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Abstract. The University Landmark Tower basement parking lot is an important facility for pro-
fessors and employees. At present, however, parking management presents a challenge as to the
efficiency and availability of quickly accessible parking spots. To address the problem, we propose
an innovative IoT (Internet of Things) solution. It aims to integrate sensor technology, ESP32 de-
vices, and mobile applications to create sophisticated smart parking systems. In this system, each
parking lot will be equipped with real-time parking sensors. The sensor will detect the presence of
a vehicle and transmit information about available space to the ESP32 device, which will then
transmit that data to the server via the Wi-Fi network.

The server will manage and store the status data of the parking lot, including information about
availability, the duration of parking time, and the time it takes to detect and process data. This data
is then accessible to the user through mobile applications that provide real-time information about
parking Spaces available in the user preferred areas. With more effective and real-time parking
management, professors and employees can save time in search of parking. System performance
will be analyzed based on parameters such as delay in detection and the response speed of mobile
applications.

In the testing process conducted when the prototype was fully implemented, the results showed
that the sensor could detect vehicles within a range of 2 to 13 cm with an accuracy rate of 95.04%
and classify them into several vehicle categories. Additionally, the throughput obtained after testing
was 142 bps, which falls into the medium category. The delay testing yielded a value of 38,665 ms,
packet loss testing resulted in 0%, and signal strength measurement was -49 dBm, all of which are
categorized as excellent.In addition, the potential for further development such as navigation sys-
tems or parking lots expansion will also be evaluated. We hope it will accelerate the digital trans-
formation of Telkom University landmark tower, overcome conventional parking constraints, and
create a more efficient and comfortable environment. The system not only provides practical solu-
tions to parking problems but also demonstrates university's telkom commitment to adopting the
latest technology to increase comfort and efficiency in colleges. With successful implementation,
the system has the potential to model for other institutions in modern and effective parking man-
agement.

Keywords: Basement parking, Smart parking system, Internet of Things (IoT), Mobile appliction,
Efficient.

1 Introduction

Many universities around the world are currently supporting the smart campus campaign. One aspect
that can be revolutionized is the parking system, which can be automated and efficiently managed using
IoT (Internet of Things) technology [1]. The old method of finding a parking spot involves manually
searching for an empty space. This increases the amount of time and energy required by users [2]. Smart
parking systems have been developed to help users find parking spots using an application on their
mobile phones [2]. According to statistical data, in 2023 Telkom University had 30,660 students and
1,183 lecturers [3]. With such a large number of students and lecturers, most of them use private vehicles
as a means of transportation to campus. This poses a challenge for the author in designing a smart
parking system focused on the basement of TULT (Telkom University Landmark Tower).

Based on the survey results conducted by the author in the basement of Telkom University Landmark
Tower on October 31, 2023, data was obtained regarding the number of car parking spaces, where there
are 68 empty parking spaces, 9 of which are reserved for the Dean, Vice Dean 1, and Vice Dean 2 of
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the Faculty of Electrical Engineering, Faculty of Industrial Engineering, and Faculty of Informatics.
The area of the basement parking lot itself covers 3600 m? with the average number of vehicles parked
almost always full from morning until 12 noon.

Based on the problems described above, the author proposes utilizing current technological develop-
ments to create a system that can be used to solve these problems. There are many mobile devices that
can be utilized today, one of which is [oT (Internet of Things) technology [4]. IoT (Internet of Things)
is the concept of everyday objects connected to the internet and able to identify with other devices [5].
The Internet of Things devices proposed by the author use various types of devices, such as microcon-
trollers and sensors. Later, these Internet of Things devices will be connected to a mobile application
that has been developed. In this mobile application, users can monitor the availability of parking spaces
in the TULT basement parking area. This system makes it easier for users because they do not need to
search for an empty parking space for a long time, which would cause vehicle congestion in the parking
area. With this smart parking system, lecturers and staff working at TULT can access real-time infor-
mation about parking availability through the mobile application. In addition, the use of parking space
can be optimized efficiently to maximize utilization.

The aim of this research is to create a prototype of a smart parking system based on IoT (Internet of
Things) that can be used to monitor available parking spaces in the TULT basement. The smart parking
system, which is based on a mobile application, will use device components such as microcontrollers
and sensors. This prototype will be connected to an Android application, allowing TULT lecturers and
staff to monitor the availability of parking spaces. This will help optimize the time previously wasted
searching for empty parking spaces.

2 Literature Review

2.1  System Solution Design

The smart parking application developed in this research is connected to IoT (Internet of Things)
devices and displays information about the availability of empty parking spaces. This application is
built using the Android Studio platform and Firebase database. The application allows users to view
parking spots to park their vehicles. The system used in this research is depicted in the system block
diagram in Figure 1.

Smart Parking System

| Mobile Application

| Controller: ESP32 H Sensor: Ultrasonic |

| Database: Firebase | | OLED Display |

Fig.1 System Block Diagram

Fig. 1 is a diagram of the smart parking system block diagram where the smart parking system will be
connected to ultrasonic sensors, an ESP 32 microcontroller, and an OLED display. The microcontroller
will send data information to the database. Meanwhile, the mobile application will be connected to the
database.
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Fig.2 Layout Design and System Block Diagram
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Fig.2 above shows the layout design and system block diagram. The system workflow starts with
sensors placed at several points in the TULT basement parking layout, connected to the ESP 32 micro-
controller. The data from the ESP 32 will be sent to the database and automatically displayed on the
OLED Display. After processing in the database, the processed data will be connected to the Android
application, allowing the application to display the information from the database.

In this research, the researchers used the ESP32 microcontroller, which is equipped with an integrated
wireless module capable of transmitting data at an average speed of 4000-15000 data per minute, de-
pending on the supported wireless version at a frequency of 160/240MHz . Additionally, the microcon-
troller can connect to various sensors or other devices through interfaces such as GPIO (General Purpose
Input/Output). This board comes in two versions: 30 GPIO and 36 GPIO, both having the same func-
tions, but the 30 GPIO version is preferred in this research because it has two GND pins.

In addition to using the ESP32 microcontroller hardware, this research also utilizes ultrasonic sensors
as hardware to detect objects. These sensors can determine the existence (distance) of an object at a
certain frequency based on the principle of sound wave reflection. Later, these sensors will be able to
detect objects based on the height of the object measured using ultrasonic sensors.

The last main hardware used is the OLED Display. The OLED Display for the Internet of Things
(IoT) is a screen that uses OLED technology and is installed on various IoT devices. OLED is an energy
conversion device (electricity-to-light) based on electroluminescence. OLED is an electronic device
consisting of thin films that function as monolithic semiconductors. When voltage is applied, it emits
light. OLED has several advantages that make it suitable for use in various IoT devices, as the response
speed of the OLED Display is crucial for IoT applications that require real-time data updates and re-
sponsive user interactions.
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Fig.3 Smart Parking System Wiring

The hardware circuit used in the smart parking system prototype can be seen in Fig.3 There are 4
ultrasonic sensors connected to the ESP32 microcontroller. The ultrasonic sensors are responsible for
capturing information if there is an object below the sensor and sending this data to the microcontroller.
There is also an OLED Display used to show the data obtained by the microcontroller, and a power
supply circuit as one of the power sources that can be used to operate the smart parking system devices.
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Fig. 4 represents the process of all IoT devices connected to the TULT basement smart parking sys-
tem. The system workflow starts when a user enters the parking area. The sensor detects the user’s
vehicle within a detection range of 150-400 cm. If the sensor detects a vehicle, the data obtained by the
microcontroller will be forwarded to the OLED Display, which will then display the status of each
parking slot along with its classification (whether the vehicle is a saloon car, MPV, or SUV). When a
vehicle is detected, the database will also display the data received from the microcontroller. If the
sensor does not detect a vehicle, the system will continue monitoring the parking conditions.

Fig. 5 represents the interaction process performed by the user on the application user interface. The
process starts with viewing the parking area, then checking for available parking spaces. If available,
the vehicle can be parked, and the parking slot number is recorded, then the process is complete. If the
vehicle is to be parked overnight (after 10 PM), the user fills in the vehicle data after parking, and the
process is complete. If no parking space is available, the menu will return to the beginning.
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Fig. 5 Smart Parking System Application Operation Flowchart

2.2 Mobile Application Design

The design of this Android application is intended to provide an intuitive and efficient user experi-
ence in managing parking information. The Android application is designed to provide real-time data
on the availability of parking slots. Information related to parking spaces (Figure 7 (a)) sent from the
server database will be displayed in the form of a graphical user interface (GUI). When users want to
park their vehicles overnight, they need to fill in the required data (Figure 7 (c) ). After users fill in the
data, the vehicle information will be displayed on the “Overnight Parking” page (Figure 7 (b)). Another
feature that users can utilize is the parking notes feature (Figure 8 (a)), where users can record the
location of their parked vehicles.

fselamat Datang

fselamat Datang

TRARKING

Fig.6 (a) Login Page, (b) Register Page, (c) Main Page.
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Fig.8 (a) Your Location, (b) Settings

3 Results and Discussion

3.1 General Description of the Research

Fig.9 Smart Parking System Prototype for TULT Basement Area

The prototype created has a design as shown in Figure 9. This design includes several parking slots,
each equipped with an ultrasonic sensor, an ESP32 microcontroller, and an OLED display. The ultra-
sonic sensor functions to detect the presence and distance of vehicles in each parking slot. Based on the
measured distance, the system can classify the type of parked vehicle.

Each ultrasonic sensor is connected to an ESP32 microcontroller that processes the data from the
sensor and sends it in real-time to a Firebase database. This data can then be accessed through a mobile
application that allows users to view the availability and status of parking in the TULT basement. Ad-
ditionally, parking status information is also displayed in real-time on the OLED screen installed on the
prototype.

Besides detecting the presence and distance of vehicles, the system is also capable of identifying the
type of vehicle based on the data received from the ultrasonic sensors. This information is useful for
providing a more detailed overview of parking space usage, allowing parking management to be opti-
mized based on the most frequently used vehicle types.

3.2 Mobile Application Implementation
In implementing the mobile application, the researchers used Android Studio as the main software
and Java as the programming language, is the official integrated development environment (IDE) for
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Android platform development. The creation of this mobile application consists of several projects or
activities such as Main Activity, View Parking Activity, Add Stay Activity, and Add Location Activity.

The Main Activity project includes the package section used to define the class packages within this
file. Then, there are import statements used to import the necessary classes from various Android pack-
ages and Firebase libraries. Next, there is the on Create method, which is the starting point of execution
when the activity begins. In this section, the activity is initialized and bound to the XML layout using
the Data Binding Library. There is also a check function to check if the user is logged into the applica-
tion. If not, the login activity will start. Finally, there is a section to set a listener for the Bottom Navi-
gation View, so that when a navigation item is selected, the corresponding fragment will be displayed.

In this project, several methods are used, each with different functions. The first method is get Data,
which is used to retrieve data from Firebase for each parking area. This method is used to get data from
Firebase for each parking area based on the given key. Then, there is the add Value Event Lis-
tener method, which is used to add a data listener that will execute logic the data changes. This listener
is used to handle data changes from Firebase. When the data changes, the on DataChange method will
be called. If there is an error in reading the data, the on Cancelled method will be called.

The main function of this project is to create a page where users can enter vehicle data if they wish
to leave their vehicle overnight. In this project, there is a method used to save data to the Firebase
database. The data is taken from user input entered through the user interface. This method also per-
forms user input validation. If the input is invalid, an error message will be displayed. After that, the
method creates a reference to the Firebase database, a unique key for the new data entry, creates a new
data object with the given values, and saves the data to the Firebase database. The method also handles
the success and failure responses of the save operation by displaying appropriate toast messages.

The Tambah Location Activity project is designed to provide a feature for adding the parking loca-
tion where the vehicle is parked. In this project, there is a save Variable method used to save a variable
in this case, the selected location) into Shared Preferences. Shared Preferences is used to persistently
store data in key-value pairs. Here, the key variable is used as the identifier for the data, while
the value is the stored value. After the value is saved, the method sets the result to RESULT OK and
creates a new intent without additional data before closing the activity. This is done to inform the calling
activity that the operation was successful and the current activity will be closed.

3.3  Testing and Delay Analysis from Microcontroller to Firebase

Delay is the time it takes for data to travel from the source to the destination. Delay testing is con-
ducted to determine how long it takes for data information to be received by Firebase. This test is con-
ducted for 2 minutes using Wireshark. The first step is to perform a capture process in Wireshark for 2
minutes. After that, filter the microcontroller IP and the connected Firebase IP address by writing
“ip.addr == 10.60.225.200 && ip.addr == 34.120.160.131” as the filter for the microcontroller and
Firebase IP addresses used. By using this filter, the process can focus the analysis on the interaction
between the microcontroller device and Firebase. After filtering, the next step is to select one of the
packet rows to display “The RTT to ACK the segment,” which shows the amount of delay obtained.
After obtaining the filtered data, we then calculate the delay value for each data packet sent. After fil-
tering the IP addresses, the next step is to find the delay value. The average delay value obtained is
38.665 milliseconds. According to the standards in, this value falls into the “very good” category. This
delay testing aims to evaluate the efficiency and speed of data transmission from the microcontroller to
Firebase.
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Fig.10 The Delay results graph
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The results obtained from Table 1 can be visualized in Fig. 10, which shows the delay measurement
graph during data transmission from the microcontroller to Firebase. It can be seen in Figure 11 that
there are two significant increases in delay values at data points 9 and 10, and at data points 30 and 31.
According to the researchers’ analysis, this was caused by network disruptions due to the increased
distance between the Wi-Fi and the device used for testing. The graph also shows that the highest delay
occurred at data point 10 with a value of 56.34 ms, and the lowest delay occurred at data point 11 with
a value of 0.347 ms. Based on the tests conducted, the average delay obtained is 38.66 ms, which,
according to the delay categories in, falls into the “very good” category. This delay is very favorable
for the smart parking system that has been developed. The delay does not significantly impact the overall
system performance. The system will be able to detect and process data efficiently, ensuring smooth
data-driven monitoring and decision-making. These results indicate that the device can still provide a
sufficiently quick response for the needs of the smart parking system.

3.4  Qualitative Testing & Analysis of the Mobile Application

Qualitative research is a research process aimed at understanding human or social phenomena by pro-
ducing broad and complex descriptions that can be communicated and reported. Qualitative research
was conducted to understand user experiences with the developed application. Testing was carried out
by distributing questionnaires to users who were given access to download the application, test the
prototype, and explore all the features or menus in the application. The questionnaire was divided into
two parts with a total of 23 agree/disagree questions on a 1-5 rating scale, where 1 means strongly
disagree and 5 means strongly agree.

The first part contains questions related to the user interface, such as the overall design of the appli-
cation, color and theme combinations, and the size of text and icons. The second part contains questions
related to user experience, such as whether users experienced confusion while using the application and
whether the information needed by users was displayed properly. The results of the qualitative testing
can be seen in Table 1 below:

Table 1. The survey results for the mobile application

Question Scoring Scale
Number 1 3 4
Question about User Interface

5

1 0 1 13 29 9
2 0 0 11 24 17
3 0 i 9 34 8
4 0 0 14 26 12
5 0 1 21 23 7
6 Q 1 17 24 10
7 0 1 16 29 6
8 0 1 13 22 16
9 0 1 11 29 11
10 Q 0 8 35 9
Q ion about User eand ksi

with the Application

1 0 0 14 31 7
2 0 1 11 29 11
3 0 0 3 34 13
4 0 0 10 25 17
5 0 0 5 29 18
6 0 0 3 33 12
7 0 0 20 27 5
8 0 Q0 11 35 6
9 0 1 11 29 11
10 0 0 4 30 18
11 0 1 11 34 6
12 0 1 7 31 13
13 0 0 3 32 17

Based on the survey results, a total of 52 respondents participated, and the results can be seen in
Table 1. It can be observed that, on average, respondents selected a rating of 4 on the questionnaire,
indicating that users generally gave positive or agreeable ratings towards the appearance, features, and
interaction with the application. Most respondents had a positive perception of the application they used,
as evidenced by the high number of ratings of 4, showing that the majority were satisfied with various
aspects of the application.
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4 Conclusion

The prototype solution created can be considered successful in addressing the parking system issues
that will be implemented in the TULT basement. In the qualitative testing of the application, question-
naires were distributed to users who were given access to download the application, test the prototype,
and explore all the features or menus in the application. The results of the smart parking system mobile
application testing showed a high level of user satisfaction. Based on the survey, the average respondent
gave a score of 4 for each question, which indicates a good category.

In the future, if this solution is to be implemented in the TULT basement, several adjustments need
to be made, such as installing 4-meter-high poles according to the sensor’s range, extending to the mid-
dle part of the parking slot so that the sensor can accurately detect the middle of the vehicle. Addition-
ally, the power source for the IoT devices to be implemented must come from the main power supply
or AC power because this smart parking system will operate continuously throughout the day to monitor
and manage parking availability. Relying solely on batteries or renewable energy sources is not suffi-
cient to ensure uninterrupted operation. The main power supply ensures the system is always active and
reliable.

In summary, the ongoing development plans include improving sensor reliability, enhancing net-
work quality, and increasing the features available in the application. Thus, the solution that has been
created will continue to be developed and improved to better meet user needs.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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