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Abstract

Commuter students often struggle to find open parking spots on cam-
pus, leading to frustration, lateness, and potential absences from class.
They typically park in parking lots far from their academic buildings
because resident students tend to use most of the available open spots in
mixed parking lots, causing commuters to walk a longer distance than if
they would have found a parking spot in the designated academic build-
ing’s parking lot. This causes commuters to illegal park in residents’ or
faculty’s spots, receive fines, be late, or not even show up to class at all,
on top of elevated levels of frustration, therefore, affecting their grades
and motivation to go to class. Our approach to solving this is to create
a user-based application with which commuter students can check how
many parking spots are available in the parking lots around a campus
building, they would navigate to the designated parking lot using Global
Positioning System (GPS), and scan a unique quick response (QR) code
to register that they parked in that lot, creating a record. This will keep
the system updated about how many parking spaces are available in each
parking lot which users can access easily.
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1 Introduction

Parking a vehicle in cities, towns, big organizations, and universities is a prob-
lem because people may not find a parking slot when they visit to a parking
lot. Consequently, they need to visit multiple lots to find a slot that makes the
people to spend unnecessary fuel, time and energy. Therefore, different park-
ing systems have been developed, namely quick response (QR) code based |7,
2, 1, 12|, block chain and gamification based [6, 9], internet of things (IoT)
based [16, 10, 15, 5], smart phone based [11], preference based [13], reservation
based [14]. Although different parking systems have been developed, there is a
pressing need of a parking system for teaching-level universities, where faculty
and students find diffculty to get a slot in the nearest lot from their desired
building. Therefore, we develop an electronic parking service system on iPhone
operating system (i0S) plateform based on global positioning system (GPS)
and quick response (QR) code.

Our broad goal is to implement a parking system that allows users to navi-
gate around the campus parking lots to find the available parking space within
a certain time frame and the shortest distance from their destination building
on campus, in order to improve the overall user experience and satisfaction.
This system will consist of an app where the user inputs their car’s informa-
tion and parking permit, then it will show on an interactive map how many
parking spots are available at a designated parking lot once the user selects
their destination building, then, it will show via an internal navigation system
how to get to that parking lot. The user will then have to manually scan a QR
code or select “Park”, this will create a record, communicate with the server,
and update the balance of that parking lot’s available spots. Once the user
is ready to leave the parking lot, they can just checkout through the mobile
application and they will also receive a notification to checkout after an hour
or so. If they select “Leave”, then the server will update the balance again. It
is worth to note that the parking feature through the QR code, will only be
available once the device is within the campus coordinates this way, reserving
a spot in advance will not be possible.

2 Related Work

Parking systems [3, 4, 8] have been gained a lot of attention due to increas-
ing number of people in an organization, specifically in USA, where most of
people use vehicle to go anywhere. Parking systems have developed for dif-
ferent plateform, such as Web, Android, and iPhone over time using different
teachnologies, such as Angular, JavaScript, Java, and Swift. Various park-
ing systems, such as preference based [13], reservation based [14], QR code



based [7], IoT based [5] have been developed based on budget and need. Al-
though parking systems for univeristy campuses [13] have been studied, most
of them provide a way to manage the slot. However, our focus is to find the
nearest lot from a user’s desired building, where a slot is available. Then, the
user will be navigated through a google map to the lot. Our work is similar
to the cloud based smart parking system [7], where the system maitains the
parking lot using wireless technology using ultrasonic sensors. However, our
parking system uses QR code technology to maintain each lot based on types
of users. Also, the system uses Google Map to navigate the users to their lot.

3 Motivation

Based on the previous research, this study is focusing on finding a solution
to improve the overall user experience, efficiency, and value of the students’
parking experience at one rural public university in the Midwest with a to-
tal enrollment of 8,872 students during the 2020-2021 academic year. While
about 41% of those students are living on campus with a required resident park-
ing pass, the remaining 59% are commuter students living off campus with a
namesake parking permit. The current parking lot distribution of this rural
university is as it follows: 8 parking lots for residents only, 5 parking lots for
commuters only, 14 parking lots for both, and 10 parking lots for faculty /staff
only. Residents have a total of 905 parking spots while commuters have a total
of 324 spots. Additionally, there are 1,724 “open” spots for commuters, resi-
dents, faculty, etc. All residents, who are usually incoming first-year students,
are required to have a parking permit and park on campus by their residential
buildings which are about a 10min walk to all the academic buildings.

Taking this into account, residents would not need to drive around campus
to go to classes, unlike commuters who would not only have to drive for a longer
time to get to campus but also find an available spot among the parking lots.
The reality is, however, that residents drive to their academic buildings as well,
taking up most of the 1,724 “open” spots. If we assume that all residents will
be driving to their classes and parking in “open” lots, then commuters would
only have 1,143 available spots creating scarcity and demand for a solution to
this problem.

To provide a stronger argument for the relevance of this study, an online
survey was administered to 36 (n = 36) campus students at this rural insti-
tution assessing their overall satisfaction with the parking experience. The
survey was constructed based on prior research regarding consumer satisfac-
tion surveys and the assistance of a user experience professional. Besides basic
demographic questions, participants were primarily asked to respond to a series
of Likert-style statements and questions, using a five-level scale (1=Strongly
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Agree, 2=Agree, 3=Neutral [Undecided], 4=Disagree, and 5=Strongly Dis-
agree) and free form responses asking for their input or opinion.

Out of 36, 50% of the participants have a commuter parking permit shown
in Figure 1 and yet, only 8.3% of all respondents are satisfied with the parking
experience, with a total of 52.8% of students voting in the bottom boxes of the
Likert scale shown in Figure 2. Furthermore, 44.4% of respondents stated they
were dissatisfied with the value they get from the parking service and 16.7%
said to be very dissatisfied. The survey also showed that most respondents
have considered doing one or more of the following when parking on campus:
Parking in a faculty /staff /resident-only parking lot, arriving late to class due
to inability to find a parking spot near their building, and feeling frustrated by
not receiving what they are paying for.

These reasons provide sufficient motivation to conclude that the existing
parking system at the university is inadequate to meet the demands of the
users, resulting in several issues that affect their satisfaction and experience.

4 Preliminaries

Numbers and Functions. Let R and R>( denote the set of real numbers
and the set of positive real numbers, respectively. We use [n] to denote the set
{1,2,...,n}. Next, given a set A, we use |A| to denote the number of elements
in the set A. Then, we use f : A — B to denote a function from set A to set
B, where f(z) denotes a value in B for z € A.

2-D Points and Distance. A two dimensional point p = (z,y) is repre-
sented by a pair of two real numbers, that is, (z,y) € R x R. Given two points
pl = (z1,y1) and py = (z2,y2), Euclidean distance denoted by d(p1,p2) is
defined given below:

dist(p1,p2) = \/(x1 —x2)% + (Y1 — y2)?.



Map. A map is a tuple M = (V,V,,,E, W), where
e Vis a set of locations;
e V, CVis a set of specific vertices;
e £CV xVis aset of edges;

e W: & — Rxq is an edge cost function.

Paths. Given a map M, a path p = vg,vy,...,v, is a sequence of locations,
where for each i € [n], (vi—1,v;) € £. We use len(p) to denote the length of
path p, that is, len(p) = n. Also, we use p[i] to denote the i** location of path
p. Let Pathsag and Pathsa(s,t) denote the set of all paths of M and the set
all paths starting from location s and ending at location t. We use cost(p) to
denote the cost of path p, which is defined given below:

len(p)

cost(p) = 3 Wipli — 1], pli]).

i=1

Optimal Paths. Given a map M, a source location s € V, and a target
location ¢ € V, an optimal path from s to t is a path pop: € Pathsa(s,t) such
that cost(pope) is the minimum among all the paths in Pathsa(s, t), that is,

=ar min cost(p).
Popt g pEPathsa(s,t) (P)

5 Problem Definition

In our parking system, we find the nearest available lot closest to a user’s
desired building, which is formally stated below.

Problem 1 Given a user’s desired building location l, and a list of lots’ loca-
tion L where a slot is open, find a lot’s location 1y in L which is the nearest
from 1.

Upon finding the nearest lot, there may be many paths to go to the lot.
Hence, we are interested in providing the shortest navigation to the user, which
is formally stated below.

Problem 2 Given a map M, a user’s current location L, a lot’s location lg,
find an optimal path p € Pathsp(lu,lq) that starts from 1, and ends at 1.



Figure 3: Campus Map

Example 1 Consider a campus map shown in Figure 8, where l,, is the current
location of a user, l, is the desired building location, 1y and ly are the lots
where slots are available. In Figure 3, there are two lots located at Iy and I
locations where slots are open. To solve Problem 1, we need to check which of
the locations 11 and ly is the nearest to the desired building location l,. Once it
is determined, our objective is to find the shortest path from the user’s current
location to the determined lot in order to solve Problem 2.

6 Approach

In this section, we develop an algorithm to find the nearest available lot based
on the Euclidean distance, which is explained below.

In Algorithm 1, we compute Euclidean distance from a given desired build-
ing location [, to all the lots’ location in £, and outputs a lot’ location which
is closest to . Upon finding the lot’s location, we use Google Map navigation
to solve the problem 2 that provides the shortest path for the user to go to the
lot.

Example 2 Consider the campus map shown in Figure 3. From Algorithm 1,
we find the nearest lot from I, which is l1. After finding the lot location, we
use Google Map navigation system for the shortest path from l, to ;.



Algorithm 1: Nearest Lot Search

Input: £- a set of all lot’s location, [, - a desired building location

Output: [; - the nearest lot from [,

1 begin

2 lg:=1(0,0), d:=0

3 isFirst := true

4 for [ € L do

5 d' = dist(ly,1)

6 if isFirst then

7 isFirst := false
8 L di=d, l;j:=1
9 else
10 if d < d then
11 \\ I_d::d’, lg:=1
12 return [y

13 end

7 Implementation

In this section, we provide the details about the implementation of our APP,
which is written in Swift language. First, we provide a flow chart of our APP
shown in Figure 4. Next, we explain the flow chart.

Figure 4: Flow Chart for the APP

For the APP, we first allow the user to enter their information, namely
name, vehicle license plate number, and category (student/faculty/staff). Once
the information is entered, we display a campus map with all the building with a



location marker. Based on the user’s building selection, the APP automatically
will provide Google navigation to the nearest lot from the building, where a
slot is open. Upon reaching the lot, the user has to scan a QR code available at
the lot. Upon scanning the QR code, the number of available slots associated
with the lot will automatically be decreased in the database. Similarly, when
the vehicle is exited from a parking lot, the user has to scan the QR code
associated with the lot. The user interface of the APP is shown in Figure 5
step by step.

745 aT- 7a5 -

Smart Parking o
Smart Parking < 9, < © 800 university O

Name T oo

& a ®@— fremn & &£
Vehicle No zarib
® e
- = <
Category : Valk Building |y o
rarssouri State
University othse —
Student —» ’ >
o wAsSt Maryville
e i~
w2 stein Bro =
3 min (1m
@ = on
Google
e crcenter @ & ann Ter—————

Figure 5: Smart Parking APP

8 Conclusion

In this paper, we have developed an iOS APP for assisting students, faculty
and staffs to find a slot near their desired building in the campus. The APP is
implemented using Swift language, where mysql database has been used for the
static information, such as lots’ location and admin information while cloud
based database, namely firebase is used to store number of slot for each lot
inorder to provide real time slot information to users. Also, we have generated
unique QR code for each lot which is linked with the firebase database to
update the number of slots in the backend. In the future, we plan to install a
camera that will have a real time video streaming feature. Based on the video,
we plan to provide local navigation to the use to park their vehicle at a specific
slot.



9 Acknowledgement

This work is mentored by Dr. Ratan Lal, who is a faculty at Northwest Mis-
souri State University. Dr. Lal is partially supported by Faculty Research
Award No. A101-25212-222. The work is partially helped by graduate students
at Northwest Missouri State University, namely Sreebharath Mallampati, Re-
hana Naguru, Preethi Eshwarlal Jadhav, Harihara Mummadi, Nikhil Kumar
Akarapu, Govinda Reddy Pandiri, and Rithesh Kumar Reddy Pattela.

References

1]

2]

[3]
[4]

[5]

[6]

[7]

18]

[9]

Nor Azlina Abd Rahman et al. “Secure Parking and Reservation System
Integrated with Car Plate Recognition and QR Code”. In: 2022 IEEE In-
ternational Conference on Distributed Computing and Electrical Circuits
and Electronics (ICDCECE). IEEE. 2022, pp. 1-7.

Chavich Ajchariyavanich et al. “Park king: an IoT-based smart parking
system”. In: 2019 IEEE International Smart Cities Conference (ISC2).
IEEE. 2019, pp. 729-734.

Jhonattan J Barriga et al. “Smart parking: A literature review from the
technological perspective”. In: Applied Sciences 9.21 (2019), p. 4569.

Abrar Fahim, Mehedi Hasan, and Muhtasim Alam Chowdhury. “Smart
parking systems: comprehensive review based on various aspects”. In:
Heliyon 7.5 (2021), e07050.

Norah Farooqi et al. “UParking: Developing a smart parking management
system using the internet of things”. In: 2019 Sixth HCT Information
Technology Trends (ITT). IEEE. 2019, pp. 214-218.

Joao Carlos Ferreira et al. “A blockchain and gamification approach for
smart parking”. In: Intelligent Transport Systems, From Research and De-
velopment to the Market Uptake: Second EAI International Conference,
INTSYS 2018, Guimaraes, Portugal, November 21-23, 2018, Proceedings
2. Springer. 2019, pp. 3—14.

Rishi Gupta et al. “Cloud based smart parking system”. In: 2018 Sec-
ond International Conference on Inventive Communication and Compu-
tational Technologies (ICICCT). IEEE. 2018, pp. 341-345.

MY Idna Idris et al. “Car park system: A review of smart parking sys-
tem and its technology”. In: Information technology journal 8.2 (2009),
pp. 101-113.

HS Jennath et al. “Parkchain: a blockchain powered parking solution for
smart cities”. In: Frontiers in Blockchain 2 (2019), p. 6.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

Abhirup Khanna and Rishi Anand. “IoT based smart parking system”.
In: 2016 international conference on internet of things and applications
(IOTA). IEEE. 2016, pp. 266-270.

Junhuai Li et al. “Smartphone based car-searching system for large park-
ing lot”. In: 2016 IEEE 11th Conference on Industrial Electronics and
Applications (ICIEA). IEEE. 2016, pp. 1994-1998.

Yue Liu and Mingjun Liu. “Automatic recognition algorithm of quick
response code based on embedded system”. In: Sizth International Con-
ference on Intelligent Systems Design and Applications. Vol. 2. IEEE.
2006, pp. 783-788.

Mohamed Mohandes et al. “Preference-based smart parking system in a
university campus”. In: IET Intelligent Transport Systems 13.2 (2019),
pp. 417-423.

Mohit Patil and Rahul Sakore. “Smart parking system based on reser-
vation”. In: International Journal of Scientific Engineering and Research
(IJSER) 2.6 (2014), pp. 21-26.

M Praveen and V Harini. “NB-IOT based smart car parking system”. In:
2019 International Conference on Smart Structures and Systems (IC-
$SS). IEEE. 2019, pp. 1-5.

Supriya Shinde et al. “IoT based parking system using Google”. In: 2017
International Conference on I-SMAC (IoT in Social, Mobile, Analytics
and Cloud)(I-SMAC). IEEE. 2017, pp. 634-636.

10



