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ABSTRACT/ With the tremendous advancement in mobility and networking technology, Vehicle Ad hoc Networks (VANETs) have 

attracted researchers both from academia and industry. However, despite all his hype, the deployment and connectivity issues 
in VANETs still need attention. The nature of deployment of the nodes in VANETs environment imposes spares traffic and 
irregular mobility model which leads to the lack of connectivity. Installing a new Road Side Unit (RSU) infrastructure to support 
connectivity is not a good option due to the increased cost of hardware and other reasons. In this study, we proposed a new 
scheme to maintain connectivity by selecting a vehicle as a temporary RSU for a while of time to rebroadcast. This temporary 
RSU is a backbone to serve as a transitory infrastructure to improve connectivity. In additional, through simulation analyze 
the impact of adding multiple RSU and its effect on network connectivity is addressed. The approach is focuses on the proposed 
scheme which is extremely attractive, and this is because of cost-free and ubiquity that is characterized by. The main idea 
behind our proposed scheme its dependence on the cooperation among vehicles and does not needs to additional equipment. 
The results confirm that our proposed system is performing better, and improve message reachability by 42% to 85%.Our 
proposed scheme is compared with the previous studies in the literature by one temporary RSU is used to increase the 
connectivity, many parameters are used to evaluate work. The results of the simulation scenario are shown the most noticeable 
observation of the proposed scheme when the number of the relay vehicle is more than one. The message reachability 
improvement is twofold when another RSU is added to VANETs scenario. Keywords: Road Side Unit, Connectivity, message 

Reachability, Packet delivery ratio, and an end to end delay. RESUMEN / Con el tremendo avance en la tecnología de movilidad y 

redes, las Redes de vehículos ad hoc (VANET) han atraído a investigadores tanto de la academia como de la industria. Sin embargo, a 
pesar de todas sus exageraciones, los problemas de implementación y conectividad en VANET aún necesitan atención. La naturaleza de 
la implementación de los nodos en el entorno de VANET impone un modelo de tráfico y movilidad irregular, lo que conduce a la falta 
de conectividad. La instalación de una nueva infraestructura de unidad lateral de carretera (RSU) para admitir la conectividad no es 
una buena opción debido al aumento en el costo del hardware y otras razones. En este estudio, propusimos un nuevo esquema para 
mantener la conectividad seleccionando un vehículo como RSU temporal durante un tiempo para retransmitir. Esta RSU temporal es 
una columna vertebral que sirve como infraestructura transitoria para mejorar la conectividad. Además, a través de la simulación se 
analiza el impacto de agregar múltiples RSU y se aborda su efecto en la conectividad de la red. El enfoque se centra en el esquema 
propuesto, que es extremadamente atractivo, y esto se debe a la ubicuidad y sin costo que se caracteriza por. La idea principal detrás 
de nuestro esquema propuesto es su dependencia de la cooperación entre vehículos y no necesita equipo adicional. Los resultados 
confirman que nuestro sistema propuesto está funcionando mejor y mejoran el alcance del mensaje en un 42% a 85%. Nuestro esquema 
propuesto se compara con los estudios previos en la literatura por un RSU temporal que se utiliza para aumentar la conectividad, se 
utilizan muchos parámetros para evaluar el trabajo Los resultados del escenario de simulación muestran la observación más notable del 
esquema propuesto cuando el número del vehículo de relevo es más de uno. La mejora de la accesibilidad del mensaje es doble cuando 
se agrega otra RSU al escenario de VANET. Palabras clave: Unidad de carretera, conectividad, alcance de mensajes, relación de entrega 
de paquetes y retraso de extremo a extremo. 
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1. Introduction 

With the proliferation increase of wireless 

devices and embedded wireless connectivity, 

VANETs (Vehicular Ad-hoc Networks) are 

becoming scalable and expanding day-by-day. 

Therefore, an important consideration 

pertaining to the scalability of VANETs is 

network connectivity. Network connectivity in 

VANET is significantly affected due to dynamic 

network topology coupled with an unbalanced 

density of mobile vehicles/nodes. Hence, the 

poor network connectivity leads to loss of 

important data and communication failure.   

The density of the vehicle may be sparse or 

dense, sparse density leads to disconnection 

because the vehicle is very hard to find the 

neighboring vehicles. While in dense manner 

vehicles exist with high numbers due to traffic 

jam, traffic light, and car-following driving. As 

a result, VANETs are considered as a 

challenging network in connectivity and 

described as an opportunistically network. 

It’s worth mentioning that connectivity is 

viewed as a foundation for different basic 

directing and all application performance and 

execution. Many studies are proposed to deal 

with the opportunistic networking including 

delay-tolerant networks and broadcast 

methods. Instead of previous studies, for 

ambitious targeting to solve this problem by 

focusing on the questions: how to enhance the 

connectivity? To answer this question 

enhancing based on various factors. Message 

lost through exchange the data and delay of 

transmission are two factors that need to be 

reduced. Correspondingly, VANETs application 

may benefit from reliable data delivery, and 

users get satisfying services with low 

challenge environment. 

The access point is used to provide an access 

to all neighbor nodes, and which considers one 

of the approaches that used to integrating 

roaming vehicles with Internet service [1]. 

Recent studies [2] proved that selecting 

suitable deployment for an access point can 

enhance connectivity extensively. Another 

viable approach is to establish Road Side Unit 

(RSU) for relaying a message. Efforts like [3]  

and others trying to accomplish relaying unit 

for forwarding a packet and strategic locations 

are discussed. However, the expanded 

deployment of wireless infrastructure is costly. 

For deploying an access point installation with 

equipment required 5,000 US dollars per unit 

[4] With regarding relay nodes, it's cheaper 

but more nodes are required to perform the 

same efficiency. Furthermore, in case static 

RSU deployment which is suffering from not 

adaptive with traffic flow change[13][14]. 

According to the above challenges for 

adopting an ideal approach to increase the 

connectivity of VANETs infrastructure is 

impossible to build an optimal deployment. In 

this study, we proposed a new scheme to 

maintain connectivity by selecting a vehicle as 

a temporary RSU for a while of time to 

rebroadcast. This temporary RSU is a 

backbone to serve as a transitory 

infrastructure to improve 

connectivity[15][16]. In additional, through 

simulation analyze the impact of adding 

multiple RSU and its effect on network 

connectivity. The approach is focuses on the 

proposed scheme which is extremely 

attractive, and this is because of cost-free and 

ubiquity that is characterized by. 

Furthermore, deployment the RSU in the city 

environment which is very default in most 

cases. The main idea behind our proposed 

scheme its dependence on the cooperation 

among vehicles and does not needs to 

additional equipment.[17][18] 

The rest of the paper is organized as follows: 

literature survey is shown previous state of 

the art and in section 3 explains the reasons 

behind select a vehicle as RSU. The proposed 

methodology is discussed and stated in 

section 4 with the algorithm that supports the 

suggestion. In section 5 simulation setting is 

presented for scenario and finally, section 6 

involved conclusion and future work is 

presented. 

2. Literature survey 

Increasing connectivity in VANET has gained 

an extensive interesting in the academic field 

most of them focusing on the analytical and 

simulation approach. In this field, Banerjee et 

al. [5] cover both analytical and simulation 

prove that node and mesh nodes are more 

expensive than using the base station. And the 

authors propose that adding a view number of 

infrastructure is more efficient than that a 

large number of roaming nodes. 

Another research Trullols et al. [6]  which 

focused on the maximizing the coverage area 

and addressing this issue. More specifically, 

the author suggested achieving this goal by 

installing RSU in the intersection area. Two 

strategies are proposed for proper placement 

of the RSU: one focusing on increasing 

number of the vehicles that play as an RSU, 

http://DOI:10.4206/aus.2019.n26.2.33
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and the second is done by increases the time 

of contact between the vehicle and RSU. 

On the other hand, many studies address the 

effective communication between RSU and 

vehicles. For example, Zhang et al. [3] 

proposed a scheduling scheme for RSU that 

support balancing in downloaded and 

uploaded requests for high-speed vehicles in 

the highway scenario. 

Sommer et al. [7] is an interesting paper that 

combined between simulation and experiment 

in real life to extend the connectivity through 

using the parked vehicle, and this is done by 

covering the disconnectivity network problem. 

The paper assures that cooperative awareness 

increased by 40% by using parked vehicles as 

a relayer. 

Finally, Tonguz et al. [8] proposed a 

biological-inspired approach to support the 

RSU concept. This study leverage RSU 

concepts by equipped the vehicle by DSRC 

technology to serve as a temporary RSU. 

According to design rules, the equipped 

vehicle independently calculates whether can 

play as a RSU or not; if so, it should stops for 

a while of time and rebroadcast the messages. 

The outcomes proves the enhancement in 

message reachability which is considers as a 

cornerstone for most disseminate of safety 

messages in VANETs applications. The study 

suggested a single RSU and check the 

effectiveness on the message reachability.   

This paper is focusing on the effectiveness of 

adding more RSU in scenario and shown their 

impact on the connectivity specifically on the 

message reachability. 

3. Selection a Vehicle as an RSU 

One of the major approach that supporting 

connectivity is using an RSU for improving 

connectivity for VANETs. But this solution is 

not applicable for various reasons: as we know 

that the position of each RSU should locate in 

proper position and this considers as one of 

the major challenges. Another reason is the 

collaboration and coalition between the 

private and public sector with cities authorities 

is hard to establish. This cooperation is very 

important for successful deployment 

infrastructure. The last reasons are the cost of 

deployment such RSU which is more important 

than previous reasons [8].  

For the above reasons the solution to increase 

the connectivity should involve a temporary 

RSU that leverages the dedicated Shorted 

Range Communication (DSRC) [9]technology. 

Temporary RSU should serve by a vehicle that 

stops a while of time like a conventional RSU. 

Conventional RSU is relaying messages to 

neighbor vehicles and acting as a relayer for 

other vehicles in the network. So, our 

approach is to use a temporary RSU for 

improving connectivity in the VANETs 

infrastructure. 

Its worth to mention that our target scenario 

application should clearly identify. It's obvious 

that large cities mostly classified to region and 

zones for easy handle and management in the 

case where some emergency circumference 

occurs. For these situations, very important to 

warn vehicles in neighbor zones about the 

dangers to avoid and look for alternative 

route. 

The key question for this approaching is which 

vehicle should select as a temporary RSU, and 

what is the impact of this vehicle on the 

connectivity of the VANETs infrastructure? 

4. Proposed Method 

4.1 Network Model 

Figure 1 depicted a simple example for our 

proposed scenario where the urban 

environment is divided into zones. All the 

intermitting of communication in VANETs 

infrastructure occurs in the boundary zones so 

we are suggested to select the vehicles that 

are positioned at the boundary of the zone. We 

assume that coverage range is covered all the 

zone but boundary vehicles need to 

rebroadcast to widen the range of coverage 

area for other zones. In addition to the 

location of temporary RSU the direction should 

be considered. At this stage, we select two 

vehicles one of them has a direction towards 

the center of the zone and another outward 

with the 90º angle between them. 

 
4.2 Algorithm for selecting RSU 

This section is focusing on the rules to select 

the candidate vehicles that may serve as a 

temporary RSU. All vehicles assumed 

equipped with a Global Position System [10] 

(GPS), and they save a built-in digital map to 

http://DOI:10.4206/aus.2019.n26.2.33
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know the zones city. All vehicles announce 

their locations through beacon messages and 

they will know their one-hop neighbors. So, 

vehicles identify their locations and directions 

according to the (1), (2) and (3) equations. 

𝑥𝑛 =𝑥2− 𝑥1   (1) 

𝑦𝑛 =y2 − 𝑦1   (2) 

  𝛽 = tan−1 𝑦𝑛

𝑋𝑛
                    (3) 

 

Where (𝑥2, 𝑦2) and (𝑥1, 𝑦1) are the current 

and previous locations of all vehicles 

respective. Update position of the vehicle 

coordinates 𝑥𝑛 𝑎𝑛𝑑 𝑦𝑛 can calculate by each 

vehicle, in addition, the direction 𝛽 also can 

compute.  

 
Figure 2 depicted how our scheme select the 

two vehicles (R, R1) as RSUs in orthogonal 

form. 

Algorithm 1 explains the steps to achieve the 

proposed scheme, all vehicles in each zone 

broadcast their locations to all zones member 

to calculate their directions and locations with 

respect to the zone center. Hence, each 

vehicle decided to contribute as an RSU or not 

according to the above conditions. 

Algorithm (1): Selecting RSU Vehicles 

Input: All vehicles coordinates 

Output: Identify RSU Vehicles 

1. Begin 

2. Get coordinates of all vehicles 

3. For each vehicle 

4. IF the direction towards the zone center 

of the vehicle 

5. Calculates the distance between the 

vehicle and the zone center 

6.  Then select vehicle that located 

on the perimeter of the zone as an RSU 

and should stop a specific time 

7. End IF 

8. Else the direction outward zone center 

9. Calculates the distance between the 

vehicle and the zone center 

10.  Select another vehicle located on 

zone boundary and has an angle 𝛽 =90º 

with respect to first selected one for 

stopping. 

11. End for 

12. End 

 

5. Simulation Setting 

For simulation Table 1 summarizes the 

parameters values used in the simulation for 

the proposed scenario. The metric is used to 

evaluate the advantage of using temporary 

RSU on the connectivity of VANETs message 

reachability. Message reachability is selected 

as an indicator for dissemination ratio 

accomplished by the proposed solution. This 

means that a fraction of the vehicles that 

received the message with respect to a total 

number of them when implemented the 

proposed solution. This metric refer to 

dynamic connectivity and not to static, where 

the network reachability refers to static 

connectivity in contrary[6, 11,12]. 

 

Table 1: Simulation Parameters 

 

Parameter Value 

Channel type Wireless 

channel 

Antenna model Omni 

antenna 

Network interface type Wireless Phy 

Interface queue type Droptail 

MAC type Mac/802.11 

Radio propagation 

model 

Two ray 

ground 

Number of nodes 20 

Simulation area 40km *14km 

http://DOI:10.4206/aus.2019.n26.2.33
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Simulation time 150sec 

Packet size 1500Kbyte 

Speed 40km/h 

No. Relay Nodes 1…..2 

Zone size 1km X 1km 

max packet interface 

queue 

50 

Transmission range 250 m 

Figure 2 illustrated the scenario in ns-2 which 

demonstrates the network nodes locations in 

two different instants of simulation; it is 

cleared that nodes location keeps on change 

continuously. Relay nodes deployment can be 

shown in Figure 3. 

  
Figure 3: scenario (a) before and (b) after 

transmission in NS- 

6. Results and Discussion 

Our proposed scheme is compared with the 

study [8] where one temporary RSU is used to 

increase the connectivity, many parameters 

are used to evaluate work. The results of the 

simulation scenario are shown in Figure 4, the 

most noticeable observation of the proposed 

scheme when the number of the relay vehicle 

is more than one. The message reachability 

improvement is twofold when another RSU is 

added to VANETs scenario. Approximately 

reachability is 42% when one RSU is used 

while its value jumped to 85% in case two RSU 

are used. This enhancement comes from 

increasing the RSU vehicle numbers which 

affect the rebroadcast manipulation. When the 

scenario is using one RSU as a relayer then 

the messages are rebroadcast at the boundary 

zones by one point (1 RSU), while the 

rebroadcast function is occurring in two 

different points in zone boundary when the 

scenario is using two RSUs. By this way, the 

probability of reaching messages is higher in 

the second scenario a twice value than the 

first one. Furthermore, this improvement in 

connectivity affects the waiting time of the 

temporary RSU by degradation of the travel 

time of the vehicle. So, selected RSU will pay 

the cost of increasing connectivity by the 

expense of waiting time. Table 2 involved the 

reachability values with one and two RSU. 

Table 2: Reachability value with one or two 

relay Nodes 

Time 

(Seconds) 

Reachability 

with single RSU 

Reachability 

with two RSU 

0-10 31 63 

10-20 38 79 

20-30 40 83 

30-40 42 83 

40-50 40 79 

50-60 40 79 

60-70 40 79 

70-80 40 78 

80-90 39 78 

90-100 38 78 

100-110 43 82 

110-120 38 80 

120-130 40 80 

7. Conclusion and Future Work 

The approach in this paper focuses on the 

proposed scheme which is extremely 

attractive, and this is because of cost-free and 

ubiquity that is characterized by. As we 

mentioned before about deployment the RSU 

in the city environment which is very default 

in most cases. The main idea behind our 

proposed scheme its dependence on the 

cooperation among vehicles and does not 

needs to additional equipment. An overall 

improvement of 42% to 85% can be seen in 

the results due to the usage of temporary 

RSU. This work can be further extended in the 

future, e.g. Future work for this idea required 

in many aspects; with respect to the location 

of the RSU it may be very beneficial if we 

extended more RSU to add them to a different 

direction. The RSU vehicle in our scheme 

imposed a while of stopping time it should 

calculate the waiting time that needs to 

outperform high reliable connectivity. 
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