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Abstract—In addition to being a time-consuming and annoying 

driving experience, searching for a cheap and empty parking 

space also wastes fuel and pollutes the air. In densely populated 

cities, there are limited and expensive public parking spaces. On 

the other hand, private parking spaces are typically underutilized, 

and the parking space owners are willing to charge higher parking 

fees to cover the expenses of maintaining their excess parking 

capacity. In light of these circumstances, it is essential to look for 

a smart parking system that gathers and allows private parking 

spaces to ease the worries of public parking. An Internet of Things 

(IoT) enabled parking space recommendation system is proposed 

in this paper. It makes recommendations by utilizing IoT 

technology (traffic and parking sensors). The recommended 

system helps users automatically pick a spot at the lowest charge 

by accounting for metrics like distance, availability of vacancy at 

the slot, and the charges. To accomplish this, the user parking cost 

is calculated using performance measures. This system provides 

the user with a way to request a parking spot when one is available, 

as well as a way to recommend a new parking lot if the present one 

is filled. The proposed model reduces user waiting time and 

increases the likelihood of finding an empty slot in the parking, 

based on the simulation results used besides offering an 

anonymous payment method. The proposed system also exploited 

the concept of VANET as it uses onboard and roadside units. The 

novelty of the research is that apart from calculating the cost 

function it also maintains the neighbors table at each neighbor 

which will be shared among all as and when there is a change. We 

have simulated the environment in Network Simulator 3 (NS3). 

Keywords—Smart parking; Internet of Things; sensors; 

simulation; NS3; VANET 

I. INTRODUCTION 

There has been a noticeable rise in the number of cars on 
the road during the past ten years, which has caused significant 
issues with parking and traffic. Typically, drivers search the 
streets for open parking spaces by driving about; they only 
empirically locate a spot through luck and local knowledge. 
This practice results in significant wastage of fuel and time, and 
occasionally it makes it hard to find a site unoccupied during 
periods of high vehicle traffic. Locating a parking lot with 
sufficient open spaces would be one way to increase the 
likelihood of finding a place even though the user's destination 
can be somewhat far from this parking spot. Another option is 
to create a system that allows the driver to manually select a 
free parking space after it is displayed to them. This is not the 
best option, though, as it requires the drivers to choose a parking 
spot on their own, which is a hassle in and of itself. Second, 

there's a chance that the driver will find the parking space 
occupied when they get there due to heavy traffic on the path 
leading to the designated place. 

IoT technology, which exploits enormous technological 
advancements, has transformed nearly every aspect of everyday 
existence, such as parking systems. Motivated by these novel 
opportunities, a smart parking system is proposed to 
automatically suggest unoccupied parking spaces to drivers in 
search of them. This reduces the time required to locate 
unoccupied parking spaces and lowers expenses related to 
employing personnel to manage the manual parking system [1-
3]. One such method is a parking spot booking system that uses 
wireless networking technologies like ZigBee, radio frequency 
identification, and the Internet. Drivers can use their devices to 
book free parking spots nearby and get information about them 
by using a unique identification assigned to every car in a 
parking spot booking system [1]. However, due to laws in some 
regions (like Santander, Spain), reserving parking spaces is 
often not possible in advance. 

Additionally, it is crucial to offer the least congested path to 
each available parking spot while recommending parking spots, 
accounting for the traffic volume on the route. Let's examine a 
rush hour situation where traffic in the city core is at its worst 
for a better understanding of the significance of traffic 
congestion. The streets will be extremely clogged in this 
circumstance due to many drivers searching for parking spaces 
[4-9]. When a driver gets a vacant spot that is available and 
moves in that direction, there's a good chance that when they 
get there, it will already be occupied as other users are also 
searching for vacant spots, and traffic overcrowding delays 
their arrival. This issue is addressed by helping users choose the 
closest parking space and by informing them of the availability 
(occupancy data) of parking lots. 

In contrast to the conventional approaches, it has been found 
that a sizable percentage of parking spaces are privately held 
and not under the direct jurisdiction of the local transportation 
authority. These parking spaces in the private sector (such as 
homes and workplaces) are never occupied when the occupants 
are away on vacation or not in the office. Furthermore, suppliers 
typically shell out a lot of cash for the purchase and upkeep of 
these exclusive areas. As a cost-effective way to offset their 
costs, they are thus willing to charge for their parking spaces. 
These encourage us to consider the time that cruising drivers 
will save and the amount of traffic congestion that will be 
reduced. 

*Corresponding Author. 
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A. Scope and Objectives 

In this work, an overview and the system architecture of the 
proposed model have been offered for the endorsements of 
parking places and the suggested routes using parking and 
traffic sensors. By allowing drivers to analyze the probable 
availability of parking lots in an accessible interface and choose 
a parking lot, the API aims to ease interoperability and 
reusability while facilitating the integration of smart parking 
applications with other Internet of Thing applications. 

In conclusion, the main obstacles are as follows: (1) Devise 
a mechanism that incentivizes private parking spot owners to 
voluntarily make their spaces available to the public, as 
opposed to public parking spots, which are concealed from 
view; and (2) Accomplish the payment procedure once drivers 
have finished parking, even in cases where owners and drivers 
remain anonymous to the server. (3) The public and private 
parking systems must be combined into a system, allowing 
drivers to select and reserve a spot based on factors like cost 
and distance. 

B. Novelty in the Research 

1) IoT technology motivates the novel opportunities of 

automatically suggesting unoccupied parking spaces to drivers. 

This reduces the time required to locate unoccupied parking 

spaces and the expenses of employing personnel to manage the 

manual parking system. The proposed system suggests a 

parking spot booking system that uses wireless networking 

technologies like ZigBee, radio frequency identification, and 

the Internet. Drivers can use their devices to book free parking 

spots nearby and get information about them by using a unique 

identification assigned to every car in a parking spot booking 

system. 

2) It offers the least congested path to each available 

parking spot while recommending parking spots, considering 

the volume of traffic on the route. As a cost-effective way to 

offset their costs, they are thus willing to charge for their 

parking spaces. These encourage us to consider the time that 

cruising drivers will save and the amount of traffic congestion 

that will be reduced. 

3) By providing timely and reliable parking information 

people equipped with smart devices can help develop the idea 

of smart parking. 

4) Semantically enabled applications for the IoT, like smart 

parking systems, should be implemented through semantic web 

technologies and semantic data modelling to promote 

interoperability in the IoT. 

5) The proposed model allows drivers to analyze the 

probable availability of parking lots in an accessible interface 

and choose a parking lot to ease interoperability and reusability 

while facilitating the integration of smart parking applications 

with other IoT applications. 

The chance to cooperatively detect and exchange crucial 
information for collaborative welfare has been made possible 
by the recent surge in the development and use of cell phones. 
People who own sensors, computers, and storage devices [10-
12] can now gather and provide useful data (often in the form 

of reports) to a server for various uses, like parking spot 
location. Therefore, by providing timely and reliable parking 
information, people equipped with smart devices can help 
develop the idea of smart parking [13-19]. 

A large number of the IoT apps that are currently in use 
were created vertically, concentrating on a single use case or 
scenario, sometimes without taking data reuse and interchange 
with other IoT applications into account. Because there is 
insufficient compatibility in IoT information and systems due 
to a lack of diverse data integration, this overly concentrated 
attention leads to bad service. Conversely, if IoT apps worked 
together, sharing and exploiting each other's data, chances to 
create new, more valuable, and effective services would arise 
[20]. One possible solution to help achieve the necessary 
interoperability is the semantic web [21]. Semantically enabled 
applications for the IoT, like smart parking systems, should be 
implemented through the use of semantic web technologies and 
semantic data modeling to promote interoperability in the IoT. 

The measurements for parking spots are the nearest or most 
reliable parking spots, whereas the metrics for routes are the 
quickest or least congested paths [22]. A parking space that 
satisfies the user's past parking sensor quality rating and his 
trust based on experience is considered a trustworthy parking 
location [23]. A trust-checking component was established to 
locate the closest trusted parking in a recent study. This 
component analyses user comments and sensor quality to 
determine parking spot trust scores. The proposed model uses 
these trust scores to determine the closest trusted parking space 
[24, 25]. In study [26], a method for creating an effective 
parking lot payment system with the least human intervention 
is suggested. This system runs in real-time over an ESP-8266 
connection on an ARM CORTEX M3 Board, which consumes 
little power. The study method [27] predicts parking lot 
occupancy using machine learning-based techniques, which are 
then utilized to determine occupancy-driven charges for 
arriving cars. The work mentioned in the research [28] 
contributes to the decision of the technical options and 
requirements for designing a smart parking system that adheres 
to the paradigm of efficiency and innovation. After a study of 
many materials on smart parking and others, the research 
concluded that the smart parking system has some advantages 
and disadvantages. Some of them are mentioned below. 

Advantages of Smart Parking: 

 Convenience: Using applications or real-time displays, 
drivers may quickly locate open parking spots, saving 
them time. 

 Efficiency: By optimizing parking lot usage, smart 
solutions create more available spaces and reduce 
traffic. 

 Diminished Emissions: Lower fuel use and emissions 
result from less time looking for parking. 

 Security: Since automated payment systems do not need 
currency handling, there is a decrease in fraud. 

 Data-driven Management: Parking authorities can better 
allocate resources and set prices thanks to the useful 
information they obtain about usage trends. 
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 Paying with a touchless device reduces the chance of 
spreading germs. 

Disadvantages of Smart Parking: 

 Cost: The technology may be costly to install and 
maintain. 

 Technology Dependency: Problems in the system may 
lead to disruptions and stranding of drivers. 

 Digital Divide: Some people lack access to cell phones 
and the necessary technological know-how to operate 
these devices. 

 Data collecting introduces privacy concerns, 
particularly when not done transparently. 

This document is organized as follows. Section II discusses 
the associated work. Section III describes the system design and 
architecture; Section IV outlines the system’s working. Section 
V covers the simulation. Section VI summarizes the findings 
and assessments, whereas Section VII concludes the research. 

II. LITERATURE REVIEW 

A lot of effort has been put into automated parking systems 
since the introduction of smart cities. However, the proposed 
system is considerably different in that it suggests parking spots 
and routes that are the closest to traffic congestion, trust scores 
for spots to park, and probable availability of parking lots. The 
paper outlines the current state-of-the-art and discusses why the 
proposed model needs the features. 

An intelligent parking system that uses IoT communication 
is proposed to compute the prices of parking requests made by 
drivers. Data on cars, the quantity of parking spaces available 
in parking lots, and the separation between parking lots would 
all be coordinated by this system. They used sensors, Arduino, 
and cell phones to develop a prototype. 

It is suggested to integrate RFID, Wireless Sensor Network 
(WSN), and Ultra-High Frequency (UHF) technologies [2] to 
create a smart parking system. This system was created as an 
application to direct cars to the closest available parking space 
and includes software tools to track parking spot occupancy. 
The users can also utilize an e-wallet system based on Near-
Field Communication (NFC) to pay their parking costs. The 
authors did not, however, assess the parking system's 
effectiveness; instead, they focused mostly on implementing 
the prototype. 

It is recommended that drivers book a spot thirty minutes in 
advance using a smartphone app via a parking advisory system 
[3]. SmartValet was created as an interior and outdoor parking 
solution. The ID of the car is used to reserve a parking space. 
According to DSRC technology, the vehicle receives a map at 
the parking lot entry that shows the location of the assigned 
parking spot. An inertial navigation system fitted by 
SmartValet directs the car to its designated parking spot. 
Periodically updating the parking spot's status ensures that it is 
correct. The authors evaluated system installation and 
performance using the accuracy of the GPS and the inertial 
navigation system's accuracy as performance criteria. 

Based on ZigBee technology, a smart parking system is 
suggested [5]. Through a gateway, data is transferred to the 
server, which updates the database. The system’s application 
layer collects information about available parking places via the 
Internet, uses web services to compile data about all the 
distributed parking locations, and then provides the information 
to cars who are looking for free spots. It is a basic program, 
though, and does not take into account sophisticated issues like 
navigation, traffic congestion, or the likelihood of parking 
spaces being available. Moreover, the authors did not assess the 
system's functionality. 

In study [7], it is advised to implement an automated 
parking system for the impaired. The IoT and smart city 
prospects are enhanced by this technology, which integrates 
smartphones, sensors, and mobile/wireless communications. 
DisAssist gives disabled drivers the option to reserve parking 
spots and gives them access to real-time availability data on 
accessible parking spaces nearby. DisAssist, like other current 
projects, takes into account the reserve of parking spaces, which 
isn't always feasible. 

A system that takes advantage of the data gathered in smart 
cities is suggested in [18] and is focused on contextualization 
and offering users personalized parking recommendations. The 
contextualized information on users' tastes and behaviors is the 
authors' primary focus, even though they offer context-aware 
parking recommendations. It also provides parking area 
occupancy statistics and a parking recommendation system. 

A smart city architecture utilizing IoT-based big data 
analytics was presented by System in [16]. The authors take into 
account a variety of sensor deployments, including those used 
to monitor parking, weather, water, smart homes, and 
automobiles in addition to surveillance and other areas. 
However, their primary concentration is on smart city planning 
employing Big Data analytics, rather than offering suggestions 
for smart parking. 

The main research gap found so far is that in most of the 
work, methods have been applied to find the available space 
and the vehicle is parked there. Then payment is initiated. If 
parking is not available then, the whole algorithm is again 
executed. The paper proposes to find the cost function to get the 
nearest parking along with the neighbor table. The neighbor 
table will be shared among all the neighbors proactively 
whenever there is a change in the parking slot. All the neighbors 
will have the latest status of their neighbors. 

III. SYSTEM MODEL AND ARCHITECTURE 

In the IoT, data modeling serves to enable data reuse, 
sharing, and interoperability amongst the applications which 
are having cross domains. The proposed model is intended for 
use with the smart parking system, primarily concerned with 
creating an anonymous payment system and a smart parking 
recommendation system. 

A. System Model of Parking Sensors 

Modern cities have several parking sensors installed to 
determine a free parking spot. Parking sensors can represent a 
parking location. Parking lots are organized into different 
parking regions to offer more useful data. Using data from 
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parking sensors, the proposed model provides expected 
availability (occupancy statistics) for parking lots. The system 
model is depicted in Fig. 1. The trusted authority, server, driver, 
and supplier are the four primary elements that make up the 
system model. Every component has a different role. 

1) Trust authority: The powerful Trust Authority (TA) is 

in charge of initializing the entire system, which entails 

distributing keys, generating public parameters, and registering 

drivers and suppliers. Unless there is a dispute in which TA can 

identify the identity of a targeted user, it will remain offline. A 

Trust Authority (TA) is an essential component of Vehicular 

Ad-hoc Networks (VANETs) that helps to guarantee secure and 

trustworthy communication. The roles of trust authority are: 

a) Registration: The TA keeps track of the On-Board 

Units (OBUs) and Roadside Units (RSUs) of the cars connected 

to the network. This entails confirming their identity and 

providing them with special credentials. 

b) Authentication: To ensure the legitimacy of messages 

sent by cars and RSUs and stop hostile actors from 

inadvertently introducing fake information, the TA 

authenticates the messages. 

c) Key distribution: The TA securely distributes 

cryptographic keys to enable registered nodes to encrypt and 

decode messages for safe communication. 

d) Revocation: To stop compromised nodes from using 

the forward-going network and to lessen any security risks, the 

TA can revoke their login credentials. 

 
Fig. 1. System architecture. 

2) Cloud/Server: The roles of the cloud in VANET include: 

a) Enhanced scalability: VANETs can manage massive 

data volumes and accommodate a growing number of 

connected vehicles because of cloud computing's nearly 

limitless capabilities. 

b) Better traffic management: To maximize traffic flow, 

lessen congestion, and boost overall transportation efficiency, 

real-time traffic data analysis from the cloud can be applied. 

c) Advanced applications: Route optimization, 

individualized entertainment services, accident detection, and 

other advanced applications are made possible by cloud-based 

processing capacity. 

d) Storage and analysis of data: Cloud platforms provide 

safekeeping and processing power for enormous datasets 

amassed by automobiles, providing insightful information 

about traffic patterns and driver conduct. 

3) Vehicle: The vehicle requires a parking spot in the least 

amount of time and for an efficient way to make the payments. 

It has an onboard unit (OBU) that communicates with the 

network. 

4) Parking-Spot supplier: The parking spot supplier keeps 

communicating with the cloud to inform the cloud about the 

latest status of the parking slots. They can be a base 

station/roadside unit (RSU), a router in parking in some mall or 

building, or a satellite to inform about open parking 

information. 
After receiving parking inquiries from drivers and supply 

reports from suppliers, the server scans the database and 
provides drivers with matched results. The driver will be 
required to pay a parking fee to the supplier in exchange for her 
offering to lend the driver her private parking space. Driver 
speeds around looking for a spot in a lot that is open to the 
public or waits for one that is private and requires payment of a 
parking fee. 

5) Cloud-Based server: The resource data supplied by local 

units at each parking lot is stored by this Web entity. The system 

allows a vehicle to seek and get details of parking lots in each 

car park directly, bypassing the parking unit, by instantly 

connecting to the IoT-based cloud server. 

6) Parking unit: As seen in Fig. 1, this machine is situated 

in every parking lot and retains data about every parking spot. 

The following are included in the local unit: 

a) Control unit: An RFID reader connects this Arduino 

module. After verifying the user's identity, the card reader 

shows the data on the screen. The module of Arduino will 

regulate to allow the vehicle in if the tag data or the card is 

accurate. To move data from the nearby parking lot to the cloud 

server database, the Arduino module establishes an Internet 

connection with the cloud server. 

b) Screen: This shows details on the local parking lot's 

capacity, the overall percentage of presently available spots, the 

tag check's status, the driver card used to enter, and a small plot 

of the parking lot. 

c) Tag or identity card: The tag or the card is used to 

compute the proportion of total available spaces in each parking 

lot and verify and validate user data. 

7) Parking network: Assumedly, Fig. 2 depicts the 

deployment network in an actual setting, with labels for each 

parking lot. 

P1 is the first parking lot, and N1 is the total number of 
places available. P2 is the second car park, while N2 is the total 
parking spots in P2. There is a total of Nn parking places in car 
park number n, denoted by Pn. The system has a total capacity 
of N = N1 + N2 + N3 +... + Nn (i.e., free spaces). 
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Fig. 2. Actual deployment of cars. 

The deployment network is shown in Fig. 3. Every node has 
a queue with a set length and a neighbor table that keeps track 
of the network's current state. The actual distance (D) between 
two network nodes is shown in this picture. The Dij denotes the 
distance from nodes Pi to Pj. Information about the neighboring 
nodes that are directly connected to a node can be found in its 
neighbor table. However, to avoid overloading the node, the 
vehicle queue regulates the number of vehicles sent to it. 
Whenever a node enters or departs the suggested system, it 
broadcasts a message to its adjacent nodes. Included in this 
message is information on all of its free resources. After 
receiving this message, the nearby node will update its neighbor 
tables. 

 

Fig. 3. Parking deployment. 

The distances are shown in Fig. 3 and the available vacant 
slots at each parking lot P1, P2, P3, P4, P5, P6, and P7 are 
assumed as 10, 20, 30, 40, 50, 60, 70 respectively. In Fig. 4, 
these parameters are displayed using straightforward neighbor 
tables. 

The neighbor table in every parking node holds the number 
of available parking vacancies currently available in the 
neighboring nodes, which improves the outcome of discovering 
available parking. To identify the neighbor table, Algorithm 1 
is applied. 

 

Algorithm 1: To find the neighbor table 

1. User log in to the system 

2. The user reaches any node of the parking network. 

3. The user sends the request to the server through the roadside 

units 

4. Each immediate neighbor will share the information. 

5. All the nodes will enter the distance of their neighbors in a 

table. 

6. All nodes will share their table with the source node. 

The outcome of this algorithm is to find the neighbor table. 
This will display the quickest path between a specific parking 
node and other nodes. This is shown in Fig. 4. 

B. Constructing the Cost Function Table of Nodes 

The cost is computed between the network's nodes using a 
cost function called C(a,b,c). The function C(a,b,c) depends on 
the available parking vacancies at the parking node, the distance 
between two parking lots, and the charges of each parking lot 
for each 5 hours. In the proposed system, C(a,b,c) is a weighted 
link between two nodes. C(a,b,c) = ∞ indicates that two parking 
nodes are not directly connected. The car should be routed to 
the adjacent parking lot, which has the lowest value of C(a,b,c) 
in the neighbor table if it enters a node already full. The cost 
function C(a,b,c) is determined between nodes Pi and Pj, that is 
to say, 

𝑪𝒊𝒋 =  𝑪𝒊𝒋(𝑎, 𝑏, 𝑐)  = (𝑎 × 
𝒅𝒊𝒋

𝑫𝒊𝒋
+  𝑐 ×

𝒔𝒋

𝑺𝒖𝒑
) × (𝑏 ×

𝒕𝒋

𝑻𝒖𝒑
)    (1) 

where, c is the cost for the five-hour parking slot, a is a 
length factor, where length means the distance between the two 
lots, and b is an available vacancy factor at every slot. 

 

Fig. 4. The neighbor tables. 

The tables for the cost function will be created using 
Algorithm 2 as shown in Table I. 
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Algorithm 2: To find the cost function table at each node 

1. At each node, first find the neighbor through algorithm 1. 

2. Set the weightage of distance (a), available slot (b), and the 

charges (c). 

3. Apply the cost function formula as given: 𝑪𝒊𝒋 =  𝑪𝒊𝒋(𝑎, 𝑏, 𝑐) =

(𝑎 ×
𝒅𝒊𝒋

𝑫𝒊𝒋
+ 𝑐 ×

𝒔𝒋

𝑺𝒖𝒑
) × (𝑏 ×

𝒕𝒋

𝑻𝒖𝒑
) 

4. Get the cost function values for each neighbor of the parking 

node 

5. Arrange the individual table as per ascending values of C(a,b,c) 

It is assumed that the parking space will be reserved for at 
least five hours. C(a,b,c) is proportional to the total number of 
open spaces in the destination parking slot, to the costs, and 
inversely related to the distance between two nodes. a, b, and c 
can be changed to improve network performance, depending on 
which of the two parameters viz. the distance, the available 
vacancies, or the charges, we believe to be most crucial. The 
experiment yielded the values a, b, and c, which have a value 
of [0, 1]. We only consider the quantity of available spaces 
when determining the user's cost if a = 0. The cost to the user is 
determined only by considering the distance between two nodes 
if b = 0. 

The cost function is obtained from Eq. (1) by considering 
the parking slot charges, the percentage of available vacancies 
at each parking lot, and the distance between two nodes. The 
parameters that make up the parking network are as follows: tj 
is the number of available spaces at node Pj; Tup is the 
maximum available slot capacity and is a global parameter; s is 
the slot charges per five hours; and S is the maximum slot 
charges. The dij is the distance from lot Pi to lot Pj. Assuming 
the network shown in Fig. 4 has seven nodes, we compute the 
value of function C using the value of a, as 0.2, the value of b 
as 0.8, the value of c as 1, the value of D as 2 km, the value of 
T as 100 and the value of S as 20. Tables I to VII display the 
cost function tabulated for every lot with the C(a,b,c) function. 
This demonstrates that each node's new cost function table 
adheres to Eq. (1). When a parking lot is full, this routing table 
will determine which node the user should be forwarded to next. 

TABLE I. COST FUNCTION TABLE P1 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P2 1 9 20 0.088 

P3 1.1 10 30 0.1464 

TABLE II. COST FUNCTION TABLE P2 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P1 1 10 10 0.048 

P3 0.8 11 30 0.1512 

P4 1.3 9 40 0.1856 

TABLE III. COST FUNCTION TABLE P3 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P1 1.1 10 10 0.0488 

P2 0.8 8 20 0.0768 

P4 1.2 9 40 0.1824 

TABLE IV. COST FUNCTION TABLE P4 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P3 1.2 11 30 0.1608 

P5 0.9 8 50 0.196 

P7 1 9 70 0.308 

TABLE V. COST FUNCTION TABLE P5 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P2 1.3 9 0 0 

P4 0.9 10 40 0.1888 

P6 1 8 60 0.24 

TABLE VI. COST FUNCTION TABLE P6 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P5 1 10 50 0.24 

P7 1.4 8 70 0.3024 

TABLE VII. COST FUNCTION TABLE P7 IS SORTED BY ASCENDING VALUES 

OF C (A, B, C) 

Neighbor Distance Charges/ 5 hr Available Slot C(a, b, c) 

P4 1 11 0 0 

P6 1.4 8 60 0.2592 

IV. SYSTEM OPERATIONS 

A user must log into the proposed system to search for a 
parking space. A message to look for a vacant space is delivered 
following a successful login. The information, with the slot 
address of the parking lot and directions to get there, will then 
be sent back by the system in a response message. The function 
C(a,b,c), computed using the vehicle's present location and the 
parking lot's location, determines which parking lot to use. If 
the parking lot is full, the system will route the automobile to 
one with a minimum C(a,b,c) value. The user needs permission 
to enter the parking lot when he gets there. Either RFID 
technology or a card scan is used to obtain this authorization. 
This system is straightforward but efficient. The user may park 
if the information is accurate. If the parking lot is full, 
the system will send a recommendation message with the 
address and updated instructions for a new parking lot with a 
minimal fee. 
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Algorithm 3: Recommendation System 
1. Apply Algorithm 1 to find the distances and the neighbor table. 

2. Apply Algorithm 2 to find the Cost function table. 

3. If C(a,b,c)= 0, no parking slot is available at that place. 

4. Parking is recommended as per a lower value of C(a,b,c). 

5. Finally book the parking and make the payment. 

a) Find Available Space  

b) Initiate the Booking Process 

c) Make payment 

Three procedures are involved in the suggested system: 

1) Process to find the available space and generate the 

neighbor table: Parking sensors are used in the proposed 

system to determine whether a slot is available or not. Each 

parking space in our suggested system will have an ultrasonic 

sensor installed. The roadside unit will receive the same 

information from the sensor if the slot is available if the 

automobile is parked there. The ESP8266 Wi-Fi module will 

then transfer this information to the server, as shown in Fig. 5. 

Both the neighbor table and the cost function table will receive 

an update with the slot's current status data. 

2) Booking process: The user uses a smartphone to transmit 

a message to the system if he is looking for a free parking space. 

Upon receiving this request, the system will locate parking lot 

P1 with a lower value of C(a, b, c), at which point it will notify 

the user. Algorithms 1 and 2 are used to calculate the value of 

C(a,b,c). The answer message contains directions to the parking 

lot as well as its address, such as P1. There's a good chance of 

obtaining a free spot because we propose a new parking lot 

based on the percentage of all available spaces. 

3) Payment system: When to pay the parking fee is 

determined by convention or rule, which governs the payment 

mechanism. An advance payment method is supported by the 

work. We have decided to complete the payment process at the 

time the five-hour parking slot is reserved. The sensor will 

notify the server if the vehicle is left parked for longer than five 

hours. The driver will receive a notice from the server to pay 

within five hours. The next five hours must be paid for in 

advance by the driver. 

A car initiates a request to access the parking slot. The 
request message will be forwarded to the server. The server is 
getting the information (after regular intervals) from all the 
neighboring parking slots. Each parking point of every parking 
slot (which will have the sensor) is connected to RSU as shown 
in Fig. 5 through the IoT network. The RSU will inform the 
availability of parking slots to the server through cloud 
communication. 

The server will apply Algorithm 1 to find the neighbor table. 
This will give the info about the distance of the parking slot 
from the user and the number of available slots. Now server will 
apply Algorithm 2 to apply the cost function to get the cost. 
Finally, it will apply Algorithm 3 to recommend the best slot 
after cost estimating and making the payment. 

 

Fig. 5. Updating the current status of the slot. 

V. SIMULATION 

We replicated a network deployment complete with the 
previously discussed parking architecture, to assess the 
processes' performance. We utilized an ESP8266 Wi-Fi module 
and an ultrasonic sensor to transmit the current slot state. We 
simulated this network using the NS3 VANET emulator. We 
randomly generated automobiles to join the network to replicate 
the mathematical and queuing models. In the simulation, we 
used the Poisson distribution to depict the arrival of the cars at 
the parking lot denoted by P(X). X represents the period 
between consecutive arriving cars. 

The simulation's X values are 15 and 20 sec. We viewed the 
car as the task and the parking spot as the tool used to do the 
task. In this simulation, the time essential to complete the task 
was represented by an exponential distribution, or E(Y). Here 
Y represents the mean service time a car spends in a parking 
spot. In this instance, we selected Y = 60 sec. Five parking lots 
served as five nodes in the simulation of a parking network. As 
seen in Fig. 6, we supposed that the parking slots are connected. 
As the resources, we configured each parking lot to hold four 
spots. Additionally, we generated an equal quantity of arbitrary 
cars to reach every parking lot. 20, 25, 30, and 70 cars arrive at 
each parking lot. The simulations were run repeatedly until 
every car was fixed. 

 
Fig. 6. A five-node network. 

A simulation is created based on various a and b values to 
compare network performance and give the best alternative for 
the proposed network. All alpha and beta scenarios between 
zero and one were simulated. Here are a few exceptional values 
of a and b in the range of 0 to 1. 'a' was previously valued at {0, 
0.2, 0.5, 0.8, 1}. Beta was previously valued as b = {0, 0.2, 0.5, 
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0.8, 1}. We have the distances between the network nodes put 
up D12 D15 D23 D24 D34 D45 as 0.6, 1.2, 2.4, 2.0, 1.8, and 
1.6 respectively in kilometers. We choose Dup = 2.4 km as the 
maximum value of the distance and Tup = 4 vacancies as the 
top bound of the capacity. Table VIII contains a summary of all 
the simulation's setup parameters. 

The industry and research community should recently pay 
attention to NS3 VANET Simulation, an emerging technology. 
A useful program for simulating various real-time networking 
systems, like parking and vehicle networking, is called NS3. 
Particularly in the parking system simulation, NS3 supports 
Poisson’s distribution and exponential distribution. To assess 
performance, it is possible to do statistical computations and 
export the parameters’ average values. The average automobile 
wait time for requests to park and the average time a car spends 
in the parking lot are two examples of these measures. 
Numerous earlier studies have demonstrated how closely the 
NS3 simulation findings match real-world outcomes. The 
above benefits led us to select NS3 as the simulation tool for 
this investigation. 

TABLE VIII. SIMULATION PARAMETERS FOR NS3, SUMO TRAFFIC 

SIMULATOR 

Parameter Value 

Simulation Area 1600m x 1500m 

Transmission Range 350m 

Model for Propagation Nakagami (m = 1) 

Model of Mobility Gipps 

Data Rate CBR (constant bitrate) 

Transport layer TCP Lite 

MAC and PHY layer 802.11p 

Packet size 512 bytes 

Transmission Rate 4 packets/second 

Interface Queue 20 packets 

Simulation Time 300 seconds 

Routing Protocol AODV 

Number of vehicles arriving at each car park {20, 25, 30, ….70} 

Inter-arrival rate P(15), P(20) sec 

Service rate 60 sec 

Coefficient of distance a {0, 0.2, 0.5, 0.8, 1} 

Coefficient of distance b {0, 0.2, 0.5, 0.8, 1} 

Number of runs 15 times 

Confidence Interval 95% 

Parking spaces 7 

Vehicles 70 

1) Example case: Five nodes make up the simulated 

network that was constructed. Two different assessment models 

were utilized to contrast the performance of the recommended 

algorithm with the existing parking system. The proposed first 

network model, depicted in Fig. 7(a), was created using the 

conventional approach; cars that arrive at a full parking lot will 

be parked in a line and held on to be served until no more spaces 

are available. The FIFO queue is this one. The classical 

approach is a widely used technique that illustrates the 

conventional parking system without any preparation to address 

this issue. Vehicles are looped until a parking spot becomes 

available at the node. 

As illustrated in Fig. 7(b), the networked parking model is 
employed to tackle this issue and shorten the time cars in the 
system must wait. According to this network model, a vehicle 
will be sent to a different parking lot Py that has available spots 
when it arrives at a parking lot Px that is currently full. The 
algorithms have been provided to serve as the foundation for 
the forwarding. The simulation of two network topologies has 
been employed in the proposed system, using the NS3 
simulator. The mean waiting time is examined for different 
values of parameters and the different arrival times. 

 
(a) 

 
(b) 

Fig. 7. (a) The Classical Model. (b) Networked model using a mechanism of 

forwarding. 

VI. RESULT ANALYSIS 

To evaluate the efficacy of the recommended system, firstly 
the system's recommendation for car parking is considered 
based on coefficients and the values that the parking slot 
collected in line with Tables I to VII. Here, we analyze the 
advice using just one parking space, P2. P2, P1, P3, and P4 are 
its neighbors. Ten open spots are maintained in each parking 
space to compare the suggestions. According to Tables I to VII, 
P4 is advised for C(0.2, 1, 0.8), P1 and P3 are advised for C(0.5, 
1, 0.5), and P3 is advised for C(0.8, 1, 0.2). Similarly, as the 
value of coefficients a, b, and c are changed we get different 
recommendations in each case as shown in Fig. 8 (a) to (i). 
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(a)    (b) 

  
(c)    (d) 

  
(e)    (f) 

  
(g)    (h) 

 
(i) 

Fig. 8. (a) to (i): The recommendations on varying the values of a, b and c. 
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We have now shown that the cost of driver time spent in the 
parking system is the performance metric. The time a driver 
spends using the parking system to receive service is the cost to 
the user. Expenses like money, gasoline, and pollution can be 
cut by minimizing these costs. The study's time measurement is 
the average wait time for the user's service and the average time 
the user spends using the parking system with travel, waiting, 
and service periods. Improved system performance is the result 
of a lower cost value. 

The parameters along with the lowest cost value, given the 
parameters we simulated, will be regarded as the best option 
and are used as a suggestion to implement a model similar to 
this one in real life. We have compared the average waiting time 
for the suggested network and a classical network with a loop 
is shown in Fig. 7. We used 20, 25, 30, 35, 40, 45, 50, 55, 60, 
65, and 70 automobiles that arrived at each node in the 
experiment. According to the distribution of the inter-arrival 
times, P = 15 and P = 20 seconds, as shown in Fig. 9 and Fig. 
10 respectively, four cars arrive in each parking lot per minute. 

 

Fig. 9. Average waiting time at P = 15 sec. 

 

Fig. 10. Average total time at P = 20 sec. 

The outcomes demonstrate that the method outperforms the 
network model with performance even without planning. The 
optimal performance of the suggested network is achieved with 
the least waiting time when a and b have values of 0.8 and 0.2, 
respectively. In the worst-case situation, when a = 1 and b = 0, 
the network we suggest has the greatest average waiting time 
since we used only the travel distance parameter for calculating 
C(a,b,c). Because the proportion of available parking spots is 

not considered, there is a good chance that the user will still not 
find a vacant slot at the next car park if they are merely sent to 
the one with the shortest distance. In this instance, the network 
performance is not comparable to that of a typical network. We 
recognize that using the percentage of available spots in every 
parking lot as a criterion for allocating user forwarding would 
significantly reduce the user's waiting time for the service 
compared to a standard network. 

The anticipated inter-arrival time in this instance is 20 
seconds, is greater than 15 seconds. Therefore, Fig. 9 and Fig. 
10 illustrate that the mean wait time will be greatly lowered 
(about 10 folds for the greatest situation where a is 0.2 and b is 
0.8). The simple explanation is that each node has a fixed total 
quantity of parking spaces, so the more cars that join the 
network every hour, the greater the wait time for service. 

We have simulated the design for seven parking spaces and 
70 vehicles. It can further be scaled in a real-world 
environment. We believe that there will not be any issue in a 
larger setup. 

VII. CONCLUSION 

The parking strategy suggested by this study reduces the 
number of users unable to locate a spot and lowers the expense 
of shifting to one. The planned architecture and system in an 
actual scenario have been successfully simulated and executed. 
The findings demonstrate how much the proposed algorithm 
shortens users' typical wait times for parking. The research 
findings closely match the predictions of the mathematical 
models proposed. When the majority of vehicles could locate a 
parking place without difficulty, the proposed system's 
simulation reached the best possible outcome. The average wait 
time for services in each parking lot and the overall amount of 
time spent by each automobile in each lot are decreased. 

As a future extension further research on the security 
elements of the proposed system would be considered and put 
the suggested system into large-scale real-world 
implementation. 
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