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Abstract: This project introduces an AI-Based Plastic Detection and Alarm System designed to automatically identify plastic waste
objects and generate alerts in real time. The system uses Artificial Intelligence and Computer Vision techniques, particularly deep
learning-based object detection models such as YOLO, to detect plastic items like bottles, wrappers, containers, and covers through
camera input. Once plastic is detected, the system generates an alarm or alert to notify the user immediately, and the detection results
can also be stored for monitoring and future analysis. Developed using Python, the system is designed to improve detection accuracy,
reduce manual effort, and support efficient waste monitoring. Overall, the proposed system provides an intelligent, practical, and
effective solution for real-time plastic waste detection and environmental protection.
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1. Introduction

In today’s rapidly growing world, environmental pollution
has become a serious global concern, and plastic waste is one
of the major contributors to this problem. Plastic materials
such as bottles, wrappers, containers, and covers are widely
used in daily life, but improper disposal of these materials
creates harmful effects on the environment, wildlife, and
human health.  Effective identification and monitoring
of plastic waste are therefore essential for maintaining
cleanliness and supporting sustainable waste management
practices.

Traditional methods of plastic waste detection mainly
depend on manual observation and sorting, which are
time-consuming, labor-intensive, and often inaccurate.
Human-based monitoring systems may fail to identify plastic
waste efficiently, especially in large waste collection areas
or continuous monitoring environments. In addition, manual
detection processes can lead to inconsistency, delay, and
increased operational effort, reducing the overall efficiency
of waste management systems.

To overcome these challenges, the Al-Based Plastic
Detection and Alarm System is introduced as an intelligent
solution that automates the identification of plastic waste
objects in real time. The system uses Artificial Intelligence
(Al) and Computer Vision techniques to analyze input
images or live camera feeds and detect plastic materials
accurately. By using advanced object detection algorithms
such as YOLO, the system can recognize plastic objects
quickly and efficiently under different conditions.

One of the important features of this system is its ability
to generate an alarm or alert immediately after detecting
plastic waste. This real-time alert mechanism helps users or
monitoring authorities take necessary action without delay.
The system can also store important detection details such
as object label, confidence score, time, and image data for
monitoring and future analysis, making it more useful for
smart waste management applications.

By automating content generation and simplifying the design
workflow, VoxMark Al significantly reduces manual effort
and improves productivity. The system provides a centralized
platform for managing marketing data, ensuring consistency
and efficiency in content creation. Overall, VoxMark
Al represents a modern approach to digital marketing
by integrating artificial intelligence with user-friendly
interfaces, thereby transforming traditional brochure creation
into a smart and efficient process.

By automating the plastic detection process and simplifying
real-time monitoring, the Al-Based Plastic Detection and
Alarm System significantly reduces manual effort and
improves detection efficiency. The system provides an
intelligent platform for identifying plastic waste objects,
generating alerts, and storing detection results for future
monitoring and analysis.

2. Related Works

Recent advancements in Artificial Intelligence, Computer
Vision, and Deep Learning have significantly influenced
the development of automated waste detection and
environmental monitoring systems. Researchers have
focused on creating intelligent systems capable of identifying
different waste materials, improving sorting efficiency, and
reducing manual effort through real-time object detection
technologies.

Karanam et al. (2026) (ScienceDirect article on progressive
dataset expansion for Al-based plastic waste detection)
investigated how larger and better-annotated datasets
improve object detection performance in plastic waste
recognition systems.

Potiracha and Baars (2026) reviewed recent remote sensing
technologies for plastic waste monitoring and emphasized
the growing role of Al and image-based detection techniques
in tracking plastic waste across different environmental
conditions.
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Hossain Dipo et al. (2025) developed a real-time waste
detection and classification system using a YOLOv12-based
deep learning model. Their work demonstrated that
advanced YOLO architectures can effectively identify
different categories of waste with high speed and accuracy,
making them suitable for practical recycling and monitoring
systems.

Mustapha et al. (2025) proposed a hybrid deep learning
model combining YOLOv8 and CNN for waste detection
and classification. Their study showed that integrating object
detection with feature-based classification can improve the
overall performance of intelligent waste recognition systems,
especially in mixed waste environments.

Arishi (2025) presented a real-time household waste
detection and classification system for sustainable recycling
using deep learning.

Ramos et al. (2024) conducted a systematic review on
machine learning in plastic waste detection and classification.
Their study examined various Al and deep learning
techniques used for plastic recognition and concluded that
modern object detection approaches are highly effective
for environmental monitoring and smart waste sorting
applications.

Ramos et al. (2024) conducted a systematic review on
machine learning in plastic waste detection and classification.

Martinez-Hernandez et al. (2024) proposed a low-cost
deep learning system for plastic waste recognition using
multispectral near-infrared sensing.

Earlier studies also contributed to the field of automated
object recognition and smart monitoring. Goodfellow et
al. (2016) provided fundamental concepts of deep learning
that support the development of intelligent detection models,
while Harris et al. (2020) emphasized the importance of
efficient numerical computation in Al applications through
tools such as NumPy.

Although these existing systems provide valuable solutions
in object detection, image analysis, and intelligent
monitoring, many of them focus on general object
recognition rather than specifically targeting plastic waste
identification. In contrast, the proposed Al-Based Plastic
Detection and Alarm System is designed specifically to
detect plastic waste objects and generate immediate alerts in
real time.

3. Outlined Method

Designing the Al-Based Plastic Detection and Alarm
System involves a structured methodology that focuses
on automatically identifying plastic waste objects and
generating alert notifications in real time. The system
integrates artificial intelligence, computer vision, and
web technologies to provide an efficient, accurate, and
user-friendly monitoring solution.

3.1 Requirement Analysis

The requirement analysis phase focuses on identifying
the limitations of traditional plastic waste monitoring
and manual inspection methods. Manual monitoring of
plastic waste is time-consuming, less efficient, and highly
dependent on human observation, which may lead to delayed
detection and inaccurate waste identification. In many
environments, continuous monitoring is difficult to achieve
without automated assistance.

To address these challenges, the system defines key
functional requirements such as real-time plastic object
detection, live camera input processing, alarm generation,
image analysis, and centralized data handling. The non-
functional requirements include system accuracy, fast
response time, scalability, usability, and reliable performance
under different environmental conditions.

a) System Design

The system architecture is designed as a modular structure

where different components interact with each other through

a centralized database. The major modules of the system

include:

e User Module: Handles user registration, login, and
interaction with the system.

o Plastic Detection Module: Uses Al-based object
detection techniques to identify plastic waste objects
from live camera input or uploaded images.

o Image Processing Module: Captures and processes
image frames for accurate detection and classification of
plastic objects.

e Alarm Module: Generates alert notifications or alarms
whenever plastic waste is detected by the system.

o Database Module: Stores user information, detection
records, alert history, and system activity details.

e Admin Module: Manages users, monitors system
activity, and generates reports.

All these modules are interconnected and communicate with
a centralized database system that stores user data, detection
details, and generated alert records.

b) Development

The development of the system is carried out using modern
technologies to ensure efficiency and scalability. The
backend is implemented using Python and the Django
framework, which handles business logic, system processing,
and database interactions. The frontend is developed to
provide a simple and user-friendly interface for monitoring
plastic detection activities.

Artificial intelligence techniques such as computer vision and
object detection algorithms are used for identifying plastic
waste objects from images or live camera input. Image
processing libraries such as OpenCV and AI models such
as YOLO are applied to improve detection accuracy and
real-time performance. These technologies enable the system
to automate plastic waste monitoring and generate alerts
effectively.

¢) Integration & Testing
After development, all modules are integrated into a single
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system to ensure seamless communication and functionality.
Integration testing is performed to verify that all components
work together without errors. Functional testing is conducted
to validate key features such as plastic object detection,
alarm generation, image processing, and storage of detection
results.

After development, all modules are integrated into a single
system to ensure seamless communication and functionality.
Integration testing is performed to verify that all components
work together without errors. Functional testing is conducted
to validate key features such as plastic object detection,
alarm generation, image processing, and storage of detection
results.

4. Evaluation & Optimization

Evaluation and optimization involve analyzing the
performance of all modules within the Al-Based Plastic
Detection and Alarm System. This includes measuring
the accuracy of plastic object detection, evaluating the
effectiveness of the alarm mechanism, analyzing the
reliability of image processing, and validating the correctness
of stored detection results.

The system performance is assessed based on detection
accuracy, response time, real-time alert generation, and
overall system reliability. The detection module is evaluated
to ensure that plastic objects such as bottles, wrappers,
containers, and covers are identified correctly under different
environmental conditions. The alarm module is analyzed to
confirm that alerts are generated immediately after detection.

Optimization techniques are applied to enhance overall
system performance. These include improving the accuracy
of the AI detection model through better training data,
optimizing image processing for faster detection, and refining
database operations for efficient storage and retrieval of
detection records. Additional improvements such as reducing
detection delay, improving system responsiveness, and
enhancing the user interface are implemented to ensure
smooth and effective system operation.

4.1 Machine Learning Approach

The Al-Based Plastic Detection and Alarm System applies
machine learning and artificial intelligence techniques
to automate environmental monitoring and plastic waste
detection tasks. One of the key components of the system
is the Al-based plastic detection module, which uses deep
learning algorithms to detect plastic objects such as bottles,
bags, and cups in real-time based on input from video
streams.

The system accepts input in the form of images and live video
captured through CCTV or drone cameras. These inputs
are processed using computer vision techniques, where the
data is refined through image pre-processing methods such as
resizing, normalization, and noise removal to ensure accurate
detection by the Al model.

The detection process is carried out using the YOLOvVS
algorithm, which identifies objects in a single pass with high

speed and accuracy. The model detects plastic items and
assigns confidence scores to each detected object, ensuring
reliable identification of plastic waste.

In addition to detection, the system includes a
decision-making module that validates detections based
on confidence thresholds and confirms the presence of
plastic. The alarm module then triggers an alert to notify
authorities.
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Figure 1: Flowchart of Plastic Detection and Alarm System

4.2 Dataset Description

The Al-Based Plastic Detection and Alarm System utilizes
a dataset primarily composed of images and video frames
containing various types of plastic waste objects such
as plastic bottles, carry bags, disposable cups, wrappers,
containers, and packaging materials. These data samples
are essential for training, testing, and validating the object
detection model used in the system. The dataset is collected
from a combination of publicly available sources, online
image repositories, and real-time camera captures obtained
during the implementation phase. This diverse collection
of visual data helps the model learn different shapes, sizes,
colors, and appearances of plastic objects under practical
conditions.

The collected dataset includes images captured in different
lighting conditions, background environments, viewing
angles, and object positions to improve the robustness
of the system. Some images contain single plastic
objects, while others include multiple overlapping objects or
complex backgrounds to simulate real-world waste detection
scenarios. Video frames extracted from continuous camera
input are also used to evaluate the model’s real-time detection
capability. These image and video samples are annotated
using bounding boxes to indicate the exact location of plastic
objects, enabling supervised training of the object detection
algorithm.
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Different types of data are handled within the system for
specific purposes. The raw image and video data serve as
the primary input for plastic detection, while the annotated
training data is used to train the Al model to identify and
localize plastic waste objects accurately. In addition to
visual data, the system may also maintain metadata such
as detection timestamps, confidence scores, detected object
labels, and alarm status. This information is useful for
monitoring detection performance and maintaining detection
logs for future analysis.

The dataset is also divided into training, validation, and
testing subsets to evaluate the performance of the plastic
detection model objectively. The training dataset is used to
teach the model to recognize plastic objects, the validation
dataset helps in tuning the model parameters, and the
testing dataset is used to assess final detection accuracy and
reliability. This structured data organization ensures that the
system is evaluated fairly and performs consistently under
different conditions.

As the system operates, the dataset can be continuously
updated by storing new detection samples and real-time
camera inputs. This enables future retraining or refinement
of the model, thereby improving detection performance
over time. Efficient data management techniques are
implemented to maintain data integrity, security, and fast
retrieval, ensuring that the system remains scalable and
useful for future monitoring, reporting, and environmental
analysis. Overall, the dataset plays a critical role in enabling
accurate, real-time, and intelligent plastic waste detection.

5. Result & Discussion

The Al-Based Plastic Detection and Alarm System was
evaluated using multiple image and video samples to measure
the performance of plastic object detection, classification
accuracy, and alarm response. The system was tested under
different lighting conditions, object sizes, viewing angles,
and background complexities. The experimental results
demonstrate that the proposed system effectively detects
plastic waste and accurately generates alerts when plastic
objects are identified.

5.1 Plastic Detection Accuracy

The plastic detection module was evaluated using different
image samples containing plastic waste objects. The
preprocessing techniques improved image quality and
supported better object recognition. The detected objects
were compared with manually verified plastic objects to
calculate accuracy.

Table 1: Plastic Detection Accuracy

Test Samples | Correctly Detected | Accuracy (%)
20 18 90
30 27 90
40 36 90
50 46 92
60 55 91.6

The results show that the plastic detection module achieved
high accuracy in identifying plastic objects from images and

video frames. The performance remained consistent across
different testing conditions.

5.2 Plastic Classification Accuracy

The plastic classification module was evaluated by
comparing predicted detection results with manually
verified plastic objects. The system successfully identified

different forms of plastic waste in the input images.

Table 2: Plastic Classification Performance

Category Correct Predictions | Accuracy (%)
Plastic Bottles 45/50 90
Plastic Covers 42/48 87.5

Plastic Containers 47/50 94
Overall Accuracy - 90.5

The classification model achieved an overall accuracy of 90.5
percentage, demonstrating reliable plastic object recognition
and detection performance.

5.3 ROC Curve Analysis

The Receiver Operating Characteristic (ROC) curve is
used to evaluate the performance of the plastic detection
classification model. The ROC curve plots the True Positive
Rate (TPR) against the False Positive Rate (FPR) at different
threshold values. A curve closer to the top-left corner
indicates better classification performance.

The Al-based plastic detection model achieved a high True
Positive Rate while maintaining a low False Positive Rate.
The Area Under Curve (AUC) value obtained from the ROC
analysis was 0.92, indicating strong detection capability.
The ROC curve demonstrates that the system effectively
distinguishes plastic objects from non-plastic objects.

ROC Curve for Plastic Detection System
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Figure 2: ROC Curve for Plastic Detection

5.4 System Performance Discussion

The experimental results show that the Al-Based Plastic
Detection and Alarm System provides accurate plastic
detection and reliable alert generation. The object detection
module achieved more than 90 percentage accuracy, while
the classification model demonstrated strong performance
with a high AUC value. The alarm mechanism improved the
responsiveness of the system by notifying users immediately
when plastic waste was detected.
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Overall, the proposed system improves plastic waste
identification and monitoring by providing real-time object
detection and alarm notification. The results confirm that the
system is effective for recognizing plastic waste objects and
can assist in waste management, environmental monitoring,
and automated plastic detection applications.

5.5 Comparative Analysis with Existing Systems

A comparison between the Al-Based Plastic Detection and
Alarm System and traditional monitoring methods highlights
significant improvements in efficiency, accuracy, and
automation. Conventional systems rely on manual inspection
and basic CCTV monitoring, which are time-consuming and
prone to human error. In contrast, the proposed system
automates the detection process using artificial intelligence,
reducing human effort and enabling real-time monitoring.

Existing systems often lack automation and do not provide
instant alerts when plastic waste is detected. However,
the proposed system integrates multiple functionalities into
a single platform, including real-time video processing,
Al-based plastic detection, decision-making, and automated
alarm generation. This integrated approach offers a more
efficient and reliable solution compared to existing methods.

Additionally, the system ensures better monitoring by
continuously analyzing live video streams and detecting
plastic objects with high accuracy. The data storage module
allows efficient recording and retrieval of detection results,
enabling better tracking and analysis over time.

Overall, the AI-Based Plastic Detection and Alarm
System improves operational efficiency, enhances detection
accuracy, and reduces dependency on manual monitoring.
The system demonstrates the effectiveness of integrating
artificial intelligence with real-time monitoring technologies
to create a smart and reliable environmental protection
solution.
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Figure 3: Workflow of Plastic Detection and Alarm System

6. Conclusion

The Al-Based Plastic Detection and Alarm System presents
an effective and intelligent solution for environmental
monitoring by automating the detection of plastic waste
in real-time. The system successfully integrates artificial
intelligence and deep learning techniques to identify

plastic objects from live video streams, thereby reducing
dependency on manual inspection and improving monitoring
efficiency.

By supporting real-time input through CCTV and drone
cameras, the system enhances monitoring capabilities and
provides a flexible solution for different environments. The
use of computer vision and object detection algorithms
enables accurate identification of plastic waste, while the
automated alarm system ensures immediate alerts, allowing
quick action by authorities or personnel.

The system demonstrates reliable performance across
different modules including input processing, pre-
processing, detection, decision-making, alarm generation,
and data storage. The use of technologies such as Python,
OpenCV, PyTorch, and Flask ensures efficient processing,
scalability, and smooth system operation.

Overall, the Al-Based Plastic Detection and Alarm
System highlights the potential of integrating artificial
intelligence with environmental monitoring systems
to improve efficiency, enhance accuracy, and support
sustainable practices. The proposed system represents a step
towards smarter and more automated solutions for managing
plastic pollution and protecting the environment.
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