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Abstract - 21st century is the era of connected driving. The constant and timely dissemination of vehicle related information 

to all the vehicles in an inter-connected network is inevitable in order to ensure maximum passenger comfort and safety. 

There have been many forms of vehicular communication technologies over the past decade. Out of these, wireless 

communication standards have been the most prominent ones. Vehicular Ad Hoc Networks (VANET), based on IEEE 

802.11 wireless standards, has been considered an extremely important component in the domain of Intelligent 

Transportation System (ITS). It showcases significant potential in enabling a variety of innovative services in the field of 

traffic management, traffic safety and connected infotainment. This paper deals with the recent trends in the field of vehicle-

to-vehicle communication technology using VANET. It also highlights the challenges currently associated with the 

successful implementation of VANET, its possible solutions and future prospects. 
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I. INTRODUCTION 

 

Today, it is not uncommon for people to expect a 

comfortable and safe travel experience. But according 

to WHO statistics, every year 1.3 million people lose 

their lives in various forms of road traffic accidents, 

averaging 3287 deaths in a single day. And an 

additional 20-50 million people become victims of 

various fatal and non-fatal road traffic accidents. 

Thus, it is not a surprise that a lot of effort has been 

put into researching and finding out new technologies 

to implement communication in vehicles to ensure 

passenger safety over the last decade. With time, 

various technologies have come to life to enable 

successful communication between vehicles. 

Originally, passing of information to each vehicle 

regarding their peers was conceived to be originating 

from local sensor input, such as infrared, radar, or 

GPS. Only recently, inter-vehicle communication 

(IVC) links are being evaluated under various 

parametric constraints for implementation in a myriad 

of applications. IVC is considered to be an integral 

component of ITS(Intelligent Transportation 

Systems) and thus is continuously being researched 

upon. A lot of research interest has risen in the field 

of Vehicular Ad Hoc Networks (VANET) over the 

past decade[2]. Recent developments have opened the 

gates for VANET or Vehicular ad-hoc networksis a 

type of mobile ad-hoc networks consisting of various 

wireless technologies likeWi-Fi IEEE 802.11 and 

WiMAX IEEE 802.16, Bluetooth etc. [1]. Generally, 

VANETs do not rely on fixed infrastructure. They 

can easily work on an evolving topology and can 

enable direct communication between vehicles 

[4].For establishing a VANET network, each 

participating vehicle must be able to transmit and 

receive wireless signals up to range of 300 systems. 

Here, the mobile vehicles act as the nodes. Also, we 

have road side units (RSUs), which behave as 

communicating nodes, thus feeding the mobile nodes 

with passenger safety related information and traffic 

information[1]. VANETs have been often considered 

to advantageous because of theirindependent 

infrastructure. But that is not the only area where they 

fare better. They are also considered advantageous 

when compared with other technologies such as 

MANETs and other cellular systems. They have four 

major advantages in such cases: wide coverage area, 

lower relative latency as a result of direct wireless 

communication, negligible power issue and no 

service fee[2]. In this survey paper, we will be 

discussing about the recent trends and developments 

in the VANET technology. The paper is divided into 

various sections which deals with the developments 

in various aspects of VANETs such as background, 

architecture, routing protocols, challenges and future 

prospects. This paper is a carefully constructed 

survey of the best developments in the VANETs 

domainmainly focusing on those based on wireless 

standards. As we progress further through the paper, 

we will be able to have a better understanding of this 

technology. 

 

II. BACKGROUND 

 

Vehicle-to-vehicle communication is an effective 

approach for less range vehicular networks[1].Recent 

advances in mobile communications and ad hoc 

networks have facilitated different architectures for 

deployment in vehicular networks in urban and rural 

environments, thus providingsupport to applications 

with different QoS (Quality of Service) 

requirements[3]. In IVC, a mobile node can 

communicate with other nodes in its network using 
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wireless communication protocols.This allows 

routing, sourcing, and sinking of information for 

others over the network. This information can be 

anything ranging from vehicle movement information 

to digital media content, depending on its type of 

application. The modes of communication can be of 

various types such as when two mobile vehicles cross 

each other paths and a decision is to be taken in order 

to solve the conflict; one-to-many when one vehicle 

suffers a collision and subsequently all the nearby 

nodes in that network are informed about the same; 

and many-to-many, when vehiclesinform about their 

position to each another for avoidingcollision[4]. The 

V2V communication system is based on the IEEE 

802.11 standard which is also called wireless LAN. 

The range of each wireless LAN link is limited about 

a few hundred metres, thus, turning each vehicle into 

a router to enable multi-hop message propagation to 

the farther vehicles[5]. VANET, a rather modified 

version of MANET (Mobile ad-hoc networks) is an 

important component of an ITS that enables 

necessaryinformation transfer among vehicles. In a 

MANET, an impromptu network can be created by 

vehicles in transit that are equipped with appropriate 

wireless transmission & reception capabilities. It 

ensures transfer of information without the 

requirement of any specific infrastructure for 

communication like, for example, wireless access 

points or base stations of cellular networking 

technology [3]. VANETs support various 

communication protocol standards including GSM, 

wireless standards etc. This paper specifically focuses 

on wireless standards based VANETs. 

 

III. OVERVIEW OF VANETS 

 

VANETs are an excellent modified version of 

MANETs as they require minimal to no fixed 

infrastructure and depend on network nodes to 

provide the platform for IVC. Initially, VANETs 

were based out of IEEE 802.11b wireless standard. 

But there were certain challenges that came along 

with it such as speed and loss of LOS (Line of Sight). 

Vehicles can move at relative speeds up to 240 km/h 

when they are coming towards each other at 

individual speeds of 120 km/h each. This can lead to 

significant delay in communication relative to the 

speed. Similarly, some situations create lack of LOS. 

It can lead to degradation of communication quality, 

furthermore leading to a possible scenario of 

complete communication outage. Thus, newer 

technologies are being tested out for vehicular 

communications. One of the more exciting ones is the 

IEEE 802.11p, also known as Wireless Access in 

Vehicular Environments (WAVE), which is now the 

basic standard in VANET communication[7]. 

 

A. IEEE 802.11p standard 

In 2010, IEEE 802.11p standard was developed. Both 

physical and medium access control protocols were 

standardized in this communication standard. It 

declares the message formats, channels allocated for 

each kind of application, management and security 

aspects[8].A spectrum of 75MHz at 5.9GHz (5.850–

5.925GHz) is allocated by the Federal Communication 

Commission (FCC) of US for V2V and V2I 

communications[2].V2V includes GPS along with 

DSRC protocols. DSRC, known as Dedicated Short 

Range Communication, has a non-overlapping 10 

MHz channel and guard band of 5MHz.It uses 172 

channels for communication on safety, 174 for 

communication related to security purposes and 178 

channels for control and channel management 

switching. Control information is handled by channel 

178 and is its usage is limited tosecurity applications 

only. 

 

 
Fig 1. Multi-channel operation in vehicular networks (European 

Standard (Ghz)) 

 

The main changes implementedin802.11p are in its 

MAC layer. The time of contact between vehicles has 

reduced leading to a reduction in the required 

overhead for communication establishment.Unlike the 

traditional IEEE 802.11, where identification of a 

group called  IBSS (Independent Basic Service Set) 

formed by devices that are connected via an access 

point is necessary, IEEE802.11p defines a new type of 

BSS which is called the WBSS(WAVEBSS) which 

has a fixed identifier and transmits beacons on 

demand[8]. Even today, some VANETs use the old 

IEEE 802.11b standard, but most VANETs have 

upgraded to the latest IEEE 802.11p standard. 

 

B. VANET Architecture 

In VANET, a vehicular node can act as participant 

and router to exchange data and information with 

other intermediate nodes within their own 

communication limits. Mainly, there are three integral 

components of VANET, i.e. AU (Application Unit), 

OBU (On Board Unit) and RSU (Road Side Unit) 

[12]. These facilitate wireless communication 

between the vehicles or between the vehicles and 

their surroundings or both.The function of each 

vehicle can be different according to different 

situations & it can behave either as a packet sender or 

receiver or even as a router for routing of packets of 

data. This is made possible by the sensors and OBUs. 

So, via the wireless medium, transmission & 

reception of messages can be facilitated between a 

vehicle & other vehicles or the RSU’s ((Road Side 

Units). Global Positioning System (GPS) is used for 
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processing of location or rather, position of a VANET 

enabled vehicle. For this, the VANET enabled 

vehicle is fitted with the necessary hardware 

equipment. There are three main configurations for 

vehicular communication i.e. V2V (vehicle-to-

vehicle), V2I (vehicle-to-infrastructure) and 

communication based on routing protocols. The 

acquisition & subsequent processing of the up-to-date 

data of vehicle & its surrounding is necessary for 

successful transfer of information among them. Then 

only, can the success of such a communication 

system, be guaranteed. This data can be acquired 

using relevant GPS techniques, wireless 

communication protocols and appropriate access 

methods for timely exchange of information [2].Here 

figure 1 shows the architecture of VANET. 

 
Fig 2. VANET Architecture 

 

From [12], we can infer that there are three main 

components, i.e., 

Application Unit- They provide the communication 

to RSU. They use OBUs for the communication and 

are an important part of the safety applications. They 

can either be a single unit or a part of the OBU. 

Wired or wireless connection is used to connect the 

AUs to the OBUs[12]. 

 

On Board Unit- OBUs are used to facilitate 

communication between the other OBUs and the 

RSUs. They primarily consist of a very important 

component called the Resource Command Processor 

(RCP). The resources comprise of a read/write 

memory, an interface which is specialized for 

connecting to other OBUs, an user interface and a 

device to enable short range wireless 

communication[12]. Road transport agencies are able 

to monitor traffic efficiency, congestion etc. because 

of these OBUs and wireless sensors which transmit 

kinematic data to them via the VANET [2]. 

 

Road Side Unit-The RSU are immobile in nature and 

are connected to the parent network and are situated 

at strategic positions along the roads to ensure 

effective and reliable routing and thus provide 

services to the vehicles. With the usage of IEEE 

802.11p technology help of network devices that they 

are equipped with, the RSU’s support dedicated 

short-range communication[2].RSUs redirect the 

information to other OBUs and send the information 

to other RSUs. The communication range of the 

network is increased in the process. RSUs can 

provide internet connectivity to the OBUs and 

function as an information source [12]. According to 

[9], there are 3 main types of VANET Architecture: 

(a) Pure cellular local area network- It guides 

vehicular nodes giving relevant information about the 

traffic, and other infomercial services. The local Area 

Network and cellular gateways form a passage to the 

vehicular nodes to connect to the internet. 

 

 
Fig 3. Vehicle-to-Infrastructure Communication 

 

(b) Pure ad-hoc networks- It includes gathering and 

dissociating information without the need of any 

particular infrastructure. The frequent mobility of the 

vehicles, thus leading to disintegration of network, 

results in difficulty of routing the data. 

 

 
Fig 4. Vehicle-to-Vehicle communication 

 

(c) Hybrid network- It consists of ad hoc domain and 

infrastructure domain. It helps in exchange of data 

between V2V and V2I. It is also responsible for 

higher contents and easier content sharing. 

 

 
Fig 5. Hybrid Architecture 

 

C. Routing Protocols in VANET 

Upon research we can ascertain from [10] that the 

main objective of all the routing protocols is to obtain 
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the optimum paths from the source to the destination 

with minimum overheads in different layers. Some of 

the routing protocols are: 

 

1. Unicast Routing 

This protocol is used to send out data from a single 

source node and the intermediate nodes are used to 

forward the data to either a single destination or to 

store it and then forward. This scheme is used for 

delivering the data. There is minimal packet delay & 

network overhead in unicast routing. 

 

 
Fig 6. Unicast 

 

2. Multicast Routing 

This is a method of routing in which data packets are 

delivered from a source node to the destination node 

using multi-hop communication. A certain number of 

nodes are combined to form a group, commonly 

known as a cluster. A head node, often called a 

Cluster head, is selected for the particular group. This 

cluster head node is used for communication between 

the interior part of the cluster and the exterior world. 

The consumption of network in this routing protocol 

is very minimal. Also, there is minimal delay in 

packet delivery. 

 
Fig 7. Multicast/Geo-cast 

 

3. Broadcast Routing 

In this method of routing, the data packets are 

delivered to all nodes within the broadcast range. 

Because of this, a lot of the bandwidth is consumed 

leading to congestion in the network. There are high 

chances of collision of packets along with delay in 

packet transmission and the network throughput is 

low too. Some of the  algorithm names are mentioned 

here: 

Distributed vehicular broadcast protocol (DV-CAST), 

Distribution-Adaptive distance with channel quality 

(DADCQ), Density-aware reliable broadcasting 

protocol (DECA), Position-aware reliable 

broadcasting protocol (POCA). 
 

 
Fig 8. Broadcast 

 

4. Hybrid Routing 

In this type of routing, if destination nodes are at a 

certain distance from the source node or within 

particular the routing range, then the solution used is 

based on a certain table. On-demand routing is used 

for nodes which are outside of the geographical area. 

Some of the algorithm names are mentioned below: 

Fisheye state routing (FSR), Zone routing protocol 

(ZRP),Distributed dynamic routing (DDR) Algorithm, 

Zone based hierarchical link state routing protocol 

(ZHLS), Hybrid ant colony optimization (HOPNET), 

Distributed spanning tree (DST) routing, Distributed 

dynamic routing (DDR) Algorithm. 

 

5. Position based routing 

Position based Routing involves schemes that 

involves managing problems regarding routing in 

VANETs. The routing protocols initiate exchange of 

data between source and destination by using their 

geographical position . Each of the vehicular node 

knows its geographical position through GPS, beacon 

exchange is used for knowing geographical position of 

neighbour, and that of destination through local 

services. The source node sends the data to destination 

node directly if it is within its transmission limit 

range, otherwise it forwards the data to the 

neighbouring node closest to destination node. In this 

routing every node records and keeps information 

about its immediate neighbour. Currently, the 

protocols are designed for rectilinear roads with 

junctions through which the packets are routed. Packet 

delivery ratio, end to end delay and hop count are the 
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parameters to be evaluated to improve performance 

when there is congestion. There are different types of 

position based routing: 

(a) GPSR Routing, which consists of a greedy mode 

and perimeter mode. This is done under a highway 

environment.The greedy mode helps a node to find a 

node close to destination to which it can forward the 

data to, failing which the data packet meets local 

optimum. The perimeter mode helps to solve the local 

optimum problem. 

(b)GSR Protocol, which uses Djikstra algorithm,to 

obtain the closest route between source node and the 

destination node. Reaction location service is used by 

the source node to locate the destination node. Greedy 

forwarding approach is used tothe route consists of a 

sequence of joints through the data is sent from source 

to destination using. This system has a disadvantage 

of not considering the traffic control. 

(c) Anchor based Street and Traffic Aware Routing 

(A-STAR)which provides anchor pathon the basis of 

the urban bus route maps alongwith high connectivity. 

The strategy for route recovery involvesfinding a new 

anchor path in case a packet faces a problem of local 

optimum. A-STAR has an advantage over GSR and 

GPSR that it can attain end-to-end connected path 

even in less congestion. 

(d)Greedy Traffic Aware Routing (GyTAR) is a 

junction-based geographic routing protocol in city 

environment. It has two modes: 

(i) A mechanism for active junction selection for 

shortest route is obtained on the basis of congestion. 

(ii) a better greedy forwarding that, in between two 

intersections, forwards the packet, which then help 

transfer the data towards destination with a better and 

higher connectivity.GyTARis more beneficial than 

other protocols intermsofrouting overhead, 

packetdelivery ratio and end-to-end delay. The 

disadvantage of this protocol is that it suffers from 

local optimum problem affecting its performance. 

This protocol also doesnot consider the direction of 

vehicle while choosing the next junction[9]. 

 

IV. CHALLENGES 

 

Upon thorough study of [11], we notice some of the 

challenges for VANET. Some of these are: 

 

1. Information Management and Storage: 

Increasing number of vehicles, resulting in increasing 

number of data being processed, poses a new 

challenge for data management in VANETs as it 

could lead to clogging of data and thus to lead to 

network overloading and a complete shutdown of the 

network. 

 

2. Localization Systems: 

Loss of connection due to undesirable environmental 

conditions is inevitable. Thus, accurate localization is 

required for highly posed hindrance for accurate 

localization systems. None of the techniques 

including Cellular localization, Dead Reckoning 

could resolve the problem of node position 

computing. The nature of roads, nodal speed which 

keeps varying with respect to time which makes the 

positional information outdated. 

 

3. Security and Privacy 

Large scale vehicular network in VANETs, quick 

variation in network topology induces security and 

privacy issues, as well as the chances of intrusion of 

hackers. 

 

4. Tracking Targets: 

Geographical locations determine certain wireless 

communication patterns which forms a fundamental 

operation in VANET networks. However, privacy 

problem causes a major problem to any possible 

solution. 

 

5. Standardization of Protocols: 

VANETs are exchange of information in a wireless 

information within various types of nodes like cars, 

tracks. For this to work efficiently usage of unified 

language and protocol is necessary, which is possible 

by a standard effort of government, academia and 

industry. 

 

6. Interaction with Other Networks: 

A number of applications can be presented to users 

for example, weather condition, hospitals and others 

by interaction with the wireless networks that are in 

the nearby areas. 

 

7. Variable Density Networks: 

Rural areas or High Ways experience irregular 

connectivity, due to lesser number of vehicles as 

compared to urban areas. Therefore, in order to avoid 

transmission errors and data packet collisions, there 

should be a scheme proposed to resolve these 

problems which can also adapt to the behavior for 

those nodes that travel between the two environments 

for an efficient exchange of information. 

 

8. Network Fragmentation: 

In rural or  light  traffic areas, because of less 

percentage vehicles equipped with transceivers, lead 

to fragmentation of network which leads to 

unavailability of mobile nodes. This poses a 

demanding task for network designers. Traditional 

protocols fail to handle the problem for which new 

approaches should be studied on and implemented. 

 

V. FUTURE WORK 

 

In future, there is a lot of scope for the VANET 

technology. Not only can information routing be 

developed further, but alongside that, there also scope 

for introduction of semi-autonomous driving (auto-

pilot) system for cars, where the driver and machine 

shall cooperate with each other and work. And 
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anywhere if the driver fails, the machine shall take 

over. The system of semi-autonomous lane change 

can also be researched upon where the car shall 

change lane after checking if the driver fails to 

change lane, in case of a potential collision situation. 

Also, introduction of AI engine powered cars can be 

taken into consideration. Apart from that, the wireless 

standard of IEEE 802.11p shall continue to evolve 

into a more reliable and a faster network with higher 

throughput, mobility and lower latency. The security 

algorithms can also be worked upon and 

strengthened. All of this is possible if this ongoing 

research and effort in the field of V2V 

communication keeps going. 

 

VI. CONCLUSION 

 

This paper provides a survey about the VANET 

providing an overview of the network consisting of 

the V2V background, description of the IEEE 802.11p 

standard, VANET architecture description, along with 

some basic routing protocols used, names of some 

related algorithms, challenges & future prospects in a 

simplistic manner. The wireless standards have come 

a long way since IEEE 802.11b but there is still scope 

for more improvement thus providing higher bit rate, 

higher mobility and lower latency. Thus, it can be 

concluded that VANET has a potentially long term 

future upon successful exploration. As has been said 

earlier, “Connected driving is the Future”. 
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