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Abstract—Internet of vehicles (IoV) promises to provide 
ubiquitous information exchange among moving vehicles and 
reliable connectivity to the internet. Therefore, IoV is becoming 
more and more popular as the number of connected vehicles is 
increasing. However, the existing vehicular communication 
infrastructure cannot guarantee reliable connectivity because all-
time information exchange for every travelling vehicle is not 
assured due to lack of required number of roadside units (RSUs) 
especially along the intercity highways. This study is aimed 
towards exploring the use of cost-effective dynamic deployment 
of RSUs based upon the road traffic density and by ensuring the 
Line of Sight (LOS) among RSUs and Cellular Network 
Antennas. The unmanned aerial vehicles (UAVs) have a potential 
to serve as economical dynamic RSUs. Therefore, the use of 
UAVs along the roadside for providing reliable and ubiquitous 
information exchange among vehicles is proposed. The UAVs will 
be deployed along the roadside and their respective placement 
will be changed dynamically based upon the current traffic 
density in order to ensure the all-time connectivity with the 
travelling vehicles and the other UAVs/Cellular Network 
antennas. The reliability of the proposed network will be tested 
in terms of signal strength and packet delivery ratio (PDR) using 
the simulation. 

Keywords—VANET; Roadside unit; internet of vehicle; social 
internet of vehicles; unmanned aerial vehicle; line of sight 
vehicular communication 

I. INTRODUCTION 
Vehicular Ad Hoc Networks (VANETs) [1] provide 

vehicle to infrastructure (V2I) and vehicle to vehicle (V2V) 
communication in order to deliver extensive range of 
applications spanning from infotainment to safety related 
applications [2, 3]. VANET is gradually evolving into Internet 
of Vehicles (IoV) that provides internet access to the travelling 
vehicles in addition to the inter-vehicular communication [4, 
5]. The popularity of IoV is increasing rapidly due to its huge 
potential in terms of connectivity and a wide range of 
advantageous applications [6]. The modern vehicular 
communication also offers accident detection [7]. The 
communication in VANETs depends on the Roadside Unit 
(RSU) [8]. However, this massive connectivity requires 
optimal deployment of communication infrastructure; in which 
roadside units (RSUs) are important component. RSUs provide 
the essential link among the vehicles and other infrastructure 
components to fulfill the connectivity challenges of IoV [9]. 
RSUs connect the vehicles to the other vehicles which are 
outside their radio range and also with the infrastructure 

components in order to provide internet access to the vehicles 
on the road [10]. 

A comprehensive strategy for installation of RSUs is 
proposed in [10]. In [11], RSUs are placed by utilizing 
geometrical methods to improve the LOS among 
communicating vehicle in modern road infrastructure units. 
Another scheme introduces deployment of RSUs efficiently in 
modern roads using approximation algorithm [12]. A similar 
approach is used in [13]. Most of the existing studies [14-16] 
focus on the optimized static placement of RSUs by using 
innovative algorithms to assist vehicular communication. On 
the other hand, the recent advancements in unmanned aerial 
vehicles (UAVs) technology can assist the vehicular 
communication by solving the problem of ubiquitous internet 
connectivity and all-time inter-vehicle communication. 
Therefore, a few recent studies [17, 18] tend to exploit the use 
of UAVs (drones)[19]as relays to assist vehicular 
communication where the road traffic is dense by improving 
the performance and reducing the network delay. UAVs are 
becoming efficient, lightweight and economical gradually [19, 
20]. A few studies advocate the use of UAVs to assist 
vehicular communication; however, the focus is to improve the 
performance and reduce the network delay in dense 
environment [21]. However, the notion of modern IoV requires 
ubiquitous internet connectivity and all-time inter-vehicle 
communication especially when traveling on highways where 
the road traffic density is sparse; therefore, internet 
connectivity and vehicular communication are compromised 
especially in highway environment [12]. Therefore, the 
existing studies lack in the exploitation of UAVs to serve as 
potential dynamic RSU especially for the highway (sparse) 
environment as the RSUs have limited converge area that 
results in significant degradation in communication. Currently, 
static placement of RSUs is in practice. The placement of a 
RSU can be changed accordingly with change in the road 
traffic density by ensuring the Line of Sight (LOS) among 
RSUs and Cellular Network Antennas to overcome the limited 
coverage area issue of RSUs. 

The goal of this study is to address the problem of all-time 
inter-vehicle communication and ubiquitous internet 
connectivity. Therefore, the aim of current work is to 
investigate the use of cost-effective dynamic deployment of 
RSUs based upon the road traffic density and by ensuring the 
Line of Sight (LOS) among RSUs and Cellular Network 
Antennas. The study targets the UAVs for economical dynamic 
deployment of RSUs due to their efficient, lightweight and 
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economical nature. Therefore, the use of UAVs along the 
roadside for providing reliable and ubiquitous information 
exchange among vehicles is proposed. Consequently, the 
current study proposes dynamic deployment and placement of 
UAVs along the roadside based upon the current traffic 
density. As a result, the proposed method ensures all-time 
connectivity with the travelling vehicles and the other 
UAVs/Cellular Network antennas. 

To achieve the goal of the study, the objectives of the 
research are as follows: 

Objective 1: To study state-of-the-art in the domain of 
deployment of RSUs. 

Objective 2: To propose dynamic deployment of RSUs 
based upon road traffic density using UAVs. 

Objective 3: To evaluate the proposed solution in terms of 
connectivity index. 

Objective 4: To compare the proposed framework with and 
without dynamic deployments of RSUs existing solution(s). 

The current study follows a research design consisting of 
five main steps to achieve the objectives of the work. In the 
first step, a review of state-of-the-art studies in roadside unit 
deployment is performed. Step 2 focuses on comparison of 
existing energy efficiency techniques. Developing a cost 
effective dynamic RSU deployment strategy based on efficient 
utilization of UAVs is the target of step 3. Evaluation of the 
proposed solution and comparison of proposed solution with 
the existing solutions are part of step 4 and 5. 

The rest of the paper is organized as follows: Section 2 
presents state-of-the-art studies in roadside unit deployment. 
This is then followed by Section 3, which describes cost 
effective dynamic RSU deployment strategy. The evaluation of 
proposed strategy is explained in Section 4. Section 5 provides 
a comparison between proposed strategy and existing work. 
The research implications of the study are highlighted in 
Section 6 and finally, Section 7 concludes the paper. 

II. RELATED WORK 
Multiple studies were conducted in the past for the efficient 

deployment of RSUs in VANETs and IoVs. This subsection 
reviews a few important studies in the domain of RSUs 
deployment. 

Some research utilized artificial intelligence technology to 
address various problems of IoV such as energy management, 
traffic monitoring and management, resource management, big 
data processing, and communication problem [8, 22, 23]. In 
[24], the authors used reinforcement learning approach called 
centralized Q-learning for energy efficiency and optimization 
in IoV. Similarly, [25]fuzzy quality of service is utilized for 
optimization of energy in IoV. The author in [22] focused on 
multi-media communication in IoV. On the other hand, UAVs 
technology has shown enormous potential to provide efficient 
solutions to diverse problems belonging to different fields of 
life due to its cost effective, lightweight and efficient nature. 
Currently, UAVs have wide range of applications in different 
domains like smart cities, traffic management, military, smart 
agriculture, smart healthcare, smart houses and industry [26-

29]. In smart cities, UAVs are providing many services such as 
traffic management, environmental monitoring, pollution 
monitoring, and security control [27]. The solutions provided 
by UAVs to traffic management include [28] that proposes a 
system for smart traffic monitoring to overcome limitations of 
existing system. Due to the recent advancements in UAVs and 
the cost-effective nature of UAVs, the study aims to utilize 
UAVs for providing all-time inter-vehicle communication and 
ubiquitous internet connectivity by dynamic deployment of 
RSUs based upon the road traffic density and by ensuring the 
Line of Sight (LOS) among RSUs and Cellular Network 
Antennas. 

A mechanism to maintain line of sight (LOS) among the 
travelling vehicles was proposed in [11]. The study considered 
modern road infrastructures such as flyovers, underpass, 
curved roads and tunnels. The study utilizes geometrical 
concepts for the efficient deployment of RSUs, signal 
enhancers and signal reflectors to maintain LOS among the 
travelling vehicles. The results of the study were promising as 
this concept provides reliable connectivity due to the 
maintenance of LOS among travelling vehicles. However, this 
study does not consider the most important highway 
environment where the connectivity is compromised due to 
coarse density of vehicles. 

A cooperative architecture for Intelligent Transportation 
System (ITS) [30] based upon distributed RSUs was presented 
in [31]. Using this architecture, the data from all the sensors 
was collected in a distributed fashion without the intervention 
of a central control system. It defines the role of each 
individual network element in the controlling the sensors and 
disseminating the information. Real-world experiments were 
also conducted to prove the correctness of idea. However, this 
study does not focus on the reliability issues of information 
dissemination as no discussion is presented on the efficient 
deployment of RSUs. 

In an attempt to identify the optimal number of RSUs in a 
highway environment, a research was conducted that analyzed 
the delay of message dissemination in VANETs [32]. Based 
upon the analysis result, the RSUs were deployed at optimal 
distances from each other. The experimental results also verify 
optimal RSUs placement. However, this study does not 
consider the dynamic RSU deployment in VANET 
environment. 

Another attempt was carried out in order to optimally 
deploy the RSUs using a novel concept of Minimal Mobility 
Pattern Coverage (MPC) [14]. Firstly, the mobility of 
travelling vehicle is predicted from a trace file. Secondly, 
based upon the extracted information, the optimal placement of 
RSUs is advocated by extracting minimal traversal of a hyper-
graph. The authors claim that the experiment results validate 
the proposed research. However, this study is yet not verified at 
large scale. Furthermore, the deployment of RSUs is based 
upon predicted mobility pattern. Therefore any change in the 
mobility pattern will negatively affect the optimal placement of 
RSUs. 

In a relatively recent study [33], an algorithmic approach 
towards optimal placement of one-dimensional RSU is 
presented. A strategy called “dynamic limiting” is first used for 
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pruning the search space. A greedy algorithm named 
“OptDynLim” is proposed that optimally identifies the 
placement of RSU. The results of the study are formally 
verified and validated with the help of simulations. However, 
this study only considers signal dimension RSU deployment 
problem and don not focuses on general RSU deployment. 

Another study [34] exists in the literature that focuses 
collectively on the 2-D RSU deployment and service task 
assignment in the domain of IoV. A linear programming based 
clustering algorithm was proposed that considers the delay 
requirements and the task assignment. The comparison of the 
algorithmic output with the optimal solution proved the 
workability of the proposed solution. However, this study lacks 
in considering the changing traffic density requirement and 
dynamic deployment of RSUs. 

A study [35] presented a state-of-the-art review of the 
applicability of UAVs in modern transportation system in 
smart city environment. This study has highlighted the 
potential uses of UAVs in ITS and the challenges that may 
encountered during the implementation. The potential 
applications include the accident reporting and police eye, 
along with the flying road side unit. Therefore, this study can 
also serve as a pivotal point towards the dynamic RSU 
deployment. 

III. PROPOSED FRAMEWORK 
In this section, the proposed solution is discussed that 

provide efficient, light weight, and cost effective method to 
provide all-time inter-vehicle communication and ubiquitous 
internet connectivity by dynamic deployment of RSUs based 
on UAVs. To achieve the objective of the work, first a 
mathematical model is formulated, then based on the proposed 
mathematical model, an extensive simulation is carried out to 
obtained the result. The proposed solution place RSUs 
dynamically based upon the road traffic density and by 
ensuring the Line of Sight (LOS) among RSUs and Cellular 
Network Antennas. In the proposed solution, a road is divided 
into n segments and a road segment has a specific number of 
poles. Mostly, these poles are part of infrastructure. One UAV 
is assigned to every road segment. Based on the traffic density, 
the UAVs containing RSU can change its location dynamically 
from one pole to another in the same road segment. This 
solution is mathematically represented below: 

The mathematical model of proposed solution is described 
below: 

Let 𝑡 ∈ 𝑃 𝑤ℎ𝑒𝑟𝑒 𝑝 = {𝑝1,𝑝2 … .𝑝𝑛}           (1) 

Here p represents poles in a road segment R. 

Let 𝐷 = { 𝑑1,𝑑2, …𝑑𝑚} 𝑤ℎ𝑒𝑟𝑒 𝑚<𝑛            (2) 

Here, D describes the number of drones. It is to be noted 
that the number of drones is less than the number of poles in a 
road segment R. 

𝑅 = {(𝑝1,𝑝2), (𝑝2,𝑝3), … (𝑝𝑛−1,𝑝𝑛)}          (3) 

𝐶𝑖 represents number of vehicles in any R at time 𝑇𝑖 and 𝑑𝑇 
is the density threshold. For no change in the scenario, 𝐶𝑖 < 𝑑𝑇 

𝐷 = ∀ 𝑑 ∈ 𝐷 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡𝑠 ∃𝑝 ∈ 𝑃 | (𝑑,𝑝)          (4) 

Otherwise, 
𝐷 =  ∀ 𝑑𝑖 ∈ 𝐷 𝑡ℎ𝑒𝑟𝑒 𝑒𝑥𝑖𝑠𝑡𝑠 ∃𝑃𝑖 ∈ 𝑃 |(𝑑𝑖 ,𝑝𝑖+1)𝐶𝑖  ≥ 𝑑𝑇   (5) 

At time T1, D may have following values depicting that 
which particular drone is present at which pole at the moment. 

𝐷 = �(𝑑1,𝑝1), (𝑑2,𝑝4), … �𝑑𝑚,𝑝𝑛−1��           (6) 

IV. EXPERIMENTAL SETUP 
In the current research, three scenarios are selected for 

performing experimental results. The details of these scenarios 
are presented in Table I. For the scenario 1 and 2, M2 
motorway of Pakistan, and Makkah-Madinah highway are 
selected, respectively. Khulais, urban area of Makkah province 
of Saudi Arabia is selected for urban scenario. The topologies 
of roads selected in our scenarios are imported to SUMO 
simulator by utilizing OpenStreetMap utility. A total of three 
dynamic RSUs are deployed with a range of one Km. The 
minimum and maximum vehicles for highway scenario 1 and 2 
are same, which are, 1 and 50, respectively. However, due the 
different nature of urban scenario the minimum number of 
vehicles is 10 and the maximum number of vehicles is 60. 
Further, minimum and maximum communicating vehicles are 
same for highway scenario while urban scenario has different 
minimum and maximum vehicles as depicted in Table I. For 
both highway scenarios a three KM segment of road is 
selected. On the other hand, nine square KM segment is 
preferred for ubran scenario. Fig. 1 depicted the highway 
scenario 1, i.e. M2 motorway of Pakistan. Urban scenario in 
SUMO is portrayed in Fig. 2 and Fig. 3 shows the urban 
scenario with running vehicles in SUMO. 

TABLE I. DETAIL OF EXPERIMENTAL SETUP 

Scena
rios 

Minim
um 
Vehicl
es  

Maxi
mum 
Vehicl
es 

Minimum 
Communi
cating 
Vehicles 

Maximum 
Communi
cating 
Vehicles 

Area  

Selecte
d 
Highw
ays 

Highw
ay 
Scenar
io 1 

1 50 1 14 
3 KM 
Segm
ent  

M2 
Motor
way, 
Pakista
n 

Highw
ay 
Scenar
io 2 

1 50 1 14 
3 KM 
Segm
ent 

Makka
h-
Madin
a 
Highw
ay, 
Saudi 
Arabia  

Urban 
Scenar
io 

10 60 4 17 
9 
Squar
e KM 

Khulai
s, 
Makka
h, 
Saudi 
Arabia 
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Fig. 1. High Way Scenario. 

 
Fig. 2. Urban Scenario in SUMO. 

 
Fig. 3. Urban Scenario with Running Vehicles. 

V. EXPERIMENTAL RESULTS 
This section presents the results of connectivity index and 

percentage index for three selected scenarios. 

Fig. 4, 5 and 6 described the connectivity index with 
dynamic deployment of RSUs for scenario 1, 2, and 3 
respectively. The connectivity index elevates with the 
increased number of vehicles, however, important point to note 
here is, due to dynamic deployment, the connectivity index has 
raised 19% and 25%, respectively. Consequently, it is inferred 
that, with the deployment of RSUs dynamically, significant 
improvement in connectivity index is achieved resulting in 
enhanced vehicular communication. Correspondingly, 
connectivity index upgraded 13% in urban scenario supporting 
the previous inference. However, the boost in vehicular 
communication in urban scenario is less as compared to 
highway scenarios. Hence, it is concluded that the proposed 
dynamic deployment is more suitable to the highway scenarios 
as compared to urban scenario. Further, extensive research is 
required for the dynamic deployment of RSUs in urban 
scenario to take maximum advantage of the proposed 
deployment. 

 
Fig. 4. Connectivity Index for Highway Scenario 1. 

 
Fig. 5. Connectivity Index for Highway Scenario 2. 

 
Fig. 6. Connectivity Index for Urban Scenario. 

Fig. 7 exhibited the amplification in vehicular 
communication due to dynamic deployments of RSUs. A 
considerable escalation is attained in the all scenarios. For 
highway scenario 1 and 2, gain in connectivity is 19% and 
25%, respectively. On the other hand, the gain connectivity is 
13%. These results support the dynamic deployment of RSUs 
in highway scenarios as well as in urban scenarios. However, 
in urban scenarios, the connectivity gain can be enhanced by 
conducting further research as discussed earlier. 

192 | P a g e  
www.ijacsa.thesai.org 



(IJACSA) International Journal of Advanced Computer Science and Applications, 
Vol. 13, No. 1, 2022 

 
Fig. 7. % Gain in Connectivity of all Scenarios. 

 
Fig. 8. Comparison of Connectivity Index with and without Dynamic 

Deployment for all Scenarios. 

It is also important to validate the results to show the 
improvement in connectivity index due the proposed dynamic 
deployment of RSUs. For this purpose, the current work 
compares the connectivity index with and without dynamic 
deployment of RSUs for all scenarios. Fig. 8 illustrates this 
comparison. A superior connectivity index has achieved in all 
scenarios due to the deployment of RSUs dynamically. The 
highway scenario 2 obtained the highest connectivity index 
while the lowest connectivity index is associated with highway 
scenario 1 with the proposed method. 

VI. RESEARCH IMPLICATIONS 
The findings of the studies can be beneficial to for 

scientific community. The findings can be utilized to design 
and develop new standards, applications, and protocols on the 
basis of the dynamic RSU deployment. It will provide a cost 
effective solution to the classic RSU deployment problem. 
Further, the implications of the findings of the study are 
twofold in scientific community perceptive; (i) the new 
standards, applications, and protocols in IoV and modern 
transportation domains will be evaluated considering the 
maximum reliability in message dissemination, and (ii) the cost 
deployment and maintenance of RSUs will be reduced. In the 
society betterment prospective, the results can be exploited in 

multiple manners. In line with the vision 2030 of Saudi Arabia, 
the cost effective solution in modern transportation 
environment along the highways will be beneficial for the 
general public and transportation companies in terms of 
reliability of information exchange during the travel. Specially, 
the expected outcomes are advantageous for huge traffic 
movement during the Hajj and Umrah seasons. 

VII. CONCLUSION, FUTURE WORK AND LIMITATIONS 
Currently, IoV provides Internet connectivity between 

moving vehicles; however, all-time connectivity among 
moving vehicles is not assured due to the limited number of 
RSUs. Consequently, busy intercity highways are facing a 
problem of limited connectivity to the Internet resulting in 
reduced information exchange. To address this limitation, the 
current study proposes, mathematically modeled, 
experimented, and evaluated a scheme to dynamically place 
RSUs in highways and urban scenarios. The placement of 
RSUs is based on road traffic density by ensuring line of sight 
among RSU and Cellular Network Antennas. The proposed 
scheme is evaluated based on connectivity index that describes 
the communication among vehicles. The experimental results 
for three scenarios: highway scenario 1, highway scenario 2, 
and urban scenario highlighted the superiority of proposed 
scheme in terms of connectivity index. The connectivity index 
is considerably higher in the proposed scheme for all of the 
scenarios resulting in increased vehicular communication. 
Thus, addressing the problem of vehicular communication in 
IoV. The study has some limitations too. First, the proposed 
scheme is evaluated on small scale with three scenarios. 
Second, for the large scale evaluation, only simulation results 
are presented. Third, real-world evaluation is not executed. 
Therefore, future directions of this work include real-world 
evaluation of the scheme. Moreover, more scenarios from 
different geographical region will be select to evaluate the 
proposed scheme. 
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