
 

978-1-5386-3624-4/18/$31.00 ©2018 IEEE 
 

A Review of Communication Handoffs in Vehicular 

Ad-Hoc Networks (VANET) and its Classification 
 

Rajeshwari Madli 1 

Department of CSE 

B.M.S. College of Engineering 

Bangalore 560019, India 

Email:m.rajeshwari1626@gmail.com 

 

 

 

G Varaprasad 2 

Department of CSE 

B.M.S. College of Engineering, 

Bangalore 560019, India. 

Email:varaprasad.cse@bmsce.ac.in 

 

 

 

Imthiyaz M P3 

Department of CSE 

B.M.S. College of Engineering, 

Bangalore 560019, India. 

Email: imthiyasmp@gmail.com  

 

    

Abstract-- The phenomenal success of wireless communication 

technology and recent advances in auto-mobile industry have 

embarked significant research interests in the field of Vehicular Ad-

hoc Networks. Today, VANETs are used by moving vehicles to 

communicate with each other for exchanging information to address 

a specific need. Also, passengers can access the network 

infrastructure for entertainment purposes. However, there exist 

significant challenges in communication aspects of VANETs, such as, 

mobility management, handoff optimisation, establishing a secured 

communication link, reducing the delay in connection establishment, 

enhancing the QoS parameters and improving the performance of 

routing algorithms used for data transmission.  

        This paper discusses the basic structure and working of 

VANETs, applications and challenges. It also describes the handoff 

process in detail and how it can be optimized to enhance the 

performance of VANET applications. Also, it gives an overview and 

comparison of some of the handoff optimization algorithms. 
Index Terms— VANET, Handoff, Access Point, DSRC, WAVE 

I. INTRODUCTION 

      A Mobile Ad-Hoc Network (MANET) is formed by 

autonomous mobile devices connected wirelessly. The network 

nodes are continuously self-configuring as they do not possess 

any fixed infrastructure. VANET is special case of MANET, 

where mobile nodes are moving vehicles. VANETs offer 

communication services among nearby vehicles and between 

vehicles and fixed infrastructure deployed on roads. The node 

movement in VANETs is characterized by fixed factors such as 

road network and traffic regulations, unlike in MANETs, where 

the node movement is highly unpredictable. In VANET, nodes do 

not have power constraints, as they utilize the vehicle’s battery as 

power source [1]. VANET is a reliable technology for 

implementing driverless automobiles as it integrates the new 

generation wireless communication technologies into vehicles. 

Thus, the main aim of VANET applications is to increase road 

safety and transportation efficiency.  

    The rest of the paper is organised as follows. Section II briefs 

about basic concepts involved in VANETs and their applications. 

Section III describes communication standards used in VANETs. 

Section IV outlines the prominent challenges and issues in 

VANETs. Section V gives a detailed description about the 

handoff process, types and different factors to be considered for 

handoff optimization. Section VI gives a comparison of some 

handoff optimisation algorithms and section VII gives the 

conclusion of this study.  

 

II. VANET ARCHITECTURE 

      Figure 1 shows the basic structure of a VANET on a highway, 

where moving vehicles communicate among themselves as well 

as with road side Access Points (AP), also known as Road Side 

Units (RSU). VANET nodes are equipped with an On Board Unit 

(OBU) that helps them to communicate in the network. Each 

OBU consists an Event Data Recorder, Global Positioning 

System (GPS) and a wireless transceiver which is a short range 

wireless interface [2]. It may also have additional interfaces to 

support other communication technologies such as GSM. When 

the OBU is switched on, it coordinates with the RSU to acquire 

an IP address needed for further communication in the network. 

OBU also contains a computational unit that plays a vital role in 

all VANET applications used world-wide.  

      RSUs are similar to wireless access points in wireless ad-hoc 

networks. Vehicles get associated with a RSU or an AP to 

communicate among themselves. Also, they can connect to the 

internet through RSUs. 

                 

                  AP2

AP1

OBUOBU
OBU

OBU

GW

Access 

Network

AP2

AP- Roadside Access Points

OBU – On Board Unit

GW- Gateway

V2V- Vehicle to Vehicle communication

V2I- Vehicle to Infrastructure 

communication

I2I- Infrastructure to Infrastructure 

communication

OBU

V2V

V2I

I2I

  Fig. 1. Structure of VANET 

A. COMMUNICATION MODES IN VANETS 

        VANETs offer 3 types of communication modes, namely, 

Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure (V2I) and 

Inter-Infrastructure communication.      



 

 

      Vehicle-to-Vehicle Communication (V2V): In V2V, vehicles 

within a communication range exchange data with the help of a 

wireless network. Data exchanged include speed, location, 

direction, traffic information, driver behavior, road condition and 

other useful information needed for travellers. V2V 

communication uses Dedicated Short Range Communication 

(DSRC), where the communication range can be up to 300 meters 

[3]. V2V communication makes vehicles smarter, leading to 

Intelligent Transport Systems (ITS). 

      Vehicle-to-Infrastructure communication (V2I): In V2I, 

communication takes place between vehicles and road side 

infrastructure, such as traffic junctions and road side access 

points. It is primarily intended for safety applications such as 

avoiding motor crashes, ambulance assistance [4] and 

accomplishing a wider range of mobility. There is need for 

applications that combine both V2V and V2I communication 

modes to achieve higher efficiency and increased safety.  

      Inter-Infrastructure communication (I2I): In inter-

infrastructure mode of communication, road side infrastructure 

units communicate with each other to achieve a wider range. It 

offers greater flexibility in content sharing and increases 

communication range by offering multi-hop communication. This 

type of communication gives rise to a hybrid VANET architecture 

in which, vehicles can communicate with RSUs either in single 

hop or multiple hops enabling seamless connectivity. 

B. VANET APPLICATIONS 

      VANET is considered as the most promising technology, 

which improve the safety and efficiency of modern transportation 

system. VANETs have a wide range of applications that are 

broadly categorized into 2 categories, viz.: safety applications and 

user applications. 

      Safety Applications: These applications are built to save 

people’s lives and offer a safe driving environment. Safety 

applications use V2V and V2I communication modes to reduce 

the number of road accidents. Applications such as real-time 

traffic notifications, road hazard notifications [5], post-crash 

notifications, forward collision warning, lane change warning and 

traffic vigilance come under safety applications.  

      User Applications: The main objective of user applications is 

to increase user convenience and travelling experience. These 

applications usually involve V2I communication to provide 

drivers and passengers with information such as weather 

conditions, location of nearest restaurants and hospitals. With the 

help of these applications, passengers can play online games, 

download videos, maps and access other entertainment options. 

III. COMMUNICATION STANDARDS 

      The fundamental purpose of VANET is to provide 

connectivity among vehicles through V2V and V2I 

communication modes. They help to improve the efficiency of 

transport system by providing safety warnings and reducing 

vehicle collisions. Dedicated Short Range Communication 

(DSRC) and Wireless Access in Vehicular Environment (WAVE) 

are the communication standards used to offer the above 

mentioned services. Also, RSUs can communicate among 

themselves to provide longer communication range. Figure 2 

illustrates different communication standards used in VANETs. 
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Fig.2. Different Communication Standards used in VANET. 

 

A. DSRC and WAVE 

      Dedicated Short Range Communication (DSRC) is set of 

standards used for vehicular communication. Wireless Access in 

Vehicular Environment (WAVE) is a term used to describe IEEE 

P1609.x standards. WAVE is built over IEEE 802.11 standards 

and is the core part of DSRC. 802.11p is an amendment of IEEE 

802.11 specifications to support ad-hoc communication among 

vehicles and between vehicles and RSUs in a VANET 

environment. WAVE defines a mode of operation for IEEE 

802.11p devices in situations where the duration of 

communication is short [6]. This standard provides a 

communication mode called WAVE Short Message Protocol 

(WSMP), using which the OBUs of VANET nodes communicate 

in a Radio Frequency (RF) environment [7]. WSMP is designed 

to offer low latency communication, which makes it a suitable 

communication standard for VANETs. Figure 3 presents the 

protocol stack for 802.11p WAVE standard. 

 
Fig.3. WAVE Protocol Stack [8] 

      As shown in the above figure, WAVE network services are 

defined by IEEE 1609.x standards. These services can be 

categorised into management plane and data plane services. Data 

plane supports two protocol stacks – WSMP and IPv6. The 

management plane is responsible for managing functions such as 

processing service requests, channel allocation, monitoring 

service announcements and channel requests [8]. WAVE 

management entity includes MAC Layer Management Entity 



 

 

(MLME) and Physical Layer Management Entity (PLME) for 

managing MAC and physical layer operations in ad-hoc vehicular 

environment. 

B. Cellular Technologies 

      V2V and V2I communication modes may also use cellular 

technologies to exchange information. VANET nodes may be 

directly associated with cellular base stations as seen in figure 2. 

RSUs are connected to a wide area network using a wired or a 

wireless technology. RSUs may communicate with each other 

using cellular technologies to support multi-hop communication 

among VANET nodes. This essentially increases the 

communication range in VANET environment. Although cellular 

technologies offer longer communication range, the costs 

incurred in its adoption cannot be ruled out. 

IV. CHALLENGES IN VANETS 

       With recent advances in wireless communication in vehicular 

environment, VANETs have become a promising technology for 

Intelligent Transport Systems (ITS). However, VANETs face 

several challenges, which need to be judiciously addressed in 

order to offer a safe and hassle free driving experience. Some of 

the important challenges are discussed below. 

A. Mobility Management 

      VANETs are characterized by high node mobility, which 

results in fast topology changes. Also, in an ad-hoc environment 

there will no fixed infrastructure on which the node can rely for 

data transmission purposes. In such scenarios, the traditional 

mobility management protocols such as MIPv6 cannot be 

employed since a direct connection between node and 

infrastructure is required. High node mobility results in frequent 

handoffs leading to an interrupted network access. Handoff is a 

process that takes place when a node switches from one AP to 

another in a network. Handoff management is an essential part of 

mobility management in VANETs. Fast handoff is a crucial 

requirement for delay sensitive ITS applications, especially when 

the communication range is short (e.g., Wi-Fi network). Mobility 

management should also guarantee seamless and continuous 

service accessibility irrespective of the VANET node’s location 

and access technology used.  

B. Reliable Routing 

       Routing plays a vital role in VANET applications and at the 

same time, establishing reliable and robust routing in vehicular 

environment is a significant challenge. Network traffic in 

VANETs is highly unpredictable due the node velocity and fast 

topology changes. Also, traffic is location dependent. For 

example, node density may be higher in metropolitan cities and 

lesser in rural areas. In such an environment, traditional routing 

protocols [9] used in mobile networks do not meet the 

performance needs of VANETs. A reliable routing protocol 

should reduce end-to-end delay and boost the throughput. 

C. Security Framework 

      VANET nodes operate in an ad-hoc wireless environment, 

where security is a major concern as VANETs are often involved 

in safety applications. A secure and lightweight authentication 

algorithm is needed to ensure the authenticity of VANET nodes. 

A small flaw in security algorithm may decoy the entire network, 

staking the safety of passengers. Apart from node authentication, 

there is also a need for link level and end to end security for data 

transmission, so that the integrity of the data is maintained 

throughout its path. Possible security attacks include network 

attacks such as denial of service and sybil attack [10], application 

attacks such as fabrication attack and alteration attacks [11] and 

monitoring attacks such as eavesdropping. There is also a need to 

balance security and privacy requirements. 

D. Quality of Service (QoS) 

      Augmenting the QoS in VANET environment is another 

important challenge that needs to be addressed. Parameters that 

contribute to QoS include packet delivery ratio, end to end delay 

and connection duration. These parameters are affected by a 

variety of factors such as handoff latency, congestion, collision, 

channel availability and signal strength. 

V. HANDOFF PROCESS 

      This section describes the handoff process and its 

classification in mobile networks. It also discusses in detail the 

handoff process in VANETs.  

A.  Handoff in Mobile Networks 

      When the mobile node moves out of coverage area of Base 

Station (BS) or AP and enters the coverage area of another, during 

an ongoing call or data session, the session needs to be transferred 

to the next BS or AP. This process is known as Handoff. In the 

absence of handoff, the session gets terminated due to weak signal 

strength as a result of moving away from the previous BS or AP . 

This can be visualised through figure 4. 
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Fig. 4. Handoff Process 

      Handoffs in mobile communication may be classified as 

follows: 

       Hard Handoff and Soft Handoff: Hard Handoff uses ‘break 

before make’ strategy, wherein the existing session is broken 

before switching to the next BS or AP. This type of Handoff 

allows a mobile node to be associated with a single BS or AP. The 

mobile node breaks the current association before associating 

with the next BS or AP. Whereas, in Soft Handoff, a mobile node 

may be associated with more than on AP or BS, which is why it 

is also known as ‘make before break’ [12]. 

      Horizontal Handoffs and Vertical Handoffs: Horizontal 

handoff or intra-system handoff occurs when a mobile node 

switches from one BS or AP to another within the same access 

network. On the other hand, vertical handoff or inter-system 

handoff occurs when a mobile node switches between different 

access networks or changes the access technology (for ex: from 

Wi-Fi to GSM). 

       Mobile Controlled, Network Controlled, Mobile Assisted 

and Network Assisted Handoffs: This classification is based on 

which entity in the network makes the handoff decision. In 

Mobile Controlled Handoffs (MCHO), the mobile node decides 

on the handoff triggering point and initiates the process. MCHO 



 

 

can either be forward or backward. In Forward MCHO, the 

mobile node initiates the process by sending an association 

request to the new AP. In Backward MCHO, the mobile node 

initiates the process by sending a request to old AP. The 

advantage of MCHO is faster handoff initiation and decision since 

only the mobile node is involved. However, it may not be reliable 

since the mobile node uses only radio downlink measurements 

and is unaware of all the network characteristics [13]. In Network 

Controlled Handoffs (NCHO), the handoff decision is made by 

the network. This type of handoff make take longer time than 

MCHO as there will be additional network signalling overhead 

[13]. On the other hand, Mobile Assisted Handoffs (MAHO) 

involve both mobile node and network are involve in making the 

handoff decision. The mobile node continuously reports to the 

network about the radio downlink measurements. The network 

uses this information along with the uplink information to make 

handoff decision. This type of handoff is more reliable as 

compared to MCHO and NCHO [13]. Network Assisted Handoffs 

(NAHO) similar to MAHO, where in both mobile node and 

network are involved handoff decision. But in this case, the 

network reports to the mobile node and it makes handoff decision 

accordingly. 

B. HANDOFFS IN VEHICULAR AD-HOC NETWORK 

      In VANET environment, wireless APs are deployed as 

roadside infrastructure to provide network access to VANET 

nodes. Handoff takes place when a VANET node moves out of 

range of an AP, i.e. when the signal strength falls below a 

particular threshold. According to Velayos and Harrlsson [14], 

this process may be divided into three steps: Detection, Discovery 

and Execution.  

      Handoff Detection: In this phase, the VANET node decides 

on the trigger point as to when handoff should be initiated.  

Triggers are conditions that indicate the system which is the 

appropriate moment to start the handoff process. Triggers are 

based on different parameters such as signal strength, Bit Error 

Rate (BER), quality of service, speed of vehicle, direction, routes, 

geographic location and vehicle destination [15]. Identifying the 

right trigger to initiate the handoff process is very important as it 

may have a greater impact on the handoff latency and data loss. 

      Channel Scanning: The next phase in handoff process is to 

scan for available APs to which the VANET node may associate 

next. The VANET node scans all the available channels and 

processes the responses from all APs. It then decides the best AP 

to which it can associate with. This phase contributes the 

maximum towards the handoff latency. There are two types of 

scanning: Active scanning and passive scanning. 

       Active Scanning: In this type of scanning, the VANET node 

actively broadcasts probe requests to all the available channels. It 

then waits for a particular amount of time on each channel. There 

are two time related parameters: minimum channel time and 

maximum channel time [15]. The VANET node waits for 

minimum channel time and if does not get any response for the 

probe request, it decides that the channel is empty and moves to 

the next channel. On the other hand, if it receives at least one 

response, it waits for the responses from other APs operating in 

the same channel. After processing all the available channels, the 

VANET node sorts the received responses and chooses the next 

candidate AP. Since all APs are actively probed, handoff latency 

may be reduced. On the other hand, this process requires more 

bandwidth and energy. 

       Passive Scanning: In passive scanning, the VANET node 

does not send any probe requests, but rather waits for the period 

defined by channel time, to receive beacon signals from APs 

operating in that channel. Channel time is the maximum time for 

which the VANET node waits to receive signals from any of the 

APs operating in a particular channel. If it does not sense any 

signal, it considers the channel to be empty and proceeds to the 

next channel. Otherwise, it processes all the received signals and 

chooses the next candidate AP. Passive scanning is efficient in 

terms of bandwidth and energy, but, may take longer time since 

the VANET node does not proactively probe the APs. Also, the 

channel time should be carefully chosen to avoid missing the 

beacon signals. 

       Handoff Execution: This phase involves exchange of 

authentication and association frames between the VANET node 

and the target AP. The system may either use Open System 

Authentication or Shared Key Authentication for authenticating 

the VANET node [16]. Once the node is authenticated by AP, the 

node then sends an association request in order to begin data 

transmission. During this process, the node can be either of the 

three states - not authenticated or associated, authenticated but not 

yet associated, authenticated and associated. Figure 5 shows the 

sequence of message exchanges between VANET node and APs 

during the entire handoff process. The three phases described here 

correspond to MAC layer handoff or L-2 handoff that takes place 

within an IP subnet. In case the VANET node is switching 

between APs belonging to different subnets, the VANET node 

needs to acquire a new address which is termed as L-3 or layer-3 

handoff. 

 
Fig. 5. Handoff process in VANETs [17]. 

 

C. HANDOFF LATENCY 

      Handoff delay needs to carefully and strategically addresses 

as it may lead to packet delays and packet losses. Latency is not 

only introduced by channel scanning and execution phases, but 

also by the detection phase. Hence, the complete handoff latency 

may be defines as: 

 



 

 

Handoff_Latency = TDetection + TScanning + TExecution 

 

Where TDetection is the delay caused due to detection phase, TScanning 

is the delay caused due to channel scanning phase and TExecution is 

the delay in handoff execution phase. According to Made Harta 

et al [18], channel scanning is the most time consuming phase and 

TScanning contributes to more than 90% of the handoff latency in L-

2 handoffs. 

D. FACTORS AFFECTING HANDOFF LATENCY 

      Handoff optimisation can be regarded as a key research area 

since VANETs have become an integral part of ITS today. The 

handoff process marks the beginning of connection establishment 

which is followed by data transmission. Therefore, delay caused 

by handoffs cannot be overlooked, since there will be no data 

transmission during this process.  

      There are a number of factors in vehicular environment that 

may directly or indirectly affect the handoff performance. Below 

factors directly impact the handoff process. 

       Scanning Mode: There are 2 types of scanning modes, active 

scanning and passive scanning as discussed in section V. 

Generally, if active scanning is used, latency can be reduced. 

However, it requires additional bandwidth and energy. When 

there are many VANET nodes involved in data transmission in a 

particular channel, the bandwidth allocated to that channel may 

be insufficient leading to congestion. This can further increase 

handoff latency. 

       Beacon Interval: Beacon interval is the frequency at which 

beacons are broadcasted. In case of passive scanning, the VANET 

node waits to hear beacon signals from APs available in a channel. 

If it does not hear any beacon signal, then it moves to next 

channel. In this context, if beacon interval is too large, then it 

might result in VANET node missing out a particular beacon that 

may be from a candidate AP. On the other hand, if the beacon 

interval is too short, it might result in too many beacons being 

broadcasted in the network leading additional traffic. 

      Channel Time: During channel scanning, VANET node waits 

for a particular amount of time on each channel to receive beacon 

signals and probe responses. The value selected for minimum 

channel time, maximum channel time in active scanning and 

channel time in passive scanning, directly impacts the handoff 

process. Scanning duration can be reduced to a minimal if 

proactive AP selection algorithms [19][20] are used. These 

algorithms enable VANET nodes to select the target AP based on 

data such as GPS location, speed and direction of vehicles and 

RSSI level. 

       Authentication and Association Duration: Once the VANET 

node chooses the target AP, it proceeds with authentication and 

association. The authentication algorithm used for authenticating 

nodes should not contribute to handoff latency. Also, RSUs may 

coordinate among themselves to authenticate the new VANET 

node by exchanging node information, which accelerates the 

authentication step [21]. Association duration will be lesser in 

horizontal handoffs as compared to vertical handoffs, since in 

vertical handoffs, a node needs to attain a new network address.       

Apart from the above discussed factors, there are other network 

factors that affect the handoff process. They include transmission 

range, data rate, physical medium, signal to inference and noise 

ratio, number of channels available for operation and the slot time 

and distance between APs deployed on roadside. 

 

VI. EXISTING HANDOFF OPTIMIZATION ALGORITHMS 

       In a VANET environment, where the connection duration is 

often short, the signalling overhead and delay caused by scanning, 

authentication and association is unacceptable. Especially, in 

safety applications, where the data needs to be immediately 

transmitted. Therefore, the handoff process needs to be optimized 

to reduce the long delay introduced in its operation. 

      Several research groups are working towards optimizing 

handoff process based on factors affecting the latency. This 

section briefs some of the handoff optimization techniques and 

gives a comparison among them based on different handoff 

parameters. 

      Okabe, et al [22], proposed an algorithm, based on the 

assumption that each vehicle is equipped with 2 wireless LAN 

interfaces, each equipped with an antenna. One is used to transmit 

and receive data and the other is used to scan channels to search 

for new APs. Once a vehicle measures the signal strength and 

determines to switch to a new AP, it performs registration and 

authentication using the first interface. After the registration 

event, the second antenna is used to transmit and receive data 

packets. Switching between two antennas helps to achieve a 

smoother handoff with lesser packet losses, as the node can 

continue to transmit data while it is searching for new APs. The 

algorithm also tries to expedite the node authentication process by 

allowing the mobile switch to act as a proxy of the authentication 

server. 

      Made Harta Dwijaksara, et al, propose a method for fast hand-

offs in which the information of all APs in a particular access 

network is stored in a server. The VANET node accesses this 

information and can switch to the next potential AP, reducing the 

delay in scanning [18]. The network is divided into groups and 

clusters. APs connected to the internet using the same router form 

a group and those connected to the router through the same switch 

form a cluster. All APs in a cluster are assigned same Basic 

Service Set Identifier (BSSID), which reduces the delay caused 

by association process. For inter-cluster hand-offs, the association 

process is optimized by using a semi-static IP address, therefore, 

reducing the delay in DHCP process.  

      A scripted hand-off process has been proposed by Prahlad 

Deshpande, et al, using predictive methods [23]. This method 

makes use of the fact that routes followed by vehicles are 

predictable and are mostly the ones used before. The vehicular 

node builds a radio frequency fingerprint of the route on which it 

frequently travels, when inactive. The signal strength of the 

beacons is tagged with the GPS location of the vehicle. Using this 

data along a particular route, it is possible to predict the next AP 

and hand-off triggering point. The authors have shown through 

their simulation results that scripted handoffs increase throughput 

and connection duration. Also, channel scanning delay can be 

nullified.  

      Debasis Das and Rajiv Mishra proposed a proactive scheme 

for fast hand-offs in VANETs that scans only selected APs [19]. 

It uses an AP graph that is built based on the vehicles’ association 

pattern and moving direction. Vehicles scan only selected APs 

during hand-offs based on the association pattern. Using AP 

graph reduces signalling overhead as the graph is a directed graph 

and vehicles’ context is propagated only to selected APs. This 

helps in reducing the context transfer latency and also the re-

association latency. 

      Nishi Gupta and Mayank Dave stress on attaining ubiquity in 

hybrid wireless networks by using an early hand-off mechanism 



 

 

[24]. Every geographic location is assumed to have a preferred 

AP (PAP) to which the VANET node connects. Since PAP for a 

particular region is fixed, the current PAP sends information of 

the VANET node to the next PAP thus optimizing hand-off 

process. 

      Arnold, et al [25], proposed a scheme called IP passing. When 

a vehicle enters the transmission range of a new AP, it listens to 

IP packets of the vehicles that are about to leave the coverage area 

of that AP. If the entering vehicle comes across an IP passing 

packet, it can directly obtain that IP address and proceed with 

further operations. However, if the entering vehicle does not get 

any IP passing packets, it acquires its IP address using the normal 

DHCP protocol. This method eliminates the delay caused due to 

association process. 

      Maulik Patel, et al [26], proposed an optimized multichannel 

based hand-off process for VANETs. The proposed scheme 

reduces the control messages latency and uses two channels for 

operation that optimizes the handoff process. The VANET node 

switches between Control Channel (CCH) for listening to service 

announcements and Service Channel (SCH) for data transmission 

purpose. With this scheme, the end-to-end delay reduces, 

however, packet loss rate increases due to channel switching.                                

     Vishnu Navda, et al [27], developed a framework called 

MobiSteer, using directional antennas and beem steering. The 

antenna deployed on vehicles has 8 elements, which are used for 

scanning and data transmission. MobiSteer works in 2 modes- 

Cached mode and Online mode. In cached mode, the node collects 

RF signature data whenever it is idle and builds a database. This 

data is used for selecting the target AP when the vehicle is moving 

on familiar routes. Online mode is used when the vehicle is on an 

unknown route, during which, AP selection and beam steering are 

done using active probing. All APs are actively probed over all 

beams and channels, and probe responsed are recorded with 

respect to Signal to Noise Ratio (SNR) values. The best 

combination of AP and beam is then selected for communication. 

This method improves the average throughput and connectivity 

duration, primarily beacause multiple beams can be used for a 

single AP. 

      Table 1 gives a brief comparison of the algorithms discussed 

above. The parameters used for comparison are channel scanning 

time, authentication time, association time, packet loss rate. 

VII. CONCLUSION 

In this telecommunication era, where intelligence is being built 

into almost every object to enrich user experience, a plenty of 

organisations are working to develop VANET applications to 

make vehicles intelligent and smarter. Vehicular Ad-Hoc 

Network as a new wireless communication technology assures to 

improve road safety, traffic management efficiency and user 

experience. Intelligent Transportation System in association with 

VANET make ubiquitous Internet access feasible. 

This paper outlines the basic structure of VANET, its applications 

and challenging issues. One prominent challenges faced by 

VANETs is managing frequently occurring handoffs that may 

degrade the network performance. The handoff process has been 

described in detail with classification and its impact on network 

performance. A comparison study of some of the handoff 

optimisation algorithms is presented, based on what component 

of handoff latency the algorithm addresses.  
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