processing like Al based object detection.

The workflow of the proposed system is a sequential flow
that has interdependence between the various steps to
give a proper output for the given input. We should also
take care about the step to step interaction.

Workflow of system architecture is given below:

User Upload Image
!

Preprocessing

!
YOLO Detection

l

Classification

!
Marketplace Listing

!
User/Admin Dashboard

l

Admin Monitoring

3.3 Quantitative Evaluation Metrics

These quantitative performance metrics are a mechanism
of numerically assessing and defining how well the e-
waste detection system performs. Regarding an object
detection deep learning model, these metrics can be
described as replicable and measurable values used to
express how effectively the model is at classification,
localisation and detection. Repeating these objective
assessments will result in a scientifically supported report
on the success of e-waste detection studies. Object
detection evaluation is more complicated than basic
classification because an object detection model must not
only identify whether a class is present but also where that
class is.

3.4 Qualitative Evaluation

While quantitative evaluation metrics allow us to
objectively gauge the accuracy and efficiency of the
developed models, they fail to encompass the entire
picture of the system’s overall usability, interpretability

and real-world effectiveness. Thus, qualitative evaluation
is critical in gauging the suitability of the proposed e-
waste detection system from an application and user
perspective.

Qualitative evaluation encompasses measures like user
interface, system usability, visual interpretability and
practical usefulness of a system and determines whether
the system can be effectively deployed in real-world
scenarios. In the case of this research, qualitative
evaluation serves to augment the quantitative results and
provide a user centric understanding of how the system is
utilized, the ease with which the system output is
interpreted and the efficiency it can afford decision
making within the e-waste management system.

4.RESULTS AND DISCUSSION

4.1 Findings

The main scope of this chapter is to understand and
observe the capability of the intelligent e-waste detection
system to detect and classify e-waste components in a
realistic setting. In order to carry out an effective
evaluation of the developed system we use both
quantitative (e.g. Accuracy, precision, recall and mean
average precision (mAP)) and qualitative (e.g.
Visualization results and interaction with user)
measurement and analysis methods. In the following, this
chapter has been arranged in a clear and well-organized
manner to represent different parts, as for example the
implementation of the proposed model and system
architecture, performance evaluation, prediction analysis,
error analysis and confusion matrix.

4.2 Implementation and Result Analysis

The system implementation strategy is a process of
converting a conceptually designed system, supported by
an Al model, into a functional ,accessible application.
This phase is of great importance, as it bridges the gap
between theoretical development and actual use. It
ensures that the e-waste detection system proposed not
only performs as designed but is also practical, easy to use
and scalable. The system’s implementation is based on
integrating an Al-based object detection model into a
web-based interface allowing the system to be interactive
with the user.

The system is implemented using a phased and modular
strategy. This methodology allows the system’s different
components to be developed, tested and integrated in an
orderly and controlled fashion. The development
system’s modules will increase modularity and system
flexibility and scalability thus making it easier to update
in future

Backend development is a crucial element in this process
and is responsible for data management, execution of the
model and the system’s processing capabilities. Python is
chosen as the programming language of choice due to its

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM62933 |

Page 5


https://ijsrem.com/

j.-t' “ARe
; IJSREM\

h ..o 7 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930
expansive list of Al and web development libraries and Confusion Matrix

frameworks, in this case Flask is used. The Flask
framework creates a web server enabling communication
between the user interface and the Al model.

Smartphone

Integration of the trained YOLO model into the system
backend requires careful attention. The backend has its
own set of image processing pipelines to pre-process
images such as resizing, normalizing and converting
format before being fed to the trained model. Frontend
development focuses on developing a user friendly
application that allows for the efficient interaction
between the user and the system. Visualization is key to

Battery

Actual

Charger

understanding system outputs. smartphone Battery Charger
Fredicted
Accuracy vs Epochs Figure 3: Confusion Matrix

0.95 1 —e— Train Accuracy

P L / 4.3 System Interface and Visualization Results

The system is implemented with web-based user interface
that facilitate efficient interaction of users with the
intelligent e-waste classification platform. It is
implemented with Flask framework along with HTML,
CSS, JavaScript and Bootstrap frameworks and designed
to deliver a user-friendly and accessible interface for
seamless user interaction. It allows users to upload
images of electronic waste items for automatic detection

and classification via YOLO deep learning model.

0.85 1

Accuracy

0.70

0.65 1

0.60 1

2 = 6 8 10

Epochs Homepage has navigation features for image upload, user
Loss vs Epochs authentication, market place access, dash board
—o— Train Loss monitoring and administration functions. Login module
0.9 1 »- Validation Loss

of the system is designed to provide secure user
authentication and controlled system service access for
the users. Also it is developed to secure and safeguard
user and system data.

0.8 1

0.7

0.6

Loss

051 Visualization is an important module that provides

understandable and interactive real-time object detection
output. Uploaded image of electronic waste is detected for
smart phone, battery, charger, and electronic device, etc
using YOLO based object detection module, and the
result is shown in form of bounding boxes with prediction
labels and confidence score so that users could easily
Figure 1: Accuracy & Loss Graph notice what classified by intelligent system. The interface
has the functionality to enable detecting many objects
Mean Average Precision (MAP) inside one image and summarizing the detection for the
= user. As per experimental result system works fine under
— various condition such as illumination environment,

o object orientation and image complexity.
14 The platform is integrated with several additional
» interface modules such as marketplace system, user and
. administrative monitoring panels. Marketplace module is
designed to allow users to upload and trade their classified
e-waste for the purposes of reselling, reuse and recycling,
thus enhancing resource management and sustainability.
‘ User dashboard allows monitoring of image uploads,
e classification history and marketplace transaction history
' Y - i while the administrator dashboard provides overall
monitoring system user, items submitted, number of
Figure 2: Mean Average Precision detection results and system performance. The proposed

0.4 4

034

0.24

Epochs
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intelligent web-based system benefits from integration of
object detection system and visualization together with
marketplace and administrative modules.

Figure 4: System Interface

5. CONCLUSION

This chapter offers an extensive review and interpretation
of the outcomes obtained from the design and
experimentation of the proposed intelligent e-waste
detection system. Whereas the previous chapter has
concentrated on the reporting of experimental results,
performance in dices and visualization outputs, this
chapter provides further interpretation of the obtained
findings by relating it to the problem statement, identified
research gaps and literature review. This chapter explores
the performance and feasibility of the system that has
been proposed and built. The system’s performance of
detecting and distinguishing of components of e-waste
under various circumstances and the factors that account
for it are then investigated thoroughly by carefully
interpreting and structuring the findings. This helps in
high lighting the strengths and explaining away any of the
existing weaknesses and future feasibility of the system.
The discussion aspect is extremely significant to this
research as it bridges the technical results to that of wider
e-waste management problems. Analysis of the resulting
outcomes is made in conjunction with the already noted
problems, primarily about the issue of waste segregation,
absence of automatic systems, and inefficiency that exists
in the current e-waste management systems. Thus, the
presented intelligent system that is built using object
detection and deep learning algorithms is critically
compared as a solution to the problems that exist.

In this comparison, attention is also given to how the
developed system overcomes the difficulties faced by
previous methods in being real-time and integrated.
Another dimension in which the system’s performance
has been studied is by both taking into account the
qualitative as well as quantitative measurements for its
operation. For instance, analysis not only of accuracy,
precision, recall and mAP but also the visualization
results, user-interface and response time. Thus, an overall
assessment of the system has been made on basis of all
the dimensions so as to avoid any narrow judgments. The
study has also attempted to analyze how the developed

system con tributes to an intelligent waste management
by improving the operational speed of recycling plants. In
doing so, it highlights its importance in assisting the
human-driven work and thereby making it less arduous.
Artificial Intelligence can surely have a role to play in
transforming the conventional waste management
systems. An elaboration has also been made in detailing
the constraints in system performance and limitations
with reference to: nature of datasets used, generalization
capability of the model to diverse environment and
datasets, etc. Detailed account on how these limitations
need to be considered for future enhancements have been
given as well. Last but not the least, future directions of
the research have also been recommended on the basis of
all the findings and the limitation.

Modifications for an improved system have also been
cited in context with use of enhanced learning models,
integration of modern-day technologies and further ex
tension in data for better training of the system. The
discussion section thus acts as a connector that leads the
research to the final outcome. It can also be stated as an
evidence that proves the successful implementation of the
research stated in the problem statement

5.1 Research Directions For Future

Despite the promising performance of the proposed
intelligent e-waste detection system in terms of accuracy,
real-time operation, and usability, there are various
potential avenues for improvement and expansion. The
future research directions presented below are crucial for
enhancing the existing system and for addressing wider
issues of e-waste management and advancing the
application of artificial intelligence (Al) in this field. This
section describes various areas where research and
development will help to further improve system
performance, scalability, and applicability to real-world
scenarios

One of the key areas for future work is to augment and
diversify the dataset. Deep learning models’ performance
is highly dependent on the quality, size, and variety of the
training data. In the current research, although effort has
been made to provide a representative dataset, the e-waste
materials present in the real-world world are much
diverse in terms of shapes, sizes and conditions.
Therefore, future research will aim to create large-scale
dataset containing images acquired in different light
condition, different backgrounds, and different
environments.

Another area to focus on for future work is to develop
more advance and optimized deep learning models. The
YOLO-based model used in the current study provides a
reasonable trade-off between speed and accuracy. New
architectures, such as integrated attention mechanisms,
trans former based models, hybrid model, or ensemble
techniques, can be
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investigated to improve the detection accuracy of small
and overlapping objects. Furthermore, pruning,
quantization and knowledge distillation can be applied for
optimizing models to be faster with lower

computational cost.

Another area to focus on for future work is to develop
more advance and optimized deep learning models. The
YOLO-based model used in the current study provides a
reasonable trade-off between speed and accuracy. New
architectures, such as integrated attention mechanisms,
trans former based models, hybrid model, or ensemble
techniques, can be

investigated to improve the detection accuracy of small
and overlapping objects. Furthermore, pruning,
quantization and knowledge distillation can be applied for
optimizing models to be faster with lower

computational cost.

The deployment of the system on the mobile devices or
edge computing can further improve the system
applicability and accessibility. The web based
implementation of the system provides limited
functionality in the remote area where the network
condition is unstable. The edge computing enables the
computation at the edge of the network, which requires
lower transmission latency and can be operated offline.
The use of the cloud computing platform and scalable
infrastructure will also improve the system efficiency for
a large scale application. Cloud based deployment can
efficiently manage large volume data, multiple user,
update models and performance monitor. The cloud-
native architecture could also offer a reliable and scalable
solution for the future system.
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