=i 25-50-05-18

The Journal of Korean Institute of Communications and Information Sciences *25-05 Vol.50 No.05
https://doi.org/10.7840/kics.2025.50.5.835

A Comprehensive Study of IoT-Enabled Smart Umbrella
Rental System Using Mobile Application

Mosalla Sophia®, Akashi Kazunari’, Alao Chunghwan*,
Jeong-Dong Kim®, Taek Lee’, Jung-Been Lee’

ABSTRACT

This study presents the development and evaluation of an IoT-based smart umbrella rental service designed
to address urban challenges such as the inconvenience of carrying umbrellas and the inefficiencies in existing
umbrella rental systems. Inspired by IoT-driven solutions like Ikasa and Retbella, this system enhances user
convenience through real-time tracking, efficient management, and user-friendly mobile applications. The system
architecture incorporates the NEO-6 GPS module for precise location tracking, ESP32 microcontrollers for
seamless integration with reed switches, and Firebase for real-time data updates and secure management.
Developed using React Native, the app offers cross-platform compatibility and QR code functionality for
streamlined user interactions. Results demonstrate the system’s ability to optimize umbrella management and
rental processes, contributing to operational efficiency and environmental sustainability. Future directions include

integrating advanced sensor technology and Al to elevate user adaptability and real-time monitoring.
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I. Introduction are utilized, promoting efficiency and sustainability™.

It has the potential to represent the broader societal

The integration of IoT technology into everyday
objects has gained significant traction, transforming
how we interact with our environment. The broader
field of IoT applications spans various industries, en-
hancing daily activities through real-time data collec-
tion and intelligent decision-making'!. The use of IoT
in mobile applications has been recognized as val-
uable for various sectors, including consumer services,
by providing real-time data and enhancing user expe-
rience™. The increasing ubiquity of ToT has the poten-

tial to drastically alter the way products and services

implications of IoT integration, particularly its ability
to transform how individuals interact with technology
in various contexts, including mobility applications.

In a high traffic area like capital cities carrying a
big umbrella is difficult. For example, if a person for-
gets their umbrella, they should either buy one or use
an umbrella rental system. Additionally, most existing
umbrella rental services lack the capability to track
user activity and location. Furthermore, many of these
services do not have a corresponding mobile
application. This highlights the broader impact of
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IoT-enabled mobile apps in improving user con-
venience and accessibility, by tracking the location of
umbrellas and usage tracking systems which are key
principles driving the development of smart rental
services.

Traditional umbrellas lack the technological in-
tegration needed to address modern user needs
effectively. The primary problem is the frequent mis-
placement and underutilization of umbrellas, coupled
with a lack of real-time tracking and accessibility
features. This problem leads to inconvenience and in-
creased waste'!. To solve this problem, an IoT-based
smart, on-demand umbrella rental system exemplifies
a solution in the realm of global mobility, aligning
with the broader trend of IoT applications. The com-
prehensive technological architecture of this system
reflects a paradigm shift in how everyday objects are
utilized, emphasizing user convenience, technological
innovation, environmental sustainability, and in-
creased accessibility!™.

This paper proposes an IoT-based smart umbrella
rental system, a novel application that leverages IoT
to improve umbrella usage. The main objectives of
this research are to develop and evaluate the system’s
technological architecture and demonstrate its capa-
bilities in real-time tracking and user convenience.
The contributions of this study include the in-
troduction of a IoT-based umbrella system, advance-
ments in real-time data management using Firebase,
and practical applications of ESP32 microcontrollers
and GPS technology in consumer products.

The contributions of this paper are as follows:

* Advanced IoT-based umbrella rental system that
enhances user convenience and operational effi-
ciency

* Robust and scalable real-time data management

techniques using Firebase

Efficient and reliable communication system be-

tween devices using ESP32 microcontrollers

* Comprehensive analysis of user experience and
accessibility improvements through IoT in-
tegration

* GPS tracking module for a umbrella rental box

to provide precise real-time location data

The remainder of this paper is organized as follows.
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Section 2 introduces the related work about the exist-
ing similar umbrella rental services. Section 3 details
our JoT-based umbrella rental system including the
architecture, GPS tracking module, Google Map in-
tegration method, and hardware systems integrated
with IoT-based modules. Section 4 provides the re-
sults of our system. Finally, in Section 5, we conclude
our study and outline future research directions.

II. Related Work

The Tkasa’ is a pioneering service of IoT-driven
umbrella-sharing, operates extensively in Japan with
a well-structured rental network. Primarily aimed at
reducing the inconvenience of carrying umbrellas on
rainy days, Ikasa deploys smart umbrella stands at
high-traffic locations, including train stations, shop-
ping centers, and commercial complexes. Each stand
integrates IoT technology, allowing users to rent an
umbrella with ease. Through the Ikasa mobile app,
users can locate available umbrellas, reserve one, and
track rental duration. The app provides real-time up-
dates on umbrella availability at each stand, enabling
a streamlined experience. Ikasa’s approach centers on
creating an efficient ecosystem with minimal environ-
mental impact by encouraging umbrella reuse. Its em-
phasis on user convenience, combined with data ana-
lytics for tracking and optimizing stand locations, has
made Ikasa a popular choice in urban areas where
public transportation and walking are prevalent.

On the other hand, Retbella” serves as a successful
model for umbrella-sharing services across multiple
European cities. This service differentiates itself by
focusing on sustainability and user simplicity, aligning
with eco-conscious consumer preferences. Retbella’s
IoT-enabled stands are strategically placed at urban
centers, catering to pedestrians, tourists, and pro-
fessionals in need of a quick, accessible solution for
rain protection. Notably, Retbella incorporates a sim-
plified rental system, allowing users to scan QR codes
on each stand to initiate a rental without needing to

download a dedicated app. This approach increases

1) https://www.i-kasa.com
2) https://www.rentbrella.com
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accessibility, particularly for tourists or casual users
who may be deterred by app installations. However,
for frequent users, a Retbella mobile app is available,
providing features such as subscription options, rental
history, and loyalty rewards. Retbella has made a sig-
nificant impact in promoting environmentally friendly
practices through shared umbrella use, reducing waste
from discarded umbrellas, and offering a convenient,
app-optional experience.

Webrella” is a Korea-based umbrella rental service,
emphasizing a highly accessible and data-optimized
IoT solution, particularly appealing to densely popu-
lated cities. Each Webrella stand is equipped with sen-
sors to monitor the number of umbrellas in real time
and alert maintenance teams when stocks run low.
This operational design ensures high availability dur-
ing peak times, like sudden weather changes, and is
supported by an intuitive mobile app that offers loca-
tion tracking, reservation capabilities, and usage
analytics. Webrella’s app also enables users to mon-
itor usage statistics, helping the company refine their
offerings based on patterns in user demand. This ap-
proach not only enhances operational efficiency but
also prioritizes user accessibility, as Webrella stations
are integrated with public transit maps and routing
apps for easy navigation. Additionally, the Webrella
system highlights a commitment to efficiency and
service reliability, making it a prime example of IoT
adoption in smart urban solutions. Table 1 presents
a comparative analysis of existing systems and our
proposed system.

Ikasa, Retbella, and Webrella demonstrate that IoT
technology can enhance user convenience, enable re-
al-time tracking, and provide sustainable alternatives
to traditional umbrella ownership. However, limi-
tations exist in the current designs of these umbrella
rental services. Most of these services employ a single
input-output mechanism in their umbrella boxes,
which is efficient for assembly but vulnerable to com-
plete shutdown if one component malfunctions.
Additionally, existing designs lack a specialized um-
brella-detection system, permitting users to return

items other than umbrellas, leading to potential system

3) https://webrella.co.kr

Table 1. Comparative Analysis of Umbrella Rental
Systems

Aspect IKasa | Rentbella| webrella | Our system
Regi f E h
eglon. ° Japan ur.o.pean Sout South Korea
Operation cities Korea
R
. QR code . GPS tracking,
IoT Real-time| rental, basic
.. . QR code
Features | updates | limited | analytics
rental
features
. Advanced
L . ... | Maintena
. Optimize | Simplifie data
Operational nce alerts
.. d stand | d rental management
Efficiency for low .
placement| process and location
stock .
tracking
Optional .
Optional
Mobile | Essential for ptiona Cross-platform,
A] for usage| casual for casual user-friendl
PP 8 users Y
users
Box Single | separated| Single separated
design entry entry entry entry

misuse and increased maintenance costs. Another no-
table shortfall is the limited focus on app integration;
the absence of dedicated, fully featured mobile appli-
cations makes these services less user-friendly, espe-
cially for new users.

In this study, we aim to address these limitations
through an enhanced box design equipped with multi-
ple access points and an umbrella-specific detection
system. Furthermore, we propose a more compre-
hensive and functional mobile application, providing
users with seamless and intuitive experience to im-

prove service adoption and efficiency.
. System Implementation

Figure 1 shows the architecture of our proposed

system.
DB
b EResd End Using
DB- User _QRcode !
Logn | Username UmbrellaQR . Scan QR Code
User —&. Password BoxQR Strart Counting |
SignUp | ool state Time
Location 1 Checkiif QR No
Strart Counting G
Extend The
ap —Google Map API—sCoordinate of
Send unlock
The box e GoTotheloT
x Page
Program No o i
QR Code Check if Yes ey

Check if QR No

—>  umbrellaexist >
inDB Code existin
DB

Scanner message

No

Close the Section

Fig. 1. Architecture diagram of the system.
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The process flows with user authentication, where
the user logs in by entering their username, password,
and email, which are verified against the records in
the DB-User database. Next, the user scans the QR
code using a QR code scanner. The scanned QR code
is checked against the DB-QR code to verify if it ex-
ists in the database. If the QR code corresponds to
an umbrella and exists in the database, the system pro-
ceeds; otherwise, an error message is displayed. The
system then uses the Google Map API to map the
location of the box and extend the coordinates as
needed. If the scanned QR code is verified, the system
sends an unlock message to the IoT of the box, which
then unlocks the box for the user.

A message is displayed to ensure the user is aware
of the process. The system starts counting the time
from the moment the box is unlocked to track the
duration for which the umbrella is borrowed. When
the user is done using the umbrella, they scan the
BoxQR to start the return process. The system checks
if the BoxQR is valid and exists in the database. If
valid, the system goes to the IoT box page to send
a close section message to the IoT device. The session
is closed once the IoT device receives a valid message

and confirms the return of the umbrella.

3.1 10T Integration of Box

Each umbrella box is equipped with an ESP32 mi-
crocontroller, GPS NEO-6 module, and reed switches
to monitor the status and location of umbrellas. Figure

2 shows our hardware system and Table 2 represents

Fig. 2. Hardware System with Microcontroller, Reed
Switches, and GPS Module.
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Table 2. Circuit Diagram of System.

ESP32 |GPS neo-6| Reed switch 1| Reed switch 2
5V - vCC VCC
3V vCC - -

GRD GRD GRD GRD
G17 - do -

G18 - - -

G21 RX - do

G20 RX - -

the circuit diagram.

Data is transmitted to Firebase for real-time updates
and tracking. Within each container, an ESP32 micro-
controller is intricately incorporated to facilitate the
acquisition of data from both the GPS NEO-6 module
and reed switches. ESP32 acts as the central in-
telligence unit, seamlessly orchestrating the in-
tegration of diverse components for a comprehensive
tracking system.

An important component in this complex system
is the application of reed switches. Reed switches rep-
resent a specialized category of electrical switches,
uniquely responsive to magnetic fields for activation
and deactivation. Typically, these switches comprise
two slender, flexible ferromagnetic wires or blades
known as reeds, strategically positioned with a slight
separation within a hermetically sealed glass
enclosure. This physical arrangement defines the reed
switch contacts, with the change-over type featuring
three reeds instead of the more common two. The spe-
cific configuration of reed switches in this context is
purposeful: they are strategically arranged within the
container to effectively detect the presence or absence
of umbrellas. By leveraging the magnetism-driven ac-
tuation of reed switches, the system can discern
whether an umbrella is positioned within the contain-
er, providing valuable data for tracking and inventory
management.

Functionally, the ESP32 microcontroller seamlessly
interfaces with both the reed switches and the GPS
NEO-6 module. When reed switches detect the open
or close status within the box, this information, cou-
pled with GPS coordinates from the NEO-6 module,
is diligently transmitted to a real-time database hosted
on Firebase. This dynamic database becomes a re-
pository of live information, constantly updated by the
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ESP32 microcontroller as it receives and processes da-
ta from the reed switches and GPS module.

The ESP32, acting as the nerve center, not only
manages the concurrent reception of data from reed
switches and the GPS module but also orchestrates
the seamless transmission of this information to the
Firebase real-time database. This approach to data col-
lection and transmission serves to enhance the effi-
ciency and accuracy of the tracking system, making
it a robust solution for real-time monitoring of the
presence and location of umbrellas within the des-

ignated containers.

3.2 GPS Tracking

The system utilizes the NEO-6 GPS module for
real-time tracking of umbrella boxes. This module
provides accurate location data, essential for optimiz-
ing operational processes and improving resource allo-
cation'®. Tailored for battery-operated mobile devices
with strict cost and space constraints, the NEO-6 mod-
ules excel in power efficiency and memory uti-
lization!”. Notably, the advanced technology of the
NEO-6 series effectively counteracts jamming sour-
ces, mitigates multipath effects, and provides excellent
navigation performance even in challenging environ-
ments®, Table 3 shows all specifications of the GPS
Neo-6.

Table 3. Neo-6 GPS specification.

Parameter Specification
Receiver Type 50 Channels
Frequency GPS L1 frequency, C/A Code
SBAS WAAS, EGNOS, MSAS
;gavcil;iif NEO-6G/Q/T: -162,
NEO-6M/V: -161, NEO-6P: -160
(dBm)

Reacquisition (dBm) -160 for all
Horizontal Position

Accuracy (m)

GPS: 2.5, SBAS: 2.0

Maximum Navigation NEO-6G/Q/M/T: 5,

Update Rate (Hz) NEO-6P/V: 1
Velocity Accuracy 0.1 m/s
Heading Accuracy 0.5 degrees
Altitude 50,000 m
Velocity 500 m/s

3.3 ESP32 Microcontroller and Read
Switches

The ESP32 is a versatile 2.4 GHz Wi-Fi and
Bluetooth combo chip, crafted using TSMC’s
low-power 40 nm technology. It performs in deliver-
ing optimal power and RF performance, demonstrat-
ing exceptional robustness, versatility, and reliability
across a broad range of applications and power
conditions. The ESP32 microcontroller manages data
from the GPS module and reed switches, which detect
the presence of umbrellas in the boxes.

A reed switch is a type of linear switch component
that operates through magnetic signals, activated by
a magnet. This “switch” refers to a dry reed tube, a
passive electronic switch component known for its
simple structure, compact size, and ease of control.
One common issue with other umbrella rental systems
is the detection of umbrellas. To address this, we in-
stalled reed switches at the bottom of each slot and
placed magnets on top of each umbrella. This setup
allows us to accurately monitor the insertion and re-
moval of each umbrella. This setup ensures accurate
tracking and inventory management, contributing to
the overall efficiency of the system.

3.4 Google Map API Integration

The utilization of Google Maps API for dynamic
location visualization has become a transformative
force in online mapping service applications since its
launch in 2005. Grounded in Asynchronous JavaScript
and XML (AJAX), Google Maps introduced a novel
client/server interaction, maintaining continuous con-
nectivity between the client and server for the immedi-
ate downloading of additional map information®.

This study delineates a comprehensive approach to
real-time location tracking using the NEO-6 GPS
module. Figure 3 process involves acquiring coor-
dinates from the NEO-6 module and seamlessly trans-
mitting this data to the Firebase Database for efficient

storage and retrieval.

GPSNeo Firebase ___ 6ooglemap APl ——— Map screen
coordinates real-time database e P pSer

Fig. 3. Process of getting GPS coordinate on map.
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The pivotal aspect of this location tracking system
is the integration with the Google Maps platform,
where the received coordinates are dynamically
visualized. The integration with Google Maps is ach-
ieved through the utilization of JavaScript, facilitated
by a dedicated library!'®. This dynamic visualization
not only provides a real-time depiction of the tracked
coordinates but also enhances the overall user experi-
ence by leveraging the powerful mapping capabilities
of Google Maps'!,

The software architecture for the IoT-based um-
brella rental system is built using the React Native
framework. React Native is a popular choice for de-
veloping mobile applications due to its ability to cre-
ate cross-platform apps with a single codebase. This
framework ensures that the application works seam-
lessly on both iOS and Android devices. To further
streamline the development process and enhance the
user experience, Expo-Go is used. Expo-Go is a set
of tools and services built around React Native, which
simplifies the development and deployment processes.

Google Maps API plays a crucial role in this sys-
tem by providing dynamic map visualization. This in-
tegration allows users to view their current location
and the locations of umbrella boxes in real time. When
a user needs to rent or return an umbrella, they can
easily find the nearest box on the map. The map is
dynamically updated, ensuring that users always have
access to the latest information regarding box loca-

tions and availability.

3.5 QR code Scanner

The application includes a QR code scanner, which
is implemented using JavaScript libraries. This feature
enables users to interact with the umbrella rental sys-
tem quickly and efficiently. When a user wants to rent
or return an umbrella, they simply scan the QR code
located on the umbrella or the box. The scanner reads
the QR code and retrieves relevant information from
the database.

After scanning a QR code, the system checks if
the QR code corresponds to an umbrella or a box and
verifies its existence in the database. If the QR code
is valid and exists in the database, the system proceeds
with the next steps, such as unlocking the box or end-

840

[ save User Location H Set Lock Signal to 1 |
Start Reed Switch
Monitoring (for Each)
Reed Switch Value Check

yes

Show Confirmation
Dialog

ncel

Reset Lock
Signalto 0
After 10
Seconds

8
Reset scanned
:

Fig. 4. Checking Reed switches and IOT config
algorithm.

ing the rental session.

3.6 Checking Reed Switches and
Confirmation on loT Device Algorithm

Figure 4 shows the algorithm for checking reed
switches and IoT config. This algorithm ensures the
seamless integration of reed switch state monitoring
and user interaction for IoT applications. It facilitates
dynamic decision-making processes, including loca-
tion saving, navigation, and lock signal management,
leveraging Firebase Realtime Database and Firestore
services. By implementing this design, IoT systems
can provide real-time, user-driven responses, enhanc-

ing both functionality and user satisfaction.

* Initialization of Reed Switch Monitoring

To monitor the reed switches effectively, an array
of identifiers (switchNames) is initialized, correspond-
ing to specific hardware components. Each reed
switch is linked to its respective path in the Firebase
Realtime Database using a reference (switchRef), en-
suring accurate communication between the physical

device and the database.

* Dynamic Reed Switch Monitoring
The algorithm leverages Firebase’s onValue() lis-
tener to detect real-time changes in reed switch states.
When a state change is detected, the system:
- Retrieves the updated state (value) from the
database.
- Checks if the state indicates activation (value

equals 0).

This algorithm’s structured approach integrates ef-

ficient hardware monitoring with real-time database
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interactions, making it highly suitable for IoT-based
systems requiring immediate user feedback and secure
data handling.

3.7 Server and Database

The backend of the system consists of a server and
a MySQL database. The server handles requests from
the mobile application, processes data, and communi-
cates with the database. User data, including user-
names, passwords, and email addresses, is securely
stored in the database. To ensure the security and pri-
vacy of user information, robust column-level en-
cryption and password hashing mechanisms are
employed.

Column-level encryption is a method of encrypting
data at the level of individual columns within a data-
base table. This technique allows sensitive data in spe-
cific columns, such as credit card numbers, social se-
curity numbers, or personal health information, to be
encrypted without affecting other columns. By en-
crypting data at the column level, organizations can
achieve a higher level of security granularity. This
means that even if someone gains unauthorized access
to the database, the encrypted columns remain
protected. Implementing column-level encryption typ-
ically involves using encryption algorithms like AES
(Advanced Encryption Standard). The encrypted data
is stored in its encrypted form and only decrypted
when accessed by authorized users or applications
with the appropriate decryption keys. This approach
ensures that sensitive information is safeguarded from
unauthorized access, both during storage and
transmission.

And Password hashing is a process used to trans-
form a plain text password into a fixed-size string of
characters, which is typically a hash value. This proc-
ess ensures that the original password cannot be easily
retrieved from the hash. Hashing functions, such as
berypt, SHA-256, or Argon2, are designed to be
one-way functions, meaning they are computationally
infeasible to reverse. When a user creates or updates
a password, the password is hashed and the hash value
is stored in the database, not the plain text password.
When the user attempts to log in, the provided pass-
word is hashed again, and the resulting hash is com-

~1 box_info v
box_id INT
spaces CHAR( 10)
u_avalable TINYINT(1)
box_ar_code INT W‘
5_avail able TINYINT(1) |
> I
= I
]
T !
1 ]
_] records ¥ B
] users ¥ e "~ umbrellas v
user_id INT : id INT
ser_id INT
name VARCHAR(S0) box_id INT
umbrella_id INT
lastname V ARCHAR(S0) place_in_box INT
» box_d INT
email VARCHAR (100) H +g tota INT Bt ar_code_number INT
otal_am ount_won IN
password_salt VARCHAR(S0) - in_use TINYINT(1)
total_time_min INT
password_hash VARCHAR (100) User_emai VARCHAR(45)
date DATE
age INT »
_ time TIME .
S

Fig. 5. Database diagram.

pared to the stored hash. If they match, access is
granted. This method protects user passwords from
being exposed, even if the database is compromised.
Additionally, modern hashing techniques often in-
corporate salting, which involves adding a random
value to the password before hashing. This ensures
that even identical passwords result in different hash-
es, further enhancing security. The detail of the data-
base is shown in Figure 5.

This database diagram represents a relational data-
base schema designed to manage information related
to users, umbrellas, boxes, and records of usage. The
users table includes columns such as user_id, which
is the primary key and a unique identifier for each
user, name for the first name, /astname for the last
name, email for the user’s email address, pass-
word_salt for the salt used in password hashing, pass-
word_hash for the hashed password, and age for the
user’s age.

The box_info table includes box_id as the primary
key, spaces for information about the spaces in the
box, u_available to indicate umbrella availability (1
for available, O for not available), box_gr._code for
the QR code associated with the box, and s avabile
to indicate slot availability (1 for available, O for not
available).

The records table includes 7d as the primary key,
user_id as a foreign key referencing user_id of users
table, indicating the user associated with the record,
umbrella_id as a foreign key referencing id of um-
brellas table, indicating the umbrella involved, box id

as a foreign key referencing box_id of box info table,
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indicating the box involved, toral amount won for the
total amount won by the user, total_time_min for the
total usage time in minutes, date for the record date,
and time for the record time.

The umbrellas table includes id as the primary key,
box_id as a foreign key referencing box id of box_info
table, indicating the box in which the umbrella is stor-
ed, place_in_box for the slot number in the box,
qr_code_number for the umbrella’s QR code, in_use
to indicate if the umbrella is in use (1 for in use,
0 for not in use), and user_email for the email of
the user associated with the umbrella.

The database tracks the status and location of each
umbrella and box, which is crucial for maintaining
accurate and real-time information, allowing users to
find available umbrellas and return them to the correct
locations. When an umbrella is rented or returned, the
system updates the status and location in the database
accordingly. Indexes are set on primary keys and for-
eign keys to optimize database performance and en-
sure quick data retrieval. Although the diagram sug-
gests the presence of triggers, it does not provide spe-
cifics; triggers typically enforce business rules or
maintain data integrity by automatically invoking da-

tabase procedures upon certain actions or events.

IV. Results

This section details the outcomes of integrating
map features, implementing QR code scanner func-
tionality, enhancing app performance, and utilizing the
IoT capabilities of the box.

4.1 Map integration

The Google Maps JavaScript API provides a seam-
less integration for displaying real-time locations of
users and umbrella boxes. This process begins with
the installation of requisite libraries such as ex-
po-task-manager, expo-location, and re-
act-native-maps. These commands facilitate the in-
corporation of essential libraries, paving the way for
the seamless integration of Google Maps functionality
into our mobile app, ’Umber’. By following these
steps, the system ensures a robust foundation for the

development of an interactive and visually intuitive
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Fig. 6. Mapping User and Umbrella Box Locations in
App.

map interface, providing real-time location insights.
The result of the application is shown in Figure 6.

4.2 QR Code Scanner

To ensure optimal identification and interpretation
by users, tailored QR codes are generated for each
box and umbrella, with embedded specific text values
for efficient storage and retrieval. The implementation
of this QR code system necessitates camera permis-
sions to enable users to scan the QR codes seamlessly.
The QR scanning functionality is realized through the
integration of JavaScript libraries, notably the jsQR
library"™?. This library enables the device to scan QR
codes using its camera, facilitating a streamlined proc-
ess, as shown in Figure 7.

To initiate the rental process, scan the umbrella’s
QR code. Each QR code is stored in our database,
allowing the application to recognize it and begin
tracking the rental period. To complete the rental
process, scan the QR code on the return box.

Use this umbrella? BoxNO.151121

Do you want to go to the Box
Do you want to use this umbrella? Dashboard?

CANCEL YES CANCEL  VES

BOX QR Code Umbrella QR Code
OO S
‘.d‘a x 151121 :ﬂ@ 151123
(=] e [=]qez

Fig. 7. QR code scanning function using jSQR library.
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4.3 Box loT Dashboard

Each umbrella in the system is equipped with a
magnet that serves to activate the corresponding reed
switch. Simultaneously, a GPS module, such as the
neo-6, captures precise location data. This location in-
formation is then transmitted to Firebase through the
integrated  Wi-Fi module of the ESP32
microcontroller. The JavaScript code, interacting with
Firebase, fetches real-time data to ascertain the status
of each hole in the umbrella box—whether open or
closed. Leveraging this information, the code dynam-
ically adjusts the color representation for each hole,
providing users with an intuitive visual cue.

During the project, a transition was made from em-
ploying HardwareSerial to SofiwareSerial due to its
enhanced convenience in retrieving data from the GPS
module. Adopting SoffwareSerial necessitates the in-
stallation of the SofiwareSerial library specifically
tailored for ESP32. This adjustment streamlines the
data retrieval process from the GPS, contributing to
the overall efficiency and functionality of the system.
Figure 8 shows the dashboard of the app. A displays
the state when an umbrella is inserted, and B shows

the state when there is no umbrella inside the box.

€ BoxDashboard €« BoxDashboard

Available space in the box

A o e B @@

Available space in the box

Fig. 8. Dashboard to show available space in the box.

4.4 Communication Performance

The performance of the system was evaluated in
terms of latency, data throughput, and GPS accuracy
to ensure seamless operation during the umbrella rent-
al process as shown in Table 4.

The system’s communication performance was

evaluated based on key metrics such as latency, data

Table 4. Communication Performance.

Metric Value Explanation
Latency 150ms Ensgres smooth
real-time updates.
Handl R cod d
Throughput 500 bytes/s andles QR code an

GPS data efficiently.

GPS +Smeters (urban), Reliable navigation;
Accuracy | £10 meters (rural) | better in urban areas.

throughput, and GPS accuracy. Latency, defined as
the average time required for the GPS module to
transmit location data to the server via the ESP32 and
Firebase, was consistently low, averaging 150 ms.
This ensures a smooth user experience by providing
near real-time updates on umbrella box locations and
statuses. The system demonstrated a data throughput
of 500 bytes per second, which is sufficient for trans-
mitting lightweight data such as QR codes and GPS
coordinates. Additionally, the GPS module exhibited
reliable accuracy, achieving a precision of +5 meters
in urban environments and +10 meters in rural areas.
This level of performance effectively supports the sys-
tem’s operational requirements, enabling users to lo-
cate umbrella boxes with ease while ensuring scal-
ability and reliability. This concise addition is simple
yet effective in providing quantitative evidence for the

system’s reliability.

4.5 Server and Database Management

In the database, all umbrella QR codes, box states,
and locations are systematically recorded based on
user email. As users engage with umbrellas, the state
of each umbrella in the database dynamically updates,
facilitating accurate tracking of the umbrella’s status

throughout its usage. Figure 9 shows the example of

id user id umbrellaid box_id total_amount_won total_tme_min date time

20 2023-12-11  15:00:01
70 2023-12-11  16:33:44
40 2023-12-11  16:38:31
40 2023-12-11  16:44:21
20 2023-12-11  16:46:24
50 2023-12-11  16:49:15
50 2023-12-11  16:49:15
20 2023-12-11  16:53:58
20 2023-12-11  16:54:03
30 2023-12-11  16:55:20
30 2023-12-11  16:55:24
30 2023-12-11  16:56:46
2023-12-11  16:59:23
2023-12-11  17:00:35
2023-12-11  17:02:36
2023-12-11  17:10:47

90
30
10
10

HH LV WWWRNNOGON S & NN

Fig. 9. Store all data, time and amount in DB
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Fig. 10. Umbrella box prototype printed using a PLA 3D
Printer.

all the data, time and amount in the database.

For this study, we created a prototype using
3D-printed PLA. The design includes a box to hold
the umbrellas, with the GPS module positioned at the
top to ensure optimal signal reception. Inside the box,
we integrated the ESP32 microcontroller and red
switches. Two pens serve as placeholders to represent
umbrellas. Additionally, the ESP32 is housed in a sep-
arate, waterproof compartment to prevent any damage
from moisture.

V. Conclusions

This study has explored the integration of IoT tech-
nology into everyday objects, such as umbrellas,
through the development of a smart rental service.
Motivated by challenges faced in high-traffic urban
areas, the proposed loT-enabled system aims to en-
hance user convenience, operational efficiency, and
environmental sustainability by reducing waste from
misplaced or underutilized umbrellas.

Key contributions of this work include the design
and implementation of an innovative IoT-based um-
brella rental system, featuring a GPS tracking module,
robust data management using Firebase, and ESP32
microcontrollers for seamless device communication.
The findings demonstrate the system’s potential to im-
prove user experiences while addressing urban chal-
lenges, setting a foundation for future advancements.

However, practical implementation poses chal-
lenges, particularly in constructing a durable, weath-
er-resistant, and cost-effective umbrella box. Factors
such as theft prevention, ease of maintenance, and aes-
thetic appeal also require careful consideration. Future

research will focus on developing modular hardware
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designs and guidelines to overcome these limitations,
ensuring the system is scalable and robust for re-
al-world use.

Furthermore, detection accuracy, communication
performance, and power consumption remain unex-
plored aspects of the system. The impact of these fac-
tors, including the distance from access points and
hardware constraints, will be studied in future work
to optimize system performance.

By emphasizing the practicality of IoT in consumer
applications, this study encourages broader adoption
and improvement of IoT-enabled technologies, paving

the way for future innovations.
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