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Agency (BPS) recorded waste volume to reach 64 million tons per year by Published: 29 November 2024
2023. High urbanization high urbanization is driving waste production in

urban areas, while the transformation of consumption patterns, especially Key Words

towards single-use products and plastics, are also contribute to this increase. Convolutional Neural Network,
Effective waste management must pay attention to the quality and quantity of Image Processing, Deep

its management, and be supported by relevant technological innovations. Learning, Online Waste
relevant technological innovations. However, limited resources, both budget Reporting System, Website.
and manpower, are the main obstacles. Despite the launch of the Online Waste

Reporting System (SPSO) has been launched, challenges such as the lack of

an automation mechanism and integration with local automation and

integration with local waste management systems are still slowing down the

response to the waste problem. slowing down the response to the waste

problem. Technological innovations such as Convolutional Neural Network

(CNN) and image processing promise a solution to improve the efficiency and

to improve efficiency and responsiveness in waste management, with the

potential to speed up identification and response to waste reports more

accurately and efficiently. more accurately and efficiently. Good coordination

between government and related agencies as well as improved distribution of

resources are needed to address these challenges and improve the effectiveness

of waste management in Indonesia.

I. INTRODUCTION

Rapid population growth and urbanization in Indonesia have significantly contributed to
the increasing volume of waste, which reached approximately 64 million tons in 2023,
according to the Central Bureau of Statistics (BPS). Urbanization concentrates populations in
major cities, escalating waste production and straining existing management systems. This
growing crisis demands effective waste management solutions to mitigate environmental and
public health risks.

The surge in waste is closely linked to shifting consumption patterns, with a rise in single-
use products and plastic packaging. These changes reflect economic growth and evolving
lifestyles, further underscoring the urgency for innovative waste management strategies.
Beyond quantity, the focus must also shift to improving the quality of waste management, as
poor handling can lead to water and soil pollution and pose significant health risks.

Limited resources, both financial and human, remain a major obstacle. Budget constraints
often leave waste management infrastructure underfunded, while insufficient personnel hinders
efficient operations. Although the Online Waste Reporting System (SPSO) has been
introduced, response times remain slow due to a lack of automation in prioritizing waste
management based on urgency. ,

Resource allocation disparities further exacerbate the issue, with rural and remote areas
often receiving less support compared to urban centers. This inequity hampers access. to
adequate waste management services and intensifies environmental and health challenges in
underserved regions. N
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¢ % 4 o Recent research by Rasidi, Pasaribu, and Zigri [1] highlights the potential of artificial
intelligence, particularly Convolutional Neural Networks (CNN), in waste management. By
classifying organic and inorganic waste through image analysis, CNN has demonstrated high
accuracy, enhancing waste sorting efficiency. Integrating CNN into systems like SPSO could
streamline waste management, providing faster and more precise responses while contributing
to broader sustainable development goals.

Il. METHODS
This research uses an experimental method. The experimental method aims to apply and

test the Convolutional Neural Network (CNN) mode in detecting and classifying garbage
images based on density levels. This method is quantitative The following are the steps of the
experimental method used in this research, namely:
Collect datasets of garbage images from various sources
Image Pre-processing
CNN Architecture Design and Implementation
Train the cnn model with the prepared dataset
Test the model performance evaluation.
A. System Planning

1) Analysis of the current system: After observing the Online Waste Reporting System
firsthand, there are some weaknesses that need to be improved. Some stages, such as data
analysis and waste handling, are still done manually, which increases the risk of errors and
hampers efficiency. Although reporting is done through the app, the lack of a monitoring
system leads to unclear report status and lack of visibility into the overall waste handling
progress. In addition, waste management actions are sometimes delayed due to a lack of
effective supervision and coordination. Communication between waste management teams,
especially through live chats, often leads to loss of information and misunderstandings. Lastly,
responsibilities in the waste analysis and handling process have not been standardized, leading
to unclear division of labor and responsibilities.

2) Analysis of the proposed system:
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Fig. 1 Proposed flow system
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The use case diagram for the waste reporting application includes three main actors:
Waste Reporters, Admins, and Waste Handlers. Waste Reporters can upload waste reports,
view report status, while Admins have the authority to respond and verify reports, as well as
manage user accounts. The Waste Handler receives the report from the Admin to take action
to handle or clean up the waste. The interaction between these three actors forms a cycle of

reporting and handling waste in the application.
2) Activity Diagram:
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Fig. 3 Login activity diagram

The login activity diagram is a visual representation of the process of logging into a
system or application. The steps include the user entering a username and password, the system
verifies the credentials entered, and if the verification is successful, the user will be redirected
to the home page. This diagram illustrates the sequence of activities that occur during the login
process to facilitate understanding and analysis of the workflow that occurs in the s'flsgem.
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Fig. 4 Garbage handling activity diagram

The waste handling activity diagram illustrates the waste handling process after the report
is received by the system. This includes activities such as report analysis, handling resource
allocation, and reporting the handling results back to users or related parties.

c. Database Designing

The database that the author will use in designing this final project is MySQL, because
it is easy to access and easy to operate. In designing this database, it consists of 5 tables, namely
user (reporter), admin, ¢_rangers (the party that handles the waste), report, and report_sustain.
The following is the design of the relationship diagram between entities or ERD as shown in
Figure 5.

Fig. 5 Diagram relationship

D. Data Training

Training data is a subset of the dataset that is used to train machine learning models with
the main purpose of teaching the model the patterns contained in the data, so that the model
can make the right predictions or decisions when given new data. Typically, training data is
divided into batches to incrementally train the model. Each batch consists of a number of data
examples fed to the model, and the model is updated based on the performance of each batch.
In the model design for this final project, the dataset is divided into three categories gf‘Poor‘,
'Poor', and 'Very Poor', where each category is also divided into three parts: trainihg, test, and , »
validation. This allows for a comprehensive evaluation of the model's performance at various *

5
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stages 4n the development process and ensures good generalizability when the model is

Qe 'ung‘fethed on new data, as shown in Table 1.
*, (\

: ¢ TABLE 1 DATASET CLASS DIVISION FOR MODEL TRAINING
- Training (80%)
Kurang baik Testing(10%)
Validation(10%)
Training (80%)
Buruk Testing(10%)
Validation(10%)
Training (80%)
Sangat Buruk Testing(10%)
Validation(10%)

E. Interface Design
1) Login Page:

& EcoGuard

Masuk ke Akun

Fig. 6 Login Page

2) Registration Page:

& EcoGuard

Pendaftaran Akun

Harma Dapan *

Harma Belokang *

Fig. 7 Registration Page
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Fig. 8 User dashboard

4) User Report Page:
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Fig. 9 User report page
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Fig. 11 Incoming reports view for admin

F. Prototyping of Online Waste Reporting System

In the study titled "Implementation of Convolutional Neural Network for Prioritizing
Waste Management Based on Density Levels in an Online Waste Reporting System Using
Image Processing,” the prototyping method was used to design and develop an online waste
reporting system integrated with a CNN model.

The process began with gathering initial requirements from users and stakehoIQers to
understand the necessary features and functionalities. These requirements included waste
reporting through image uploads, waste density classification, and assigning categories:based
on the severity of waste density. Based on the collected requirements, an initial probtypo ok .
the system was created. This prototype included a user interface (Ul) design that allowed J§ers N
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« to upload waste images and view classification results, as well as a basic workflow integrating
¢ © the CNN.model to process and analyze the images.

The prototype was then evaluated and tested by early users to gather necessary feedback.
Feedback from users was used to refine the prototype through iterative cycles. Each iteration
involved adjustments and improvements based on the input received, focusing on both the user
interface and system functionality. This iterative process ensured that every change and
enhancement was made progressively to achieve the desired level of user satisfaction.

Once the prototype reached the desired level of satisfaction, the development of the final
system began, incorporating all required functionalities. The final system included full
integration with the trained CNN model to detect and classify waste images based on density
levels, as well as additional features such as classification result reporting, data storage in a
database, and the capability to perform CRUD (Create, Read, Update, Delete) operations on
reported data.

The final system was then thoroughly tested to ensure that all functionalities worked
correctly and met the specified requirements. Testing included evaluating the performance of
the CNN model, system integration testing, and user testing to ensure the system was user-
friendly and effective in meeting its objectives. After successful testing and validation, the
system was deployed in a production environment. The enhanced online waste reporting
system was then implemented for use by the community or relevant institutions. Routine
maintenance was also carried out to ensure continued operation and adaptability to evolving
user needs.

This prototyping approach ensured that the developed waste reporting system met user
needs and effectively prioritized waste management based on density levels using image
processing and CNN technology. As a result, this system can help optimize waste management
and improve environmental quality through the use of advanced technology.

. RESULTS

The MySQL connection system for this application was designed using XAMPP as the
local server and PhpMyAdmin as the database management interface. XAMPP allows MySQL
installation and operation locally, making it easier for developers to manage the database
through PhpMyAdmin. The database connection configuration is stored in the .env.local file,
which securely stores credentials such as hostname, username, password, and database name.
The .env.local file helps with environment configuration management and increases security
by keeping sensitive information out of the source code. Connection to the database is done
through an API set up in the db-connection.js file, which initializes a connection to MySQL
using credentials from the .env file. Application users can perform CRUD (Create, Read,
Update, Delete) operations through a web interface that sends requests to this API, ensuring
interaction with the database is done in a structured and secure manner. XAMPP and
PhpMyAdmin provide a user-friendly database management environment.

Fig. 12 Local environment
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Fig. 13 Database endpoint

A back-end server API was developed using Flask to process the images and provide a
litter density score as well as litter density ugliness categories such as “Poor”, “Poor”, and
“Very Poor”. The pre-trained Convolutional Neural Network (CNN) model is stored in the
model.h5 file and loaded when the Flask server is initialized. The API has a /upload endpoint
that accepts the POST method to receive images from the user. The images are processed by
resizing them to 224x224 pixels and scaled to the range [0, 1]. The prediction model generates
a litter density score that is classified into three categories. The prediction results are returned
in JSON format to the client. If an error occurs during image processing or prediction, the API
returns an error message with status code 500. This configuration and implementation ensures
that the image processing-based online waste reporting system can run efficiently and
accurately.
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e design of the application pages encompasses various elements, as shown in Figure

¢* 15,,16? , 48, and 19, which depict the key components and features integrated into the user
interchg 0 ensure functionality and ease of use.

s *
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Pendaftaran Akun

Mot ey

At sl

- Fig.'16 Sliced registration page

& EcoGuard

Ayo, tunggu apalagi?
Jadilah bagian dar?
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Fig. 17 Sliced user dashboard

& EcoGuard [1]

Upload Laporan

Fig. 18 Sliced report page o
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& EcoGuard
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Fig. 19 Sliced admin dashboard

System testing is important to ensure the system functions as expected by the user. In
designing this final project, the author uses the blackbox testing method with the Equivalence
Partitioning (EP) technique. EP is an efficient blackbox testing technique. Testing starts with
identifying the input domain, dividing the input into equivalence classes, selecting
representatives from each class, designing test cases, executing test cases, and evaluating
results. With EP, testing becomes more efficient as it reduces the number of test cases without
sacrificing coverage.

The test is conducted with a garbage image that has been manually labeled for density. The

images were divided into three equivalent classes: “Kurang Baik”, ‘Buruk’, and ‘Sangat
Buruk’.

1) Testcasel:
e Expected Result : “Kurang Baik”
e Result: “Kurang Baik”

Dimas
Contoh

Fig. 20 Test case result 1

2) Testcase?2:
e Expected result : “Sangat Buruk”
e Result: “Sangat Buruk”

Fig. 21 Test case result 2
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3) Testcase3:
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* Result “Buruk”
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0 Dimas
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Fig. 22 Test case 3

The test results show that the system has been tested with 100% coverage, identifying and
mitigating risks related to the use of the system. The system successfully produced effective
and innovative solutions in managing and prioritizing waste handling, as well as ensuring
optimal system quality and performance as intended.

IV.CONCLUSIONS

In conclusion, the Convolutional Neural Network (CNN) model developed during the
design and implementation process successfully classifies waste based on density with 91%
accuracy, demonstrating the effectiveness of CNN in processing image data. Prototyping an
online waste reporting system integrated with the CNN model successfully allows users to
report waste and see the priority of handling it based on density. The integration of the CNN
model into the website was carried out successfully, so that users can access the waste handling
priority feature through an easy-to-use interface. System testing using blackbox testing and
Equivalence Partitioning techniques achieved 100% coverage, indicating that the system was
thoroughly tested and functions as expected.
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