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Abstract 
 
With tremendous development of wireless and mobile communication 

technologies, the technical advancement of transportation systems happened 

and named as Intelligent Transportation Systems (ITS). Modern vehicles are 

able to send and receive packets between other vehicles as well as road side 

units. This leads to developments of routing protocols for vehicular adhoc 

networks and they are having their own drawbacks like more packet drop, 

congestion etc. due to high mobility in the network which leads to failure of 

sustainability of the network. To overcome those issues, this research work 

proposed a novel routing protocol called as V2I – optimal route selection 

protocol (V2I-OR) which is specifically designed for vehicle to infrastructure 

communication. This V2I-OR protocol facilitates the optimal routing 

between vehicle to infrastructure through intermediate road side units (RSU) 

and vehicles. The performance evaluation of the V2I-OR protocol in 

comparison with other two methods which were proposed recently proves 

that the V2I-OR protocol performing well under different traffic conditions. 
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1 Introduction 
 

With the immense advent of the urban center, and developments of traffic 

regulations has progressed the people’ transportation services and assets. 

Consequently, with increasing the number of vehicles in our daily-life, 

several vehicles’ type has become essential, new issues have appeared: 

congestion of the road, traffic incidents, and utilization of the road resources, 

etc. At this status, the Vehicular Ad Hoc Networks (VANETs) suggested 

creating a secure transportation system [1][23][24]. VANET allow road 

vehicles to domestically share pertinent the traffic information by multi-hop 

or single-hop communications, that’s why it is evaluated as the most 

significant and hopeful technologies that could work for most of the 

applications of Intelligent Transport System (ITS) [2].Currently, millions 

modern vehicles that are registered at the world that are provided with the 

systems of navigation and the GPS receivers, at the result, the geographic 

routing protocols most popular at VANETs due to their clarity and 

simplicity, overheads are low, with the GPS devices availability. 

Furthermore, most of the geographic routing protocols suppose that vehicles’ 

velocity in VANET is constant at the period of the hello packet, as well as 

each vehicle distinguish its neighbors utilizing the hello packet. The 

protocols utilized in the geographic routing contain the Connectivity- Aware 

Routing (CAR), Greedy Perimeter Coordinator Routing (GPCR), Geographic 

Source Routing (GSR), Greedy Perimeter Stateless Routing (GPSR), 

Anchor-based Street and- Traffic-Aware Routing (A-STAR), Contention-

Based Forwarding (CBR), the Position-Based Routing at the Sensing Crowd 

Vehicular Networks[3]. The main issues is that routing at VANETs is a 

complex function and this is due to the high mobility of nodes, and because 

of the rapid changes of topology, that’s why maintaining and routes are the 

most challenging function, to transfer the packets with the less period. 

Another problem of routing is varying from vehicle velocity and density at 

the road as well as the sparse division of vehicles at many geographical areas 

that make the connectivity poor, also degeneration the performance of the 

network. Consequently, an accurate localization system for vehicular still is 

an issue that requires to be investigated and addressed as mentioned at [4], 

particularly in the serious safety- based application like blind crossing and 

driverless vehicles. The purpose behind this research topic is selecting a new 

route metric that determines how suitable a communication link will be able 

to route information between two points and separated at some distance. 

Consequently, how the road tree information will be shared among the 

vehicles. In this work depending on the location-based routing, we find the 

shortest route metric to broadcast message between the vehicles and RSU, 

when the vehicles are moving from a block to another block and want to  

 



 

 

 
 

 
 

 

V21-Optimal Energy Efficient Based Route Selection Protocol for Vehicle to 

Infrastructure Communication in Intelligent Transportation System for Sustainability 

338 

 
address request to the RSU to receive an information packet about the 

infrastructure services (i.e. ex-vehicle garage, fuel station, parking location, 

etc.), to updates its information with the corresponding RSU, as well as the 

Global Position System (GPS) coordinates of each vehicle is used. The 

information packets are broadcasting as a WSMP payload section. The rest 

of the paper is arranged as follows, Section II discuss few related methods 

proposed earlier. Section 3 illustrates the proposed protocol operation in 

detail. Section 4 provides information about the performance evaluation of 

the proposed protocol in comparison with few other methods discussed in 

section 2. Section 5 concludes the papers with insight for future research 

direction.  

 
2 Related Work 
 

 This section presents the common approach and general review of the 

theoretical backgrounds on the location-based routing based in VANETs, and 

how to route information between vehicles and RSUs when using GPS in 

vehicles. The location-based routing protocols also renowned as the 

Geographic routing protocols, the routing process at this kind of protocol 

depends upon positional information of nodes’ moving. The route 

maintenance and route discovery are not desired for these kinds of protocols 

thus the routing table not preserved, the location-based routing protocols are 

divided into Delay Tolerant Network (DTN), Non-Delay Tolerant Network 

(Non-DTN), and hybrid [5]. The protocols of vehicle-assisted data delivery 

(VADD), while the packet receives the junction, at that time the existing 

vehicle choose the next vehicle to send the packet, and it might be lead to a 

little lateness in the packet delivering [6]. A protocol calculates the minimum 

distance of the destination vehicle for the nearest point (NP) at the vehicle’s 

path [7]. It computes the time of receiving message packets to the destination 

as well, in case of having another vehicle which takes minimum time for 

forwarding packet to destination after that the packet is awarded of that 

vehicle, this procedure will continue till the destination receive the packets 

[8]. The authors of [9]Suggested the Greedy Perimeter stateless routing 

(GPSR) scheme, which ate utilizes the perimeter forwarding and greedy 

forwarding for the selecting next-hop dynamically. The source node transfers 

message to destination through utilizing the strategy of greedy also it 

forwards the packet to the closest node which is near to destination. The 

strategy of E-GPSR routing is used to the protocol of GPSR routing that 

depends on the volume of the buffer to control this issue, through considering 

the accessible volume of the buffers node in addition to outing parameters 

and position[10][11]. At [12] Proposed an “Anchor-based Street and Traffic-

Aware Routing (A-STAR)” to the city urban. This scheme utilizes data of 

vehicular traffic for the city bus for examining the links of end-to-end. It 

warranties high packet submission in the city environment. A-STAR utilized  
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several approaches to compute the whole route to send data. At the A-STAR 

algorithm of Dijikstra is utilized to compute the route path known as anchor 

path [13].At [14] place the forward Greedy Traffic-Aware Routing (GyTAR) 

which measures the traffic density and length of the path. By the support of 

real-time route traffic difference, the GyTAR contain minimum end-to-end 

packet loss and delay than the GSR. Otherwise, the GyTAR suppose that the 

routing impact routing is a distance, traffic density, and linear, which reduces 

enough theoretical guide. [15] concentrated on data-position through a low-

cost of GPS and measurements of speed utilizing an Interactive several 

Model for predicting lane shifting on the highways[16]. At the 

[17]implements the algorithm of HPR (Hybrid of Probability and message 

Redundancy) which perform parallel information message transmit in the 

multi-route mode to progress the delivery rate of message. At this procedure, 

an ultimate number of the copies is determined for all source node. 

Furthermore, to lowest the overhead at the network, the algorithm takes care 

of the delivery of nodes eventuality value like the basis for sending message. 

At the [18] applying Geo Spray routing protocol suppose that each node is 

conscious of its location (their geographical position). The Geo Spray assume 

the approach of replication of Spray as well as the wait protocol for limiting 

the quantity of the duplicated reproduce. As well as, the Geo Spray warranty 

that copies of bundle only are propagation to nodes at the network which 

going closer (and/or receive in a short time) to the pack destination, as well 

as it permits every node to send a copy of its bundle to other nodes as well 

which could carry the data nearer to destination. The communication system 

of WAVE is not just supplying the communication among the RSU and 

OBU, also it provides communication among OBUs. And OBU equipped on 

vehicles also gives service to the driver as well as to passenger. And installed 

the RSU on roadside also supplies with the task of connecting with the 

foreign network. Thus, OBU could be linked with the exterior network by 

RSU. Several studies regarded to the WAVE performed [19]. As well as, due 

to the maximum cost of RSU installation with problems of geographical, 

range of communication at RSUs might not contain the whole roads. These 

issues could cause to Internet connection discontinuous the disconnection of 

ITS (intelligent transport system) also could lead sharp problems to the safety 

of vehicles. The standard of WAVE only helps the transformation scheme of 

singular-hop, as well as RSU, could transfer the frame of data and safety 

information to the services of ITS for vehicles at its visual range. The 

vehicles out of the range of communication at the RSU couldn’t link to RSU 

and obtain frames of data for the applications service and the safety 

information packets to the services of ITS. At environments, while there are 

several RSU’ shades zones, the lack of data frame also messages safety 

dramatically raises. For addressing these issues, the technique of relay 

communicating usable required for VANET. The effective relay resolution 

scheme required to cope adaptively with the issues of link isolation also the 

overhead raise because of the vehicles high mobility. More of the current  
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research is deals with multiple-hop communications at VANETs. To 

overcome the above issues in various proposed methods, this research work 

developed and demonstrated a new optimal routing protocol for vehicle to 

infrastructure communication to achieve sustainability. 

 

3 V2I - Optimal Routing Protocol 
 

 This section describes the adopted methodology and the implementation 

of route optimization by explaining some of the parameters that have 

influences on the route path and the process of broadcasting RRP and RRQ 

among RSUs. The main purpose behind choosing location-based routing is 

that it becomes the most scalable, promising, and effective for data 

communications solution at the VANET. For information transferring at the 

intended target, it takes advantage of the nodes’ geographical coordination 

like the replacement to the information of topological connectivity at the 

network. The V2I routing protocol depends on the following supposition: 

1. At VANET every vehicle must be equipped with the GPS equipment to 

be conscious with their particular locations.  

2. Every vehicle for communicating contains a transceiver.  

3. By the speedometer, every vehicle could measure their immediate 

velocity all the time that make it able to transfer that information through 

their transceiver for the infrastructure.  

A sample road scenario is given in figure 1which is utilizing the 

Intelligent Transportation System. 

 

 
 

Figure 1 Sample Scenario of ITS 
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3.1 Route Request & Reply  

 
The Route Request Message (RREQ) message is created to discover a 

route for a confirmed destination (D). It contains the information 

coordination of a source node (S) with the ID of a node (SID). Also, it 

includes the information ID (DID), information coordination of node (D) with 

the timestamp in the last upgrade of the Route Request Message (RREQ). 

The message layout is specified in the figure 2. The Route Request (RREQ) 

Message will become multicast for the subsets of the node, the subset 

contains nodes with the maximum possibility to transfer the message. 

 
 

 

 

 

Figure 2 The Route Request (RREQ) Message Format 

 

While the Route Request (RREQ) Message arrives in the destination, the 

Route Reply (RREP) Message is forward through the destination to the 

source, and this message will move over the inversed given route at the 

RREQ. Destination node accepts and considers the RREQ message which 

arrives firstly for RREP, and discarded the other RREQ messages. The data 

transmission occurs when a route is determined and the Route Reply (RREP) 

Message receives the source, then the transmission of data starts from source 

to the destination over the path. The RREP packet format is given in figure 3. 
 

Source 

ID 

Destination 

ID 
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All 

routes 

Neighbour 

ID 
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Hop 

Broadcast 

Time 

Receive 

Time 

 

Figure 3 Route Replay Message Packet Format that Broadcasted by Each RSUs 

 

3.2 Route Calculation 

 

The following are the parameters that are utilized for computing the 

routing metric, the metric could include: measuring link utilization, speed of 

the path, path bandwidth, load, packet loss (router congestion/conditions), 

path reliability, MTU (Maximum transmission unit), number of hops (hop 

count), latency (delay), throughput [SNMP - query routers], Administrator 

configured value. The process of RREQ and RREP become as follow: 

 The RSU broadcast the RREQ message to the adjacent RSU with its ID 

and broadcasting time. 

 The adjacent RSU after receiving the RREQ it records the receiving time 

if the Tr <Tm it will transfer the RREQ to its other neighbour RSU with 

hop account (max_hop+1). 
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https://en.wikipedia.org/wiki/Bandwidth_(computing)
https://en.wikipedia.org/wiki/Load_(computing)
https://en.wikipedia.org/wiki/Maximum_transmission_unit
https://en.wikipedia.org/wiki/Hop_count
https://en.wikipedia.org/wiki/Hop_count
https://en.wikipedia.org/wiki/Lag
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 If a neighbor RSU doesn’t receive the RREQ at the time, the hop account 

must be more than the Max_hop.  

 Some of the adjacent RSU obtains only one RREQ and this is because of 

the hop ≤ Max_hop, if a node receives more than one-time form adjacent 

RSU, it start computes all routes with the hop ≤ Max_hop and select the 

preferable one with a minimum hop count. 

 The adjacent RSU start broadcasting RREP after updating the packet 

message to the all neighbour RSU 

 After the RREP receive the origin RSU, it will select the once which is 

received firstly, in case the origin RSU receives more the one RREP at 

the same time, at that case, the origin RSU evaluates choose the once 

which has a preferable route with a minimum hop count. 

The tuning of the most count parameter of routing hop is of major 

importance in multi-hop at VANET. Usually, the larger value will increase 

the connection probability among nodes, and also it raises the overhead at 

routing and the probability of packet collision of the network. If h become 

routing hop counting at communication link, also f(h = i) becomes the 

probability of connectivity among the source node sv and destination node Rn 

while the hop count of the routing equals to i as well as if xi become the 

position of coordination of relay node at the ith hops (distance among the 

point of the ith hops and sv), and xi<x. Then it can obtain  

  (   )  (      )   (    (         ) )  (1) 

The protocols that contemplate the link capacity using this kind metric 

parameter. The bandwidth in the terms of bps (bits per second) is measured 

[20]. The links that backing higher rates of transfer such as the gigabit that 

select over minimal links of capacity such 56Kb. Those protocols consider 

and select the capacity of the bandwidth of every link over the path end. 

  (   )  (    )(      )           (2) 

The timestamp is the time of message generation, is a series of the 

characters and information encoded, determining the time of receiving and 

sending the packet messages between the nodes infrastructures, and usually 

awarding time of the day and date, and sometimes precise to a small part of 

the second [21]. 

     (        )     (3) 

The maximum transmission unit (MTU) is used to evaluate the rate loss 

at a wireless link because of the errors at the channel or collisions [19]. The 

MTU metrics’ calculation among neighbors’ hops, the MTU at the link () 

that formed among two nodes a and b determined as:    

    (   )   
 

                   
                                   (4) 

At the bellow equation defines the utilization of neighbours’ hop link, 

LU(RSUs), among the existing broadcasting with hop neighbour:  
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  (    )   
      

           
                                 (5) 

The vehicle density among the current RSU and the next RSU, in which 

the current RSU can denote by (RSU current) and the next candidate RSU i 

denoted by (       
 ), if all vehicle having the same  

 

transmission range R, and k denote the number of street segments, then 

the vehicle density among RSUs could be defined as follow: 

 (          )  ∑
  

    

  

                        (6) 

The following are the steps of the routing optimization based on the 

proposed algorithm: 

1. Selecting the number of NRSU RSU. 

2. The powerful connectivity among RSUs can be measured 

3. The origin RSU (means the RSU which start message broadcasting) 

generate a route from an RSU node to another neighbour RSU node. 

4. Before starting the operation, the value of the operation is zero for every 

node 

5. Updating the ID by every new destination node. 

6. Calculating the distance among every RSUs. 

7. Computing the hop count in the route at every broadcasting. 

8. Calculation the bandwidth that shared among all neighbours RSU nodes 

9. Maximum transmission unit (MTU) which is the largest frame size of the 

packet, between RSUs can be computed. 

10. The link utilization can be measured which estimating through 

evaluating the lowest remaining bandwidth of the hop link and 

evaluating the quality of the link.  

11.  Some adjacent RSUs might contain more vehicle, which means the 

amount of vehicle are communicated together through that RSU node, 

the vehicle density can be measured at RSU. 

12. Permanently iterate the steps of measuring the parameters until it obtains 

the repetition upper limits, then gains the preferable and best route. 

 

4 Performance Evaluations 
 

The proposed protocol is developed and simulated in VENTOS [22] 

simulation environment. The proposed algorithm is compared with two other 

proposed techniques namely, AMGRP [2] and TVDR [4]. The simulation 

parameters are as given below in table 1. 
              Table 1 Simulation Parameters 

Parameters Values 

Simulation Time 1000 Seconds 

Number of vehicles 100-500 

Scenario Size 2000 m * 2000 m 

Data Packet Size 512 bytes 



 

 

 
 

 

 

 

 

 

V21-Optimal Energy Efficient Based Route Selection Protocol for Vehicle to 

Infrastructure Communication in Intelligent Transportation System for Sustainability 344 

 

Communication Range 100 m 

Physical Layer IEEE 802.11p 

Vehicle Speed 10 m/s – 30 m/s 

Propagation Model Two Way Ground Model 

 

The metrics which are taken into account for performance evaluation are 

Packet Delivery Ratio, End to End delay, and Average Hop Count. Figure 4 

provides the comparison in terms of Packet Delivery Ratio. 

 

 
 

Figure 4 Packet Delivery Ratio 

 

From the figure 4 it is clear that, the proposed V2I-OR protocol 

outperformed other two methods and also maintains consistency in delivering 

packets under high number of vehicles. Figure 5 depicts the performance 

comparison in terms of End to End delay. End to End delay is important as 

this protocol is sharing application oriented data between the vehicle and the 

infrastructure. 

 

 
 

Figure 5 End to End Delay 
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Figure 5 proves that as number of vehicles increases, the delay time 

decreases as more routing options are available. The proposed V2I-OR is 

having less delay time when compared with other two methods. Figure 6 

depicts the performance comparison in terms of average hop count. It is 

essential for any routing protocol to use minimum hops to reach the 

destination. 

 
 

Figure 6 Average Hop Count 

 

From the figure 6 it is clear that, the average hop count is continuously 

decreasing for V2I-OR than other two methods as more vehicles are in the 

scenario. Due to availability of more vehicles, multiple routes are available 

for transfer of data, which leads to usage of lesser number of hops in the best 

route. From the above comparisons it is evident that the proposed V2I-OR 

protocol is performing well in different traffic conditions and providing 

optimized routing for transfer of data between vehicle to infrastructure. 

 

5 Conclusion 
 

 With greatest advancement in mobile communication technologies, 

vehicular adhoc networks are now emerged as Intelligent Transportation 

Systems (ITS). In Its, vehicles as well as services offered by infrastructure in 

the area could able to communicate between them with the help of road side 

units (RSU). For successful transfer of messages between vehicles and 

infrastructure services, there is need for routing protocols. There were many 

protocols proposed in near past to tackle this routing problems and all of 

them having their own problems in handling huge traffic, message flooding 

etc. To overcome these issues, this research wok proposed a novel routing 

protocol called as V2I-Optimal Route Selection Protocol (V2I-OR). This 

protocol is capable of handling tremendous changes in the traffic and 

delivered messages between vehicles and infrastructure with minimum 

packet drop. The RSU which is in direct connection with vehicle needing 

service is taking the responsibility of route calculation and selects the best 

route based on different parameters which are discussed above. The  
 

0

5

10

15

20

25

30

100200300400500

A
v

er
a

g
e 

H
o

p
 C

o
u

n
t 

Number of Vehicles 

V2I-OR

AMGRP

TVDR



 

 

 
 

 

 

 

 

V21-Optimal Energy Efficient Based Route Selection Protocol for Vehicle to 

Infrastructure Communication in Intelligent Transportation System for Sustainability 346 

 

performance evaluation of the protocol in comparison with two other 

methods proves that the proposed protocol performs well in different traffic 

conditions. For future enhancement of this protocol, security of the messages 

can be considered by adapting centralized or de-centralized security methods. 
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