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The problem of waste management creates daily rubbish buildup due to
thorough sorting. garbage sometimes accumulates in public garbage
receptacles due to officials' ignorance of bin capacity and collectors'
schedules, causing unclean conditions and the development of deadly
diseases. Internet of Things technology was used to create a smart waste
classification system with a notification mechanism in this study. This system
classifies waste into plastic, metal, B3, and organic using a Raspberry Pi 4,
camera module, and deep learning model. The -classification uses a
Convolutional Neural Network to speed up waste processing and separation.
This research can be linked with research on separating trash types in one
container and then allocated to garbage bins by type. Ultrasonic sensors and
Raspberry Pi 4 can continuously monitor waste levels by sending data to the

Ubidots [oT platform over HTTP. Based on experimental device data, system
analysis shows 90% classification accuracy for all four waste categories. A
Wireshark network analysis showed 61,098 bytes/s of throughput, 16 ms of
delay, and zero data loss, demonstrating the system's ability for real-time
monitoring and alerting. This research provides a realistic, cost-effective, and
minimal solution to improve garbage classification and reduce collection
costs to promote sustainability.
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1. INTRODUCTION

The world's growing population brings with it a mounting challenge waste management [1]. As waste
generation increases, the environmental impact becomes increasingly significant [2], with large quantities of
diverse waste materials requiring proper handling and disposa [3]. Efficient and timely waste management is
crucial to mitigate these negative consequences [4], which can include pollution, resource depletion, and public
health risks if waste is not managed effectively [5]. Traditional waste management systems, however, often
struggle to keep pace [6]. Despite efforts to encourage waste separation at the source, such as designated bins
for different waste types, improper disposal remains a persistent issue. To address this, researchers have
explored the potential of emerging technologies, such as the Internet of Things, to enhance waste management
processes [7], [8] This lack of source separation leads to significant challenges at final disposal sites, were
waste must be manually sorted, slowing down the entire process [9]. Additionally, fixed collection schedules
often result in overflowing bins, further compounding the problem [10], [11].

To address these challenges, this study proposes a smart waste management system inspired by recent
advancements in the field [12], [13]. In existing research [34], waste is separated into organic and inorganic
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using a Raspberry Pi 4 as a microprocessor. In other studies, such as [35], waste classification is divided into
Recycled Waste, Kitchen Waste, Hazardous Waste and other waste. To create a more specific waste
classification, this research introduces a minimum system that includes a Raspberry Pi 4 and a camera, using
image processing and deep learning methodology to classify waste independently [14] into four categories:
Metal, Plastic, B3 (hazardous waste), and Organic, utilizing Convolutional Neural Network (CNN)[41]-[44].
A camera acts as the primary sensor [15], trained on a dataset of 50 images to accurately identify and classify
waste items [16], The shooting was done by photographing the garbage in the surrounding environment and
sorting it into 4 categories. The trash can that is made is designed to have four holes according to the type of
waste which will be separated by a waste separator actuator using a servo [16].

In each hole an ultrasonic sensor [17]-[19] is installed to measure the waste capacity and the waste
capacity is sent to the API IoT platform periodically using the Internet of Things [20] so that users can monitor
the waste capacity in real-time such as system in [21]. Network analysis using Wireshark will be conducted to
evaluate the system's data transmission efficiency, measuring key Quality of Service parameters such as
throughput, delay [22], and packet loss [23] using formula (1)-(3). To solve the problem of overflowing bins,
this research proposes early warning that rubbish bins are almost full with direct notification to officers so that
rubbish collection officers can immediately act to collect rubbish. When the ultrasonic sensor reads the volume
of waste disposal capacity of 90% using formula (5), the Raspberry Pi 4 will send notify to the user via telegram
[24]-[25] to warn that the waste must be picked up immediately and provide information on the trash can's
location. with a delay in sending data and sending notifications of 16 ms, then with this delay it can be
concluded that the speed of receiving data and notifications is fast so that the response from the garbage
collector will be faster.

The emergence of the Internet of Things has paved the way for smart waste management systems that
offer real-time monitoring and automated solutions. These systems leverage technologies like image processing
and deep learning for waste detection and classification [26]. Several studies have demonstrated the potential
of loT-enabled smart waste management systems in addressing the challenges of traditional approaches [27].
This system offers many benefits, including increased waste sorting accuracy, reduced collection frequency,
and optimal resource allocation. In addition, the IoT system can provide real-time information on current waste
capacity so that users can check anywhere and anytime [28].

This paper presents the design and implementation of a smart waste classification prototype integrated
with a warning system, based on the Internet of Things technology [36]-[40]. The key contribution of this
research is the development of a practical and efficient solution for optimizing waste management processes,
promoting sustainability through improved waste classification and reduced collection overheads

2. METHODS AND SYSTEM
2.1. Flowchart and System

Raspberry Pi 4 and ultrasonic sensors have essential tasks in this study. Raspberry Pi4 is a core system as
this research [45]-[47] that can connect to the internet without additional modules, and its ability to manage
image data is good enough to sort four types of waste. The sorting is supported by a servo such this study [48],
[49] integrated with Raspberry Pi 4 to deliver every kind of waste to the proper trash can. In addition, ultrasonic
sensors [50], [51] that can read distances are managed so that Raspberry Pi 4 can read the volume of waste, a
reference for early warnings sent to users. The system workflow is illustrated through two flow diagrams. Fig.
1(a) depicts the waste classification and sorting process within the smart trash can, while Fig. 1(b) outlines the
workflow of the early warning system triggered when the waste level reaches 90% capacity.

Waste is deposited into the designated intake area of the smart trash can. The integrated camera then
captures an image of the waste item, and image processing techniques are applied to analyze the image and
identify the waste type. Based on the determined waste type, the image processing and classification algorithm
directs the servo motor to rotate the waste separator to the corresponding compartment: Metal (45 degrees),
Plastic (135 degrees), B3 (225 degrees), or Organic (315 degrees). Finally, the waste item is deposited into the
appropriate compartment.

Fig. 1(b) shows the flow of the process of sending data to an API IoT platform Ubidots which uses the
HTTP protocol and an early warning system is a novel part of this research; it works when an ultrasonic sensor
connected to a Raspberry Pi 4 detects a trash can volume of 90%. so that it can calculate the values of
throughput, delay and packet loss, following the (1)-(3).
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The process begins with an ultrasonic sensor installed in each hole in the trash can that detects the volume
of waste from a distance by means of ultrasonic work in accordance with (4). The distance is read by the sensor
and then converts it into volume using (5). After that, if the waste volume is less than 90%, then the waste
volume data is sent from the Raspberry Pi 4 using the WIFI network and HTTPS protocol communication to
the Ubidots IoT platform. If the trash volume reaches 90%, Raspberry Pi 4 will notify Telegram users using
the WIFI network and send the trash volume data to the Ubidots IoT Platform. Furthermore, the Ubidots IoT
platform will display real-time Waste Volume data on the Dashboard. The loT-based system connects the [oT
device in this research with the Ubidots IoT platform for monitoring waste volume and user social media,
namely Telegram, for early warning notifications that the waste volume is almost full.

vXt
2

“
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where s is Distance, v is Speed of sound = 0.034;—7:L and t is Duration of sensor read. And the distance is read
by the sensor and then converts it into volume using the following equation:

Sensor Reading

1
Bin Height x 100 %)

2.1. Preprocessing

Before the waste classification process, the captured images undergo preprocessing techniques to enhance
their features and improve the accuracy of the waste classification algorithm [15]. This research employs a
median filter, a non-linear digital filtering technique, to reduce noise in the captured images. The use of a
median filter in this study aims to improve image quality by removing noise without damaging important
information. This is important so subsequent processes, such as feature extraction or classification with CNN,
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can run more accurately. The median filter replaces each pixel's value with the median value of its neighboring
pixels within a defined kernel size, using the following formula:

Ifiltered(x,y) = median({I(i,j): (i,j) € N(x,y)}) (5)

where I(x,y)is the original pixel value at position (x,y), Ifiltered(x,y) is the new pixel value after
applying the median filter, and N (x,y) represents the neighborhood (kernel) around the pixel.

This approach effectively reduces impulsive noise, such as salt-and-pepper noise, while preserving crucial
edges and details for accurate waste classification. The median filter is ideal for this task as it removes unwanted
noise without compromising important visual features, ensuring reliable data for classification algorithms.

By improving image quality through selective noise removal, the median filter enhances the performance
of the waste classification algorithm, leading to more accurate and reliable results. In turn enables the system
to provide more reliable and accurate results in identifying the different waste types, which is a crucial step in
the smart waste management process. And the preprocessing phase of this research was represented in Fig. 2.

Yy

original image 1px median filter

3px median filter 10px median filter
Fig. 2. Preprocessing using Median Filter

2.2. Training Data Set

So that the tool can differentiate between each type of waste, data training using machine learning is
needed. The amount of training data is 50 data for 5 input classes, namely empty class, metal waste class,
plastic waste class, B3 waste class, and organic waste class. Apart from that, the training data consists of Epochs
50 times, Batch Size 16, and Learning Rate 0.001. The data is displayed in Fig. 3. The five classes are trained
and then produce a file with the extension .h5.

The input for this process is images according to class with 10 images for each class, so the total is 50
images. The image collection process for the dataset is carried out by photographing the waste in the
surrounding environment and dividing it into four categories of waste: plastic, metal, B3, and organic. Then
the training data is carried out 50 times and divided into 3 batches once each. The 3 batches are the result of
50 images: 16 batch sizes. And finally, the learning rate is 0.001. After the data training process is carried out,
the training data results will be produced in the form of a file with the extension .hS5.

The data training process commences with collecting and processing data from five primary categories
(Empty, Metal, Plastic, B3, and Organic), wherein the data is labeled, normalized, and prepared for the deep
learning model. Subsequently, the data is input into the model, which is trained using specific parameters,
including a maximum of 50 epochs (the training process is reiterated 50 times), a batch size of 16 (data is
processed in groups of 16 samples), and a learning rate of 0.001. The model generates predictions based on the
input data through forward propagation, while backward propagation calculates the error using the loss
function. The model is then refined with an optimizer, such as Adam (Adaptive Moment Estimation), until
optimal weights are achieved. Upon completion, the trained model is preserved in a .h5 file for new data
classification or testing.
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Fig. 3. Training Data Setup

2.3. Classification Image Method

The results of the training data will be entered into the main program so that the camera automatically
carries out classification Images to determine the type of waste recorded. The libraries used to utilize the
training data results are the TensorFlow, cvzone, and cv2 libraries. ¢ shows the flow of the Machine Learning-
based decision-making process for classifying types of waste read by the camera.

Fig. 4 shows the Classification of Waste based Machine Learning process. The process begins when the
camera reads where the trash is placed, then the system performs feature extraction to see the characteristics of
the trash that is placed into a value, then the value is matched with the training data file, and after that, it is
classified according to the type of waste and the output produces whether it is trash. These are Empty (no waste
at the location where the waste is placed) or No Empty, Metal or No Metal Waste, Plastic or No Plastic Waste,
B3 or No B3 Waste, and Organic or No Organic Waste.

Empty

Emety R Classification —
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Flastic ¥ Feature Extraction >, 3
@ %" “¢ =
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Fig. 4. Classification of Variation Waste

The system receives material images (such as metal, plastic, B3, organic, or empty) through a camera.
The material image is fed into the system and processed through preprocessing to improve quality with Noise
reduction, Normalization, and resizing to match the standard input of the CNN model. It is then analyzed by
CNN using convolutional layers for complex feature extraction such as pattern, texture, and color, then through
pooling and fully connected layers for final classification, producing an output that accurately identifies the
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material category such as plastic, metal, or organic.

2.4. Hardware Design

The IoT device utilizes a Raspberry Pi 4 [27], a camera, servos, and ultrasonic sensors, as shown in Fig.
5. The Raspberry Pi 4 features a Broadcom BCM2711 Quad-core Cortex-A72 (ARM v8) 64-bit SoC @
1.8GHz, 2.4/5.0 GHz wireless, Bluetooth 5.0, 2 USB 3.0 ports, 2 USB 2.0 ports, Gigabit Ethernet, and 4 GB
SDRAM. These specifications enable it to process images for identifying four types of waste [28]. The camera,
connected via a USB 3.0 port, handles image and video processing, using a 5V power source and TX/RX for
data exchange. Two servos sort and drop waste, while four ultrasonic sensors monitor trash capacity. These
sensors are linked to the Raspberry Pi’s GPIO header, with each Trig and Echo pin connected via a 220Q
resistor as shown in Table 1.

Fig. 5. Hardware Design

Table 1. Raspberry Pi 4 Connection with Sensors

Servo 1 Servo 2
Red Black Purple Red Black Purple
Wire Wire Wire Wire Wire Wire
GPIO
Raspberry 5V GND GPIO 4 5V GND GPIO 17
Pi 4
Ultrasonic 1 Ultrasonic 2
VCC GND Trig Echo VCC GND Trig Echo
GPIO
Raspberry 5V GND GPIO 18 G;’;O 5V GND GPIO 24 GPZI?
Pi 4
Ultrasonic 3 Ultrasonic 4
VCC GND Trig Echo VCC GND Trig Echo
GPIO
Raspberry 5V GND GPIO 8 GP710 5V GND GPIO 12 GPII6O
Pi4

The hardware that is made is specially designed and refers to 3D design with slight adjustments so that
the placement of sensors and actuators can be precise. Fig. 6. is a picture of a trash bin made according to a 3D
design and each side has a marker for the type of waste also shows the position of the camera above the trash
can cover. For camera placement, its location can be raised further so that the camera can capture a wider area
of incoming waste. Then shows the location of the servo and the holes on each side for the 4 types of waste
and also the placement of the waste when inserted.
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Fig. 6. View of trash can (b) Camera placement (¢) Servo placement

3. RESULTS AND ANALYZES
3.1. Classification Processing Result

Classification Processing is a process to distinguish five classes, namely the empty class or the condition
when the camera reads that there is no trash can at the location where the waste is placed, such as Fig. 7(a).
Then the metal class or the condition when the camera reads metal waste (b). Then the plastic class, namely
the condition when the camera reads plastic waste (c). Next is class B3, namely when the camera reads B3
waste (d), and finally the organic class, namely when the camera reads organic waste (¢). Each figure displayed
is the result of Python 3 programming. Every time the system reads the garbage that enters the device, the
dashboard will show the type of garbage that is detected, as shown in Fig. 7(b)-Fig. 7(e). and will not show
anything when it is empty. This makes the dashboard easy to use and read by anyone.

SMART SORT TRASH = | SMART SORT TRASH

Fig. 7. (b) Classification Metal Capturer

SMART SORT TRASH == SMART SORT TRASH —

l Fig. 7. (e) Classification Organic Capture

The model accuracy during training (accuracy) against the number of epochs passed show in Fig. 8.
The X-axis (Epochs) is the number of training epochs, which is the number of complete iterations of the model
over the dataset. The Y-axis (Accuracy) is the model accuracy (proportion of correct predictions) in the interval
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[0,1]. The blue line (acc) is the model accuracy on the training data during training. The orange line (test acc)
is the model accuracy on the test data (untrained data) during training.

- acc
test ac

>06
[
=
3
<04
02
0.0
0 10 20 30 40 50
Epochs

Fig. 8. Accuracy based on the number of epochs

The training accuracy (blue) rises rapidly, signifying that the model effectively assimilates patterns in the
training data. The training accuracy attains a maximum of 100% approximately around epoch 15. The testing
accuracy (orange) also rises at a comparable rate, albeit slower than the training accuracy. The testing accuracy
rises until it stabilizes at approximately 0.9 (90%) and approaches 1 (100%). The model starts to comprehend
the fundamental patterns in the training data, which can be generalized effectively to the testing data. The
testing accuracy stabilizes at approximately 90% without notable declines.

Employing a sorting system of this nature will provide cleaners with more efficient waste handling in the
subsequent phase. To facilitate further research, it is essential to augment the dataset to allow the system to
categorize a diverse array of waste. This enhancement must accompany an increase in the precision of the
outcomes.

3.2. Result of Monitoring and Early Warning System

This research produced highly encouraging results, highlighting the effectiveness of the newly developed
smart waste management system. The system's monitoring capabilities, accessible through an intuitive web
interface, offer real-time insights into waste accumulation patterns. The intuitive dashboard includes two
separate visualisations for waste capacity data: a gauge display that offers an instant overview of current waste
levels for each category (metal, plastic, hazardous, and organic) and a graphical representation that illustrates
historical trash volume trends. The visualisations presented in Fig. 7 assist users in recognising long-term trends
and formulating viable optimisation plans.

Accurate measurement of waste volume is a cornerstone of effective waste management. To achieve this,
the system employs ultrasonic sensors to collect data, which is then processed using (5). This equation takes
into account a predefined trash bin depth of 50 cm, translating sensor readings into precise volume
measurements. This methodology not only ensures the reliability of the monitoring process but also enhances
the accuracy of the system’s early warning capabilities.

One of the key achievements of this research is the development and implementation of a robust early
warning system, as depicted in Fig. 9(b). When ultrasonic sensors detect that the amount of waste in a certain
bin has reached 90% of its capacity, the Raspberry Pi 4 instantly sends out an alert using the Telegram
messaging app, giving consumers timely notice that waste collection is urgently needed. Importantly, the
notification includes the exact location of the nearly full bin, facilitating more efficient waste collection efforts
and helping to prevent overflow. This proactive approach to waste management, characterized by real-time
monitoring and an efficient notification system, highlights the practical value and effectiveness of the
developed smart waste management system. By addressing both immediate and long-term waste management
needs, this system represents a significant advancement in the field of waste management technology.

In existing research regarding tools that can sort types of waste, such as in [31] which can read types of
metal and non-metal waste using a Proximity sensor. and can send notifications via telegram and in research
[32] which can read types of non-organic waste using a camera based on Al detection. Of course, this research
is an improvement from previous research which was able to read and sort 4 types of waste, namely metal,
plastic, B3 and organic. Apart from that, you can also send notifications via telegram so that cleaning staff can
act immediately and there will be no accumulation of rubbish.
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Fig. 9. Result of Web Monitoring (a) Result of Telegram Early warning notification (b)

3.3. Analyze of Quality of Service (QoS)

In this research, Quality of Service (QoS) testing was carried out using the Wireshark application on the
IoT network to see the performance of the network [33] used to send data from 4 ultrasonic sensors which were
used to see waste capacity. Table 2 shows samples uplink and downlink with Address A as the sender and
Address B as the recipient with a data length of 330 bytes and sending every 15 seconds. Value and category
for throughput, delay, and packet loss show in Table 3 and also some reviewed literature. Replies from the
server which can be seen from the idle python shell in Fig. 10. The data is sent using the API (application
programming interface) from the Ubidots [oT platform with the HTTP protocol Fig. 10. shows status code 201
which is the response from the server when data is received from the user. The HTTP protocol used by the
Ubidot Platform uses an API address that will only be known to the user so that Ubidot guarantees data security.

A *|DLE Shell 3.11.1* - a pd

File Edit Shell Debug Options Window Help
[INFO] finished

[INFO] Attemping to send data
200 {("binl': [{'status code': 201}], 'bin2': [{'status _code': 201}], 'bin3"': [{'
status_code': 201}], 'bind': [{'status code': 201}]}

[INFO] request made properly, your device is updated
[INFO] finished

Fig. 10. Delivery status and response

Table 2. Uplink and Downlink of IoT Network
No Address A Address B Protocol Data Length (Bytes) Duration (s)

1 Raspberry Pi4 API Ubidosts TCP 330 150.134
2 Raspberry Pi4  API Ubidosts TCP 330 150.409
3 Raspberry Pi4 API Ubidosts TCP 330 150.294
4  Raspberry Pi4 API Ubidosts TCP 330 150.339
5 Raspberry Pi4  API Ubidosts TCP 330 150.566
6  Raspberry Pi4  API Ubidosts TCP 330 15.062
7  Raspberry Pi4  API Ubidosts TCP 330 150.622
8  Raspberry Pi4 API Ubidosts TCP 330 150.385
9 Raspberry Pi4  API Ubidosts TCP 330 150.506
10 Raspberry Pi4  API Ubidosts TCP 330 150.498

Table 3. Perfomance Analysis of QoS of Result and Some Reviewed Literature

Ref Packet loss (%) Delay (ms) Throughput (byte/s)
[29] 0 14 71.85

[33] 0 21 345

This Work 0 16 61.098

Table 3 shows the packet loss, delay, and throughput produced in this study, as well as a comparison with
relevant references. In this study, based on the International Telecommunication Union (ITU) standard, namely
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ITU-T G.1010, which is shown in Table 4 and Table 5, the delay category value with 0 is very good, and the
delay category with a value of 16ms, which is still below 150 ms is the very good category.

Table 4. ITU Delay Category G.1010
Latency Category Delay

Very Good <150 ms
Good 150 — 300 ms
Medium 300 — 450 ms
Bad >450 ms

Table 5. Packet Loss Category ITU G.1010
Degradation Category  Packet loss

Very Good 0%
Good 5%
Medium 15%
Bad 25%

The Quality-of-Service value obtained is based on one condition: good or sunny weather without any
obstacles such as buildings or trees. In networking testing, this can be a reference for future research with multi-
devices integrated into the same network and also testing in various weather and obstacles that can block and
absorb signals.

4. CONCLUSION

This research effectively created a prototype of an intelligent waste management system capable of
identifying and sorting four categories of waste: metal, plastic, hazardous (B3), and organic. It utilises a
Raspberry Pi 4 and a camera, employing image processing and deep learning techniques for autonomous waste
classification. System study indicates a categorisation accuracy of 90% across all four waste categories. This
system is additionally equipped with a servo actuator that operates subsequent to the classification of waste,
facilitating the entry of rubbish according to its type. The examination of the Quality-of-Service characteristics
reveals a throughput of 61,098 bytes/s, a latency of 16 ms, and no data loss. These findings demonstrate
exceptional network performance. Furthermore, the system has effectively shown the waste volume on the
Ubidot platform dashboard and issued an early warning regarding waste capacity when the ultrasonic sensor
indicates that it has surpassed 90% then Raspberry Pi will send notice to user telegram.

Future improvements could focus on enhancing the system's robustness and versatility. Expanding the
training dataset with a wider variety of waste images for each category would improve the accuracy and
reliability of the classification algorithm. Additionally, exploring alternative network protocols, such as Lora
and Lorawan, known for their low-power, long-range capabilities, could further optimize the system for cost-
effectiveness and energy efficiency. These enhancements would contribute to a more sustainable and scalable
solution for smart waste management.

Acknowledgments
The first special thanks go to Universitas Mercu Buana for supporting foreign collaborative research, the
second to Universitas Muhammadiyah Tangerang. Third to Beijing Institute of Technology, for help and
cooperation during this research. Fourth to National Research and Innovation Agency, for give facility for this
research. There will always be a paper collaboration with Universitas Muhammadiyah Tangerang and Beijing
Institute of Technology in further research

REFERENCES

[1] A. Maalouf and A. Pariatamby, "Waste management evolution in the last five decades in developing countries — a
review," Waste Management &Amp; Research: The Journal for a Sustainable Circular Economy, vol. 41, no. 9, p.
1420-1434, 2023, https://doi.org/10.1177/0734242x231160099.

[2] T.Akmal, F. Jamil, M. H. Raza, C. Magazzino, and B. Hussain, "Assessing household’s municipal waste segregation
intentions in metropolitan cities of Pakistan: A structural equation modeling approach," Environmental Science and
Pollution Research, vol. 195, no. 10, pp. 26601-26613, Sep. 2023, https://doi.org/10.1007/s10661-023-11685-w.

[3] K.Kumar, L. Ding, H. Zhao, and M. Cheng, "Waste-to-energy pipeline through consolidated fermentation—microbial
fuel cell (MFC) system," Processes, vol. 11, no. 8, p. 2451, Aug. 2023, https://doi.org/10.3390/pr11082451.

[4] S.Budiyanto et al., "The automatic and manual railroad door systems based on loT," Indonesian Journal of Electrical
Engineering and Computer Science (IJEECS), vol. 21, no. 3, pp. 1847-1857, Mar. 2021.
https://doi.org/10.11591/ijeecs.v21.i13.pp1847-1857.

Raspberry Pi 4 and Ultrasonic Sensor for Real-Time Waste Classification and Monitoring with Capacity Alert System
(Yuliza)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1177/0734242x231160099
https://doi.org/10.1007/s10661-023-11685-w
https://doi.org/10.3390/pr11082451
https://doi.org/10.11591/ijeecs.v21.i3.pp1847-1857

ISSN: 2338-3070 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) 813

Vol. 10, No. 4, December 2024, pp. 803-816

[20]

(21]

[22]

[23]

[24]

[25]

M. Awawdeh, A. Bashir, T. Faisal, I. A. I. Ahmad, and M. K. Shahid, "loT-based intelligent waste bin," presented
at IEEE International Conference on Automation and Engineering Technologies (ICASET), pp. 1-6, 2019.
https://doi.org/10.1109/icaset.2019.8714406.

M. R. Islam, S. A. Ruponti, M. A. Rakib, H. Q. Nguyen, and M. Mourshed, "Current scenario and challenges of
plastic pollution in Bangladesh: A focus on farmlands and terrestrial ecosystems," Higher Education Press, vol. 17,
no. 6, Dec. 2022, https://doi.org/10.1007/s11783-023-1666-4.

P. Shukla et al., "Unsegregated municipal solid waste in India - Current scenario, challenges and way forward,"
National  Environmental &  Pollution Technology, vol. 20, no. 2, pp. 4856, Jun. 2021,
https://doi.org/10.46488/nept.2021.v20i02.048.

M. U. Sohag, U. Uddin, M. Minhaz, and A. K. Podder, "Smart garbage management system for a sustainable urban
life: An IoT based application," Internet of Things, vol. 11, p. 100255, Sep. 2020,
https://doi.org/10.1016/j.i10t.2020.100255.

M. Maryam, M. Muryali, A. Yani, A. Fahmi, and R. Wulandari, "Implementation of waste management policy in
Kota Juang District, Bireuen Regency," International Journal of Public Administration Studies, vol. 1, no. 1, Aug.
2021, https://doi.org/10.29103/ijpas.v1i1.5001.

D. Panepinto and M. Zanetti, "Technical and environmental comparison among different municipal solid waste
management scenarios," Multidisciplinary Digital Publishing Institute, vol. 13, no. 6, Mar. 2021,
https://doi.org/10.3390/sul3063167.

C. Tallentire and B. Steubing, "The environmental benefits of improving packaging waste collection in Europe,"
Waste Management, vol. 103, pp. 426-436, Feb. 2020, https://doi.org/10.1016/j.wasman.2019.12.045.

A. Mahéo, D. G. Rossit, and P. Kilby, "Solving the integrated bin allocation and collection routing problem for
municipal solid waste: A Benders decomposition approach," Annals of Operations Research, vol. 322, no. 1, 441-
465, 2022, https://doi.org/10.48550/arxiv.2210.01580.

M. Shreya, N. Yughan, J. Katyal, and R. Ramésh, "Technical solutions for waste classification and management: A
mini-review," SAGE Publishing, vol. 41, no. 4, Nov. 2022, https://doi.org/10.1177/0734242x221135262.

R. Muwardi, J. M. R. Permana, H. Gao, and M. Yunita, "Human object detection for real-time camera using
Mobilenet-SSD,"  Journal of Intelligent Applications and Environments, vol. 3, no. 2, Sep. 2023,
https://doi.org/10.51662/jiac.v3i2.108 .

R. Muwardi, H. Qin, H. Gao, H. U. Ghifarsyam, M. H. I. Hajar and M. Yunita. "Research and Design of Fast Special
Human Face Recognition System," 2nd International Conference on Broadband Communications, Wireless Sensors
and Powering (BCWSP), pp. 68-73, 2020, https://doi.org/10.1109/bcwsp50066.2020.9249452.

Z. Iklima, B. N. Rohman, R. Muwardi, A. Khan and Z. Arifiansyah, "Defect classification of radius shaping in the
tire curing process using Fine-Tuned Deep Neural Network," SINERGI, vol. 26, no. 3, pp. 335-342, 2022,
http://dx.doi.org/10.22441/sinergi.2022.3.009.

R. Yu, J. -P. Cai and B. -R. Wang, "Adaptive Failure Compensation of Actuators in Controlling Servo System Driven
by Twin Motors," in IEEE Access, vol. 6, pp. 63223-63231, 2018, https://doi.org/10.1109/ACCESS.2018.2876887.

Y. Qiu, Y. Jiang, B. Wang and Z. Huang, "An Analytical Method for 3-D Target Localization Based on a Four-
Element Ultrasonic Sensor Array With TOA Measurement," in [EEE Sensors Letters, vol. 7, no. 5, pp. 1-4, May
2023, Art no. 6002104, https://doi.org/10.1109/LSENS.2023.3267278.

Z. Shan, X. Xie and X. Liu, "Wind Speed and Direction Measurement Based on Three Mutually Transmitting
Ultrasonic Sensors," in IEEE Geoscience and Remote Sensing Letters, vol. 20, pp. 1-5, 2023, Art no. 8000205,
https://doi.org/10.1109/LGRS.2023.3236005.

A. Rocchi, E. Santecchia, F. Ciciulla, P. Mengucci and G. Barucca, "Characterization and Optimization of Level
Measurement by an Ultrasonic Sensor System,” in [EEE Sensors Journal, vol. 19, no. 8, pp. 3077-3084, 2019,
https://doi.org/10.1109/JSEN.2018.2890568.

R. Rahmatullah et al., “Analyze Transmission Data from a Multi-Node Patient’s Respiratory FMCW Radar to the
Internet of Things,” International Journal of Advanced Computer Science and Applications (IJACSA), vol. 14, no. 5,
2023. http://dx.doi.org/10.14569/1TJACSA.2023.0140521.

P. W. Kusuma, M. H. Habaebi, G. P. N. Hakim, R. Muwardi and M. R. Islam, "Kalman Filter for tracking a noisy
cosinusoidal signal with constant amplitude," 29th International Conference on Computer and Communication
Engineering (ICCCE), pp. 383-387, 2023, https://doi.org/10.1109/ICCCES8854.2023.10246039.

W. Wang, J. Yao and S. Qiu, "Design and implementation of sewage cloud platform monitoring system." In MATEC
Web of Conferences, vol. 232, p. 04005, 2018, https://doi.org/10.1051/matecconf/201823204005.

P.D. P. Adi and Y. Wahyu, "The error rate analyze and parameter measurement on LoRa communication for health
monitoring," Microprocessors and Microsystems, vol. 98, p- 104820, 2023,
https://doi.org/10.1016/j.micpro.2023.104820.

N. Telagam, U. Somanaidu, B. Naresh, M. A. Kumar and K. Nehru, "Web Scraping based Smart irrigation system
with telegram alerts for farmers," Fourth International Conference on Electrical, Computer and Communication
Technologies (ICECCT), pp. 1-6, 2021, https://doi.org/10.1109/ICECCT52121.2021.9616699 .

G. P. N. Hakim, D. Septiyana and I. Iswanto. "Survey Paper Artificial and Computational Intelligence in the Internet
of Things and Wireless Sensor Network," Journal of Robotics and Control (JRC), vol. 3. no. 4. pp. 439-454. Jul.
2022, https://doi.org/10.18196/jrc.v3i4.15539.

M. S. Nafiz, S. Das, M. K. Morol, A. A. Juabir, and D. Nandi, "ConvoWaste: An automatic waste segregation
machine using deep learning," In 2023 3rd International Conference on Robotics, Electrical and Signal Processing

Raspberry Pi 4 and Ultrasonic Sensor for Real-Time Waste Classification and Monitoring with Capacity Alert System

(Yuliza)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1109/icaset.2019.8714406
https://doi.org/10.1007/s11783-023-1666-4
https://doi.org/10.46488/nept.2021.v20i02.048
https://doi.org/10.1016/j.iot.2020.100255
https://doi.org/10.29103/ijpas.v1i1.5001
https://doi.org/10.3390/su13063167
https://doi.org/10.1016/j.wasman.2019.12.045
https://doi.org/10.48550/arxiv.2210.01580
https://doi.org/10.1177/0734242x221135262
https://doi.org/10.51662/jiae.v3i2.108
https://doi.org/10.1109/bcwsp50066.2020.9249452
http://dx.doi.org/10.22441/sinergi.2022.3.009
https://doi.org/10.1109/ACCESS.2018.2876887
https://doi.org/10.1109/LSENS.2023.3267278
https://doi.org/10.1109/LGRS.2023.3236005
https://doi.org/10.1109/JSEN.2018.2890568
http://dx.doi.org/10.14569/IJACSA.2023.0140521
https://doi.org/10.1109/ICCCE58854.2023.10246039
https://doi.org/10.1051/matecconf/201823204005
https://doi.org/10.1016/j.micpro.2023.104820
https://doi.org/10.1109/ICECCT52121.2021.9616699
https://doi.org/10.18196/jrc.v3i4.15539

814 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN: 2338-3070
Vol. 10, No. 4, December 2024, pp. 803-816
Techniques (ICREST), pp. 181-186, 2023, https://doi.org/10.48550/arxiv.2302.02976.
[28] K. Pardini, J. J. P. C. Rodrigues, S. A. Kozlov, N. Kumar, and V. Furtado, "loT-based solid waste management

[42]

[43]

[44]

[45]

[47]

(48]

solutions: A survey," Journal of Sensor and Actuator Networks, vol. 8, no. 1, Jan. 2019,
https://doi.org/10.3390/jsan8010005 .

G. Soni, S. S. Saini, S. S. Malhi, B. K. Srao, A. Sharma and D. Puri, "Design and Implementation of Object Motion
Detection Using Telegram," International Conference on Technological Advancements and Innovations (ICTAI), pp.
203-206, 2021, https://doi.org/10.1109/ICTAI53825.2021.9673226.

R. Rahmatullah, T, M, Kadarina ef al.,”Design and Implementation of IoT-Based Monitoring Battery and Solar Panel
Temperature in Hydroponic System,” Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI), vol. 9, no.
3, pp. 810-820, 2023, https://doi.org/10.26555/;iteki.v9i3.26729.

A. Najmurrokhman, E. F. Ramadhan, D. I. Saputra, N. Ismail and A. Saehu, "Development of Automatic Trash Bin
for Sorting Metal and Non-Metallic Wastes Using Proximity Sensors and Notifications via Telegram," 9th
International Conference on Wireless and Telematics (ACWT), pp- 1-5, 2023,
https://doi.org/10.1109/ICWT58823.2023.10335243.

G. Baojun, Z. Wei, S. Zhebin, H. Qiucheng and Z. Dongping, "Al-based detection system of resident’s behaviors in
automatic trash sorting booths: a background computing-based solution," China Automation Congress (CAC), pp.
1756-1760, 2022, https://doi.org/10.1109/CAC57257.2022.10055608.

M. Hasbi and N. R. Saputra, "Analysis of quality of service (QoS) King Bukopin head office internet network using
Wireshark," Jurnal Sistem Informasi, Teknologi Informasi dan Komputer, vol. 2023, pp. 17-23, Sep. 2023,
https://doi.org/10.24853/justit.12.1.%25p.

T. K. Tran, K. T. Huynh, D. N. Le, M. Arif, H. M. Dinh, “A Deep Trash Classification Model on Raspberry Pi 4,”
Intelligent Automation and Soft Computing, vol. 2, pp. 2479-2491, 2023, https://doi.org/10.32604/iasc.2023.029078.
Q.D.N. G. J. X. R. Z. H. W. M. S. Haonan Fan, "Raspberry Pi-based design of intelligent household classified
garbage bin," Internet of Things, vol. 24, p. 100987, 2023, https://doi.org/10.1016/J.I0T.2023.100987.

B. Cao, X. Chen, Z. Lv, R. Li and S. Fan, "Optimization of Classified Municipal Waste Collection Based on the
Internet of Connected Vehicles," in IEEE Transactions on Intelligent Transportation Systems, vol. 22, no. 8, pp.
5364-5373, Aug. 2021, https://doi.org/10.1109/TI1TS.2020.2981564.

M. K. Quan, D. C. Nguyen, V. -D. Nguyen, M. Wijayasundara, S. Setunge and P. N. Pathirana, "Toward Privacy-
Preserving Waste Classification in the Internet of Things," in /EEE Internet of Things Journal, vol. 11, no. 14, pp.
24814-24830, 2024, https://doi.org/10.1109/JI0T.2024.3386727.

N. C. A. Sallang, M. T. Islam, M. S. Islam and H. Arshad, "A CNN-Based Smart Waste Management System Using
TensorFlow Lite and LoRa-GPS Shield in Internet of Things Environment," in /EEE Access, vol. 9, pp. 153560-
153574, 2021, https://doi.org/10.1109/ACCESS.2021.3128314.

T.J. Sheng et al., "An Internet of Things Based Smart Waste Management System Using LoRa and Tensorflow Deep
Learning Model," in [EEE Access, vol. 8, pp- 148793-148811, 2020,
https://doi.org/10.1109/ACCESS.2020.3016255.

T. Anagnostopoulos et al., "Challenges and Opportunities of Waste Management in IoT-Enabled Smart Cities: A
Survey," in/EEE Transactions on Sustainable Computing, vol. 2, mno. 3, pp. 275-289, 2017,
https://doi.org/10.1109/TSUSC.2017.2691049.

S. B, K. Parkavi, S. A, R. Kokiladevi, M. Dharani and K. R, "CNN Based Smart Bin for Waste Management," 4th
International Conference on Smart Systems and Inventive Technology (ICSSIT), pp. 1405-1409, 2022,
https://doi.org/10.1109/ICSSIT53264.2022.9716437.

D. Perdios, M. Vonlanthen, F. Martinez, M. Arditi and J. -P. Thiran, "CNN-Based Image Reconstruction Method for
Ultrafast Ultrasound Imaging," in /[EEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol.
69, no. 4, pp. 1154-1168, April 2022, https://doi.org/10.1109/TUFFC.2021.3131383.

Y. Pei, Y. Huang, Q. Zou, X. Zhang and S. Wang, "Effects of Image Degradation and Degradation Removal to CNN-
Based Image Classification," in /[EEE Transactions on Pattern Analysis and Machine Intelligence, vol. 43, no. 4, pp.
1239-1253, 2021, https://doi.org/10.1109/TPAMI.2019.2950923.

O. Oktay et al., "Anatomically Constrained Neural Networks (ACNNs): Application to Cardiac Image Enhancement
and Segmentation," in /[EEE Transactions on Medical Imaging, vol. 37, no. 2, pp. 384-395, Feb. 2018,
https://doi.org/10.1109/TM1.2017.2743464.

I. Hermawan, A. Mardiyono, R. W. Iswara, F. A. Murad, M. A. Ardiawan and R. Puspita, "Development of Covid
Medical Waste Object Classification System Using YOLOvV5 on Raspberry Pi," 10th International Conference on
Information  Technology, Computer, and Electrical Engineering (ICITACEE), pp. 443-447, 2023,
https://doi.org/10.1109/ICITACEE58587.2023.10277207.

T. S. Mohammed and O. A. L. A. Ridha, "Implementation of Deep Learning In Detection of Covid-19 In X-ray
Images Using Raspberry Pi," [raqi International Conference on Communication and Information Technologies
(IICCIT), pp. 203-208, 2022, https://doi.org/10.1109/IICCIT55816.2022.10010353.

V. Kamath, R. A., V. G. Kini and S. Prabhu, "Exploratory Data Preparation and Model Training Process for
Raspberry Pi-Based Object Detection Model Deployments," in /EEE Access, vol. 12, pp. 45423-45441, 2024,
https://doi.org/10.1109/ACCESS.2024.3381798.

P. Perumal, B. Mathivanan and K. Deepa, "Color based Product Sorting Machine using Raspberry Pi," 5th
International Conference on Smart Electronics and Communication (ICOSEC), pp. 1896-1900, 2024,

Raspberry Pi 4 and Ultrasonic Sensor for Real-Time Waste Classification and Monitoring with Capacity Alert System

(Yuliza)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.48550/arxiv.2302.02976
https://doi.org/10.3390/jsan8010005
https://doi.org/10.1109/ICTAI53825.2021.9673226
https://doi.org/10.26555/jiteki.v9i3.26729
https://doi.org/10.1109/ICWT58823.2023.10335243
https://doi.org/10.1109/CAC57257.2022.10055608
https://doi.org/10.24853/justit.12.1.%25p
https://doi.org/10.32604/iasc.2023.029078
https://doi.org/10.1016/J.IOT.2023.100987
https://doi.org/10.1109/TITS.2020.2981564
https://doi.org/10.1109/JIOT.2024.3386727
https://doi.org/10.1109/ACCESS.2021.3128314
https://doi.org/10.1109/ACCESS.2020.3016255
https://doi.org/10.1109/TSUSC.2017.2691049
https://doi.org/10.1109/ICSSIT53264.2022.9716437
https://doi.org/10.1109/TUFFC.2021.3131383
https://doi.org/10.1109/TPAMI.2019.2950923
https://doi.org/10.1109/TMI.2017.2743464
https://doi.org/10.1109/ICITACEE58587.2023.10277207
https://doi.org/10.1109/IICCIT55816.2022.10010353
https://doi.org/10.1109/ACCESS.2024.3381798

ISSN: 2338-3070 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) 815
Vol. 10, No. 4, December 2024, pp. 803-816

https://doi.org/10.1109/ICOSEC61587.2024.10722515.

[49] K. Zhou, Z. Meng, M. He, J. Hou and T. Li, "Design and Test of a Sorting Device Based on Machine Vision," in /EEE
Access, vol. 8, pp. 27178-27187, 2020, https://doi.org/10.1109/ACCESS.2020.2971349.

[50] S. K. Memon, F. Karim Shaikh, N. A. Mahoto and A. Aziz Memon, "loT based smart garbage monitoring &
collection system using WeMos & Ultrasonic sensors,"2nd International Conference on Computing, Mathematics
and Engineering Technologies (iCoMET), pp. 1-6, 2019, https://doi.org/10.1109/ICOMET.2019.8673526.

[S1] M. Barzegar, C. E. Davies, and M. C. E. Grafton, “Ultrasonic measurement of fill volume of bulk solids in discharge
vessels,” Powder Technology, vol. 435, Feb. 2024, https://doi.org/10.1016/j.powtec.2023.119339.

BIOGRAPHY OF AUTHORS

Yuliza, is currently an Assistant Professor in the Department of Electrical Engineering,
Universitas Mercu Buana, Jakarta, Indonesia. She completed Master from Universitas
Mercu Buana, Jakarta, Indonesia. E-mail: yuliza@mercubuana.ac.id.

Rachmat Muwardi, Rachmat Muwardi, is currently a Lecturer in the Department of
Electrical Engineering, Universitas Mercu Buana, Jakarta, Indonesia. He graduated from
the Beijing Institute of Technology in 2020 with a Master's in Electronic Science and
Technology. Currently, He declared as a recipient of a China Scholarship Council (CSC)
to continue his doctoral program at the Beijing Institute of Technology in September 2022,
majoring in Optical Engineering. During his undergraduate, he received a double degree
scholarship from Universitas Mercu Buana and Beijing Institute of Technology in
Electrical Engineering and Computer Science. His research interest is Object Detection,
Target Detection, and Embedded System. He can be contacted at email:
rachmat.muwardi@mercubuana.ac.id.

Prima Wijaya Kusuma, Currently is a Student of the Department of Electrical
Engineering, Universitas Mercu Buana, Jakarta, Indonesia. with a research focus on
Wireless Sensor Networks and Internet of Things development. The author has published
1 paper in Scopus indexed publications and has 2 intellectual property rights and 3 awards
on international innovation competitions, He can be contacted at ORCID:
https://orcid.org/0009-0001-7876- 599X.

Lenni, currently an Assistant Professor in the Department of Electrical Engineering,
Muhammadiyah Tangerang University, Tangerang, Indonesia. She completed Master
from Trisakti University. She completed doctoral education at Institute Pertanian Bogor,
Indonesia. She can be contacted at email: lenni@umt.ac.id.

Rizky Rahmatullah, he is currently a master's degree at the School of Electronics and
Information Engineering, Beijing Institute of Technology (BIT), Beijing, China and works
as a researcher at the Indonesian National Research and Innovation Agency. He is
interested in research on the Internet of Things, Wireless Communication and Antennas.
He can be contacted at email: rizk032@brin.go.id / 3820231111 @bit.edu.cn.

Raspberry Pi 4 and Ultrasonic Sensor for Real-Time Waste Classification and Monitoring with Capacity Alert System
(Yuliza)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
https://doi.org/10.1109/ICOSEC61587.2024.10722515
https://doi.org/10.1109/ACCESS.2020.2971349
https://doi.org/10.1109/ICOMET.2019.8673526
https://doi.org/10.1016/j.powtec.2023.119339
mailto:yuliza@mercubuana.ac.id
mailto:rachmat.muwardi@mercubuana.ac.id
https://orcid.org/0009-0001-7876-599X
https://orcid.org/0009-0001-7876-599X
mailto:lenni@umt.ac.id
mailto:rizk032@brin.go.id
mailto:3820231111@bit.edu.cn

816 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN: 2338-3070
Vol. 10, No. 4, December 2024, pp. 803-816

: Mirna Yunita, received a Master’s in Computer Science and Technology from Beijing

Qﬂ Institute of Technology, Beijing, China. Currently, as a Ph.D. student at the School of

L ‘ Computer Science and Technology, Beijing Institute of Technology, China. She is

e interested in related topics in Machine Learning, Web Development, Data Mining, and

Bioinformatics. She was a Frontend and Mobile Application Developer in a Logistics &

Supply Chain company in Jakarta, Indonesia. She can be contacted at email:
mirnayunita@bit.edu.cn.

Akhmad Wahyu Dani, is currently an Assistant Professor in the Department of Electrical
Engineering, Universitas Mercu Buana, Jakarta, Indonesia. She completed Master from
Universitas Mercu Buana, Jakarta, Indonesia. E-mail: wahyu.dani@mercubuana.ac.id.

Raspberry Pi 4 and Ultrasonic Sensor for Real-Time Waste Classification and Monitoring with Capacity Alert System
(Yuliza)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
mailto:mirnayunita@bit.edu.cn
mailto:wahyu.dani@mercubuana.ac.id

