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1. Introduction 
Telecommunication is a forward-looking concept for smart cities. It's driven by years of tech 

improvements with the goal of making cities better. A smart city is a system that joins information 
tech with physical Internet of Things (IoT) devices to make city services more efficient and improve 
the lives of people who live there [1]. The Internet of Things (IoT) is a network of connected devices 
that share info. It's a term for many gadgets and is leading this change. Urban areas can use 
strategically placed Internet of Things (IoT) devices across the city to gather data. This data can 
improve how cities handle energy use and transportation [2]. Smart parking is key a part of smart 
cities. These systems use IoT to fix a big city problem: Parking is hard in parks and places like them. 
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 Rapid city growth and increased car ownership have made managing 
parking in cities a tough problem. This leads to traffic jams, burns more 
fuel, and stresses drivers. Current parking solutions aren't always accurate 
or quick, plus users aren't always happy with them. This research aims to 
fix these problems by creating and testing a smart parking system using 
IoT. Our system uses ultrasonic sensors and cameras to improve how well 
it spots available spaces. A strong microcontroller processes data fast. A 
simple app gives users real-time info on parking, booking options, and easy 
payment methods. Reseach tested the system and looked at things like 
detection accuracy, response time, user happiness, and how often the 
system was running. The results show our system is very accurate (98%) 
and updates parking info in less than a second. User satisfaction is high at 
90%. This is better than older systems, which usually have detection rates 
between 90% and 95% and take 2 to 3 seconds to respond. Our system also 
stays up and running almost all the time (99.9%), which is important for 
users to trust it. These results suggest that the system can help with urban 
parking problems by giving good info quickly. This improves traffic, 
reduces time spent looking for parking, and lowers emissions. This study 
offers a working solution to a big city problem and helps smart city tech 
grow. It provides a system that can be changed and used in different city 
environments. The good results and happy users show that these types of 
systems are important for making city life better and helping cities grow in 
responsible ways by using advanced IoT. 
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Ignoring this can hurt finances, so it must be seen as a risk. IoT in parking helps monitor parking spots 
in real time, cutting down on traffic from people looking for parking [3]. Also, mobility in cities is 
improved, and emissions are cut, which smart city plans aim to do [4]. 

1.1. Problem Statement 

The availability of parking spaces, particularly in the metropolitan area, has become a severe 
problem owing to numerous causes, including an increasing number of individuals utilizing personal 
automobiles and a shortage of parking places. Engaging in the behavior of driving aimlessly in search 
of vacant parking spaces is very unproductive. This usually leads to traffic accumulation, increased 
fuel consumption, and higher stress and exhaustion levels among the drivers [5]. Here, one may 
remark that in today’s present circumstances of the continual expansion in the number of automobiles 
on the roads, the inefficiencies of such classic ways are simply increased, which poses significant 
requirements for the search for a more efficient solution. Smart parking systems that use IoT tech can 
help with problems such as not enough parking, where spots are, and how long it takes to find parking. 
They tell drivers where there are free spots. This helps stop wasting time and aids in running current 
parking areas well, which cuts down on traffic jams and pollution [6]. 

1.2. Objectives 

The inherent essence of this project is to develop and test the smart parking system, which uses 
IoT technology to provide real-time information on the availability of parking lots and enhance the 
efficient control of parking places in cities. Specific objectives of the study are: 

• Create a system design that uses tech like ultrasonic sensors and cameras to keep track of and 
handle parking spaces. 

• Make an app that lets people see if parking is open and book spots ahead of time. 

• Develop a mathematical model that can be used to utilize parking spaces and reduce traffic. 

• Test the functionality of the system in terms of such factors as accuracy, speed and factual 
satisfaction of the system by people. 

1.3. Scope 

The research study is devoted to the challenges in the implementation of IoT-based smart parking 
systems in smart cities. It examines both hardware components, such as sensors, microcontrollers and 
the required software. The system will be constructed and tested within a controlled urban 
environment to achieve an idea of its performance and its shortcomings. The idea of the smart parking 
system is a good one but in this paper only the technological component is examined. It does not 
address issues relating to the creation of many of them, the long duration of their operation, or their 
insertion into urban environments. In addition to this, the research will examine various types of 
parking such as the public and the private parking spaces, however, it will not address the legalities of 
using these systems in various types of cities. Finally, this case study will contribute to the current 
literature about smart city development by proposing an efficient solution to parking management 
challenges in the urban context and optimizing the use of the IoT. The findings of the present study 
are likely to supply important information to city orchestrators, authority officials, and technology 
designers interested in the progress of intelligent and sustainable urban areas. 

2. Literature Review 
2.1. Overview of Smart Cities 

Smart cities are well recognized nowadays as technology and solutions of a new generation meant 
to enhance the quality of life of citizens. To the best of the author’s knowledge, this study covers a 
broad variety of trends, designs, components, and difficulties relevant to smart cities, as stated [7]. 
They increased consciousness and recognized the location where ICT may take part in upgrading the 
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physical structure of emerging cities [8]. Speaks on the components of smart cities, emphasizing the 
importance of physical space and the incorporation of technology in cities. 

Pawłowska (2018) notes that intelligent transportation systems (ITS) are important for putting 
sustainable development principles into action in smart cities. She also points out that transportation 
is a key area of focus in progressive city development since it manages traffic and pollution. For a full 
view of a smart city's structure (Fig. 1), see [9], which explains how different parts, like energy, 
transportation, and public services, can combine into a single system. 

 
Fig. 1. Overview of Smart Cities parking [9] 

Hayat (2016) evaluates the instances of smart cities globally, which demonstrate the method by 
which different nations are approaching and executing smart city projects. Thus, this research detailed 
the varied techniques and interventions employed in addressing the issues and concerns, which are 
contextually reliant on the specific features of various cities. Smart Cities [10]  engage in a literature 
assessment of smart cities articles and find out paradigms, possibilities, and unresolved challenges. 
They stress collaboration across sectors and out-of-the box thinking about the issues of urban 
dynamics. 

Smart city infrastructures and their progress are watched to handle resources well, focusing on 
gathering real-time data [11]. A study looked at how city infrastructures are handled using smart city 
technologies, showing how urban services can be made better by processing data. This multilingual 
journal's second edition shares views on using smart technology in city administration and what it 
means [12]. The resources show how smart infrastructure is used in different areas, like energy 
handling and health care. They guide in learning how smart city tech can improve people's lives and 
make city services work better [13]. Present a way to group IoT sensors by what they do and shows 
why they are important in smart cities [14]. 

2.2. Internet of Things (IoT) 

IoT, as it is popularly known, is the connectivity of devices amongst them to exchange Internet 
data, enabling a vast variety of possibilities in different fields. A short description of IoT is offered 
[15], which consider the IoT components, architecture, and applications. It also aims at comparing the 
role of IoT in key areas like health, transport, and energy. In the context of traffic characteristics of 
IoT networks, concentrate on the major features of data management and communication protocols 
owing to the rising number of IoT devices [16]. 

The IoT is defined by its components and how they interact within the IoT system. Crucial issues 
include standardization and compatibility, which are key for IoT devices and systems [17]. brought 
up problems and fixes related to creating IoT tools, like limits in security, privacy, and how well they 
can grow [18]. reflects on the rise of smart city setups using IoT. The author talks about how IoT is 
used in smart cities. They give ideas on IoT apps, designs, and tech, plus how IoT is growing and 
changing in smart cities. Shahrour and Xie went over IoT and crowdsourcing work in growing smart 
cities, noting that people who live there are important to smart cities [19]. 
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Give an overview of the role of IoT in the development of smart cities, wherein they provide an 
enumeration of use cases that vary from smart homes to industrial automation. They show some of 
the issues and opportunities associated with IoT deployment and the considerations addressing the 
safety of shared data as well as the structure of the Internet connection [20]. 

2.3. Intelligent Parking Systems 

Smart parking systems, an application of IoT tech in smart cities, address parking management 
issues. Research in [21] suggest that integrating this system into urban mobility will positively impact 
traffic and congestion. Research in [22] and [23] showed SmartParking, an IoT-solution providing 
real-time parking info. A study presents details on smart parking sensors, tech, and uses, noting their 
pros and cons. It talks about how sensors are used in parking systems to improve parking. Research 
in [24] offer a system using image processing for spot recognition and control, with a review of its 
performance. 

The function of parking surveys in the context of intelligent parking systems, with some concerns 
about the efficiency of parking space consumption. A smart parking system was presented that deploy 
the sustainable communication ingredient termed NOTICE to deliver dependent and dynamic parking 
data. Fig. 2 illustrate IoT based Intelligent Parking Systems [25]. 

 
Fig. 2. IoT-based Intelligent Parking Systems [26] 

Image processing in intelligent parking management systems enhances the accuracy of parking 
detection [27]. An IoT-based intelligent parking system can be used for smart cities. Its design and 
behavioral analysis should be explained in detail. Drawing from prior work [28], the design, method, 
and gains of an intelligent parking system may be shown. The current research on Intelligent Parking 
Systems shows that IoT tech is useful for dealing with parking management problems in cities. These 
systems give benefits like constant monitoring, good use of space, and better traffic flow. But,there 
are problems, like security and fitting the PRT into city infrastructures. 

Cruising to find a parking spot is a very important factor in urban congestion, driving smart 
parking technology that notifies occupancy, broadcasts availability plus optionally provides 
reservation, charging, and enforcement. Early precursory work mathematically formalized smart 
parking as an optimization and reservation problem, in which the system allots drivers to spaces based 
on cost functions (e.g. distance and price) and solves the allocation centrally, which illustrates how 
reservation can enhance utilization and minimise search time [28]. Along with the expansion of 
deployments, there was a rise in the variety of research in sensing modalities, networking stack, 
cloud/edge architecture, security/privacy, and AI-based perception and prediction. Parking solutions 
based on the IoT mostly start with the trustworthy space occupancy detection. The ubiquitous in-
ground or space-grade sensors are ultrasonic and magnetic sensors with low-power microcontrollers; 
commonly deployed in prototype IoT systems, as they are cheap and do not need any installation, in 
conjunction with a cloud back end and mobile interface [29]. In addition to single sensor designs, 
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hybrid designs are designs that utilize RFID/WSN designs to measure occupancy state and 
vehicle/authorization context. As an example, RFID + IEEE 802.15.4 WSN integrated solutions have 
been applied to occupancy detection and also provided monitoring of reserved/unauthorized space and 
enforcement processes [30]. An analogue IoT-aware strategy also goes further to incorporate 
environmental/context parameters in sensing, and focuses on standardization and extensibility (RFID 
+ WSN + NFC + mobile) of Smart City interoperability [31]. 

Sensing based on cameras and vision is also frequent, particularly in the cases where the cost of 
installation of sensors per space is too high. Vision systems are capable of occupancy estimation based 
on surveillance feeds and computer vision pipelines; however, they are light sensitive, prone to 
occlusion, and camera placement; therefore, recent reviews cast tradeoffs between camera coverage 
and sensor accuracy, and encourage multi-sensor fusion [32]. In practice, lots/levels and sensor node 
systems in many systems employ camera analytics and individual space sensor nodes, respectively, in 
terms of accuracy and cost. Following sensing, it is required that occupancy updates have a reasonable 
latency and energy consumption to reach gateways/servers. Space-level nodes are often chosen using 
short-range WSN technologies (such as IEEE 802.15.4 / ZigBee-class networks) due to the ability to 
be energy efficient and be deployed densely [33]. Nevertheless, retrieval constraint and the location 
of gateways may increase the installation issues in expansive outdoor settings. 

To have a broader reach and simpler implementation, cellular IoT systems like NB-IoT have 
been considered. The NB-IoT smart parking architecture focuses on a lower cost of deployment, larger 
geographic coverage, and access to mobile applications and payment platforms [34]. Vehicular 
settings also have some literature on the V2I/V2X communications basis of DSRC/802.11p so as to 
connect roadside vehicles; although it is not parking-specific, DSRC standards are often mentioned 
where parking guidance is a subset of a larger ITS stack [35]. Numerous IoT parking systems are 
based on a layered design: sensor/space nodes are located at the bottom, followed by the 
gateway/broker and cloud services and, finally, applications. Prototypes based on the cloud are 
scalable and have centralized dashboards, which allow the reservation, analytics, and multi-lot 
aggregation [36]. Nevertheless, cloud-only processing may add both latency and bandwidth 
consumption (in particular, video), which is what edge/fog computing is encouraging. Fog/edge 
computing offers computing at the periphery, which minimizes response time and facilitates local 
decision-making (e.g., occupancy filtering, anomaly detection, short-term guidance), which is highly 
directionally consistent with IoT workloads [37]. Smart parking research (edge-enabled) An 
additional area of research is the integration of machine learning at/near gateways that are used to 
identify the user activity/occupancy states with reduced latency [38]. In addition to parking 
management, there is also literature on parking edge computing as a vehicular-edge paradigm, in 
which parked cars aid task offloading in an urban VANET environment, emphasizing the role of 
parking infrastructure in a more general edge ecosystem [39]. 

One vital feature aside from the display of vacancies is decision support: it will recommend a 
space/lot, assigning drivers, or it will allow them to make reservations. Optimization-and-reservation 
framing is still a powerful concept, demonstrating that the assignment policies can be calculated based 
on the driver preferences and system constraints [13]. Subsequent surveys underline the necessity to 
combine allocation with sensing reliability, user interfaces and enforcement mechanisms otherwise 
reservations can fail because of non-compliance or stale occupancy information [40], [41]. 

Mass roll-outs also need strong dissemination systems and urban-level institutionalisation. Smart 
parking solution surveys emphasize that end-to-end performance is determined by the accuracy of 
sensing, reliability of communication, and interoperability with the traffic management systems and 
payment/enforcement processes [42], [43]. As a result, a number of designs are based on multi-
technology sensing (RFID/WSN/NFC/mobile) and standardized IoT protocols to enable Smart City 
interoperability [44]. 

Security and privacy is necessary since the parking systems may reveal sensitive location records 
and payment identities. The most common requirements in smart parking deployment include secure 
communication and authentication and privacy-controlling query mechanisms. An example security-
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oriented system (SecSPS) suggests publish/subscribe-based dissemination that uses mutual 
authentication and defends against frequent network attacks to be within the capabilities of small IoT 
devices [45]. The complementary methods consider privacy-respecting constructions based on 
blockchain and the recovery of personal information to conceal information requests without 
corrupting the data integrity of numerous parking operators [46]. The above efforts point to the fact 
that secure design should include device-level trust (sensor/gateway) and application-level privacy 
(user location, reservation, payment). In addition to the use of current occupancy, intelligent parking 
is becoming more and more focused on anticipating the availability in near future to decrease cruising. 
Recent surveys of parking occupancy prediction algorithms are finding deep learning (e.g., LSTM-
type temporal models) to be very effective in short-term predictions with adequate historical data 
available, however, it is also sensitive to data sparsity and non-periodic changes (events, weather, 
holidays) [47]. In the case of camera-based systems, edge-assisted video analytics is under 
consideration to minimize bandwidth and enhance the real-time responsiveness by handling the feeds 
at the edge and transmitting condensed occupancy events to the cloud [48]. The methods based on AI 
are promising, yet their usefulness hinges on the quality sensing and constant monitoring of the models 
in evolving urban environments [49], [50]. 

3. Methodology 
3.1. System Architecture 

The proposed smart parking system would endeavor to reduce the difficulties that have followed 
in search and navigation of the parking lots in cities. Discussing the advantages of such system 
discussion, it is important to mention that this system provides real time access to the parking spots, 
simplifies the process of parking and increases the level of happiness of the users. 

The system is made up of sensors, a microcontroller board and a system application. These 
constitute the three commercial components of the AMR system. Each of them assists in tracking 
parking lots, changing the status of the parking spaces, and user relations. First, the sensors identify 
the areas and locate approaching vehicles. Ultrasonic sensors installed on each position continuously 
record the distance to the neighboring objects, such as cars. In case there is an approaching car, the 
sensors inform the microcontroller of the system. A Pi camera also captures images of the parking 
area providing information which the ultrasonic sensors cannot capture. This is used to verify parked 
cars and their actual positions. 

Second, the processing power of the system is provided by the microcontroller board. It is the 
central processing unit, which receives information on the sensors and makes the decisions on the 
status of each spot. Upon the entry or exit of a car into a space, the microcontroller is notified and 
updated the system. Moreover, the microcontroller will cooperate with the system application to 
provide users with the up-to-date information about available parking. 

Third, the system application is the operational interface and the management tool. The mobile 
application, which can be employed on smartphones and other devices, allows consumers to check 
parking spot availability in real time. Users are able to view on the map where they are presently 
situated, which parking lot spots are occupied, which ones are open, and pick one if they wish to rent 
it. The program also provides features of booking and payment, in which a user may reserve a parking 
place before going to the location and make payment online for comfortable parking. Further, the 
program offers a view for the administrators where they can monitor the running of the parking system 
and manage reservations. They also have a view of the reports of parking utilization and parking 
trends.  Fig. 3 discuss the the system block diagram. 

The system block diagram in Figure 3 displays the relationships among the various components 
of An intelligent parking system shows how different parts can work together to solve parking lot 
troubles. A good system design can allow for growth, works well, and pleases those who use it. By 
using IoT tech, the system can better deal with the common issue of not knowing where free parking 
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spots are in busy towns. This makes parking stays better and assists in traffic and moving people and 
things within cities. 

 
Fig. 3. The system block diagram 

3.2. Hardware Components 

3.2.1. Ultrasonic Sensors 
In the proposed intelligent parking system, the ultrasonic sensors will be utilized primarily in 

determining whether a parking space is occupied. Sound waves are emitted by these sensors which 
are typically in the 40-kHz range. When these waves strike an object such as a car, the waves will be 
reflected back to the sensor. The distance to the object can be calculated by determining the time taken 
by the waves to bounce back. How this is done by ultrasonic sensors is illustrated in Fig. 4. 

 
Fig. 4. Ultrasonic sensor working principle 

The final category is ultrasonic sensors that apply the transducer concept in the measurement of 
ultrasonic waves time of flight. All sensors include transmitters and receivers. The transmitter emits 
ultrasonic waves that are reflected on any object by travelling on air. These reflected waves are picked 
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by the receiver. The most significant amplitudes of the received waves can be determined by locating 
the maximum in the received signals and calculating the difference in time between the sent and 
received signal to determine the object distance. This assists in determining whether a parking has 
been occupied or not. The reason why these sensors are employed is that they are highly dependable, 
accurate, and can perform in numerous circumstances. Table 1 has the hardware specifications. 

Table 1.  Specifications of hardware components 

Component Specifications 

Ultrasonic Sensors 
Frequency: 40 kHz 

Detection Range: Up to 4 meters 
Operating Voltage: 5V 

Pi Camera 
Resolution: 8 MP 

Field of View: 62.2° 
Frame Rate: 30 fps 

Microcontroller Board 
Processor: ARM Cortex-M4 

Clock Speed: 72 MHz 
Memory: 256 KB Flash, 64 KB SRAM 

3.2.2. Pi Camera 
The Pi camera is another ingredient of the intelligent parking system as it is employed to obtain 

visual information about the parking space. The camera provides the real time images to enhance the 
information obtained under the ultrasonic sensors. The details in these visuals play a crucial role in 
determining the position of cars and make sure they are parked in the right place. One PI camera 
exemplify in Fig. 5. 

 
Fig. 5. Example of Pi camera 

The Pi camera identifies, monitors and alters parking spots. As an example, it can capture images 
of parked vehicles in wrong positions or objects in the way of sight. Such images are sent to the 
system, where they are processed in advance and compared to sensor data. This provides important 
data to enhance the parking detector. False positives and negatives can be reduced by using visual 
data, enhancing the experience of the users and the functionality of the system. 

3.2.3. Microcontroller Board 
The microcontroller board (Fig. 6) in this case will be the brain of the intelligent parking system, 

it will analyze the data provided by the ultrasonic sensors and Pi camera. Upon the data being received 
by such sensors, the microcontroller analyzes this and derives the parking slot state. 
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Fig. 6. Microcontroller board process 

The sensor data is monitored at all times by the microcontroller. In case of status change i.e. a 
vehicle entering or leaving, the microcontroller logs this in the database. Continuing on that, the 
processed data is passed to the system application where users can see the real time parking scenario, 
but more than that, there is the involvement of the microcontroller in the process of calibration of the 
sensors, filtering of the incoming data and checking of errors to maintain the proper functioning of the 
system. 

3.3. Software Components 

3.3.1. System Program 
The intelligent parking system is based on the system program that operates both on the user and 

administrator computers to enable the system to be used in managing parking effectively. The 
application is user-friendly, and it allows a user to interact with the parking system easily. 

Users are able to access the system program via smartphones or mobile devices. In the 
application, one can see up to date data about available parking spaces within the selected location. It 
displays the current state of parking spaces whether they are free or occupied by a car through a map 
which is constantly updated through the hardware. Table 2 provides data concerning the software 
components. 

Table 2.  Software components specifications for  system program 

Component Description 
User Interface (UI) Provides a graphical interface for users to view parking availability and make bookings. 

Administrator Interface 
(AI) 

Offers administrative tools for system monitoring, parking space management, and user 
support. 

Booking & Payment (BP) Handles the booking process, allowing users to reserve parking slots and make payments 
securely. 

 
The graphical user interface of the system program is shown in Fig. 7. The user is able to visualize 

the parking vacancies and choose an empty parking slot; after that, they can continue with booking 
and payment processes. The interface will also give choices to the administrators to check the status 
of the system, their bookings and to deal with any problem that might arise. 
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Fig. 7. System Program Interface. 

3.3.2. Data Flow and Communication 
The intelligent parking system is dependent on data relay among sensors, the microcontroller, 

and the system software. The latter section is especially describing the ways information is collected, 
assessed, and used in the framework of the system. 

3.4. Data Flow Between Components 

Parking space occupancy is collected by the ultrasonic sensors and Pi Camera, on a continuous 
basis. The ultrasonic sensors calculate the distance of the parked cars and the Pi Camera captures the 
parking lot. The microcontroller processes the raw sensor data and examines them to identify the open 
spots and applies set methods. This processed information triggers the status of all the spots to be full 
or empty. The system transmits processed data of the microcontroller to the system app. A user can 
access this app via user or administration interface and view the existing parking data. They are also 
able to book and even pay using the application. The data flow diagram (Fig. 8) demonstrating the 
flow of data between sensors, microcontroller, and the system program. 

 
Fig. 8. Data flow and communication 

The mathematical model for the smart parking system presents a clear structure of how the smart 
parking system functions and its quantitative performance values. 

3.5. Mathematical Model 

The model described in this research is devoted to the current and future status of parking lots, 
with reference to the available data and real-time information on the remaining parking spots. 

 𝑃(𝑡) = 𝑃!"!#$ − 𝑃"%%(𝑡) (1) 

where 𝑃(𝑡) is the calculation of available parking spaces at time 𝑡; 𝑃!"!#$ 	is the total number of spaces; 
and 	𝑃"%%(𝑡)	is the number of occupied spaces at time 𝑡. 

 𝐷(𝑡) = 𝑓*𝑃"%%(𝑡), 𝐻(𝑡)- (2) 
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where 𝐷(𝑡) is the prediction of parking demand at time 𝑡; 𝐻(𝑡) represents historical data on parking 
occupancy. The function 𝑓 incorporates statistical methods to forecast future demand based on current 
and historical trends. 

The quantitative framework, which matches the equations and descriptions in (1) and (2), is key 
to understanding how the parking system is controlled and predicted. This mathematical 
representation helps the system organize parking resources ahead of time, working with real-time info 
so users have a better experience. 

4. Implementation 
4.1. Setup and Configuration 

The smart parking system has various advanced processes, among them being the appropriate 
establishment and setup of the system hardware and software. This sub topic brings out an aspect of 
the procedure of installing the device and the configuration performed on the device. 

4.1.1. Hardware Components Setup 
Regarding the physical elements, this is what was made with ultrasonic sensors, a Pi camera, and 

a microcontroller board mounted on the parking bay. Each of the ultrasonic sensors was mounted in a 
different location so that they would cover different parking places. All the ultrasonic sensors were 
installed in a way that the entire parking facility was covered. To achieve this, the Pi camera was 
placed on a strategic place aimed at capturing videos of the parking lot. The layout of the parking area, 
as shown in Fig. 9, contains the positioning of ultrasonic sensors to make sure that the coverage is 
maximum and that occupancy of parking space is properly detected. 

 
Fig. 9. Parking area layout with sensor placement 

4.1.2. Software Installation and Configuration 
Software installation entailed installing special applications and software to bind hardware parts 

to the primary controller. The development of the microcontroller board was assisted by the Arduino 
IDE and it manages the reception of sensor data and communication with system applications. The Pi 
Camera gathered and processed images using python programs, providing a vision to the parking 
system. 

4.2. Integration and Testing 

The integration phase was mainly focused on the way the hardware and software interfaces of 
the system would construct an intelligent parking system. The chapter provides integration steps and 
the tests carried out to determine the effectiveness of the integrated system. 

4.2.1. Integration of Hardware and Software Components 
The first stage consisted of the construction of a communication network between 

microcontroller board, ultrasonic sensors and Pi camera and system application. Various control 
techniques of data flow were developed to ensure that sensor information could be relayed to the 
microcontroller to be processed. The Pi camera was attached to help record the real-time operational 
images and with the sensor data; the overall calculation of the availability of parking space could be 
done in a very precise and detailed fashion. 
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4.2.2. Testing Procedures and Results 
The parking system was tested in terms of functionality, performance, and reliability. The 

functional tests also ensured that the real-time parking position identifications and user interface of 
the system performed as expected. Stress tests were investigated on response times and speed of 
processing data when there was a lot of traffic. Table 3 contains the results. 

Table 3.  Testing results 

Test Type Description Results 
Functional Testing Validate parking space detection and reservation Passed 

Performance Testing Measure response time for parking status updates Average response < 1 second 
Reliability Testing Assess system uptime and data accuracy 99.9% uptime, accurate data 

 
Fig. 10 that follows depicts the data flow and interaction between the hardware components, the 

software modules, and the user interface when integrating the system. 

 
Fig. 10. System integration flow 

All the configuration, integration, and testing processes performed on the intelligent parking 
system are recorded in this chapter. The system has been implemented to increase the productivity of 
parking spot and benefit the users by organizing each move in an orderly manner. 

5. Result and Discussion 
This study dwells upon the challenges of unsophisticated parking in intelligent cities and 

considers the usage of the Internet of Things to resolve this problem. The overall objective is the 
design and the pilot test of an intelligent parking system. This part contains the data of system logs of 
the way well the system and its components are functioning and how satisfied individuals are with the 
application. The trends in investigation are also illustrated by graphs. The measures to determine 
success are the detection rate, reaction time, user satisfaction and uptime of the system. These are 
shown in Table 4. 

Table 4.  System performance metrics 

Metric Value Description 
Detection Accuracy 98% Accuracy of determining parking space status. 

System Response Time < 1 second Time taken for the system to update parking status in real time. 
User Satisfaction 90% (Based on survey) Percentage of users satisfied with the system. 
System Uptime 99.9% Availability of the system over a period. 

 

A line graph (Fig. 11) illustrates the accuracy of the detection set at 98% for the sample duration 
of many weeks. The following graph displays the performance of the system in recognizing the state 
of the parking slots. 
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Fig. 11. Detection accuracy over time 

Fig. 12 depicts the distribution of the system response time to show that at least 95% of the system 
responses required less than 1 second to provide a real time update of the parking status. 

 
Fig. 12. System response time distribution 

5.1.  Evaluation of Sub-components Performance 

5.1.1. Ultrasonic Sensors and Pi Camera Accuracy 
Performance of the ultrasonic sensors and the Pi cameras was tested in different weather 

conditions, time of the day, and other conditions. The sp The details of this analysis are indicated in 
the Fig. 13. 

As shown in Fig. 13, the accuracy of the ultrasonic sensors was stable at about 97% in clear 
weather but dropped to 95% in wet weather. The Pi cameras maintained 96% accuracy under both 
natural and artificial light during the study. 

Questionnaires were conducted among users to evaluate the usability of the system, the veracity 
of the real time information, and the efficacy of the booking component of the summary survey results 
are shown in the Table 5. 
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Fig. 13. Ultrasonic sensor accuracy under various conditions 

Table 5.  User feedback summary 

Feedback Category Positive Responses (%) Neutral (%) Negative (%) 
Ease of Use 85 10 5 

Real-time Information 92 6 2 
Booking Feature 88 8 4 

 
Based on the comments, the following outcomes were identified: 85% of the customers 

considered the system pretty straightforward to use; 92% were happy with the accuracy of the real-
time information; and 88% enjoyed the option of booking. 

5.1.2. System Utilization Data 
Data on system usage, including peak times and overall utilization rates, were tracked and 

analyzed. The trends observed are shown in Fig. 14. 

 
Fig. 14. System utilization rates by time of day 

Fig. 14 that represents usage patterns in the form of a line graph indicates maximum usage 
between 8:00 AM and 10:00 AM and 4:00 PM to 6:00 PM. These periods are the commuting time 
and this means that the system is effective in controlling parking during rush hours. 
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5.2. Discussion 

According to the information gathered in the course of our research, it is possible to conclude 
that the smart The parking system is effective since: It finds parking spots 98% of the time which 
means that the customers obtain the exact information and do not get frustrated searching parking 
spots. Such precision instills a feeling of trust and persuades individuals to utilize the system. A 
response time of less than a second is offered to the system and the parking details are rather swift. 
This speed is important because drivers require information that takes a short time to make decisions. 
It is better than other slower systems in the market because of its short decision making time. There 
is approximately 90 percent user satisfaction. Ableh considers that the system has almost achieved the 
maximum user satisfaction due to its user-friendly design, availability at all times and easy features 
such as real time information and booking. Its maintenance is 99.9% and this is making it dependable. 
This is significant uptime to enable users trust it especially in technology that defines the city spaces 
and is required at all times. 

5.2.1. Comparison with Previous Studies 
Our system demonstrated evident benefits when our study was compared with the existing 

research. Recent research indicates that detection accuracy has a range of between 90 and 95 percent 
[51]. We are 98% accurate; this could be due to our utilization of ultrasonic sensors as well as Pi 
cameras. The two-sensor structure probably increases the accuracy of detection since it could 
completely check the parking status. A comparison with previous work is made in Table 6. 

Table 6.  Comparison table with previous study 

Metric Our Results Previous Studies Sources 
Detection Accuracy 98% 90% - 95% [51] 

System Response Time < 1 second 2 - 3 seconds [52] 

User Satisfaction 90% (Based on survey) 80% - 85% [53] 

System Uptime 99.9% Not consistently reported Various 
 

As far as reaction time is concerned, our system would respond to the parking status in less than 
a second, whereas [54] in the literature presented a response time of 2-3 seconds. These advancements 
can be credited to the data processing algorithms and utilization of microcontrollers that enhance the 
flow and handling of data besides the decision-making functions. 

It is also important to note that our application has the general level of satisfaction of 90, which 
is high compared to other smart parking systems where the level of satisfaction expressed by the users 
is between 80 and 85 percent [55]. Such a high level of satisfaction could be explained by a substantial 
number of variables that comprise high reliability, practicality, and such features as advanced parking 
booking. 

5.2.2. Interpretation of Results 
The system is good due to some few reasons. The ultrasonic sensors can sustain well in good 

weather and 95 in wet weather keeping up to 97 and 95 percent accuracy respectively. Therefore, an 
organization will be able to operate without caring about the weather changes. Moreover, proper 
hardware such as ultrasonic sensors and Pi cameras as well as a standard microcontroller ensures that 
the system is stable and remains operational. The camera and sensor configuration in the parking lot 
enhances the visibility, reducing the number of blind spots and improving the detection accuracy of 
the camera. System appears to be satisfying to users. Approximately 85% of them indicate that it is 
user friendly, 92% prefer real-time information and 88% users like booking thing. The fact that these 
good comments are provided depicts that the system is satisfying user needs. Demand fulfillment is 
vital, as it ensures that the people continue using the system and they can persuade others to do the 
same as well so that the system can spread around the city. There are well connected areas in Smart 
cities. 
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The findings of the study have practical applications to expanding the smart city work. Bad 
parking data boosts productivity, and the system's accuracy and speed help build future cities. These 
numbers are helpful for city officials deciding how to improve parking in their areas. One more good 
thing is better traffic flow. The system cuts down on cars driving around searching for parking. This 
lowers traffic, especially when it is busy. With faster traffic, it is easier to get around the city. 

In that respect, as the time spent by the cars idling and seeking parking is reduced, the overall 
emissions arising from the usage of motor vehicles are lessened, which would be good for the 
accomplishment of environmental sustainability targets. Parking management handles one of the most 
serious concerns that urban planners confront: the accomplishment of ecologically sustainable 
transportation networks 

6. Conclusions 
This research study created a smart parking system for cities using the Internet of Things to help 

with parking issues. The system works well, with a 98% accuracy in finding spots, a reaction time of 
less than a second, and a 90% user approval rating. It is accessible 99.9% of the time and is reliable. 
Compared to other smart parking systems, this one is more precise, faster, and liked by users. The 
long life of the ultrasonic sensors and cameras in different weather is a plus. Individuals who have 
utilized the system have found it easy to use, quick to obtain information, and provides them with an 
opportunity to book them. This demonstrates that it may be a success. The findings of the study hold 
significant relevance to development of a smart city since the technology assists in planning and traffic 
management of the city as it provides real time information on parking space. It is more conducive to 
better cities, greener and pleasant. 

Further research may involve putting the system into the test under more complex real-life 
scenarios to determine how well the system adapts to other city infrastructures and traffic. The 
introduction of more sophisticated machine learning may have the effect of regulating the amount of 
parking space. The system's sensing could be expanded to LIDAR, which would improve its ability 
to deal with bad weather. Adding user feedback will help improve the system. Finally, data protection 
and privacy concerns need to be addressed, and data processing and storage must follow information 
security rules.  
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