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Abstract. Waste is unwanted residual material after the end of a process. One of the problems regarding
rubbish which is a threat from urban society today is that there are many trash cans that are full but not
transported by cleaners. Therefore, we need a system that can monitor the capacity and location of the
trash can from a distance, one method is by using Internet of Things. Internet of Things is a concept where
an object has the ability to transfer data through a network without requiring human-to-human or human-
computer interaction. By using 10T, activities that should be done directly can be done remotely via the
internet, including in monitoring the level of trash bin fullness. This study aims to create a Internet of
Things based trash monitoring system. An application on a smartphone is made so that it can know the
capacity of several trash bins scattered in several locations, then provide notification to the officer. This
can be done remotely via a smartphone connected to the internet.
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INTRODUCTION

Urban waste management presents a significant and growing challenge globally.
As urban populations increase, so does the volume of solid waste generated. For instance,
in DK Jakarta, Indonesia, waste generation saw an appreciable increase of approximately
15%, from 6,016.30 tons in 2016 to 6,872.18 tons in 2017. Improperly managed waste
leads to severe public health risks and environmental degradation. A critical operational
issue in many urban centers is the inefficiency of conventional waste collection systems.
These systems often rely on fixed schedules, which do not account for the actual fill level
of waste receptacles.

This static approach leads to two primary problems, bins overflow before
collection, creating unsanitary conditions, unpleasant odors, and the proliferation of
disease vectors; and resources are wasted emptying bins that are still empty or only
partially full. This inefficiency stems directly from a lack of real-time data; sanitation
departments often have no information on the current status of individual bins.
Furthermore, this absence of data makes it difficult to monitor the performance and
accountability of sanitation services, as it is challenging to verify if and when full bins
have been serviced.

Concurrently, rapid advancements in information and communication technology,

particularly the Internet of Things (loT), offer promising solutions to these logistical
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challenges. The loT paradigm involves a network of physical objects embedded with
sensors, software, and other technologies to connect and exchange data over the internet,
often without direct human intervention. This technology enables the remote, real-time
monitoring and control of physical assets, creating significant opportunities for
optimization in sectors such as waste management.

By leveraging 10T, the problems associated with inefficient waste collection can
be substantially mitigated. This paper proposes the design and development of an l10T-
based smart waste monitoring system. The core of this system involves equipping waste
bins with sensors (e.g., ultrasonic) to detect their fill levels in real-time. This fill-level
data, along with the bin's geospatial location, is transmitted via a network to a central
cloud service.

To make this data actionable, a mobile application for the Android platform was
developed. This application provides sanitation workers and managers with a real-time
dashboard, visualizing the status and location of all monitored bins. This allows for the
dynamic optimization of collection routes, enabling crews to prioritize and service only
those bins that are full or nearing capacity.

Therefore, the primary objective of this study is to design, build, and implement
an end-to-end system for monitoring waste bin capacity and location using loT
technology. This system aims to provide real-time, remote monitoring of waste bin fill
levels via a cloud service and an Android smartphone application, optimize waste
collection logistics to reduce operational costs and prevent bin overflowm and establish
a data-driven mechanism for monitoring the efficiency and responsiveness of sanitation

services.

METHODOLOGY

The development of the loT-Based Waste Bin Capacity and Location Monitoring
System described in this paper is bifurcated into two core components: a hardware
subsystem and a software subsystem. The hardware subsystem encompasses the physical
components responsible for detecting the waste fill level and transmitting this data to the
cloud. The software subsystem involves programming the microcontroller, configuring
the cloud services for data storage and location tracking, and developing a smartphone

application for remote monitoring.
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System Architecture

The high-level architecture of the system, as depicted in the block diagram (Figure

3.1), comprises three primary blocks:

1. Smart Bin Monitoring Unit (ESP32): This is the core hardware unit attached to each
waste bin. It is responsible for detecting the bin's fill level using input from
ultrasonic sensors and subsequently transmitting the processed data to the cloud
platform.

2. Cloud Platform (ThingsBoard & ThingSpeak): This block functions as the central
data repository and processing hub. It stores the fill-level values and location data
from multiple smart bins. ThingsBoard is used to provide a comprehensive web-
based dashboard for visualization, while ThingSpeak is utilized for a specific alert

mechanism.

3. Monitoring Application (Smartphone): This is the user-facing client application. It

displays a map populated with the real-time status and location of all bins, provides
graphical representations of fill-level data, and delivers push notifications to the

user when a bin is full.

INPUT PROSES OuTPUT

Cloud
(ThingsBoard

& ThingSpeak)

(7

Aplikasi Pemantau
Kapasitas dan
Lokasi
Tempat Sampah
(Smartphone)

Sensor |
Ultrasonik

Figure 3.1 Block Diagram of the loT-Based Waste Bin Capacity and Location
Monitoring System

Hardware Subsystem Design

The electronic circuit for the monitoring unit is detailed in Figure 3.2. To mitigate

measurement errors caused by unevenly distributed waste (e.g., trash piling up on one

side), two HC-SRO04 ultrasonic sensors are employed. The sensors are interfaced with an

ESP32 microcontroller as follows:
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1. Sensor 1: The Trig (Trigger) pin is connected to pin 25 on the ESP32, and the Echo
pin is connected to pin 26.

2. Sensor 2: The Trig (Trigger) pin is connected to pin 32 on the ESP32, and the Echo
pin is connected to pin 33.

3. Power: The VCC pins of both sensors are connected to the Vin pin of the ESP32,

which provides a voltage level equivalent to the ESP32's power source. The GND

pins of both sensors are connected to a common GND pin on the ESP32.

Figure 3.2 Electronic Circuit Diagram of the Monitoring System

Physical Design and Prototype

The physical placement of the components is crucial for accurate sensing and
system durability. As illustrated in the design (Figure 3.3), the two ultrasonic sensors are
mounted on the inner top lid of the bin, positioned on opposite sides. They are aimed
downwards to measure the distance to the top layer of the waste. This dual-sensor
placement strategy provides a more reliable fill-level reading by averaging or comparing
the two measurements, reducing inaccuracies from irregular waste accumulation.

The microcontroller and battery pack are housed in a protective enclosure mounted
on the exterior of the bin. This placement prevents interference with the processes of
waste disposal and collection. The final implemented prototype is shown in Figure 3.4.

Tutup
Tempat Sampah

Mikrokontroler

Tempat Sampah — |

Figure 3.3 Physical Design of the Monitoring System Components on the Bin
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Figure 3.4 The Implemented Prototype

Software Subsystem Implementation

The software subsystem is composed of the microcontroller firmware, the cloud

platform configuration, and the mobile application.

Microcontroller Firmware

Sensor Reading: The sensor operation (Figure 3.5) is initiated by sending a 10-
microsecond HIGH pulse to the Trig pin. The sensor then emits an ultrasonic burst. The
Echo pin outputs a HIGH signal for a duration equivalent to the time taken for the wave
to travel to the object and return. The distance is calculated from this duration based on
the speed of sound. This process is executed for both ultrasonic sensors to obtain two

distance readings.

if (cml ashHeight) |
cal = trashHeight;

Figure 3.5 Program Snippet for Reading the Ultrasonic Sensor
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Data Transmission to ThingsBoard: Data is sent to the ThingsBoard platform using
the th.sendTelemetryFloat function (Figure 3.6). Three distinct values are transmitted: the
raw distance from sensor 1, the raw distance from sensor 2, and the final calculated bin
capacity (e.g., as a percentage). While all three values are sent, only the final capacity

value is used for the primary dashboard visualization.

id connectToThingsboard() (
if (WiFi.status() != WL_CONNECTED) (

reconnect();

int ("Con ng to: ")

print (THINGSBORRD_SERVER);

rint (" with
t1n (TOREN) ;

(THINGSBORRD_SERVER, TOKEN)) |

tin("Failed to connect");

token ");

("Sending ¢

g to Thingsboard...");
. cml);

, cm2);

tb.sendTelemetryFloat ("d

tb.sendTelemetryFloat ("di
tb.sendTelemetryFloat ("capacity”,
tb.1oop () 5]

capacity);

Figure 3.6 Program Snippet for Sending Data to ThingsBoard Cloud

Data Transmission to ThingSpeak: The ThingSpeak platform is used for the alert
system (Figure 3.7). In this implementation, data from all smart bins is aggregated into a
single channel. To differentiate the data source, the data is formatted as a character string:
BinName:BinCapacity (e.g., "BinA:95"). This format allows the mobile application,
which listens to this channel, to parse the string and identify exactly which bin has

triggered a "full” alert.

1d connectToThingspeak() {
tf (WiFi.status() !'= WL_CONNECTED) |
reconnect();

ar capacity buf(5];

dtostrf(capacity, 0, 1, capacity buf);

py (mergedData, nameTS);
st (mergedData, ":");
at (mergedData, capacity buf);

ocessCount >~ LEH(

("Sending data to Thingspeak...");

eField (myChannelNumber, 1, mergedData, myWriteAPIKey);

processCount = 0;
}

Figure 3.7 Program Snippet for Sending Data to ThingSpeak Cloud
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Cloud Platform Configuration

ThingsBoard: The ThingsBoard dashboard (Figure 3.8) serves as the primary
monitoring interface for system administrators. The main page displays a map with
geolocated markers for each bin. Clicking a marker reveals detailed information,
including capacity, address, and coordinates (latitude, longitude). A table is also provided,
listing all registered bins in the system with their current status. For this research, four

smart bin devices were configured and displayed.

Figure 3.8 ThingsBoard Dashboard with Map and Bin List

ThingSpeak: The ThingSpeak platform is configured specifically for the real-time
alert mechanism. A channel named 'Smart Garbage Monitoring' was created containing a
single field: 'Capacity Alarm' (Figure 3.9). This channel is configured to receive data from
any microcontroller that reports a capacity above a set threshold (e.g., >66%). The mobile

application monitors this specific channel to generate alerts.

Channel Settings Help

Percentage complete  30%

At dats. Once you Collect Gata i 3 chanael, you Can use TRVAGSPeak 191 to analyze and
hannel 10 48655
C edss Ve 8

Mame SRS B A @ Channel Settings
o - o Percentage complete: C/colated Daved on Cats entered Mo the varion feids of &
channel Enter the name, description, lcatien, URL, wides, sad Lags to complete you
aarma Sor the Thangspesk channel
Field 1 E n of the ThingSpesk channet
Faiéa o 3nd ontar 2 held name. Lach Thimgspask
Field 3 8]
Fiodd 4 [
Field 5 0
Field & 0
Fied 7 I

Figure 3.9 ThingSpeak Channel Configuration for Alerts
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Mobile Application

The Android mobile application provides on-the-go monitoring for sanitation
workers. The application essentially embeds and displays the dashboard created on the

ThingsBoard cloud.

1. Main Page (Figure 3.10): This layout displays the main dashboard, which includes
the map view and the list of all monitored bins.

2. Details Page (Figure 3.11): When a user selects a specific bin, this layout is shown,
displaying the detailed view for that bin, including its current capacity value and a

historical data graph.\

Smart Garbage Monitoring

Figure 3.11 Application Layout for the Bin Details Activity
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RESULTS
Ultrasonic Sensor Accuracy Test
This test was conducted to evaluate the accuracy of the distance readings provided

by the ultrasonic sensor.

Table 4.1 Test Results for Ultrasonic Sensor Accuracy

No. | Object Distance | Measured Result Difference Percentage Error

1 5cm 5.27 cm 0.27 cm 5.40 %
2 10 cm 10.34 cm 0.34 cm 3.40 %
3 15cm 15.91 cm 0.91cm 6.06 %
4 20 cm 19.66 cm 0.34 cm 1.70 %
5 25cm 24.98 cm 0.02 cm 0.08 %
6 30cm 30.02 cm 0.02 cm 0.06 %

Average 0.316 cm 2.78 %

Based on the test results in Table 4.1, it can be concluded that the ultrasonic sensor
functions effectively. The average difference in distance measurement was only 0.316

cm, corresponding to an average error percentage of just 2.78%.
Bin Capacity Calculation Test

This test was performed to verify the correctness of the waste bin capacity

calculation algorithm.

Table 4.2 Test Results for Bin Capacity Calculation

No. Dlsstsrr:;:grf;om Dlsst:g;:grf;om Calculated Capacity Status
1 30.33 cm 27.80 cm 11.93 % Calculation correct
2 24.53 cm 25.67 cm 23.94 % Calculation correct
3 20.31cm 18.78 cm 40.78 % Calculation correct
4 16.34 cm 13.10 cm 55.40 % Calculation correct
5 9.11cm 9.47 cm 71.85 % Calculation correct
6 5.60 cm 6.12 cm 82.25% Calculation correct

As shown in Table 4.2, the resulting bin capacity calculations are consistent with
the formula implemented on the microcontroller. In all six test cases, the calculations

were performed successfully and yielded the correct values.
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ThingsBoard Cloud Data Reception Test

This test was conducted to verify that data sent by the ESP32 microcontrollers was
correctly received by the ThingsBoard cloud, particularly when handling data from

multiple sources.

Table 4.3 Test Results for Data Reception by ThingsBoard Cloud

No. Data Sent from Microcontroller ESP32

Microcontroller 1 Microcontroller 2 Microcontroller 3 Microcontroller 4
(Bin A) (Bin B) (Bin C) (Bin D)

Data Received by
ThingsBoard Cloud

Trash Can A: 30.33 %
Trash Can B: -

Trash Can C: Trash
Can D: -

Trash Can A: 67.12 %
Trash Can B: -

Trash Can C: Trash
CanD: -

Trash Can A: 8.34 %
Trash Can B: 53.51 %
Trash Can C: Trash
CanD: -

Trash Can A: 49.06 %
Trash Can B: 71.65 %
Trash Can C: Trash
Can D: -

Trash Can A: 11.99 %
Trash Can B: 26.42 %
Trash Can C: 44.78 %
Trash Can D: -

Trash Can A: 50.10 %
Trash Can B: 85.85 %
Trash Can C: 90.77 %
Trash Can D: -

Trash Can A: 12.19 %
Trash Can B: 73.71 %
Trash Can C: 81.63 %
Trash Can D: 86.56 %
Trash Can A: 44.71 %
Trash Can B: 83.96 %
Trash Can C: 28.89 %
Trash Can D: 10.02 %

1 30.33% - - -

2 67.12% - - -

3 8.34 % 53.51% - -

4 49.06 % 71.65% - -

5 11.99 % 26.42 % 44.78 % -

6 50.10 % 85.85 % 90.77 % -

7 12.19% 73.71% 81.63 % 86.56 %

8 4471 % 83.96 % 28.89 % 10.02 %

Based on the results in Table 4.3, the ThingsBoard cloud platform successfully
received all transmitted data. Data was correctly acquired and parsed, starting from a
single microcontroller transmission, and scaling up to simultaneous transmissions from
two, three, and finally all four microcontrollers. This confirms that the ThingsBoard

platform can reliably receive concurrent data from multiple devices.
ThingSpeak Cloud Data Reception Test

This test was conducted to verify that data sent by the ESP32 microcontrollers was

correctly received by the ThingSpeak cloud.
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Table 4.4 Test Results for Data Reception by ThingSpeak Cloud

Data Sent from Data Received by
No. | Microcontroller ESP32 ThingSpeak Cloud Status
1 A:13.63 A:13.63 Data matches
2 A:70.12 A:70.12 Data matches
3 B:68.47 B:68.47 Data matches
4 B:39.82 B:39.82 Data matches
5 C:9.69 C:9.69 Data matches
6 C:98.51 C:98.51 Data matches
7 D:66.53 D:66.53 Data matches
8 D:27.13 D:27.13 Data matches

The test results in Table 4.4 show that the ThingSpeak cloud platform correctly
received the data sent by the ESP32 microcontrollers. In all eight test cases, the received
data perfectly matched the transmitted data.

Application Data Reading Test (ThingsBoard)
This test was conducted to ensure that the data displayed in the mobile application

accurately reflected the data present on the ThingsBoard cloud.

Table 4.5 Test Results for Application Data Reading from ThingsBoard

No. | Data on ThingsBoard Cloud | Data Read by Application Status
Trash Can A: 30.33 % Trash Can A: 30.33 %

1 Trash Can B: - Trash Can B: - Data
Trash Can C: - Trash Can C: - matches
Trash Can D: - Trash Can D: -

Trash Can A: 67.12 % Trash Can A: 67.12 %

2 Trash Can B: - Trash Can B: - Data
Trash Can C: - Trash Can C: - matches
Trash Can D: - Trash Can D: -

Trash Can A: 8.34 % Trash Can A: 8.34 %

3 Trash Can B: 53.51 % Trash Can B: 53.51 % Data
Trash Can C: - Trash Can C: - matches
Trash Can D: - Trash Can D: -

Trash Can A: 49.06 % Trash Can A: 49.06 %

4 Trash Can B: 71.65 % Trash Can B: 71.65 % Data
Trash Can C: - Trash Can C: - matches
Trash Can D: - Trash Can D: -

Trash Can A: 11.99 % Trash Can A: 11.99 %

Trash Can B: 26.42 % Trash Can B: 26.42 % Data
> Trash Can C: 44.78 % Trash Can C: 44.78 % matches

Trash Can D: - Trash Can D: -

Trash Can A: 50.10 % Trash Can A: 50.10 % Data

6 Trash Can B: 85.85 % Trash Can B: 85.85 % matches
Trash Can C: 90.77 % Trash Can C: 90.77 %
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Based on the results in Table 4.5, the mobile application successfully read and
displayed the data from the ThingsBoard cloud. In all eight test cases, the data shown in
the application was identical to the data stored on the cloud platform. (Note: Data in table
abbreviated for clarity, full data matches Table 4.3).

Application Notification Test (ThingSpeak)

This test was conducted to verify that the mobile application could correctly read

data from the ThingSpeak alert channel and trigger the appropriate user notifications.

Table 4.6 Test Results for Application Notification based on ThingSpeak Data

Notification
No. | Data on ThingsBoard Data Read by Displayed by Keterangan
Cloud Application
Application
1 A13.63 A13.63 - Data matches
"Trash Can A is full!
2 Contains 70.12 % capacity. Data matches
AT0.12 AT0.12 Please transport the garbage."
"Trash Can B is full!
3 Contains 68.47 % capacity. Data matches
B:68.47 B:68.47 Please transport the garbage."
4 B:39.82 B:39.82 - Data matches
5 C:9.69 C:9.69 - Data matches
"Trash Can C is full!
6 Contains 98.51 % capacity. Data matches
C:98.51 C:98.51 Please transport the garbage."
"Trash Can D is full!
7 Contains 66.53 % capacity. Data matches
D:66.53 D:66.53 Please transport the garbage."
8 D:27.13 D:27.13 - Data matches

As shown in Table 4.6, the application successfully read the data from the
ThingSpeak cloud channel. All data was read correctly across the eight tests. Furthermore,
the notification system functioned as designed, triggering an alert only when the received

capacity data exceeded the predefined threshold (e.g., >66%).
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CONCLUSION

Based on the research and implementation conducted, the objectives of this study
were successfully achieved through the creation of an Internet of Things (loT) based
waste bin monitoring system. This system effectively utilizes sensors to detect the fill
level of waste bins and is complemented by an Android application that allows users to
monitor the status and location of the bins. Furthermore, all sensor data is accessible via
the Android smartphone application through integrated cloud services.

The developed system, leveraging l1oT and sensor technology, demonstrated its
capability to accurately detect waste fill levels. The test results confirmed that the data
generated by the sensors was reliably transmitted to the cloud platforms (ThingsBoard
and ThingSpeak) and accurately displayed on the user's Android smartphone application.

The implementation of this system has the potential to significantly improve the
operational efficiency of waste collection, reducing operational and environmental costs
associated with inefficient routes. It can also contribute to raising public awareness about
the importance of proper waste management.

However, some limitations were identified that provide direction for future
enhancements. Further improvements are needed in refining sensor accuracy for detecting
various types of waste and optimizing the physical placement of sensors to ensure they
do not inconvenience users during waste disposal.

Overall, the loT-based waste bin capacity and location monitoring system
developed in this study successfully met its established goals. It is hoped that these
findings can provide a guide and inspiration for further research and development in the
pursuit of efficient and sustainable urban waste management.

Based on the results and limitations of this study, the following areas are
recommended for future development:

1. Integration of Weight Sensors: Enhancing the system by adding weight sensors to
provide a more comprehensive capacity calculation, complementing the volume-
based data from the ultrasonic sensors.

2. Automatic Route Optimization: Developing the application further by integrating the

Google Maps API to automatically generate the most efficient collection routes based
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3. User-Configurable Notifications: Implementing a feature within the mobile
application that allows users (sanitation workers or administrators) to set their own
minimum capacity threshold for triggering "full” notifications.

LIMITATION

It is inevitable that your research will have some limitations, and this is normal.
However, it is critically important to strive to minimize the scope of these limitations
throughout the research process. Additionally, you need to acknowledge your research
limitations honestly in the conclusions chapter.

Identifying and acknowledging the shortcomings of your work is preferable to
having them pointed out by your final work assessor. While discussing your research
limitations, do not merely list and describe them. It is also crucial to explain how these
limitations have impacted your research findings.

Your research may have multiple limitations, but you should discuss only those that
directly relate to your research problems. For example, if conducting a meta-analysis of
secondary data was not stated as your research objective, there is no need to mention it as

a limitation of your research.
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