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Abstract − The system aims at enhancing urban waste management by monitoring garbage bin status in real time using
cloud-based visualization. The prototype uses ultrasonic sensors (JSN-SR04T) to measure waste levels, limit switches
to check whether the bin’s lid is open or closed, and the LoRa RFM95W module for low-power long-range wireless
communication. Antares is the cloud interface for dashboard integration and logging of data. Performance testing under
varying conditions of environment shows a success rate of 68% in data transmission, with a failure rate of 32%, mainly
due to electromagnetic interference. The ultrasonic sensor gave an average error rate of 5–9% in the determination of bin
fullness, while the INA219 sensor gave stable power monitoring during standby as well as operational condition. LoRaWAN
connectivity proved to be effective to a distance of 7.3 km with stable SNR and RSSI values near the gateway. This system
provides an energy-efficient and scalable solution, making it well-suited for smart cities particularly in areas with limited
network coverage. The integration of Antares with LoRaWAN not only facilitates real-time data visualization but also
enhances decision-making capabilities in decentralized environments. The modular and low-cost design of this prototype
further enables easy replication and customization for different urban infrastructure scenarios. Future improvements could
focus on enhancing transmission reliability and sensor accuracy to facilitate broader adoption.
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I. INTRODUCTION

WASTE management issues in urban areas of
Indonesia are becoming increasingly complex

due to high rates of urbanization and population growth.
Waste collection systems that still rely on fixed sched-
ules without considering the actual capacity of waste
bins often result in waste accumulation, environmen-
tal pollution, and increased risk of disease transmis-
sion [1, 2]. This inefficiency is further exacerbated by
the lack of adaptive systems based on real-time condi-
tions that can accurately respond to the dynamics of
waste volume [3].

Internet of Things (IoT) technology offers poten-
tial solutions for data-driven environmental manage-
ment. By utilizing sensors, microcontrollers, and wire-
less communication, IoT enables automatic, efficient,
and real-time monitoring of waste bin conditions [4, 5].
However, various studies that have developed IoT-based
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monitoring systems generally still use GSM or Wi-Fi
networks, which have limitations in terms of range
and power consumption [6, 7]. This poses a challenge
when the system needs to be implemented widely in
complex and dense urban environments [8]. Studies
have developed IoT-based systems using sensors, mi-
crocontrollers, and wireless communication for real-
time monitoring of waste bin levels [9, 10]. These
systems offer advantages over traditional fixed-route
collection methods, enabling more efficient and adap-
tive waste management [11]. While some solutions uti-
lize GSM or Wi-Fi networks, newer approaches lever-
age LoRaWAN technology for long-range, low-power
communication [12, 13]. IoT-enabled waste manage-
ment systems have shown significant improvements in
route efficiency, fuel consumption, and overall sustain-
ability [11]. However, challenges remain, including
sensing accuracy in various weather conditions and po-
tential security vulnerabilities [14]. Ongoing research
focuses on developing hybrid architectures integrating
edge and cloud computing for enhanced real-time ca-
pabilities and decision support [15, 16].

As a solution to these challenges, LoRaWAN
(Long Range Wide Area Network) has emerged as a
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superior wireless communication alternative in terms of
wide coverage and energy efficiency [17,18]. Empirical
studies show that the implementation of LoRa in waste
monitoring systems can extend sensor lifespan, reduce
maintenance requirements, and improve data collection
efficiency [19]. However, the use of LoRaWAN in In-
donesia remains limited and has not yet been widely
adopted in integrated waste management systems [20].

Figure 1: Block diagram of the system

Meanwhile, the Antares platform—a local prod-
uct from Telkom Indonesia—provides cloud services
for IoT device connectivity and an interactive visual
dashboard interface [4, 21]. Several studies have tested
Antares’ performance in various applications, such
as energy and environmental monitoring, with results
showing its effectiveness in supporting real-time de-
cision making [18, 22]. However, the integration of
Antares with the LoRaWAN protocol specifically in
waste monitoring systems is still rarely found in the
literature [19, 23].

Based on this introduction, this research aims to
design and develop an automatic waste bin monitoring
system based on LoRaWAN and the Antares platform.
This system will monitor waste levels and detect the
status of waste bin lids in real time to improve waste
management efficiency in urban areas [21, 24]. The
main innovation of this research lies in the integration
of both technologies into a single system that is energy
efficient, has a wide range, and is easy to replicate to
support the development of a smart city concept that is
in line with local characteristics in Indonesia [5, 22].

These systems employ sensors to monitor bin
fill levels and waste types in real-time [25–27]. Lo-
RaWAN enables long-range, low-power data transmis-
sion from bins to gateways and cloud platforms for anal-
ysis [10,16]. Advanced features include route optimiza-
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Figure 2: Flowchart of the system

tion algorithms, GPS tracking, and waste classification
using deep learning models [11, 28]. Implementation
of such systems has shown significant improvements
in operational efficiency, cost reduction, and environ-
mental impact [11]. The integration of IoT and ICT
in waste management is crucial for developing smart,
sustainable cities, with potential applications in Indone-
sia’s new capital, Nusantara [29]. These innovations
aim to revolutionize waste management practices and
contribute to long-term urban sustainability goals.

II. RESEARCH METHODS

i. System Block Diagram

The proposed system (Figure 1) is an autonomous
control system based on the Arduino Pro Mini (AT-
mega328) microcontroller. The system integrates sen-
sors, actuators, communication modules, as detailed
below:
1. Power Supply

The system utilizes solar panels coupled with a 12V
5A battery for off-grid operation, with the INA219
sensor monitoring voltage and current to ensure
efficient energy utilization.

2. Sensors
The system integrates three specialized sensors, a
JSN-SR04T ultrasonic sensor for proximity mea-
surement, an LJ12A3 inductive sensor for metal
detection, and an INA219 module for real-time bat-
tery/load monitoring.

3. Actuators
The actuation system combines a 5V relay-
controlled push-pull solenoid for mechanical ac-
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tions with a 12V linear actuator driven by an L298N
motor driver for precise displacement control.

4. User Interface & Communication
A dual-interface approach combines local visual-
ization (20×4 I2C LCD) with remote monitoring
through LoRa RFM95W transmission to Antares
LoRaWAN, enabling web-based real-time data ac-
cess via HTTP protocol.

The system executes a continuous real-time work-
flow: sensor data acquisition (distance, metal detection,
power monitoring) → Arduino-based decision process-
ing → simultaneous physical actuation (solenoid/linear
actuator) and multi-channel data presentation (local
LCD display and cloud-based remote monitoring via
LoRa transmission).

ii. Flowchart of the System

Figure 2 illustrates the sequence of system processes
that include steps starting from system initialization,
reading data from sensors, to sending information to
the Antares platform and displaying data on the website.
The system begins with variable initialization, libraries,
input-output settings, and LoRa communication. After
that, the Arduino Pro Mini processes the data received
from the INA219 sensor, LJ12A3 proximity sensor, and
JSN-SR04 ultrasonic sensor.

The INA219 sensor functions to monitor battery
voltage and send the data to the website. When the
ultrasonic sensor detects that the height of the trash
can reaches 23 cm, the system will activate the motor
driver to move the linear actuator and relay to control
the solenoid door lock, accompanied by the display
of the message ”Press Process, Please Wait” on the
LCD screen. The pressing process will be carried out
three times, and if the trash can is still detected as full,
the LCD will display the message ”Trash Full”. After
the trash is emptied, the proximity sensor will reset
the system. All data obtained from this sensor is then
sent via the LoRa network to the Antares platform and
displayed on the website using the HTTP protocol.

iii. Mechanical System Design

The mechanical construction of this tool can be seen
in Figure 3. The frame of the trash can is made of
iron, while the frame cover uses PVC. The overall
dimensions of this tool are 63 cm long, 45 cm wide,
and 145 cm high, with the dimensions of the inside of
the trash can being 40 cm long, 36 cm wide, and 80 cm
high.

According to previous studies, the mechanical
design of the proposed system presents a distinct ap-
proach compared to existing models. Whereas prior

Figure 3: System Mechanical Design

(a) Component Layout A (b) Component Layout B

Figure 4: Component Layout of the Smart Bin System

developments primarily focus on lid actuation mecha-
nisms or waste categorization, the system introduced
in this research is specifically designed to respond to
conditions when the trash bin reaches its full capac-
ity [30, 31]. Recent research in mechanical design has
explored innovative approaches across various domains.
In rehabilitation, exoskeletons for lower extremities
have been developed with multiple degrees of freedom
and lightweight materials to enhance mobility [32].
Novel robotic designs, such as a three-legged omnidi-
rectional robot, have been proposed to achieve compact
and lightweight structures [33]. Artificial intelligence
has been applied to mechanical part design, generat-
ing optimized solutions that meet multiple criteria [34].
Model consistency between lumped and distributed pa-
rameter models has been addressed using model order
reduction techniques [35]. Mechatronic design mod-
els have been analyzed to improve product quality and
performance [36]. Optimization algorithms have been
employed to enhance the design of mechanical compo-
nents [37]. Additionally, graph neural networks have
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been utilized for reverse design of mechanical systems,
bridging trajectory and mechanical design [38].

The main components of this tool are designed to
support optimal system functionality. Some of the main
components in this tool include: Figure 4.a (1) Solar
Panel, which functions to capture solar energy and con-
vert it into electrical energy to operate the system; (2)
20x4 LCD, which is used to display information on the
operational status of the trash can, such as the pressing
process or the detected trash capacity; (3) Drain Hole,
which functions as a channel to dispose of trash that has
been filled; (4) Storage Place, which is a place to store
trash before further processing; and Figure 4.b (5) Press
Tool, which is used to press trash if the trash can is full,
in order to optimize the storage capacity. With these
components, the system can function automatically in
monitoring and managing waste efficiently.

III. RESULTS AND DISCUSSION

i. Implementation of Design and Construction

This automatic trash bin monitoring system is designed
using LoRaWAN technology and the Antares platform.
The JSN-SR04T ultrasonic sensor is used to measure
the height of the trash, while the INA219 sensor moni-
tors the battery voltage and current. An LJ12A3 prox-
imity sensor is also installed to detect the trash empty-
ing process as a reset signal. All data from the sensors
is processed by the Arduino Pro Mini which then con-
trols the linear actuator to press the trash, as well as
the push-pull solenoid which functions as an automatic
lock when the trash bin is full. The collected data is
sent via the LoRa RFM95 module to Antares, so that
the status can be monitored via the website.

ii. Testing of JSN-SR04T Ultrasonic Sensor

Sensor testing was carried out on a trash can with a
height of 80 cm using an ultrasonic sensor. This sensor
has limited accuracy to detect distances below 20 cm.
During the testing process, the sensor gets power from
an external battery. In the designed tool, the sensor
provides output at a measurement range of less than 23
cm. The data displayed on the LCD is in the form of a
percentage, with a value of 20 cm representing 100%
and 87 cm representing 0%.

Based on the tests listed in Table 1, if the sensor
reads a distance of more than 23 cm, the press tool will
not be active. Conversely, when the sensor detects a
distance of 20 cm or less, the press tool will operate.
However, for distances detected below 20 cm, the dis-
play on the LCD still shows a value of 19 cm. Literature
on comparable implementations of ultrasonic sensors

Table 1: JSN-SR04T Ultrasonic Sensor Testing

No Actual Height (cm) Sensor Height (cm) Sensor Percentage (%) Error (%)

1 90 85 3 5.55
2 80 75 18 6.25
3 70 66 32 5.71
4 60 57 45 5.00
5 50 47 60 6.00
6 40 37 75 7.50
7 30 28 89 6.66
8 20 19 0 5.00
9 10 19 0 9.00
10 5 19 0 28.00

indicates that sensors of this type typically exhibit a
measurement error ranging from 5% to 10% [39].

iii. INA219 Sensor Testing

Table 2: INA219 Sensor Testing

No Date Time V Battery Standby (V) Battery Consumption (V)

1 14–15 Aug 2023 14:32–14:34 12.60–11.85 0.75
2 16 Aug 2023 17:01–21:00 12.67–12.47 0.20
3 17 Aug 2023 07:32–15:14 11.85–13.28 1.43

16:02 – –
17:00–21:02 13.17–12.88 0.29

The INA219 sensor measurement aims to monitor
the battery voltage before and after being loaded. The
measurement process begins by preparing the INA219
sensor and connecting it to a 12V battery voltage source.
Furthermore, observations are made by monitoring the
voltage through the Solar Cell Controller. After that,
the measurement results are recorded and summarized
in Table 2 for further analysis.

iv. LORA Testing

Table 3: RFM95 LoRa Measurement

No SNR (dB) RSSI (dBm) Distance (Km) Gateway Point

1 -3.8 -106 0.13 Gedung Magister Terapan PO-
LINES – Lapangan Hijau Polines

2 -10.8 -114 0.56 Gedung Magister Terapan PO-
LINES – Jl. KH. Sirojudin

3 -8.5 -119 6.7 Gedung Magister Terapan PO-
LINES – Taman Unyil Ungaran

4 -0.5 -107 7.3 Gedung Magister Terapan PO-
LINES – Jl. Untung Suropati
Manyaran

Table 3 presents measurements of the performance
of the LoRa communication system to ensure smooth
data exchange between two devices in the smart trash
system. The measurements were carried out using a
LoRa module operating at 922 MHz and a Bandwidth
of 125 kHz. The parameters that are the focus of data
collection are the Signal-to-Noise Ratio (SNR) and the
Received Signal Strength Indicator (RSSI). Measure-
ment data was taken through the Antares platform and
analyzed to assess the communication performance.
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Figure 5: LORA RFM95 Testing Locations (a) Lapangan
Hijau POLINES (b) Jl. KH. Sirojudin (c) Taman
Unyil Ungaran (d) Jl. Untung Suropati Manyaran.
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Figure 6: Data Transmission Results from LoRa to Antares
(a - d) Data Sent Successfully

Figure 6 shows the results of successful data trans-
mission from the LoRa device to the Antares platform.
At this testing stage, the data transmission process was
carried out from several different locations that were
still within the range of the LoRa signal. Each test
point was selected to test how effective and stable the
LoRa connection was in sending data to Antares under
various environmental conditions and distances. The
test results showed that the data could be received well
on Antares, indicating that the transmission system was
running smoothly in the tested areas.

After collecting data from the LoRa network test

Figure 7: Network Mapping: Data Transmission from Lo-
RaWAN to LoRa Gateway

Figure 8: LoRa Transmission Data Graph

results, a network mapping was obtained as shown in
Figure 7. Based on these results, it can be concluded
that the closer the device is to the LoRa gateway, the
higher the Signal to Noise Ratio (SNR) and Received
Signal Strength Indicator (RSSI) values. This shows
that the signal quality improves as the distance between
the device and the gateway decreases. The SNR and
RSSI values are influenced by several factors, includ-
ing the distance the signal travels and the presence of
physical interference that can disrupt the stability of
data transmission, such as building barriers, vegetation,
or interference from other electronic devices. However,
it is important to note that the transmission evaluation
in this study is limited to SNR and RSSI metrics, with-
out including other key performance indicators such as
latency, packet delivery ratio, or time-series data relia-
bility. This limits the comprehensiveness of the system
performance assessment and highlights the need for
more in-depth communication analysis in future stud-
ies.

In the second observation which focused on the
data transmission process from the LoRa device to the
Antares platform, the results obtained were then visu-
alized in Figure 8. From these observations, it can be
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concluded that the success rate of data transmission
within a time span of one hour was recorded at 68%,
while the failure rate of data transmission reached 32%.
Data is sent in real time every hour. However, the pres-
ence of electromagnetic interference, especially from
WiFi devices around the test area, is one of the main
causes of failure in data transmission. This interference
can cause data packet loss or delay in data reception
at the Antares server. Therefore, in implementing a
LoRa-based system in a dense wireless device environ-
ment, it is necessary to consider these electromagnetic
interference factors to minimize the failure rate of data
communication.

IV. CONCLUSION

The LoRaWAN-based automatic waste bin monitoring
system developed in this study demonstrates reliable
performance and is considered feasible for practical
implementation. It successfully monitors waste bin
conditions in real time, with a data transmission suc-
cess rate of 68%. However, a 32% failure rate remains,
primarily caused by electromagnetic interference, espe-
cially from nearby WiFi devices. The study confirms
that the quality of LoRa communication is significantly
affected by device-to-gateway distance and environ-
mental interference. The closer the proximity to the
gateway, the better the Signal-to-Noise Ratio (SNR)
and Received Signal Strength Indicator (RSSI), result-
ing in more stable communication.

The main contribution of this research is the de-
velopment of an energy-efficient, long-range automatic
waste monitoring prototype using LoRaWAN technol-
ogy, integrated with the Antares platform for real-time
data management. Furthermore, the study offers criti-
cal insights into communication challenges, including
the effects of distance and electromagnetic interference,
which are essential for optimizing smart city IoT infras-
tructures.

This study has several limitations. Testing was
confined to a single operational area, and communi-
cation was still affected by high levels of interference.
For future work, it is recommended to improve gateway
placement strategies, implement interference mitiga-
tion techniques such as signal filtering or alternative
frequency channels, and integrate the system with arti-
ficial intelligence and cloud-based analytics to enhance
scalability, reliability, and efficiency. These improve-
ments are expected to support smarter, more sustainable
urban waste management within smart city environ-
ments.
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