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Abstract:

The development of smart parking systems is a significant topic that has attracted considerable
attention from researchers due to their important role in reducing traffic congestion, thereby
minimizing environmental pollution, saving drivers’ time and effort, and contributing to
improved economic efficiency. This research aims to design and implement a smart parking
system featuring a vertical expansion mechanism with multiple levels. Movement between
these levels is achieved using an electric elevator, based on the priority of available parking
spaces starting from the lower floor. In addition, the system provides a simple user interface
that enables users to remotely identify available parking spaces within the facility. This paper
presents a model of a multi-story smart parking system based on the Internet of Things (IoT)
using an ESP32-S3 development board. Available parking spaces on different levels are
detected using LDR sensors, and drivers are then guided to the appropriate space via an LCD
display located at the parking entrance. Movement between floors is carried out using an
electric elevator that is automatically controlled through a set of infrared sensors (IR) placed
inside and outside the elevator. The elevator gate is opened to access the upper floor only when
the lower floor is fully occupied and a free space is available on the upper floor. The use of two
different types of sensors represents a key aspect of the proposed system, as it achieves a
balance between the high performance and reliability of IR sensors and the low cost of LDR
sensors. In addition, a web-based interface has been developed to display real-time parking
information, allowing drivers to remotely check the availability of parking spaces before
arriving at the parking area. The system testing results demonstrated an overall accuracy of
approximately 93%, highlighting the effectiveness of sensor diversity in achieving a balanced
trade-off between performance and cost. This makes the proposed system both efficient and
economically viable.
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i.Introduction

Recently, traffic congestion has increased significantly due to the rapid growth in the number
of vehicles on the roads. This has posed a major challenge to the efficiency of parking systems
in general, and traditional parking systems in particular [1,2,3]. Studies indicate that
approximately 30% of traffic congestion is caused by drivers searching for a suitable parking
space [2,4]. Traditional parking systems rely mainly on manual searching by drivers to find an
available space, which involves repeatedly circulating within the parking area. This process can
be time-consuming and contributes to increased traffic congestion [3,5]. Some studies also
report that the number of vehicles in the United States alone increases annually by
approximately 248,000 vehicles. This has led to significant challenges related to insufficient
parking availability, in addition to environmental pollution and the waste of energy and
resources [3]. The main cause of these issues is attributed to the repeated search for available
parking spaces, resulting from drivers’ inability to quickly and easily identify suitable spaces
[6]. Smart parking systems have helped address many of the problems associated with
traditional systems, such as wasted time and effort, traffic congestion, and the resulting increase
in environmental pollution. In addition, these systems provide extra services such as parking
monitoring, advance reservation, and improved space utilization within urban areas [1,2,3,4,7].
Studies have shown that the time required to find an available parking space ranges from 3.5 to
14 minutes, which further aggravates congestion and pollution problems, as well as wasting
drivers’ time [2,7].

One of the key advantages of smart parking systems is their positive impact on driver behavior.
A study reported a reduction in parking violations when such systems are implemented [7]. The
Internet of Things (IoT) is an integrated system of electronic components, including sensors,
communication modules, processing units, and actuators, which communicate with each other
communication networks, enabling remote monitoring and control [9,10]. This technology has
led to a significant transformation across many fields, converting traditional systems into
intelligent systems capable of real-time data exchange, thereby facilitating monitoring and
control processes [11]. Consequently, rapid advancements have been achieved in various
sectors such as smart cities, industry, agriculture, and healthcare [12]. The Internet of Things
(IoT) has emerged as an effective solution to traffic congestion by improving parking
management and providing users with useful information such as available spaces, advance
reservation options, user identification, and driver guidance to appropriate parking locations
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[1,3,6]. In smart parking systems, sensors are utilized for multiple functions, including detecting
available parking spaces, identifying vehicles at entry gates, and recognizing vehicles and
drivers. The collected data is transmitted to processing units to manage and control the parking
system, representing a key application of IoT [2,3]. Based on the above, smart parking systems
based on modern technologies such as the Internet of Things and artificial intelligence can
significantly contribute to solving the problems associated with traditional parking systems and
improving their efficiency [2].

ii.Related Work

Parking systems have evolved over several decades, starting from traditional systems operated
entirely by humans, then progressing to semi-automated systems managed by both humans and
machines, and finally reaching fully automated smart parking systems. These systems can be
classified into three main levels: manual parking systems operated by human labor; semi-
automated systems that rely on human intervention using machines; and fully automated smart
parking systems, which are capable of detecting available spaces, guiding drivers, and
controlling gate operations without human intervention [2,3]. With technological
advancements, parking systems have undergone a significant transformation, particularly with
the emergence of the Internet of Things (IoT) and artificial intelligence (Al), leading to the
development of many modern system designs [2]. [oT is considered one of the key technologies
driving this evolution, as it relies on the integration of sensors, communication modules, and
processing units to enable real-time monitoring and control [5]. The Internet of Things has
significantly contributed to the development of smart parking systems by enabling efficient data
collection and analysis. This has helped reduce fuel consumption and time, while also easing
the burden on drivers searching for available parking spaces [13,14]. In addition, Wireless
Sensor Networks (WSNs) have been widely used to collect data from parking areas and transmit
it to control units through gateways [2]. Various technologies have been applied in smart
parking systems, including expert systems, fuzzy logic, Global Positioning System (GPS), and
computer vision, all of which have contributed to improving parking management efficiency
[3]. Artificial intelligence techniques have also played an important role in the development of
these systems. Machine learning algorithms and image processing methods are used to analyze
parking data and identify vehicles through real-time camera systems, enabling features such as
advance reservation and improved parking management [2,18]. On the other hand, technologies
such as Radio Frequency Identification (RFID) are used for vehicle identification. In this
approach, vehicles are equipped with identification tags that are read wirelessly upon entry.
Despite its effectiveness, this technology faces challenges such as signal interference and
sensitivity to physical obstacles [3,15]. Fuzzy logic has also been utilized in the design of multi-
layered smart parking systems, which typically include sensing, network, processing, and
application layers. These systems support data analysis and decision-making; however, they
may suffer from complexity and challenges in practical implementation [16,17]. Different types
of sensors are used in smart parking systems, such as LDR sensors, inductive sensors, magnetic
sensors, ultrasonic sensors, and infrared (IR) sensors [3]. While these sensors enhance data
acquisition, each type has its own limitations, such as sensitivity of optical sensors to lighting
conditions, ultrasonic sensors to noise, and magnetic sensors to surrounding electromagnetic
fields. In terms of practical implementations, several loT-based smart parking models have been
developed. One example utilizes an Arduino board combined with IR sensors and RFID
technology for vehicle detection and access control, with data displayed through an internet-
connected platform [1]. Machine learning techniques have also been applied to develop
advanced systems for license plate recognition and the management of entry and exit processes.
However, such systems often require high computational resources, which increases their
overall cost [4,19]. Other studies have incorporated advanced communication technologies
such as LoRa to improve connectivity within parking environments, along with the use of
multiple sensors to enhance detection accuracy [20]. The impact of smart parking systems on
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user behavior has also been investigated. Results indicate that these systems help reduce traffic
violations caused by improper parking and improve compliance with traffic regulations [7].
Based on the above, it is evident that the advancement of smart parking systems relies on the
integration of multiple technologies, including IoT, artificial intelligence, and sensing systems,
which collectively contribute to improving parking management efficiency and reducing
associated challenges. Despite the extensive research conducted on smart parking systems,
which has significantly contributed to improving their development and efficiency, limited
attention has been given to remote and rural areas [1]. Furthermore, the technologies employed
in smart parking system design face several challenges, particularly environmental factors that
can significantly affect the performance of sensors and cameras. This highlights the need for
selecting and developing sensors capable of operating reliably under various environmental
conditions. In addition, communication and connectivity between sensors, processing units, and
control units play a critical role in improving system efficiency. However, these communication
mechanisms may encounter challenges caused by physical obstacles, which can lead to signal
interference and degradation [2]. On the other hand, existing parking systems still lack effective
mechanisms for efficient data management and real-time updating [4]. Moreover, vertical
expansion approaches in parking design, through the development of multi-story parking
facilities to reduce land consumption, have not received sufficient attention in most previous
studies and system designs. This paper presents a model of an IoT-based multi-story smart
parking system using an ESP32-S3 development board, integrating different types of sensors
that provide a balance between low cost and accurate detection performance.

iii.System Overview

A set of LDR sensors was installed within the designated parking spaces across different levels
of the parking facility to detect the presence of vehicles. In addition, IR sensors, characterized
by their fast response and high reliability, were employed to detect vehicles at the parking
entrance gate, the elevator gate, and inside the elevator to monitor vehicle entry and exit
operations. These locations require immediate system responses to ensure efficient operation.
The system prioritizes guiding drivers to available parking spaces, starting from the ground
level and then progressing to higher levels. Drivers are directed to upper levels only when the
lower level is fully occupied. This guidance process is provided through an LCD display, in
addition to a web interface that presents comprehensive information about the parking status.
To achieve higher space utilization efficiency, an elevator-based mechanism was adopted for
vertical transportation between parking levels. The system is controlled by an ESP32
development board, which receives and processes sensor signals, displays the obtained
information on the LCD screen and web interface, and transmits appropriate control signals to
the actuators, including gate motors and the elevator motor.

iv.System Architecture

Smart Parking Systems (SPS) mainly consist of several essential components, including sensors
responsible for data acquisition, communication networks that enable connectivity between
system components such as Wi-Fi, ZigBee, and cellular networks, data processing units
responsible for data analysis and decision-making, user interfaces such as web pages and mobile
applications, and actuators such as gate motors [2,20]. In this research, a multi-story smart
parking model was designed and implemented, as illustrated in Figure 1, based on three main
components:
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Figure 1. illustrates the proposed parking model presented in this research.

v.Mechanical Part:

As shown in Figure 2, the mechanical part represents the physical structure used to construct
the parking model. It mainly consists of the parking base, the lower level, the upper level, and
the elevator.

Figure 2. illustrates the mechanical structure of the proposed parking model.

vi.Software Part:

The software part includes the programs developed to implement the system control algorithms
which is Arduino ID, in addition to the design of a web interface for remotely displaying parking
information. A web page was developed to display the real-time status of the parking system,
as shown in Figure 3. Users can access this information from anywhere through the Internet,
allowing them to check parking availability remotely without the need to manually search for
available spaces.

0 < 10.124.184.238 v X

SMART PARKING

Free: 4/8

SMART PARKING
Welcome

Figure 3. indicates the web page used to display parking system
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vii.Electronic Part:

The electronic part consists of a set of electronic components interconnected as illustrated in
Figure 4. These components were integrated to construct and operate the proposed parking
model.

LCD

Servo Motor

IR
Limit switch
LDR
Esp32-S3
BTS7960B

Figure 4. illustrates the electronic components of the parking model and their
interconnections

viii. ESP32-S3 Board

The ESP32-S3 development board shown in figure 5, serves as the main processing unit of the
system. It receives signals from various components, including sensors (LDR and IR) and limit
switches, processes the collected data, and generates appropriate control commands for
actuators such as servo motors and the DC motor. In addition, the board supports wireless Wi-
Fi communication, enabling remote monitoring and control of the system through a web
interface.

Figure 5. shows the ESP32-S3 development board

ix.IR and LDR Sensors

Two different types of sensors which LDR shown in figure 6-a, and IR sensor shown in figure
6-a, were utilized to achieve a balance between system cost and performance. LDR sensors
were selected due to their low cost and acceptable detection capability and were installed in the
designated parking spaces. On the other hand, IR sensors, which provide higher accuracy and
faster response, were employed in locations requiring immediate detection, such as the parking
entrance gate, elevator gate, and inside the elevator.

Figure 6-a. shows IR sensor Figure 6-b. shows LDR sensor
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e Servo Motor SG90

The servo motor is one of the most important actuators used in miniature engineering models.
It is characterized by its ability to achieve precise angular position control, making it an ideal
choice for controlling entrance and exit gates in smart parking applications. In this research, the
SG90 servo motor, shown in Figure 7, was used to control the opening and closing of the main
parking gate and the elevator gate.

Figure 7. shows the SG90 servo motor

x.Actuators (Elevator System)

A DC motor, shown in Figure 8, was used to move the elevator vertically between parking
levels. A threaded shaft was connected to the motor rotor, where the rotational motion of the
motor is converted into vertical movement of the elevator through the rotation of the threaded
shaft.

Figure 8. shows the DC motor

xi.DC Motor Driver

A DC motor driver circuit, such as the BTS7960B, is an essential electronic component used to
control the speed and direction of DC motors using Pulse Width Modulation (PWM). It
provides a high current capacity (up to 43 A in some versions), allowing efficient motor
operation while protecting the system components from excessive current and overheating.
Figure 9 illustrates the motor driver circuit used in this research.

Figure 9. shows the BTS7960B DC motor driver circuit
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xii.Limit Switch

Two limit switches, as shown in Figure 10, were used in the elevator system. The first limit
switch was installed at the lower elevator base and sends a signal to the ESP32 board when the
elevator reaches the lowest position. The second limit switch was installed at the upper elevator
base and sends a signal to the ESP32 board when the elevator reaches the highest position.

Figure 10. shows the limit switch.

xiii. LCD Display

The LCD display shown in Figure 11 is used to guide drivers to the appropriate parking place.
It enables the driver to identify whether available spaces exist within the parking facility and
provides directions to the suitable parking space through the display, even when an Internet
connection is unavailable.

Figure 11. shown used LCD to guide drivers to the appropriate parking place

xiv.Block Diagram

The block diagram shown in Figure 12 illustrates the architecture of the proposed parking
system. It demonstrates the data flow from the sensors to the ESP32-S3 board, where the
collected data is processed. Based on the processing results, appropriate control signals are
generated and transmitted to the actuators. In addition, the system information is displayed

through a web interface.
)
Web Page

Limit-
switch & ESP32-S3
LDR/IR
Sensors

VIO1O
_— —

Figure 12. illustrates the system architecture of the proposed M-SPS

xv.System Concept

The proposed multi-story smart parking system based on the Internet of Things (IoT) relies on
the ESP32-S3 development board as the main processing unit. The board collects data from a
set of sensors distributed across the parking slots, processes the received information, and
generates control commands for the actuators, including the DC motor and servo motors. The
processed information is also displayed through an LCD screen and a web interface. LDR
sensors are used to detect the occupancy status of parking slots on different levels by monitoring
changes in light intensity. In contrast, IR sensors are utilized in locations that require fast
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response and reliable detection, such as detecting vehicles at the parking entrance gate, elevator
gates, and inside the elevator during vehicle entry and exit operations. The proposed system
follows a priority-based parking allocation strategy, where drivers are guided to available
spaces starting from the lower level. Access to upper levels is allowed only when the lower
level becomes fully occupied. This guidance is provided through both the LCD display and the
web interface, which provides updated information about the parking status. An elevator
mechanism is also integrated to enable efficient movement between different parking levels.

xvi.System Design and Implementation

A. Parking Slot Detection

Two types of sensors, LDR and IR sensors, are employed in the proposed smart parking system
to achieve a balance between cost and detection performance.

LDR sensors are installed within the designated parking slots to detect occupancy status by
measuring variations in light intensity. When a vehicle occupies a parking slot, the amount of
light received by the sensor decreases, causing a change in the output voltage. The parking slot
status (available or occupied) is then determined by comparing the measured value with a
predefined threshold.

On the other hand, IR sensors are used in locations requiring rapid response and higher detection
reliability, including the parking entrance gate, the lower and upper elevator gates, and inside
the elevator cabin. These sensors operate based on infrared reflection principles to detect the
presence of vehicles instantly.

B. Multi-Level Parking Control

The operating algorithm of the proposed system consists of three main stages:

1. Detection

The detection stage includes monitoring all parking slots within the parking facility, in addition
to detecting vehicle presence at the entrance gate and elevator access points.

2. Monitoring and Display

The parking status is continuously displayed in real time through the web interface, allowing
drivers to remotely check available and occupied spaces. An LCD screen is also used to provide
local guidance for drivers inside the parking facility.

3. Priority Logic

The system prioritizes the allocation of parking spaces on the lower level. When all spaces on
the lower level are occupied, the system automatically directs the driver to the upper level and
activates the elevator system.

C. Elevator Control System

The elevator control system is based on IR sensors and limit switches to ensure accurate
operation. The elevator gate opens when a vehicle assigned to the upper level is detected in
front of the elevator gate. After the vehicle enters the elevator and its position is confirmed
using the internal IR sensor, the DC motor is activated to move the elevator vertically.

To achieve accurate positioning at each level, limit switches are installed at predefined
locations. These switches provide feedback to the ESP32-S3 board when the elevator reaches
the upper or lower position during upward and downward movement.

D. Web Monitoring System

A web-based monitoring interface was developed to display real-time parking information. The
interface provides the current status of available and occupied parking slots, allowing drivers
to remotely monitor parking availability. The ESP32-S3 operates as a web server and updates
the displayed information continuously through the wireless network.

E. Offline Guidance System
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To ensure system availability during Internet connection failures, a local guidance system was
implemented using an LCD screen installed at the parking entrance. The display provides
drivers with information about parking availability and guides them toward suitable parking
locations without requiring Internet access.

xvii.Results and Discussion

The proposed smart parking model was implemented and tested under several parking
occupancy scenarios. Figure 13 illustrates the numbering scheme adopted for the two parking
levels. The parking slots on the lower level were assigned the labels (L1, L2, L3, and L4), while
the upper-level parking slots were assigned the labels (U1, U2, U3, and U4).

Figure 13. illustrates the numbering scheme adopted for the two parking levels.

The first scenario represents the case of complete parking occupancy, where no available
parking slots exist, as shown in Figure 14. The same condition is displayed on the web interface
shown in figure 15, which reflects the overall occupancy status of the parking system. All
parking slots are shown as occupied, and the statistical indicator (Free 0/8) represents the
number of available slots compared with the total parking capacity.

Figure 1. Parking System with No Available Parking Slots.

0 o« A W R
SMART PARKING

Free: 0/8

L4 ul

SMART PARKING
Welcome

Figure 15. Web Page When No Parking Spaces Are Available.
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In Figure 16, the occupancy status changes, where the available parking slots are (L3, U1, U2,
and U3), while the occupied slots are (L1, L2, L4, and U4). This information is displayed in
real time through the web interface, as illustrated in Figure 17. The interface indicates that four
out of eight parking slots are available (Free 4/8).

i

Figure 16.Parkig System with Available Parking slots.

10.124.184.238
A < i ¥ X

Figure 17. Web Page with Available Parking slots.

Similarly, Figure 18 presents another parking occupancy scenario containing a combination of
vacant and occupied slots with a different distribution pattern. This scenario was also displayed
through the web interface as illustrated in figure 19, confirming the capability of the proposed
system to provide accurate and reliable real-time occupancy monitoring.

Figure 18. Parking System under Different Parking Availability Conditions

n < 10.124.184.238 v X

A 10121181238

SMART PARKING

Free: 4/8

L4 (] @]

SMART PARKING
Welcome

Figure 19. Web Page with Different Parking Availability Conditions
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The driver guidance scenario, illustrated in Figure 20, demonstrates the ability of the system to
direct the driver to parking slot L3 on the lower level. This scenario verifies the effectiveness
of the adopted allocation algorithm, which is based on the priority of available parking spaces.
Furthermore, it highlights the importance of the LCD display in providing direct guidance to
drivers even when Internet connectivity is unavailable.

i 58]
Figure 20. Driver guidance to an available parking slots L3 on lower level

Furthermore, another driver guidance scenario for the upper level was tested, where the system
directed the driver to parking slot U2, as shown in Figure 21. In this case, the elevator system
was automatically activated due to the absence of available spaces on the lower level. The
activation process is demonstrated by opening the elevator gate, as shown in Figure 22.

| Figure 22. levator gate opening scenario
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The obtained results demonstrate the effectiveness of the proposed system in identifying
parking slot occupancy status using LDR sensors. In addition, the system showed reliable
performance in detecting vehicle presence at the gates and inside the elevator using infrared IR
sensors. The system also achieved efficient driver guidance according to the implemented
priority algorithm, where vehicles are directed to lower-level spaces first and then to upper
levels when the lower level becomes fully occupied. Moreover, the elevator control system
demonstrated stable and efficient operation in transporting vehicles between different levels,
with high positioning accuracy at predefined locations through the integration of IR sensors and
limit switches. The performance of the proposed system was evaluated by calculating the
accuracy of each subsystem based on the test samples presented in Table (1). The LDR sensors
used for parking slot detection achieved an accuracy of approximately 83%, while the IR
sensors used at the elevator entrances and inside the elevator achieved a higher accuracy of
approximately 95%. The elevator control system, which integrates IR sensors and limit
switches, achieved an operational accuracy of approximately 93%.

Correct detections
£

100
Total tests

Accuracy(%) =

Table 1: System Performance Evaluation

Total Correct Accuracy Response
SR ST T3 Tests Detections (%) Time
Parking Slots LDR 30 25 83% ~1.5 sec
Entry Gates IR 20 19 95% ~0.5 sec
Elevator System IR &.L'm't 15 14 93% ~1 sec
Switch

The overall system accuracy was computed as a weighted average based on the number of tests
for each subsystem:

(0.83 *30) + (0.95 * 20) + (0.93 * 15)
System Accuracy = 3R = 88.3%

This confirms the effectiveness of the proposed system in practical applications.

Conclusion

Based on the experimental results obtained from the IoT-based multi-story parking model, the
proposed system demonstrates a high level of applicability in real-world scenarios. It has proven
its capability to efficiently manage parking spaces and enhance occupancy monitoring, while
addressing common challenges associated with traditional parking systems, such as difficulty
in locating available spaces, traffic congestion caused by searching for parking, and the absence
of real-time parking information. The results further indicate that the integration of low-cost
and high-performance sensors provides an effective balance between economic feasibility and
system accuracy, thereby improving the overall reliability and adaptability of the system across
different operating environments. The system successfully achieved real-time occupancy
updates through a web-based interface, in addition to providing direct driver guidance via an
LCD display. This significantly enhances user experience and reduces the time required to
locate available parking spaces. Moreover, the proposed system demonstrated robust
performance in both online and offline modes. The availability of a local guidance mechanism
based on an LCD display ensures continuous system operation even in the absence of Internet
connectivity, thereby increasing system reliability and operational flexibility. Overall, the
findings confirm that the proposed system offers a cost-effective and efficient solution for smart

(LOUJAS) Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and
5 9 .conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)



Libyan Open University Journal of Applied Sciences (LOUJAS)

Volume 2 - Issue 2 - 2026 - Pages 47-61

parking management compared to conventional and commercial systems. Furthermore, it
provides a scalable and flexible foundation for future developments, such as integration with
mobile applications and artificial intelligence techniques, which can further optimize parking
management and contribute to the advancement of smart city infrastructures.
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