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Abstract - As urban migration continues to increase, many modern vehicle users tend to rely on established navigation
system technologies to locate their destinations easily. However, particularly in large public parking lots, securing
convenient parking slots close enough to the driver’s destination of interest is a common challenge. Similarly, many non-
expert drivers have issues parking without assistance. The proposed smart system thus tackles these challenges by proffering
a parking slot assignment and route navigation system, which uses a novel algorithm to assign vehicles to the closet vacant
parking slot to their desired destination and Dijkstra’s algorithm to identify the best route within the parking lot. Using
appropriately placed ultrasonic sensors and color-coded light indicators, unmanned parking assistance was provided. A
mobile application was built to serve as the user interface for the drivers to book and receive parking slot assignments. The
parking slot assignment validity was tested with a scenario of a shopping complex parking on a busy day, and the smart

parking system gave optimal parking slot allocation to users via the mobile application. Subsequently, it was estimated that

operating the smart parking system could save 1.609Kg of CO emission in a year.

Keywords - Android application, Navigation system, Sensor placement, Smart parking.

1. Introduction

Automobiles have been projected by experts to increase
to 2 billion by 2040 [1]. Proper infrastructure must be
available to accommodate the rise in automobiles and the
human population within a limited landmass. Metropolitan
areas and busy environments like shopping malls,
entertainment centers, and airports experience immense
traffic issues, sometimes due to improper parking of
vehicles or the unavailability of adequate parking systems.
Drivers who face difficulties in parking their vehicles in
these areas end up wasting time, fuel, and money, which in
turn leads to traffic congestion and environmental pollution

2.

An effective system must be made available to cater for
the proper distribution of vehicles in congested areas, hence
the need for vehicle parking systems. Car parking systems
are developed with a mindset to manage the parking of
vehicles effectively. Some solutions have been developed to
provide parking information to vehicle drivers with and
without the presence of human interventions.

In a bid to improve the functionality of existing parking
systems, new technologies have been incorporated into
existing ones, such as smart parking systems based on agent
models, based on Fuzzy logic technology, Wireless Sensor
Networks, Vehicular infrastructure communication (V2lI),
Global Positioning Systems GPS, Computer vision, RFID
technology, other hybrid systems [3].

This paper presents the development of a parking
system that will operate by sensing the availability of

parking spaces using ultrasonic sensors. Car owners can
request free parking spaces from a parking management
system using a mobile application connected to a cloud-
based server. The system utilizes WebSocket connectivity
for real-time communication between the loT device and the
cloud server. Slot allocation and shortest route algorithms
were also implemented to provide the shortest possible
distance for drivers to take in securing a parking slot, taking
the distance to the desired destination as a factor. The
system also provides parking assistance for the drivers for
better navigation, parking, and unparking. The rest of the
paper is organized as follows. Section 2 presents the related
work in this study area, while section 3 discusses the system
design and implementation. The results obtained are
presented in section 4, and section 5 concludes the paper.

2. Related Work

Many studies have been carried out on smart parking
systems using different technologies, some of which are
presented here. [5] Ultrasonic sensors were proposed for
detecting occupancy status in a multilevel parking lot and
improper parking detection. LEDs are also used for
displaying the number of vacant spaces, navigation of the
vehicles, and the states of the parking lot.

Also, [6] proposed using a microcontroller and
ultrasonic sensor network to detect the occupancy of
vehicles in a parking lot. The drivers are provided with a
mobile application to find an available slot or to reserve a
slot with payment options. In the case of an absence of a
mobile application, the driver can request a lot by looking at
a monitor at the entrance. A downside to this system is the
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requirement of a human staff to process, verify and allocate
the slot, which is prone to error instead of an autonomous
process. In addition, the driver is also required to check if
the lot is empty, as this could lead to additional time
wastage.

In providing a new approach to the smart-parking
concept, [7] proposed a solution that considers the
dimensions of the vehicles taking into account the size of
the vehicles instead of their number within a parking lot,
optimizing thus the number of parking spaces. It aimed at
increasing the capacity of the parking slots by more than
30% using low-cost hardware.

Applying Wireless Sensor Networks, [8] developed a
parking system which operated by sensing parking spaces
using a magnetometer as the sensing device. The Wireless
Sensor Network was used to ensure the forwarding and
routing of data to the base station wirelessly, which was
used to measure the conditions of interest, such as magnetic
(metal) fluctuations and light radiation (radiation or
reflection of light from objects).

In the same vein, [9] detects the presence or absence of
a vehicle by measuring the amount of ambient light using a
light sensor. Using an adaptive threshold algorithm, it
compared the light intensity with a suitable threshold. It uses
ZigBee as the communication protocol. This method is
unreliable for outdoor parking as it requires additional
sensors to make this possible.

[10] proposed the use of two different sensor networks
- an ultrasonic sensor for indoor parking lots and a magnetic
sensor for outdoor parking lots and also leveraging the
Bluetooth communication between the phone and the sensor
network.

In [11], an loT-based parking system with online
booking functionality was proposed. It uses RFID tags and
readers to authenticate the vehicles for first-time and
existing users. A web interface is also provided for
visualizing the system's performance.

Furthermore, [12] presented a work on Smart Parking
System Based on the Visual-Aided Smart Vehicle Presence
Sensor (SEI-UVM), which consists of three components of
an loT sensor-based device, a mobile application, and a
monitoring station. It also provides a detailed illustration of
providing slot status incorporating driver assistance
functionality. It uses cameras to identify the number plates
of the vehicles.

3. Proposed Approach

This section presents the description of the system
operation and functional design, the sensing technology,
states, and various features that make this work unique.

3.1. General System Description
The system can allocate free parking spaces to drivers
on request through their smartphones. The process involves

an initial registration of a user account by the driver via the
mobile application. Subsequently, to book an optimally
available parking space, the driver searches for a free
parking spot closest to his desired destination by simply
inputting his/her destination and entry gate into the mobile
application. The request is sent to a back-end web service
that searches for a free parking spot based on received
sensor information and sends the required instruction
message to the driver, stating the parking space as well as
the recommended route. This chapter will take a detailed
look at the steps and procedures involved in actualizing the
system design and implementation. The system design is
divided into two (2) aspects, namely:

1. Hardware circuit design and sensing technique
considerations
2. Software design and development
a) Web Application — Application Programmable
Interface (API)
b) Mobile Application

The hardware section consists of a microcontroller-
based circuit that interfaces with the sensors and indicators
and sends the sensor status to a web server via a wireless
channel. On receiving the data, the webserver saves the
sensor status into the database and allocates a free parking
spot to the driver on request using an efficient allocation
algorithm. The mobile application provides a graphical user
interface for the driver to request a slot and receive routing
information to a suitable available slot.

Figure 1 gives an overview of the system showing the
interaction between different functional components.

3.1.1. Sensing Technique

The ultrasonic sensor is described as a non-intrusive
sensor because it does not require contact to detect vacant
spaces used in a smart parking system. An ultrasonic sensor
transmits air pressure waves via sound energy at frequencies
between 25 and 50 KHz, above the human audible range.
These also measure the vehicle's distance from the sensor by
detecting the portion of the transmitted energy reflected
towards the sensor from an area defined by the transmitter's
beamwidth. [13].

The sensors shoot a beam of sound that travels until it
hits an object. The sound wave then bounces back and
returns to the sensor. The sensor then measures the time it
takes the sound wave to travel and calculates the distance
between the sensor and the object. The received ultrasonic
energy is converted into electrical energy analyzed by
signal-processing electronics that are either collocated with
the transducer or placed in a roadside controller. Ultrasonic
sensors may be used in conjunction with other sensor
technologies to enhance presence and queue detection,
vehicle counting, and height and distance discrimination.
Ultrasonic sensors can be used for counting vehicles and
assessing the occupancy status of each parking space [5].
Despite the low cost and easy installation of ultrasonic
sensors, they do have some disadvantages, particularly
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sensitivity to temperature changes and extreme air
turbulence.

The ultrasonic sensor works on three operating modes:
reflection mode, direct measurement mode, and pulsed
versus continuous measurement mode. For this application,
the setup is in the reflection mode, in which an ultrasonic
transmitter emits a short burst of sound in a particular
direction. The pulse bounces off a target and returns to the
receiver after a time interval. The receiver records the length
of this time interval and calculates the distance traveled
based on the speed of sound. The distance, d; The target
from the sensor is calculated by making the formula in

Equation 1.

1
dizi*a)n*t (D

Where t is the time between the sending of the
triggering wave and the receiving of the echo signal and w,,
Is the speed of the ultrasonic wave in the traversing medium.

3.1.2. Sensor Placement

To achieve high fidelity from the data required from the
ultrasonic sensors, the position of the sensor has to be
validated. Otherwise, there might be many false records on
parking slots' occupancy. A methodology to justify the
vertical and horizontal positioning of the sensor to make an
optimal impact is thereby proffered.

The ultrasonic sensors are placed in each parking slot.
Thus, the maximum distance to begin vehicle detection
should be analyzed for a realistic measurement. The
placement of the sensors above the ground and sensor-to-
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sensor interspacing to avoid interference also need to be
justified.

Ultrasonic sensors typically send out divergent trigger
signals at an angle, 6,,. For a standard parking slot of
length, I, and width, w,, the horizontal placement of the
sensor has to be such that the signal from a given slot does
not read a false positive indication from the presence of a
vehicle parked in an adjacent parking slot. The center of the
parking slot would be a good position worth testing to verify
the viability of the use of an ultrasonic sensor for this
operation, as shown in Figure 3. Thus, for a sensor with a
distance measurement range of maximum value, [,, The
trigonometric relations can be used to evaluate the sensor's
radial signal coverage.
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where, w,, Is the width of the sector, chord.

If wy, > w,,, then the sensor is suitable to the placed at
the central position in front of each slot without fear of
having readings based on vehicles within adjacent slots.
Otherwise, a device with a shorter range or less divergence
angle must be sought.

Similarly, a sensor distance range suitability criterion is
I, > L.
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Fig. 1 Overview of parking management architecture
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Fig. 2 Justification for horizontal placement of sensors in the parking
slot

The width of the divergence of the trigger beam at the
maximum measurable distance is equally considered to
determine the placement height and hm of the sensor from
the ground level. The sensor should be placed at a height of
at least. w,,/2 above the ground to avoid false positive
readings due to reflections from the ground. For vehicle
detection with parking assistance, however, the sensor needs
to be positioned as much as possible such that the front of
the bonnet (nameplate area) is part of the car that is first
reflected by the ultrasonic beam. The ultrasonic sensor
modules typically take the readings from the first reflected
pulse signal to reach the echo receiver terminal.

Subsequently, from the literature, the average headlight
height from the ground of over 200 passenger vehicles from
a survey was 82cm [14]. The position of the centre of the
nameplate, which is typically the most protruded flat surface
at the front of a vehicle, is usually about 5 cm below the
mean headlight position.

Similarly, the red and green parking assistance
indicators are placed at a distance above the ground at the
average eye level of most male and female passenger
vehicle drivers. Figure 3 gives an illustration of the vertical
placement of sensors and indicators from ground level.

Fig. 3 Vertical placement of sensors and indicators from ground level

3.1.3. Circuit Design Specification

The choice of devices used for this sample design is
based on the concept that each hub has many parking slots
serviced by a wireless sensor network cluster. A single
wireless sensor network cluster consists of a WemosMega
with Wi-Fi capability, 12 HC-SR04 ultrasonic sensors and
LED indicators for parking guidance. The sensor networks
are then interfaced with an Internet-enabled Access Point to
permit communication with the external server.
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Fig. 4 Wireless Sensor Network (for a single hub)

3.2. Parking Slot Allocation Algorithm

The smart parking system is designed to guide users to
adesirable parking slot based on their destination of interest.
Thus, the procedure for parking slot allocation is given in
Algorithm A. To identify the most suitable parking slot to
be allotted to the user, a search process based on the
flowchart in Figure 5 is used.

Algorithm A: Navigation to the parking lot

1: Open the Android application

2: Input Preferred Destination

3: Do

4. Query database to identify a suitable parking lot

5: Suggest the closest available parking lot to the
driver

6: While (Until the user accepts the parking slot
assigned)

7: Display the route to the selected parking lot

8: Mark the parking lot as assigned

9: If (A vehicle occupies the parking lot)

10: Mark the parking lot as occupied

11: Else

12: After 5mins, mark the parking lot as vacant

13: End if
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Fig. 5 Flowchart of the slot allocation algorithm

3.3. Route Selection Algorithm

The need to save commute time from source to
destination necessitated the need for incorporation of the
shortest path selection algorithm in optimal deciding which
path the driver is advised to take to arrive at the allocated
slot. The algorithm employed in achieving this is Dijkstra’s
algorithm.

3.3.1. Dijkstra’s Algorithm

The algorithm was developed by Edsger Wybe Dijkstra
(May 11, 1930 - August 6, 2002), a Dutch computer
scientist from the Netherlands. Dijkstra’s algorithm solves
the single-source shortest-paths problem on a weighted,
directed graph G = (V, E) for the case in which all edge
weights are nonnegative. Dijkstra’s algorithm maintains a
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set S of vertices whose final shortest-path weights from the
source s have already been determined. The algorithm
repeatedly selects the vertex u 2 V' S with the minimum
shortest-path estimate, adds u to S, and relaxes all edges
leaving u. We use a min-priority queue Q of vertices in the
following implementation, keyed by their d values [15].

3.3.2. Application of Algorithm in the Context of the Work

After the slot allocation algorithm has been used for
selecting a slot for the driver, two parameters (Entry point
and Destination hub) are passed to the shortest path
selection function to return the optimal navigation route for
the driver. The entry point (Gate 1, for example) serves as
the source, while the allocated hub serves as the destination.
Dijkstra’s algorithm traverses through every node (turning
point) in the parking area to compute the lowest distance
coverage and the path to be followed.

3.4. Parking Assistance System

The parking assistance system has three main
capabilities: to help users easily visually identify their
assigned parking slots onsite, guide users to park
appropriately within the parking slot, and alert users and the
authorities when a vehicle is wrongly parked or an
obstruction is placed in the way of a parking slot. These two
features primarily make use of indicator lights to signal to
the drivers as required.

To avoid the disappointment of users by meeting
unauthorized vehicles parked in the slots assigned, a
determent measure is proposed with the use of LED signal
indicators. Three light colour states are proposed with the
colours and signal meanings indicated in Table 1.
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Fig. 6 Flowchart of vehicle arrival detection system
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Fig. 7 State machine depicting system operation for a single parking slot

Table 1. Onsite parking assistance indicator colour codes

Colour Meaning Duration
Green Assigned lot For5 mins after
allocation
Red Occupied lot For 1 min after
parking
Blank Unassigned lot Idle state

Figure 7 shows a diagram depicting the various state
transitions on the parking slots and the consequently
expected indicator behaviours. Every unassigned parking lot
remains in idle mode but sends periodic ultrasonic signals to
detect the random chance that a vehicle has been parked in
the lot. The green light is lit when a driver accepts a parking
lot via the mobile application. This would remain on for
only 5mins, pending the time the vehicle arrives at the lot.

When a vehicle (obstacle) is detected within the parking
lot, the green light begins to blink with 2 secs 50% duty
cycle. The vehicle arrival detection algorithm is shown in
Figure 6. This enables the system to decipher between when
a vehicle normally drives into the parking lot and when an
obstacle is simply detected due to passers-by or shopping
carts, etc. When the vehicle gets close enough to the
appropriate parking distance, the red light begins to blink for
2 secs 50% duty cycle. When the vehicle is confirmed
parked close enough within the parking slot, the stable red
light remains lit (100% duty cycle) for 1min.

If a vehicle is not correctly parked in an acceptable
manner within a parking slot, a system to detect such has
been considered in the smart parking assistance algorithm.
In this condition, the red light continues to blink even when
the vehicle is static until amendments are made, and a
message would be sent to alert the admins if protracted.

For wrong parking detection, the system automatically
recognises such a situation when the sensors on any two
adjacent parking lots indicate the arrival of a vehicle
concurrently, and the motion detected (decremental
distance) on both sensors comes to a halt at the same time.
This scenario indicates that the driver has parked the vehicle
in an obstructive manner that transcends the use of a single
parking slot, thereby encroaching into an adjacent slot.
Other wrongly parked vehicle conditions that can be
detected include vehicles not parked close enough to the
terminus or parked too close to the terminus within the
parking slot.

Figure 8 shows three examples of vehicles that are
wrongly parked. In Figure 8 (a) & (b), the wrong parking of
the vehicles does not hinder users of an adjacent slot from
parking. However, in Figure 8 (c), it is practically
impossible for another driver to use the adjacent slots. To a
quantifiable degree of tolerance, the vehicles that are
wrongly parked might not be detected, particularly those
that might not necessarily have an adverse effect on the
parking accuracy of a user who desires to park in an adjacent
parking slot.

1 1 1

1 1

1

@ (b) ©
Fig. 8 Examples of wrongly parked vehicles (a) & (b) with a little
adverse effect on the vehicles in the adjacent slots, (c) with an adverse
effect on the vehicles in the adjacent slot
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3.5. Mobile Application Platform

A mobile application was developed for the driver to
aid the searching for available parking slots, as it is no doubt
that mobile technology has a huge importance in everyday
life.

The mobile application runs on the Android Operating
System. The Android Operating System is a Linux-based
mobile operating system designed primarily for touchscreen
devices, cell phones and tablets. It is an open-source project
that was initially developed by Android Inc. but is currently
maintained and distributed commercially by Google.

The application was developed using the Kotlin
programming language. Kotlin is a modern statically typed
programming language that was designed with full
interoperability with Java and the Java Virtual Machine
(JVM). Kaotlin was selected as the language of choice due to
its conciseness, null-point safety and interoperability with
Java.

The design architecture followed an Object-Oriented
Design Pattern known as the Facade Pattern. The Facade
Pattern is one of the Structural Design Patterns used to help
client applications easily interact with the system [16].

4. Results

The various features of the smart parking system are
evaluated to validate their potential to deliver the expected
customer satisfaction. A case study is subsequently
considered.

4.1. Sensor Validation

Due to the radial nature of the sensor trigger beam.
However, it may be a rare occurrence; it is practically
possible to park a vehicle wrongly without being detected,
as shown in Figure 8. Based on the angular position of the
vehicle within the parking bay, there is a maximum intrusion
of a vehicle into the next parking slot without being
detected.

The HC-SR04 ultrasonic sensor specification has a
traveling range of 20mm to 4,000mm and a divergence
angle of 15° according to the design specifications.

Validation of the sensor positioning would imply
considering the standard parking slot sizes and verifying
that the placement of an ultrasonic sensor would yield
appropriate results. Table 2 shows some of the related values
resulting from equation 3 and secondary data.
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Fig. 9 Parking area physical layout
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Table 2. Dimensions of sensor beam and standard parking slot & vehicle data

Width of Standard Maximum width of Average height of Minimum Hight of sensor
Parking slot, w,, Ultrasonic beam, w,, Vehicle name plates above the ground
259cm 207cm 77cm 103.5cm

Table 2 shows that horizontal positioning criteria are

met, such that placing the sensor at the centre of the parking Cluster Distance to Hubs (in meters)
slot would be appropriate. However, the vertical positioning Hub A Hub B Hub C Hub D
criteria are not met, as placing the sensor horizontally at a 1 18.0 28.0 25.0 14.0
height of 77cm might result in undesirable feedback. Hence, 2 15.0 25.0 28.0 20.0
to compensate for th_e 36.5cm d_ifference, the sensor is tilted 3 13.0 20.0 30.0 24.0
by 5° above the horizontal plain. Thereby making the HC-
SR04 ultrasonic sensor a viable device for this operation. 4 150 150 26.0 26.0
5 20.0 13.0 28.0 30.0

4.2. Case Study: Layout 6 25.0 15.0 20.0 28.0

A parking layout was needed to test and evaluate the 7 28.0 18.0 14.0 25.0

proposed smart parking system. Several options of possible
large parking lots were considered, and a quadrangle
shopping mall formation was selected to help depict some
of the major features of the smart parking system. An aerial
view of the parking area is shown in Figure 9. The parking
layout of choice involves parking module blocks (hubs A —
D) of back-to-back parking slots with a 90-degrees angle of
parking. The breakdown of the entities mapped out in the
parking areas is also described in Table 3.

Table 3. Entities modelled in the parking area
SIN | Entity | Units Comment

Desired destination of the

1 Stores 21 .
driver

Collection of stores for easy

Table 4. Distance between clusters and parking hubs

4.3. Case Study: Route Mapping

A graph representing physical entities using vertices
and edges is used to model the parking area. The distances
are represented as weighted edges on the graph while
turning points and destination hubs are represented as
vertices or nodes.

Figure 10 shows the graph representation detailing the
nodes and edges of the parking area. Table 5 gives the
matrix of the graph. The Dijkstra algorithm discussed in
Section 3.3 uses the matric to compute the shortest path that
can be taken from the entry point to the parking slot from a
list of possible routes.

2 Clusters 7 dist inulati Table 5. Weighted graph matrix of parking area
Istance manipufation nt|{n2|{n3|{nd4d|n5|n6|n7|n8|n9
3 Slots 48 Reserved parking area ni o lolo 1510 o |o |o |o
4 Hubs 4 Collection of slots (12 slots n2 0 |0 |O |O |15|0 |0 |O |O
each) n3 [0 [0 |0 |0 [0 [15/0 [0 |O
5 | Gates 5 Point of entry into the nd |15 0 |0 |0 |O |15]0 |O
shopping mall n5 0 150 (0 |0 [0 |O 150
né 0 |0 |15|0 |O |O |O |O |15
The stores are the desired destinations of the drivers, in n7 o lo lo |1510 |o |lo |o |o
this case, individual shops of various sizes within the ng 0o lolo lo 1510 lo o lo
shopping mall. They are grouped into clusters for
simplification of distance allocation such that stores within n9 0 |0 0 O 1510 10 |0
very close proximity to one another are grouped together as Gl |5 |0 |O |O JO |O |O |O |O
individual clusters in the system. The parking area consists G2 |0 |0 |0 |O |O |O |O |O |5
of parking slots that are allocated to drivers after the desired As o oo o o lo o [10]10
destl_natl_on is provided for reservation via a mobile Asnlo 1o 1o 1o lolw0lo lo lo
application. These slots are also grouped into hubs for easy
identification during routing. Entry points into the shopping Bie |0 |/O |O |O |O |O |20/10)0
mall are also captured as the optimal slot selection depends B7z12 |0 |O |O |1010|0 (O |O |O
on the entrance gate into the parking lot. The parking area Cis |O |O |0 |20/20/0 |O |O |O
in view has two gates (entry points) which are worth Cl10 110 |0 0o lo lo lo lo
considering for routing the vehicles after selection. For a D 0 0 1o T0 1010 [0 o
two-way traffic flow permitted in all driveways within the a
parking lot, the model captures distances from entry points, D712 |0 |O [10]0 |O [O JO JO |O

parking areas and driver’s destinations. Table 4 presents the
mean distances of each shop cluster to each parking hub.
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Fig. 10 Graph representation of parking area
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Fig. 11 Mobile application user interface

4.4. Parking Scenarios

A test was carried out for a scenario of a hypothetical
busy day in the shopping mall, in which customers come in
vehicles to the mall to visit various stores. The scenario
assumes that all parking slots were empty at the initial stage
of the test and filled at the end of the test session. Also, all
vehicles are assumed to comply with the parking allocation
given, and no vehicle is expected to leave the parking lot

10

within the period of the test. Subsequently, the parking slot
allocations are shown in Appendix A: Table 6 for sample
vehicles. It can be observed that at some points when the
hubs closest to the user’s destinations are occupied, the
nearest available hubs are allocated considering the gate of
entry. Finally, when all 48 slots are occupied, the remark
returned to the user is that no parking slot is available.
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Fig. 12 Sample navigations rendered on the mobile application

4.5. Mobile Application

Some of the responses from the mobile application
were captured to show the interaction between the drivers
and the parking management system. Figure 11 shows the
graphical steps a driver takes on the mobile application in
requesting a parking slot. Upon accepting the allocated slot,
the parking management system renders the navigation on
the device, as shown in Figure 12. The system also informs
the driver if there is no available parking space.

4.6. Potential Time, Fuel and CO Savings

The amount of CO emitted can be estimated from the
amount of fuel spent while driving the vehicle. Due to the
automated allocation and navigation system introduced, an
estimate of the CO emission savings can be made for the
significant reduction in time spent by drivers to locate a
parking slot. We assume that, on average, 50% of vehicles
in the car park might need to reroute in search of a vacant
parking slot close to their destination in the absence of the
smart parking system. Such a search can be estimated to
involve hypothetically covering a distance equivalent to
navigating halfway around a single parking hub.
Consequently, the extra distance covered to navigate to a
vacant parking slot can be estimated from the known
parking lot dimensions.

11

Given that the amount of CO emitted is a function of
several stochastic conditions, including vehicle loading,
driving speed, use of air conditioning, ambient temperature
and a couple of other variable factors, it is rather difficult to
evaluate the CO emission. However, making use of
statistical data from the U.S. Environmental Protection
Agency, the average CO emission rate for the calibre of
lightweight passenger vehicles expected in the parking lot
was 2.449 g/Km per vehicle in the year 2018 [17].

Thus, assuming an average of 72 vehicles have to
undergo the reroute search process in a day for the non-
smart parking scenario, then with each vehicle driving an
extra 25m, the total additional emission from all the vehicles
within the parking lot in a day will be 4.4082g. Hence,
operating the smart parking system has the potential of
saving 1.609Kg of CO emission in a year.

5. Conclusion

The smart parking solution proposed in this paper
showcases a convenient means for vehicle owners to
identify available parking spaces close to their desired
destination and the shortest route to follow from their point
of entry using Dijkstra’s algorithm. Clients use an easy-to-
use mobile application to request allocation to parking slots,
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and a map with a route to the assigned slot is returned onthe  the case study scenario of a double entry point parking lot
client’s app. Subsequently, ultrasound sensors are used to  with four parking hubs, it is observed that not only do clients
sense vehicle absence, arrival and departure within a  enjoy the satisfaction of parking as close as possible to their
parking slot. Concurrently, a novel application of ultrasonic ~ desired destination, but the navigation from the point of
sensors in parking guidance systems is proposed, in which entry to the parking hub also has the potential of saving
generic light indicators are used to guide the drivers to park 1.609 Kg of CO emission in a year for a 48 slots capacity
properly within their slots without trespassing to another parking lot.

parking slot or parking too far or too close to the curb. From

References

[1] World Economic Forum, 2023. [Online]. Available: www.weforum.org/agenda/2016/04/the-number-of-cars-worldwide-is-set-to-
double-by-2040.

[2] Kai Zhang, and Stuart Batterman, “Air Pollution and Health Risks Due to Vehicle Traffic,” The Science of the Total Environment,
vol. 450-451, pp. 307-316, 2013. [CrossRef] [Google Scholar] [Publisher Link]

[3] Muftah Fraifer, and Mikael Fernstrom, “Investigation of Smart Parking Systems and Their Technologies,” Thirty Seventh
International Conference on Information Systems, Dublin, pp. 1-14, 2016. [Google Scholar] [Publisher Link]

[4] V. N. Bhonge, and Manjusha Patil, “Wireless Sensor Network and RFID for Smart Parking System,” International Journal of
Emerging Technology and Advanced Engineering, vol. 3, no. 4, pp. 188-192, 2013. [Google Scholar] [Publisher Link]

[5] Amin Kianpisheh et al., “Smart Parking System (SPS) Architecture Using Ultrasonic Detector,” International Journal of Software
Engineering and Its Applications, vol. 6, no. 3, pp. 51-58, 2012. [Google Scholar] [Publisher Link]

[6] Mahir Hassan Kadhim, “Arduino Smart Parking Manage System Based on Ultrasonic Internet of Things (IoT) Technologies,”
International Journal of Engineering and Technology, vol. 7, pp. 494-501, 2018. [Google Scholar] [Publisher Link]

[7] Toana Manuela Marcu et al., “A New Approach on Smart-Parking Concept,” ECBS’19, 6th Conference on the Engineering of
Computer Based, no. 15, pp. 1-9, 2019. [CrossRef] [Google Scholar] [Publisher Link]

[8] Aliyu Ahmed et al., “Developing Smart Car Parking System using Wireless Sensor Networks,” 2nd International Conference on
Computing Research and Innovations (CoRI 2016), pp. 201-206, 2016. [Google Scholar] [Publisher Link]

[9] Jeffrey Joseph et al., “Wireless Sensor Network Based Smart Parking System,” International Frequency Sensor Association (IFSA)
Publishing, pp. 1-6, 2016. [Google Scholar] [Publisher Link]

[10] Chungsan Lee et al., “Smart Parking System for Internet of Things,” IEEE International Conference on Consumer Electronics
(ICCE), pp. 263-264, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[11] J. Cynthia, C. Bharathi Priya, and P. A. Gopinath, “IOT Based Smart Parking Management System,” International Journal of Recent
Technology and Engineering (IJRTE), vol. 7, no. 4, pp. 374-379, 2018. [Google Scholar] [Publisher Link]

[12] Luis F. Luque-Vega et al., “IoT Smart Parking System Based on the Visual-Aided Smart \VVehicle Presence Sensor: SPIN-V,” Sensors,
vol. 20, no. 5, p. 1476, 2020. [CrossRef][Google Scholar] [Publisher Link]

[13] [Online]. Available: www.sensorwiki.org/sensors/ultrasound

[14] Francesco Saverio Capaldo, “Road Sight Design and Driver Eye Height,” Procedia — Social and Behavioral Sciences, vol. 53, pp.
731-740, 2012. [CrossRef][Google Scholar] [Publisher Link]

[15] Thomas H. Cormen et al., Introduction to Algorithms, 3rd Edition, The MIT Press, 2009. [Google Scholar]

[16] E. Gamma, R. Helm, R. Johnson, and J. Vlissides, Head First Design Pattern, Oriely. 1994.

[17] U.S. Environmental Protection Agency, Office of Transportation and Air Quality, Estimated U.S. Average Vehicle Emissions Rates
per Vehicle by Vehicle Type Using Gasoline and Diesel, 2018. [Online]. Available:
https://www.bts.gov/sites/bts.dot.gov/files/table_04_43g218.xlsx

12


http://www.weforum.org/agenda/2016/04/the-number-of-cars-worldwide-is-set-to-double-by-2040
http://www.weforum.org/agenda/2016/04/the-number-of-cars-worldwide-is-set-to-double-by-2040
https://doi.org/10.1016/j.scitotenv.2013.01.074
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Air+Pollution+and+Health+Risks+Due+to+Vehicle+Traffic&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048969713001290
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Investigation+of+Smart+Parking+Systems+and+Their+Technologies&btnG=
https://d1wqtxts1xzle7.cloudfront.net/77879210/Investigation-of-Smart-Parking-Systems-and-their-technologies-libre.pdf?1641115312=&response-content-disposition=inline%3B+filename%3DInvestigation_of_Smart_Parking_Systems_a.pdf&Expires=1682930508&Signature=K63UPvySGUr~My2FcXaOAVfmUq38EWZe-KvAFdr0R-qTKdZvCEx9woWmOc1vz78V-UGJ0hLHbPDHmwpYbG6Vhiv~hoaN4og7gAKOeXogyG9P-bj14kbH1olakStEJeH5Ck5PBwBZA4jObSfy~5HM045om5HZrKk8E5OpMnmd1amRz0U39dPCB9ZfVKQTRnm~cNKrV4DflZjPiRoIcv-iJQW~gh-XISHB1bvjXBi9pj8mAN0iNc-puubyqQ9dma9y9Jjz-3n30R38GGJPHp0rRMfKyLgqS3ypnLUcFcjMfL7bqhXYC0hu5nzYi3~PmeGgrGH69CWg5GdgxjOa~lZFmg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wireless+Sensor+Network+and+RFID+for+Smart+Parking+System&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=3da31fc3b7bad30da3de4c35a747df175937b056
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+Parking+System+%28SPS%29+Architecture+Using+Ultrasonic+Detector&btnG=
https://www.researchgate.net/profile/Norlia-Mustaffa/publication/230701092_Smart_Parking_System_SPS_Architecture_Using_Ultrasonic_Detector/links/57510dd508aef67d0d8a74b7/Smart-Parking-System-SPS-Architecture-Using-Ultrasonic-Detector.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Arduino+Smart+Parking+Manage+System+Based+on+Ultrasonic+Internet+of+Things+%28IoT%29+Technologies%2C&btnG=
https://www.researchgate.net/profile/Mahir-Kadhim/publication/328615718_Arduino_Smart_Parking_Manage_System_based_on_Ultrasonic_Internet_of_ThingsIoT_Technologies/links/5bd8ce7f299bf1124fae46cd/Arduino-Smart-Parking-Manage-System-based-on-Ultrasonic-Internet-of-ThingsIoT-Technologies.pdf
http://dx.doi.org/10.1145/3352700.3352715
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+New+Approach+on+Smart-Parking+Concept&btnG=
https://dl.acm.org/doi/abs/10.1145/3352700.3352715
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Developing+Smart+Car+Parking+System+Using+Wireless+Sensor+Networks&btnG=
http://repository.futminna.edu.ng:8080/jspui/handle/123456789/11462
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wireless+Sensor+Network+Based+Smart+Parking+System&btnG=
https://www.sensorsportal.com/HTML/DIGEST/january_2014/Vol_162/P_1616.pdf
https://doi.org/10.1109/ICCE.2016.7430607
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+Parking+System+for+Internet+of+Things&btnG=
https://ieeexplore.ieee.org/abstract/document/7430607
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=IOT+Based+Smart+Parking+Management+System&btnG=
https://www.researchgate.net/profile/Cynthia-Jayapal/publication/330847121_IoT_based_smart_parking_management_system/links/620f2ac26c472329dcf11b63/IoT-based-smart-parking-management-system.pdf
https://doi.org/10.3390/s20051476
https://scholar.google.com/scholar?q=IoT+Smart+Parking+System+Based+on+the+Visual-Aided+Smart+Vehicle+Presence+Sensor:+SPIN-V,&hl=en&as_sdt=0,5
https://www.mdpi.com/1424-8220/20/5/1476
https://doi.org/10.1016/j.sbspro.2012.09.923
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Road+Sight+Design+and+Driver+Eye+Height&btnG=
https://www.sciencedirect.com/science/article/pii/S1877042812043856
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Introduction+to+Algorithms+&btnG=

Oludolapo Olufajo & Michael Mustapha/ IJCSE, 8(5), 1-13, 2021

Appendix A
Table 6. Parking slot allocation and route suggestion scenarios
Entry Distance to Shortest
Test User | Point Prefern_ed Closest destination Slot Route Remarks
No Destination Hub Allocated
(Gate) (m) Taken
GL-nl- Available slot
1 A 1 SHOPRITE Hub A 18.0 Slot 1 n2-n5-
allocated
n8 - Ais
c1-n1- | S
2 B 1 SHOPRITE Hub A 18.0 Slot 2 n2-n5- :
8- A different
6 available slot
G2-n9- Next available
3 C 2 SHOPRITE Hub A 18.0 Slot 3 A slot closest to the
6 destination
Gl-nl- Closest available
4 D 1 NIKE Hub B 15.0 Slot 1 n4 -n7 -
slot
Bis
5 E 2 SWATCH | HubB 13.0 Slot 2 G2-n9- | Closest available
n8 - Bisg slot
G2-N9- 1 1 osest availabl
6 F 2 STUDIO?24 | HubC 14.0 Slot 1 né - n5 - OSesslaota able
Cis
Same destination,
Gl-nl- same hub but a
7 G 1 STUDIO 24 Hub C 14.0 Slot 2 n4 - Cig different
available slot
8 H 5 ATM Hub A 13.0 Slot 4 G2-n9- Closest available
Ais slot
Gl-nl- .
9 | 1 BUKKA Hub D 14.0 Slot 1 N2 -ns - Closest available
HUT slot
Di.s
Same destination,
10 J 2 BﬂﬁﬁA Hub D 14.0 Slot 2 (nBGZ Bg i same hub but a
16 different route
11;0 All but one slot filled
The only
G2-n9- available slot left
48 H 2 SHOPRITE Hub D 26.0 Slot 1 n6-n3- | (Thealgorithm is
D16 non-functional
here)
49 | 1 KFC Hub D 15.0 NONE NONE | VO parking slotis
available
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