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Abstract 

Vehicular network (most popularly known as VANET) is a form of wireless ad hoc 

network which provides communication between vehicles and nearby roadside 

equipments. It is emerging as one of the latest technology that integrates the potential of 

new generation wireless networking to vehicles. The foremost function of a vehicular 

network is to provide (1) ubiquitous connectivity to tiie mobile users while on road 

using Vehicle-to-Roadside (V2R) communication, and (2) efficient Vehicle-to-Vehicle 

(V2V) communication that facilitates Intelligent Transportation Systems (ITS). ITS 

comprises of wide variety of applications such as vehicle collision warning, security 

distance warning, driver assistance, cooperative cruise control, cooperative driving, 

dissemination of road information, automatic parking, Internet access, map location, 

driverless vehicles and real-time detour routes computation. Each of these applications 

requires sharing of vehicular data with all its peers using its own mechanism. This 

behavior will introduce redundant functionalities (like sending, receiving, processing) 

for handling the same data. This results in wasting the scarce bandwidth by broadcasting 

the same data multiple times. Although each application needs data with varying 

characteristics, but despite all these differences data can still be shared. 

Vehicular networks have a potential for many co-existing applications. However, these 

applications need a lot of network bandwidth for data transmission. If we do not address 

the problem of data redundancy at an early stage, it may hamper the deployment and 

usefulness of many of the above said applications. Data compression, data aggregation / 

fusion, and data dissemination are some of the ways to deal with large data issues. Data 

aggregation and data dissemination provide mechanisms to improve communication 

efficiency. They basically consist of a number of adaptive schemes that can combine 

information firom various data sources into a set of organized and filtered information 

and then distribute this information further in an effective manner. Data aggregation is 

used to combine correlated data items from different vehicles before redistributing to 

other vehicles in a VANET. The number of retransmissions and communication 

overhead can be reduced considerably by using aggregation. The process of data 

aggregation and data dissemination are implemented to effectively reduce 

communication overhead and thus reducing the bandwidth requirement. Therefore, in 

this dissertation we propose schemes for data aggregation and data dissemination. We 



explore the various mobility models available for VANET and their influence on the 

performance of data aggregation in vehicular networks. We introduce a data relationship 

degree (DRD) based clustering data aggregation for VANET. With the proposed DRD 

based clustering data aggregation method, vehicles that have high relationship degree 

will remain inside the same cluster, allowing more accurate aggregated data to be 

generated and less data disseminated to the next vehicle. The major contribution of this 

dissertation is a flexible and relevance based structure free data aggregation approach 

which enables dissemination of those aggregates that are likely to have maximum 

benefit for the surrounding vehicles. The proposed probabilistic data aggregation 

framework improves the efficiency of VANET in various applications. A novel 

approach using decentralized implementation of raptor codes is proposed for data 

dissemination in vehicular environment that is applicable for both dense and sparse 

scenarios with limited resources. We finally conclude and compare the proposed 

schemes for data aggregation and data dissemination with some existing schemes. 
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Chapter 1 

Introduction 

During the past few years, we have harnessed the computing power to increase 

productivity and to improve the speed of operations. We have also seen the excellent 

amalgamation of telecommunications, computing, wireless, and transportation 

technologies. The convergence of above said fields has revolutionized the world. Both 

roads and highways have become our communication and transportation platform. This 

has boosted our capabilities even further to communicate anytime and anywhere on the 

road which tremendously improve our life quality and advances the work flow. 

Vehicular networks are a novel class of wireless networks that provide Intelligent 

Transportation Systems (ITS) with a vision to "increase traveler safety, reduce fuel 

consumption and pollution, and continue to advance the nation's economy" [1][2]. 

Vehicular networks can be formed spontaneously between moving vehicles equipped 

with wireless interfaces. These networks are also known as Vehicular Ad hoc Networks 

(VANET). This chapter presents an overview of the current state-of-the-art, discusses 

characteristics, architecture and applications of VANET, and finally highlights the 

issues faced by VANET. 

1.1 Vehicular Ad hoc Networks 

A Vehicular Ad hoc Network is a particular type of Mobile Ad hoc Network (MANET) 

in which vehicles represent the network nodes. Vehicular Ad hoc Networks are 

considered as one of the important real life application of ad hoc networks, in which 

vehicles can communicate amongst themselves in addition to communicating with 

available supporting infrastructure along the road known as road side unit (RSU). 

VANETs are formed spontaneously among the moving vehicles. These vehicles are 

having wireless interfaces using homogeneous or heterogeneous technologies. The key 

purpose of VANET is to provide (1) ubiquitous connectivity while on the road to mobile 

users, who are otherwise connected to the outside world through other networks, and (2) 

efficient vehicle-to-vehicle communication that enables ITS [3]. ITS includes a variety 

of applications such as cooperative traffic monitoring, control of traffic flows, blind 
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crossing (a crossing without light control), prevention of collisions [4], nearby 

information services, and real-time detour routes computation. The performance of 

VANET depends upon the structure of geographical terrains, timely delivery of 

messages, and privacy. 

The idea of Inter-Vehicle Communications (IVC) or Vehicle-to-Vehicle (V2V) 

communications has been proposed and studied for several decades. One of the earliest 

studies on IVC was started by JSK (Association of Electronic Technology for 

Automobile Traffic and Driving) of Japan in the early 1980s [5]. Later, California 

PATH [6] and Chauffeur of EU [7] have also demonstrated the technique of coupling 

two or more vehicles together electronically to form a train. Europe has several large-

scale programs in progress under the umbrella of Road Transport Informatics (RTI), 

which is equivalent to the US ITS. Their main programs are Dedicated Road 

Infi-astructures for Vehicle safety in Europe (DRIVE) [8], Program for European Traffic 

with Highest Efficiency and Unprecedented Safety (PROMETHEUS) [9], Cooperative 

Networks for Intelligent Road Safety (COOPERS) [10] and Cooperative Vehicle-

Infi-astructure Systems (CVIS) [11]. The CarTALK 2000 [12] tries to investigate the 

problems related to safe and comfortable driving based on inter-vehicle 

communications. Since 2002, with the rapid development of wireless ad hoc networking 

technologies, vehicular networks have drawn a significant research interests fi^om both 

academia and industry. On the other hand, during the past few years the technology 

needed to support VANETs has been evolved rapidly. The VANET is adopted and 

supported by many giant automobile manufacturers like Audi, BMW, DaimlerChrysler, 

Fiat, Renault, and Volkswagen those are united to create a non-profit organization 

called Car2Car Communication Consortium (C2CCC) [13]. The organization is 

dedicated to fiirther increase road traffic safety and efficiency by means of inter-vehicle 

communications. This industrial and governmental support has resulted in many new 

ideas for applications targeting VANETs as their platform. 

1.2 Difference Between JMANET and VANET 

VANET is a subgroup of MANET. Both VANET and MANET are characterized by the 

movement and self-organization of nodes. However, they are also different in many 

ways. MANET may contains nodes that have un-controUed moving patterns [14]. On 



the other hand, VANET is formed mainly by vehicles and the movement is restricted by 

factors like road course, traffic and traffic regulations. As VANET has restricted node 

movement, it is supported by some fixed infî astructures that provide services and access 

to the stationary networks. The fixed infirastructure will be deployed at critical locations 

like slip roads, service stations, dangerous intersections or places well-known for 

hazardous weather conditions. Nodes are expected to communicate by means of North 

American DSRC standard that employs the IEEE 802.1 Ip standard for wireless 

communication [15]. Table 1.1 depicts the major differences between the MANET and 

VANET. As there are lot of differences in MANET and VANET, existing approaches 

for MANET are not straight away applicable to VANET. 

Table 1.1: Difference Between MANET and VANET 

Item 

Mobility 

Cost of Production 

Topology Change 

Node Density 

Transmission Range of Nodes 

Bandwidth 

Life Time of Nodes 

Computation Capability 

Addressing Scheme 

Ability of Multi-hop Routing 

Reliability 

Position Acquisition 

Moving Pattern of Nodes 

(Speed and Direction) 

Applications 

MANET 

Low (Walking Speed) 

Cheap 

Slow 

Sparse 

Up to 100 m 

Several Hundred Kbps 

Depending on Power Resource 

8-16 bit CPU 

Unicast and Attribution-based 

Addressing 

Available (Depending on the Scale 

of Local Network) 

Medium 

Triangulation using RSSI and Ultra 

Sonic 

Too Random 

No Specific Application (Generally 

Internet Related) 

VANET 

High (Up to 200 Km/h) 

Expensive 

Frequent and Dynamic 

Dense and Frequently 

Variable 

Up to 500 m 

Several Thousand Kbps 

Depending Time on 

Vehicle's Life 

Over 32 bit CPU 

Unicast, Muliticast and 

Location-based Addressing 

Weekly Available 

(Depending on Node Density 

and Limited to 3~4 hops) 

Very High 

GPS, RADAR and Vision 

Mostly Regular 

Specific Application 

(Vehicles Communication) 



1.3 Characteristics of VANET 

In addition to the similarities to ad hoc networks, VANETs also possess unique network 

characteristics that distinguish it from other kinds of ad hoc networks and influence 

research in this area. Few important characteristics of VANETs are as foUows:-

• Somewhat Predictable but Highly Dynamic Topology: In VANET, the movement 

of each vehicle is restricted by the roads patterns. With the knowledge of roadway 

geometry, the mobility pattern of vehicles can be predicted to a certain extent. 

Although mobility pattern of vehicles can be predicted in VANET but vehicles 

move at a very high speed and hence the topology in VANETs changes frequently. 

• Frequent Network Disconnection: Due to the highly dynamic topology, the link 

connectivity in VANETs also changes frequently. Especially when the density of 

vehicles is low, the chances of network disconnection are quite high. 

• Mobility Modeling and Predication: Due to the high vehicle movement and 

dynamic topology, mobility models and predication play key role in designing the 

data dissemination approaches for VANETs. 

• Geographical Type of Communication: In confrast to other mobile wireless 

networks that only use either unicast or multicast way for communication where the 

end points are defined by ID or group ID, the VANETs also support a different type 

of communication that deals with packet forwarding based on geographical area. 

• Different Communication Environments: Generally VANET operates in two 

typical communication environments known as highway scenario and city scenario. 

In highway traffic scenarios, the communication environment is comparatively 

simpler and straightforward (e.g., constrained one-dimensional movement), while in 

city traffic conditions it becomes quite complex. 

• Adequate Storage and Energy: In VANET, nodes have sufficient amount of 

energy and computing power including both processing and storage because nodes 

are vehicles in VANET instead of small handheld devices in other networks. 

• Hard Delay Constraints: Some of the applications in VANET do not require high 

data rates but has hard delay constraints. 

• Interaction with On-Board Sensors: Each node in VANET is equipped with on

board sensors and GPS to provide information that can be fiarther used to form 

communication links and data dissemination. 



1.4 VANET Architecture 

A VANET is a kind of wireless ad hoc network that provides communication among 

vehicles and nearby roadside equipments. VANET consists of vehicles with on-board 

sensors and RSUs deployed along highways / sidewalks, which provides 

communications between vehicle-to-vehicle (V2V) and communications between 

vehicles-to-infrastmcture (V2I) [16]. Figure 1.1 gives an illustration of the architecture 

of VANET. Vehicles Vi, Vi, and Vj, have access to a roadside infrastructure, which has 

limited coverage. These vehicles can obtain information from the roadside base station. 

However, vehicles P4, F5, and Ve have no communications with the fixed infrastructure. 

For instance, vehicle V^ will have to rely upon information from vehicle F5, which in 

turn has obtained information that has passed through vehicles Vi and F4. 
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Fignre 1.1: Vehicular Ad Hoc Network Architecture [17] 

Each vehicle communicates with nearby vehicles in a highly dynamic ad hoc 

networking envirormient via V2V communications. Traffic-related information can be 

exchanged through periodic beaconing to allow drivers to be aware of surrounding 

traffic conditions. Event driven messages can be generated in case of emergency and 

disseminated to all vehicles in the zone of relevance (ZOR) [17]. Infotaiimient 

applications such as gaming, file downloading requiring peer-to-peer communications 

can also be supported through V2V communications [18]. In the presence of RSUs, 

Internet access can also be made possible for the occupants in the vehicle. Information 



from a remote data server can be delivered to a vehicle through the bitemet backbone, 

and vice versa. RSU provides larger communication service area and can provide 

infotainment services such as advertisements, parking lot availability, and automatic 

tolling with ease. 

In near future, this emerging vehicular networking paradigm is expected to provide a 

variety of automotive applications, ranging from collision warning / avoidance to 

seamless inter-vehicle video streaming even in underdeveloped countries and remote 

areas [19], 

1.5 Standards for Wireless Access in VANET 

A standard simplifies the product design and development. Standards help to reduce 

costs and allow the users to compare competing products. The requirements of 

interconnectivity and interoperability can only be guaranteed with the use of standards. 

The surfacing of new products can be verified to enable the fast implementation of new 

technolo^es. There are many standards that are related to the wireless access in 

vehicular environments. These standards may range from the protocols that apply to 

transponder equipment and communication protocols. These standards can also be used 

in security specification, routing, addressing services, and interoperability protocols 

[20]. Following are the two major standards proposed for vehicular environment. 

1.5.1 Dedicated Short Range Communication (DSRC) 

Dedicated Short-Range Communication (DSRC) is a standard that ^ms to support 

vehicle-to-vehicle and vehicle-to-roadside communications. The Federal 

Communications Commission (FCC) in the United States has allocated 75 MHz of 

licensed spectrum from 5.850 GHz to 5.925 GHz as the dedicated short range 

communication band for ITSs to enable communication-based safety and infotainment 

services. DSRC is a free but is a licensed spectrum. It is free because the FCC does not 

charge any usage money for that spectrum. However, the spectrum is licensed which 

means that it is more restricted in terms of its usage. For example, the FCC requires the 

use of particular channels and all radios developed should conform to the standard. The 

DSRC spectrum is having seven channels each of which is 10 MHz wide. One channel 

is reserved for safety communications only while two other channels are restricted for 



special purposes (like critical safety of life and high power public safety). All the 

remaining channels are service channels which can be used for either safety or non-

safety applications. 

In Europe, different frequency bands are used for vehicular communications, for 

instance, unlicensed frequency band at 2010-2020 MHz is used in Fleetnet [21]. Table 

1.2 provides the various DSRC standards used in Japan, Europe and the USA. 

Recently, the European Telecommunications Standards Institute (ETSI) has also 

allocated a radio spectnmi of 30 MHz at 5.9 GHz for ITSs. To improve quality-of-

service (QoS) and spectrum utilization, multiple channels are expected to be employed 

in vehicular communications [23]. Location information of vehicles is generally 

available through global positioning system (GPS), End-to-end paths can then be 

recognized via location-aware V2V and / or V2I transmission for information delivery. 

Table 1.2: DSRC Standards in Japan, Europe and The US [22] 

Features 

Communication 

Radio Frequency 

Bandwidth 

Channels 

Channel Separation 

Transmission Rate 

Coverage 

Modulation 

JAPAN 

(ARIB) 

Half-Duplex (OBU) / 

Full-Duplex (RSU) 

5.8 GHz band 

80 MHz 

Downlink: 7 

Uplink: 7 

5 MHz 

Down/Up-Link: 

1 or 4 Mbps 

30 m 

2-ASK, 4-PSK 

EUROPE 

(CEN) 

Half-Duplex 

5.8 GHz band 

20 MHz 

7 

5 MHz 

Downlink: 500 Kbps 

Uplink: 250 Kbps 

15-20m 

RSU: 2-ASK 

OBU: 2-PSK 

USA 

(ASTM) 

Half-Duplex 

5.9 GHz band 

75 MHz 

7 

lOMHz 

Down/Up-Link: 

3-27 Mbps 

1000 m 

OFDM 

1.5.2 IEEE 1609—Standards for Wireless Access in Vehicular Environments 

(WAVE) (IEEE 802.1 Ip) 
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VANET face more challenges than fixed wireless networks, caused by varying driving 

speeds, traffic patterns, and driving environments. Conventional IEEE 802.11 Media 

Access Control (MAC) operations suffer from major overheads when used in vehicular 

scenmios. For example, to ensure in-time delivery of safety messages in vehicular 

communications, fast data exchanges are required [24]. To address such IEEE MAC 

operations requirements, the DSRC ASTM 2313 working group migrated from IEEE 

802.11 to IEEE 802.1 Ip Wireless Access in Vehicular Environments (WAVE) [22]. 

Figure 1.2 shows that IEEE 802.lip is a limited version of IEEE 802.11 which 

stringently works at the media access control and physical layers. 

The operational functions and complexity related to DSRC are handled by the upper 

layers of IEEE 1609 standards. WAVE defines two categories of devices: Road Side 

Unit (RSU), and On Board Unit (OBU). RSUs are essentially stationary and OBUs are 

basically mobile devices. Both RSUs and OBUs can act as either a service provider or a 

user of services. Usually, RSUs host applications that provide services, and mobile 

device uses such a service. WAVE uses Orthogonal Frequency Division Multiplexing 

(OFDM) to split the signal into several narrowband channels. WAVE provides a data 

payload communication capability of 3, 4.5, 6, 9, 12, 18, 24 and 27 Mbps in 10 MHz 

channels. 
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Figure 1.2: Wireless Access in Vehicular Environments (WAVE), IEEE 1609, IEEE 802.1 Ip and The 

OSI Reference Model [22] 



1.6 Applications of VANET 

Applications of VANET can be classified into three major categories 1) Safety 

applications, 2) Traffic monitoring and management applications, and 3) Infotainment 

applications. 

1.6.1 Safety Applications 

Safety applications are the most important applications type that are primarily focused 

on to decrease the chances of road accidents and the loss of life of the occupants of 

vehicles [25]. A large number of accidents that occur in all parts of the world are 

associated with vehicle collisions. This class of applications primarily provides active 

road safety to avoid collisions by assisting the drivers with timely information. 

Information is shared between vehicles and road side units which is further used to 

predict vehicle collisions. Safety information can be represented with vehicle's speed, 

position, intersection position and distance heading. Moreover, hazardous locations, 

such as slippery sections or potholes on roads can be easily located using the exchange 

of information between the vehicles and the RSUs. Few use cases of safety applications 

are given below [26]:-

• Curve Speed Warning: In this use case, a combination of GPS and digital maps are 

used to judge threat levels for a driver approaching a curve too quickly. If the driver 

enters a curve at a high speed and will not be able to drive through the curve safely, 

he / she will be warned automatically with a message. Acoustic as well as visual 

symbols may be used to warn the driver. The signal may directly appear on the 

instrument panel or in the navigation system [27]. 

• Traffic Signal Violation Warning: This use case is designed to send a warning 

message to the driver when it detects that the vehicle is in a risk of running the 

traffic signal. The decision to send a massage is made on the basis of traffic signal 

status and timing, and the vehicle's speed and position. The road surface and 

weather conditions are some other factors that are considered in such situations. This 

traffic violation information is fixrther broadcasted by the RSU to all other vehicles 

in the neighborhood. 

• Emergency Electronic Brake Lights: In this use case, the driver is alerted with a 

message when a preceding vehicle makes a severe braking maneuver. This alert 
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notification is sent xising the cooperation of other vehicles and / or RSUs. 

Surrounding vehicles that receive this warning message will act accordingly if tfie 

event is relevant or ignore if it is not concerned with them. 

Pre-Crash Sensing / Warning: hi this use case, it is assumed that a crash is 

unavoidable and will take place. The system is designed in a way to reduce the 

effect of an accident using equipments like actuators, air bags, motorized seat belt 

pre-tensioners and extensible bumpers. Also the driver is warned, brakes are pre-

charged, seat belts are retracted, excess slack is removed, and automatically 

applying partial or full braking to minimize the crash severity. Vehicles and the 

available RSUs also share information periodically to predict collisions. The 

exchanged information includes detailed position data and vehicle size. 

Collision Risk Warning: In this system, vehicles and RSU detect chances of 

collision between multiple vehicles that are not able to communicate amongst 

themselves. The system will collect data about vehicles that are coming from 

opposite directions and are approaching towards an intersection, using sensors or 

DSRC communications. The collected information is further disseminated to inform 

vehicles that are going to take turn. One way to implement such system is by 

collecting the data continuously, and when there is a vehicle with its turn signal on, 

the system will send a message to that vehicle about the traffic traveling in the 

opposite direction of the vehicle. The other way is to have an in-vehicle system that 

sends a request to be notified about the traffic in the opposite direction when the turn 

signal is activated. The system will then collects data about the traffic in the opposite 

direction and sends a message to the vehicle that requested the information. In both 

ways, the driver will be informed and warned about the traffic coming from the 

opposite direction. 

Lane Change Assistance / Warning: In this application, elecfronic systems 

incorporated in vehicle monitor the position of a vehicle within a roadway lane and 

warn a driver if it is unsafe to change lanes or merge into a line of traffic at any 

instant. These systems are backward looking and assist drivers who are intentionally 

changing lanes by detecting vehicles in the driver's blind spot. Therefore, the risk of 

lateral collisions for vehicles is reduced by accomplishing a lane change with blind 

spot. 
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• Stop Sign Movements Assistance: In this system both V2V and V2I 

communications are used. This system is designed in a way to avoid accidents at 

stop sign intersections. Data is collected by sensors or DSRC communications that is 

further used to inform the driver when it is unsafe to pass through an intersection. 

Moreover, it also warns drivers if there is any traffic coming through the intersection 

at the same time. 

• Control Loss Warning: hi this use case, the system is intended to enable the driver 

of a vehicle to generate and broadcast a message to all surrounding vehicles in case 

of control loss. Upon receiving such information, the nearby vehicles decide the 

relevance of the event and provide a warning to the drivers, if appropriate. 

1.6.2 Traffic Monitoring and Management Applications 

This class of application mainly focuses on improving the vehicle traffic flow, traffic 

coordination and traffic assistance. It provides updated local information, maps and 

releveint messages bounded in space and / or time. Traffic monitoring and management 

applications can be further categorized into two classes known as Speed management 

applications and Co-operative navigation applications. 

• Speed Management Applications: The aim of speed management applications is to 

assist the driver in managing the speed of his / her vehicle. The driving is made 

smoother and it avoids unnecessary stopping. The examples of this type of 

application are regulatory / contextual speed limit notifications and green light 

optimal speed advisory. 

• Co-operative Navigation Applications: This type of application is intended to 

increase the efficiency of vehicular traffic by managing the navigation. The vehicles 

navigate through cooperation among themselves and through cooperation between 

vehicles and RSUs. Few examples of co-operative navigation are traffic information 

and recommended itinerary provisioning, co-operative adaptive cruise control and 

platooning. 

1.6.3 Infotainment Applications 

Infotainment applications offer convenience and comfort to drivers and passengers. The 

gist of infotainment applications intend to provide all kind of messages that offer 

11 



entertainment and useful messages to the driver and passenger. Locating the nearest 

cxtffee shop, cinema, mall, fuel station which offers the best price in that area, or 

available parking spot are the few examples of infotainment applications. Infotainment 

applications can be further subdivided into two categories 1) Co-operative local 

applications and 2) Global Internet applications. 

• Co-operative Local Applications: The services provided by co-operative local 

applications focus on infotainment that can be obtained locally such as point of 

interest notification, local electronic commerce and media downloading. 

• Global Internet Applications: In this class of application, the focus is on the data 

that can be obtained firom global internet services. Few examples of global internet 

applications are community's services, which includes insurance and financial 

services, fleet management and parking zone management, and ITS station life 

cycle, which focuses on software and data updates. 

1.7 Motivation 

Nowadays, traffic congestion on roads is a big problem in almost all the cities [28]. 

Congestion, issues related to accidents and driver safety pose a major threat to human 

life and environment. Other harmfiil consequences are wastage of energy and leakage of 

secret information. Since 1950s when the first automobile safety system was introduced 

in the automobile marketplace, vehicle safety has evolved rapidly. In present era, 

vehicles include a broad range of systems (seatbelts, airbags, robust vehicle structure, 

breaks, suspension etc.) that protect the driver during vehicle crashes. Although earlier 

systems provide some protection and reduce fatalities, they are not able to prevent road 

traffic accidents. During the past few years, some ambitious systems were introduced to 

assist in crash prevention. These systems differ from earlier passive safety systems 

(seatbelts, air bags, etc.) and are called as active safety systems. Active safety systems 

add intelligence to vehicles and assist in accidents avoidance by detecting unusual 

vehicle behavior e.g. activating electronic stability systems, rapid breaking, etc. These 

systems use wireless communications for transmitting warning messages to the vehicles 

in close proximity. 

The success of any active safety system depends upon two important factors: how to 

identify a risky situation and how to inform drivers about that situation. Both problems 
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are tedious and require complex solutions. Although many projects are proposed in the 

literature, still there is a need for the development of efficient dissemination strategies 

that satisfy the requirements for active safety applications. Moreover, VANET has some 

distinct characteristics like high-speed node movement, short connection lifetime, and 

frequent topology change. Inefficient data dissemination in VANET wastes a large 

amount of bandwidth that if saved would allow vehicular data to be disseminated at 

farther distance and also allow more vehicular applications to co-exist. VANET 

applications requiring dissemination of information face a major challenge of limited 

network bandwidth shared by all the vehicles restricting the speed of data propagation 

[29]. As communication cost is higher than computation cost, and in-network 

processing reduces number / size of packets in the network, the communication 

protocols for VANETs require careful design for being able to cope up with the variety 

of requirements emerging from the highly dynamic network topology and the 

applications themselves. The development of an efficient data aggregation and 

dissemination technique for VANET is the main motivation for this research work. 

1.8 Issues in VANET 

The major issues that affect the design, deployment and performance of vehicular 

networks are as follows :-

1) Routing [30]: The responsibilities of a routing protocol include exchanging the 

route information, finding a feasible path to the destination based on a criterion such 

as hop length, minimum power required and life time of a wireless link, gathering 

information about the path breaks, mending the broken paths utilizing minimum 

bandwidth. Specific issues related to VANET such as network topology, 

demographics, mobility patterns, varying density of vehicles at different times of the 

day, rapid changes in vehicles arriving and leaving the VANET and the fact that the 

width of the road is generally smaller than the transmission range should be 

considered while designing a routing protocol for VANET. The factors that affect 

the performance in designing a routing protocol are:-

• Node mobility 

• Bandwidth constiaint 

• Error-prone and shared channel 
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• Quick route reconfiguration 

• Loop fi-ee routing 

• Minimum control head 

2) Transport Layer Protocol: The main objectives of transport layer protocols include 

setting up and maintaining end to end coimection, reliable process to process 

delivery of data packets, flow control and congestion control. 

3) Quality of Service Provisioning: Quality of Sendee (QoS) is the qualitative and 

quantitative representation of the user's requirements. It measures the performance 

level of services offered by a service provider or a network to the user. QoS 

provisioning often requires negotiation between the host and network, resource 

reservation schemes priority scheduling and call admission control. Rendering QoS 

in vehicular networks can be on per flow, per link, or per vehicle basis. In vehicular 

networks the boundary between the service provider (network) and the user (vehicle) 

is blurred, thus it is required to have better coordination among the hosts to achieve 

QoS. 

4) Security and Privacy: The security in vehicular networks is very important, 

especially in military applications like vehicle platooning. The lack of any central 

coordination and shared wireless medium makes them more vulnerable to attacks 

than wired networks. The major security threats that exist in vehicular networks 

are:— 

• Denial of service 

• Resource consumption 

• Host impersonation 

• Information disclosure 

• Interference 

5) Scalability: Scalability in vehicular networks can be defined as whether the network 

is able to provide an acceptable level of service to the packets even in the presence 

of a large number of vehicles in a network. Similar to wired networks, this metric is 

closely related to how quickly network protocol controls the overhead increase as a 

fiinction of increase in number of nodes and link changes. In proactive networks, 

scalability is usually accomplished by introducing routing and / or location hierarchy 
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in the network, or by restricting the scope of control messages to locations close to 

the changes. In reactive ad hoc networks, techniques such as dynamically restricting 

the scope of route requests and attempting local repairs to the broken routes are 

generally used [31]. 

6) Data Aggregation [32]: The idea of data aggregation is simple. Instead of 

broadcasting all messages (control or data), vehicles compare messages that they 

receive with their own database, semantically combining messages where possible 

and then disseminating the one collaborative message instead of multiple messages. 

In this way, after collaborative detection of a traffic jam, only one message is 

required to convey the information about an arbitrarily long traffic jam. In 

comparison to the dissemination of hundreds of messages from all vehicles in a 

traffic jam, this is a huge bandwidth saving. 

1.9 Data Aggregation and Data Dissemination in VANET 

Data aggregation and data dissemination provide mechanisms to improve 

communication efficiency. They basically consist of a number of adaptive schemes that 

can combine information from various data sources mto a set of organized and filtered 

information and, then distribute this information further in an effective maimer [33]. 

Data aggregation is a well known concept and was introduced in Wireless Sensor 

Networks (WSN) [34] earUer to VANET. Data aggregation [32][35][36][37] is used to 

combine correlated data items from different vehicles before redistributing to the other 

vehicles or roadside units. The aim of aggregation in VANET is to provide drivers with 

accurate information on traffic conditions for a large road section where each vehicle 

periodically disseminates information about road traffic and conditions as shown in 

Figure 1.3. 

On the other hand, data dissemination [3 8] [39] can be defined as broadcastmg or 

spreading information about itself and the other vehicles that it knows. Every time a 

vehicle receives information broadcasted by any other vehicle, it updates the stored 

information in its database accordingly, and defers forwarding this information to the 

next broadcast periodically, so that updated information can be broadcasted. The 

dissemination mechanism must be scalable, as the number of broadcast messages is very 

large and, they should not flood the network. As mentioned earlier, VANET has some 
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unique characteristics like high-speed node movement, short connection lifetime, and 

frequent topology change that require good data aggregation and data dissemination 

schemes to be employed that works well with all the scenarios generated by mobility 

models. 
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V 

Figure 1.3: Data Aggregation and Dissemination in VANET 

The process of data aggregation and dissemination are implemented to effectively 

reduce the communication overhead and thus reducing the bandwidth requirements. In 

data aggregation, instead of many nodes sending single message of similar nature 

individually, that are all transferred independently, data items from multiple sources can 

be combined into one aggregated message that represents the useful content of the 

multiple single messages. Thus, data aggregation and dissemination have the following 

benefits:-

• It reduces the bandwidth requirement. 

• It reduces the resource requirement. 

• It reduces energy requirements. 

• It reduces communication overhead. 

Many schemes exist for data aggregation and dissemination and vnW be discussed in the 

next chapter. 

1.10 Thesis Contribution 

Some of the salient features of the work done are:-
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• The problem of data aggregation and data dissemination are explored. The efficient 

communication is obtained by choosing a structure free data aggregation mechanism 

with a decentraUzed dissemination of data. 

• We investigate the influence of mobility models on the performance of data 

aggregation in vehicular networks. 

• A data relationship degree (DRD) based clustering data aggregation for VANET is 

introduced. With the proposed DRD based clustering data aggregation method, 

vehicles that have high relationship degree remain inside the same cluster, allowing 

more accurate aggregated data to be generated and less data disseminated to the next 

vehicle. 

• The major contribution of this dissertation is a flexible and relevance based structure 

free data aggregation approach which enables dissemination of those aggregates that 

are likely to have maximum benefit for the surrovinding vehicles. The proposed 

probabilistic data aggregation framework improves the efficiency of VANET in 

various applications. 

• A novel approach using decentralized implementation of raptor codes is presented 

for data dissemination in vehicular environment that is applicable for both dense and 

sparse scenarios with limited resources. 

• The proposed schemes for data aggregation and data dissemination are simulated 

using NS2 simulator to check the correctness and performance. 

1.11 Thesis Organisation 

The thesis consists of seven chapters. Chapter 1 is introductory in nature, giving the 

fimdamental concepts of vehicular networks. Thesis motivation, scope and objectives 

are discussed in this chapter. Architecture of VANET is explored for better 

understanding. The characteristics and applications of vehicular networks are discussed 

in this chapter. How VANET differs from MANET is also investigated along with the 

problem of data aggregation and dissemination. 

Chapter 2 presents detailed review of existing data aggregation and dissemination 

approaches for vehicular networks, their characteristics, comparison, design issues, gaps 

in the existing models. The chapter also provides a discussion on various data 

aggregation approaches for Wireless Sensor Networks. Single-hop as well as multi-hop 
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broadcasting protocols for data dissemination are discussed in detail. In the subsequent 

chapters, various aspects pertaining to the requirement, design and development of the 

proposed VANET system that will be scalable and can provide communication in both 

sparse and dense environment are presented. 

The definition of a generic mobility model providing accurate and realistic mobility 

description is an important challenge faced by the vehicular network. Mobility model is 

one of the important aspects while testing the performance of VANET protocols. Good 

mobility models should clearly reflect as close as possible to the real behavior of 

vehicular traffic. However, due to the availability of large number of mobility models, it 

is hard to realize incomparable features, real capabilities and understanding the true 

degree of realism with respect to vehicular mobility. Chapter 3 explores the mobiUty 

models for VANET. The chapter begins with the description of different levels of 

mobility and various factors affecting the mobility patterns. Then, we discuss the 

metrics for analyzing the performance of various algorithms in vehicular networks. 

Different categories of mobility models are described. After that, we propose an 

overview and taxonomy of several mobility models available for vehicular networks 

with simulation. Finally, the chapter investigates the influence of mobility models on the 

performance of data aggregation as in the performance studies of vehicular networks; 

affect of mobility model on data aggregation plays a major role. 

Data aggregation is one of the major needs of VANET as it reduces the data redundancy 

while conserving the network bandwidth. Chapter 4 focuses on the structure based data 

aggregation and we propose a cluster based data aggregation approach for VANET. hi 

realistic applications, it is always important to construct an effective route strategy 

which optimizes not only the communication cost but also the aggregation cost. Data 

aggregation at the cluster head by individual vehicle causes flooding of data which 

results in maximum latency and bandwidth consumption. Another approach of data 

aggregation in VANET sends local representative data based on spatial-correlation of 

sampled data. This chapter emphasizes on the problem that recent spatial correlation 

data models of vehicles in VANET are not appropriate for measuring the correlation in a 

complex and composite environment. Moreover, the data represented by these models 

is generally inaccurate when compared to the real data. To minimize this problem, a 

gioup based data aggregation method is proposed that uses data relationship degree 
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(DRD). In the proposed approach, DRD is a spatial relationship measurement parameter 

that measures the correlation between a vehicle's data and its neighboring vehicles' 

data. The DRD clustering method where grouping of vehicle's data is done based on the 

available data and its correlation is presented in detail. Finally, simulation is done to 

check the effectiveness of the proposed approach and provides a comparison with some 

other existing state-of-the-art solutions. 

Chapter 5 presents a knowledge based structure free data aggregation approach for 

VANET. In this chapter, a novel framework is proposed for handling the local broadcast 

storm problem using probabilistic data aggregation which reduces bandwidth 

consumption and hence improves the information dissemination. The proposed system 

exploits the knowledge base and stores the decisions for aggregation, and is based on a 

flexible and extensible set of criteria. These criteria can be application specific and can 

enable a dynamic fragmentation of road according to the various application 

requirements. Knowledge based reasoning allows to employ natural language rules and 

weighted scores to make aggregation decisions. Data structures used for the 

representation of vehicular data in knowledge base are also described. The framework is 

evaluated for VANET based traffic information system through simulation for strictly 

limited bandwidth and local broadcast storm problem. The results demonsfrate accuracy 

of the proposed knowledge based structure-free system which reduces bandwidth 

consimiption by eliminating the local broadcast storm. 

The design of data dissemination protocol has been a great challenge due to the highly 

dynamic and unreliable wireless channel in VANET. In literature, several interesting 

solutions are proposed to perform data dissemination for this environment. But these 

solutions either use architectures requiring centralized coordination or global network 

knowledge or large intermediate buffers. In Chapter 6, we propose a decentralized 

technique that overcomes above requirements and provides a reliable and scalable 

communication in both dense and sparse traffic for VANET. Random walks are used 

along with network coding in the proposed technique to disseminate data from one 

vehicle to other vehicles in the network. We use network coding and raptor codes to 

provide low decoding complexity and more scalability for data dissemination. Raptor 

codes show the superior decoding performance and low complexity even when the 

number of nodes scales up in the vehicular network as compared to other coding 
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techniques such as random linear codes. In the end, simulation is done to demonstrate 

the working and performance of the proposed technique which has a better fault • 

tolerance with lower complexity than general random-walk based dissemination process 

and more scalability as compared to the other existing protocols. 

Finally, the summary and directions for future work are presented in Chapter 7. 

1.12 Summary 

In this chapter we have briefly defined what is a vehicular network? What are the 

characteristics, limitations and applications of a vehicular network? A look is also given 

on the challenges available in the existing system. Objective of this research is given 

followed by the contribution made in this dissertation. The chapter gives a roadmap to 

the dissertation. 

In the next chapter, literature review is provided. 
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Chapter 2 

Literature Review 

In this chapter, we present various schemes and solutions proposed by the other 

researchers to handle data processing and data compression problems in VANETs. Even 

though there are many solutions proposed in the past that can handle these problems in 

MANETs and WSN, they cannot be directly applied to VANETs because VANETs 

have some characteristics that are totally different from other type of networks as 

discussed in the previous chapter. We also review the previous work proposed for data 

aggregation and dissemination in VANET. We further describe our work in the context 

of literature. 

2.1 Data Aggregation Approaches 

During information-gathering process in WSN, the information collected by adjacent 

nodes is often redundant and if this information is transferred by every node, it will 

result in high energy consumption, less network lifetime etc. Moreover, the 

simultaneous transmission using multi-node will result in the collision frequency and 

network congestion. It also reduces the communication efficiency and affects the timely 

collection of information. 

Data aggregation was introduced in WSN before VANET and is a good solution to the 

above problems where it reduces the communication cost and thereby extending the 

lifetime of a sensor network [40] [41]. The aim of data aggregation is to provide efficient 

data delivery by grouping the similar type of information. In MANET, data aggregation 

is studied in mainly in two aspects: routing-related and data-related. In routing-related 

aspect, focus is on the routing problems like when and where two or more packets can 

meet each other and then be aggregated. On the other hand in data-related aspect, focus 

is on the calculation, coding, and compression of aggregatable data from multiple 

packets. Majority of the data aggregation approaches can be classified into two broad 
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classes: structure based data aggregation and structure free data aggregation 

[42] [43] [44] [45]. A brief overview of these two categories of data aggregation is as 

follows. 

2.1.1 Structure Based Data Aggregation 

It is a particular type of data aggregation in which routing is done on a pre-computed 

structure. These fixed-structure aggregation approaches can meet the requirement of 

simple queries in wireless sensor networks. However, they incur too much 

communication overhead in constructing and maintaining routing structures. This type 

of data aggregation is basically suitable for imchanging traffic pattern and is 

inappropriate for dynamically changing networks. It can fiirther be classified into two 

types :-

2.1.1.1 Tree-Based Data Aggregation 

In tree-based data aggregation scheme, data flows from leaf nodes towards the root 

node which represents the data sink. Intermediate nodes aggregate the data received 

from their child nodes and disseminate the aggregated information towards their parent 

node as shown in Figure 2.1. The construction of an efficient aggregation is a big 

challenge in tree-based data aggregation scheme. Below are some exemplary protocols 

which make use of such a tree structure. In [46], Madden et al. introduced a protocol 

named Tiny Aggregation (TAG), which allows a user to perform simple queries meant 

for data collection and aggregation. 

( N 2 2 ) 

Figure 2.1: Tree Based Data Aggregation 

Node 
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The TAG structure works in two different phases: distribution and collection. In the 

distribution phase, a query is distributed to all the network nodes. In the collection 

phase, parent node uses a specified aggregation function to fuse data that has been 

received firom child nodes. Another tree based protocol is Directed Diffusion protocol 

[44]. In this protocol, every node can be a sink and when any sink is interested in a 

specific data, it floods the network with an interest message. When nodes receive this 

message, they rebroadcast it to their neighbors and establish gradients that are used to 

route data back to the sink. In both the approaches the aggregation tree is maintained 

periodically. Maintenance is started by the sink node. Lindsey et al. introduce PEGASIS 

[47], a chain-based aggregation approach. In PEGASIS, each node is a part of chain 

structure. It is assumed that every node has a linkage to the base station and every node 

becomes a chain leader on a round robin basis. Thus, data aggregation is performed over 

a chain structure and energy consumption is uniformly distributed all over the nodes. 

However, global knowledge of the network is still required for the construction of the 

chain structure for this approach. 

2.1.1.2 Cluster-Based Data Aggregation 

In cluster-based data aggregation approach, nodes are grouped together to form a cluster 

and are coordinated by so called cluster-heads [48]. These cluster-heads are the 

aggregation points that combine the data sensed by cluster members and broadcast the 

aggregated data to the sink node as shown in Figure 2.2. The tree-based data 

aggregation scheme is also a hierarchical approach like cluster-based data aggregation 

scheme and the properties of the two are somewhat similar. 

o 
=Node 

=Cluster Head 

Figure 2.2: Cluster Based Data Aggregation 
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Two popular examples of cluster-based data aggregation protocols are LEACH [32] and 

COUGAR [49]. Heinzelman et al. [32] proposed a LEACH protocol which is one of the 

most admired algorithms for WSNs. It forms the clusters based on the received signal 

strength of nodes and uses the cluster head (CH) as routers for the base-station. All the 

data processing including data aggregation and data fusion is local to the cluster. The 

scheme guarantees that each node will become CH evenly. However it does not take 

battery life and relationship among nodes into consideration. 

In LEACH, CH is chosen in an autonomous and distributed way. In every round /, each 

node V independently decides to be a CH with probability Pvil), if the node v has not 

f 
been a CH in the last /mod — rounds. The probability PJJ) is given by: 

N-kUmod—\ 

where A'' is total number of nodes and k is the average number of CHs in each round. It 

means that, all nodes will become CH at least once in every N/k rounds. The scheme has 

the disadvantage that a node with very low energy level may be selected as a CH 

because the decision to elect the CH is probabilistic. The resulting cluster becomes 

worthless if this node dies. Although CHs are regular sensors but the scheme assumes 

that the CHs are having a large communication range so that the data can be transmitted 

directly to the base-station. Consequently, the scheme is not applicable to large 

networks. 

Heinzelman et al. proposed another protocol called as LEACH-C [35] which is a 

centralized cluster formation version of LEACH. Base station (BS) organizes and 

controls the whole network. In other words, LEACH-C protocol provides a centralized 

cluster formation, local processing for data aggregation of sensed information and the 

rotation of CHs in each round. These activities were aimed to achieve uniform energy 

consumption among all sensor nodes and thus maximizing the network lifetime. As the 

BS does not have any energy constraints, centralized cluster formation method can be 

quite attractive. However, LEACH-C suffers from the jiT-median problem during cluster 

formation. 
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Yao et al. [49] proposed a cougar approach to in-network query processing in sensor 

networks. Cougar creates aggregation trees similar to TAG protocol. A query-driven 

approach is proposed in cougar where a loosely-coupled distributed architecture is 

presented to support both aggregation and more complicated in-network computation 

through declarative queries. 

Mantri et al. [50] [51] proposed grouping of clusters for efficient data aggregation that 

reduces flooding of data by individual node at the sink and results in energy saving. 

They proposed group based data aggregation, where grouping of nodes are done based 

on the available data and correlation in the intra-cluster and grouping of cluster heads at 

the network level help to reduce the energy consumption. They used additive and 

divisible data aggregation function at cluster head (CH) as in-network processing to 

reduce energy consumption. 

Yuan et al. [52] proposed a data aggregation method for WSN by sending local 

representative data to the sink node based on the spatial-correlation of sampled data. As 

the representative data is inaccurate when compared with real data, authors proposed 

data density correlation degree. They used correlation degree as a spatial correlation 

measurement that measures the correlation between a sensor node's data and its 

neighboring sensor nodes' data. Based on the correlation degree, data aggregation is 

performed on the data. Authors used data density correlation degree which is used to 

appropriately measure the correlation between nodes in a complex environment. Cluster 

based schemes also enhance the communication overhead for cluster formation during 

initial phase and then maintenance overhead. This overhead increases considerably with 

increasing network size and changing topology. We propose a clustering based approach 

based on this scheme in chapter 4. 

2.1.2 Structure-Free Data Aggregation 

The tree based and cluster based data aggregation approaches have the disadvantage of 

fixed structure. To limit the problem of hierarchy maintenance, structure free 

aggregation has been proposed which does not follow any pre-defined structure as 

shown in Figure 2.3. Fan et al. [45][53] proposed a novel structure-free data 

aggregation scheme which does not require any fixed structures. The scheme proposed 

by them provides randomized waiting at the application layer to achieve temporal 
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convergence. This was the first structure free protocol proposed for wireless sensor 

networks. It does not incur any communication overhead for the maintenance of 

structure, thus it is appropriate for the networks with dynamic changing topology. 

However, this protocol is also based on the assumption that there is only one data sink 

in the entire network [54]. 

Aggregation in WSN is a well explored area and has received much attention in the past 

few years. However, VANET differ remarkably fi-om WSN in terms of network 

properties and so, simple transfer of data aggregation schemes from WSN to VANET is 

infeasible or difficult. First of all, in most sensor network data aggregation schemes it is 

assumed that there is only one base station which initializes a query to collect 

aggregated data sensed by all nodes. Afterward, all aggregated data is propagated to this 

base station as the data sink. This characteristic is oppressed by the tree-based data 

aggregation where root node of a tree is the data sink. In contrast to this, in VANET all 

nodes are data sinks. Thus, WSN data aggregation schemes are not directly applicable to 

vehicle-to-vehicle communication. Furthermore, hierarchical structures, both tree-

based and cluster-based require a large amount of communication overhead at initial 

phase and during maintenance. This overhead increases as the node mobility increases. 

Therefore, such WSN based data aggregation schemes cannot be applied in vehicular 

networks, where we face very high node velocities and network dynamics. 

•Node 

Figure 2.3: Structure Free Data Aggregation 

2.2 Aggregation Approaches for VANET 

The aim of aggregation in VANET is to provide drivers with accurate information on 

traffic conditions for a large road section where each vehicle periodically disseminates 

information about road traffic and conditions. Figure 2.4 shows an example of data 

aggregation in VANET. In VANET, several aggregation mechanisms have been 

introduced. Data aggregation can be classified as either syntactic or semantic. Syntactic 
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aggregation techniques use compression or encoding the data from multiple sensing 

vehicles in order to fit the data into single frame. This approach provides less overhead 

than sending each message individually. On the other hand, semantic aggregation 

summarizes the data from individual vehicles. For example, the feet that five vehicles 

exist is reported instead of reporting the exact position of all five vehicles. The trade-off 

is little in exchange for a loss of precise data. 

Wischhof et al. proposed the SOTIS i.e. Self Organizing Traffic Information System 

[55][56]. In SOTIS, vehicles on a road segment periodically send reports containing the 

traffic information on the current road segment. For each road segment, an average 

speed is calculated and then forwarded. During the broadcast interval, a vehicle collects 

and aggregates information received from neighboring vehicles. This approach helps 

generate an overview of current traffic conditions by periodical broadcasting of 

information. However, periodical report broadcasting is not an efficient way for report 

propagation, and there is no guarantee that redimdant reports from the same road 

segment can be aggregated together. 

((80+90)/2 =85km/h) 

V(90 km/h) 

Figure 2.4: Data Aggregation in VANET 

Nadeem et al. [37] proposed a semantic data aggregation system known as Traffic View. 

TrafficView is also similar to SOTIS and uses periodic report broadcasting for 

disseminating traffic information. TrafficView differs fix)m SOTIS in a way that it is 

node-centric i.e. messages of the nodes that are close to each other are aggregated by 

averaging their current speed and position. A list of all involved nodes is kept with the 

aggregate. The approach provides an estimated view on the set of surrounding vehicles. 

Authors incorporated ratio-based and cost-based techniques of data aggregation. In the 

ratio-based technique, the roadway in front of a vehicle is divided into multiple regions. 

Data is then aggregated depending upon the ratios that have been pre-assigned to each 
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region. Re^ons that are farther from a vehicle are assigned larger aggregation ratios, 

because precise detail may not be required over a long range. The resulting traffic view 

and road conditions are further customized for every vehicle. Because of the above said 

r^son, the produced view is not useful for other vehicles unless they use same 

aggregation ratios. On the other hand, data is aggregated depending on a cost function in 

cost-based data aggregation technique. This cost function depends upon the position of 

aggregating vehicle. Because of the above said reason, the produced traffic view may 

not be useful for any other vehicle unless it is near to the aggregating vehicle. 

Caliskan et al. [57] introduced a hierarchical aggregation scheme for the discovery of 

free parking place. According to their scheme, a city is partitioned into grids, which are 

further organized in a hierarchical grid tree structure. Each vehicle maintains this type of 

structure and periodically broadcasts this structure at a predefined interval. However, an 

optimal value of broadcast interval dynamically depends upon some factors that have 

not been studied. 

Yu et al. [58] presented CatchUp data aggregation technique that aggregates reports of 

similar kind generated by vehicles whenever an event occurs. For example, a variation 

in vehicle's density. Authors presented a technique which is based on inserting a delay 

before forwarding any report. The delay insertion is in the hope of meeting similar 

reports from sunx)unding vehicles so that tiiese reports can be aggregated into single 

report. As the scheme inserts a delay before forwarding any message, it is unsuitable for 

safety applications, such as collision warning. 

Lochert et al. [38] introduced a data aggregation mechanism for dissemination-based 

VANET applications. Thdr technique is hierarchal in nature and is meant for vehicle 

travel times. It was based on a probabilistic data representation using Flajolet-Martin 

sketches, which have been extended to a soft-state data structure. This generates 

duplicate insensitive aggregates and confirms that sketch-based schemes are more 

suitable for the considered purpose, and may form a well central building block for a 

large variety of VANET applications. In this technique, all vehicles broadcast their 

travel time between any two landmarks in a trip. Then these travel times are 

hierarchically aggregated and tiien broadcasted to the distant vehicles for providing an 

estimate of the travel times along a particular road segment. Therefore, using this 

information, drivers can avoid congested roads (the roads with larger travel time 
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estimate). On the contrary, a driver traveling at a low speed along the road will report a 

long travel time between any two landmarks, which will be translated by the other 

vehicles as congestion between those landmarks even though there is no congestion on 

that roadway. Similar to Catch-Up technique, this work is also not suitable for safety 

application as it is only concerned with reporting traffic conditions. 

Eenennaam et al. [59] presented a system that achieves efficient data compression by 

applying run length encoding. Instead of averaging information about road segments, 

only the most relevant single information items for a certain stretch of road is 

communicated to fixrther away vehicles. Ibrahim and Weigle [60] [61] presented a 

cluster based data aggregation scheme for dissemination of vehicle speeds. The 

CASCADE system employs only syntactic, lossless data compression that makes 

efficient use of the wireless channel while providing each vehicle with data that is 

highly precise, represents a large area in fi-ont of the vehicle, and can be combined with 

aggregated data fi"om other vehicles to fiirther extend the covered area. 

Dietzel et al. [62] described a completely structure-free data aggregation approach that 

focuses on the flexible decision metrics because it says fixed bounds contradict the real 

situation on roads. As a result of this, the aggregated view of the road directly represents 

the current traffic situation. Fuzzy logic rules are employed to base aggregation 

decisions on qualitative metrics, such as induced quality loss due to aggregation [63]. 

The approach is not restricted to the shown traffic situation detection but can also be 

used in many different scenarios, like reporting of road conditions or fog situations. 

Rybicki et al. [64] analyzed information dissemination in the context of vehicular 

networks that provides a theoretical scalability bound for aggregation protocols in 

VANETs. The main result of their research is that the data rate must be reduced 

asymptotically faster than the squared distance to the information source (i.e., 0{\/d^)) 

to be able to scale to larger deployments. Also, the authors provide a construction 

framework for a mechanism achieving the claimed rate. One common shortcoming of 

existing VANET aggregation mechanisms is that no generic mechanism is there to 

model state information. One suitable approach to model such information is based on 

graphs. This is based upon the fact that road networks themselves are generally modeled 

as graphs. 
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Ding et al. [65] introduced a graph model for the dynamically changing road networks, 

including node movements. They provide the definition for SBDTN i.e. state-based 

djTiamic transportation network. The aim of this model was to support queries for 

various network parts at different time instants, thereby supporting routing and planning 

algorithms. All attributes, including the structure of the road networks can change over 

time. Moreover, the segments of the road network can be in different states, e.g. free and 

occupied. However, such states are restricted to some discrete values and no explicit 

support for aggregated data is given. 

In the same way, Flinsenberg [66] introduces a graph structure for road network 

modeling to support route planning algorithms. Rather than the current traffic state, a 

derived, application specific metric named currently reported driving times is stored in 

the graph. George and Shekhar [67] introduced time aggregated graphs as a data model 

particularly for road networks and spatiotemporal networks in general that supports 

graph algorithms for shortest path queries. Then the authors compared their model with 

the existing approaches that use time expanded networks. The difference is that time 

extended networks duplicate nodes for each instant in time, while time aggregated 

graphs only annotate nodes and edges with the intervals in time during which they are 

present. The model proposed by them also supports annotating each edge with a number 

of per-edge-constant values, like travel times. 

Kostakos [68] also presented a model for temporal graphs, but uses repUcation of nodes 

per time instance to model temporal connections. Also, weighted edges between time 

instances of nodes are used to model the time that has been passed. However, existing 

graph modeling approaches are often optimized for use cases, where a central entity has 

all knowledge about the system. In VANETs, this assumption is not true, because 

information is distributed throughout the network. 

2.3 Types of Data Dissemination 

Many of the problems are resolved by the process of effective data dissemination. There 

are many parameters that have to be kept under consideration while disseminating the 

data like network size, vehicle's speed, patchy and intermittent connectivity between 

mobile nodes. In addition to these difficulties, there is one more problem which can 

severely affect the entire process i.e. latency requirements. Consequently, content 
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information has to be discovered quickly and distributed among nodes. According to the 

literature, there are many methods of information delivery in VANET. Generally 

speaking, following are the distinguished approaches for data dissemination:-

• Opportunistic Data Dissemination: Information is retrieved from infrastructure / 

vehicles as the target vehicle encounters them. 

• Veliicle-Assisted Data Dissemination: All vehicles carry information along with 

them and deliver it either to the infrastructure RSU or to other vehicles when they 

are encoimtered. In order to disseminate the information, mobility is also involved 

apart from the wireless transmissions. 

• Cooperative Data Dissemination: Partial information can be downloaded by the 

vehicles that can be shared later to obtain the complete information. This method is 

mainly appropriate for content dissemination. 

2.4 Data Dissemination Approaches 

During the last few years, a lot of data dissemination techniques / protocols for 

VANETs have been reported in the literature. They can be generally classified into two 

main categories according to the spreading of information packets in the network. These 

categories are [69] [70]:-

• Single-liop Broadcasting: In single-hop broadcasting, information packets are not 

flooded by vehicles. Instead, when a packet is received by a vehicle, information is 

kept in the vehicle's on-board database. Periodically, every vehicle selects some of 

the records stored in its database to broadcast. Hence, in single-hop broadcasting, 

each vehicle carries the traffic information with itself as it travels, and this 

information is transferred to all other vehicles in its one-hop neighborhood in the 

next broadcast cycle. Uhimately, vehicle's mobility is involved in spreading the 

information in single-hop broadcasting protocol. 

• Multi-liop Broadcasting: On the other hand in multi-hop broadcasting strategy, a 

packet is spread in a network by the way of flooding. In general, when a sender 

vehicle broadcasts an information packet, a number of vehicles within the vicinity of 

the sender will become the next relay vehicles by rebroadcasting the packet further 

in the network. Similarly, after a relay vehicle (node) rebroadcasts the packet, some 
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of the vehicles in its vicinity will become the next relay nodes and perfonn the task 

of forwarding the packet further. As a result, the information packet is able to 

propagate from the sender to the other distant vehicles. 

2.4.1 Single Hop Broadcasting 

In single hop broadcasting, a vehicle periodically disseminates some of the information 

from its database to the other vehicles in the network. Broadcast interval and 

information are the two choices that need to be considered while designing the broadcast 

protocol for VANET. To keep the most up-to-date information without redundancy, the 

broadcast interval must be set appropriately. It should not be too long and not too short. 

Apart from this, important and relevant information should only be selected to be 

broadcasted. Single-hop broadcasting protocols can be ftirther divided into following 

two categories:-

2.4.1.1 Fixed Interval Based Single Hop Broadcasting Protocols 

Fixed broadcast interval protocols focus only on the selection and aggregation of 

information. Trafficlnfo [71] is an example of fixed broadcast interval protocol in which 

every vehicle is equipped with a global positioning system (GPS) and digital road map, 

and periodically broadcasts the traffic information stored in its database. A particular 

type of traffic information reported is the fravel times on the road segments. During 

broadcasting process each vehicle stores its own travel time and time taken by other 

vehicles during fravelling into the database. Although single-hop broadcasting scheme 

is inefficient in broadcasting all the records from database but, Trafficlnfo uses the 

bandwidth efficiently and broadcasts only the most relevant top k information from the 

database. The relevance of the information is determined by a ranking algorithm, which 

is based on the current location of the vehicle and the current time. 

TrafficView is another single-hop fixed interval broadcasting scheme [37] designed for 

enabling an exchange of traffic information among vehicles. Speed and position are two 

information types that are exchanged among the vehicles. In this scheme, when a 

vehicle receives a broadcasted packet, it first stores the information in its database. The 

information is then rebroadcasted in the next broadcast cycle. However, instead of 

broadcasting all stored record from the database, only a single record is broadcasted 
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after aggregating the multiple records. Ratio-based and cost-based are the two 

algorithms that are used for aggregation, hi the ratio-based algorithm, a road is divided 

into small regions, and an aggregation ratio is assigned to each region according to the 

importance of the region and the level of accuracy required for that region. While in 

cost-based algorithm, cost can be regarded as the loss of accuracy incurred from 

combining the records. Simulation shows that although the cost-based algoritlmi yields 

better accuracy, the ratio-based algorithm gives more flexibility. 

2.4.1.2 Adaptive Interval Based Single Hop Broadcasting Protocols 

In adaptive broadcast interval protocols, an adjustment of broadcast intervals is also 

taken into consideration. Collision Ratio Control Protocol (CRCP) [72] uses adaptive 

broadcast interval in which each vehicle disseminates the traffic information 

periodically. The traffic information in this case is the location, speed, and road ID and 

is measured at every second. This protocol employs a mechanism for dynamically 

changing the broadcast interval based on the number of packet collisions. Basically, the 

protocol aims at keeping the collision ratio at a targeted level regardless of the vehicle 

density. Intuitively, the number of packet coUisions increases with an increase in node 

density. Apart from adaptive broadcast interval mechanism, three methods Random 

Selection, Vicinity Priority Selection (VPS), and Vicinity Priority Selection with 

Queries (VPSQ) are proposed for selecting the data to be disseminated. 

A more common technique for source-destination routing in VANETs is geographical 

forwEirding. Geographic forwarding was first introduced in 1998 by Y. Ko in Location 

Aided Routing (LAR) for MANET [73]. Geographic routing approaches scale better for 

mobile ad hoc networks mainly because of two reasons: 1) updation of routing tables is 

not a necessity and 2) global view of the network topology and its changes are not 

required. Therefore, geographic routing protocols have attracted a lot of attention in the 

field of routing protocols. These geographic routing approaches allow routers to be 

nearly stateless because forwarding decisions are based on location information of the 

destination and the one-hop neighbors. Majority of these approaches keep track of only 

the local topology (i.e., neighbors' location information) and do not maintain a routing 

table. As a result, route establishment and maintenance are not required thus, reducing 

the overhead considerably. 

33 



Geographical forwarding was introduced in VANET and each vehicle chooses the 

vehicle or RSU closest to the destination d and passes the packet. The similar kind of 

protocols have been referred and proposed by many other authors and seek a better 

performance. Greedy Perimeter Stateless Routing (GPSR) [74] is another well known 

and popular protocol which works on the principle of greedy routing. However, GPSR 

suffers with a problem of routing loop in which packets continue to be routed in an 

endless route or circle. It is caused by a node or line failure, and the notification of the 

downed link has not yet reached to all other nodes. It can also occur over time due to the 

expansion of network or when networks are merged togetlier. Hall et al. [74] resolves 

the routing loop problem of GPSR. Another approach for source-destination routing is 

clustering but it is beneficial only for specific application like platoons. 

Abiding Geocast protocol [75] is another example of adaptive broadcast interval 

protocol which was designed to disseminate safety messages within a useful area where 

these messages are still relevant. In this scheme, a vehicle which detects an emergency 

situation first starts broadcasting a warning packet. Packet specifies the area where the 

warning is still relevant. When another vehicle receives the warning message, it will act 

as a relay node and keep broadcasting the warning packet as long as it is still traveling in 

the concerned area. Each vehicle adjusts its rebroadcast interval dynamically in order to 

reduce the number of redundant warning packets. The rebroadcast interval is decided by 

the transmission range, speed, and the relative distance between emergency site and the 

vehicle. 

Segment-Oriented Data Abstraction and Dissemination (SODAD) protocol [56] also 

uses adaptive broadcast interval in which roads are divided into segments of predefined 

length. Each vehicle collects the data by sensing the information itself and from the 

reports of other vehicles. Each vehicle adaptively adjusts its broadcast interval to reduce 

the redundancy. Information received from other vehicles is characterized in two ways 

(i) provocation and (ii) mollification. A provocation event is an event that reduces the 

time until next broadcast, whereas a mollification event is defined as an event that 

increases the time until next broadcast. When a vehicle receives a packet, it determines 

whether it is a provocation or a mollification event by assigning a weight to the received 

packet. A weight is calculated from the discrepancy between the received data and those 

in the vehicle's knowledge database. The weight will be high if the received information 
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is newer than the stored information. .Based on the packet weight, node determines 

whether a provocation or mollification event has occurred by comparing it with a 

threshold. The time for next rebroadcast is increased or decreased depending on the 

weight. 

2.4.2 Multi Hop Broadcasting 

As mentioned earlier, in multi-hop broadcasting, flooding is used for packet 

propagation in the network. However, a pure flooding is inefficient because it lacks 

scalability and there is a lot of packet collision. Redundancy increases as the network 

becomes denser and wastes the channel bandwidth which in turn reduces the network 

scalability. In addition, packet collision is another critical problem because multiple 

vehicles in the same region may rebroadcast the packet at the same time. This is called 

as a broadcast storm problem [76]. Multi-hop broadcasting can be fiirther divided into 

following three categories:-

2.4.2.1 Delay Based Multi Hop Broadcasting Protocols 

hi a delay-based multi-hop broadcasting scheme, different waiting time before 

rebroadcasting the packet is assigned to each receiving vehicle. Fundamentally, the 

vehicle having a shortest waiting time gets the highest priority to rebroadcast the packet. 

In addition, redundancy is avoided by the other vehicles by aborting their waiting 

process once they know that the packet has already been rebroadcasted. While different 

delays are assigned to each vehicle in delay-based broadcasting protocols, a different 

rebroadcast probability is assigned to each vehicle in a probabilistic-based protocol. 

J. Zhao et al. [77] proposed a data pouring and buffering technique in which data was 

generated by a gateway node and is broadcasted along the busy roads using vehicles as 

data forwarders. The current vehicle which is forwarding a packet will forward the 

packet to the farthest vehicle in the data propagation direction. Whenever a fixed 

wireless device is installed at the intersection, forwarders can pour the data on it and 

using that device will retransmit the information. 

Urban Multi-hop Broadcast (UMB) protocol [78] is a delay based multi-hop 

broadcasting protocol designed to solve the broadcast storm, the hidden temiinal, and 
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the reliability problems in multi-hop broadcasting. UMB divides a road inside the 

transmission range of a transmitter into smaller segments, and it gives the rebroadcast 

priority to the vehicles that belong to the farthest segment. UMB uses two types of 

packet forwarding: (i) directional broadcast and (ii) intersection broadcast. UMB is 

inefficient because, next rebroadcast vehicle has to wait the longest before being able to 

transmit the clear to broadcast (CTB) packet. This is due to the longest black-burst 

duration is assigned to the next rebroadcast vehicle. 

Smart Broadcast (SB) [79] was proposed to improve the shortcomings of UMB 

protocol. In SB when a source vehicle has a packet to send, it transmits a request to 

broadcast (RTB) packet containing its location and other information such as packet 

propagation direction and contention window size. Also, all vehicles in the range of the 

source that receive the RTB packet determine the "sector" in which they belong by 

comparing their locations with that of the source vehicle. Next, all vehicles that receive 

the RTB packet choose a contention delay based on the sector in which they reside. 

Efficient Directional Broadcast (EDB) protocol [80] is another delay-based multi-hop 

broadcast protocol that works somewhat similar to UMB and SB protocols. However, it 

does not use RTB and CTB control packets. EDB also exploits the use of directional 

antennas. In particular, it is proposed that each vehicle is equipped with two directional 

antennas, each with 30-degree beam width. Similar to UMB protocol, EDB also uses 

two types of packet forwarding, namely directional broadcast on the road segment and 

directional broadcast at the intersection. 

Slotted 1-Persistence Broadcasting protocol [81] is a packet forwarding approach 

similar to those of the other delay-based multi-hop broadcasting protocols, in which 

vehicles that are farther away from the transmitter will get the rebroadcast priority. In 

this protocol, when a vehicle receives a packet, it rebroadcasts the packet according to 

an assigned time slot, where the time slot is a function of distance between the vehicle 

and the transmitter. In particular, each vehicle computes the time slot in which it will 

rebroadcast the packet based on the Equ. 2.2. 

Ts=S*T (2.2) 
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where T is an estimated one-hop propagation and medium access delay, and Sy is the 

assigned slot number. 

Reliable Broadcasting of Life Safety Messages (RBLSM) [82] is also a class of delay 

based multi-hop broadcasting m which as soon as a node receives a packet from a 

source, it determines the waiting time for rebroadcasting the packet. In contrast to the 

other conventional strategies where the rebroadcast priority is given to the farthest 

vehicle, in RBLSM the priority is given to the vehicle nearest to the transmitter. The 

reason behind choosing the nearest vehicle as the next rebroadcaster is that, it is 

considered to be more reliable than the other vehicles that are at far away distance from 

the transmitter. It is assumed that nearer vehicles have better received signal sfrengths. 

This protocol also uses the concept of RTB and CTB control packets. Performance 

evaluation is done via simulation with only single hop latency. Link-based Distributed 

Multi-hop Broadcast (LDMB) is a similar protocol which assigns the waiting delay 

based on a link quality as proposed in [83][84]. 

Fastest-Vehicle [85] is another multihop routing protocol. It uses speed information of 

each vehicle for message transfer and distance of the selected vehicle from the 

destination vehicle. On the basis of speed v of the vehicles and distance s of the vehicles 

from the destination, the time t for each vehicle within the fransmission range is 

calculated. The vehicle with the least time is selected as the next hop for data 

dissemination. 

2.4.2.2 Probability Based Multi Hop Broadcasting Protocols 

In probability based broadcasting approach, each vehicle rebroadcasts a packet 

according to the assigned probability. Since only few vehicles will rebroadcast the 

packet, redundancy and packet collisions are reduced. Weighted /?-Persistence protocol 

[81] is a probability based broadcasting scheme in which a vehicle that receives a packet 

for the first time computes its own rebroadcasting probability based on its distance from 

the transmitter. The distance can be computed by comparing its current position with the 

position of the transmitter specified in the packet. In particular, the rebroadcast 

probability is computed from the Equ. 2.3. 
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P=BL —<2.3) 
" R 

where Ay represents the distance between transmitter / and vehicle j , and R is the 

transmission range of transmitter /. On the basis of Equ. 2.3, vehicles that are farther 

away from the transmitter will get higher rebroadcast probabilities. However, vehicle 

density is not taken into consideration in this probability assignment function. Hence, in 

the dense network, the number of rebroadcast packets can still be large. 

There is another protocol named Optimized Adaptive Probabilistic Broadcast (OAPB) 

[86], in which number of nei^bors' i.e. local vehicle density is also taken into 

consideration while determining the forwarding probability. Each vehicle exchanges 

HELLO packets periodically to select an appropriate forwarding probability. In 

particular, when a vehicle receives a packet, it computes its own forwarding probability 

based on the following equation: 

_ p +p +p 
^ = ^A1£L1J1 (2.4) 

where Pj, P2,and P3 are fiinctions of the number of one-hop neighbors, the number of 

two-hop neighbors, and a set of two hop neighbors that can only be reached through a 

particular one-hop neighbor. 

AutoCast protocol [87] is similar to OAPB in which the rebroadcast probability is 

determined from the number of neighbors around the vehicle. However, it uses a 

different probability function to obtain rebroadcast probability: 

Â ;, *0.4 
<2.5) 

where Nh is the number of one-hop neighbors. According to the above probability 

assignment function, the rebroadcast probability decreases as the number of neighbors 

increases. Evidently, this function can only work when the number of neighbors, Nh is 

greater than or equal to 5. However, it is not clearly specified in [87] how the 

probability is assigned in the cases where Nh < 5. 
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2.4.2.3 Network Coding Based Multi Hop Broadcasting Protocols 

The third category of multi-hop broadcasting is the network coding which has caught 

attention in the field of ad hoc wireless communications. Network coding is a new way 

of information dissemination which can be applied to a deterministic broadcast 

approaches, resulting in significant reduction in the number of transmissions in the 

network and hence yields a much higher throughput than the traditional way of 

transmission. 

hi 2006, P. Cataldi et al. [88] have investigated the scope of LT and Raptor codes for 

multimedia applications. They have implemented and evaluated the performance of 

network coding for infotainment applications. Later, in [89], network coding is 

investigated as a solution for video streaming in vehicular networks. Authors in [90] 

adopt the IEEE 802.11 DCF MAC with network coding and studies its packet delivery 

ratio along with on demand multicast routing protocol (ODMRP) via simulation. On the 

basis of the structure of network and the amount of data generated, broadcasting may 

leads to severe congestion and thus reduces the data delivery ratio. 

COPE introduced in [91] is based on the principle of network coding. Although COPE 

is a unicast routing protocol, but it is a foundation for many multi hop routing protocols. 

The COPE was intended to realize the benefits of network coding beyond the simple 

duplex flows. The COPE was based on three key techniques: (i) opportunistic listening, 

(ii) opportunistic coding, and (iii) neighbor state learning. Opportunistic listening simply 

allows nodes to take the advantage of wireless broadcast medium by snooping all the 

data packets. Each overheard packet vnll be stored in the node's buffer for a limited 

time period. These packets will later be used for network coding when the opportunity 

presents. Opportunistic coding, defines some basic rules for a node to encode and 

transmit a packet. Basically, a node should ensure that its next hop neighbor has enough 

information to decode the encoded packet that has been transmitted. Usually, a node will 

be able to correcdy decode a packet / from an encoded packet created from packets 

P\,P2,-,Pn if it has « - 1 of these packets. Thus, learning what packets its neighbors are 

having is crucial, and this is achieved with a periodic broadcast of reception reports. 

Hence, every node periodically announces packets that are stored in its reception buffer 

to all its neighbors. 
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CODEB is another network coding-based broadcasting protocol introduced in [92]. It 

extends the concepts and techniques proposed in COPE to cover broadcasting scenarios 

in wireless ad hoc networks. It uses opportunistic listening, where each and every node 

snoops all packets overheard by it. In addition, each node periodically broadcasts the list 

of its one-hop neighbors. This allows all nodes to build a list of its two-hop neighbors, 

which will further be used to construct a broadcasting backbone. Moreover, CODEB 

rehes on opportunistic coding, in which coding opportunities to transmit coded packets 

is determined. CODEB also pointed out that opportunistic coding for broadcast is 

somewhat different from coding for unicast. In broadcasting all the neighbors of the 

node must receive the packet where as in unicasting, only the intended next hop node 

receives a given packet. Hence broadcasting increases the level of complexity as all 

nodes that receives packet must be able to decode. 

Efficient Broadcasting Using Network Coding and Directional Antennas (EBCD) is 

another network coding-based broadcasting protocol which gains the benefit of both 

network coding and directional antennas [93]. EBCD similar to CODEB also determines 

a subset of neighboring nodes that can perform forwarding task deterministically. 

Although, Dynamic Directional Connected Dominating Set (DDCDS) algorithm is used 

by EBCD. As a result, a directional virtual network backbone is constructed by DDCDS 

where each node determines both its forwarding status as well as the outgoing edges 

(antenna sectors) in which the packets can be transmitted. EBCD and CODEB also have 

one more difference that, in EBCD, network coding is appHed in each sector of the 

directional antennas around the node whereas in CODEB, network coding is applied in 

omni-directional. EBCD shows significant improvement with directional antennas and 

network coding in terms of number of transmissions, over other schemes. 

DifCode is also a network coding-based broadcasting protocol. Its goal was to reduce 

the number of transmissions required to flood packets in wireless ad hoc network [94]. 

Similar to CODEB, DifCode also chooses the next forwarding nodes deterministically. 

However, DifCode uses a selection algorithm based on multi-point relay (MPR) [95]. 

MPR of a node is the list of its one-hop neighbors that covers its two-hop 

neighborhood. In DifCode, nodes can encodes and broadcasts only those packets that 

are received from those nodes that select it as their MPR. DifCode and CODEB also 

differ by their opportunistic coding techniques. In CODEB, all neighbors of a 
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transmitter decode the received packets immediately and hence Hmit coding 

opportunities. On the other hand, DifCode relaxed this constrain by allowing nodes to 

buffer packets that are not immediately decodable. Specifically, all nodes will maintain 

buffers for keeping three different types of packets: (i) successfiiUy decoded packets, (ii) 

not immediately decodable packets, and (iii) packets that need to be encoded and 

broadcasted further. Simulation results also show that DifCode also results in lower 

redundancy rate than the probabilistic broadcasting protocols. 

Table 2.1 gives a comparison of various data dissemination protocols available for 

VANET. 

Table 2.1: Comparison of Various Data Dissemination Protocols of VANET 

s. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Name of Protocol 

TrafBcInfo 

TrafficView 

Collision Ratio 

Control Protocol 

(CRCP) 

Abiding Geocast 

Segment-Oriented 

Data Abstraction and 

Dissemination 

(SODAD) 

Urban Multi-hop 

Broadcast (UMB) 

Smart Broadcast (SB) 

Hoping 

Level 

Single-Hop 

Single-Hop 

Single-Hop 

Single-Hop 

Single-Hop 

Multi-Hop 

Multi-Hop 

Basis 

Fixed 

Broadcast 

Interval 

Fixed 

Broadcast 

Interval 

Adaptive 

Broadcast 

Interval 

Adaptive 

Broadcast 

Interval 

Adaptive 

Broadcast 

Interval 

Delay 

Delay 

Simulation 

Platform 

Used 

STRAW/ 

SWANS 

NS-2 

NETSTREAM 

OMNeT++ 

NS-2 

MATLAB, 

CSIM 

MATLAB 

Metrics Used for 

Evaluation 

Packet Delivery Ratio 

Propagation Distance 

Packet Drop Ratio 

Broadcast Overhead 

Packet Drop Ratio, End 

to End Delay 

Load Generated Per 

Broadcast Packet, 

Packet Delivery Ratio, 

Dissemination Speed 

One Hop Progress, 

Rebroadcast Latency, 
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8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Efficient Directional 

Broadcast (EDB) 

Slotted 1-Persistence 

Broadcasting 

Reliable Method for 

Disseminating Safety 

Information (RMDSI) 

Multi-hop Vehicular 

Broadcast (MHVB) 

Reliable Broadcasting 

of Life Safety 

Messages (RBLSM) 

Vehicle-density-based 

Emergency 

Broadcasting (VDEB) 

Fastest-Vehicle 

Multi-hop Routing 

Link Based Distributed 

Multi-hop Broadcast 

(LDMB) 

Weighted p-

Persistence 

Optimized Adaptive 

Probabilistic Broadcast 

(OAPB) 

AutoCast 

Irresponsible 

Forwarding (IF) 

CODEB 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Multi-Hop 

Delay 

Delay 

Delay 

Delay 

Delay 

Delay 

Delay 

Delay 

Probabilistic 

Probabilistic 

Probabilistic 

Probabilistic 

Network 

Coding 

Proprietary 

OPNET 

NS-2 

NS-2 

MATLAB 

NS-2 

NCTUns 

Not Specified 

OPNET 

NS-2 

NS-2 

MATLAB, 

NS-2 

NS-2 

Dissemination Speed 

Forward Node Ratio, 

Packet Delivery Ratio 

Link Load, Reception 

Rate, Packet Drop 

Ratio, Number of Hops 

Propagated, End to End 

Delay 

Packet Delivery Ratio, 

End to End Delay 

Packet Delivery Ratio, 

Packet Drop Ratio 

Dissemination Speed 

Redundancy Rate, End 

to End Delay 

Packet Collision and 

Drop Ratio 

Packet Delivery Ratio, 

End to End Delay 

Link Load, Reception 

Rate, Packet Drop 

Ratio, No. of Hop 

Propagated, End to End 

Delay 

Broadcast Overhead, 

Packet Delivery Ratio, 

End to End Delay 

Packet Delivery Ratio, 

Dissemination Speed 

Redundancy Rate, 

Reception Rate, Saved 

Rebroadcast, End to 

End Delay 

Packet Delivery Ratio 
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21. 

22. 

Efficient Broadcasting 

Using Network Coding 

and Directional 

Antennas (EBCD) 

DifCode 

» 

Multi-Hop 

Multi-Hop 

Network 

Coding 

Network 

Coding 

NS-2 

OPNET 

Redundancy Rate, 

Packet Delivery Ratio 

Redundancy Rate 

2.5 Gaps in Existing Study 

Even though a lot of research has been done in the area of vehicular networks and many 

mobility models, data aggregation schemes and message forwarding approaches have 

been proposed, but an efficient routing in partitioned networks and for handUng 

dynamic topology in vehicular networks still needs more research. Some other aspects 

that need more research are:-

• Many vehicular networks applications have either delay constraints or other real time 

requirements. Efficient message forwarding for getting fiall coverage and low latency 

to provide better efficiency and scalabiHty in vehicular networks is still a challenging 

problem. 

• As data aggregation for vehicular networks cannot be captured by general schemes 

proposed for other wireless networks, specific schemes should be provided related to 

the explicit need of the vehicular networks. 

• In literature, several interesting solutions are proposed to perform data dissemination 

in vehicular environment. However, these solutions either use architectures requiring 

centralized coordination or global network knowledge or large intermediate buffers. 

Moreover, these solutions are either valid for dense or sparse traffic and are not valid 

for both. 

• An aggregation system has to make a decision whether multiple items of information 

are similar enough to be aggregated or not. For sensor networks, this decision is quite 

simple, if the origins of the two data items belong to a common cluster or a common 

sub-tree of an aggregation tree then they can be aggregated. However, in VANET the 

decision is taken on the basis of the contents of the information. Existing approaches 

generally use road segment information for fiision, which is not accurate and needs 

fiirther research. 
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• Since the concept of data aggregation in vehicular networks is new and so it does not 

address the various security issues related to it. 

• Most of the proposals do not provide the measure for the effectiveness of the various 

data aggregation schemes. So, a metric should be given to measure the performance 

of various schemes of data aggregation applicable for vehicular networks. 

• Since mobility of VANETs cannot be captured by general mobility models. Traffic 

flow (both in time and space) need to be studied and integrated in the design of 

effective data aggregation approach. 

2.6 Summary 

In this chapter, we have explored the various schemes for data aggregation either 

proposed for WSN or VANET like SOUS, TraficView etc. Various types of data 

dissemination approaches are also discussed in the chapter. We have discussed the 

various single-hop broadcasting and multi-hop broadcasting protocols / schemes for 

data dissemination. A look is also given on the gaps and challenges that are still 

available even after the availability of so many schemes for data aggregation and data 

dissemination. 

Next chapter provides a detail regarding mobility models and their effect on data 

aggregation. 
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Chapter 3 

Mobility Models and Their Effect on 

Data Aggregation 

There is a growing interest in the deployment of data aggregation protocols for vehicular 

networks. As all the vehicles in vehicular networks are sharing a limited network 

bandwidth, data aggregation saves network bandwidth, and allows multiple vehicular 

applications to co-exist, hi the performance evaluation of a data aggregation protocol 

for VANET, the protocol should be tested under realistic conditions including ai sensible 

transmission range, limited buffer space for the storage of messages, representative data 

traffic models, and reaUstic movements of the mobile users (i.e., a mobility model). 

However, due to the availability of large number of mobility models, it is hard to realize 

incomparable features, real capabilities and understanding the true degree of realism 

with respect to vehicular mobility. The definition of a generic mobility model providing 

accurate and realistic mobility description is one of the important challenges faced by 

VANET because the performance of a data aggregation protocol varies with a change in 

mobility model. Therefore in performance studies of vehicular networks, investigating 

the influence of mobility models on data aggregation plays a major role. In this chapter, 

we first describe the levels of mobility and various factors affecting the mobility 

patterns. Then, we discuss the performance metrics for analyzing the performance of 

various algorithms in vehicular networks. Subsequently, we illustrate the different 

categories of mobility models with the description of each and provide taxonomy of 

several mobility models available for vehicular networks with simulation. The objective 

of this chapter is to analyze the impact of mobility models on data aggregation and 

correctly choosing the best mobility model for an application. 

3.1 Mobility Model 

Publication out of this chapter:-

• Rakesh Kumar and Mayank Dave, "Mobility Models And Their Affect On Data Aggregation and Dissemination 

In Vehicular Networks", Wireless Personal Communications, Springer, ISSN: 0929-6212. SCIE Indexed, 

IF=0.98. [Accepted]. 



Mobility model is one of the key components in VANET simulations. It provides the 

position of nodes in a topology at any instant of time, which mainly affects network 

throughput and connectivity [96]. In other words, mobility models describe the pattern 

of movement of vehicles, and how their location, velocity and acceleration change over 

time. As the performance of any protocol is chiefly determined by the mobility patterns 

of vehicle, it is desirable to simulate the vehicle movement of targeted real life 

applications in a reasonable way. Therefore, when evaluating VANET scenarios, it is 

essential to choose a proper xmderlying mobility model. 

3.2 Various Mobility Levels 

In static or stationary networks, the nodes, users, and monitored phenomenon have very 

low or negligible mobility. For instance, sun and temperature sensors placed in a room 

may gather appropriate information and further use it to manage motorized shades in 

order to keep these parameters within predefined limits. Introducing mobility in a 

below—mentioned three levels in wireless ad hoc network enhances the static paradigm: 

• Node Level Mobility 

Nodes or vehicles are ad hoc in nature and may be moving. For example, moving 

vehicle or flying unmanned aerial vehicles, collecting information as their carriers 

continuously change their position and / or direction. 

• Information Level Mobility 

An event or source may occur in any part of network at any instance of time. Thus, the 

source of information is mobile. E.g. the pollution produced by a poorly maintained 

automobile is moving along with the automobile. Other example may be is evolution of 

an oil spill that can be modeled through measurements at different buoy site. 

• User Level Mobility 

Users or destinations accessing the information collected by network are themselves 

moving and are mobile. Thus, the information applicable to them may change over a 

passage of time. For example, examining the traffic conditions on a way to the nearest 

fuel station changes as the user is regularly changing his / her position. 
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3.3 Factors Affecting Mobility Pattern in Vehicular Networks 

The route establishment, maintenance and reconstruction in vehicular networks are 

governed by mobility pattern of vehicles. Mobility pattern also influences the 

consistency and caching mechanisms in vehicular networks [97]. Vehicular Networks 

consist of both static and dynamic vehicles. Static vehicles are stationary vehicles (or 

fixed RSUs) whereas dynamic vehicles are moving vehicles. Moreover, static vehicles 

reduces the changes in network topology and routing thereby acting as stable and steady 

relaying points for packets to / fi'om the neighboring vehicles. On the other hand, 

djTiamic vehicles result in fi-equent route setups, breakdowns and packet losses, and add 

entropy to the system. Following factors affect the mobility pattern in vehicular 

networks. 

• Design of Roads: Design of roads play a key role and affects the mobility pattern of 

vehicles as roads limit the movement of vehicles to a well defined path. This 

controlled pattern formed by the movement of vehicles determines the spatial 

distribution and network's connectivity. This constrained movement of vehicles 

highlights the significance of factors like vehicles' transmission range. This is 

important because the structure of roads may be such that vehicles travelling on 

parallel roads spaced far away may be out of communication range. Roads can be 

highways or city roads with either single or multiple lanes and can permit either 

one-way or two-way traffic. 

• Driver's Behavior: Driver's behavior also plays a significant role in developing a 

mobility model because vehicles are actually controlled by drivers. Some existing 

mobility models like Freeway mobility model, Manhattan mobility model [98] etc. 

do not take driver's behavior like overtaking, lane changing etc. into account. A 

realistic mobility model needs to consider all these things. While overtaking, the 

driver of a vehicle must consider his / her velocity, distance fi^om immediate vehicle 

in fi-ont, its own velocity and the velocity of vehicle coming in opposite direction. 

Figure 3.1 shows a scenario where vehicle a and vehicle b are going in the same 

direction and vehicle c is coming firom the opposite direction. If the driver of 

vehicle a wants to overtake vehicle b, it will have to consider velocity of vehicle b, 

and velocity of vehicle c as well as distance fi-om vehicle b. During overtaking 

following two situations must occur i.e. 
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If 1'* condition is vmsatisfied then the driver of vehicle a has to increase the speed so 

that 

If 2"^ condition is not satisfied, again the driver of vehicle a has to accelerate so as to 

meet the following conditions: 

D. +L+L<V„,T + 0.5AT^, 

Vai+AT<Vr„a^ and 

V 

where, Va,Vb,Vc are the average velocities of vehicle a, b and c respectively 

Dab is the distance between vehicle a and vehicle b 

Dbc is the distance between vehicle b and vehicle c 

Va2 is the final velocity and Vmax > Va2 > Vb 

Vmax is the maximum speed limit for the road 

Vai is the initial velocity of vehicle a 

A is acceleration 

La and Lb are the lanes of vehicle a and vehicle b respectively 

T is some appropriate time interval between 1-5 seconds according to the specific 

application. 

If driver decides to change its lane, vehicle velocity and network topology both will 

change that again will affect network performance. A safe distance also needs to be 

maintained from the inmaediate vehicle in front. 

48 



Vi 
Overtakini 

Figure 3.1: A Vehicle Overtaking another Vehicle 

• Block size: In urban scenarios, areas are usually divided into blocks of different 

sizes. A city block can be considered as the smallest area surrounded by roads. 

These blocks may be of different sizes. Metropolitan areas are generally having 

smaller city blocks than towns. The block size governs the density of intersections in 

the area, which in turn decides the frequency with which a vehicle stops. It also 

decides whether a vehicle at neighboring intersection can hear other's radio 

transmissions. A block having large size increases the network's sensitivity to 

partitioning and vehicles clustering at intereection, which leads to a degraded 

network performance. 

• Traffic Management Systems: Stop signs and traffic lights are the common traffic 

control mechanisms placed at intersections. A vehicle waits at a red signal until it 

turns green. A vehicle also stops at a board with stop sign. These methods result in a 

formation of vehicles' cluster and queues at intersections. Therefore this results in a 

reduction in the average speed of vehicles. Reduced mobility implies more static 

nodes and slower change in routes in the network. On the other hand, network 

performance is adversely affected by cluster formation and with increased wireless 

channel contention and network partitioning. 

• Attraction / Repulsion Points: Starting and end destinations of road trips are not 

random. Generally, vehicles are moving to a similar final destinations, called 

attraction points (e.g. office, school), or from similar start locations, called repulsion 
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points (e.g. home). These attraction and repulsion points create bottlenecks and 

should be considered while choosing a mobility model. 

Interdependent Vehicular Movement: Vehicles have to regard physical 

constraints due to the presence of streets, intersections and neart»y surrounding 

vehicles. The movement of each vehicle is governed by the movement pattern of its 

neighboring vehicles. For example, a vehicle is required to keep a safe distance from 

the vehicles in front of it, increase or decrease its speed accordingly, or change to 

another lane to avoid congestion. 

Average Speed of Vehicles: The speed of a vehicle decides how? rapidly its position 

changes, which in turn concludes the rate of change of network topology. The speed 

limit of each road decides the average speed of vehicles and how often the existing 

routes are broken down or new routes are established. In addition to this, vehicles' 

acceleration / deceleration and the topology also influence the average speed of 

vehicle. If a map has fewer intersections, it implies that its roads are longer 

(highway scenario), allowing vehicles to move at hi^&t speeds for large duration. 

On the other hand, if the map has more intersections (city scenario) then vehicles 

will move at a slower speed. 

Time Patterns: Traffic density is not same throughout the whole day or whole week 

or whole month or whole year. A heterogeneous traffic density (i.e. h i ^ traffic) is 

observed most of the time especially at peak hours, such as school / office hours or 

during special events. These time patterns influence the traffic motion constraints 

and traffic generator blocks, as it may change the trip or path computation. It also 

changes the attraction / repulsion points. 

Density of Vehicles: Density of vehicles governs the moving pattern of vehicles and 

thus atYects the mobility model. As, the driver behave difFerentiy in smooth traffic 

and in traffic congestions. Driver will drive the vehicle fast in smooth traffic 

whereas in dense traffic, speed will be reduced. 

Weather: Traffic flow is also dependent on weather. In a rainy season, generally the 

traffic is low but still it may result in congestion due to the water logg«I on the 

roads. Moreover, vehicles may change their route according to the weather and two 

wheelers also do not ply during rain. 
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• Type of Vehicles: Generally, different types of vehicles have different traffic 

pattern. Like, busses have a repeated itinerary and ply on a pre-defined routes. They 

have fixed stoppages such as stations whereas cars are more random. 

3.4 Performance Metrics for Mobility Models 

In this chapter, we highlight the significance of selecting the appropriate mobility model 

for simulation of a VANET scenario, because it can greatly affect the simulation results. 

A different mobility pattems are generated by different mobility models. However, 

models are not able to provide a clear picture how these mobility pattems are different 

from each other, and hence mobility metrics are required to depict these mobility 

pattems. In these mobile scenarios, the definition of precise and accurate performance 

metrics becomes necessary. 

F. Bai et al. [98] have significantly contributed to this problem. Their basic idea was to 

simulate and analyze the three most popular routing protocols, largely used in MANET, 

such as DSR, DSDV and AODV under different mobility pattems [99]. To 

quantitatively and qualitatively evaluating the impact of mobility on routing protocol, 

authors used several protocol independent metrics and performance metrics. The 

protocol independent metrics (or direct metrics) try to examine the characteristics of 

mobility and the connectivity graph between mobile nodes (i.e. host speed or relative 

speed). In addition, these metrics are fiirther used to enlighten the impact of mobility on 

the protocol performance metrics. Before formally defining these metrics, it is required 

to discuss the following terminology:-

V Vi{t) :Velocity vector ofvehicle/at time f 

ii) V^(t) : Speed of vehicle / at time instant t 

"^) 6. (t) : Angle made by F, (t) at time t with X-axis 

^^^ Ci (t) : Acceleration vector of vehicle i at time t 

v) Xi(t) : X-coordinate of vehicle i at time t 
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vi) yi{t) '• Y-coordinate of vehicle / at time t 

vii) Dij{t) : Euclidean distance between vehicles / andy at time t 

"^"0 RD(a(t),b{t')): Relative direction (or cosine of the angle) between two 

vectors 

^^) SR{a{t),b(t')): Speed ratio between two vectors 

x) R : Transmission range of a mobile vehicle 

xi) N : Number of mobile vehicles 

xii) T : Simulation time 

xiii) randomQ : Returns a value uniformly distributed in interval [-1, 1] 

Given the above terminology, the metrics used to differentiate mobihty patterns can 

easily be described starting from independent or direct metrics. 

3.4.1 Degree of Spatial Dependence 

This metric is used to define the extent of similarity in velocities of two vehicles that are 

moving not too far apart. Mathematically it can be given as: 

A,..v,X^y.0 = i2O(v,(0,v,(0)*5'i?(;,(0,vy(0) (3.3) 

When two vehicles travel at almost same speed and in same direction this value is 

higher, however, it starts decreasing if the relative direction or speed ratio decreases. It 

is feasible to describe the average degree of spatial dependence as the 

Dspaiiai(i,j,t) averaged over vehicle pairs and time instants satisfying particular 

condition. Its value remain small till vehicles move independently, while it increases as 

the vehicle's movement is in one way or another coordinated, and they have more or 

less similar directions and at same speeds: 

Dspatial(l,J,t) — (3.4) 
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where P is the number of tuples {i,j, t) such that DspatiaiUj-, t) i" 0. 

3.4.2 Degree of Temporal Dependence 

This metric is used to define the extent of similarity in velocities of a vehicle at two 

different time slots that are not much far apart. Mathematically it can be represented as: 

Ae.p<,.<,/0-,̂ '̂ ') = ^(v-(0,v,(r))*5i?(;,(0,v,(r)) —(3.5) 

Its value remains high till vehicles travel at more or less same speed and direction over a 

certain defined time interval. The value decreases with the decrease in relative direction 

or speed ratio. It is also feasible to define the average degree of temporal dependence as 

the £)/eff/pora/0',̂ f') averaged over vehicle pairs and time instants fulfilling a particular 

condition. This value is small when the vehicle is completely independent of its 

velocity, while it increases when the vehicle's movement is robustly dependent on 

velocity at any previous step: 

where P is the number of tuples {i, t, t") such that DtemporaiU t, f) 9̂  0. 

3.4.3 Relative Speed (RS) and Average Speed (AS) 

This metric can easily be described with a typical definition from physics: 

RS{i,j,t)=fi{t)-Vj{t) 

and in case of D^p^,j^,{i,j,t) it is feasible to append the subsequent condition: 

D.j{t)>k*R^RS{i,j,t) = Q 

where A: is a constant and can be evaluated with the help of simulations. 

-(3.6) 

-(3.7) 
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In a similar way, it is also feasible to describe the average relative speed as the value 

RS(i,j, t) averaged over vehicle pairs and time instants that meet a particular condition. 

Mathematically it can be represented as: 

P 

where P is the number of tuples {i,j, t) such that RS(i,j, t) i- 0. 

3.4.4 Geographic Restrictions 

This is another metric which is quite important and it refers to the notion of degree of 

freedom of two points in a map and the various directions in which a vehicle can go 

after reaching that point. In fact, mobility models usually influence the cormectivity in 

graph which fiirther affects the performance of protocol. Most important metrics 

amongst this category are like link change rate, link duration and path duration. In 

literature authors also suggest that link change rate is an indicator of the change in 

topology. If a link between two vehicles is established / severed due to vehicle 

movement, it is considered as a state of the link between them up / down. Evidently, the 

link change rate can be calculated as total number of up / down in one unit time. The 

average link duration metric can be represented as average link durations over which the 

vehicle pairs are within each other's transmission range. On the other hand, average path 

duration is the interval between the time when the path is set up and the path is broken. 

3.5 Modeling Level 

Mobility modeling may be defined at the following two levels :-

• Macroscopic Mobility: It describes gross quantities of interest, like vehicular 

density or mean velocity, and treat vehicular traffic according to the fluid dynamics. 

For macroscopic mobility, all the macroscopic aspects that influence vehicular 

traffic are considered. For example, constraining car movements, road topology, 

per-road characterization defining speed limits, number of lanes, overtaking and 

safety rules for each street in a given topology, or the traffic signals description, and 

establishing the intersections crossing rules etc. 
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• Microscopic Mobility: On the other hand, nucroscopic description Heats each 

vehicle as a unique entity. Microscopic mobility refers to the individual driver's 

behavior while interacting with other drivers or with the road mfiastructure, moving 

speed in diverse traffic conditions, acceleration, deceleration and overtaking criteria. 

Driver's behavior in the presence of road intersections and traffic signs, general 

driving attitude related to driver's age, sex or mood, etc. 

3.6 Classification of MobUity Models 

A mobility model represents the movement of real mobile nodes or vehicles. The model 

also represents the change in speed and direction of mobile node or vehicle with time. A 

lot of mobiUty models [100][101][102][103][104][105][i06][107] are proposed in the 

past, however the mobility model which clearly represents the characteristics of a 

mobile node or vehicle in ad hoc network is able to study a given protocol in a particular 

scenario. Mobility patterns can be modeled in two ways: traces and syntactic. Mobility 

patterns that are observed in real-life systems are governed by the traces. Also, in trace-

based models, everything is deterministic. Nevertheless, mobile ad hoc networks are not 

much widely deployed and traces containing large number of participants witii long 

observation period are yet to know. On the other hand, syntactic models [108}[109] are 

proposed to represent the movements of mobile nodes realistically in ad hoc networks. 

The syntactic mobility models can be classified based on the mobility patterns followed 

as shown in Figure 3.2. 

MBbiht^' 
Models. 
m^ 

Figure 3.2: Classification of Various Mobility Models 

3.6.1 Individual Mobility 

In this mobility model [1I0][11I], mobility pattern of an individual mobile node is 

based on the speed, direction, transition length / time between any two consecutive 
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points, and the distribution of mobile's position. Every individual mobility model will 

have its own statistical properties and mobility metrics. Following are the types of 

individual mobility model. 

3.6.1.1 Random Walk 

Random Walk (RW) mobility model is an individual mobility model and has a strong 

relationship with the Brownian motion (BM) [112][113], fii^ described mathematically 

by Albert Einstein. In this mobility model, a mobile node (MN) travels from one 

location to another location by randomly choosing a direction and speed. Both direction 

and speed of travel are chosen from a predefined ranges [0°, 360^ and [speedmi„, 

speedmw^ respectively. Every movement in this mobility model takes place in either a 

constant time interval / or a constant distance traveled d. After each movement, a new 

direction and speed of travel are calculated. In this mobiUty model, if a mobile node 

reaches simulation boundary, it boxmces back from the simulation border at an angje 

determined by the incoming direction. The mobile node will then follow this new path. 

Several variants of the Random Walk Mobility Model have been proposed including 1-

D, 2-D, 3-D, and t/-D walks. In year 1921, Polya proved that a random walk in l-D or 

2-D surface returns to the origin with complete certainty and has the probability of 1 

[105]. Althou^ this model is quite simple but it has one major issue that it is a memory 

less mobility model. Because of this, it does not retain any past knowledge of mobile 

nodes regarding locations and speed values, thus generating completely unrealistic 

movements such as sharp turns and sudden stops. The random walk mobility model can 

be summarily characterized as follows:-

a) Random walk mobility model has zero pmise time because nodes change tiieir speed 

and direction at every time interval. 

b) Random walk retains barriers which results in that, mobile node cannot travel past 

them. 

c) Random walks have absorbing barriers from where mobile nodes cannot leave. 

d) Speed v{t) can be selected from a predefined ranges {speed^„, ^ed^ax] by each 

mobile node following a uniform distribution or Gaussian distribution at each time 

interval /, where speedmax and speedmm are the maximum and the minimum speed 

respectively. 
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e) Similar to speed, every mobile node selects its new direction 6{t) randomly and 

uniformly from the ranges [0°, 360°]. 

f) A mobile node travels with a velocity vector [v(Ocos(^), v{t)sm{d)\ during the time 

interval t. 

g) All movements either occur in a constant time interval f or in a constant distance 

traveled d and at the end of each movement, a new direction and speed are 

calculated. 

h) If a mobile node reaches the boundary then it bounces back with an angle of d{t) or 

[360''-^(f)] determined by the incoming direction when node reaches the boxmdary. 

i) The model is memory less and does not retain past knowledge related to its speed 

and direction, hi addition, the fiiture velocity is independent of the current velocity 

and continues to move along the new selected path, 

j) Mobility of a node is determined by fixing the reference frame of one with respect to 

another as the link. 

3.6.1.2 Random Waypoint Mobility 

The most popular random mobility model is Random Waypoint (RWP) [114], largely 

used for simulating ad hoc networks and available in many simulators like NS2, 

GloMoSim, OMNeT++ and Qualnet [115]. According to random waypoint model, a 

mobile node stays in a location and waits for a certain amount of time known as pause 

time. As soon as the time expires, mobile node selects a new random location within the 

simulation area and travels towards it with chosen speed, uniformly distributed in a 

predefined interval. Initially mobile nodes are distributed randomly and uniformly in a 

simulation area. However, mobile nodes do not distribute themselves uniformly while 

moving. One of the most important parameter in random waypoint simulations is 

average mobile node neighbor percentage, defined as the cumulative percentage of a 

total number of mobile nodes neighbors. In RWP mobility, it is easy to understand that 

there is high variability during the initial few seconds and this effect should be 

considered in short simulations, as it can seriously affect the performance results. 

Another problem that usually affects random waypoint model is called the "density 

waves". A density wave is the clustering of nodes in a given region of the simulated area 

(in RWP this occurs frequently in the center of the map). The Random Direction 
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Mobility Model (RDMM) was proposed to overcome the above problem and promote a 

semi-constant number of neighbors throughout the simulation. 

3.6.1.3 Random Gauss-Markov Mobility 

Usually, a mobile node travels to the destination in order to achieve some objectives. 

Furthermore, a change in mobile node's velocity within a short time span is limited due 

to physical restrictions. Thus, the fiitiu-e location and velocity of a mobile node are 

generally correlated with its past and current location, and velocity. Therefore, the 

memory less models hke random walk (RW) model is unsuitable to represent such 

behavior. Another popular mobility model used in cellular commxmication is the fluid 

flow (FF) model [116]. Fluid-flow model is appropriate for vehicular traffic on 

highways and not for pedestrian movements with frequent "stop-and-go" behavior. A 

discrete Markovian model [117] has also been proposed in the literature. However, in 

discrete Markovian model, the velocity of mobile nodes is excessively simplified and 

characterized only by three states. A memory less Brownian motion with drift model 

[118] is an advancement to random walk model, but it is still not able to represent the 

time correlation in a mobile's velocity. The Random Gauss-Markov (RGM) mobility 

model [119] is based on the Gauss-Markov process [120]. The Gauss-Markov process 

is used in diverse fields, Uke theory and applications of signal estimation and economic 

forecast. It can also be used to simulate the movements of nodes in mobile ad hoc 

networks. Although it was initially proposed for cellular wireless networks because it 

captures the correlation of a mobile node's velocity in time adapting to different levels 

of randomness using a tuning parameter. In the beginning, each mobile node is assigned 

a current speed and direction [119]. In addition, the random Gauss-Markov model 

represents a wide variety of user mobility patterns, including random walk and the 

constant velocity fluid flow models. 

3.6.2 Group Mobility 

Group mobility models are intended to model the motions of all mobile nodes in 

VANET where commvinications are done among teams that coordinate their 

movements. The group movements imply that mobile nodes always work together in a 

cooperative manner to accomplish a common goal or orientation. In a group mobility 

model, either a function describes the group behavior or the mobile nodes are somehow 
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associated with a group leader or a target. The important connotation of group mobility 

model is that the movements of mobiles, unlike individual mobiUty models, are not 

independent of each other. It is quite difficult to express analytically the group mobiUty 

models to reflect the complex interdependent mobile behaviors because of many 

parameters. The performance of group mobility models is generally explored through 

simulations. Following are the types of group mobility model. 

3.6.2.1 Reference Point Group Mobility 

The reference point group mobility (RPGM) [121][122] model sigrufies the relationship 

among mobile nodes that move together. The RPGM model manages mobile nodes into 

groups according to their logical relationships. Each group is having a logical center 

known as reference center. The movement of center governs the movement of all other 

nodes in a group. In other words, center's action describes the entire group's motion 

behavior that includes speed, location, direction, and acceleration. Consequently, the 

group trajectory is determined by providing a path for center. Usually, nodes are 

uniformly distributed within the geographic scope of a group. Every node is allotted a 

reference point which tracks the group movement. Any node is randomly positioned in 

the neighborhood of its reference point at all steps. Apart firom a group motion, the 

reference point scheme permits independent random motion behavior for all nodes. 

Input parameters of reference point group mobility model also provide the flexibility to 

implement the column, nomadic community, and pursue group mobility models. The 

RPGM model can easily be applied to the different network scenarios including 

clustering and routing. In addition, by proper choice of parameters, RPGM can also be 

applied to model different mobility models. 

3.6.2.2 Reference Velocity Group Mobility 

The reference velocity group mobility (RVGM) model [123] provides a new depiction 

to the existing group mobility models like RPGM. The reference velocity group 

mobility model uses an onmiscient observer for knowing all the information of mobiles 

in a group and obtains topology information using reference point group mobility 

model. Although, RPGM model is able to generate topologies of ad hoc networks along 

with group mobility for simulation purposes, but it lacks in partition prediction or 

mobility purposes. 
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RPGM model is used in the purview of an omniscient observer and all the information 

regarding group mobility including member nodes and movements are known 

beforehand. As MANET may be distributed in nature, such global information relating 

to the group mobiUty is not easily available to any moving node at run-time. For 

instance, a mobile user traveling to the destination is not familiar with all other users 

that are also going in the same direction. Also, RPGM model represents each mobile 

node by its physical coordinates. However, instantaneous physical locations of all nodes 

are not sufficient to distingiiish the nodes' group movement patterns and the change in 

network topology. As a result, RPGM model is not suitable for applications that require 

run-time partition prediction and it lacks the prior knowledge about the mobility groups. 

3.6.2.3 Group Mobility Extending Individual Mobility 

The individual mobility models like random waypoint (RWP), realistic random direction 

mobility (RDM), and sequential mobility (SM) models can be extended to group 

mobility models by incorporating the inherent features of group movement [124]. 

hidividual mobility model describes node mobility independent of any other node. 

Individual node movement is governed by the movement of other near-by nodes in 

group-based mobility models. A group consists of other nearby mobile nodes. Thus, the 

distance sensitivity and speed sensitivity of a group are used to determine the maximum 

distance and maximum speed between a reference mobile node and any other mobile 

node respectively. 

With the above said criteria, a group mobility model basically combines the random 

waypoint model with notion of group. Following are the few group mobility models that 

incorporate the group concept with individual mobility model :-

a) Random waypoint group mobility model is an extension of the earlier random 

waypoint model. It is the most straightforward extension and allows the 

characteristic of intra-group and inter-group data traffic to a subset of near-by 

nodes at any time. 

b) Random direction group mobility model is another model which extends individual 

mobility model and selects group destination point in a simulation area border and 

the group is driven to a final destination. This modification in a mobility model 

allows stressing routes extensions and also reducing the effect of density waves. 
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c) The Manhattan group mobiUty model provides an environment which is constrained 

and all group motions are only allowed along horizontal directions or vertical 

directions. Also, predetermined directions are only allowed in the paths. 

d) The sequential group mobility model also uses a random waypoint group mobility 

model and applies it to all the groups in an ordered sequence. 

3.6.3 Autoregressive Mobility 

In this mobility model, mobiUty patterns of an individual node or a group of nodes 

correlating the mobility states are considered. This may consist of position, velocity, and 

acceleration at consecutive time instants. Following are the examples of autoregressive 

mobility model. The group estimation scheme helps in reducing the amount of data 

collection required to track those nodes that exhibit group mobility in MANET. 

Autoregressive mobility model has the following key features:-

a) It can accurately capture the characteristics of realistic mobility, patterns of nodes 

that are moving independent of each other or in groups w.r.t. position, velocity, and 

acceleration. 

b) The group mobility in two-tier model represents the relation between node mobility 

states. This provides a generalized definition of mobile groups. 

c) The node's location data is used to optimally predict the parameters of mobility 

model. Therefore, the model can easily adapt itself to the dynamic change in 

characteristics of mobility. 

d) The mobility model facilitates the automatic detection of group mobility. 

There eire two types of autoregressive mobility model :-

3.6.3.1 Autoregressive Individual Mobility 

This autoregressive mobility model (AMM) [125] uses a distributed scheme for tracking 

the mobility of each node. The scheme is based on first-order autoregressive without 

using the global positioning system. Although the AMM is quite simple, but it can 

accurately capture the characteristics of realistic mobility patterns in wireless networks. 

Some of the mobility models described earlier like random walk and random waypoint 

models are having some key features of simplicity that make them usefiil in simulation 
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and analytical modeling of wireless network. On the other hand, those models do not 

accurately represent actual user trajectories in real world. As a result, those models 

provide misleading characterizations for network performance. 

The distributed autoregressive mobility model scheme can easily be used for precisely 

and accurately modeling the mobility of nodes in MANET. Each node uses a fiher for 

estimation of its own mobility state by incorporating some network-based signal 

measurements, like received signal strength indicator (RSSI) and time of arrival, and 

position estimates of the neighbor nodes. HELLO packets are used as beacon message 

by neighbor nodes for exchanging their position. Each node again estimates the mobility 

model parameters using the new mobility state. The proposed tracking scheme can 

easily be vaUdated using simulation. The autoregressive mobility model based on 

distributed tracking scheme is adaptive to the changing mobility characteristics and 

requires less overhead for communication. In addition, those mobility models are not 

able to accurately and precisely track the real-time mobility. 

3.6.3.2 Autoregressive Group Mobility 

The autoregressive group mobility model (ARGM) [126] uses a two-tier composite 

architecture of node mobility that reflects group behavior in MANET. The first tier 

corresponds to an individual node movement and is based on autoregressive individual 

mobility model. The second tier corresponds to group mobility behavior which 

considers correlation between various node mobility states. On the basis of two-tier 

architecture, autoregressive group mobility model selects the presence of groups in a 

network by applying a coirelation index test over node mobility states. A group based 

mobility estimation technique also utilizes the state of an envoy mobile node in a group 

to predict the states of other nodes in a group. The amount of data collection required to 

track mobile nodes exhibiting group mobility can significantly be reduced by applying 

group estimation scheme in MANET. 

Group mobility models [122] described earlier is either based on the idea of physical 

proximity or resemblance in velocities. On the other hand, correlation-based group 

mobility model described in ARGM composite model offers a more generalized 

definition for a group. Nodes travelling in the same direction with similar velocities, 

nodes maintaining close proximity to other nodes, and nodes accelerating with similar 
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acceleration exhibit correlation between their respective mobility states. ARGM model 

can represent many of the group based models as special cases using appropriate 

selection of parameters. During simulation, the two-tier mobility model can be used to 

produce realistic trajectories for group of nodes. First tier generates the movement 

pattern for an envoy of a group with suitable parameters. Second tier generates the 

trajectories for other member of a group by applying a correlation-based group model. 

The first tier of mobility model is generally active by default and when enough data 

about state correlation is gathered, and then second tier of mobility model is invoked. 

This feature enables composite mobility model to capture a group mobility behavior on 

the fly. The other model parameters of composite models are also predictable from the 

mobility data. As there are no special characteristics specified for a group leader in 

ARGM model, any node in the group may act as a group leader. The ARGM estimation 

scheme significantly decreases the amount of data collected for location tracking from a 

group of mobile sensors, such as in wildlife monitoring systems. 

3.6.4 Flocking / Swarming Mobility 

In flocking mobility model (FMM), a coordinated movement task is performed by 

dynamic mobile nodes over (visually invisible) self-organized networks in nature. In 

other words, it is a model of the form of collective behavior of many interacting mobile 

agents with a common group objective [127][128][129]. These agents may be birds, 

fish, penguins, ants, bees, crowds etc. Flocking mobility models have engineering 

applications where massive mobile sensing is done in an environment, simultaneous and 

parallel delivery of payloads or transportation of vehicles, military missions such as 

reconnaissance, surveillance, and combat with a cooperative group of unmanned aerial 

vehicles etc. Flocking is basically an example of a coordinated task performed by 

dynamic agents. 

Reynolds model [128] is based on an individual unit hypothesis. In this, all units act 

according to a set of prescribed rules in their neighborhoods. Particles intemal state also 

governs the motion apart from being govemed by the external state (neighbors in the 

vicinity). Intemal state of a particle is just its velocity in this case and the set of rules 

described for flocking-based mobility are as follows [128]:-
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a) Cohesion (or Flock Centering): Tries to remain close to the nearby flock mates. 

b) Separation (or Obstacle Avoidance): Tries to avoid collisions with the other nearby 

flock mates. 

c) Alignment / Consensus (or Velocity Matching): Tries to relate velocity with the 

other nearby flock mates. 

Following are the examples of flocking / swarming mobility model. 

3.6.4.1 Flocking MobiUty 

Flocking mobility model or distributed flocking algorithms are introduced for multi-

agent dynamic systems. It is meant for both flocking in free space and in the presence of 

obstacles. The «-lattices and quasi-a-lattices are point sets with important geometric 

and graph theoretic properties having crucial role in flocking with obstacle avoidance. 

Both split / rejoin scheme and squeezing scheme can be analyzed using obstacle-

avoidance algorithm. The two parameters angle 6 and range r are used to describe 

particle or mobile agent neighborhood as shown in Figure 3.3 [127]. 

Figure 33: Representation of a Neighborhood of a Mobile Agent using Angle 6 and Radius r 

Nodes within the sector defined by angle 6 and range r are called as "nearby" units. A 

high-level representation of flocking rules may have each unit (or particle or agent) with 

its own speed v and acceleration a with the given maximum values. All these flocking 

rules can also be assigned a weight apart from angle 0 and range r. Other rules may also 

be added depending upon the real scenarios. For example, steering rules like random 

mobility pattern and constant motion in a fixed direction can emulate movement of 

semi-autonomous mobile units and that will exhibit swarm-based behavior and 

collectively form a MANET. 
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More dynamic patterns can be produced by adding noise using a minute component of 

random walk. Both flocking and swarming can be used synonymously in the context of 

mobility. Free-flocking algorithm that leads to flocking, describing the collective 

behavior in addition to embodiment of all the rules of Reynolds. 

3.6.4.2 Swarm Group MobUity 

The swarm group mobility model (SGMM) [128] [129] is a model which generates 

realistic movements of living creatures or objects. These movements are controlled by 

living creatures using mimicking perception, physics, and their psychological behaviors. 

The SGMM model is useful in MANET because traditional mobility models such as 

random walk and random waypoint are not suitable in many realistic scenarios. The 

SGMM believes that there is no permanent association in a'group that will be capable of 

describing natural behaviors such as join and fork. SGMM can simulate a cooperative 

movement pattern observed in MANET dviring military operations and campus. In such 

cooperative movement, a set of mobile nodes accomplish a task affected by an 

individual behavior as well as a group behavior. The SGMM also uses a physics model 

to circumvent sharp turning and a sudden stopping. The model can emulate natural 

objects in terms of their locations. This model is not meant for simulation with detailed 

motion like joint movement of a natural object. Hence, SGMM eases various aspects of 

perception, physics ?"'i '•e".ro"i"<T. The model can easily generate the behavior of 

individual mobile node as well as a group of mobiles nodes. Therefore, the model 

provides valuable information for analyzing and designing various systems and 

protocols meant for both cellular and ad hoc networks. The model can be applied to 

various scenarios such as; group of hosts accomplishing a cooperative motion similar to 

military mission or civilian tasks. To find reasonable relationships among the mobile 

nodes movement, realistic group mobility models may be incorporated. 

3.6.5 Virtual Game-Driven Mobility 

This mobility model deals with an individual node.or a group of mobile nodes based on 

user / player strategies that are mapped from the real world to virtual agents interacting 

with each other or with groups of mobile users [130]. The model can generate 

measurements for individual as well as group mobility assuming virtual world scenarios 

using the multi-player game. The mobile gaming using networking consists of user, 
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group, communication, and environment that represent the real-world characteristics of 

MANET. The mobility of players can be measured in multi-player games. Multi-player 

games software can also emulate the real world and are not limited to games only. As a 

result, new virtual world are created and can easily be adopted with specific 

requirements. A virtual world is now a day's used for simulation of mobility rather than 

using a model for mobility, because with this we can handle all the effects of mobility 

models into account. This technique has various advantages like obstacles and 

infi-astructure can select mobile user's path apart from averting the coimectivity. For 

example, rivers are difficult or impossible to cross but they do not prevent network 

propagation. Furthermore, it is quite difficult or impossible for various users to occupy 

the same position in a real world as in the virtual world scenario. The effects avoiding 

other people fi^om collision can also be considered here. In fact, motion in a virtual 

world is more realistic than 1-D movement on a graph edge. This also includes the 

possibility of incorporating 3-D movements. 

3.6.6 Non-Recurrent Mobility 

In this mobiUty model, all moving objects move in a totally unknown way and do not 

repeat the previous pattern. Also these moving objects can be vehicles of VANET that 

constantly change their topology or the continuously moving data arises in a broad 

variety of applications, like geographic information systems including weather forecast, 

air-traffic control, and telecommunications applications. The non-recurrent mobility 

(NRM) model handles a group of objects moving in an unknown pattern that are 

dissimilar to the previous ones. The moving objects may be either MANET mobile 

nodes that constantly change their topology or the non-intermittently data arises fi"om a 

broad variety of applications, like weather forecast, geographic information systems, air 

traffic control (ATC) etc. Kinetic data structures (KDS) may be used for handling 

moving data objects of the information database where the mobility of data object is 

partially predictable [131]. Another approach that can be used for unpredictable 

mobility is soft kinetic data structures (SKDS) [132]. Data structures can be analyzed by 

counting the combinatorial changbs of geometric structure. An estimated geometric 

structure is maintained by these data structures, that is updated by property testing and 

reorganization, and thus worst case mobility depends on the application where KDS / 

SKDS are used. KDS / SKDS are assessed on the basis of dynamism in the system. 
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which is calculated by the number of errors due to mobility of objects. The mobility is 

not characterized in terms of velocity and direction rather it is w.r.t. the specific purpose 

of KDS / SKDS. In MANET, the nodes are mobile and the pattern of movements are 

non-recurrent in real-life scenarios. 

3.6.7 Social-Based Community Mobility 

The social-based community mobility model captures non-homogeneous behaviors in 

both space and time with inter-node dependency of the community of interest based 

mobile network structure [133]. This model is basically a fi-amework for the group of 

mobility models that are linked as a community within a society. Individual mobile user 

or node is considered as a part of group within a community whereas different 

commvmities may be considered as part of the whole society. Mobility models should 

reflect non-homogeneous behaviors in both space and time. Moreover, location-based 

preferences can be included while all nodes move independently. For example, node 

belonging to the same community will exhibit similar mobility. Community of interest 

(COI) is required for the mobility models having inter-node dependency. COI provides 

the popular locations for mobile nodes in MANET. A shopping mall, university campus, 

or point of presence can act as a COI. The time variant community (TVC) mobility 

model is basically proposed to alleviate these problems. The community-based mobility 

(CBM) model is developed on the basis of the assumption that mobility patterns are 

carried by hvimans and the movements are strongly affected by relationships between 

them. CBM model can generate the traces similar to real ones, in terms of inter-contact 

time and contacts duration. Despite these facts, CBM model is not popular enough to 

reflect the attraction exerted on users by physical locations [119]. Furthermore, a body 

of work [102][124][134] is based on the observation that users are fascinated by 

particular physical locations, in which they preferentially spend their time. Similar to 

CBM model, orbit-based mobility model [102][135] is proposed taking into 

consideration the hierarchical of orbital levels where each orbital level will consider its 

own mobility model as it suits its own purpose. The fundamental blocks in orbit are the 

different levels of orbit. The flexibility of orbit is that the mobility modeler in each 

orbital level may be treated as a black box outputting node mobility traces, given inputs 

for that specific level. Time-Variant, Community-Based, Home-Cell Community-
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Based Mobility, Orbit-Based Mobility, and Entropy-Based Individual / Community 

Mobility models are the examples of social-based community mobility model. 

3.6.8 Knowledge-Driven Mobility 

The knowledge-driven mobility (KDM) model make use of knowledge of movement 

patterns of mobile nodes and can accommodate any arbitrary mobility patterns of 

mobile nodes including random walk, random waypoint, community-based mobility, 

and other well-known mobility models. In other words, KDM exploits the knowledge of 

movement patterns of mobile nodes and provides a complete freedom to mobile nodes 

[136][137]. The KDM model is able to handle any arbitrary patterns of mobile nodes 

including random walk, random waypoint, community-based mobility, and other 

popular mobility models. The KDM model not only provides autonomic solutions and 

deals with network-level location mobility; it also accommodates application-level 

service mobility. Autonomic communication solutions handle the unpredictable changes 

in topology, load, task, physical and logical characteristics. Autonomic solutions require 

designers to handle many end-to-end issues affecting programming models, network 

and contextual modeling issues whose solutions may draw on approaches and results 

from a surprisingly broad range of disciplines. In KDM model mode, the nodes 

exchange information regarding their intended / expected moves. They also provide the 

services they plan to offer while they travel from one point to another. This information 

further makes it promising to look into the future and manage MANET proactively, 

driven by indications that the mobile nodes will require to access certain services at 

specific times and places [136]. Moreover, the middleware of mobile nodes require a lot 

of coordination and processing that demands quite high-end processing capabilities. 

3.6.9 VANET Specific Mobility 

VANET Specific Mobility (VSM) models are exclusively designed for vehicular 

envirormient [138]. Although these models are based on earUer models, but they also 

take parameters specific to the VANET envirormient into consideration. VANET 

specific mobility models consider road topologies, traffic lights, and highway / city 

scenarios into thought. VSM models may be either macroscopic or microscopic. These 

models provide simulation scenarios equivalent to the actual road traffic. 
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3.6.9.1 Freeway MobUity Model 

The model was introduced by [98] to generate the movement pattern of mobile nodes on 

streets. The movement pattern is defined by maps and includes many freeways in the 

simulation area. Each road is composed of many lanes and no urban routes are 

considered. The model doesn't take road intersections into considerations and thus the 

map is composed of number of horizontal and vertical streets that are made up of 

multiple lanes for each direction. Initially, the mobile nodes are randomly placed in the 

simulation area. This model is similar to random waypoint model and the speed of each 

vehicle is given by: 

V(t +1) = F(0 + randoni) x A{t) (3.9) 

where V (t) is the vehicle's speed at any time instant t, randomQ function returns a 

random value in the interval [-1, 1], A{f) is the acceleration of a vehicle. A safety gap 

should be maintained between any two subsequent vehicles moving in a lane. If the 

distance between two subsequent vehicles is less than the required minimal distance, the 

second vehicle will reduce its acceleration A{t) and let the forward vehicle moves away. 

Lane changing is not allowed in this model, thus the vehicles have limited movement. 

Vehicles move in a given lane until they reach the simulation area limit. However, the 

scenario is somewhat unrealistic. 

3.6.9.2 Manhattan Mobility Model 

Similar to freeway mobility model which simulates the highway environment, this 

model [98][139] simulate an urban environment. The simulation area is characterized by 

a map generated before the start of simulation. The simulation area contains vertical and 

horizontal roads made up of multiple lanes and allows the motion in both directions 

(north-south and east-west). Initially during simulation, vehicles are randomly placed 

on the roads. Then vehicles start moving continuously according to the history-based 

speeds following the formula described in Equ. 3.9. When a vehicle reaches crossroad, it 

randomly selects a direction to follow that may be going straightforward, turning left or 

turning right. In contrast to the freeway model, a vehicle can change its lane when it 

passes through a crossroad. Although there is no control mechanism defined and thus 
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continuing their movements without stopping. This makes the Manhattan mobility 

model unrealistic. 

3.6.9.3 Rice University Model (RUM) 

Rice University Model (RUM) [140] is similar to the City Section Mobility Model. It 

uses real road maps generated from TIGER / Lines database [141] for simulation. For 

every road segment, coordinates are taken and converted using the Mercator projection 

[140]. The extracted points are then plotted in a graph, where road intersections are 

represented by vertices and routes are represented by weighted edges. Each edge is 

assigned a weight dynamically in such a way to mimic the estimated road segment 

distance, speed and the number of vehicles it currently contains. Consequently, lower is 

the weight of an edge, more number of vehicles can move freely in the segment. The 

maximum speed of a vehicle in road segment depends on its type. RUM behaves similar 

to RWP when the simulation scenario contains a lot of roads of same type, while on the 

other hand when roads are of different types (having speed limit varies from 56 km/h to 

120 km/h) RUM performs better than the RWP model. Also, no confrol mechanism is 

provided to handle the road intersections. 

3.6.9.4 Stop Sign Model (SSM) and Traffic Sign Model (TSM) 

Stop Sign Model (SSM) [142] is the first mobility model that incorporates a traffic 

control mechanism. At each road intersection, a stop signal is installed to control 

vehicles movement and to slow down and make a pause accordingly. The model is 

based on TIGER / Lines database real maps. However, each road has single lane in each 

direction. Due to only one lane, no overtaking mechanism for vehicles is given. So, like 

all previous models a vehicle cannot overtake any other vehicle and should keep a speed 

to maintain the safety distance. Large number of vehicles create bottleneck at the road 

intersection if they arrive at the same time. All vehicles make a queue and then every 

vehicle waits for its front vehicle to traverse the road intersection. This restricted access 

at intersections badly affects the network connectivity as well as the average vehicle 

speed. Although this model is also somewhat unrealistic because practically it is 

impossible to have all road intersections with stop signals. 
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Therefore, the authors [142] have proposed Traffic Sign Model (TSM). In TSM, stop 

signs are replaced with traffic lights. A vehicle stops at a road intersection only when it 

encounters a red signal, otherwise it continues the movement. When a vehicle reaches 

the road intersection, the traffic light may be randomly turned red with probability/? and 

therefore the probability of traffic light turning green is \-p. The traffic light turns red 

for a random time period and forces all vehicles to stop. As soon as the traffic light turns 

green, vehicles traverse the road intersection one after another until the queue is empty. 

TSM and SSM are evaluated by simulation using NS2. The results demonstrate that the 

two mobility models are not significantly affected by the maximum speed of vehicles 

due to traffic control mechanisms. Traffic control signs slow down the vehicles and 

provide more stability to the network. By increasing the pause-time at crossroads, the 

performance may be fixrther improved for both the models. 

3.6.9.5 Street Random Waypoint (STRAW) 

Street Random Waypoint (STRAW) [143] is a mobility model which captures real maps 

fi-om TIGER / line databases. Analogous to other models, roads have single lane per 

direction and are partitioned into segments. STRAW has three modules: inter-segment 

mobility manager, intra-segment mobility manager- and, the route management and 

execution module. Initially, vehicles are placed randomly one after another. After that, 

vehicles follow each other and try to accelerate until they reach the allowed maximum 

speed of a given road segment. Inter-segment module defines the traffic control 

mechanisms for road segment including stop signals and traffic lights installed on the 

intersected routes. Moreover, this module take cares that the next segment has enough 

available space before a vehicle moves towards it. If the next road segment is 

completely busy then the vehicle waits at the road intersection (at the end of the current 

road segment). 

Intra-segment module manages the movement of a vehicle until it reaches the road 

intersection. Overtaking is not allowed and the safe distance is maintained between 

vehicles. Vehicles reduce their speed at each road intersection, even when they change a 

road segment and turn without a fill! stop. 

The route management and execution module selects routes to be taken by all vehicles 

during simulation [144]. It uses two approaches: (i) Simple Straw and (ii) Straw OD. In 
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the simple straw, ttie direction is randomly chosen by a vehicle at each road intersection. 

In other words, when a vehicle reaches road intersection, it randomly selects whether to 

continue straightforward or change the route (turn left or right). On the other hand, in 

straw OD a route to the destination is chosen by a vehicle using shortest path. The 

simulation study illustrate that the routes arrangement has an impact on the data 

aggregation. A scenario having large number of road intersections reduce the average 

speed of vehicles and thus improve the packet reception ratio. 

3.7 Effect of Mobility Models on Data Aggregation 

All the existing research on mobility models done earlier in literature [145] [146] [147] 

basically focus on the simulators. In this section, we try to analyze the effect of mobility 

models on data aggregation. This section discusses the implementation details of 

mobility models including the street map details and the analysis of traces produced by 

network simulations. 

In this chapter, we consider a data aggregation scheme proposed in [148] for anal^-zing 

the mobility model's impact. We have used TIGER map [141] for the simulation, which 

contains topographical infomiation in the form of one file per zone. Different landmarks 

are symbolized in specific types, along with the coordinates. A tool proposed in 

[140] [143] [149] is used during simulation for the extraction of topographical maps. The 

generated map file for a given area is in ASCII format. Each file represents data 

corresponding to the road segment containing road identifier, road segment coordinates, 

and the number of lanes with speed limits. A detailed evaluation of the impact of 

various mobility models on the data aggregation using AODV+PGB routing protocol is 

conducted using the NS 2.35 [150] network simulator, SUMO version 0.12.3, and 

MOVE for road map generation and microscopic traffic simulation. A mobility model 

(RWP, AMM, FMM, NRM, KDM and VSM) fi-om each of the six broad categories 

discussed earlier is included to explore the network performance using data aggregation. 

These mobility models are implemented in C++ as independent programs that generate 

files for mobility models. These files of various mobility models serve as an input to the 

simulations in NS2. RWM generates mobility in an open area having no obstacles, 

intersections or roads. On the other hand, VSM simulates roads in a real map and 

vehicles do stop at road intersections. For controlled experiments, the block sizes were 
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varied in a grid topology over a 1200m x 1200m area. Some real-worid street maps 

with inforaiation taken from the [141] database are also used. Real-worid maps are 

quite useful in understanding the combined effects of multiple mobility models. A 

controlled grid topology with various block sizes can also be used to understaod the 

perfonnance impact of any single factor affecting mobility. All simulations are repeated 

with at least ten mobility patterns to reach a confidence interval of 95%. Table 3.1 

provides the default values for the various parameters used. 

Table 3.1: Parameters Used While Simulating RWP, AMM, FMM, NRM, KDM and VSM Models 

Parameter 

Simulation Time 

Radio Model 

MAC Layer 

No. of Vehicles 

Vehicle Velocity 

Constant Bit Rate (CBR Rate) 

Vehicle's Communication Range 

Bandwidth 

IData Packet Size 

Cache Replacement Policy 

Mobility Models 

No. of Lanes in Each Direction 

Topologies 

Routing Protocol Used 

No. of Road Intersections 

Length of Road Segment 

Traffic Type 

No. of Simulation Runs 

Performance Metrics Used 

Value 

12500 secOTids 

Two Ray Ground 

lEEESGl.n 

50-400 

40km/hr-120km/hr 

1-4 packets / second 

250 m 

20 Mbps 

500-2500 Bytes 

HFO 

RWP, AMM, FMM, NRM, KDM and 

VSM 

1-4 

1200m X 1200m Grid, Real Map 

AODV + PGB 

5 - 5 0 

500-1000 m 

Multi-modal 

10 

Packet Delivery Ratio, End to End Delay, 

Data Overhead, Network Reachability, 

Aggregation Accuracy, Average Delay 

The performance metrics that we have considered for evaluation of the mobility models 

are packet delivery ratio, average delay, network reachability and data overhead. The 

packet delivery ratio can be defined as the ratio of the number of data packets received 

to the number of data packets sent. It is generally expressed in percentage. Average 
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delay can be defined as an aggregate of end-to-end delay over all delivered data packets 

for each source / destinations pair. Network reachability is defined as tiie ratio of 

vehicles that receive the message to all the vehicles in zone of relevaice. Data overhead 

can be calculated as the ratio of the number of data packets transmitted by all nodes to 

the niimber of data packets received at the destinations. 

3.7.1 Varying Vehicular Traffic Density 

The performance of various mobility models are compared and analyzed as vehicle 

density is varied in a 1200m x 1200m grid topology with a block size of 200m x 50m. 

We have taken AODV protocol with Preferred Group Broadcasting (PGB) for analyzing 

the performance. AODV+PGB mechanism reduces broadcast overhead associated with 

AODV's route discovery and provides route stability especially important for VANETs. 

Figure 3.4 and Figure 3.5 compare the packet delivery ratio and data overhead using all 

the six mobility models with data aggregation. The traffic signals vwth a periodicity of 

30 seconds are used with varying number of lanes in each direction. VSM has a packet 

ddivary ratio of upto 96%. The r^ults indicate that the RWP yields lowest packet 

delivery ratio and maximum data ov^head, for a given topology. The range of 

perfonnance variation across various mobility models highlights the point regarding the 

importance of fidelity of mobility models in VANET simulations. 
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The common trend is that the packet delivery ratio increases with the increase in number 

of nodes up to 0.03 vehicles per meter because the connectivity of the conmnmication 

graph increases. After that, packet delivery ratio starts decreasing as the number of 

nodes increases fiirther. This type of behavior is due to the increased cham^l contention 

as the large number of vehicles lead to a flooding of control messages in the network. 

The data overhead in Figure 3.5 displays a similar trend, it is first increasing gradually 

and as the number of vehicles per meter increases, there is a shaip degradation 

thereafter. 

Figure 3.6 and Figure 3.7 give illustration of average end-to-end delay and network 

reachability with the varying vehicular traffic density on various six mobility models. 

Figures clearly show that RWP and AMM models are the most affected as the number 

of vehicles in a network is increasing. This is again due to the increased channel 

contention. Other protocols perform reasonably well than RWP and AMM. On the other 

hand VSM and KDM encounter less delay and greater network reachability. Although 

NS2 is scalable but some constraints become evident as the number of vehicles becomies 

large. The simulation time becomes a major concern because a large parameter space is 

required to further explore. Moreover, as the number of nodes increases, the confidence 

intervals also widen significantly. This further requires more repetitions to reduce the 

delay variance of tiie resuhs. 
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We have analyzed the performance effects of various mobility features like multi-lane 

roads and acceleration / deceleration of vehicles. During simulation, we have found that 

the acceleration / deceleration feature led to a significant increase / decrease in the 

packet delivery ratio. This is due to the fact that acceleration / deceleration reduces the 

average speed of vehicles, which results in greater network route stability. On the other 

hand, single-lane and multi-lane scenarios result in negligible performance difference 

till the number of vehicles are less than 100. However, when the acceleration / 

deceleration is disabled, the performance difference becomes noticeable beyond 100 

vehicles as the channel contention starts to increase. When the simulation is done with 

less than 200 vehicles in a 1200m x 1200m area, the added complexity of modehng 

multiple lanes does not considerably affect the performance of various ad hoc routing 

protocols in VANETs, as compared to tiie effects of vehicle acceleration and 

deceleration. 

3.7.2 Varying Data Sending Rate 

Figure 3.8 and Fi^re 3.9 rq)rese3it the variation in packet delivery ratio and average 

end-to-end delay with the data sending rate. A 1200m x 1200m grid topology with a 

block size of 200m x SOm is used, and the number of nodes is fixed to 100. F i ^ e 3.8 

and Figure 3.9 show that as the number of data packets increases beyond 0.6 per 

seconds, there is a significant drop in the packet delivery ratio and an increase in the 

end-to-end delay by an order of magnitude. The deviation in the results obtained is also 

quite large beyond 0.6 packets per seconds, as indicated by the error bars in the graphs. 

As the number of data packets per second increases, there is a significant incr^se in the 

number of packets contending for a common wireless channel, which leads to more 

collisions and packet drops. 

The speed of vehicle is varied and the resulting performance of various mobility models 

is analyzed. Figure 3.8 and Figure 3.9 show the results for this experiment. However, 

the maximum speed of vehicle depends upon the default value of road specified by the 

US Census Bureau. The speed limit on roads is varied to study how this parameter 

affects the resulting mobility pattern. The results show a significant drop in the value of 

the packet delivery ratio for RWP and AMM as speed and data sending rate are 

increased. The network represents highly dynamic topology in which vehicles 

constantiy move through the streets without stopping at any of the intersection. This 
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results in a continuous chum in routes between different sources and destinations. The 

packet delivery ratio of AMM and FMM also decreases with increasing data sending 

rate and maximum speed, but not to the extent it does with RWP. Ilie performance of 

KDM and VSM (with maximum wait times of 25 seconds) does not vary much with the 

increasing data sending rate ^id maximum speed. The results are explained l^ the feet 

that the vehicles spend a lot of time waiting at intersections. Consequently, higher speed 

plays a smaller role in changing the network topology as compared to the data sending 

rate. 
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The block size also plays an important role in the topology and affects the performance 

of routing protocol. If the block sizes are large, the vehicles are spending longer time in 

traversing the distance between intersections. Therefore, given larger block size of the 

road segment, the vehicles are mobile for a longer time. This increased mobility of 

vehicles decreases the connectivity in the network, and a corresponding drop in the 

packet delivery ratio. Figure 3.10 and Figure 3.11 show the average end-to-end delay 

and network reachability by varying data sending rate. It can be seen from the Figure 

3.10 that all the six protocols perform well even after varying the data packet sending 

rate, and average delay increases only by 2 sec. However, MANET mobility models 

have delay higher than the VANET specific mobility model. Speed and acceleration of 

vehicles also affect the data sending rate and thus the network perfonnance. In tiiis 

experiment, we have taken the average speed of vehicles for the sunulation of various 

protocols. Figxire 3.11 represents the network reachability and governs that data sending 
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rate affects the network reachability. The network connectivity is badly affected as the 

number of data packets sent per second is increased. 

The performances of RWP and AMM are below than the other protocols in all cases, but 

here FMM also under perform. When the data sending rate is varied from 0.1 to 0.8 

packets per second, the network reachability is decreased from 91% to 88%. Moreover, 

there is a quite variation in results as shown by the error bars. The other three protocols 

KDM, NRM and VSM perfwrn well and there is ^ i ^ t decre^e in network reachability 

Avith the data sending rate. 

Dala ScndiKE Rate (P»cl«l/S«) !>»«« Sending R»t* (PMkel«i«) 

Figure3.10: Avo-age Delay of RWP, AMM, FMM, Figure 3.11: Network Reachability of 

NRM, KDM and VSM Under Varying Data AMM, FMM, NRM, KDM and VSM 
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Our next parameter is the aggregation accuracy to evaluate how well the aggregates 

reproduce the current value for a measured parameter's values dataset received from 

different neighboring vehicles. The aim is to evaluate the accuracy of the data 

aggregation technique under different mobilily models. The interest behind this 

evaluation is to check how much the aggregated values represent the actual data. 

Accuracy measurement is done with different road-traffic varying from low to high. 

The data aggregation algorithm starts improving its performance as the number of 

dataset increases because it can find more samples in the data and take out the unique 

patterns only from the dataset. Since we have calculated the accuracy using variation 

between correlation coefficients for original and aggregated data, the chances of 

preserving data patterns are higher and the algorithm performs more or less similariy 

under all the mobility models as shown by Figure 3.12. 
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Figure 3.13 depicts the average time taken by data aggregation algorithm in different 

mobility models. As we can observe that the algorithm was slow initially, but it 

gradually reduces the computational time in each iteration. The rationale behind this is 

the convergence based behavior aggregation algorithm. The algorithm keeps on utilizing 

the pervious obtained results to reduce computational time and after a certain point the 

computational time becomes static. Moreover, the figure also shows the saturation time 

of data aggregation algorithm under various mobility models. Under each mobility 

model there is very slight variation in saturation time. 

I I 1 I I 1 I r 

»*>H 1 1 1 1 1 1 1 r-
0.005 0.010 0.015 0020 0.025 O.O.W 0.0.15 OOJO 0.045 0.05( 

Vekkular Traflk DcnsUy (Vekkle/m'} 

• 
0.8-

^ 0.6-

g 

i 0.4-

^^ 

02. 

0.0-

^ ^ E J I B ^ B W Bi^HH ^^^^^fl HI^^B 

••RWP 
UZIAMM 
I B F M M 
• • N R M 
[23KDM 
• I V S M 

IV 
. 

^H ^^H ^^H ^^B ^ • B ^^H . 

eooo 8000 

Siaaliitioii Tiaie 

Figure 3.12: Aggregation Accuracy of RWP, Figure 3.13: Data Aggregation Computational 

AMM, FMM, NRM, KDM mid VSM Under Time of RWP, AMM, FMM, NRM, KDM and 

Varying Vehicular Traffic Density VSM 

3.8 Summary 

Vehicular Networks are continuously attracting an increasing attention fi"om both 

research and industry communities. Safety in VANET is one of the fastest growing 

domains of interest. Messages are communicated in VANET in order to improve the 

driver's responsiveness and safety in case of road incidents. In VANETs, vehicles are 

highly mobile and there is a limited degree of fi-eedom in the molality patterns. These 

characteristics make standard networking jH-otocols inefficient or unusable in VANETs. 

Consequently, mobility models are one of the critical aspects while testing VANETs 

protocols. Mobility models should reflect as closely as possible to the real behavior of 

vehicular traffic. In this chapter, we have first described the mobility model. Then, we 

have discussed the various mobility levels and factors affecting mobility models. 

Afterward, metrics for measuring various models are discussed. Subsequently, we have 
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classified the various types of mobility models with thdr types. Finally, all mobility 

models are simulated using NS2 and the performance of each is analyzed to measure the 

impact of mobility model on data aggregation. Table 3.2 gives a comparative analysis of 

various mobility models. After measuring performance on the basis of different 

parameters, we have found that VSM and KDM perform well under all scenarios. Even 

after incorporating data aggregation VSM and KDM have good packet delivery ratio 

and network reachability. 

In the next chapter, a cluster based data segregation scheme is proposed for VANET. 
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Chapter 4 

Cluster Based Data Aggregation 

In recent years, evolution of a new wave of innovative data aggregation approaches for 

VANET has been witnessed. In these data aggregation approaches, correlated data items 

are combined from different vehicles before redistributing to other vehicles. The number 

of retransmissions and the communication overhead can be reduced considerably by 

using aggregation. This aggregated information should be intelligently disseminated in 

order to save network bandwidth in VANET. Data aggregation is a prerequisite for 

applications that require periodic dissemination of information into a large region so as 

to avoid traffic congestion. In the previous chapter, we have focused on the mobility 

models and their impact on the data aggregation approaches. In this chapter, we propose 

a data relationship degree based clustering data aggregation for VANET. 

4.1 Introduction 

Data aggregation is one of the major needs of VANET due to the constraints of 

resources. VANET needs efficient data dissemination techniques to save network 

bandwidth and allows multiple applications to coexist. IVC is an enabling technology 

for most of the applications, be it for active safety, enhanced driving, or entertainment. 

Communication protocols for VANETs require a careful design for being able to cope 

up with a variety of requirements emerging from highly dynamic network topology and 

the applications themselves. A common problem in IVC constitutes the limited 

bandwidth of wireless medium. When vehicular density is high, many vehicles compete 

for the wireless medium, thus exceeding the available bandwidth if every vehicle 

disseminates a large amount of application level data, hi addition, most applications 

need to flood the data into a huge geographical region which ampUfies the problem of 

limited bandwidth. 

Publication out of this chapter:-

• Rakesh Kumar and Mayank Dave, "Data Relationship Degree Based Clustering Data Aggregation for VANET", 

International Journal of Electronics, Taylor & Francis, ISSN: 0020-7217. SCI Indexed, IF=0.75 

[Communicated]. 



Applications based on VANET that require dissemination of information basically face 

two main challenges: a limited network bandwidth shared by all the vehicles and in the 

beginning a highly partitioned network restricting the speed of data dissemination. On 

the basis of current traffic situation, the data is gathered by all participating vehicles in 

cooperative traffic information system. The collected information is further 

disseminated in a way that other vehicles may utilize it for better route planning. Many 

VANET applications require each vehicle to share its data e.g. speed and location with 

its neighbors through spreading a message containing such data. Sending these to farther 

distances will dissipate much bandwidth. So as to share the data with vehicles at farther 

distances effectively, many data aggregation techniques have been proposed 

[37][38][55][60][61]. Moreover, it is obviously not possible to distribute all the data to 

every vehicle. This may result in a shortage of available bandwidth. Rather, we propose 

to aggregate and disseminate the data in an efficient manner: the farther away a region 

is, the more concise will be the information on its traffic situation. 

Data aggregation is one possible way to address this problem. The thought behind 

aggregation is that many applications do not need atomic information, such as exact 

position and speed values fi-om all vehicles. Instead, it is enough to have an abstract or 

aggregated view of the sensed phenomenon. The level of abstraction depends upon the 

user application and influences the amount of bandwidth saved. Consider for example a 

traffic information system which is used to inform drivers about road conditions several 

kilometers ahead. The naive way to implement such a system is to disseminate the own 

position periodically, together with all other atomic information received from other 

vehicles. It is easy to see that such a system is not scalable. Moreover, a driver is not 

fascinated in such atomic information, but wants to know the average speed on the road, 

and where a possible traffic jam is exactly situated, so that he / she is able to react 

accordingly. The association of such related atomic values in a single aggregated value 

like average speed is called data fusion. 

The spatial and temporal correlation of data is of prime importance for the effectiveness 

of data aggregation. Like in traffic jams, the speed of all vehicles is abnost identical. 

Therefore, all atomic values in the whole traffic jam region can be aggregated to one 

average value, without significant loss of accuracy. This way, only a small portion of 

information is to be disseminated and thus extensively reducing communication 
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overhead. As we can see that the correlation of data (or correlation factor) is vital for 

data aggregation, but its dimension depends on actual traffic and road conditions. 

The work presented in this chapter focuses on structure based clustering data 

aggregation in VANET. This chapter emphasizes on the problem that recent spatial 

correlation data models of vehicles in VANET are not appropriate for measuring the 

correlation in a complex and composite environment. Moreover, the data represented 

by these models is generally inaccurate when compared to the real world data. To 

minimize this problem, a group based data aggregation method is proposed that uses 

data relationship degree (DRD). In the proposed approach, DRD is a spatial relationship 

measurement parameter which measures the correlation between a vehicle's data and its 

neighboring vehicles' data. The DRD clustering method where grouping of vehicle's 

data is done based on the available data and its correlation is presented in detail. Finally, 

simulation is done to check the effectiveness of the proposed approach and provides a 

comparison with some of the existing state-of-the-art solutions. 

4.2 CASCADE and Optimizing CASCADE 

K. Ibrahim and M. C. Weigle proposed a Cluster-based Accurate Syntactic 

Compression oi Aggregated Data in VANETs (CASCADE) [60] and Optimizing 

CASCADE [61]. Their scheme was basically proposed for highway traffic information 

in VANETs as highway congestion notification applications need to disseminate 

:nfc:iriatio,n «hr.;, K iraffic conditions to distant vehicles. The goal of CASCADE was to 

allow a vehicle to obtain an accurate view of upcoming traffic conditions. Vehicles will 

pass information about traffic conditions ahead of them to the vehicles coming behind 

so that these vehicles will have timely notification of upcoming traffic conditions. Each 

vehicle periodically broadcasts its position information called as primary record. 

Received primary records are stored in the local database of each vehicle. These primary 

records represent the vehicles ahead of current vehicle and comprise its local view. The 

local view is divided into clusters and the size of cluster is chosen in such a way to 

balance the trade-off between local view length and expected firame size. As the authors 

have chosen twelve rows of clusters in a local view, the local view is longer than the 

typical DSRC transmission range and thus primary records need to be rebroadcasted. 

Each vehicle periodically compresses and aggregates the primary records in its local 
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view into an aggregated record. This aggregated record is further broadcasted to all the 

neighboring vehicles. Received aggregated records may be used to augment the local 

view by providing information about vehicles beyond the local view, resulting in an 

extended view. In CASCADE, authors have chosen cluster size as 4m x 62m and local 

view size of 1.9 km. In Optimizing CASCADE, authors tried to determine the optimal 

cluster size to minimize the aggregated frame size and maximize the local view length. 

Authors have given an analysis for aggregated frame size and local view length. Their 

scheme is basic and the authors have not considered the vehicles coming from the 

opposite direction, and have only used vehicles going in the same direction for data 

dissemination. Moreover, the proposed scheme is applicable only for highway traffic 

scenario. 

4.3 DRDCDA: Data Relationship Degree Based Clustering Data 

Aggregation 

In this section, we propose a data relationship degree based clustering data aggregation 

approach for VANET. In the proposed approach, we first identify the vehicles that are 

having data objects in their neighborhood and then segregate vehicles into core sensing 

and non-core sensing. Further, clusters of vehicles are formed using the data 

relationship degree of vehicles. These clusters will be able to aggregate the data in a 

better and efficient way. Before going into the details of the proposed approach, we first 

present some definitions. 

A. Definitions 

In this sub-section, we provide a brief definition of the core sensing vehicle and data 

relationship degree. 

• Core sensing vehicle: In VANET, if the data of some of the neighboring vehicles 

are close to a sensing vehicle's data, this sensing vehicle can represent its neighbors 

in the data domain. This representative sensing vehicle is known as core sensing 

vehicle. Assume sensing vehicle v has n neighboring vehicles. They are respectively 

V;, V2, ..., v„. The data object of v is D. Its neighboring vehicles data objects are Dj, 

D2,...,Dn respectively. If there are N data obj ects in D1JD2,—J^n whose distances to 

D are less than e and the value of Allies between [MinPts,n], then the sensing vehicle 
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V is said to be core sensing vehicle. Obviously, the larger value of iVleads to a better 

sensing vehicle v to those vehicles whose data objects are in e-neighborhood ofD. 

Also, high concentration of data objects in the c^-neighborhood of D means that 

sensing vehicle v has a high spatial relationship between it and to these vehicles. 

Data Relationship Degree: Let sensing vehicle v has n neighboring vehicles those 

are within the communication radius of v. They are v/, v^,.... v„, respectively. The 

data object of v is D, and its neighboring vehicles' data £)/, D2,..., D„ respectively. 

Out of these n data objects, there are N data objects whose distances to D are less 

than e, and the value of iV lies between [MmPts,n]. Afterward, the data relationship 

degree of sensing vehicle v to the other vehicles whose data objects are in e-

neighborhood of £> is given by: 

Drdiv) = 

^ 1 ^ f. d. 
1— 

v̂  esp{N - MinPts) J 

Q,N<MinPts 

+ X 2 I I — ^ 1 + ^3 + x,{RVlN>MmPts 

-<4.1) 

where MinPts is a threshold amount, f is a threshold data, JA is the distance between D 

and the data center of data objects that are in e -neighborhood of Z). i/ is an average 

distance between D and the Â  data objects. RV\s the relative velocity of vehicle v w.r.t. 

other neighboring vehicles. xi,X2, xj and X4 are weights and xi +X2+X5+x̂  = 1. 

Drd follows Equ. 4.1 and has the following properties:-

• Drd(y) increases with the increase in number (N) of data objects that lies within e -

neighborhood of Z>. 

• Drd(y) increases with the decrease in distance (d&) between D and the data center of 

the data objects that are in e -nieighborhood of D. 

• The value o{Drd(v) lies between 0 and 1. 

The above said properties are consistent and Drd(y) is not affected by the unrelated data 

because of data threshold e. The MinPts (amount threshold) is the minimum amoimt for 

sensing vehicles v to represent some sensing vehicles. 
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Figure 4.1: Distribution of Data Object for DataSet 

In order to express the validity of data relationship degree defined by Equ. 4.1, let 2-

dimensional data objects for sensing vehicles vo,vi, v̂ , ..., v„ are respectively DoPi, 

D2,..., D„. vj, V2, ...,v„ are in the v - neighborhood of Vo. Drd{v) follows the Equ. 4.1 

and Ihe distribution of above data objects are shown in Figure 4.1. 

According to Equ. 4.1,4i represents the distance between Do and the data center. It can 

be easily seen that the larger representation de^ee of Do is achieved when Do is more 

close to the data center. On the other hand. Do can locate in sparse or dense area even 

with the same <4- Consequently, we have pioneered d to distinguish the relationship 

degree in the above two situations. We can formulate that d is smaller when Do locates 

in dense area rather than sparse area. Meanwhile, Figure 4.1 shows that as a data object 

moves towards Do, Dri^vo) increases, d& and d decrease, and vice versa. When a data 

object rotates around Do to the sparse area, c4 decreases and d remains unchanged. In 

other words, the distribution of data objects around Do is more uniform. Subsequently, 

Do is more closer to the data center, and Drd(vo) increases. According to the above 

analysis, data relationship degree is not only a measurement of concentration of data 

objects around Do in quantity, but it also reflects the distribution of data objects around 

Do. 

B.DRDCDA Algorithm 

In cluster-based VANET, to select the representative sensing vehicle, we propose a data 

relationship degree (DRD) based clustering method for data aggregation. The VANET 

is modeled by an undirected graph G ^ (V, E), where V is the sensing vehicle set 

consisting of all sensing vehicles in the network, £ is a set of edges consisting of all 

connections in the VANET. We assume that each vehicle is equipped with an omni-
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directional antenna / (where ieV) and, the antenna has a communication radius of a(/). 

Let A (̂/) be the set of sensing vehicles within the communication radius of i. In cluster-

based VANET data aggregation, the data transmission process is in such a way that 

every cluster head vehicle sends an aggregated data obtained from its member vehicles. 

Algorithm 4.1: Vehicle Type Calculation (VTC) Procedure 

Input: Data Threshold - e, Threshold Amount - MinPts, Weights - xi^2-Pi3M, 

Neighboring vehicles set A (̂0 of sensing vehicle i, relative speed of vehicle - i?F. 

Output: Vehicle Type - Core sensing vehicle or Non-core sensing vehicle, Two 

Sets of sensing vehicles' ID's stored in each vehicle - VehicleSeti„„eAi) and 

VehicleSetouteA}), Data Relationship Degree - Drd(i) 

\ for each z e F 

2 do 

3 sensing vehicle i is a non-core sensing vehicle 

4 NearNum=0 

5 VehicleSeti„„er(J) = ^ 

5 VehicleSetouteiii) - ^ 

7 for each j e Nil) 

8 do 

9 ii{\\d{i)-d(j)\\<^) 
10 then 

11 NearNum++ 

12 endif 

13 done 

14 if ( NearNum > MinPts) 

15 then 

16 Sensor vehicle / is a Core sensing vdiicle 

r 
17 

18 

Drd(i) = xil i ] + XJI-^] + XJI--] + XARV) 
\ exp{N-MinPts) J \ s) \ s) '^ ^ 

else 

19 Drd{i) = Q 
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20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

done 

endif 

for each ieV 

do 

done 

if (i is a Core sensing vehicle) 

then 

for each J e 7^(/) 

do 

if i\\d(i)-dm <^) 
then 

VehicleSetinnerij) = {/} U VehicleSetinneXO 

else 

VehicleSetouter(i) - {/} U VehicleSetoute/iO 

endif 

done 

The DRD clustering data aggregation algorithm includes three steps. (1) Vehicle Type 

Calculation (VTC) (2) Local Cluster Formation (LCF), and (3) Universal Delegate 

Sensing Vehicle Selection (UDSVS). In the VTC step, each sensing vehicle examines 

itself whether it can become a core sensing vehicle or not according to the definition of 

core sensing vehicle, and its data relationship degree is calculated using Equ.4.1. The 

VTC procedure also finds the sensing vehicles that are in e -neighborhood of its data 

and those that are not in the f-neighborhood. In the LCF, local clusters of vehicles are 

formed on the basis of the road segment and the results obtained through first step i.e. 

VTC. 

In the UDSVS procedure, local clusters are combined together according to the maximal 

DRD information stored in each sensing vehicle, and a delegate sensing vehicle is 

selected in each combined cluster. On the basis of the three procedures, vehicles are 

classified into three types: Delegate Sensing Vehicles (DSV), Isolated Sensing Vehicle 

(ISV) and Member Sensing Vehicles (MSV). The DSV and ISV are responsible for 

sensing and sending the sampled data. On the other hand MSV just transmit the sampled 

data collected by DSV or ISV, or do nothing. At first, the VTC procedure is applied to 
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each sensing vehicle. As soon as a sensing vehicle i executes this procedure, it stores the 

vehicle type, two sets of sensing vehicles' IDs, that are VehicleSeUnneAi) and 

VehicleSetouterii), and data relationship degree Drd{i). If sensing vehicle / is a core 

sensing vehicle, VehicleSeti„„er{i) includes the IDs of sensing vehicles whose data are in 

the e - neighborhood of data of sensing vehicle /. VehicleSetouteA}), includes the IDs of 

sensing vehicles whose data are not in £ - neighborhood of the data of sensing vehicle /. 

Drd{i) is calculated by the Equ. 4.1. 

Algorithm 4.2: Local Cluster Formation (LCF) Procedure 

Input: Core sensing vehicle or Non-core sensing vehicle, Two Sets of sensing 

vehicles' ID's stored in each vehicle - VehicleSetinmAi) and VehicleSetouteiiO^ 

Data Relationship Degree - Drd(i) 

Output: ClnsterSet = {ClusterSet| /eF},DRDSet = {DRD„,axii)\ ieV} 

/*Transmitting Information*/ 

1 for each ieV 

2 do 

3 if (sensing vehicle / is a core sensing vehicle) 

4 then 

5 for each j e VehicleSet j„„^^(i) 

6 do 

7 Sensing vehicle / sends a packet (/, 1, Drd(i)) to the 

sensing vehicle^" 

8 done 

9 for each J e VehicleSet „,„^X0 

10 do 

11 Sensing vehicle / sends a packet (/, - 1 , Drd(i)) to the 

sensing vehicle^ 

12 done 

13 else 

14 for each J ^N{i) 

15 do 
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16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

done 

Sensing vehicle j sends a packet (r, 0, Drd(i)) to the 

sensing vehicley 

done 

endif 

/*Receiving Information*/ 

for each ieV 

do 

done 

DRD^ax{i) = ii,Drdii)) 

for each / e VehicleSet .(i) 

do 

if iDrd{/)>Drd(i)) 

then 

DRD„aA.i) = Q,Drd(J)) 

endif 

done 

if (sensing vehicle i is a core sensing vehicle) 

then 

ClusterSetii) = VehicleSetinneAi) 

endif 

if (ReceivedPacket.relationship = 1) 

l*ReceivedPacket.relationship is the second byte of the sent packet*/ 

then 

ClusterSetii) = {ReceivedPacket.ID} U ClusterSet{i) 

l*ReceivedPacket.ID is the first byte of the sent packet*/ 

l*ReceivedPacket.Drd{i) is the third byte of the sent packet*/ 

endif 

If the sensing vehicle / is a non-core sensing vehicle, VehicleSeti„„eAi) and 

VehicleSetouteAi) are empty. Drd{i) is equals to zero. After the execution of VTC 

procedure, LCF procedure is applied to each sensing vehicle. The LCF procedure has 

two steps. In the first step, each sensing vehicle / G F checks its own sensing type and 
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IDs in VehicleSetinneiii) and VehicleSetouter(i) for deciding what information is to be sent 

to its neighbors. 

Then, in second step, each sensing vehicle finds which vehicles are in the same local 

cluster according to the received information. The decision is based on: 1) if the vehicle 

/ is a core sensing vehicle then sensing vehicles that are in a VehicleSeti„„e,{i) are the 

members of local cluster i. In addition, sensing vehicle / insert the IDs which are in 

VehicleSetinnerij) into the ClusterSet{i). 2) If vehicle / receives " 1 " as an information 

fi-om its neighboring vehicle j , then the sensing vehicle / and vehicle j are in same 

cluster, and the vehicle / stores the ID of vehicle y into the ClusterSetij). 3) If vehicle / 

gets " - 1 " as the information from its entire neighboring vehicle then vehicle / is an 

isolated sensing vehicle. In second step, except for the above decision, vehicle / 

compares its DRD with the DRDs received from other sensing vehicles which are in the 

VehicleSetinneiii), and stores the maximal DRD and the corresponding vehicle's ID. 

Algorithm 4.3: Universal Delegate Sensing Vehicle Selection (UDSVS) 

Procedure 

Input: ClusterSet = {ClusterSet | / € F }, DRDSet = {DRD„,axii)\ i^V} 

Output: Delegate Sensing Vehicle 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

for each i e V 

do 

done 

flag = 

if (DRl 

then 

endif 

0 

for each / e V 

do 

for each j e ClusterSet (i) 

do 

Sensing Vehicle / sends DRDmcJJ) to sensing vehicley 

done 
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14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

MaxDrd = max{DRD,rmx(J)-DrdmaJj) \j = ClusterSet{i)} 

MaxID = {j i DRDmaxQWrdQ) = MaxDrd} 

if {DRDmax-IDii) i^ MaxID) 

then 

DRDmaxii) = {MaxID, MaxDrd) 

flag=l 

endif 

done 

if (flag =1) 

then 

goto (line 11) 

else 

Halt 

endif 

After generating the local clusters, universal clusters are formed using UDSVS 

procedure. After the execution of UDSVS procedure, each sensing vehicle stores a 

DSV's ID in DRDmax-l^. Therefore, only the sensing vehicle whose ID is equals to the 

stored DRDmax.lD finally sends sampled data. The detailed pseudo code for the above 

mentioned three procedures are also provided. 

4.4 Theoretical Analysis 

In this section, we theoretically discuss and analyze the features and performance of the 

proposed DRDCDA algorithm:-

Sensing vehicle distribution satisfies a maximum vehicle density condition which states 

that there is no extremely large or highly dense group of core sensing vehicles. 

Lemma I: A set of core sensing vehicles V satisfies the maximum vehicle density 

condition with parameters e > 0 and communication radius xo > 0 if and only if, for any 

circle in an area at which the system is deployed with radius r > XQ, the number N of 

core sensing vehicles that lies within the circle is restricted byN< er\ 
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Proof: Suppose vo be a core sensing vehicle with communication radius xo and consider 

a circle with radius r ~ XQ around VQ, the circle will contain at least one core sensing 

vehicle violating the condition exo < 1. So, we can assume that exQ will remain greater 

than 1 in a cluster. 

Lemma 2: If d is the distance between two core sensing vehicles then according to the 

2 
maximum vehicle density condition, d should be greater than or equal to 

-JS -XQ 

Proof: Let £ > 0, xo> 0 are chosen such that exo" > 1. Now we draw a small circle with 

radius dl2 around each core sensing vehicle within a circular area of radius r keeping in 

mind, centers of small circles should lie within the area. Smallest area that can enclose 

these small circles will be a circle having radius r + {dl2) concentric with the circle of 

radius r. The sum of areas of small circles will always be less than the area of bigger 

circle. So, the total number of core sensing vehicle NW\\\ be 

A^< 
Ujr + dllf 

Il{dl2f 

Putting = 4s into the above equation, we get 
dll Xn 

f ( \ 
N<r^ -Is-—] +2r -Is-— +1 

Because r > xo, the maximum value of iV is given by 

-(4.2) 

r f 
N<r' 

N<sr^ 

Je +2r V?- 1 
+ 1 

This satisfies the maximum vehicle density condition proposed in Lemma 1. So, 

1 

Hence, d > 

d/2 

2 

.=V7-i-

•Is -XQ 
-(4.3) 
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Because £xo^>l, So - Xo' > 0. It means d is positive and well defined. 

4x 0 Lemma 3: The number of closest neighbors around a core sensing vehicle will be-

d 

So the maximum number of core sensing vehicle around a cluster head in the 1̂  tier will 

4x„ be 
d 

Proof: Consider a circle with x^ = — around a core sensing vehicle, the minimum 

distance between two neighboring vehicles is d. Suppose n vehicles are uniformly 

distributed at distance XQ> — fi-om the cluster head. Angle 9 subtended on the center by 

two neighboring vehicles is 

e=^ —<4.4) 
n 

Q 

So, the distance d between two neighboring vehicles \% d = Ix^Sin —. 

Note that if the value y lies between 0 and —then Sin{y) > — and^ < ;T . So 
2 TT 

2 n 

d>2xo e_ 
n 

d > 2XQ — 
nTT 

n>^ (4.5) 
d 

So, the number of neighboring vehicles at distance jc around a core sensing vehicle will 

b e ^ . 

4.5 Performance Evaluation 

In this section, we evaluate the performance of DRDCDA algorithm and shows the 

improvement over CASCADE and Optimized CASCADE protocols. For simulation we 
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use NS2 [150] with an area of 2500m x 2500m and 50-100 vehicles per road segment, 

length of message is 512 bits, size of data packet containing a message of 512 bits is 64 

bytes. Number of data frames are 1000. Table 4.1 summarizes simulation parameters 

used for implementation of the proposed approach. 

Table 4.1: Parameters Used While Simulating DRDCDA, Optimizing CASCADE, CASCADE and 

Simple Data Aggregation Algorithms 

Simulation Area 

Simulation Time 

Radio Model 

MAC Layer 

Vehicle Velocity 

Number of Intersections 

Vehicle's Communication Range 

Bandwidth 

Cache Replacement Policy 

Traffic Type 

Routing Protocol Used 

No. of Simulation Runs 

2500 mX 2500 m 

14000 seconds 

Two ray ground 

IEEE802.il 

40km/hr-120km/hr 

5-50 

250 m 

20 Mbps 

FIFO 

Multi-Modal 

AODV + PGB 

20 

In the proposed DRDCDA method, we have done simulations with different values of 

data threshold and threshold amoxmt and found the optimal value of data threshold as 

0.4 and threshold amoimt as 2. In the Simple Data Aggregation clustering method, the 

threshold amoxmt is 0.9. The values of Simple Data Aggregation between neighboring 

vehicles are calculated with their data within the selected time labels. In the CASCADE 

and Optimized CASCADE clustering method, the minimum wei^t is 0.6. 

4.5.1 Varying Vehicular Traffic Density 

The performance of proposed DRDCDA algorithm is compared and analyzed under 

varying vehicular traffic density. We have taken AODV protocol with Preferred Group 

Broadcasting (PGB) for analyzing the performance. Figure 4.2 and Figure 4.3 measure 

the packet delivery ratio and data overhead for all the four data aggregation schemes 

(DRDCDA, Optimized CASCADE, CASCADE and Simple Data Aggregation). The 

number of intersections and vehicles velocity are also varied during simulation. There 

are multiple lanes in each direction. DRDCDA has a packet delivery ratio of upto 84% 
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as shown in Figure 4.2. Results indicate that the Simple Data Aggregation yields the 

lowest packet delivery ratio and the maximum data overhead, for the given topology. 

The range of performance variation across various aggregation schemes hi^ighte the 

point regarding the importance of fidelity of data aggregation in VAlslET. 

0.010 0.015 0.020 0.02S 0.030 003S 0.040 0.04S 05S0 

Vcbiryliir TrafTk Density (vi-hiclcii/m) 

0,005 0010 0015 0020 0025 0.030 O035 0040 0045 OOS 

VtlikBlar Traffic Density (vchiclcs/mj 

Figure 4.2: Packet Delivery Ratio of DRDCDA, Figure 4.3: Data Overhead of DRDCDA, 

Optimizing CASCADE, CASCADE and Simple Optimizing CASCADE, CASCADE and Simple 

Data Aggregation Under Varying Vehicular Data Aggregation Under Varying Vehicular 

Traffic Density Traffic Daisity 

The data delivery ratio remains steady even after the change in number of vehicle per 

meter in all the schemes. The data overhead in Figure 4.3 displays a different trend, it is 

first increasing gradually and as the number of vehicles per meter increases, there is a 

sharp increase in two schemes (Simple Data Aggregation and Optimized CASCADE). 

However, CASCADE and DRDCDA remains steady even after the increase in number 

of vehicles. 

Figure 4.4 and Figure 4.5 give the illustration of average end-to-end delay and network 

reachability with the varying vehicular traffic density on the four data aggregation 

schemes. Figure 4.4 clearly shows that the DRDCDA and Optimized CASCADE have 

similar type of performance and are least affected by the increase in number of vehicles 

in a network. In Figure 4.5, we can see that the proposed DRDCDA has wide network 

reachability and it outperfonns CASCADE and Optimized CASCADE. Although NS2 

is capable of simulating VANET environment but the quality of test environment for 

wireless vehicular communication strongly relies on how well its various input models 

meet the real world scenarios. One key component that affects the simulation results is 
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channel model. It describes the properties of a wireless channel and it is dependent on 

number factors like type of participating nodes, neighboring wireless traffic, overall 

radio pollution, natural and artificial obstacles and even weather conditions. As the 

number of vehicles increases, more number of vehicles will compete for this wireless 

channel. On the other hand, the number of vehicles is less in rainy season, but still the 

vehicles may not be able to get the wireless channel due to fading. Moreover, the 

performance of any data aggregation scheme is also affected with the change in data 

sending rate. Therefore in next section, we measure the performance of the proposed 

data aggregation scheme under varying data sending rate. 

I I I I r 
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Figure 4.4: Average Delay of DRDCDA, 

Optimizing CASCADE, CASCADE and Simple 

Data Aggregation Under Varying Vehicular 

Traffic Density 
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Figure 4.5: Network Reachability of DRDCDA, 
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4.5.2 Varying Data Sending Rate 

Figure 4.6 and Figure 4.7 represent the variation in packet delivery ratio and average 

end-to-end delay with the varying data sending rate. A 2500m x 2500m grid topology 

with a block size of 250m x 50m was used. Initially the number of nodes was fixed and 

then varied from 50 to 100. Figure 4.6 and Figure 4,7 show that as the number of data 

packets increases, there is a drop in packet delivery ratio and an increase in end-to-end 

delay. Figure 4.6 also shows that even after the variation in data sending rate, the 

proposed DRDCDA scheme performs well and its performance remains stable. 

Moreover, the error-bars also show that there is a very little variation in our scheme as 

compared to other existing schemes. 
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Figure 4.6: Packet Delivery Ratio of DRDCDA, Figure 4.7: Data Overiiead of DRDCDA, 

Optimizing CASCADE, CASCADE and Simple Optimizing CASCADE, CASCADE and Simple 

Data Aggregation Under Varying Data Sending Rate Data Aggregation Under Varying Data Sending 

Rate 

As the number of data packets per second increases, there is a significant increase in the 

number of packets contending for a common wireless channel, which leads to more 

collisions and packet drops. The velocity of vehicles is also varied and the resulting 

performances of various data aggregation schemes are analyzed. Figure 4.6 and figure 

4.7 also show the results for this experiment. However, the maximum speed of vehicle 

depends upon the default value of road specified by the US Census Bureau. The 

performances of DRDCDA and Optimized CASCADE do not vary much with an 

increase in data sending rate and maximum speed. The results are explained by the fact 

that the vehicles spend a lot of time waiting at the intersections. Consequently, higher 

speed plays a smaller role in changing the network topology as compared to the data 

sending rate. 

Vehicles w^t time at road intersections and this also plays a major role while analyzing 

the performance of a data aggregation scheme. Given the larger waiting time at road 

intersections, the vehicles are less mobile. This decreased mobility of vehicles increases 

connectivity in the network, and a corresponding increase in packet delivery ratio. 

Figure 4.8 and Figure 4.9 show the average end-to-end delay and network reachability 

by varying data sending rate. It can be seen from the Figure 4.8 that the proposed 

scheme DRDCDA and Optimized CASCADE perform well even after varying the data 

packet sending rate. The average delay is increased only by 2 sec as shown in Figure 

4.8. Figure 4.9 represents netwoiic reachability and governs that the data sending rate 
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affects the network reachability. The network connectivity is affected by the increase in 

number of data packets transmitted per second. 
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Figure 4.8: Average Delay of DRDCDA, 
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Figure 4.9: Network Reachability of DRDCDA, 
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Figure 4.10 shows that the optimization accomplished in the data aggregation using 

proposed method that increases the number of packets delivered in single transmission. 

It also speeds up the aggregation mechanism and thus reduces the delivery delay and 

hence increases throughput. 
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Figure 4.10: 

CASCADE, 

Aggregation 

Throughput of DRDCDA, Optimizing Figure 4.11: Aggregation Accuracy of DRDCDA, 

CASCADE and Simple Data Optimizing CASCADE, CASCADE and Simple Data 

Aggregation Under Varying Vehicular Traffic Density 

It can easily be seen from the graph shown in Figiire 4.10 that there is an improvement 

of upto 24.82% in throughput w.r.t. other simulated schemes. CASCADE and 
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Optimized CASCADE have similar aggregation accuracy 65% but still our scheme 

works better and has the aggregation accuracy of upto 70% as shown in Figure 4.11. 

Thwefore, the Data Relationship Degree Based Clustaing Data Aggregation is more 

efficient than the other two clustering based and Simple Data Aggregation methods. 

4.6 Summary 

The major contribution of this chapter is the introduction of data relationship degree 

based clustering data aggregation for VANET. With the proposed DRDCDA method, 

vehicles that have high relationship degree wall remain inside tiie same cluster, allowing 

more accurate aggregated data to be generated. Also, the amount of data disseminated to 

the next vehicle is decreased. The pseudo code for the proposed method is also 

provided. The conducted evaluation throu^ simulation highli^ts the clustering 

performance of DRDCDA along with other schemes on different datasets. The 

comparative results reveal that DRDCDA provides more accurate data when compared 

to the other data aggregation methods. Summarily, we can conclude that the DRDCDA 

clustering method is more efficient. Although, DRDCDA method is most useful for 

applications where vehicles are densely deployed (like city environment) and the 

sampled data changes slowly with time, but it can also be deployed in highway 

environment. 

In the next chapter, we study the structure free data aggregation and propose a novel 

approach using knowledge based structure free data aggregation for VANET. 
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Chapter 5 

Knowledge Based Probabilistic Data 

Aggregation 

Data aggregation is a prerequisite for applications requiring periodic dissemination of 

information into a large geographic region so that, drivers can be informed well in 

advance and can take alternative route in case of traffic congestion. Dissemination of 

information to vehicles through broadcasting creates a broadcast storm problem in 

VANET. In this chapter a novel framework is proposed for handling the local broadcast 

storm problem using probabilistic data aggregation which reduces the bandwidth 

consumption and hence improves the information dissemination. The system exploits 

the knowledge base and stores the decisions for aggregation and is based on a flexible 

and extensible set of criteria. These criteria's can be application specific and can enable 

a dynamic fragmentation of road according to the various applications' requirements. 

The framework is evaluated for VANET based traffic information system through 

simulation for strictly limited bandwidth and local broadcast storm problem, hi the end 

of this chapter, results are given to demonstrate that the completely structure-free 

probabilistic data aggregation reduces the bandwidth consumption by eliminating local 

broadcast storm problem. 

5.1 Introduction 

Data aggregation protocols can reduce the communication cost in VANET and thus 

allow more vehicular applications to coexist. Although previous chapter focused on the 

structured based clustering data aggregation, structured approaches are best suited for 

data gathering applications as they incur high maintenance overhead in dynamic 
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• Rakesh Kumar and Mayank Dave, "A Framework For Handling Local Broadcast Storm Using Probabilistic Data 
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scenarios for event-based applications. Moreover, a VANET should be capable of 

timely fulfilling its mission without losing important information in event-critical 

appUcations. The goal of this chapter is to design a technique which leads to efficient 

data aggregation without explicit maintenance of a structure. There are two main 

challenges in performing structure free data aggregation in VANET. First, as there is no 

predefined structure, routing decisions for the efficient aggregation of packets required 

to be made on-the-fly. Second, as vehicles do not explicitly know their upstream 

vehicles (because of dynamically changing topology), they cannot explicitly wait for 

data from any particular vehicle before forwarding their own data. 

In optimal data aggregation, vehicles must transmit their packets in a certain order. 

Structured approaches are designed to follow such orderings to achieve optimal 

aggregation. For example, the transmissions should proceed from leaves to root of a 

tree. The other extreme is to use opportunistic aggregation where packets are aggregated 

only if they happen to meet at a node at the same time. There is no overhead of structure 

construction. However, it may result in an inefficient data aggregation. To avoid the 

overhead of structured approaches and the limitations of opportunistic aggregation, we 

propose a structure-free data aggregation technique using knowledge base. 

Spatial convergence and temporal convergence during fransmission are two necessary 

conditions for aggregation [53]. Packets need to be transmitted to a node at the same 

time to be aggregated. Structure based approaches accomplish these two conditions by 

letting nodes transmit packets to their parents in the aggregation tree and parents wait 

for packets from all their children before transmission. Without explicit message 

exchange in structure-free aggregation, nodes do not know where they should send 

packets to and how long they should wait for aggregation. Therefore, improving spatial 

convergence or temporal convergence can improve the chance of data aggregation. For 

the design of a structure-free data aggregation protocol, following goals need to be 

achieved:-

• Early Aggregation: Packets should be aggregated as early as possible on their 

journey to the final road segment. 
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• Tolerance to Event Dynamics: The data aggregation overhead must not increase 

and the performance should not be affected even if the region of occurrence of event 

changes. 

• Robust to Interference: The aggregation performance should not be affected by the 

irregular link failures / changes. 

• Fault Tolerance: Node failures should not affect the aggregation performance. 

5.2 Structure Free Data Aggregation 

Numerous information aggregation approaches for VANETs use either a fixed [55] or 

structured segmentation [57] of roads for these applications. Such fixed bounds road 

segments contradict the real situation on roads. Hence, either the segments are too large, 

resulting in a loss of accuracy or the segments are very small, resulting in h i ^ 

communication load. The hierarchical aggregation scheme is based on merging data 

fi-om different geographical regions with each aggregate signifying the average value 

within the region. Hierarchical aggregation is suitable for information like the 

availability of free parking place. It is worth to have an aggregate with a value 

representing number of fi"ee parking places available within an area. However, for traffic 

information system these types of geographic average values are difficult to know. We 

therefore propose a new structure free aggregation scheme for road networks. Basically, 

we use larger and larger approximations of the road network to summarize travel time in 

different regions that are away fi-om each other [151], The aggregation scheme deals 

with network capacity limits by aggregating the collected data. 

The key idea of this work is to propose an entirely structure-fi-ee aggregation 

mechanism by employing knowledge base, which enables aggregation of data to be 

done purely based upon their relationship. This way the proposed method achieves a 

high accuracy in terms of how exactly the true state can be approximated. The data 

aggregation approaches always have to cope up with a tradeoff between accuracy and 

communication overhead: with small segment sizes, a better approximation is possible, 

but more information has to be communicated. On the other hand, by having large 

segments, the deviation of aggregated values from the actual situation is higher, 

resulting in reduced accuracy. The data aggregation system proposed in this chapter is 

evaluated by simulating it with the aforementioned traffic information system scenario 
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as an example application. However, the system is not limited to this one use-case. A 

generic and flexible design allows it to be used for a broad range of applications, e.g., 

detection of road conditions like foggy regions, icy roads etc. 

5.3 System Architecture 

The fundamental components of the proposed knowledge based probabilistic data 

aggregation (KBPDA) system are shown in Figure 5.1. The flow of information and 

data are also shown. We assume that each vehicle in the system is equipped with a 

Differential Global Positioning System (DGPS) receiver, which has the precision of 

centimeters for obtaining location and time and a navigation system that can map DGPS 

coordinates to a particular roadway and offer routes. 
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Figure 5.1: Infonnation Flow in Knowledge Based Data Aggregation System 

At conceptual level aggregation system has to decide whether -two items of information 

are similar enough to be aggregated or not. Segment-oriented aggregation systems base 

this decision on the fact that two infonnation items fit into the same spatial segment or 

not. However, there are other parameters also that should be taken into consideration. 

Following are the components of the proposed system:-

(i) Data CoUection: Every vehicle frequently broadcasts the information in a fi-ame 

consisting speed, X-coordinate, Y-coordinate, acceleration of the vehicle about 

itself and the vehicles in its vicinity. Upon receiving a fi-ame broadcasted by the 

other vehicle, each vehicle extracts information from the frame and stores it in the 

database. 

(ii) Checking Relevancy Between Data: As soon as the information is stored in the 

database, each vehicle updates the information regarding its direct neighbor and the 

neighbor's neighbor. After that each vehicle checks the similarity between the 
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information like whether they have come from same geographical region or not. 

This relevancy information is then stored in the knowledge base and also passes to 

the decision component. 

(iii) Decision Component: An aggregation system has to make a decision whether 

multiple items of information are similar enough to be aggregated or not. For 

sensor networks, this decision is quite simple, if the origins of the two data items 

belong to a common cluster or a common sub—tree of an aggregation tree then they 

can be aggregated. Segment-oriented aggregation systems decide this on the fact 

that two information items fit into the same spatial or temporal segment. In 

hierarchical data aggregation schemes for VANET the decision is taken on the 

basis of the contents of the information and the fusible information is then tagged 

for later aggregation. 

(iv) Knowledge Base: Kjiowledge base stores the information about the relation 

between different data items and the decision taken on them for fusion. This 

decision helps in deciding further aggregation for other similar types of data items. 

Data structures like Graph and KD-tree can be used for the maintenance of 

knowledge base. However, we have not used any artificial intelligence or fuzzy 

logic based approach for the maintenance of knowledge base. 

(v) Data Merging or Fusion or Aggregation: Data aggregation can be either syntactic 

or semantic [45]. In syntactic aggregation techniques, data gathered fi-om multiple 

vehicles is either encoded or compressed in order to fit into one frame. This result 

in lower overhead than sending each message or fi-ame individually. In semantic 

aggregation, data fi^om individual vehicles is first summarized. For example, 

instead of sending the exact location of five vehicles, only the information that 

there are five vehicles is mentioned. This will result in a smaller message in lieu of 

slight loss of accuracy. In this chapter, area of focus will be on semantics of the 

aggregation and once it has been decided to aggregate two data items, a predefined 

method is required to join them. In hierarchical aggregation systems, this includes a 

method to combine two data items which themselves are already aggregates. 

Straight-forward methods of data fusion are possible but they depend upon the 

application. Simple examples of data aggregation are average of multiple values, 

taking their maximum or minimum. However, fusion is often much more complex 

and requires elaborative techniques as shown in [53]. 
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(vi) Data Dissemination: After identifying the fusible information and having 

combined the according information items, new information is available, and that is 

yet only known to the vehicle that performed the aggregation. The vehicle therefore 

needs to spread the newly created information in the network. Dissemination can be 

done either by flooding, periodic beaconing, geo-broadcasting, or fUrther following 

a tree structure towards the root. Also, all the information leaving fusion 

component is filtered to select information worthwhile for further dissemination. 

While the challenges of data fusion and dissemination have been addressed before and 

many solutions exist, it is the decision component that is not much addressed in a 

satisfying way. As compared to many other related works that requires predefined 

cluster, tree, or grid structures, this chapter presents an aggregation solution that is 

completely independent of such structures. The decision whether two items of 

information are similar enough to be aggregated is done on the basis of their content and 

any qualitative restrictions that an application may have on the accuracy of the 

aggregated information that is needed. The description of proposed data aggregation 

system will be based on the aforementioned three categories of aggregation components. 

The focus will be on the decision criteria that uses knowledge base. As can be seen from 

literature that same data fusion and dissemination mechanisms can be used for 

structure-free and structure-based aggregation alike, novel decision criteria is a key 

factor for allowing structure-free aggregation. 

5.4 Multi-Criteria Decision Making System (MCDM) 

All aggregation system needs a way to decide if two given items of information are 

similar enough to be aggregated or whether they contain certain factors that make them 

to be left separate. In case of an aggregation system based on fixed road segments, the 

only decision criteria would be the segment number of the two data items compared. 

The data items are aggregated only if both have the same segment numbers. In fact this 

approach has major disadvantage that it only takes into account the aggregates' location 

and ignores all other properties. 

To address such type of problems authors in [152] proposed a multi-criteria decision 

making system (MCDM) in the field of operation research in 1976. MCDM is 

concerned with structuring and solving decision problems involving multiple criteria. 
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The purpose is to help decision makers facing such problems. Typically, there is no 

unique optimal solution for such type of problems and it is necessary to use decision 

maker's preferences to differentiate between various solutions. 

User preferences based 
on applications 

^ 

Multi-Attribute Query 

Similarity measures based 
upon different Weights and 

ranking operators 

^ Knowledge 
Base 

Aggregation 

Figure 5.2: Multi-Criteria Decision Making System 

Solving problems can be interpreted as either selecting the best alternative from a set of 

available alternatives where best can be interpreted as the most preferred alternative of 

decision maker or selecting a small set of good alternatives, or grouping alternatives into 

different preference sets. In other words, it is equivalent to finding all "efficient" or 

"non-dominated" alternatives. The difficulty of the problem comes from the presence of 

more than one decision criterion. There is no longer a single optimal solution to an 

MCDM problem that can be obtained without incorporating preference information. The 

concept of an optimal solution is often replaced by the set of non-dominated solutions. 

A non-dominated solution has the property that it is not possible to move away from it 

to another solution without sacrificing in at least one decision criterion. Therefore, it is 
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better for the decision maker to select a solution from the non-dominated set. 

Otherv/ise, it could do better in terms of some or all of the criteria, and not do worse in 

any of them. Generally, the set of non-dominated solutions is too large to be accessible 

to the decision maker for its final choice. Hence, tools are needed that help the decision 

maker to focus on the preferred solutions or alternatives. 

We have proposed a multi-criteria decision-making system where the decision to 

aggregate two different data items depends upon various attributes and user applications 

like emergency, infotainment etc. depending upon different user environments. Figure 

5.2 shows a system in which a problem can be seen as a query formulated by means of 

multiple attributes, hi this case, the user often needs to select or rank alternatives that are 

associated with these attributes. Depending upon the application used, the decision 

making process will be based on scoring / ranking or similarity measures and 

operations. Decision making process will check the knowledge base for previous stored 

decisions and assigns the weight score for aggregation. 

The problem of querying requires the construction of a specific multi-aggregator model 

for each case or user application. A first-order aggregation model defined for this 

purpose is shown in Figure 5.3. This model is composed of a set of variables Vj, V2, ..., 

Vh associated with the weights w/, w^,..., W/t that represents user preferences and their 

values vary from 0 to 1. These weights are either provided by the user itself or 

determined automatically using the contents (like a message containing a .mp3 data has 

more similarity with a message containing .mp4 data rather than a simple text message 

containing accident information). The aggregation operator for score calculation is also 

incorporated in the model. The vector (xi, X2,..., x^) representing data are the examples of 

the variables present in the knowledge base or the result of similarity measures between 

the query and the content of the knowledge base. Li this model, we have assumed that 

the user's preferences are expressed as weights. 

Figure 5.3 shows score calculation for a given query represented by user preferences 

(wi,W2, ...,Wk). The data vectors that have the similar weights will be aggregated and the 

weighted aggregation coming out with a score value S for a data vector represented by 

{xj^2, -^k)- The model can be represented using multiplicative and additive operators 

corresponding to intersection and union fiinctions. The score is calculated on the basis 

of goal and constraints and can be given mathematically as 
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where X Wj = A: and 0 < a < 1 

The x,e[0, 1] are the inputs or criteria to be aggregated, Wy represents the weight 

associated with the input x, and is related to the importance of that input, and ae[0, 1] 

controls the degree of compensation between the union and intersection parts of the 

operator. 

X, 

X2 

Xt 

s^, Aggregation Operator 

w. > 
* w 

w,/ 

Aggregw/w^,...,Wi 

Weight Vectors W, W,]^ ... m 

Score 
S{Xi,X2,:.,Xk) 

Scoring 

Figure 5.3: Score Calculation in MCDM 

5.5 Data Structures Used by Knowledge Base for Vehicular Data 

The vehicular data that will be used to compare any two vehicles for data aggregation 

may consists of different components like X-coordinate, Y-coordinate, speed, 

acceleration and direction. In this chapter, we have mainly focused on three components 

represented by a tuple (X-coordinate, Y-coordinate, speed). Selecting the appropriate 

data structure will directly impact the performance of decision making module and 

hence the overall system's performance. There are many data structures available that 

can be used to represent vehicular data for knowledge base [153]. Out of all available 

data structures, we found graph and KD-Tree as more suitable alternatives to represent 

data that possess multiple components or dimensions. However, KD-tree is most 

appropriate as it can represent data with multiple components or data of multi-
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dimensioaal nature with less complexity. Also it can be ansdyzed using simulation that 

the system with KD-tree has better performance and accuracy as compared to other 

schemes. 

5.5.1 Graph Data Structure 

There are two sets of vehicular data that need to be represented and compared using the 

graph data structure. The representation of these vehicular data sets into their 

corresponding graph data structure [154] requires two steps. In the first step, each of 

these two data sets will be represented as a disconnected graph so that each vehicle will 

be represented by a vertex in the each graph respectively, as shown in the Figure 5.4(a). 

Figure 5.4(a): Vehicles Represented by a Vertex in Two Disconnected Graphs 

In the second step, each vertex in one set is connected to all the vertices in the odier set 

using weighted edges as shown in Figure 5.4(b). The weight of each edge will be 

calculated as described in MCDM. This edge weight represents how different the two 

represented data sets of the vehicles are. The minimum edge weight represents that the 

data sets of the vehicles are most similar and maximum edge weight represents the two 

data sets of the vehicles are least similar. 

5.5.2 KI>-Tree Data Structure 

A KD-Tree [155] is a binary tree that is especially useful in representing data that has a 

multi-dimensional nature and can be used with coordinates in any space (2D, 3D, 4D...). 

In KD-Tree each node is a Ar-dimensional point. Every non-leaf node can be considered 
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as implicitly generating a splitting hyper plane that divides the space into two parts, 

called as subspaces. Points to the left of this hyper plane represent left sub-tree of that 

node and points right of the hyper plane are represented by right sub-tree. The hyper 

plane direction is chosen in a way that every node in the tree is linked with one of the k-

dimensions and the hyper plane is perpendicular to that dimension's axis. Applications 

that require multi-dimensional search key generally use the KD-Tree as their main data 

structure. 

Figure 5.4(b): Vehicles Represented by a Weighted Connected Gr^h 

The time complexity of algorithm for building a static KD-Tree is 0(n log n), both the 

insertion as well as removal of a single point in a balanced KD-Tree take (9(log n). The 

vehicular data has many components, but we are considering only three of them: X-

coordinate (for multiple lanes), Y-coordinate and speed. 

Table 5.1: Parameters Representing Seven Vehicles on a Highway Segment 

Vehicle ID 

1 

2 

3 

4 

5 

6 

7 

X-Coordinate 

10 

2 

7 

5 

13 

11 

12 

Y—Coordinate 

29 

13 

14 

22 

8 

30 

42 

Speed 

25 

7 

19 

16 

10 

17 

28 
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Each component can be represented in a separate dimension, which makes the KD-Tree 

a good choice for representing the vehicular data. We have taken an example of seven 

vehicles driving along a highway segment The exact vehicular data for these vehicles 

are listed in the Table 5.1. 

Figure 5.5 shows an example of how a KD-Tree can be used to represent vehicular data 

of Table 5.1. Any of the three parameters can be taken in any order. We have taken X-

Coordinate as the first parameter that is used to split the vehicular data at the KD-Tree 

root or level 0. The KD-Tree algorithm begins by sorting the list by X-Coordinate. 

X-Coordinate 

Y-Coordinate 

Speed 

Figure 5.5: Representing Vehicular Data in a KD-Tnee Data Structure 

The resulting list will be as (2,13,7), (5,22,16), (7,14,19), (10,29,25), (11,30,17), 

(13,8,10), (12,42,28). The list is then split in two based on the m^an X-Coordinate i.e. 

10 in this case. Thus, all nodes in Ae left branch of root will have X-Coordinates less 

than 10, which is the X-Coordinate for the vehicle at the root node, and all nodes in the 

root's right branch will have X-Coordinate greater than 10. The Y-Coordttnate is the 

second parameter that is used to split the vehicular data at KD-Tree level 1, Hence, all 

nodes in the left branch at level 1 will have Y-Coordinate less than 14 (or 30) and right 

branch will have Y-Coordinates greater than 14 (or 30). At the KD-Tree level 2, speed 

is the next parameter that is used to split the vehicular data. At level 3 and onwards in 

KD-Tree, some other parameters may be used. In our case, we again started to split on 

the X-Coordinate dimension and so on. 
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Algorithm 5.1: For Building KD Tree 

BuildKDTree(P, depth) 

Input: Vehicular Data. 

Output: KD-Tree. 

1 if {P contains single point) 

2 then 

3 return a leaf storing this point 

4 else 

5 if depth 15 Q\Qn 

6 then 

7 Split P with a vertical line / through the median 

x-coordinate into Pj (left of or on /) and P2 (right of 0 

8 else 

9 Split P with a horizontal line / through the median 

j'-coordinate into Pi (below or on /) and P2 (above /) 

10 endif 

11 Fieft = BuildKDTree(i»;, depth + 1) 

12 Vright = BuildKDTree(/'2, depth + 1) 

13 Create a node V storing /, make Vieft the left child of V, and make 

Vri^t the right child of V. 

14 return V 

Algorithm 5.2: For Searching KD Tree 

SearchKDTree(F^) 

Input: The root of (a Subtree of) a KD-tree, and a range R. 

Output: All points at leaves below Fthat lie in the range. 

1 if F is a leaf 

2 then 

3 Report the point stored at V if it lies in R 

4 else 

5 if region(lc{V)) is fully contained in R 

6 then 

7 ReportSubTree(/c(F)) 
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8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

else 

if region(/c(F)) intersects R 

then 

SearchKDTree(/c(F)̂ ) 

endif 

endif 

if region(rc(F)) is folly contained in R 

then 

ReportSubTree(rc(^) 

else 

if region(rc(F)) intersects R 

then 

SearchKDTfee(rc(F),i?) 

endif 

endif 

23 endif 

Figure 5.6: Vehicular Data Rqjresentation with 3-Dimensioiial KD-Tree 

Figure 5.6 shows how these three vehicular data dimensions are used to split the space 

in a 3-dimensional KD-Tree. The BCD-Tree representation of vehicular data also 

requires two phases as similar to representing the vehicular data using graph, the KD-

Tree construction phase and the KD-Tree probing phase. In the construction phase, we 
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represent each parameter of a vehicle as a node in 3-dimension. In the probing phase, 

the vehicular data for all other vehicles will be used to probe the KD-Tree, looking for 

the best match among the vehicles available in the tree. 

5.6 Proposed KBPDA Algorithm 

Maintaining a fixed segment size or statically making decisions in VANET is not 

efficient. The decision to aggregate various series of data sent by different vehicles must 

be made dynamically on the basis of their contents and the geographic area from where 

they have come. Thus, we propose a new probabilistic data aggregation algorithm that 

will dynamically take the decision on the basis of knowledge base. According to the 

literature, dissemination of vehicular application messages with blind message broadcast 

or message flooding result in broadcast storm problem. In safety related applications, 

the general data dissemination technique is broadcasting, which makes this type of 

vehicular applications more prone to the broadcast storm problem, especially in dense 

vehicular traffic. Recently, a lot of protocols and schemes [64][156][157] have been 

proposed to ease this problem. Most of them are based on selecting the farthest 

vehicle(s) within transmission range of the original sender to be the rebroadcaster(s). 

A. Benslimane and A. Bachir proposed a scheme [158] in which every vehicle starts a 

timer for all frames that it receives. While the timer is still on, these vehicles will keep 

listening to the transmission medium and if they detect that some o&er vehicle 

broadcasts the same frame, they will cancel their own broadcast for that frame and turn 

off their timer corresponding to this frame. If the timer expires and the frame associated 

with this timer has not been yet rebroadcasted by any other vehicle within the 

transmission range, the vehicle rebroadcasts this frame. The timer value Tx for vehicle x 

is governed by Equ. 5.3, where R is the transmission range and Dsx is the distance 

between vehicle x and the sender vehicle 5 of the frame. The authors also suggested that 

with e = 2 to generate a timer value between {Q,T^, where Tmax = 200 ms. 

Y —T V ~ ^sx) (C -i-v 
^x -'max p e V-'--' / 

The selection of rebroadcaster is accomplished either by assigning increasing 

rebroadcast probabilities or decreasing waiting times as the distance from the sending 
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vehicle increases. However, on the basis of these criteria, all vehicles in the outer zone 

shown by highlighted area in Figure 5.7 will have more or less the same rebroadcast 

probability or waiting time, so they will rebroadcast the frame at the same time. This 

will result in a local broadcast storm problem in the highlighted area. Even though the 

generated storm is local, it may affect the performance of the overall system. 

Figure 5.7: Local Broadcast Stonn Problem 

To alleviate this problem and for better aggregation decision, we propose a scheme in 

which, each vehicle maintains a local knowledge base that is periodically updated by its 

own information and the information received by other vehicles throu^ beaccming. The 

decision of rebroadcasting a message will be made probabilistic on the basis of the 

density of available surrounding vehicles. As soon as a vehicle detects an event occurred 

in its given range or it receives a message it simply stores the corresponding information 

in its database and, it first selects a random number x, in [0,1]. If jc is less than Mdensity 

of available vehicles, then the timer is started. If not, then the frame will not be 

rebroadcasted by this vehicle. As the density of vehicles increases, the percentage of 

nodes that will start their timers decreases. If any other vehicle broadcasts the same 

message before the expiration of tiie timer then it simply discards that message and 

stores the decision in the database. The related parameters like vehicle identity, X 

coordinate, Y coordinate, distance, response time, vehicle speed, acceleration are also 

stored along with the decision. On the other hand, if no vehicle disseminates the 

information and the timer is still on, then it disseminates the same information in the 

desired direction and updates the knowledge base. 
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Algorithm 5.3: KBPDA Scheme 

Input: The received packet. 

Output: Rebroadcast the received packet or not. 

1 if the packet is beacon 

2 then 

3 Update the database 

4 else 

/*the received packet contains data*/ 

5 Select a random number x between [0,1 ] 

6 Calculate the density d of available vehicles 

7 if X is more than l/d 

8 then 

9 Drop the packet 

10 else 

11 Calculate the distance from the sender 

12 if distance value is less than or equal to communication range 

13 then 

14 Compute waiting time using Equ. 5.3, and 

15 Wait 

16 if any of the vehicle broadcasted this packet 

17 then 

18 Drop the packet and store the decision in knowledge base 

19 else 

20 Assign increasing rebroadcast probability to the vehicles as 

the distance from the sender increases 

21 S elect the vehicle with maximum rebroadcast probability 

22 Look into the knowledge base 

23 Forward the packet after variably changing the speed of 

packet by either inserting delay or sending the packet 

earlier. 

24 Store the decision in the knowledge base. 

25 endif 

26 else 
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27 

28 

29 

Drop the packet 

endif 

endif 

30 endif 

The intermediate node that receives the broadcasted message will also looks into the 

knowledge base and tries to increase the chances of meeting more number of reports at 

the next node by variably changing the speed of message i.e. either by inserting the 

delay in sending the report or by sending the report earlier on the basis of weighted 

score for different user preferences or applications. The decision taken by the vehicle is 

stored in its own local knowledge base. After regular interval each vehicle also 

communicates the information in terms of decision taken by itself to all its neighbors for 

future decisions. 

5.7 Theoretical Analysis 

In this section, we mathematically evaluate the performance of our aggregation scheme. 

Let 5" be a source vehicle. We assume that the network is not partitioned and initially all 

vehicles are uniformly distributed on the road segment (whether city or highway 

scenario). The uniform distribution assumption does not mean that all vehicles in a 

network are uniformly distributed rather it means that all vehicles within vehicle 5"s 

transmission range are uniformly distributed in a disk of radius R centered at vehicle S. 

The average number of vehicle records {NoVR) that any vehicular node can obtain 

thiough beaconing; hence creating its range is estimated for evaluation. The number of 

records depends upon the communication radius R, and for a given vehicle on a highway 

the maximum reach in both front and rear directions is 2R. 

The four equations 5.4 to 5.7 govern the number of vehicles within the reach depend on 

the average vehicle speed v and the vehicle arrival rate X, where "the quantity is 

represented by: 

NoVR = 2R-~\ (5 4) 
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Under ideal conditions, when the density of vehicles is high the underlying approach 

can maximize its reach with the specified communication radius R, NoVR should be 

doubled, thus representing the direct view for a given vehicle by: 

NoVR=AR--\ (5.5) 
V 

As the vehicles are moving independently, any vehicle may leave or comes into the 5's 

transmission range. If a vehicle separated by distance x firom S comes into the vicinity of 

vehicle S, then the probability of arrival of the vehicle depends only upon x. 

The probability of a vehicle coming within a very small distance h fi-om the vehicle S is 

Xh where X represents the arrival rate of vehicles per meter. 

The probability of a vehicle not coming within a distance h fi-om the vehicle S is \-Xh. 

\fP{x) is a probability that vehicle doesn't arrive at distance x from vehicle S, then 

P{x + h) = P{x)-{\-M) 

Pix + h)-P(x) 

h 
= -AP(jc) 

— P{x) = ~XPix)ash^O 
dx 

P(x) = Ce-"" 

The probability of a vehicle coming within a very small distance between x and x+Sx is 

CAe'^Sx, where C is the normalization constant. 

Therefore, probability fimction becomes 

fix) = CAe-"" (5.6) 

and vehicle pattern follows Poisson distribution. 

As, fix) is probability fimction defined on interval [0,1/A,], we get 

jf(x)-dx = l 
0 

121 



J CAe-''dx = l 
0 

CAe —Ax Ml 

-X 
= 1 

1 

. e - 1 . 

Substituting the value of C, we get the probabiUty function as 

e-\ 

\-XK 

fix) 
(e-l) 

X <S.l) 

Let D be the random variable that denotes the distance from a generic vehicle to the 

source vehicle 5", and d is any value of distance less than R. Also D e C/(0, R) and is 

given by: 

P[{D^d}] = ^ 
K 

-<5.8) 

Let r b e the timer value associated with the vehicle with distance D. 

T = T 1 -
'd: 

where, e > 0 -<5.9) 

The aim of the above equation is to reduce the waiting time T or overall delay to send 

the packets to distant location as soon as possible. With the change in the value of e we 

get different waiting times. A very small value of e results in generating small, close to 

zero T, which produces longer message travel time but higher collision percentage. We 

have found through simulation that the optimal value of £ lies between 0.3 and 0.5. In 

this range the collision percentage is low and the waiting time is also very low. Hence, 

in this chapter we have taken s = 0.4 for simulation. 
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Figure 5.8: Vehicular Density Estimation Curve 

Each vehicle can easily find the density p, of vehicles around it. Evidently, the most 

natural set of candidates resides in the shaded area as shown in Figure 5.8. It can be 

determined by the intersection of a wedge subtended by an angle a centered at source 

node S in the two concentric circles of radii R- L and R, where L is given by: 

L = R{\-{\--)h 
n 

-(5.10) 

where n is a time quantum. If Tmax is partitioned into n, (n > 0), each of size T,^ /n. The 

area of shaded portion can be determined by: 

-[R' -(R-Lf] = -L(2R-L) -(5.11) 

The expected number of rebroadcast in the shaded area can be calculated with the 

density/? and is given by 

a N = p-L(2R-L) -(5.12) 

Consequently, we can conclude that it is possible to come arbitrarily close to the limit 

derived in Equ. 5.12 for the expected number of rebroadcast required for the shaded 

region that now depends on the density of surrounding vehicles probabilistically. 

5.8 Performance Evaluation 
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In this section, we evaluate the performance of our aggregation scheme via simulation 

[115] [144]. The goal of simulation is to show that the proposed knowledge based 

probabilistic data aggregation scheme can outperform other important real-time routing 

and dynamic data aggregation protocols. We use the simulation environment provided 

by NS2 version 2.34 [150] for network simulation, and SUMO version 0.12.3 and 

MOVE for road map generation and microscopic traffic simulation, which is normally 

used to simulate VANETs. SUMO generator allows three different ways for creating 

the road map by the user requirements, automatic generation or import of existing real 

world maps. It also provides facility to the user to specify the vehicles' flow, trip and 

route. Table 5.2 provides the mobility model and wireless communications parameters 

used during simulation. 

Table 5.2: Parameters Used While Simulating KBPDA, DRDCDA, CASCADE and IVG Algorithms 

Simulation Area 

Simulation Time 

Radio Model 

MAC Layer 

No. of Vehicles 

Vehicle Velocity 

Number of Intersections 

Constant Bit Rate (CBR Rate) 

Vehicle's Communication Range 

Bandwidth 

Data Packet Size 

Cache Replacement Policy 

Mobility Model 

Traffic Environment 

Traffic Type 

No. of Lanes 

Traffic Lights Used 

Road Map Creation using SUMO 

Routing Protocol Used 

No. of Simulation Runs 

2500 mX 2500 m 

12000 seconds 

Two ray ground 

IEEE802.il 

50-400 

40km/hr-120km/hr 

5 - 5 0 

1-4 packets / second 

250 m 

20 Mbps 

500-2500 Bytes 

FIFO 

Manhattan 

Urban 

Multi-modal 

4 - 8 

Yes 

Automatic 

AODV + PGB 

10 

The performance metrics that we consider for evaluations of the proposed scheme are 

packet delivery ratio, data overhead, average delay, network reachability, throughput 

and aggregation accuracy. We have considered three more schemes to compare the 
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performance of the proposed knowledge based data aggregation scheme. Fkst scheme is 

CASCADE [60] proposed by Ibrahim et al. Second scheme is IVG proposed by 

Benslimane et al. [158]. The third scheme is DRDCDA proposed in the previous 

chapter. Again we have measured the performance under varying vehicular density and 

data sending rate. 

5.8.1 Varying Vehicular Traffic Density 

The performance of the proposed KBPDA algorithm is compared and analyzed under 

varying vehicular traffic density. We have taken AODV protocol with Preferred Group 

Broadcasting (PGB) for analyzing the performance. Figure 5.9 and Figure 5.10 measure 

the packet delivery ratio and data overhead for all the four data aggregation schemes 

(KBPDA, DRDCDA, CASCADE and IVG). As evident from Figure 5.9 that shows the 

number of transmission required, the superior performance of the proposed knowledge 

based data aggregation system. The graph goes downward which clearly shows that the 

proposed scheme requires less number of retransmissions for the same data and hence 

saves the bandwidth. 
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Figure 5.9: Packet Delivery Ratio of KBPDA, Figure 5.10: Data Overfiead of KBPDA, DRDCDA, 

DRDCDA, CASCADE and IVG Under Varying CASCADE and IVG Under Varying Vehicular 

Vehicular Traffic Density Traffic Density 

This can be well justified by taking a closer look at the data aggregation mechanism. 

The improvement of data aggregation mechanism becomes less significant when the 

nvatnber of vehicles is less, because for lower maximum allowable delays, the 

corresponding packet delivery delays are smaller, and in such a short time the route-

requesting vehicles will not get a chance to go far away from their initial locations. 
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Also, the number of vehicles is less and hence there are less chances of packet 

forwarding. This results in lower packet delivery ratio. Moreover, the data overhead also 

remains steady and it does not increase with an increase in number of vehicles. Figure 

5.11 and Figure 5.12 show the average delay and network reachability. Here also the 

proposed knowledge based structure free data aggregation performs well. 
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5.8J2 Varying Data Sending Rate 

Figure 5.13 and Figure 5.14 show that our scheme has good packet delivery ratio while 

keeping the data overhead as low as possible even with the change in data sending rate 

and achieves upto 93% successful packet delivery. 
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Figure 5.15 and Figure 5.16 show the average delay and network reachability of the four 

schemes. There is a slight variation in network reachability because of the change in 

vehicles speed. As the vehicles increase their speed, the connection duration between 

them decrease. This results in more number of packet drops with respect to vehicles 

speed. However, the graph clearly shows that the proposed scheme performs better as 

compared to the other three schemes even with varying data sending rate. The graph 

also shows that the change in network reachability not go beyond 3%. 
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Figure 5.17 shows the optimization accompUshed in the aggregation function that 

increases the number of packets delivered in a single transmission. It also speeds up the 

aggregation mechanism and reduces the delivery delay, and hence increases tiiroughput. 
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Figure 5.18 shows the accuracy of the proposed structure free scheme where the number 

of intersections is also varied along with the vehicle density. There is very minor affect 

of vehicular traffic density and number of road intersections on our scheme. By 

increasing the number of road intersections and vehicle density, the accuracy of our 

scheme varies only from 6% to 8% which is negligible. 

5.9 Summary 

Efficient and accurate data aggregation in VANET is possible without the need of 

predefined road segments. Knowledge based reasoning allows to employ natural 

language rules and weighted scores to make aggregation decisions, A flexible and 

relevance based aggregation approach enables dissemination of those aggregates that are 

likely to have the maximum benefit for the surrounding vehicles. In this chapter, we 

havp proposed a probabilistic data aggregation framework which improves the 

efficiency of different VANET applications. Evaluation through analysis and simulation 

has shown that the proposed scheme having knowledge based intelligence is much more 

efficient in terms of computational overhead and bandwidth consumption, especially if 

the beginning or end of an event (like traffic congestion) does not coincide with a fixed 

segment border. The results also prove that the accuracy of the proposed structure-free 

system is significantly better than the other existing data aggregation approaches. 

In the next chapter, a decentralized dissemination of data using raptor codes is proposed. 
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Chapter 6 

Decentralized Data Dissemination in 

VANET 

The design of data dissemination approach / protocol has been a great challenge due to 

the highly dynamic and unreliable wireless channel in VANET. In literature, several 

interesting solutions are proposed to perform data dissemination for this environment. 

However, these solutions either use architectures requiring centralized coordination or 

global network knowledge or large intermediate buffers. In this chapter, we propose a 

decentralized technique that overcomes above requirements and provides a reliable and 

scalable communication in both dense and sparse traffic for VANET. Random walks 

are used in the proposed technique to disseminate data firom one vehicle to other 

vehicles in a network. We use raptor codes to provide low decoding complexity and 

more scalability for data dissemination. 

6.1 Centralized Data Dissemination 

Centralized data dissemination allows data to be collected at one place before its 

propagation. Data is collected, controlled and monitored under single central authority. 

In traditional vehicular networks, vehicles rely on certain infrastructures, such as road

side traffic sensors reporting data to a central database, or cellular wireless 

communication between vehicles and a monitoring center for reporting accidents or 

traffic conditions. In such cases, users can query the aggregated information fi:om a 

central database via cellular networks. Centralized data dissemination requires 

expensive infirastructures installed on every road in which the system is going to be 

used. As VANET has some unique characteristics like highly dynamic topology and 
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unreliable wireless link which makes centralized data dissemination unsuitable for it. 

Additionally, data dissemination is not scalable owing to the centralized design. 

6.2 Decentralized Data Dissemination 

Decentralized data dissemination is just the reverse of centralized data dissemination in 

which there is no central database or monitoring center that focuses on the vehicle-to-

vehicle communication. It does not require expensive infrastructures to be installed on 

every road. Using decentraUzed data dissemination, data can be propagated to the far off 

places and is easily scalable. Also, it does not require the support of a generic layer of 

routing protocols. It uses random walks to disseminate data from one vehicle to the 

other set of vehicles in the network. Decentralized dissemination of data only needs 

local information, and does not requires the global knowledge of all vehicles in the 

network. 

6.3 Network Coding 

The concept of network coding was first introduced by Ahlswede et al. [159] and can be 

formulated as: "Network coding is a particular in-network data processing technique 

that exploits the characteristics of the wireless medium (in particular, the broadcast 

communication channel) in order to increase the throughput of the network." Basically it 

is a technique in which transmitted data is encoded and decoded to reduce delays, 

increase network throughput, and make the network more robust. Algebraic algorithms 

are applied to the data in order to accumulate the various transmissions in network 

coding. The received transmissions are decoded at their destinations. Therefore, fewer 

transmissions are required to transmit all the data at a cost of more processing at 

intermediary and terminal nodes. In other words, network coding is a packet 

dissemination approach that can be used to improve throughput and guarantees high 

performance. In contrast to the simple store and forward paradigm, network coding uses 

more complex data structures where each node stores the incoming packets in its own 

buffer, and at transmission time, sends a combination of the stored data. In order to 

decode A'̂  packets, a node must collect A'̂  independent combinations of packets. More 

specifically, network coding typically achieves higher transmission rates when used in 

multicast or broadcast network [91][94][95]. 
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The basic mechanism of network coding and its distinction from a traditional 

transmission approach can be described through the following classical example [93]. 

Consider a simple VANET as shown in Figure 6.1, where vehicle V3 is acting as an 

intermediate between vehicle Vi and vehicle V2. Moreover vehicle V\ and vehicle V2 are 

not directly in their communication radius. Suppose that vehicle Vi needs to send a 

packet to vehicle V2, and V2 also has a packet destined to Vi. In a traditional data 

transmission approach, V\ will send its packet to F3 and then let F3 forward it to F2. 

Similarly, V2 will have to send its packet to Vi via vehicle V3. In this approach four 

transmissions are required to complete packet exchanges because time is subdivided in 

slots in a TDMA fashion and wireless Imks can carry a single packet at a time as shown 

in Figure 6.1(a). 

V, 

Figure 6.1(a): Traditional Packet Transmission 

VI 

aXORb 

. <i-

- > A J 
aXORb 

Vi 

Figure 6.1(b): Networic Coding based Packet Transmission 

On the other hand, network codmg requires less number of transmissions for the packet 

exchanges between vehicle Vi and vehicle V2 as shown in Figure 6.1(b). First, Fj sends 

its packet to F3. Second, V2 sends its packet to F3. After that, vehicle V3 constructs an 
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encoded packet by XORing the packets received from Vt and V2 together, and then 

broadcasting the XORed packet to both Vi and V2. Finally, vehicle Vi and vehicle V2 

each can individually decode the received packet by XORing the received packet with 

their own packet. With network coding it requires only three transmissions, which is 

fewer than that of the traditional approach. Network coding is particularly useful 

whenever there are overlapping data flows, because it can take advantage of both the 

broadcast nature of the channel and the coding process simultaneously to deliver 

different packets to multiple nodes. 

Network coding provides a benefit of increasing the network capacity for multicast 

flows. When network coding is performed using polynomial time algorithms, it allows 

achieving the optimal throughput for multicasting. On the other hand, achieving optimal 

throughput with routing is an NP-complete problem. Thus, even though the expected 

throughput benefits of network coding are not large, yet it achieves those using simpler 

algorithms. Network coding technique also provides robustness and adaptability to the 

network. Network coding is also able to provide benefits in data gathering in sensor 

networks, network tomography and in network security [91][92]. Network coding can 

be categorized into two types:-

6.3.1 Linear Network Coding 

Linear network codes are the network codes that involve only linear mappings and can 

be executed at low computational cost. The word linear signifies that the output flow of 

a given node is obtained as a linear combination of its input flows [91]. The coefficients 

of the combination are selected from finite Galois field and the content of any 

information flowing out of a set of non source nodes can be easily derived from the 

accumulated information that has flown into the set of nodes. 

If each packet consists of M bits and the packets to be combined are of different size 

then the shorter packets are padded v^th trailing Os. It can be interpreted as d 

consecutive bits of a packet as a symbol over the field Fj/t, with each packet consisting 

of a vector of M/d symbols. In linear network coding, the outgoing packets are equal to 

the linear combinations of source packets, where addition and multiplication are 

performed over the field F2d- Linear framework has the advantage that the algorithms 

for coding and decoding are simple and less complex. Although linear combination is 
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not a simple concatenation and if we linearly combine packets of length M, the resulting 

encoded packet should also be of same size M. Generally, an encoded packet carries 

information about several original packets, but on the other hand concatenation does not 

allow recovering any part of the original packets from the encoded packet. Linear 

network coding can be thought of as a form of information spreading. 

6.3.2 Random Network Coding 

Random Network Coding is a type of network coding that relies on using random codes 

at nodes for multicast networks. It was originally proposed by T. Ho et al. [160] in 2003. 

In random network coding, random Unear mappings from inputs to outputs are 

independently chosen by interior network nodes. The effect of network coding is that of 

a fransfer matrix from sources to receivers. Sufficient degrees of freedom i.e. an 

invertible matrix in the coefficients of all nodes are required to recover symbols at the 

receivers. Receiver nodes can decode packets if they have received as many independent 

linear combinations of packets as the number of source processes. 

6.4 Network Coding and Decoding Process 

Number of original packets P\...,P" can be generated by one or several sources. In 

linear network coding, every packet in the network is having a sequence of coefficients 

C],..., Ci in F2dand is given by: 

M = Zc„P" (6.1) 
n=l 

The summation occurs for every symbol position, i.e., M^ = Y,c„Pk" 

where Pk and Mk are the 1^'^ symbol of P" and M respectively. 

With respect to the example of Figure 6.1, the field is F2d= (0,1}, a symbol is 

represented by a bit, and the linear combination sent by source vehicle after receiving P^ 

= b^ and P^ = b^ is P ' + P^, where "+" represents bitwise XOR, the addition in F^d 

[159]. Packet contains both the coefficients e = (e/,...,e„), called encoding vector, and 

«=i 
the encoded data M = 'Z^^P" called information vector [160]. Recipients use encoding 
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vector to decode the data. For example, the encoding vector v,- = (0,...,0,1,0,...,0), 

where the 1 is at the n'* position, means that the information vector is equal to P". 

Packets that are aheady encoded can also be used to perform the encoding recursively. 

Consider a vehicle that has received and stored a set (e',M'),...,(e',A/) of encoded 

packets, where e"" and A/" are the encoding vector for the m'* packet. This node may 

generate a new encoded packet (e'.M') by picking a set of coefficients li,...,lj and 

computing the linear combination M' = 1;/„M . The encoding vector corresponding to 

e' is not equal to / as in the case of algebra, because the coefficients are generated with 

respect to the original packets P^,...J^. Rather it is given by e[ = X/.e".The same 

operation may be repeated for multiple nodes in the network. 

In decoding phase, let's suppose that the set (e',..., M'),...,(^,...M) has been received 

by a node. The node has to solve the equation M™ = ZeJP" with / unknowns (P") in 

order to decode the original packets. To decode all data packets successfully, the 

number of received data packets should at least be more than the number of original data 

packets sent i.e.7 > /. On the contrary, the condition/ > / is not only sufficient, as some 

of the data packets might be linearly dependent. Hence, selecting linear combinations 

that each node performs in the network is a major problem. Each node in a network 

should work independently in a completely decentralized manner to select coefficients 

over the said field F25 uniformly and randomly. 

6.5 Digital Fountain Codes 

Digital fountain codes were first proposed by Michael Luby [161] and are also known as 

rateless erasure codes. Digital Fountain (DF) codes are basically random sparse-graph 

codes that are developed for erasure channels [162]. They can easily be compared with 

running tap water where it is not important which droplet has filled the cup, but the 

importance is whether enough water is there to fill the cup. Digital fountain code has the 

ability to generate infinite encoded packets from the original source. In fact, digital 

fountain codes can be used as forward error correction (FEC) codes on data packets by 

modeling the packet layer communication as an erasure channel [163][164]. Therefore, 
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these codes enhance the system performance in lossy channels, where classical 

approaches typically give poor results. Following are the categories of fountain codes:-

6.5.1 Luby Transform (LT) Codes 

Luby Transform codes are the first rateless erasure codes proposed by Michael Luby in 

2002 [161] to approximate a fountain. They are asymptotically optimal rateless erasure 

correcting codes. LT codes rely on a sparse bipartite graph representation to manage 

reception overhead for encoding and decoding process similar to the LDPC (Low 

Density Parity Check) codes. Figure 6.2(a) shows the ftinctioning of LT codes. 

Source 
Infonnation 

Luby Wireless ^ ^"^y _ _ H 
F = ^ Transform Transmission Transform t=^ 

Encoder Channel ^^^"^^ 

Recovered 
Information 

Figure 6.2(a): Functioning of Luby Transform Code 

Random linear combinations of message symbols are transmitted by these codes, where 

the number of message symbols are chosen at random with a given probability 

distribution to contribute each transmit symbol. Suppose there are n message symbols 

and the probability to reconstruct each message symbol is \-a then the symbols to 

receive will be represented as 

n + CKy[nlog\n/a)). (6.2) 

6.5.2 Tornado Codes 

The second class of fountain code is Tornado codes. These are the erasure block codes 

that are based on irregular sparse graphs. If there is an erasure chaimel having a 

probability p of loss, then Tornado codes are able to correct up to /7.(l-£) errors. 

Tornado codes are having a time complexity of«log(l/ff). Consequently, they are 

primarily used to increase the speed of erasure codes over Internet. Arbitrary alphabet 

size can be used to design these codes. The prime advantage of Tornado codes is the 

linear time decoding, that results fix)m a very simple decoding algorithm. 

6.5.3 Raptor Codes 
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Raptor codes extend the idea of LT codes one step further. The idea behind Raptor code 

is to ease the condition that all input symbols need to be recovered. An LT code with k 

input symbols and output distribution U{x) itself represents a raptor code with 

parameters {kJFk2,^)\ where Fu is the trivial code of dimension and block length k 

[165], The lack of a pre-coding in LT code demands the usage of sophisticated output 

distribution Q(^) with lo^rithmic complexity of encoding and decoding. LT codes need 

an average degree of OQog k) to code at least once every source symbol with high 

probability. Raptor codes improve the performance by preceding the message M with a 

fixed length erasure code, such as LDPC codes or Tornado codes, leading to a new 

encoded messageM' which is encoded with LT codes. 
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Figure 6.2(b): Functioning of Raptor Code 

Therefore, Raptor codes are LT codes with a preventive encoding as shown in Figure 

6.2(b). The pre-encoding has the advantage that only a constant fraction of all symbols 

of message A/' are required for correcdy decoding. Consequently, Raptor codes use a 

simpler degree distribution that does not recover all the symbols and makes decoding 

faster. 

6.6 MDDV and VADD 

During the preceding few years, many data dissemination protocols for VANET have 

been reported in the literature [563[77][154][166][167]. However, a good data 

dissemination protocol must concentrate on the unique characteristics of a network in 

which it operates. Few of the unique characteristics of vehicle-to-vehicle (V2V) 

communication include [36][168]: (a) constrained movement, according to the roadway 
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geometry, (b) frequently changing topology because of high vehicle mobility, (c) 

network partitions due to the fast vehicle speed and varying vehicle densities (d) 

unlimited battery power (e) unreliable wireless communication channels. These 

properties make VANET different from other type of networks and affect the design of 

data dissemination protocol. 

The works in [77] [83] [166] [167] [169] are of particular relevance to the problem that we 

address in this chapter. In various degrees, these approaches address the problem of data 

dissemination in VANETs by making use of the notion that mobile nodes will occupy a 

different position in time and they may be used to carry data to the target vehicles. 

However, our approach differs from them either in terms of overhead or the timely 

availability of information to the target area. T. Yan et al. [169] has given a technique 

for efficient data dissemination but their scheme is basically applicable for 

disseminating the information to a fixed number of vehicles or receivers. A fixed 

number of receivers in VANET were inspired by processor scheduling, which freats 

roads as processors to optimize the workload assignment and improves the efficiency of 

on-road dissemination. 

H. Wu et al. [166] proposed a protocol named Mobility Centric Data Dissemination for 

VANET (MDDV) which combines geocast based trajectory forwarding with the 

elements of opportunistic forwarding. Trajectory-based forwarding determines an 

approximate trajectory from source vehicle to a destination vehicle on the map and only 

then considers cars that more or less follow it. Opportunistic forwarding selects only 

those cars that meet certain conditions and give them access to broadcast packet in the 

proximity. The objective of MDDV is to forward a message along a trajectory to an area 

as fast as possible while dealing with frequently changing topologies. Unlike simple 

geocast routing protocols where nodes do not selectively transmit messages based on 

known locations of nearby receivers. In MDDV, meta-data is transmitted including the 

estimated "message head" location, or farthest position any vehicle has carried the 

message, and its last transmission time. The simulation of MDDV in rush hour fraffic on 

Interstate 75 in Atlanta, Georgia shows that when more than 20% of vehicles are 

participating, 90-100% of messages reach their destination region before expiring. It has 

a delivery ratio of 50-70% for an ideal, centralized knowledge scheme that requires 

some message overhead. The delivery ratio is higher due to opportunistic forwarding in 
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which dissemination delay varies widely from seconds to several minutes due to the 

network partitioning. MDDV has a disadvantage that it has large delay if the traffic 

density varies with time. It also does not have a mechanism to handle downtown 

situation perfectly. Moreover, CORSIM is used for simulation which is not open source 

and reduces fiirther research on it. 

In [167], J. Zhao et al. proposed a protocol called Vehicle Assisted Data Dissemination 

(VADD) which addresses the problem of efficient data delivery in VANET. VADD 

utilizes the carry and forward technique, where nodes carry the packet when routes do 

not exist and forward the packet to the new receiver that moves into its vicinity. VADD 

selects the forwarding path with smallest packet-delivery delay. Being different from 

the other existing carry and forwarding approaches, it considers the probability for a 

packet to reach the destination in addition to the positions and directions of the moving 

cars in the proximity. VADD calculates the probability at every intersection, seeming to 

have large in-vehicle computational time. It uses the idea of dynamic path selection. 

However, VADD uses a large amount of static input information with fixed probability 

for a packet to be sent successfiilly from one intersection to another. 

MDDV and VADD are based on geographic forwarding and use greedy approaches in 

which a packet at an intermediate node is forwarded to a neighbor which is closest to the 

destination. All intermediate nodes apply the same greedy principle until the destination 

is reached. Nevertheless, greedy routing guarantees the message delivery even if there is 

a path from source to destination. The greedy routing fails when there is no one-hop 

neighbor which is closer to the destination than the forwarding node itself There are 

several aspects that differentiate our work from [83] [166] [167]. First, we do not rely on 

any fixed device. Second, our network coding based decentralized broadcast approach is 

not limited within the area nearby to an intersection, and third beside using one-way 

random walk, we also take the road topology and road traffic information into 

consideration while dissemination. Moreover in the above said works, the results were 

obtained with scenarios having single source and infinite storage buffers. Also, the 

solution for data dissemination in both dense and sparse environments involving 

multiple sources with finite resources has not yet been addressed. In this chapter, we 

propose a decentralized approach for dissemination of data using raptor codes which 
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requires limited resovirces. Our scheme requires only a limited number of infinite 

storage buffers and is applicable for both dense and sparse scenarios in VANET. 

6.7 DDDRC: Decentralized Data Dissemination using Raptor Codes 

In this section, a new approach called Decentralized Data Dissemination using Raptor 

Codes (DDDRC) is proposed for VANET. The scheme encodes and disseminates data 

in a completely distributed manner using raptor codes and time reversible Markov chain. 

According to the proposed algorithm, a vehicle disseminates its data to a random set of 

vehicles in a given vehicular network, while each vehicle only encodes data that it has 

received. Vehicle collects a sufficient number of encoded data blocks by visiting more 

and more vehicles and RSUs. All the received data can be easily and efficiently decoded 

by the receiving vehicle using fountain codes. This proposed technique contributes an 

efficient solution to disseminate data fi-om one vehicle to others in a scalable maimer. 

According to literature, conventional shortest-path routing algorithms require each 

vehicle to maintain a routing table. Alternatively, geographic routing protocols are more 

scalable, with the assvimption that vehicles know their locations. However, in the 

proposed technique there is no requirement of the support of a generic layer of routing 

protocols. Instead, random walks are used to disseminate the data. The random walk has 

the advantage that only the local information is needed. We have used fountain code in 

the implementation of the proposed algorithm for distributed and reliable data storage 

systems over VANET. Although, Reed-Solomon and LDPC codes may be used for 

reliable and distributed data storage but the encoding and decoding process is still 

centralized and hence requires delivery of data to a centralized RSU or vehicle. Random 

Linear Codes are incorporated to provide decentralized encoding for better fault 

tolerance. However, random linear codes are computationally expensive in decoding 

phase with a complexity of 0(A^), where A'̂  represents the number of source data blocks 

to be encoded. Therefore, fountain codes are used in this algorithm because they have 

decoding complexity of 0(N In N). 

We model a vehicular network as a graph G = (V^, where V represents the set of 

vehicles and E represents a set of road links. Let TV̂  denotes the total number of vehicles 

in V. The subset of K vehicles or RSU is termed as sensing RSU or vehicles. These 

sensing vehicle or RSU monitors the environment and generate sensed data. The sensing 
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vehicles are able to cache their data on all vehicles referred as caching vehicles, such 

that the data is available even in case of failure. 

Special distribution function of LT codes is used in fountain codes to encode number of 

source data blocks into the encoded data block using the XOR. To take advantage of 

fountain codes in vehicular networks, we have used one-way random walks for 

implementation. Vehicles are represented as nodes in die graph and disseminate source 

data blocks using random walks. The next vehicle v/ can be randomly chosen for data 

dissemination from the neighbors of VQ. Similarly, when the data block reaches vj, the 

next vehicle v̂  is randomly selected from neighbors of vj, and so on. A random walk 

represents Markov chain which is time reversible because the selection of next vehicle 

for data dissemination depends only on the current vehicle. Vehicles or nodes in a 

graph are the states of Markov chain. Therefore, if the length of a random walk is 

adequately long, the distribution of a random walk stopping at a particular vehicle 

congregates to the steady-state distribution. The random walk should be short in length 

and should be proportional to the transmission cost of source data block dissemination. 

The proposed algorithm is justified on the basis of following rationale. The probability 

of stopping of source data block at two different vehicles will be different if their 

steady-state probabilities (;r, and TCJ) in random-walk Markov chain are not same. If ;r, > 

Ttj, random walk assures that each source data block will have lower probability to stop 

on vehicle^ than on vehicle i. Therefore, more distinct source blocks will be received by 

vehicle i than vehicle y, which results in vehicle i obtaining a higher code-degree than 

vehicle y. Therefore, a heuristic algorithm is proposed to guarantee the Robust Soliton 

distribution of raptor codes in an entirely decentralized fashion using "one-way" 

random walks [164]. 

We assume before the algorithm execution that, each vehicle and RSU are pre

programmed with the number of sensing nodes (including both vehicles and RSU) K, 

the total number of vehicles N, and the Robust Soliton distribution. All this information 

is broadcasted to all the vehicles during initialization of the vehicular network. 

However, K and iVmay change with the passage of time. 

Each vehicle is xmaware of the number of different source data blocks received because 

of the randomization. The randomization is introduced by random walks and is usually 
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unequal to the code-degree of a vehicle. The proposed algorithm tries to overcome such 

challenges and guarantees Robust Soliton degree distribution. The algorithm is based on 

the observation that more than d source data blocks on each vehicle may be 

disseminated but only d of them can be encoded, where d represents the code-degree of 

a vehicle. Assuming that each vehicle receives Xd-d source data blocks on an average, 

where Xd represents the redundancy coefficient. The probability of number of source 

data blocks comprising less than d distinct source data blocks can be made small by 

choosing an adequately large Xd. Therefore, Robust Soliton degree distribution closely 

matches the distribution of the number of source data blocks. According to the 

arguments of symmetry, Xd should depend only on d. 

6.8 DDDRC Algorithm 

DDDRC algorithm can be explained as follows. In the initial phase, code-degree of 

each vehicle is generated from the Robust Soliton distribution. Next, source data block 

of each vehicle is sent by random walks. By the end of random walk, source data block 

reaches the vehicle, this vehicle stores this source data block. Subsequent to the 

dissemination of all source data blocks, each vehicle generates its encoded data block 

from a subset of received source data blocks with cardinality equal to its code degree. 

The number of random walks generated from each sensing vehicle and their 

probabilistic forwarding tables are the two critical elements and are computed in the 

proposed algorithm. 

Igorithm 6.1: DDDRC can be summarized as follows: 

1: Every vehicle selects its code-degree d using Robust Soliton distribution. 

2: All sensing vehicles and RSU calculate the number of random walks b from 

itself 

3: Every vehicle computes its steady-state distribution ltd using redundancy 

coefficient Xd and the code-degree d chosen in the previous Step. 

4: Every vehicle determines the probabilistic forwarding table using Metropolis 

algorithm from the steady-state distribution. 

5: All sensing vehicles and RSU disseminate b copies of their source data block. 

6: A pre-encoded data block is generated by every vehicle using LDPC coding 
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on a subset ofd source data blocks. 

7: Each vehicle generates an encoded data block by applying bitwise exclusive-

or (XOR) of a subset ofd source data blocks. 

If each vehicle is having more than one source data block to be encoded then Step 

5 and Step 6 are repeated for each source data block whereas Step 1 to Step 4 are 

executed only once. 

Each step in algorithm can be described as follows :-

1. Vehicle Degree Generation 

Let's N represents the total number of vehicles and K represents the number of 

successfully encoded symbols sensed by vehicles or RSUs in a network. The number 

of source data blocks used to generate an encoded data block represents the coding 

degree of a vehicle. The number of vehicles with a code-degree d in the network is 

defined by N-ju(d), where /i(d) represents the fraction of code-degree of J vehicle and 

is chosen independently by each vehicle from Robust Soliton distribution. It can be 

expressed as: 

2](K0+<y(0+v(0) 

where iff(i) represents the Ideal Soliton Distribution and is given by 

f l/K for/=l 

I 1//0-1) fovi=2,3,...K 

(o{i) is a supplement to ¥{i) with the intuition that ripple starts off at a reasonable size. 

Good robust soliton distribution has two fiindamental properties in terms of expected 

ripple size. First, all the output symbols should enter the ripple at the same rate as they 

are removed from it. Large variation in the ripple size is not preferred during the 

decoding phase. This is due to the fact that, decoding process is more likely to 

terminate when the expected ripple size is relatively small. On the other hand, a larger 

ripple contains large number of repeated degree-1 output symbols. Second, the ripple 

size must be kept sufficiently large so that the decoding process does not end because 
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of the disappearance of ripple. Let 8 be the allowable failure probability of a decoder to 

recover the source data block for a given number K of encoding symbols successfully 

and B = c-h.{KI8)y[K (for some constant c>0) is chosen so that flie propagation of 

rate change doesn't lead to rate changes in other flows, which is then propagated 

1 IK 1 IK 

encouraging scalability. The value of c varies from to and 
K-\\n.{KIS) 2\n{KI5) 

when c=0.02, the overhead is minimum for a given range oiK. The value of (5 does not 

affect the overhead and is chosen as a trade-off between the sparsity of the equivalent 

generator matrix and the required failure probability. We have investigated the value of 

d from 0.3 to 0.5 and found 0.4 as the most suitable in terms of overhead. Especially, a 

large value of 8 generates sparse matrix but increases the probability of failure and 

vice-versa. The allowable range of c increases as the value of K increases, and it 

affects both average degree and probability of encoded symbols with degree one. If the 

average degree is decreased, then it leads to a codeword that requires fewer operations 

to decode. Apart from this, the decoder will fail with probability ( 1 - ̂  to recover the 

input symbols from n encoded symbols. Both c and 8 change the shape of the degree 

distribution and hence the performance of the code. co{i) is given by: 

(o{i)--

BliK for i=\,...JCIB-\ 

B\n{BIS)/K for i = K/B (6.4) 

.0 fori = K/B+l,...j: 

v(i) represents the speed of/ vehicle. 

2. Number of Random Walks Computation 

Every sensing vehicle computes the number of random walks b from itself Each code-

degree d vehicle receives xj-d source data blocks where Xd is redundancy coefficient. 

K 

As a result, total number of source data blocks received in the network is 2] N/u(d)xj 

and is equals to bK, the number of source data blocks disseminated from K sensing 

vehicles, where b denotes the number of random walks from each sensing vehicle and 

is given by 

NJ:^{d)x,d 
b = - ^ (6,5) 
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3. Steady-State Distribution Computation 

The steady-state distribution TTJ of each vehicle is computed from its chosen code-

degree d based on the redvmdancy coefficient Xd- Let steady-state distribution TTJ 

defines the probabihty that a random walk stops at a given vehicle with code-degree d. 

Expected number of source data blocks stopping at this vehicle is bK^d because the 

total number of source data blocks disseminated from all sensing vehicles is bK. The 

expected number of source data blocks stopping at this vehicle is also equals to Xdd. 

Therefore, probability of stopping rcd can be computed by: 

x^d 

bK 
7r,=^ (6.6) 

By inserting the value of b from Equ. 6.5, the steady state distribution TCd for a vehicle 

with code-degree d is given by: 

^ . = - 7 ^ —(6.7) 
NTM(d)x,d 

4. Probabilistic Forwarding Table Computation 

The probabilistic forwarding table is computed by each vehicle using Metropolis 

algorithm from the steady-state distribution computed. The transition matrix, P = [Pij\ 

is used for computation with a time-reversible Markov chain, where its steady-state 

distribution is given by TT = (jii, TT̂ , . . . ) [170]. 

Min{\,njln^lDm if i=j 

J 0 ifzT^yandygiVO) (6.8) 
PiJ= 

h-En if i^j andjeN{i) 

Dm denotes the maximal vehicle degree of a vehicle in the graph. The transition matrix 

of a vehicle or node in a graph can be calculated only with steady-state probabilities of 

all its neighbors due to the distributed nature of Metropolis algorithm. The transition 

probability entries in the matrix local to a vehicle are used to randomly select the next 

hop in random walk. These transition probabilities entries are known as the 

probabilistic forwarding table. Initially assigned Robust Soliton distributions are used 
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in probabilistic forwarding tables. 

5. Dissemination of Source Data Block 

Each vehicle disseminates source data blocks using probabilistic forwarding table. The 

b number of copies of source data blocks equal to the number of random walks are 

disseminated by every sensing vehicle with vehicle ID. 

6. Pre-Encoding The Source Data Block 

A pre-encoded data block is generated by every vehicle using LDPC coding on a 

subset ofd source data blocks. The d source vehicle IDs of the data blocks are attached 

in the pre-encoded data block. 

7. Encoding The Source Data Block 

Finally, encoded data blocks are generated by every vehicle using bitwise exclusive-or 

(XOR) of a subset of pre-encoded data blocks, distributed uniformly over the received 

pre-encoded data blocks. The d source vehicle IDs of the source data blocks are 

attached in the encoded data block. 

6.9 Performance Evaluation 

This section evaluates the performance of the proposed scheme via simulation. The goal 

of simulation is to show that the proposed network coding based data dissemination 

approach works correctly and outperforms other important data dissemination protocols 

like Simple Broadcast (store and forward), MDDV and VADD. We have used the 

simulation environment provided by NS2 version 2.34 [150] for network simulation 

and, SUMO version 0.12.3 and MOVE for road map generation, that are used by most 

researchers to simulate VANETs. Table 6.1 shows the radio model and the wireless 

communications parameters used during the simulation. 

Table 6.1: Parameters Used While Simulating DDDRC, VADD, MDDV and Simple Broadcasting 

Algorithms 

Simulation Area 

Radio Model 

MAC Layer 

Vehicle Density 

Vehicle Velocity 

Lanes per Direction 

Number of Intersections 

2500 mx 2500 m 

Two Ray Ground 

IEEE802.il 

0.005 - 0.05 vehicle/mlane 

90km/hr-100kin/hr 

2 

5 - 5 0 
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Constant Bit Rate (CBR) 

Communication Range 

Bandwidth 

Data Packet Size 

Cache Replacement Pohcy 

Simulation Time 

Number of Vehicles 

Traffic Environment 

Traffic Type 

Routing Protocol Used 

No. of Lanes 

Traffic Lights Used 

Road Map Creation using SUMO 

No. of Simulation Runs 

1 -4 packets / second 

250 m 

20 Mbps 

500-2500 Bytes 

FIFO 

12000 seconds 

50-400 

Urban 

Multi-modal 

AODV + PGB 

4 - 8 

Yes 

Automatic 

12 

The simulation is done with an area of 2500m x 2500m. There are two lanes per 

direction (total 4 lanes) and 5-50 road intersections. The average density of vehicles on 

highway varies from 0.005-0.05 vehicles/m on each. lane. The vehicles are neither 

accelerating nor decelerating and are moving at a constant speed, and the average speed 

of vehicles varies from 90 km/h to 100 km/h. A workload of 100 multicasts has been 

chosen for simulation and each multicast will send a message from a randomly chosen 

source to a random road segment. Here, UDP based constant bit rate (CBR) fraffic with 

1-4 packets/second is used for simulation. To evaluate the performance with different 

data sending rate, the nodes will generate the packets at the rate of 0.1-1 

packets/second. The communication range is set to 250m. The MAC protocol 802.11 is 

chosen with a data rate of 20 Mbps. Two Ray Ground propagation model is used for the 

simulation. 

6.9.1 Varying Vehicular Traffic Density 

Vehicular traffic density plays a major role in network connectivity. Therefore, we 

studied the performance of the proposed scheme by evaluating the network scalability 

and bandwidth efficiency with different vehicular traffic density. Figure 6.3 shows the 

packet delivery ratio of Simple Broadcasting, MDDV, VADD and the proposed 

approach DDDRC under different vehicular traffic density scenarios. The graph shows 

that except Simple Broadcasting (which achieves delivery ratio of maximum 80%), all 
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the schemes MDDV, VADD and DDDRC have high delivery ratio (more than 92%) 

even at large vehicular traffic densities. However, the packet delivery ratio of MDDV 

and VADD is not very high when the vehicle density is more and it decreases up to 

92%. This is due to the collisions in MAC layer, MDDV and Simple Broadcasting 

underperform the DDDRC when the vehicular density is more than 0.01 vehicle/m. It 

can easily be seen from the result that the proposed scheme performs steadily and holds 

a very high packet delivery ratio even at different vehicular traffic densities. 
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Figure 6.3: Packet Delivery Ratio of DDDRC, Figure 6.4: Data Overhead of DDDRC, VADD, 

VADD, MDDV and Simple Broadcasting Under MDDV and Simple Broadcasting Under Varying 

Varying Vehicular Traffic Density Vehicular Traffic Density 

Figure 6.4 shows the data overhead in Simple Broadcasting, MDDV, VADD and the 

DDDRC. In Simple Broadcasting and MDDV as the vehicular traffic density increases, 

more and more rephcas of the message will be transmitted in the network. Although 

VADD and DDDRC perfonn very similar, but after 0.025 vehicle/m the performance of 

VADD starts slightly decreasing. However, in proposed scheme only the message head 

(originator) will broadcast the mess^e and ensures that overhead should remain steady 

and limited when vehicular traffic density increases. Meanwhile, MDDV and VADD 

always select only one node for its next hop and hence will lead to similar results as the 

proposed scheme if exchanged beacon messages are not counted. 

Figure 6.5 shows the average delay for the four different schemes. When the traffic 

density is high, the proposed scheme achieves the same performance as that of MDDV 

or VADD. While the density is low, the message forwarder must implement a strategy 

of carrying and forwarding a packet to cross the partition, which leads to higher latency. 
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As the vehicular traffic density increases, more collisions will occur at the link layer, 

which leads to more delay for Simple Broadcasting. When the traffic density is more 

than 0.03 vehicie/m, MDDV, VADD and DDDRC have almost the same delay due to 

the connected network. On the other hand, the performance of Simple broadcasting is 

not satisfactory. Also in VADD the delay is very less (2 sec) when the vehicular traffic 

density is about 0.02 vehicle/m, but its performance is not stable and it starts increasing 

as the number of vehicle starts increasing. In other words, protocols like MDDV and 

VADD are not suitable for both city and highway scenarios. 

0015 0020 0.025 0030 0035 

Vehicular Traflic Dcn.'iity (vchiclcs/m) 

0.010 0.01 S 0.020 0.02S 0030 0035 0040 0045 0050 

Vehicular TrafHc DCDMIV (vchlclct/m) 

Figure 6^: Average Delay of DDDRC, VADD, Figure 6.6: Network Reachability of DDDRC, 

MDDV and Simple Broadcasting Under Varying VADD, MDDV and Simple Broadcasting Under 

Vehicular Traffic Density Varying Vehicular Traffic Density 

Network reachability is another parameter of measuring the protocol's performance. It is 

also the measure of network scalability. Hence, we have plotted the network reachability 

of Simple Broadcasting, MDDV, VADD and DDDRC with varying vehicular traffic 

density. It can cleariy be seen from Figure 6.6 that, although the MDDV protocol has 

higher network reachability at 0.01 vehicle/m but DDDRC constantly has very high 

network reachability even with varying vehicular traffic densities i.e. more than 97%. 

VADD also under perform the proposed scheme in terms of network reachability. This 

is due to the fact that DDDRC adaptively adjuste its parameters according to different 

vehicular traffic scenarios. However, due to the unreliable network collisions, the 

network reachability of Simple Broadcasting and MDDV is sensitive to the traffic 

density. Under different vehicular traffic densities, the proposed scheme DDDRC 

performs better as compared to Simple Broadcasting, MDDV and VADD. 
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6.9.2 Varying Data Sending Rate 

In order to achieve high throughput, network needs to send as many data packets as 

possible. Therefore, we need to simulate the network and measure its performance with 

different data sending rates. The simulation is done with data sending rate varied from 

0.1 to 1 packet/s. 

In Simple Broadcasting, there are more collisions than all other three schemes including 

DDDRC. Therefore, there is a signiJScant decrease in packet delivery ratio and increase 

in overhead with the increase in data sending rate. MDDV, VADD and DDDRC have 

similar data delivery ratio but MDDV has somewhat stable deUvery ratio. On the other 

side DDDRC has higher packet delivery ratio as shown in Figure 6.7, 

DDDRC 
VADD 
•MDDV 
' Simple Broadcasting: * 

2.0-

1.8. 

1.6. 

1.4-

i 1.2. 
•g 
S 1.0-

-DDDRC 
•VADD 
-MDDV 
- Simple BroadcastinB 

Dat« ScndinK Rate (packcts/scc) 

— I 1 1 1 1 1 1 1 — 
0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Date Sending Rate (packcts/tcc) 

Figure 6.7: Packet Delivery Ratio of DDDRC, Figure 6.8: Data Overiiead of DDDRC, VADD, 

VADD, MDDV and Simple Broadcasting Under MDDV and Simple Broadcasting Under Varying 

Varying Data Sending Rate Data Sending Rate 

Figure 6.8 represents the data overhead as a fimction of data sending rate for the four 

schemes. As discussed earlier with more collisions a i^ increase in date sending rate, the 

overhead of MDDV, VADD and DDDRC is dmost same but in Simple Broadcasting, 

data overhead increases with date sending rate. However, in our scheme, there is only a 

variation of 0.1 in date overhead with an increase in date sending rate from 0.1 to 1.0 

which is quite high as compared to the all other schemes. Hence, it can easily be said 

that our scheme is more robust as compared to all others. 
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Figure 6.9 compares the average data delivery delay with data sending rate. With more 

data packets sent in the network there will be more collisions. Hence, the delay in all the 

four schemes also increase. However, in MDDV, VADD and DDDRC there is a single 

active node which forwards the message and as a result the number of collisions is much 

less than that of Simple Broadcasting, which results in smaller delay for the proposed 

scheme when the data sending rate increases. However when the data sending rate is 

higher than 0.6, the average delay in all schemes starts significantly increasing. In the 

proposed schemes DDDRC it is still manageable to 2.0 even at a data sending rate of 1.0 

which is better than all other three schemes. 

03 04 OS OS 07 oa 

Data Sendrng Rate (packcts/scc) 
03 OA 0.5 0.6 07 08 

0»ta Sendiag Rate (pncken/sec) 

Figure 6.9: Average Delay of DDDRC, VADD, 

MDDV and Simple Broadcasting Under Varying 

Data Scalding Rate 

Figure 6.10: Network Reachability of DDDRC, 

VADD, MDDV and Simple Broadcasting Under 

Varying Data Sending Rate 

The comparison of network reachability and vehicular tiEffic density is already given in 

Figure 6.6. Here in Figure 6.10, we compare the network reachability with data sending 

rate. As the data sending rate increases, tfie performance of all the four schemes 

decrease due to communication collisions in the networic. The proposed scheme 

DDDRC c ^ easily adjust its p^ameters dynamically and make a group of nodes that 

holds the message to improve reliability. Hierefore, our scheme can achieve higher 

network reachability than the other three. In case of network reachability DDDRC 

clearly outperfonns all other schemes and provides more scalable and robust 

environment. 

Table 6.2 and 6.3 depict the simulation results with varying vehicular density and data 

sending rate respectively. It can be seen that the proposed scheme outperforms the 
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Simple Broadcasting scheme. Also it has better performance than MDDV and VADD. 

We have analysed the performance of four schemes with different parameters and 

varying traffic density and data sending rate. Simulation and analysis show that 

proposed scheme will have better message dissemination capability in VANETs. 

Moreover, DDDRC achieves high message delivery ratio and network reachability with 

acceptable latency and communication overhead when the vehicular traffic density or 

data sending rate are quite high. 

Table 6.2: DDDRC s Performance Under Varying Vehicular Traffic Density (vehicles/m) 

Technique 

Simple Broadcasting 

MDDV 

VADD 

DDDRC 

Packet 

Delivery 

Ratio 

0.80-0.75 

0.97-0.92 

0.95-0.93 

0.96-0.95 

Data Overhead 

0.3-2.5 

0.3-1.2 

0.7-0.28 

0.31-0.28 

Average 

Delay 

14-3.1 

10-3.0 

11-2.0 

13-2.5 

Network 

Reachability 

0.96-0.85 

0.985-0.945 

0.985-0.93 

0.995-0.97 

Table 6.3: DDDRC's Performance Under Varying Data Sending Rate (packets/sec) 

Technique 

Simple Broadcasting 

MDDV 

VADD 

DDDRC 

Packet Delivery 

Ratio 

0.875-0.85 

0.935-0.855 

0.935-0.875 

0.945-0.865 

Data Overhead 

1.9-1.1 

0.5-0.24 

0.21-0.4 

0.39-0.2 

Average 

Delay 

3.5-2.8 

2.8-1.9 

2.3-1.5 

2.1-1.38 

Network 

Reachability 

0.905-0.83 

0.955-0.92 

0.96-0.92 

0.975-0.94 

6.10 Summary 

In this chapter, we have studied the various ways for data dissemination in VANET. We 

have discussed centralized and decentralized data dissemination in VANET. After that, 

we have examined network coding and its types followed by network coding and 

decoding process. We have investigated the fountain code and its types. Then, a novel 

approach using decentralized implementation of raptor codes is proposed for data 

dissemination in vehicular environment that is appHcable for both dense and sparse 

scenarios with limited resources. Raptor coding has the superior decoding performance 

with low complexity even when the number of nodes scales up in the vehicular network 

as compared to other coding techniques such as random linear codes. The proposed 
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approach improves fault tolerance and persistence in data dissemination by sending the 

original source data efficiently throughout the network with random walks. The 

algorithm also guarantees robustness and addresses the issue of link instability and 

packet losses. Simulations results prove that the proposed algorithm has better network 

reachability or coverage and hence is more scalable. 

In the next chapter, conclusion and directions for future research are provided. 
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Chapter 7 

Conclusion and Future Scope 

VANET has some distinct characteristics like high-speed node movement, short 

connection Hfetime, and frequent topology change. Inefficient data dissemination in 

VANET wastes huge amount of bandwidth. If we conserve this bandwidth then we can 

disseminate the vehicular data to far off distances and can also allow more vehicular 

applications to co-exist. However, VANET apphcations requiring dissemination of 

information face a major challenge of limited network bandwidth shared by all vehicles 

restricting the speed of data propagation. In addition to this, most applications need to 

flood the data into a vast geographical region that amplifies the problem of limited 

bandwidth. Data aggregation is one of the possible ways to address this problem. The 

level of abstraction depends upon the user application and influences the amount of 

bandwidth saved. In this thesis, we have proposed schemes for data aggregation that will 

save network bandwidth and provide effective communication. Fxorther, a decentralized 

data dissemination in VANET using raptor codes is proposed that provides efficient and 

scalable system. The system using proposed approaches of data aggregation and 

dissemination can work in both sparse and dense environment, and will not flood the 

network even if the number of broadcast messages is very large, 

7.1 Contributions 

Contributions of this dissertation are as follows:-

1. We have explored the problem of data aggregation and data dissemination in 

vehicular networks. We have reviewed the existing data aggregation and data 

dissemination approaches for vehicular networks, their characteristics, comparison, 

design issues and the gaps in existing system. 

2. We have investigated the various existing mobility models for vehicular networks as 

the definition of a generic mobility model plays a major role in providing accurate 

and realistic mobility description. Mobility model is one of the important aspects 

while testing the performance of VANETs protocols. So, we have discussed the 
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various mobility levels and the factors affecting mobility patterns. We have analyzed 

the influence of mobility models on the performance of data aggregation in 

vehicular networks. 

3. As data aggregation is one of the major needs of VANET while conserving network 

bandwidth, a data relationship degree (DRD) based clustering data aggregation for 

VANET has been introduced. In the proposed approach, DRD is a spatial 

relationship governing parameter that measures the correlation between a vehicle's 

data and its neighboring vehicles' data. The DRD clustering method where grouping 

of vehicle's data is done based on the available data and its correlation is presented 

in detail. With the proposed DRD based clustering data aggregation method, 

vehicles that have high relationship degree remain inside the same cluster, allowing 

more accurate aggregated data to be generated and less data disseminated to the next 

vehicle. Simulation proves the effectiveness and advantages of the proposed scheme 

with respect to some of the other existing state-of-the-art solutions. 

4. The major contribution of this dissertation is a flexible and relevance based structure 

free data aggregation approach which enables dissemination of those aggregates that 

are likely to have maximum benefit for the surrounding vehicles. A knowledge 

based structure free data aggregation approach is proposed for VANET. The 

proposed approach is used for handling local broadcast storm problem using 

probabilistic data aggregation and reduces bandwidth consumption. The proposed 

system exploits the knowledge base and stores the decisions for aggregation, and is 

based on a flexible and extensible set of criteria. These criteria can be appHcation 

specific and can enable a dynamic fragmentation of road according to the various 

application requirements. Knowledge based reasoning allows to employ natural 

language rules and weighted scores to make aggregation decisions. Data structures 

used for the representation of vehicular data in knowledge base are also described. 

The framework is evaluated for VANET based traffic information system throu^ 

simulation for strictly limited bandwidth and local broadcast storm problem. The 

results demonsfrate accuracy of the proposed knowledge based structure-free system 

which reduces bandwidth consumption by eliminating the local broadcast storm. 

5. A novel approach using decentralized implementation of raptor codes is proposed 

for data dissemination in vehicular environment that is applicable for both dense and 

sparse scenarios with limited resources. The proposed scheme overcomes the design 

challenges faced by the data dissemination protocol due to highly dynamic and 
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unreliable wireless channel in VANET. Random walks along with network coding 

are used in the proposed technique to disseminate data from one vehicle to other 

vehicles in a network. We use network coding and raptor codes to provide low 

decoding complexity and more scalability for data dissemination. Raptor coding has 

the superior decoding performance and low complexity even when the number of 

nodes scales up in vehicular network as compared to the other coding techniques 

such as random linear codes. Results demonstrate the working and performance of 

the proposed technique which has a better fault tolerance with lower complexity 

than general random-walk based dissemination process and more scalability as 

compared to the other existing protocols. 

7.2 Future Directions 

Information delivery in vehicular networks is a task, which in any case, is a bandwidth 

consuming. We are heading towards a future of miniaturization and all time wireless 

coimectivity for vehicular networks with the ability to deliver both at very low cost. 

• In fiature, we will try to propose a generic mobility model for VANET that generates 

traffic equivalent to the real traffic. More reaUstic traffic models and intelligent 

decision-making algorithms may be introduced. 

• Artificial intelligence and fiizzy logic based approaches may be used for the 

maintenance of knowledge base in the proposed structure free data aggregation 

approach. We will try to improve the degree of success for data delivery using 

opportunistic forwarding in less connected vehicular networks. 

• The work can be enhanced to disseminate the aggregated data in an effective way so 

as to achieve maximum throughput from a network. This can be achieved using the 

linear programming model to estimate the data aggregation parameters dynamically 

based on the road conditions. 

• A good number of protocols have been proposed for vehicular networks. However, 

very few of them are tested in real environment. Thus as a fiature work, we are 

expecting to implement the proposed data aggregation and data dissemination 

schemes on actual vehicles and evaluate the performance. 
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Applications of vehicular networks have been diversified. So, we are expecting to 

simulate the proposed data aggregation protocols on different terrains and real world 

scenarios. This will uncover more issues about real world implementations. 

Secure dissemination of information is another issue which needs more attention 

firom the research society. This can be achieved by integrating security fi-amework in 

terms of trust establishment and trust management in vehicular networks. 
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