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Abstract – Smart parking is an important sector of 
smart city technologies. This paper presents the design 
and implementation of a smart parking application in 
a university campus to help university personnel pre-
book a parking space swiftly and easily. Each parking 
slot is numbered with a distinctive number and has an 
infrared sensor. The sensors are connected to an 
Arduino device to indicate whether the position is 
vacant or busy. The application uses several 
programming techniques in Android Studio and SQL 
Database. The efficient management of the available 
parking spaces is demonstrated and can be extended to 
cover other areas and venues. 

Keywords – mobile application, smart parking, 
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1. Introduction

It is becoming increasingly challenging to find 
available parking spaces, particularly at city centers, 
shopping malls, large department stores, airports, 
crowded events, and campuses. This situation is also 
observed at King Abdulaziz University (KAU), 
especially at peak hours, when most students have 
classes simultaneously. Students have to go back and 
forth several times before finally finding a parking 
space. Therefore, an efficient car park system is 
crucial for saving students time and allow them to 
reserve their parking slot before coming to the 
university. 
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According to our survey results conducted in 
March 2017 on 337 students from KAU, 84% of the 
participants struggle to find parking spaces at the 
KAU. Based on the survey results, we propose a 
reservation mobile application for reserving parking 
slots before students come to their classes, built on 
advanced sensor and mobile communication 
technology. 

The paper presents the design and development of 
a mobile application that can help KAU community 
find and reserve parking slots for their cars easily and 
thus save time before they come to classes. 

The paper describes the design and development of 
the prototype system, consisting of a backend system 
and a mobile client app that runs on a smartphone. 
The application also interacts with a network of area 
sensors connected to an Arduino platform. It will 
enable the users to make a reservation, submit their 
booking, and cancel it.  

The paper novel contributions are as follows: 

 It presents a mobile application that can provide
parking availability information as well as
suggestions based on real-time sensor data.

 It provides a methodology for developing a user-
friendly interface on Android handsets that can
guide users in a fast and efficient way to perform
online parking reservation for a specific duration.

The system integrates an IoT sensor network, an 
appropriate database backend, and a lightweight 
android mobile app that can operate under various 
traffic and incoming/outgoing vehicle rate scenarios, 
thus covering different scalability requirements.  

The related state-of-the-art methods are discussed 
in Section 2, and the analysis, design, and 
architecture of the proposed system are discussed in 
Section 3. The prototype and mobile app 
development are presented in Section 4, along with 
illustrative screenshots and functionalities. Section 5 
illustrates the test results of the mobile app. Finally, 
the conclusion is presented in Section 6. 

2. Related State of the Art

 Smart parking frameworks and related 
applications have already been proposed in the 
literature, and representative solutions include the 
works in [1], [2], [3], [4]. For example, in [5], a 
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smart parking solution for online reservations using 
infra-red (IR) and sensors and facial recognition for 
authentication of the car reservation is proposed. 
Different parking guidance strategies are presented 
here, and their constraints are highlighted. In blind 
search [6], the driver searches for a parking space at 
random because there is no parking information. If 
the driver finds an available space, the search ends, 
else, the driver continues to search for a position in 
the nearby parking lot until a space is found. The 
parking information sharing (PIS) mechanism is 
currently used in designing smart parking systems. 
The driver gets information about the available 
spaces at the parking lot and decides to go to the 
desired parking lot. As shown in [7], the application 
depends on first come first serve. However, during 
peak hours, many drivers will be flocking for the few 
remaining spaces. The buffered PIS (BPIS) alleviates 
the problem of PIS by considering a buffer for the 
last remaining spaces when disseminating live 
availability information. If the empty parking spaces 
are less than a threshold, the system shows that the 
parking lot is full. Since the system is very sensitive 
to the rate of incoming and outgoing vehicles, it is 
not easy to identify an optimum threshold for the 
buffer; if the buffer is too small the problem cannot 
be eliminated. In contrast, if the buffer is too large, 
the parking space utilization will be low. 

As shown in [6], the driving distance in the blind 
search is the worst because it is an open-loop system 
where the driver searches for parking without any 
information. The PIS and BPIS are better than blind 
search because the search for parking space is based 
on available information. However, rather than a 
search based system, a policy based on the prior 
reservation is the best as it guarantees parking space 
without the search process.  

There are several commercial parking guidance 
applications available in the market. The Mawgif 
application [8] is used for paying parking fees in 
Saudi Arabia (national parking company). It assists 
in locating available parking spaces around the city 
and is an alternative to using automated parking 
ticket issuing and payment machines located near 
parking lots. The driver is charged based on the 
identified parking position and actual parking 
duration. The application requires electronic account 
creation and online payment. The interface of the 
application is shown in Figure 1. 

 
 
 

 
 

Figure 1. Mawgif application interface [8] 
 
Parking Panda [9] system allows the drivers to 

search for and reserve parking at many parking lots 
and garages in several cities across North America 
and allows the drivers to compare parking options 
and prices and guarantees a parking spot. The 
interface of the application is shown in Figure 2. The 
application allows reserving a parking spot in 
advance, online accessing and redeeming parking 
reservations, booking a space at daily and monthly 
rates, and paying safely and securely using credit 
card. Best parking [10] is an online parking search 
engine, with the most accurate data for any parking 
application. It helps find the cheapest and most 
convenient parking facilities in 105 cities and 115 
airports across North America. It also allows for 
booking at some of the parking places. The Parking 
Spot [11] covers 39 locations at 21 airports, and 
helps drivers to find the right parking space and 
make reservations without prepayment. The interface 
of the application is shown in Figure 3. 

 

 
 

Figure 2. Parking Panda application interface [9] 
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Figure 3. The Parking Spot application interface [10] 
 

Table 1. provides a detailed comparison between 
existing and proposed mobile applications. 

 
3. System Analysis and Design  

 
The analysis of the proposed system based on data 

gathering techniques to identify how the application 
advises users on the optimal path and minimum cost, 
the definition of the functional and non-functional 
requirement, and the required skills to build the 
application is considered in this section. The 
proposed system consists of two actors:  

 

i. The user is the driver of the car who is booking a 
parking space. 

ii. The admin controls the proposed system 
components. 

 
 

The system allows the user to perform the 
following tasks: 

 

(a) Log in to the application using personal 
information (university id, password) and to 
logout. Further details are illustrated in the 
screenshots of  Figure 7. 

(b) Manage the car information (license plate 
number) by adding new car information or 
updating them.  

(c) Manage a reservation either by making a new 
reservation or by editing, deleting, or updating an 
existing one. Each reservation has a start time 
and end time. 

(d) Report a violation by typing the license plate 
number. 
 

Additionally, the system allows the admin to view 
statistics about car drivers, in addition to displaying 
current available parking spaces. In terms of non-
functional requirements, the system availability will 
be continuous (24/7), the response time when logging 
in will be less than 8 s. The application will provide 
ease of access and usability to allow a native user to 
use the application efficiently without any 
difficulties. 

The system architecture is shown in Figure 4. It is 
based on a software system that links hardware and 

Table 1. Comparison of related mobile apps 
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software. The architecture of the system is based on a 
four-layer model, the Users-Android application 
interface-Server-Parking area. Users can make a 
booking through an android application interface that 
is linked to the server to send and receive 
information about users. The server acts as an 
intermediary between the users and area parking. The 
IR sensor devices are responsible for area parking 
(hardware) and sending/receiving parking 
information to the server through the Arduino 
platform [12], [13]. 

 

 
 

Figure 4. System architecture 
 

 Figure 5. shows a message sequence diagram 
outlining the interactions between objects and actors. 

 
4. Prototype and Mobile App Development 

 
The parkig prototype that was developed for 

testing is illustrated in Figure 6. 
 

 
Figure 5. Message sequence diagram 

 

 
Figure 6. Developed prototype 

 
The Arduino platform (A) reads the output from 

each IR sensor (B), via its wired connection (B), and 
sends it to the database. The IR sensors are 
embedded on a small digital board. The prototype 
includes five sensors to send information to the 
Arduino via their output interface (‘0’ and ‘1’ values 
corresponding to parking spots availability). 

The mobile app interface screens are shown in 
Figure 7. 

For the mobile app implementation, Android 
Studio v 2.2.3 was considered. The software 
development was performed using the ASP.NET 
Microsoft Visual Studio framework [14], while the 
database was implemented using Microsoft SQL 
Server and SQL Server Management Studio (SSMS) 
[15]. Finally, the Arduino IDE platform was ported 
and connected to the internet via NodeMCU 
ESP8266 Wi-Fi using the open-source code to 
manage the information collected from the parking 
IR sensors [13].  
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Figure 8. Function test 1 

 

 

 
 

5. System Assessment 
 
The ‘black box’ testing technique was used to 

check if the system functionality meets user 
expectations and to ensure that the application was 
working correctly. Ten users interacted with the 
system interface, to test the following five test 
scenarios: 

 

1. Log in to the application using University ID, as 
shown in Figure 8.  

2. Create a new booking by choosing time, as 
shown in Figure 9. 

3. Provide all booking history, as shown in Figure 
10. 

4. Cancel booking, as shown in Figure 11. 
5. Reporting a complaint, as shown in Figure 12. 

Figure 7. Mobile app interface screens 
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Figure 9. Function test 2 
 

 
 

Figure 10. Function test 3 
 

 
 

Figure 11. Function test 4 

 

Figure 12. Function test 5 
 

From Figures 8. to 12., it can be seen that the 
system passed all tests, and the mobile app operated 
according to the expected specifications and 
requirements. 

 
6. Conclusions 

 
This paper presents a prototype system and mobile 

app implementation for managing parking spaces 
within a university campus to assist university 
personnel, students, and visitors to find a parking 
space in the easiest and fastest way by pre-booking 
via the application. The system involves the use of IR 
sensors and an Arduino platform that interfaced with 
a Microsoft SQL Database backend to provide 
information on parking availability and allow for 
parking space pre-booking on a developed android 
mobile app. The proposed system was shown to have 
passed all the tests and operated according to the 
expected specifications and requirements, allowing 
for its use in various areas and events of increasing 
scalability. The proposed application provides many 
advantages, such as knowing the daily peak time of 
parking at the parking lot. This information will help 
the university admins to know which time holds the 
most lectures during the day because it has the most 
number of students attending. The university 
administrators can then fix the scheduling error and 
distribute classes evenly during the day. 
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