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ABSTRACT 
 

A vehicular ad hoc network (VANET) is a wirelessly connected network of vehicular nodes. 

VANETs have specific characteristics that impose new challenges to the network 

development and operation when compared with traditional mobile ad hoc networks 

(MANETs). Unlike traditional networks, where nodes are either static or move independently 

with low speeds, nodes in VANETs move with very high speeds, causing network 

fragmentations and rapid changes in the network topology. Additionally, the movement of 

vehicular nodes is dependent on driver behaviors and the interaction with neighboring 

vehicles. A number of techniques, such as message ferrying, data aggregation, and vehicular 

node clustering aim to improve communication efficiency in VANETs. Node clustering is a 

network management strategy in which nearby nodes are grouped into a set called cluster. 

Cluster heads (CHs), selected in the process of clustering, manage inter-cluster and intra-

cluster communication. The CH may elect some of its CNs as gateway nodes that facilitate 

the inter-cluster communications among neighboring clusters. The lifetime of clusters and 

number of CHs determines the efficiency of network. In this thesis a clustering algorithm 

based on Ant Colony Optimization (ACO) for VANETs (CACONET) is proposed. 

CACONET forms optimized clusters for robust communication. CACONET is compared 

empirically with state-of-the-art baseline techniques like multi-objective particle swarm 

optimization (MOPSO) and Comprehensive Learning Particle Swarm Optimization (CLPSO).  

Moreover, some limitations in recent works have been identified due to which ACO based 

CACONET appears to be a better method. PSO based solution works fine for continuous 

values parameters. ACO based solutions works fine for combinatorial optimization problem. 

Clustering is basically combinatorial optimization problem and thus CACONET is more 

suitable for clustering as compared to PSO (as was used by competitors MOPSO and CLPSO). 

The comparative effectiveness of these algorithms is evaluated by varying the grid size of the 

network, the transmission range of nodes, and number of nodes in the network. For optimized 

clustering, the parameters considered are the transmission range, direction and speed of the 

nodes. The results indicate that CACONET significantly outperforms MOPSO and CLPSO. 
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1 INTRODUCTION 
 

Vehicle technology has experienced a massive progress in the past couple of decades. New 

technologies are being introduced at a very high and fast rate. But with the gradual 

enhancement in pace of life, these technologies are also becoming dependent on new gadgets 

that employ these new technologies. There seems a continuous demand of attaining better 

performance with less use of resources. Such fast pace of development keeps software 

engineers and developers on the design table to keep searching for novel ideas and techniques 

that would improve the communication system. Improvements may be viewed in terms of 

achieved data rates, communication protocols, software design patterns, software 

architectures, simulation techniques, addressing schemes, broadcasting techniques and so on.  

 

There are several different research projects going on in vehicular ad hoc networks field. 

These projects are related to different aspects of VANETs, like projects for software protocol 

development and improvement, data communication between vehicles and between roadside 

infrastructure and vehicles, passengers’ infotainment and roadside maintenance information 

has been put into operation.  

1.1 Scope of the Thesis 

 

So far there are very limited clustering techniques available in Vehicular adhoc Networks 

(VANET), and few of them are based on evolutionary algorithms. This concern motivated the 

author to take up this research challenge and to introduce a new dimension to researchers of 

the Intelligent Transportation Systems (ITS) field and research performed in this thesis may 

develop the interest of new researcher towards this aspect of vehicular adhoc networks. 

 

An interesting research domain in VANET is how to cluster the vehicles on the road for 

efficient operations such as mobility management, routing, healthcare applications, data 

dissemination, military applications, safety alarms, internet connectivity and numerous other 

applications. Vehicular node clustering is the main concern of this study.  

 

VANETs are suitable networks which can be used within ITS (Intelligent Transportation 

Systems). The topic of scalability, in vehicular ad hoc networks, is a vital issue for designers 
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of the network. Researchers and industry have enhanced curiosity about the study of inter-

vehicle communications. Because of the automobile’s targeted mobility patterns new 

solutions and algorithms have to be developed. Among one remedy for the scalability problem 

is clustering, which is important for load balancing and efficient resource utilization. 

Clustering is a way of grouping the nodes in the same geographical neighborhood, helping to 

make the network scalable and more scalable. [1, 2]  

1.2 Vehicular Ad Hoc Networks (VANETs) 

 

Newly manufactured vehicles are no longer the simple mechanical devices that we once knew. 

Each vehicle is a smart body of various sensors that can measure different attributes. Recently, 

efforts have been made to deploy communication capabilities in vehicles and the transport 

infrastructure, leading to a potential of vehicular ad hoc networks (VANETs). 

 

The diversity of services and communications paradigms introduces significant challenges in 

the design of both network architecture and protocols. Due to the well-defined mobility pattern 

of the nodes and characteristics of the surrounding environment, most of the solutions that 

have been proposed for MANET are not suitable for VANETs [3] [4]. Thus, a significant 

scientific effort is being put in the definition of complete network architectures [5] [6], new 

standards for protocol stacks, specific solutions for routing [1], [7],  [8, 9].  

 

The United States Federal Communications Commission (FCC) allocated 75 MHz of radio 

spectrum in the 5.9 GHz band to be used for dedicated short range communication (DSRC) 

by Intelligent Transportation Systems (ITS) in 1999. The DSRC spectrum has seven 10MHz 

channels, one control channel (CCH) and six service channels (SCHs). In 2008, the European 

Telecommunications Standards Institute (ETSI) allocated 30 MHz of spectrum in the 5.9 GHz 

band for ITS. In 2014, the U.S. National Highway Traffic Safety Administration (NHTSA) 

announced that it had been working with the U.S. department of transportation on regulations 

that would eventually mandate vehicular communication capabilities in new light vehicles by 

2017 [2]. An envisioned VANET will consist of   

i) Vehicles with on-board sensing and transmitting units which form the network 

nodes;  
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ii) Stationary road side units (RSUs) deployed on the sides of roads and connected to 

the internet; and  

iii) A set of wireless channels from the DSRC spectrum. An illustration of a VANET 

infrastructure is shown in Figure 1.1. 

 

Figure 1.1 VANET Infrastructure [10] 

 

The embedded wireless communication capabilities will enable both vehicle to vehicle 

(V2V) and vehicle to infrastructure (V2I) communications. Many new ITS applications will 

emerge with the support of V2V and V2I communications. ITS applications include on road 

safety and infotainment applications. Examples of safety applications include emergency 

warning, lane changing assistance, and intersection coordination. On the other hand, 

infotainment applications can provide  

i) Drivers with information about weather, maps, and directions to nearby petrol 

stations/restaurants, and  

ii) Passengers with internet access that includes web-surfing and multimedia 

applications [11]. 

 

The implementation of VANET applications is dependent on the development of networking 

protocols that can guarantee reliable and efficient V2V and V2I communications. VANETs 

are susceptible to a large number of nodes, traffic jams, and traffic density variations from 

time-to-time and from point-to-point on the same roads. Therefore, the networking protocols 

for VANETs should be scalable to support such large sized networks. 



 

P a g e |15 

 

1.3 Challenges in VANETs 

 

VANETs have specific characteristics that impose new challenges to the network 

development and operation when compared with traditional mobile ad hoc networks 

(MANETs). Unlike traditional networks, where nodes are either static or move independently 

with low speeds, nodes in VANETs move with very high speeds, causing network 

fragmentations and rapid changes in the network topology. Additionally, the movement of 

vehicular nodes is dependent on driver behaviors and the interaction with neighboring 

vehicles. 

 

Node clustering is a network management strategy in which nearby nodes are grouped into a 

set called cluster. In each cluster, a node is elected to manage the cluster. This node is called 

cluster head (CH). The remaining nodes are called cluster nodes (CNs), each belonging to one 

or multiple clusters. A communication between a pair of nodes in the same cluster is referred 

to as intra-cluster communication, whereas an inter-cluster communication takes place 

between nodes in different clusters. The CH may elect some of its CNs as gateway nodes that 

facilitate the inter-cluster communications among neighboring clusters. Therefore, node 

clustering is a process that transforms a network infrastructure into a two-tier infrastructure. 

The first tier consists of CHs and gateways, whereas the second tier is composed of the CNs. 

 

When the number of nodes increases in a network, the performance of at-network protocols 

starts degrading [12, 13]. Node clustering has been shown to be an effective strategy to 

improve scalability in traditional ad hoc networks. For medium access control (MAC) 

protocols, the CH can act as a central coordinator that manages the access of its CNs to the 

wireless channel(s) [13, 14]. For routing protocols, CHs can be made responsible for the 

discovery and maintenance of routing paths, thus limiting the number of control message 

overhead in these processes [1, 15]. 

 

There are different ways to cluster network nodes. Different clustering algorithms in the 

literature have different rules that govern the CH/gateway election, the membership of a 

cluster, and the type of inter-/intra- cluster communications. However, regardless of the 

algorithm specific clustering rules, the formed clusters may share some characteristics. An 
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important characteristic of node clusters is the cluster size. The size of a cluster is usually 

defined by its coverage area. The area is represented by a radius from the reference node (i.e., 

the CH). The radius covers either a single hop [16] or multiple hops [15, 17]. As a result, the 

size of the cluster is directly related to the transmission range. A larger cluster size produces 

a smaller number of clusters, with a larger number of nodes to manage within each cluster. 

The overlapping state between neighboring clusters is another important characteristic. The 

overlapping state determines the type of inter-cluster communication between neighboring 

clusters. In the literature, the overlapping between neighboring cluster takes one of three 

states: complete disjoint, partial overlap, or complete overlap. In the complete disjoint state, 

no node belongs to more than one cluster. In this case, gateway nodes should be elected in 

each cluster and the inter-cluster communications is done via gateway-to-gateway 

communications. In the partial overlap state, neighboring clusters share common gateway 

nodes [17, 18]. In this case, gateway-to-CH communications is used to connect neighboring 

clusters. In the complete overlap state, the neighboring two CHs are within the communication 

range of each other and communicate directly. 

 
In general, a non-overlapping clustered structure produces a relatively small number of 

clusters and reduces the design complexity of the network protocols that run on the clusters. 

For example, two clusters may utilize the same channel resources at the same time if they are 

non-neighboring clusters [19] [20]. On the other hand, a highly overlapping clustered structure 

may cause complexity in the channel assignment, lead to a broadcast storm, and form long 

hierarchical routes. Additional channel resources ought to be used to prevent inter-cluster 

interference due to cluster overlapping. For example, assigning different time frames for 

neighboring clusters [21] and assigning different transmission codes to CNs located in a 

possibly overlapping region [22]. In developing a clustering algorithm, the choice of cluster 

characteristics, such as the cluster size and the overlapping state between clusters, should 

comply with the requirements of network protocols. The choice of the cluster characteristics 

should balance the cost-efficiency tradeoff for the supported network protocols. 

 
Despite the potential benefits of node clustering, the formation and maintenance of clusters 

require explicit exchange of cluster-control messages [19]. In order to form clusters, nodes 

must exchange some local information (e.g., node location or ID). This is done in the form of 
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cluster-control messages. For example, one of the basic clustering techniques is to choose the 

CH with the lowest ID among its neighbors [19]. To form lowest ID clusters, neighboring 

nodes must exchange their ID information. Therefore, a portion of the network radio resources 

is used for cluster formation. Node clustering groups nearby nodes into clusters; hence the 

proximity of CNs to the CH is very important in maintaining the cluster structure. Changes in 

the relative position of CNs can alter the cluster structure. To track cluster changes, a CH 

should always announce its existence to its CNs, and each CN should continuously reply back 

to its CH. This signaling uses a portion of the network radio resources. 

 

The dynamic and dense VANET topology and the harsh VANET environment, produce many 

challenges for communication and networking. In traditional mobile ad hoc network 

(MANET) research, these difficulties were often overcome by a clustered topology. As a 

result, clustering has become a common topic in the VANET research community. 

 

1.4 Objectives 

 

The research will be based on the study of existing algorithms and their limitations, in 

comparison with our proposed algorithm to demonstrate the efficiency of our proposed 

algorithm.  

Among many other techniques, vehicular node clustering is a method for improvement in 

communication efficiency of VANETs. CNs and CHs are elected in the process of clustering. 

The longer the lifetime of clusters and the lesser the number of CHs, attributes to efficient 

networking in VANETs. However, clustering of network is an NP hard problem [23] and thus 

swarm based optimization can be used to find near optimal solutions. This is the basic 

motivation of proposed work, where clustering is performed using Ant Colony Optimization 

(ACO). This algorithm was inspired by the social behavior of ants in an ant colony. In fact, 

the social intelligence of ants in finding the shortest path between the nest and a source of 

food is the main inspiration of ACO. A pheromone matrix is evolved over the course of 

iteration by the candidate solutions. 
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In the near future, vehicular and other mobile applications will require always available 

network and internet connectivity. V2V communication is very important for these services 

and scalability of VANET is a critical issue for the designers of network [24]. In a large scale 

network like VANET clustering is an elucidation for the scalability problem. Different 

clustering algorithms like multi-objective particle swarm optimization (MOPSO) [25],  

Comprehensive Learning Particle Swarm Optimization (CLPSO) [26] are implemented and 

compared with our proposed algorithm. The different parameters of these algorithms like 

vehicle’s direction, grid size, number of clusters in a network, the number of nodes/vehicles, 

and number of neighbors with respect to transmission range and speed of vehicles will be 

considered. Stability & connectivity of the network can be increased by these parameters, also 

the overhead of the network can be reduced. Our proposed algorithm provides an effective 

approach to create vehicular clusters in vehicular ad hoc network (VANET). This helps the 

vehicles to enhance the overall performance of the network by providing reliable, high 

throughput and low delay connectivity.  In contrast of above discussion following are the main 

objectives: 

 The research is based on the study of existing algorithms and their limitations, in 

comparison with our proposed algorithm to demonstrate the efficiency of our proposed 

algorithm.  

 To find near optimal solutions by using swarm based optimization. 

 To perform clustering using Ant Colony Optimization (ACO). 

 To implement different swarm based clustering algorithms like multi-objective 

particle swarm optimization (MOPSO) [24], Comprehensive Learning Particle Swarm 

Optimization (CLPSO) [25] and compared with our proposed algorithm. 

 To quantify the load on each CH. 

 To consider different parameters like vehicle’s direction, grid size, number of clusters 

in a network, the number of nodes/vehicles, number of neighbors with respect to 

transmission range and speed of vehicles. 
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The performance of our algorithm and these two evolutionary algorithms [15] and [13, 26] is 

evaluated by simulation. 

1.5 Approaches 

 

Study and implementation of existing algorithms and their limitations, in comparison with our 

proposed algorithm, is performed in this work. Following are the key existing techniques 

under review. 

1.5.1 MOPSO 

 
Particle swarm optimization (PSO) is a population based stochastic optimization technique 

developed by [27], inspired by social behavior of bird flocking or fish schooling. Multi-

objective Particle Swarm Optimization (MOPSO) is a variant of PSO. Multi-objective 

optimization problems, minimizes or maximizes the number of objective functions 

simultaneously. In the literature, many MOPSO approaches have been proposed. Some 

common approaches are weighted objective function aggregation approach, Lexicographic 

ordering approach, Pareto base approach and combined approach. The Pareto base approach 

is applied for solving the clustering problem in VANETs. 

 

Since this problem is concerned with more than two conflicting objectives. These kinds of 

problems are known as multi-objective problems. The solutions to multi-objective problems 

are those that have the best possible negotiation among all given objectives, and MOPSO is 

one such solution available. Therefore, MOPSO is implemented, to find the best possible 

negotiated solutions [25].  

1.5.2 CLPSO 

 

Comprehensive Learning Particle Swarm Optimization (CLPSO) based clustering algorithm 

for vehicular ad hoc networks is implemented to find the optimal number of clusters [26]. 

Particle swarm optimization is a stochastic search technique. It has simple parameters that 

need to be tuned during the execution of algorithms. It is an efficient and effective technique 
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to solve optimization problems. Each particle encodes the IDs of all mobile nodes of the 

network. The algorithm takes a set of parameters of VANETs into consideration such as, 

transmission power, mobility of nodes, direction and moving speed. Each of these parameters 

is assigned a weight such that the sum of all the weights is equal to one. 

1.5.3 ACO 

 

ACO is naturally suited to discrete optimization problems. Since its inception it has been 

applied to solve many problems [28], [29], such as, quadratic assignment, job scheduling, 

subset problems, network routing, vehicle routing, load dispatch in power systems, and 

bioinformatics [30]. It has also been applied for cluster optimization, which is the subject of 

the work, presented in thesis. 

 

ACO is a family of meta-heuristics, initially proposed by M. Dorigo [31], based on the food 

foraging behavior of biological ants. Ants modify the environment by concentrating 

pheromone (a chemical substance) on the paths they traverse. The concentration of pheromone 

on a given path acts as a guide for later ants (thus can be considered as indirect communication 

between the ants). Ants that reaches in the vicinity are more likely to take the path with higher 

concentration of pheromones as compared to the paths with lower pheromone concentration 

[30]. As time passes, pheromone diffuses and becomes insignificant, if not enforced by the 

passage of more ants. This indirect form of communication between ants helps them to 

establish a shortest path between their nest and a food source. Ants taking the shorter of the 

available paths return sooner and thus the concentration of pheromone on that path is 

reinforced more quickly than on competing longer paths. 

1.6 Contributions 

 

The main contributions of the this work are summarized in follows  

 

 A novel method that uses ACO for clustering in VANET environment. 

 The method is tailored to handle multi-objective based optimization, furthermore, each 

objective can be assigned with weights as per user requirements. 
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 Constraints are added for the construction of a valid solution in ACO. Moreover, each 

component of the proposed work is mathematically modeled for a precise description. 

 Comparative analysis is performed based on several evaluation measures to show the 

significance of the proposed work as compared to recent methods related to optimize 

clustering.  

 

Moreover, we have identified some limitations in recent works due to which ACO seems to 

be a better method. 

 

 PSO works fine for continuous values parameters. ACO works fine for combinatorial 

optimization problem. Clustering is basically combinatorial optimization problem and 

thus ACO is more suitable for clustering as compared to PSO (as was used by 

competitors). 

 ACO learning starts very quickly, even from the very first move of the first ant in the 

search space (because, the movement is based on pheromone and heuristic values). 

Whereas, PSO initialization is done randomly and thus learning about search space 

starts in the later iterations of the algorithm. 

 

1.7 Thesis Structure 

 

The thesis is organized as follows: 

Chapter 2 presents the related work and different areas related to this dissertation with the 

theoretical background of ad hoc networks. It also focuses on the basic concepts of mobile ad 

hoc network and the journey of this field towards the Vehicular ad hoc networks era. This 

chapter also contains a literature review of VANETs communication systems and other 

relevant areas. This chapter includes the research work carried out by different researchers 

across the world. 

Chapter 3 describes vehicular node clustering approaches that are developed during the last 

decade. It also provides knowledge about the swarm based clustering techniques used in ad 

hoc networks. 
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Chapter 4 discusses the proposed Ant Colony Optimization (ACO) Based Clustering 

Algorithm for VANET (CACONET) 

Chapter 5 covers the method, implementation details and result discussions of the three 

algorithms, namely MOPSO, CLPSO and CACONET. The results are also presented in this   

chapter in pictorial form. Graphs have been included in this chapter to show comparative 

analysis. 

Chapter 6 concludes this thesis based on the results and discussions regarding the results. 

This chapter also suggests the future possible directions for the scholars interested to perform 

research in this field.  

 

List of Abbreviations Provide detail of major technical terms used throughout this 

dissertation. 
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CHAPTER 2 

 

THEORETICAL 

BACKGROUND 
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2 THEORETICAL BACKGROUND 
 

Wireless technology is encompassing the network development, providing low cost and 

unconventional solutions. In the recent years, vehicular networking has attracted the industry 

and academic research community [32]. It is considered the most worthy idea to enhance 

effectiveness and safety for transportations in future.  

 

Vehicular ad hoc Networks (VANETs) meet the constraints to support the increasing volume 

of wireless equipment and can optimally use this equipment in vehicles. These items include 

personal digital assistants (PDAs), keyless entry devices, laptops and cellular phones. 

Networks and portable devices are becoming important, therefore, as we already know that 

the requirement for various VANETs domains communication will keep on growing, a wide 

range of safety and non-safety applications can utilize VANETs, for example navigation, 

traffic management, automated toll payment, location-based services and internet based 

infotainment applications. 

 

Vehicular ad hoc Networks (VANETs) are mainly designed to offer efficient traffic system 

with enhanced security. These are practical applications and an extension in mobile ad hoc 

Networks (MANETs) family. Therefore it is important to discuss MANETs in order to 

comprehend the concept of VANETs. This chapter contains the overview of MANETs and 

VANETs according their respective intricacies. Moreover, their physical features and 

practical usage has also been discussed in this chapter. Driver support is mandatory for vehicle 

protection. For this reason diverse data from other cars may also be used like car brake alarm, 

accident warning, and information data about road repairs. Detailed regional weather forecast, 

premonition of traffic jams, caution to an accident behind the next bend, detailed information 

about an accident for the rescue team and many other things. One can also think of local 

updates of the vehicles navigation systems or a helper that helps to follow a friend’s car. 

2.1 History 

 

The term “ad hoc” [21] stands for “can take different forms” and “can be mobile, standalone, 

or networked”. Vehicles equipped with ad hoc devices can detect the presence of other such 
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vehicles and perform the necessary handshaking to allow communication and the sharing of 

information and services. Since ad hoc networks rely on the data packets sent by other devices 

also called nodes, therefore, communication in the ad hoc networks is of prime concern. 

 

 Some approaches presented so far are based on complex and expensive technological 

solutions. Some of them propose the use of different access technologies to support vehicle to 

vehicle (V2V) communication and Vehicle-to-Road side infrastructure (V2I) communication: 

this is the case of  [33] that proposes the use of Wi-Fi and WiMAX technologies or [34] that 

uses ZigBee and Wi-Fi as access technologies. The use of an additional non-IP protocol stack 

is also under consideration, as defined in the German project ”network on Wheels” [35], or on 

the standard Wireless Access for Vehicular Environments (WAVE) [2, 13, 24, 36]. Although 

both concepts might present several advantages, there is an increasing complexity on the 

vehicles end-systems that cannot be forgotten.  

2.2 Mobile Adhoc Networks (MANETs) 

 

With the production of mobile devices like PDA (personal digital assistants), portable digital 

devices, cell phones and laptops, there has been an exponential progress in wireless field in 

the last two decades. Information handling has been revolutionized. Consumers hold devices 

that are portable, and are capable to use software applications and extend resources of 

networks at the same time. In network resources, data services are demanded widely.  

Presently, most of the connectivity between these portable devices and networks are on the 

basis of their infrastructure [19]. In this way, two or more laptops can not only transfer data 

between each other using wireless technologies but cell phones can also be used for 

connecting them to each other. 

 

Infrastructure setup for communication of mobile devices is quite expensive. Users may also 

come across situations when the desired communication is not available due to non-

availability of required hardware arrangements. Moreover, there are a lot of portable devices 

being used, for example laptops and PDAs, which have limited capability and available range 

for communication in wireless domain. Such situations raised the need of an alternate solution 

for communication of mobile devices. In such solutions nodes communicate with each other 
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over wireless media. This communication is established without the assistance of any 

hardware arrangement, thus making a MANET (mobile adhoc network) [20].  

2.3 Features and Complications of MANET 

 
In Mobile Adhoc Networks (MANETs) mobile devices work as peers at the same hierarchical 

level. These devices work without the dependency of any hardware arrangement or any central 

management. In order to transfer and receive information between distant mobile devices or 

nodes, middle nodes or hops are used. These hops help in transmitting the information to final 

nodes over several hops. Each mobile device acts as an autonomous router and produces data 

independently. In this way network management and fault detection becomes more difficult 

and distributed. Mobile adhoc network nodes alter the topology of network dynamically and 

randomly, subsequently this makes the mobile nodes to enter and exit the limits of wireless 

network. It results in the unavailability of these nodes further resulting in loss of data packets. 

This situation also causes possible alteration in the route of packets being transferred through 

these nodes. As MANETs are independent of every type of centralized control or 

management, the nodes available in the range of wireless network find other closer nodes. 

Thus the nodes create a stable link with each other.  It supports in maintaining an adhoc 

network in circumstances even when nodes keep on moving within or out of the range of each 

other. Thus characteristic of MANETs can be utilized for quick deployment and maintenance 

with least user involvement. 

 

Since the nodes are mobile and can run on batteries, therefore, the power availability for each 

node for processing data is restricted. Moreover, this energy is utilized for supporting the 

transfer of the packets to their targeted endpoint because every node acts as an end user system 

and a router also. Wireless connections have a considerably low capacity as compared to wired 

connections [19]. Wireless connections often bear the effect of noise, connectivity issues, 

interference, fading. Thus these situations restrict the connections from transporting an 

efficient throughput that is closer to the maximum throughput. Every mobile node is equipped 

with minimum one or more wireless interfaces which operate on various frequencies. 

Similarly, hardware and software configurations of each mobile may be different with diverse 
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features. Therefore, designing the algorithms and communication protocols for these diverse, 

unbalanced connections has become an intricate process. 

 

Nodes can be taken away or altered. The ubiquitous nature of mobile network nodes makes it 

impossible to assume that mobile nodes will always be under their owner’s control. Legal and 

illegal users both can use wireless medium as it is easily accessible to both.  In fixed 

connection networks, risk of spoofing, eavesdropping and attacks pertaining to service denial 

are insignificant when compared with wireless networks [20]. All MANET applications start 

from those involving lesser nodes to those that contain a large quantity of nodes. An important 

feature of successful positioning of an adhoc network is the scalability. 

 

In comparison to smaller networks, the challenges being faced by network management 

algorithms of larger networks are entirely different. Especially in areas like wireless 

technologies, location management, addressing, routing, mobility, interoperability and 

security. Few technologies for applications being used in MANETs are presented in the 

following Table 2.1  [37] [20]. 

Table 2.1 Wireless Technologies for Mobile Adhoc Networks 

Radio Technology Bit Rate  (Mbps) Frequency (GHz) Range (m) 

802.11b Max  11Mbps 2.4 25-100 (indoor) 

802.11g Max  54 Mbps 2.4 25-50 (indoor) 

802.11a Max  54 Mbps 5 10–40 (indoor) 

802.15.1 1 Mbps 2.4 10 (up  to 100) 

802.15.3 110-480 Mbps 3-10 ~10 

HiperLAN2 Max  54Mbps 5 30 to 150 

Infrared DA Max  4 Mbps IR(850nm) Approx.10 (LOS) 

sight) 
Home RF 1to10 Mbps 2.4 ~50 

802.16 32-134Mbps 10-66 2-5 

802.16 a/e 15-75Mbps <6  ,  < 11 7-10, 2-5 

 

Nominal arrangement and rapid positioning makes Mobile Adhoc Networks more appropriate 

for crisis circumstances. For example min case of earthquakes, floods, avalanches, tsunami 

and volcanic eruptions. Moreover, in case of military conflicts MANETs are equally useful. 

Existence of active and flexible routing protocols makes the MANETs rapidly functioning. 
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Some applications used for various purposes in MANETs are also categorized into different 

areas and are shown in the following Table 2.2 [20]. 

Table 2.2 Applications for Mobile Ad hoc Networks 

Applications Purposes  

Strategic Networks  Automated combat zone 

 Military information and actions 

  Commerce and  Social 

Environment 

   24/7 expenses clearance 

 Rights of entry into databases  

 VANETs 

  Connectivity of people at aviation setups, 

arenas for sports, commercial carnivals, 

markets. 

Crisis Management  Pursuit  and  emergency  tasks 

 Crisis rescue 

  Changing of static arrangements for natural 

calamities 

 Monitoring  as well as  firefighting   

 Support for medical experts in sickbays 

Recreational  Multiplayer gaming  

 Peer-2-Peer mobile connectivity 

 Open and everywhere connectivity of web. 
Academic 

Environment 

 Academies and  campus settings 

 Simulated(virtual) classrooms 

 Communications through ad hoc setups 

during  meetings  or lectures 

 

2.4 Vehicular Adhoc Networks (VANETs) 

 

A great amount of research work has been carried out by different administrations, universities 

and industries to incorporate the computing and communication technologies into vehicles. It 

has not only enhanced the security and effectiveness of vehicles [38] but it has also stemmed 

the growth of Intelligent Transportation Systems (ITS) [39]. Vehicular communication (VC) 

constitutes the integral part of ITS. Vehicles equipped with ITS system can transfer and 

receive information from other vehicles. Vehicles can also communicate with networks on the 

road side provided these vehicles are using ITS. Therefore, vehicles communication with ITS 
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cannot only be analyzed and processed but judgments can also be made on the basis of 

investigation. 

 

Networks which are self-organized can make connections with the road side infrastructure. 

These networks can also exchange information through wireless links. The purpose of such 

networks is to enhance the traffic security and effectiveness. This makes VANET an efficient 

MANET application. It is predicted by researcher that VANETs growth will increase in 

coming decades and it will also attain significant depth in market [40] [39] [41, 42]. 

2.5 Scenarios of VANETs Applications 

 
High data rate communications and processing power is being incorporated into vehicles. One 

of its purposes is to appreciate the importance of communication in vehicles. Apart from 

supporting efficiency and security of traffic system, VANETs are also used to assist the traffic 

functions. For example, collecting the toll electronically, access to internet, automated 

parking, infotainment, traffic information updates. But still safety demands the basic emphasis 

on further research of VANET.   

 

Requirements of the system for the vehicles communication define the foundations for 

classification of VANET applications. In this thesis applications have been categorized 

according to the type of communication. Either communication is from vehicle to 

infrastructure, vehicle to vehicle, or hybrid communication. Moreover, the communication 

messages reach the destination in one step, or in more than one steps. Communication is 

simplex, half duplex or full duplex. VANET applications are broadly categorized as non-

safety and safety applications [43]. Similarly, these applications are also classified based on 

the data and cautioning information transmission about highway status like traffic jamming, 

road surface state, communication status, traffic lane cautioning and road curvature 

cautioning. 

 

Other categorizations as mentioned in [44] are VANET applications which are grouped into 

three main classes. These classifications are life and time critical, accident prevention, road 

traffic surveillance, system optimization and recreational applications that provide web 

services along payment facilities. Raya and Hubax in [45] classified life and time critical 
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applications in safety domain. Rest of the applications were classified as traffic optimization, 

digital toll gathering, web connectivity services, area dependent services to search closer pit 

stops, refueling points. Applications for safety are further classified as general safeties, traffic 

information [46]. 

 

The applications having safety information and are linked with security have been categorized 

in safety domain [47] but these are independent of time delays. Similarly in [38] safety 

applications have been categorized as life threatening because the time delays are sensitive in 

nature. Others are categorized as safety cautioning applications where safety is concerned but 

time delays are not serious.  Further, it gives an additional categorization called the grouped 

communication like cooperative grouping. In [48], VANET categorization has been further 

purified by keeping in view the different environments of VANET where applications are 

practically implemented. 

2.6 Definitions, Applications and Classifications 

 

Categorization of VANET applications for the purpose of research are given and these are 

shown in Table 2.3. This categorization has been derived from the above mentioned literature. 

 

Table 2.3 Categories of VANET Applications 

Type of Application Categorization Sub-Categorization 

Safety 

Safety-critical Based on V-2-V 

Based on V-2-I/I-2-V 

Safety -related Based on V-2-V 

Based on V-2-I/I-2-V 

Non- Safety 

Vehicle System Optimization - 

Web Based Services - 

Cash Facilities - 

Highway Resource Finder - 

 

Mostly VANETs applications have been divided in two major categories as shown in the 

above table and also discussed below. 
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2.6.1 Safety Applications  

These applications are capable of minimizing roadside casualties and enhancing the 

common road security conditions. These applications may be further classified as safety-

critical and the other as safety-related.  Design of highway environment must be taken into 

account so that the information pertaining to safety cannot be corrupted or hacked. 

2.6.1.1 Safety-Critical 

These are applications which are implemented in unsafe conditions like accidents 

critical area [47]. These conditions also involve circumstances where the risk is elevated 

or visible [14]. Such applications can utilize channels of higher priorities. In such 

scenarios time delays are ≤100ms. This shows that authenticity of messages plays a 

significant part in recognizing the functions of safety.   

2.6.1.2 Safety-Related.   

These are applications which involve the safety situations of areas where the hazard 

level is lesser. The case of road curvature speed cautioning shows lesser hazard but the 

case of active area under work cautioning shows higher hazard level. Despite of all such 

situation the hazard level remains predictable [14]. In such cases, time delay needs are 

much flexible as compared to previously mentioned applications.   

2.6.2 Non-Safety Applications  

Traffic information is supported and luxury of driving is improved with such applications. 

These applications commonly include V2I or I2V information transfer [43].  These 

application services can also use channels of communication system. But this 

communication excludes control and command channel.  Their mode for channel access 

is set to low priority in comparison to safety applications.  Non-safety applications include 

the applications for: 

2.6.2.1 Vehicle System Optimization.     

Traffic data and enhanced route instructions recommendations are included in these 

applications. 
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2.6.2.2 Web Based Services.    

These applications include web based services, downloading of media and 

instantaneous information transfer. 

2.6.2.3 Cash Facilities.   

These applications include digital toll gathering and management of vehicles parking. 

2.6.2.4 Highway Resource Finder.    

Finding the closest pit stops and refueling points are included in these applications. 

These applications also include highway connectivity facilities and accompanying 

databank. 

2.7 Impediments in VANETs 

 

As already discussed that VANET is an application of MANET [49]. MANETs do not have 

static hardware arrangement. They rely on common peers for execution of information control 

and administration of network. However, the vehicular networks perform in diversified ways. 

VANETs are different than usual networks. In vehicular networks driver behavior, limitations 

to be mobile and higher vehicle speed raise the requirements to be uniquely characterized. 

This certainly affects the design choices for VANETs.  Keeping in view these requirements 

various impediments are resolved for information transfer in vehicles [14], [49], [50]. 

2.8 Velocity of Nodes 

 
An important perspective of vehicular adhoc networks for the flexibility to move is the 

velocity of the node [50]. In VANETs nodes can represent both vehicles with different 

velocities and roadside units (RSUs) without any velocity. Therefore, both situations of node 

velocity impose unusual challenges on VANETs. The communication window for vehicles is 

very narrow because of short distances even measureable in meters if their velocities are high 

[14].  Let us consider two vehicles moving away from each other and each having a speed of 

ninety kilometers per hour. If we consider a communication distance of three hundred meters 

between them then feasible communication between the vehicles cannot be longer than twelve 

seconds. 
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In VANETs transmitters and receivers observe the phenomenon like Doppler Effect. After 

reviewing the problems related to the communication between nodes [51]. It is revealed that 

paths which are exposed by routing protocols and depend upon network arrangement become 

useless due to changing network arrangement and connectivity flaws. 

 

Higher velocities of nodes indicate the continuous changes in network arrangements. 

However, slower movements usually signify steadiness of network arrangements with a 

higher quantity of nodes. Thus slower nodes connectivity results in higher interference and 

connectivity issues.  Such types of issues demand scalable solutions for VANETs. 

2.9 Movement Patterns 

 
VANETs have a characteristic of constantly increasing or decreasing nodes. These nodes are 

large in numbers depending upon their velocities. This flexibility to move can be significant 

based on the type of route such as thin ways in comparison to expressways. Vehicles do not 

move randomly instead they follow already defined routes. Mostly vehicles move in both the 

direction of roads.  Vehicles random deviations from routes commonly happen only at 

crossroads.  Three kinds of roads can be identified [14]. 

2.9.1 Urban Routes.     

These are located within urban areas with high number of nodes on the roads.  Lot of 

minor roads are there along major roads.  Many cross roads intersect the major roads into 

smaller segments. The wireless communication is restricted due to road constructions 

which also block the transmission signals. 

2.9.2 Countryside Routes. 

These kinds of roads mostly have high number of segments thus reducing the crossroads. 

This makes it uncommon than the previous case. Vehicular environment in such areas 

usually cannot permit the development of linked setup of roads as there are very few 

vehicles present in the network. Generally the rural paths variation is higher as compared 

to expressways. 
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2.9.3 Expressways/Motorways.      

Highways are usually made up of two or more road lanes having larger sections exits. 

The traffic encountered on highways is mostly at higher velocities. They mostly have 

static movement patterns. 

2.10 Nodes Density 

 
Node density is the third feature of vehicular adhoc network [14]. Quantity of other vehicles 

which are within wireless limits might change to different number of nodes. Assumingly 

traffic stuck on an expressway of more than two lanes. Having vehicles on 30m distance and 

if the wireless limit is three hundred meters then every node will be handling one hundred and 

twenty vehicles in its radio limit. For cases when there are lesser number of nodes, quick 

information transfer becomes difficult. These are the cases where highly refined 

communication transmission is required.   

2.11 Architecture of VANETs System  

 
Figure 2.1 shown below depicts that design and planning of vehicular adhoc network is based 

upon dissimilar areas and several distinct constituents. Three different areas of this field are 

also depicted in the diagram. These areas represent three domains of VANET. These domains 

consist of parts like on-board part, road side part and the application part. 
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Figure 2.1 Arrangement of Vehicular Adhoc Networks Equipment  

  

First domain is based on the on-board unit (OBU) and minimum single or multiple 

applications units (AU) within a node. This is called the in-vehicle domain. In this domain an 

application unit operates on the group of these applications using the information transfer 

facility of the OBU. OBU has a small radio transmission range. Difference among application 

unit and OBU is in software terms only, therefore, these two can reside with each other in a 

node. 

 

Adhoc domain is the second domain and it consists of vehicles having OBUs and RSUs, 

making this system of vehicles.  OBU can be used for wireless adhoc network. It permits data 

transfer between vehicles without the requirement of central cooperative request. OBU 

straightaway sends data provided radio link is available between these nodes. Otherwise a 

multi-hop communication pattern is utilized to transmit data. 

 

The infrastructure domain is based on roadside unit having hotspots (HS). These HS are 

utilized by nodes to make connection for accessing secure application. Roadside units are used 

in cases pertaining to web connectivity. These units are particularly placed by road 

management. Such arrangements connect roadside units with HS for accessing applications.  

In some cases, neither RSUs nor HS provides internet connectivity. Internet can also be 
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accessed with the help of OBU equipped with High Speed Downlink Packet Access (HSDPA) 

and General Packet Radio Services (GPRS). 

2.11.1 Application Units (AU) 

This equipment is built in or plugged in and it executes the applications that can use the 

OBU communication powers. For example devices used for the particular purposes in 

vehicles like GPS, anti-collision sensors applications. More than one application units may 

also be applied in the vehicle. Here application units are used for sharing of information 

purposes and for using the processing powers of OBU.  Application Units transfer 

information completely through the OBU. OBU manages complete networking and 

mobility operations on the behalf of application unit. Application unit and OBU 

bifurcation is completely digital [53]. 

2.11.2 On-Board Unit (OBU) 

It holds the responsibility for data transmission in all domains of VANETs   [54] [48]. In 

the adhoc domain, on-board unit supports application units. OBU communicates with 

other equipment in vehicles for transmission of information and management. It needs to 

be equipped with a small range radio to fulfill the requirement of 802.11p IEEE standard.  

This device is used to transmit and receive safety-related communication in the ad hoc 

domain. It can have additional equipment for non-safety communications depending upon 

IEEE wireless standards like 802.11a/b/g/n.  OBU function broadly involves wireless 

connectivity and network support for mobility. 

2.11.3 Roadside Unit (RSU) 

RSU are static and located beside the routes. RSUs may also be positioned at specific 

locations like gas station, places for parking and stay area restaurants. Each RSU has at 

least one network device for limited distance data transfer having IEEE 802.11p standard. 

There can be additional dedicated equipment in RSU for roadside operations [53]. Some 

RSU communication scenarios are discussed below. 

 

1. Extension of the data transmission limits in arrangement like adhoc network is 

done by repeated dissemination of information. Following Figure 2.2 shows 

different OBUs connectivity with RSU and transmission of data. 
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Figure 2.2 Communication Expansion of RSU  

 

2. Following Figure 2.3 shows that RSU acts as an information source and receiver. 

It can also execute safety applications which include vehicle to infrastructure 

cautioning for lower bridge and working area. 

 

 

Figure 2.3: Information Transmission of RSU  

 

3. Following Figure 2.4 elaborates the scenario where roadside unit is used for the 

internet connectivity of OBUs. For creating link one or more OBUs establish link 

with the RSU. Through the gateway (GW) RSU is linked with the internet cloud. 
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Figure 2.4: Web Connectivity of RSU  

 

2.12 Information Transfer Forms 

 
As we know that information transfer can be initiated from either side in the vehicular adhoc 

networks. This communication can be simplex asking for receiver reply only. It can be half 

duplex also. Similarly this information transfer can be dependent on one OBU or it may 

involve more than one OBUs. The transmission in case of crisis environment may be of 

limited grade which is repeated after regular intervals with higher frequency. This type of 

communication is called attentiveness communication.  

 

This type of communication can produce signals of any incident through multiple sources 

called the event driven messages. Similarly, applications for infotainment typically develop 

events or mutually interchange large data by using multiple sources for information. Some of 

the recognized forms of information transfer for vehicular adhoc networks are discussed in 

following paragraphs [53], [14]. 

2.12.1 Beaconing.      

It incorporates frequent update of data for neighboring mobile vehicles about their 

location, velocity, heading and direction for sharing mutual information of nodes. Such 

information is dependent only on source OBU. Information is broadcasted regularly at 

certain time intervals to all neighbors in the range of reception.  In some scenarios, 
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beaconing system may be initiated by an outer trigger such as situation arises in which 

some event occurs. This information transfer is bound to be one dimensional. Several 

applications which are using beaconing have limited time delay needs [14]. 

2.12.2 Restricted Flooding.       

It is for minimizing the duplication of channels as well as for load management of channels 

as it happens in case of chatting [14] . During flooding required data distribution in focused 

regions is performed through vehicles which support similar information. This 

information was never conveyed earlier. Resultantly, data transmission gets limited 

through utilization of conventional Transistor-Transistor-Logic and space limitations. 

Data information in case of Geo-cast information is specifically transmitted. This 

transmission is over definite and independent occurrence of events. Such type of data is 

also one directional. This type of communication has low time delay.  Because of the event 

driven nature of such communication intimation to other nodes is quick.  

2.12.3 Point-to-Point.     

In this communication, information type remains unchanged from source to receiver. It 

involves more than one en-route transmitters. Latitude and longitudes of the receiver end 

remains fixed. Information is relayed to final receiver through shortest possible path in 

minimum time [36]. Information can be based on only source transmitter. It may also be 

based on more than one sources transmitting towards receiver end. Data destination may 

be a vehicle or any distant location. Different techniques have proved their efficacy for 

their capability to handle the dynamic nature of vehicular motion [14]. Point-to-point 

routing may be both one-way and two-way. It can also be activated by outside occurrences. 

Point-to-point routing based applications do not have any close connection to security. 

2.13 Standards of Communication and Wireless System  

 

Lower most layers of OSI model are common in vehicular communication. Layer model can 

be developed by the combinations of two layers called physical and the data-link. Few aspects 

like QoS, throughput and latency are of importance for transmission of data for the 

applications being used for safety [55]. Time delay of the information data should not be more 

than five hundred milliseconds for security information having lifetime of not more than seven 
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hundred milliseconds. This is the minimum time required by the vehicle drivers to notice the 

situation. 

 

Information transfer related to safety and greater movements of nodes hamper the information 

transfer efficiency in two ways. It can be failure of data delivery due to outward node 

movement or it can be increased data packet faults which influence the throughput of 

communication channel. As mentioned in [56], probability of information transmission error 

should not be more than 0.01. However, QoS information needs to be suitable in connection 

to nodes velocity and density. 

 

Presently, there are at least three organizations, developing the international standards for 

safety of communication in range of 6.0 Giga Hertz used for Intelligent Transportation 

System. Some other standards being used for communication in vehicular adhoc networks are 

discussed in the following paragraphs [57]. 

 

2.13.1 Wireless Access for Vehicular Environment by IEEE.    

This is called Wireless Access for Vehicular Environment (WAVE). They have focused 

on the lower layers (802.11) and reduced the architecture for just 5.9 GHz 

communications. 

2.13.2 ETSI TC ITS.      

European Telecommunications Standards Institute (ETSI) ETSI produces globally 

applicable standards for Information and Communications Technologies (ICT). It includes 

fixed, mobile, radio, converged, broadcast and internet technologies. It supports all 

wireless ranges at data-link and physical layers.  It also utilizes wireless standards but aims 

at vehicle to vehicle more than one source transmission.  

2.13.3 Communication Access for Land Mobility.     

Communication Access for Land Mobile (CALM) is based on the recent European ITS 

Communication Architecture. It has paved the way towards vehicular cooperative 

systems. It focuses on more than one medium management like wireless, infrared and Wi-

Fi. 
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Different combinations of standards are being tried at organizations. Even then there is a lot 

of overlap between them in certain areas. Presently, work has been started to combine these 

standards into a unified international standard. 

2.13.4 North American DSRC and WAVE 

Industrial groups endeavoring in the direction of standards are the VIIC (Vehicle 

Infrastructure Integration Consortium) and the CAMP (Crash Avoidance Metrics 

Partnership). In United States, standardization endeavors for vehicular communication is 

being focused to the security which is also a sponsored project [57].   

 

FCC (Federal Communications Commission) in 1999 assigned frequency ranges for 

dedicated short range communication (DSRC) spectrum. It was basically due to security 

uses in VANETs. Following Figure 2.5 depicts the frequency assignment scheme for 

American region [58]. 

 

Figure 2.5: USA Distribution for Dedicated Short Range Communication {Ma, 2009 #171} 

 

Dedicated Short Range Communication (DSRC) band is having eight channels distributed 

over the allocated band. First channel is of five megahertz which is reserved for 

development and seven other are ten megahertz each [38].  Few of these ten channels can 

be combined together making a twenty megahertz channel. Further categorization of these 
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channels is for administration, command and security.  Two channels are for vehicle to 

vehicle innovative collision prevention as well as for high power transmission. Rest of the 

channels may be used for security and common interests. 

 

Primarily RSU broadcast the information. In response to that communication OBU first 

executes the high priority security application. After that it responds to RSU commands. 

In a combination of ten MHz channels a data rate of twenty seven MHz can be achieved. 

For the twenty MHz channel group, this capacity doubles. 

 

 Institute of Electrical and Electronics Engineering (IEEE) implemented wireless 

standards as a chosen approach for operations of dedicated short range communication in 

North America. Wireless standard 802.11p is a derivative of 802.11a. It was selected for 

the MAC and physical layers specification. It was found appropriate for dedicated short 

range communication security applications.  Rest of the OSI model layers are defined in 

other standards of IEEE and are still under investigation [59]. Combination of dedicated 

short range communication information transfer stack and IEEE wireless standards are 

collectively called Wireless Access for the Vehicular Environment (WAVE). Following 

Figure 2.6 describes the layer architecture of WAVE standard [57]. As mentioned earlier, 

WAVE is based on MAC and physical layer and these layers are visible below. 802.11p 

specifies the physical and MAC functionality needed by the IEEE 802.11 devices to work 

in the dynamically changing situations of vehicles. 
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Figure 2.6 : Wireless Access for the Vehicular Environment Layer  

2.14 Distribution of Frequency Bands in Europe 

 
The core research work on vehicular communication in Europe is carried out through publicly 

sponsored scientific ventures and Car-to-Car Communication Consortium (C2C-CC). 

Knowledge and analysis in the various domains of vehicular communication is shared among 

European and local sponsored development projects. These diversified development missions 

along with the large number of data being shared between them resulted in the foundation of 

COMeSafety6 project. This project also deals and supports other ventures.  It ensures that the 

data and analysis of different ventures should well-match among them. It also follows the 

standards laid out by Car-to-Car Communication Consortium. 

 

Car-to-Car Communication Consortium standard is the driving force that ensures the 

continuation of the standardization phenomena in European region. Car-to-Car 

Communication Consortium makes as well as provides opportunities for channel distribution. 

Its finalization is done by the European Telecommunications Standards Institute (ETSI).  As 

per the formal artifacts of these agencies, committed frequency range extending up to thirty 

megahertz has been dedicated in 5.9 Gigahertz range as shown in following Figure 2.7 [53]. 
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Figure 2.7: European Distribution of Channels  

Apart from this, twenty megahertz is also made accessible for extension of road security and 

efficiency. Intelligent Transportation System applications for Non-security applications will 

be able to utilize twenty megahertz in the range below the thirty megahertz. Further 

discussions are still in progress for finalization of frequency distributions. A summary of the 

Car-to-Car Communication Consortium communication has been represented in Figure 2.8 

[53].  

 

Figure 2.8: Protocol Stack of C2C Communication System  
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The communication protocols for several ranges have been shown above in the figure. 

Different color bands represent the communication regions for different kinds of applications. 

Applications dealing with security scenarios are preferred in allotment of frequencies.  

2.15 VANET Communication Domains 

 

VANETs communication has been classified into three domains [3]. First is the OBU a single 

or multiple application units based area of VANETs. This is called the in-vehicle domain of 

VANETs. Here OBU provides the transmission facility to application unit which can host any 

safety, recreational or commercial application.  

 

Adhoc domain is constituted by an OBU and a roadside unit. In ad hoc domain communication 

can be single hop which refers to vehicle to vehicle (V2V) or multi-hop to increase range of 

roadside unit which represents the vehicle to infrastructure (V2I) and infrastructure to vehicle 

(I2V) type of communication. In the infrastructure domain, a roadside unit may connect to the 

internet or with other networks. Figure 2.9 shows that connectivity can also be extended to 

the OBU.    

 

Figure 2.9: Communication Domains of VANET [61] 

 

A technique which can be helpful in discovering the OBUs having faults has been introduced 

in [52]. OBUs having erratic behavior can be discovered through this mechanism and similarly 

this mechanism prevents cleared on-board unit to be declared as faulty. In this mechanism 
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information received and transmitted is secured in a data repository and can be handed over 

to the administration for evaluation.  

 

Multiple sensor based technique developed for vehicles fault diagnosis has been presented in 

[54]. It is comprised of a signal agent which is monitored and responsible for detecting a faulty 

part on the basis of received indications from that sensor. Especially trained agents may also 

be used to identify a specific error [62]. 

 

Method introduced in [59] is based on the centralized database. Here the faulty attitude was 

discovered with help of information transfer. It proposes few algorithms for detecting the false 

information from OBUs and for isolation of OBU with erratic behavior. With the help of this 

technique every vehicle in VANETs was able to decide whether received information is 

correct or not and thus the behavior was declared. 

 

Knowledge-based system for car failure detection has been presented in [63]. Here the 

necessity for an expert system and some problems for developing knowledge-based systems 

have been explained. It also describes a system structure and its components along their 

functions. Some rules for different types of car faults and their causes have been defined and 

tested. CLIPS is a rule based tool and supports object oriented programming features [64]. 

CLIPS tool is developed by NASA and runs on Windows environment. Diagnosis expert 

system can be developed by using rules or classes and also by the combination of rules and 

classes. 

 

Progress for some of the of research ventures related to VANETs has been reflected in [65].  

Its purpose was to fabricate a component of vehicles which could be able to transfer 

information to driver and to other VANETs vehicles. Newly designed OBU learns from driver 

conduct and environment. Then OBU advises the driver for actions to take while driving.  

 

An evolving car driver support system has been proposed in [66]. It poses latest requirements 

to the information transfer proprieties. This system helps in supporting the sensors like a 

camera. This work discussed impediments of those domains of vehicles which were utilizing 

the side-view approach for different purposes. The system needed five inputs from different 

cameras and robust protocols were assessed according to challenges. It supports that why 
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Ethernet and internet Protocol constitute an appropriate foundation of the latest car driver 

support and practically displayed the utility of car side-view system. 

  

To imitate traffic environments a small scale model of the proposed environment has been 

developed. A mini-research environment for ITS has been developed in [67]. It uses radio cars 

for this purpose. It also simulates the concept required to be proven. 

 

A large set of issue in the field of transportation has been reviewed in [11]. It tries to evaluate 

that how VANETs power can be used to solve these issues. Applications that promised 

greatest security benefits will require relatively high market saturation together with 

governmental support.  He concluded his paper with a brief assessment of the potential for 

VANET technology as a platform for a fully automated highway. 

 

An important issue of traffic violations around the world mainly in the railways sector and the 

resulting accidents has been discussed in [68]. In this paper a real time train tracking system 

using the GPS (global positioning system) has been proposed. It also proposes communication 

of data through Ethernet Concepts. The proposed system enables communication of the real 

time information about the train position and also its health conditions based on few attached 

sensors. In the video terminal of the controller the system provides the complete information 

about the different trains running. Complete information has been collected through internet 

facilities and the Google map. The locations of all individual vehicles were mapped using 

their IP addresses in the Google maps. Each point in the Google map plotted provides the 

current information about the trains. It also provides information about drivers’ alcohol status, 

max speed of train and GPS co-ordinates. Design details of the system are also provided in 

this paper.  

 

A scheme for detection of invalid packets (DIP) in VANETs has been proposed in this paper 

[69]. This scheme categorizes and senses the unacceptable packets at the time of group 

communication in VANETs. The invalid packets were classified and detected using enhanced 

detection algorithm. The algorithm of this scheme was based on the Elliptic Curve Diffie-

Hellman (ECDH) structure for settlement of key. It reduces processing time of unacceptable 
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packets and reduces the rebatch confirmation time. This scheme has been simulated and 

results are shown in the paper. 

 

Several restrictions of present misbehavior detection schemes (MDS) have been discussed in 

this paper [59]. Most of the MDS were related to detection of malicious nodes. By the help of 

this technique each vehicle was able to choose that either data collected is right or not. This 

judgment depends upon reliability of current information and latest warnings with described 

as well as assessed location of node. This scheme does not withdraw authorizations of the 

faulty vehicles when faulty attitude is discovered. As an alternative, this scheme imposes 

penalties on misbehaving nodes to disfavor them for their self-centered attitude. Resultantly 

this scheme produced a positive effect on the system load. 

2.16 Chapter Summary 

 

The preceding review has covered essential techniques and works in the literature regarding 

standards of communication in VANETs, Communication domain, architecture and 

applications of VANETs.  Despite of the fact that huge amount of research is being carried 

out in this field of VANETs. Still VANETs are categorized as the practical implementation of 

MANETs which is capable of enhancing the road security and comfort to passenger of 

vehicles. Constituents of Vehicular adhoc networks infrastructure have been discussed in 

detail. Types of communication and VANETs impediments have been described. Then some 

of the standards for VANETs like WAVE, DSRC and their frequency ranges have been 

discussed. In next chapter of this research thesis vehicular node clustering has been discussed 

in detail.   

We have identified some limitations in recent works as PSO based techniques works fine for 

continues values parameters. Furthermore, in these techniques initialization is done randomly 

and thus learning about search space starts in the later iterations of the algorithm. While ACO 

based techniques starts learning very quickly, even from the very first move of the first ant in 

the search space (because, the movement is based on pheromone and heuristic values). ACO 

works fine for combinatorial optimization problem. Clustering is basically combinatorial 

optimization problem and thus ACO is more suitable for clustering as compared to PSO (as 

was used by competitors). 
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CHAPTER 3 

 

NODE CLUSTERING IN 

VEHICULAR AD HOC 

NETWORKS 
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3 NODE CLUSTERING IN VANETS 
 

The communication in vehicular ad hoc networks entrains a high level of overhead, collision, 

and contention. In order to ensure efficient communications and mitigate the channel collision, 

overhead, and contention; there should be wireless backbone architecture able to elect some 

nodes to assume the network responsibilities. One solution is to gather the nodes into clusters 

and elect for each cluster a specified node to serve as CHs. The function of the CHs is to 

achieve both intra-cluster coordination, and inter-cluster communication. The intra-cluster 

coordination involves the coordination among the nodes within each cluster. In the inter-

cluster communication, the cluster members charge the CHs to communicate with the other 

CHs on behalf on them. The clustering imposes several challenges that should be taken into 

consideration such as:  

 

 Which node has to be elected as CHs? 

 How the election procedure is done?  

 What are the requirements of the CHs?  

 How to increase and maintain the clusters lifetime?  

 

Based on these challenges, several clustering algorithms for VANET have been proposed 

trying to answer these questions. In the following, we present an overview on the main 

contributions in this context.  

 

APROVE [17] uses the Affinity Propagation algorithm to perform a clustering that minimizes 

the distance and the mobility between CHs and members. The affinity metric is composed of 

responsibility and availability factors. Responsibility signals how compatible is one node to 

become exemplar while availability signals the willingness of the node to become exemplar. 

Modified DMAC [16] was proposed on top of the original Basagni’s Distributed and 

Mobility-Adaptive clustering algorithm. Its basic idea is to increase the stability and avoid re-

clustering of the group of vehicles moving in different directions using a freshness parameter. 

In this algorithm, each node has to know its moving direction, current position, and velocity. 
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The authors in [70] propose a multi-hop clustering that uses the relative mobility between 

multi-hop away nodes. The beacon delay is used to calculate this metric. The CH is elected 

according to the smallest aggregate mobility value. This approach considers also the problem 

of re-clustering by postponing it for some time.  

 

In [70], the authors use complex metric composed of traffic conditions, connection graph, and 

link quality. Before assigning a node to a cluster, a check on the node’s reliability is done 

using the membership lifetime counter. This has the advantage of avoiding needless re-

clustering.  

3.1 Specific Characteristics of VANET 

 

Presented clustering algorithms are proposed for different purposes such as clusters stability 

and overhead minimization. However, these algorithms ignore the Quality of Service which 

is important for safety, emergency, and multimedia services in VANET [71]. The Quality of 

Service relies primarily on connectivity, reliability, and end-to-end delay. Some of VANET's 

special features may be cited as the following:  

 Rapid topology changes due to high relative mobility between vehicles.  

 Variable velocity of nodes which requires VANETs to have an infrastructure less 

dynamic topology with partial infrastructure support.  

 Fragmented inter-vehicle communications and frequently broken connectivity.  

 Dependency of topology changes to driver's behavior and reactions to received 

messages.  

 Different communication requirements due to the need to send safety messages which 

demands reliable, accurate and timely delivery of messages [72], [73].  

 Predictable mobility models of vehicles.  

 Constrained mobility freedom because of the obligation to drive on the roads.  

 Ability to retrieve location information via an external system such as GPS.  

 A lack of need for complex power management techniques due to availability of 

abundant power supply on vehicles. - Sufficient storage and processing capabilities.  

 Variable network density in various areas and during different times of the day. 
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3.1.1 High Dynamic Topology 

VANET have very high dynamic topology .The communication links between nodes, 

changes very rapidly. Communication between two nodes remains for very less time. For 

example if two vehicles moving away from each other with a speed of 25m/sec and if the 

transmission range is about 250m, then the link will only last for 5 seconds ( 250m/ 50ms-

1).  

3.1.2 Frequent Disconnected Network  

From the above characteristic we can see that connection between two or more vehicle 

remains for 5 second or so. To maintain the continuous connectivity vehicles needs 

another connection nearby immediately. But if failure occurs vehicles can connect with 

Road Side Unit (RSU). Frequent disconnected network mainly occurs where vehicle 

density is very low like rural area. 

3.1.3 Mobility Modelling and Prediction 

The above two features for connectivity needs the knowledge of positions of vehicles and 

their movements but this is very difficult to predict since vehicle can move randomly along 

the road. So mobility models node prediction which based on the study of predefined road 

roadway model and vehicle speeds are used. 

3.1.4 Communication Environment  

The mobility model highly varies in different environment form rural area to urban area, 

from highways to that of city environment. So mobility modelling and vehicle movement 

prediction and routing algorithm should adapt to these changes. For highways mobility 

models are very simple because vehicle movement is one dimensional. But in case of city 

environment lots of vehicle present different obstacle like building are present it makes 

communication application very complex in VANET. 

3.1.5 Hard Delay Constraints 

Safety aspect like accident, sudden break and emergency call depends upon the delivery 

time of data. Safety application in VANET are not delay tolerant, therefore hard delay 

constrain is more important than high data rate. 
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3.1.6 Interaction with On-board Sensors  

The on-bard sensors are present in the vehicles, these sensors are used to find vehicle 

location, vehicle speed and vehicle movement this information is then used for effective 

communication between vehicles. 

3.2 Clustering Techniques in VANETs 

 

A beneficial technique to organize ad hoc networks and group the nodes into smaller segments 

is called clustering. Clustering is helpful in large scale distributed networks for simpler 

management and information aggregation of each network segment [74].  

Classification of the nodes into clusters is performed according to special application 

requirements in order to provide a conveniently manageable network. In cluster-based routing 

protocols, nodes are compared to each other and the most similar nodes based on their 

movement patterns are selected to join the same cluster. The comparison criteria between 

nodes are defined based on protocol’s application requirements. Applying clustering 

techniques to VANET applications is beneficial and is being used widely [16], [17], [13], [1].  

 

Clustering has been mostly used for data dissemination and routing in VANETs [1]. 

Employing cluster-based techniques for target tracking in VANET is still a challenge and has 

not been used frequently. The main entities of a cluster are: cluster Node (CN), cluster head 

(CH), and gateway nodes (GW). CH is the leader node responsible for cluster management 

and communication with other clusters or infrastructures in the network. CH is also 

responsible for relaying information between nodes in the cluster or from CNs to other 

clusters. CMs are the nodes which join a cluster-based on their features and similarities. These 

nodes are responsible to send their information and application-based data to CH in specific 

time intervals. CMs of one cluster are not supposed to communicate with CMs or CHs of other 

clusters. GW nodes are the shared nodes between two clusters. These nodes can contribute to 

the communication between two clusters [74]. 

3.2.1 Clustering Advantages for VANETs 

In complex distributed and large scale networks, clustering is helpful for network 

management and data aggregation [70]. Due to VANET's special characteristics it 
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would be effective to introduce an aggregator node responsible for data aggregation in 

a specific part of the network. The aggregator node may be referred to as the leader 

node or CH. CH’s role is to build and maintain the cluster structure for communication 

of application specific data. The CH receives messages from member nodes in its area 

and aggregates these messages. The other nodes out of cluster area will only receive 

the aggregated message instead of receiving all of the messages from every node 

separately. This method is helpful in sending safety or hazard messages in VANETs. 

The vehicles around the hazard area will send messages to a leader member instead of 

broadcasting their messages in the entire network. The leader gathers and processes 

the information and communicates with other parts of the network. Clustering method 

helps in dividing the network into smaller segments which are easier to manage.  

 

Much research has been done on clustering techniques for VANETs [12], [16], [13], 

[13]. The major reasons to use clustering are: Increasing network scalability by 

creating network segments [75],  reducing the number of messages being transmitted 

within the network [73]], decreasing congestion in both V2V and V2I communications 

[60],  [76], providing optimal Quality of Service (QoS) and applicable routing of 

messages, coping with variable network connectivity, which is caused by link 

breakage and density variations [73], decreasing contention and hidden terminal 

problems [77] . Dealing with the dynamic topology of VANETs and adapting to rapid 

topology changes are other important benefits of clustering in VANET environment 

[78]. In the process of clustering, the entire network is divided into smaller segments 

which are less dynamic than the global network since relative mobility between nodes 

in a cluster is less than relative mobility in the entire network. The aim is to choose 

the best appropriate nodes with more similar mobility patterns to join the same cluster.  

 

In MAC protocols, clustering helps in reducing channel contention, providing fair 

channel access, and increasing network capacity by controlling the topology and 

organizing medium access [79] [78]. As well, Using cluster-based techniques to 

reduce the effect of handoff latency in VANETs and to minimize packet loss caused 

by handoff, is proposed in [80]. A Network Mobility (NEMO) based handoff scheme 
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is introduced in [80] which is based on dividing the network into clusters and using 

inter-cluster communications to receive the available access points before handoff. 

3.2.2 Cluster Stability and Efficiency Features 

Cluster stability is measured by various performance metrics that will be explained in 

this section. All of the clustering algorithms are attempting to improve these features 

in order to create more stable and robust clustering protocols that can function properly 

in VANET's highly dynamic environment and can adapt to frequent topology and 

density changes. The following are the main stability and efficiency features 

considered in most clustering algorithms. Improvement of these stability features 

would help to the design and implementation of an efficient and stable clustering 

algorithm.  

 

CHs lifetime: is the time interval a CHs is active and responsible for cluster 

maintenance and management. Most of the clustering algorithms try to increase the 

cluster lifetime and to decrease CH changes as much as possible in order to decrease 

changes in the cluster structure. 

 

Cluster member lifetime: is the interval between the times a vehicle joins the cluster 

as a member until it leaves the cluster. Increasing the cluster member’s lifetime 

contributes to a more stable and robust clustering algorithm. The reason lies in the 

reduced number of changes in the cluster structure due to the existence long-living 

cluster members.  

 

CH change number (CH change rate): is described as the number of CH changes 

during the simulation time [78, 81, 82]. The CH selection criteria should be designed 

in a way to decrease the number of CH changes as much as possible; and yet satisfy 

the application requirements. A robust and stable clustering algorithm results in fewer 

changes in the cluster structure. 

 

Average number of clusters: As mentioned in [70] network contention can be 

decreased when the number of formed clusters decreases. However, decreasing the 
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number of clusters results in increased cluster sizes which is not always advantageous. 

Therefore, a tradeoff should be made between the number of formed clusters and the 

cluster sizes. 

 

Cluster lifetime: The definition of cluster lifetime depends on the application and 

design of the algorithm. For instance, in most algorithms, cluster lifetime depends on 

CH lifetime and if the CH is lost, the cluster structure does not exist anymore. 

However, losing CH in VANET's extremely dynamic environment is highly probable. 

Therefore, consideration of substitution techniques to assign a new CH in such 

scenarios without re-clustering can make considerably improve to algorithm’s 

performance. A widely used technique is selection of a secondary CH or candidate CH 

to take the responsibility in case a CH is lost [82]. This method helps in improvement 

of CH lifetime metric and reduces delay caused by re-clustering. The concept of 

assigning priorities to nodes for our distributed clustering algorithm (DCTT) is 

presented in  [78]. This method contributes to CH lifetime increase and prevents re-

clustering in lost CH situations. 

 

Control overhead: overhead is caused by sending clustering control packets in the 

network. Control packets are necessary for cluster maintenance task and maintaining 

the cluster structure. In order to reduce delay and increase delivery ratio in the cluster, 

the overhead should be reduced. A few techniques may be used to reduce overhead, 

such as applying passive clustering techniques [82, 83], and prediction of member 

nodes behavior instead of sending their information frequently.  

 

Convergence time: is the amount of time needed to create clusters and select a CH 

for each cluster. In fact, convergence time period indicates the initialization phase 

length. Convergence time is an essential performance metric which should be 

decreased to guarantee a fast and efficient clustering algorithm [1, 82].  

 

Packet delivery ratio: is the ratio of total number of received packets to the total 

number of sent packets in a cluster. This value demonstrates successful packet delivery 
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in the network. Packet delivery ratio has been measured in many clustering algorithms 

as a performance metric [1]. Higher packet delivery ratio indicates better performance 

of the clustering algorithm. 

 

End-to-end delay: is the average time required to deliver a packet from a source to a 

destination. End-to-end delay depends on various factors in the network such as 

network density, cluster size, communication range, and so forth. Due to frequent 

changes in VANET topology and structure, there is a crucial need to decrease delay. 

Also, vital applications of VANET such as driving safety and hazard notifications 

require fast delivery of messages to destination. 

 

3.2.3 Clustering Stability and Efficiency Improvement in VANET 

Recently a considerable research is being conducted on increasing clustering 

efficiency and cluster stability in VANET. Due to the dynamic nature of VANET, 

designing efficient clustering protocols with high cluster stability is a challenging task 

which requires novel ideas and techniques. The most popular methods used in many 

VANET clustering algorithms are categorized as the following: 

 

 Appropriate CH selection metric 

The CH is a crucial entity in clustering protocols which should be a long-living node 

and should be chosen based on application requirements. Proposing an appropriate CH 

selection metric can help in assigning the most eligible node as CH and increasing CH 

lifetime which serves towards stabilization of cluster structure. An advantageous 

technique for CH selection is to employ prediction of node's behavior to select a node 

that is an appropriate CH for a longer time period [83] 

 

Appropriate cluster membership rules  

In most VANET clustering algorithms, cluster members are selected based on their 

relative mobility and movement direction [12, 17, 84]. Typically, in VANET 

clustering algorithms, the nodes moving on a different direction from the cluster are 

not added to it. The reason lies in the instability caused by short-time membership of 
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these nodes. However, in some applications and under special conditions adding 

different direction nodes might be helpful. Likewise, it would be helpful to decrease 

the number of CM changes and increase CM lifetime. The concept of candidate cluster 

members and cluster member level is proposed in DCTT algorithm [78]. A candidate 

CM or a lower level member is a node which does not completely comply with CM 

requirements; but is highly probable to become an eligible CM in a near future due to 

its special characteristics. Adding these nodes to the cluster will increase the stability 

by decreasing cluster membership changes.  

 

Reduction of CH changes  

Changing the CH requires making adjustments to cluster structure. Therefore, 

decreasing the number of CH changes would help in maintaining cluster structure and 

increasing cluster stability. In most clustering algorithms, CH is defined as the least 

relatively mobile node compared to all other cluster members. The CH should be 

evaluated at each defined time interval and re-selected if needed based on CH selection 

rules. Due to rapid changes in VANET topology, there is a high probability that the 

current CH would lose its eligibility quickly. Although another node might be more 

appropriate to be the CH, most algorithms do not change the CH so frequently in order 

to reduce the number of changes as much as possible. Adding a threshold to change 

the current CH is the solution that we have used in DCTT clustering protocol [78]. The 

threshold should be calculated carefully so as not to sacrifice the application 

requirements for clustering stability. The other approach to decrease the number of 

CH changes is to engage prediction mechanisms for CH selection. This technique 

selects a node which will be an eligible CH for a longer time interval compared to all 

other member nodes. 

 

Association of nodes to cluster instead of CH  

When cluster member nodes are associated to CH, they use the CH ID and as soon as 

the CH changes, the cluster structure needs to be changed as well [82]. In this case the 

number of cluster formation (re-clustering) will increase and the cluster lifetime 

decreases. However, a solution to such a problem is making the cluster structure 
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independent of CH. This method helps in increasing cluster lifetime and reducing 

overhead caused by running the initialization phase frequently. 

 

CH recovery techniques  

A CH is a vital entity in a cluster. In some algorithms if the CH is lost, the cluster 

structure is broken and the initialization phase is required to run again. To avoid 

switching between cluster maintenance and initialization phases, some algorithms 

select a candidate CH (CCH) to take the responsibility in case of losing the current CH 

[82]. Candidate CH selection adds a level of stability to the algorithm and prevents 

delay caused by re-clustering in case the CH is lost. The other helpful method in case 

of losing the CH is to assign priority to member nodes. The same procedure as in CCH 

selection will be applied to give priority to nodes at each time interval based on the 

defined application metrics. The nodes are supposed to advertise their priority and 

inform all the member nodes about it. CMs create a member list and save the priority 

values of the nodes. This method is helpful in the selection of the next CH between 

nodes without a need for an active CH. The problem with using this method is the high 

overhead caused by sending beacon messages to announce the priorities. This 

technique helps in creating robust and stable clusters which do not solely rely on CH 

to continue their activities.  

 

Overhead reduction technique  

Prediction-based approaches have been employed to decrease overhead caused by 

sending and receiving control messages for cluster maintenance in VANET 

algorithms. In this algorithm [75] the prediction function of CH predicts member 

nodes’ behavior. Therefore, members do not need to send their information 

periodically to the CH unless they find out the predicted information do not match 

their actual status. This approach helps reduce the control overhead. Furthermore, the 

idea of passive clustering is used for reducing the clustering overhead. Passive 

protocols send control messages inside data packets. This concept is proposed by Gerla 

et. al in [85] and is used in many MANET and VANET clustering protocols e.g. [74, 

81, 82, 84, 86]. 
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3.3 Swarm Based Clustering Techniques  

 

Swarm intelligence [28], [87] , [88], deals with the social behaviors of small and simple agents 

and has been deployed in variety of application areas. ACO is a family of meta-heuristics, 

initially proposed by M. Dorigo [31], based on the food foraging behavior of biological ants. 

Ants modify the environment by concentrating pheromone (a chemical substance) on the paths 

they traverse. The concentration of pheromone on a given path acts as a guide for later ants 

(thus can be considered as indirect communication between the ants). Ants that reaches in the 

vicinity are more likely to take the path with higher concentration of pheromones as compared 

to the paths with lower pheromone concentration [30]. As time passes, pheromone diffuses 

and becomes insignificant, if not enforced by the passage of more ants. This indirect form of 

communication between ants helps them to establish a shortest path between their nest and a 

food source. Ants taking the shorter of the available paths return sooner and thus concentration 

of pheromone on that path is reinforced more quickly than on competing longer paths. 

 

This food seeking behavior is mathematically modeled in the Ant Colony Optimization meta-

heuristic. Given a problem whose solution can be represented as a combination of 

components, an artificial ant is sent to construct a solution. Using the terminology of graphs, 

we assume vertices to be possible components of the solution and edges to be pairs of these 

components. An edge can also be visualized as a hypothetical connection or path between a 

pair of components. Each edge has an associated pheromone. An ant constructs a solution by 

selecting components, one by one. This selection is done probabilistically based on the 

pheromone concentrations on edges of competing components. A constructed solution is then 

evaluated by a measure of fitness. The concentration of pheromone over the parts of candidate 

solution is directly proportional to its quality. The higher (lower) the quality of a candidate 

solution the more (less) the pheromone is concentrated. Subsequent ants thus have a higher 

probability of selecting those components again which have contributed towards a better 

solution. The components with higher pheromone values are those that have capability of 

finding better solutions (possibly, optimal solution) and therefore have the high probability of 

being repeatedly, selected. A heuristic value of each component is also added in the 

probabilistic selection, if such a heuristic is available. Usually, after some iterations, sufficient 
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for a particular problem, the search process converges and the swarm finds a good quality 

solution, if not necessarily the optimal one. 

 

In order to address a problem based on ACO, we should be able to represent its solution as a 

combination of different individual components. Furthermore, we must have a criteria to 

quantify the quality of candidate solutions [30]. It is also desirable, although not necessary, to 

have a heuristic based selection method for selecting the components to be added into the 

partial candidate solutions. Since the early nineties, different ACO algorithms have been 

proposed which defer in the manner of probability calculation, pheromone update, etc. Three 

of the more well-known and successful algorithms are Ant System [89], MAXMIN Ant 

System [90]  and Ant Colony System [91]. They mainly differ in two ways: construction of 

new solutions and update of pheromone levels. 

Solution Construction:  In all of these three algorithms, an ant constructs a solution by 

probabilistically selecting its components one by one. When it has selected a component i 

and has so far constructed the partial solution, the probability of selecting the next 

component j is given by:  
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Equation 3.1   

         

where xj is 1 if the component j has not already been used in the partial solution constructed 

by the ant and 0 otherwise. The parameters α and β determine the relative importance of the 

pheromone τij as compared to heuristic value ηij. 

 Above equation is used in all the three algorithms. However, Ant Colony System is different 

from the other two algorithms in that it uses a random variable q that is uniformly distributed 

over the range [0, 1] and a parameter q0 for determining whether (Equation 3.1) will or will 

not be used for calculating the next transition of an ant. If q ≤ q0, then (Equation 3.1) is not 

used and the component with maximum value of ij ij

 
 is selected from the available 

components.  
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Pheromone Update: A user defined number of ants (called a colony) construct their solutions. 

When all the ants have constructed their solutions, these solutions are evaluated and 

pheromone is updated according to the quality of these solutions. 

In Ant System the pheromone is updated for each of the solutions. The pheromone τij is 

associated with the edge joining the components i and j and is updated as follows: 
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Equation 3.2 

here ρ represents the rate of evaporation, m is the swarm size. Pheromone value concentrated 

on edge (i, j) by tth ant is represented by ∆𝝉𝒊𝒋
𝒕  and it is a function of the quality of the solution 

constructed by the ant. 

In MAX-MIN Ant System, the pheromone values are updated for only the best solution’s trail. 

Furthermore, the value of pheromone is bound between a pre-specified range. Pheromone are 

updated as:  

 

 1   .
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ij ij ij




              

Equation 3.3 

 

where τmax and τmin are the user defined upper and lower bounds, respectively, for the 

pheromone values. The value inside the bracket is considered as τmax if it is greater than τmax 

and τmin if it is less than τmin. The best solution utilized for the update can be the best one found 

by the current colony of ants or it can be the best found from the start of the algorithm. This 

is a user decision. 

In Ant Colony System there is a local pheromone update after each transition of an ant, in 

addition to the usual pheromone update. The local update is:  

 

  01   .    .ij ij             

Equation 3.4 
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where φ ϵ (0, 1) is the pheromone decay coefficient, and τ0 is the value of the pheromone used 

for initialization at the beginning of the algorithm. This decreasing of pheromone values on 

the utilized components discourages subsequent ants of the current colony to traverse the same 

path. This makes it more likely that different ants will produce different solutions and thus 

encourages diversity of solutions produced. After a colony of ants has constructed its 

solutions, the pheromone is updated for the best ant. This best ant can be either the best among 

the current colony or the best-so-far. The update formula is:  

 

   1 .   .           ,   belongs to the best solution
 

                                                                    otherwise

ij ij

ij

ij

if i j   




 



   

Equation 3.5 

 

For all of these three algorithms, the process of solution construction, evaluation, and 

pheromone updates by a colony of ants constitutes one pass of the algorithm. The algorithm 

iterates several times. In each of these iterations, the experience of previous iterations is 

available to guide the ants in the form of pheromone values. The best solution found during 

these iterations is retained as the discovered solution.    

 

ACO is naturally suited to discrete optimization problems. Since its inception it has been 

applied to solve many problems [28], [29], such as, quadratic assignment, job scheduling, 

subset problems, network routing, vehicle routing, load dispatch in power systems [29], and 

bioinformatics [30]. It has also been applied for cluster optimization, which is the subject of 

the work, presented in thesis. 

3.4 Chapter Summary 

 

The majority of real-world problems are MOPs, as they encompass a variety of objectives that 

have to be optimized concurrently. Similarly node clustering in VANET is an example of a 

MOP [15]. The main limitation of many conventional mathematical programing approaches 

is that, these approaches produce a single solution for MOPs. For that reason, such approaches 
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may not be appropriate for the optimization of MOPs. It is further described in this chapter 

that evolutionary algorithm paradigms are preferable for MOPs, as they are population based, 

which enables them to produce multiple solutions in a single iteration [92]. 

 

We have identified some limitations in recent works due to which our proposed technique 

seems to be a better method. The key findings are summarized as below: 

 

1. PSO works fine for continues values parameters. ACO works fine for combinatorial 

optimization problem. Clustering is basically combinatorial optimization problem and 

thus ACO is more suitable for clustering as compared to PSO (as was used by 

competitors). 

 

2. ACO learning starts very quickly, even from the very first move of the first ant in the 

search space (because, the movement is based on pheromone and heuristic values). 

Whereas, PSO initialization is done randomly and thus learning about search space 

starts in the later iterations of the algorithm. 
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CHAPTER 4 

 

CACONET: ANT COLONY 

OPTIMIZATION (ACO) 

BASED CLUSTERING 

ALGORITHM FOR 

VANET 
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4 CACONET: Ant Colony Optimization (ACO) Based Clustering 

Algorithm for VANET 
 

Clustering is a technique for assembling a group of nodes (mobile gadgets, devices, 

automobiles, etc.) inside a geographical locality according to certain regulations. Such 

regulations vary from one algorithm to another and, therefore, are the decisive aspect in 

creating dependable clusters [93]. Clusters are virtual sets created using a clustering algorithm. 

Each cluster is composed of CN, which nominate or elect a single CH. The group of nodes 

within a CH’s transmission range is referred to as its neighborhood. In most cases, any CN 

can be elected as the CH; however, in several algorithms, some types of nodes possess more 

effective properties for becoming the CH. For instance, a CN with a supplemental 3G network 

connection is often more desirable than its non-3G peers [1, 81, 85]. Cluster size depends on 

the nodes’ transmission range, and as a result varies from cluster to cluster [1, 84, 86].  

 

 

Figure 4.1 VANET Infrastructure 
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Ad hoc networks are a vibrant research area, and VANET is a type of mobile ad hoc 

network (MANET) that transforms automobiles on the roads into network nodes. These nodes 

create a dispersed network of automobiles for information exchange [18]. The potential 

applications for VANETs include safety, comfort, and infotainment related applications [94]. 

One type of VANET communication is vehicle to vehicle communication (V2V), an ad hoc 

mode that operates in the 75 MHz Dedicated Short Range Communications spectrum [95, 96]. 

Along with one control channel, there are six service channels in this spectrum. The topology 

of VANET changes rapidly due to a very high-mobility node pattern. Even though a node’s 

mobility is predictable, VANET’s lifetime is difficult to extend. Scalability is an essential 

issue in VANETs and one solution is clustering; clustering is important for load balancing and 

efficient resource utilization, and it helps to optimize the network and to make it more scalable. 

Clustering entails segregating the network into small logical groups, which increase the 

lifetime of the network. MOBIC [81] is one of the most frequently referenced clustering 

algorithms, and it focuses solely on MANETs. Relative to MANETs and sensor ad hoc 

networks, VANETs are a more recently proposed network type and, as a result, they are an 

under explored area of research and extensive efforts are still needed to develop the field. 

Several research studies [25, 74, 97] explain the differences between these three types of 

networks (i.e., VANET, MANET, and sensor ad hoc networks) and their respective 

challenges. 

Clusters in which any pair of nodes can either communicate directly or with one hop are 

referred to as 1-hop clusters [84]. In this type of cluster, every CN can send messages directly 

to its CH, and two CNs can easily "talk" with one another, either directly or through their CH. 

Convenience is the primary motive for the use of 1-hop clusters. Other solutions utilize greater 

than one hop communication, and these are termed n-hop clusters. Cluster stability is a key 

feature of clustering algorithms, and a way of measuring their effectiveness. The cluster 

stability is important for the upper and lower communication layers, and can raise their 

performances significantly [98]. It simplifies routing, permits spatial reuse of resources, and 

helps the network to appear more stable to the CNs. The most frequently used parameters of 

cluster stability are i) the number of CH changes and ii) the number of CNs switching their 

CH. By diligently picking the CH along with the CNs that form a specific cluster, the cluster’s 

stability is improved considerably [93]. The CH is responsible for forming the cluster, 
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maintaining the network topology, and distributing resources to all nodes in the cluster. Due 

to dynamic nature of VANET, the topology changes very fast and, therefore, the CH’s 

configuration changes frequently. In this scenario, it is necessary to minimize the number of 

CHs. The optimal selection of CHs is an NP hard problem [23]. 

There are prerequisites associated with clustering in VANETs. The clustering algorithms 

need to be dispersed, since every node within the network possesses only local knowledge 

and, due to cluster-based routing, communicates out of the cluster via its CH. The algorithm 

must be robust as, if the network grows or shrinks, and/or there are any other changes in the 

network, it needs to adjust to these transformations. The clusters need to be quite effective, 

i.e., the determined CHs should handle as many nodes as possible. 

 

4.1 Clustering as an Optimization Problem 

 

Optimization challenges are highly significant to scientific engineering models and other 

decision-making applications. Optimization is the discovery of several solutions for a 

problem, which correspond to the extreme values connected with more than one objective. 

When an optimization problem has just one objective, the task of choosing the best possible 

solution is referred to as a single-objective problem. With the exception of multimodal 

functions, the focus in a single-objective problem is typically on obtaining just a single 

solution. MOPs are optimization problems that come with several objective functions. The 

majority of real-world problems are MOPs, as they encompass a variety of objectives that 

have to be optimized concurrently. Clustering in VANET is an example of a MOP [15]. Many 

conventional mathematical programing approaches produce a single solution for MOPs. For 

that reason, such approaches may not be appropriate for the optimization of MOPs. 

Evolutionary algorithm paradigms are preferable for MOPs, as they are population based, 

which enables them to produce multiple solutions in a single iteration [92], as follows: 

 

 

𝑓 = 𝑊1(𝑓1(𝑑)) + 𝑊2(𝑓2(𝑑)) +  𝑊3(𝑓3(𝑑)) + ⋯𝑊𝑛(𝑓𝑛(𝑑)) Equation 4.1 
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MOPs contain numerous desired goals which are minimized or perhaps maximized at the 

same time [99]. Such problems possess numerous specifications that a solution must satisfy. 

The search space is multidimensional in multi-objective optimization. Suppose there are n 

objective functions: f1(d), f2(d),..., fn(d). The final evaluation f of a solution is based on the 

weighted summation of these objective functions as given in Equation, where Wi represents 

the weight assigned to ith objective function in the range 0 to 1, and d represents the decision 

variables. As an example, decision variables for clustering in VANET are: 1) the distance of 

neighboring nodes from the CH (the less, the better); 2) the speed of the CH and the CNs (the 

more similar, the better); and 3) the direction of CH and CNs in a cluster (the more similar, 

the better). It is possible that more than one optimal solution is found for the same values of 

f. The variable d* is called the Pareto optimal solution (decision variables) when there is no 

possible vector of decision variable d ∈ D that will reduce some objective value(s) while not 

increasing any other objective value(s) at the same time (meaning the final f value remains 

the same). In most cases, this specific strategy produces a group of solutions, known as the 

Pareto optimal solutions. The curve joining these non-dominated solutions is called a Pareto 

optimal front [100]. All solutions on a Pareto optimal front are labeled Pareto optimal 

solutions. For instance, Fig 2 shows two objective functions that are contradictory with one 

another. As multi-objective clustering is the focus of the proposed technique, two objective 

functions (delta difference and distance of CH from CNs) of the VANET environment, with 

equal weights, are utilized in Equation (1) for this purpose.  

 

Figure 4.2 VANET Infrastructure Non-dominated solutions for two contradictory objective optimization 

problems 
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There are two search spaces in MOPs, one is the decision variable space and the other is 

the objective space. The range is specified within these spaces. Multiple Pareto optimal 

solutions are found only if contradictory objectives exist in f. If the objectives are not 

contradictory with one another, then there will be just one search space (the decision variable 

space). However, there are two search spaces in MOPs, and for this reason MOPs are 

considered challenging. 

4.2 Clustering Via PSO 

 

In PSO, each solution to the problem is called a particle. The particles combined are 

referred to as a swarm and the swarm is used to find a near optimal solution. Suppose 𝑋𝑖
⃗⃗  ⃗ is 

the position vector for a particle i, the dimensions of the 𝑋𝑖
⃗⃗  ⃗ vector are equal to the number of 

parameters/attributes in the problem. 𝑃𝑖
⃗⃗  is the position of its personal best solution, and 𝑉𝑖⃗⃗  is 

its velocity at this point. The local best solution is known to each particle. Particle positions 

and velocities are initially generated randomly and then updated iteratively. In each iteration 

of the algorithm, the new positions and velocities are calculated as follows: 

 

𝑉𝑖𝑑 = 𝑊𝑉𝑖𝑑 + (𝑝𝑖𝑑 − 𝑥𝑖𝑑)(𝑐1)(𝑟1) + (𝑝𝑔𝑑 − 𝑥𝑖𝑑)(𝑐2)(𝑟2) Equation 4.2 

𝑥𝑖𝑑 = 𝑉𝑖𝑑 + 𝑥𝑖𝑑 Equation 4.3 

  

Where W is the inertia weight; i = 1, 2, ... , N, for a population size N; r1 is the first random 

number generated by a uniform distribution in the interval [0, 1]; and r2 is the second random 

numbers generated by an uniform distribution in the interval [0, 1]. The variable d = 1, 2, ... , 

D, where D is the maximum number of iterations. The variables c1 and c2 are first and second 

positive constants respectively. For the ith particle, current velocity is computed using 

Equation (1). This is done while considering three terms:  

i) the particle’s best personal position,  

ii) the global best position, and  

iii) the particle’s previous velocity. 
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The new position of a particle is calculated using Equation (2). Inertia weight is 

introduced to control the impact of the previous velocities on the current velocity. If inertia 

weight is eliminated, it means there is no previous history of a particle’s velocity. To ignite 

the process, PSO is initialized with a collection of random solutions, or particles, after which 

PSO explores for the best possible solutions in each generation. In each iteration, each particle 

updates its personal best value achieved and the global best position obtained by any particle 

in the population up until that time. 

A VANET is made more stable with an optimal number of clusters because the network 

resources are efficiently utilized. In this scenario, for instance, the job of routing network 

packets within the cluster or to the nodes of other clusters can be done by the CHs alone rather 

than by each node in the cluster. The evolutionary capability of ACO enables our proposed 

algorithm to optimize the number of clusters in the network. 

4.3 CACONET: An ACO Based Clustering Algorithm for VANET 

 

In ACO based techniques, one solution is called an ant and the group of ants form a 

swarm, which looks for the best solution. These techniques work very efficiently and are 

suitable for continuous and discrete variable problems. Although their implementation is 

comparatively difficult, these techniques are computationally inexpensive, especially when 

compared to the situation in which an exhaustive search to identify the best solution is 

performed. These features mean that ACO based techniques are very effective for clustering 

in ad hoc networks, especially in VANETs. CACONET is the first attempt to achieve efficient 

clustering in VANETs using ACO. The algorithm initially finds the CH, and then 

neighborhood for this CH.  

The ACO meta-heuristic usually models the real-world environment of ants in the form 

of a graph. The vertices of the graph represent the components of a candidate solution. Ants 

traverse the edges to create trails. While traversing different paths, ants mark the route taken 

with a chemical substance called a pheromone. The artificial pheromone values are associated 

with the edges and updated based on the quality of the trail. The higher the quality of a trail, 

the higher the concentration of the pheromone, and this makes the trail more attractive to the 

ants. An artificial ant constructs a candidate solution to the problem by adding solution 

components one by one. Before the construction of a complete candidate solution, a problem 
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dependent heuristic is usually used in collaboration with the pheromone values to guide the 

ants’ movements. Subsequently, as time passes, ants construct their solutions one by one and 

guide each other to find better and better solutions. The components with higher pheromone 

concentrations are thus identified as contributing to a good solution and repeatedly appear in 

the solutions. Usually, after sufficient iterations, the ants converge towards a very good, if not 

the optimal, solution. 

The application of ACO to a problem requires the following [28]: 

 The ability to represent a complete solution as a combination of different 

components. 

 A method to determine the fitness or quality of the solution. 

 A heuristic measure for the solution’s components (this is desirable but not 

essential). 

The pseudo code for CACONET is presented in Table 4.1 and the major stages of the 

proposed algorithm are discussed below. 

Table 4.1 Proposed CACONET algorithm 

Pseudo code for proposed CACONET algorithm  

1: Initialize all vehicles’ positions randomly on the highway 

2: Randomly initialize each vehicle’s direction 

3: Initialize the speed/velocity of each vehicle 

4: Create a mesh topology among nodes/vertices, where each vertex represents a vehicle ID 

5: Initialize the same pheromone values for each edge in the above mesh topology 

6: Calculate the distance of each vehicle from the others, normalize and associate 

these distance values with the corresponding edges in the above mesh topology 

7: WHILE (Iteration == Total Iterations OR Stall Iteration == 20) (no improvement in last 20 

Iterations) 

8: { 

9: FOR (Anti = 1 to Swarm size) 

10: Anti.tour == empty, and cost == infinity 

11: Vertices or Nodes – Available for clustering = {All Nodes} 

a. WHILE (Nodes Available for clustering! = empty) 

b. { 

i. Calculate probability of selection of each node in (Nodes Available for 

clustering) 

ii. CH = Roulete Wheel selection [probability of all the available for clustering] 

iii. Ant.tour.append (CH) 

iv. Neighbors of CH = find Neighbors (CH) 

v. (Nodes Available for clustering) = (Nodes Available for clustering) – CH 

vi. (Nodes Available for clustering) = (Nodes Available for clustering) - 

Neighbors of CH 

c. } END WHILE 

d. Anti.cost = evaluation (Anti.tour) 

12: IF (Anti.cost < Best Ant.cost) 
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Best Ant = Anti 

a. Anti ++ 

b. END FOR 

13: FOR Anti = 1 to Swarm size 

i. Update Pheromone (Anti.tour, Anti.cost) 

a. Evaporate 

b. END FOR 

c. IF (BestAnt.cost == Last iteration Best.Ant.cost) 

ii. Stall Iteration ++ 

d. ELSE 

iii. Stall Iteration = 0 

e. END IF 

f. Iteration ++; 

14: END WHILE 

15: CHs = Best Ant.tour; 

4.3.1 Search Space Construction 

 

The ACO algorithm based solution to a particular problem starts with the design of a 

problem search space in which the ants conduct the search to find the candidate solutions. The 

search space for CACONET is a mesh topology based graph as described in Table 4.1. The 

labels of the vertices in the graph represent the IDs of vehicles/nodes in the VANET. For 

example, to perform clustering of a VANET environment with 30 vehicles, the search space 

will consist of 30 vertices each connected via mesh topology. The edges between the vertices 

are associated with two values: 1) pheromone value, and 2) heuristic value. In the subsequent 

subsections, more detail is provided about these two values. 

4.3.2 Pheromone Initialization 

 

The edges in the search graph are initialized with low pheromone values. The initial 

pheromone 𝜏𝑖𝑗  over the edge between two vertices i and j is laid down based on the following 

Equation: 

𝜏𝑖𝑗 (𝑖𝑡𝑒𝑟 = 1) =
1

|𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑠|
 Equation 4.4 

Where |Vehicles| represents total number of the vehicles in the network. 

4.3.3 Solution Construction 
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In each iteration of the FOR loop (line #9) of the algorithm in Table 4.1, each ant 

constructs its solution. An ant starts its tour by randomly selecting a vertex in the search space. 

Later, the ant selects and incorporates more vertices into its tour, taking into consideration 

pheromone and heuristic values over the edges subject to some constraints. The vertices in an 

ant tour are the CHs for clustering. So, each ant tour is a collection of CHs for the given 

VANET environment. The constraints for the selection of a vertex to be incorporated into the 

tour are given as: 

a) A vertex can only be added to the tour if it is not already present in tour. This constraint 

makes it sure that a vehicle cannot be selected as CH more than once in a tour/solution. 

The tour consists of uniquely labeled vertices that represent the CH vehicles in the 

VANET. 

b) A vertex cannot be added into the tour if it is in the transmission range of a vertex 

already present in the tour. Once a CH is selected, all the vehicles in the transmission 

range of the CH become a member of the cluster. This constraint ensures that a cluster 

is controlled by only one CH. 

In the proposed algorithm, the probability of a vertex (from the search space) being added into 

the tour of the current ant is calculated using Equation 4.5: 

𝑃𝑖,𝑗 =
𝑃ℎ𝑒𝑟𝑜𝑚𝑜𝑛𝑒𝑖,𝑗  × 𝐻𝑒𝑢𝑟𝑖𝑠𝑡𝑖𝑐𝑖,𝑗

∑ 𝑃ℎ𝑒𝑟𝑜𝑚𝑜𝑛𝑒𝑖,𝑘 × 𝐻𝑒𝑢𝑟𝑖𝑠𝑡𝑖𝑐𝑖,𝑘𝑘∈𝑆
  Equation 4.5 

 

Where 𝑖 is the label of the vertex last added into the tour of the current ant, 𝑗 is the label of 

next candidate vertex which can be selected by the ant, and 𝑃𝑖,𝑗 is the selection probability of 

the edge between vertices i and j. 𝑆 is the set of all vertices available for selection subject to 

the two constraints detailed above. 𝑃ℎ𝑒𝑟𝑜𝑚𝑜𝑛𝑒𝑖,𝑗 and 𝐻𝑒𝑢𝑟𝑖𝑠𝑡𝑖𝑐𝑖,𝑗 are pheromone and 

heuristic values associated with edge between vertices i and j, respectively. The selection 

probability of an edge is divided by the sum of the selection probabilities of all the edges 

available for traversal. The higher the pheromone and heuristic values of an edge, the better 

its chances of selection are. In order to make sure that the algorithm doesn’t become stuck in 

local optima, the selection of an edge is performed by roulette wheel selection [101]. In other 

words, the edge with lowest selection probability still has a chance of selection and the 

selection of edge is not based on greed. Once an edge is selected, the current ant moves over 
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the edge and reaches a new vertex in the search space. So, the selection of an edge is actually 

the selection of next vertex to be added to the tour of the current ant. 

The tour of an ant is completed when the above mentioned constraints mean that there are 

no more vertices available to be added to the tour. It is important to note that the tour lengths 

are variable. A tour with a lower number of CHs or clusters is usually preferable as this lowers 

the communication overhead. 

4.3.4 Evaluation of Solution and Heuristic Value Calculation 

 

The tour/solution of an ant is then evaluated to determine its worth. Due to the multi-

objective nature of VANET clustering, the following modified version of Equation  is used to 

evaluate the tour of ant t: 

Where W1 = W2 = 0.5 represents the equivalent weights assigned to two objective functions 

f1 and f2, respectively. For CACONET, f1 is the delta difference value of the clusters in t, and 

f2 is the summation of the distance values of all CHs from their cluster members. The delta 

difference value d of the clusters in a tour can be calculated by employing Equation 4.7: 

Where D is a constant value and represents the ideal degree of clusters. The value of D is 

assigned by the user. For example, if the user needs dense clusters, D may be assigned a high 

value and vice versa. |𝑡| is the length of the tour or, in other words, the total number of clusters 

formed. |𝐶𝑁𝑖| is the total number of vehicles in cluster i, excluding CH. The ABS function 

returns the absolute value of the given value. The lowest value of d represents the formation 

of clusters almost equivalent to the user-specified ideal degree. If value of d is zero, the 

clustering is optimal in terms of the user’s ideal degree requirements. 

The value for objective function f2 can be calculated based on the Euclidean distance (ED) 

between the cluster members and the CHs for all the clusters. Distance between the CH and 

all of its member nodes can be calculated using Equation 4.8: 

𝑓𝑡 = 𝑊1(𝑓1) + 𝑊2(𝑓2) Equation 4.6 

 

𝑑 = ∑𝐴𝐵𝑆(𝐷 − |𝐶𝑁𝑖|)

|𝑡|

𝑖=1

 
Equation 4.7 
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Here CHi represents the coordinate position of the ith CH.  CN𝑗,𝑖 is the coordinate position of 

the jth CN which is the member of cluster i. Similarly, the f2 objective value is calculated using 

Equation 4.9: 

Again, |𝑡| is the tour length or, in other words, the total number of clusters. Similar to f1, the 

lowest possible value for f2 is preferable. The shorter the distance between CH and its cluster 

members, the less the energy will be required to transfer the data. 

Having discussed solution/tour construction, a discussion of the heuristic value 

calculation over an edge follows here. Suppose the ant is over vertex i and has to calculate the 

heuristic value over the edge between vertex i and j; Equation 4.5 can be used for this purpose. 

Equation 4.6 is used for evaluating the completed tour; however, the same Equation is also 

used for the heuristic calculations for an incomplete tour (i.e., there are still vertices available 

that can be added into tour). For incomplete tours, every single available vertex is added in 

the tour, one at a time, and its worth is calculated using Equation 4.6. In this way, the available 

vertices are assigned heuristic values in accordance with their worth as determined by 

Equation 4.6. 

4.3.5 Update Pheromone in Search Space 

 

Pheromone values on the edges are an important learning dynamic for the CACONET. 

To make efficient use of pheromone values, the quality of ant tours is employed. The 

pheromone values on the edges constituting the trail are updated in proportion to the quality 

of the trail and so define the learning directions for the subsequent transitions of the entire 

swarm. Equation 4.10 is used to update the pheromone values over the edges between the 

vertices in the trails constructed by ants. 

𝑑𝑖𝑠𝑡𝐶𝐻_𝑖 = ∑ ED(CHi, 𝐶𝑁𝑗,𝑖)

|𝐶𝑁𝑖|

𝑗=1

 
Equation 4.8 

 

𝑓2 = ∑𝑑𝑖𝑠𝑡𝐶𝐻_𝑖

|𝑡|

𝑖=1

 
Equation 4.9 
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Where τik(t) is the pheromone value encountered in iteration t of the outer most WHILE loop 

(line #7, Table 4.1) between vertexi and vertexk. The pheromone evaporation rate is 

represented by ρ and 𝑓𝑛 is the worth of the tour of the nth ant. 

Equation 4.10 updates pheromones by first evaporating a percentage of the previously 

seen pheromone and then adding a percentage of the pheromone depending on the 

quality/worth of the trail constructed by the nth ant. This pheromone update is carried out for 

all tours constructed by all the ants. If the tour corresponds well to the clustering requirement 

(based on Equation Equation 4.6), a greater quantity of pheromone is added than is evaporated 

and the vertices found in the tour become more attractive to the ants in subsequent iterations. 

Evaporation improves exploration; in the presence of a static heuristic function the ants tend 

to converge quickly on the terms selected by the entire swarm during the first few iterations 

of the first inner repeat loop [102]. 

4.3.6 Stopping Criterions 

 

In this section, different criterions to stop the execution of the CACONET algorithm are 

discussed. The first criterion to stop the execution of CACONET is the completion of the total 

number of iterations specified by user (line #7, Table 4.1 ). The second criterion occurs when 

the stall iteration count reaches 20 (initially started at 0). An iteration is considered to stall if 

there is no improvement in the quality of best trail found in outermost WHILE loop as 

compared to the quality of best trail found in previous iteration of outermost WHILE loop. 

Finally, after stopping the execution of CACONET, the best tour found so far is used for the 

clustering of the VANET. 

4.4 Computational Complexity of CACONET 

 

It’s a well-known fact that the implementation of ACO based methods is always more 

complex as compared to PSO (due to the reason that PSO uses simple vectors arithmetic). 

𝜏𝑖𝑘 (𝑡 + 1) = (1 − 𝜌)𝜏𝑖𝑘 (𝑡) + (1 −
1

1+𝑓𝑛
𝜏𝑖𝑘 (𝑡)) Equation 4.10 
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Proposed method is complex in terms of implementation as compared to CLPSO and MOPSO. 

However, ACO is much more suitable to the subject problem due to its relevance to 

combinatorial optimization. Eventually, what we need is a method that best partition the 

VANET and CLPSO and MOPSO are less productive in this dimension as compared to 

proposed method. 

 

Following symbols are used in calculations:  

 

n= total number of vehicles/nodes 

r=total number of iterations executed 

z=number of ants 

k = Average number of CHs in a solution constructed by ant 

 

The computational complexity of CACONET can be calculated for individual steps and then 

these can be aggregated to represents the overall complexity 

4.4.1 Solution Construction by a Single Ant 

 

To decide about a CH to be added into a solution, in worst case, O(n) time is required for 

CACONET. It may please be noted that for this decision, probability calculation is performed 

over pre-computed values of heuristic and pheromone. For a solution, the above decision is 

done ‘k’ times. So, the solution construction takes O(k.n). 

4.4.2 Solution Quality / Fitness 

 

For a solution with ‘k’ CHs, it takes O(k.n) time to calculate the fitness of the solution. 

4.4.3 Pheromone Update 

 

CACONET takes O(k) time to increase the amount of pheromone on the links between the ‘k’ 

CHs related to the solution. It takes O(n) time to decrease the amount of pheromone on unused 
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CHs. Since k <= n with tendency to less, this adds upto O(n) for CACONET. CACONET 

requires O(n)2 operations to increase the pheromone and perform evaporation. 

4.4.4 Complexity of While Loop (i.e. batch of ants) 

 

CACONET takes O(k.n) + O(k.n) + O(n)  for single ant which collapses to: O(k.n) and for ‘z’ 

ants, it becomes O(z .(k.n)) 

4.4.5 For ‘r’ Solution Creations in While Loop 

 

So the overall complexity of CACONET is O(r.( z .(k.n)) + (n2)), where n2 represents 

pheromone evaporate operation. 

4.5 Chapter Summary 

The majority of real-world problems are MOPs, as they encompass a variety of objectives that 

have to be optimized concurrently. Similarly node clustering in VANET is an example of a 

MOP [15]. In this chapter limitation of many conventional mathematical programing 

approaches are explained. These approaches produce a single solution for MOPs. For that 

reason, such approaches may not be appropriate for the optimization of MOPs. It is further 

described in this chapter that evolutionary algorithm paradigms are preferable for MOPs, as 

they are population based, which enables them to produce multiple solutions in a single 

iteration [92]. Moreover, a novel Clustering algorithm is proposed based on Ant Colony 

Optimization (ACO) for VANET named CACONET. CACONET forms optimized clusters 

to offer robust communication for VANETs. The CACONET is compared empirically with 

state of the art methods including MOPSO and CLPSO based clustering techniques. 

Furthermore, the computational complexity of proposed algorithm CACONET is described. 

It can be calculated for individual steps and then these can be aggregated to represents the 

overall complexity. 

 

In next chapter an extensive set of experimental results is provided by varying the grid size 

of network, the transmission range of nodes, and total number of nodes in network to 

evaluate the effectiveness of the algorithms in comparison.  
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CHAPTER 5 

 

EXPERIMENTS AND 

RESULTS 
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5 Experiments and Results 

 

Experimental setup is described in this chapter along with a comparison of the results for 

our performed experiments. Results from our proposed CACONET algorithm were compared 

with those from two other popular clustering algorithms, i.e., MOPSO [25] and CLPSO [26] 

based clustering. The experimental results demonstrate that the proposed technique addresses 

the entire network with a minimum number of clusters, which can reduce the routing cost of 

the network. This allows a decrease in the number of hops and packet delays in the cluster-

based routing. Typically there will be more clusters when the transmission ranges of the nodes 

are small. The final results indicate that the proposed clustering technique is effective and 

adaptable in comparison to other techniques and functions more effectively than the other 

algorithms in a VANET environment. The algorithm optimizes the parameters associated with 

the vehicular nodes in order to seek the optimal solution. The parameters used in simulations 

are presented in Table 5.1 and Table 5.2.  

Table 5.1 Simulation parameters for MOPSO and CLPSO 

Parameters Values 

Population size (particles) 100 

Maximum iterations 150 

Inertia weight W 0.694 

c11 2 

c21 2 

Vehicle velocity range 22 m/s - 30 m/s 

Simulation area 1 × 1 km2, 2 × 2 km2, 3 × 3 km2, 4 × 4 km2 

Maximum acceleration m/s2 1.5 

Minimum distance b/w Vehicles 2 m 

Maximum distance b/w Vehicles 5 m 

Lane width  50 m 

Total lanes  8 

Transmission range  100 m – 600 m 

Mobility model  Freeway mobility model 

Simulation runs  10 

W1 (weight of first objective function) 0.5 

W2 (weight of second objective function) 0.5 
1Learning Factor 
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 Table 5.2 Simulation parameters for CACONET 

Parameters Values 

Population size (ants) 100 

Maximum iterations 150 

Evaporation rate 0.05 

c1* 2 

c2* 2 

Vehicle velocity range 22 m/s - 30 m/s 

Simulation area 1 × 1 km2, 2 × 2 km2, 3 × 3 km2, 4 × 4 km2 

Maximum acceleration m/s2 1.5 

Minimum distance B/W Vehicles 2 m 

Maximum distance B/W Vehicles 5 m 

Lane width  50 m 

Total lanes  8 

Transmission range  100 m – 600 m 

Mobility model  Freeway mobility model 

Simulation runs  10 

W1 (weight of first objective function) 0.5 

W2 (weight of second objective function) 0.5 

5.1 Experimental Setup 

 

MATLAB version 8.5.0 is used for implementation purposes. The experiments 

are conducted on a machine with 8 GB of RAM and a 2.5 GHz core i5 processor. 

The experiments are performed by varying the number of nodes from 10 to 60. Four 

sizes of road segment were used for performing these experiments: 1 km × 1 km grid, 

2 km × 2 km grid, 3 km × 3 km grid, and 4 km × 4 km grid. The movement of all 

nodes is bi-directional along the X-axis, with velocity varying uniformly between 80 

km/h (22 m/s) and 120 km/h (30 m/s). For each node the transmission range is also 

varied from 100 m to 600 m. For load balancing in the ad hoc network the degree 

difference value is set to 10. In this research, along with CACONET, two well-known 

evolutionary algorithms are implemented for clustering in VANET, namely CLPSO 

and MOPSO. All the values of different parameters are kept same for the three 
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algorithms. Ten simulations are performed for each algorithm and their average is 

presented in results/graphs. 

5.2 Transmission Range vs Number of Clusters 

 

The transmission range of each node is varied from 100 m to 600 m and the 

number of nodes vary as 30, 40, 50, and 60. As a result four diverse solutions were 

produced. Results were generated by varying the size of road segment to 1 km × 1 

km, 2 km × 2 km, 3 km × 3 km, and 4 km × 4 km. The proposed algorithm finds the 

optimized solutions against each transmission range, which is exhibited in Figure 5.1. 

These solutions cover the entire network, in contrast with CLPSO and MOPSO. The 

average number of clusters is used as a performance metric, shown in Figure 5.1. For 

the 1 km × 1 km grid size our proposed algorithm produces less clusters for each 

transmission range to cover the whole network, as compare with the CLPSO and 

MOPSO algorithms. The number of clusters produced by CACONET is less than the 

number produced by CLPSO and MOPSO in most cases. Although MOPSO does 

produce multiple solutions, the number of clusters generated by CACONET is better 

optimized than MOPSO. 
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After these initial experiments, the size of road segment is changed to a 2 km × 2 km grid. 

The results of this setup are displayed in Figure 5.2. The results show that there are more 

clusters when the transmission range is low. This is because nodes are inaccessible to each 

other, and so there are fewer nodes in each cluster. As the transmission range rises, the number 

of nodes in a cluster increases, and number of clusters in each solution decreases. CACONET 

outperforms CLPSO in all experiments in providing improved solutions. In Fig. 5.2 (d), at 

transmission ranges 200 and 450, the results of MOPSO and CLPSO are almost same, but 

CACONET produces less clusters.  

 

Figure 5.1 Transmission range vs number of clusters in MOPSO and CLPSO in the 1 km × 1 

km grid size with nodes ranging from 30 to 60. 



 

P a g e |85 

 

 

At this point we changed the grid size to 3 km × 3 km as shown in Figure 5.3. The total 

number of clusters in Figure 5.3 (a) is almost equal to the total number of nodes. This is 

because the network area is very large and the node transmission range is comparatively small. 

So there is direct relation between node transmission range and road segment size. It is also 

evident that, in the case of MOPSO, the number of solutions increases as the transmission 

range increases. 

 

Figure 5.2  Transmission range vs number of clusters in MOPSO and CLPSO in the 2 km × 2 km 

grid size with nodes ranging from 30 to 60. 
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Now the grid size is changed to 4 km × 4 km. In Figure 5.4 (d) MOPSO shows the same 

number of clusters as the number of nodes due to the small transmission range, and this 

decreases gradually downward to 29 as the transmission range is increased. In CLPSO the 

trend is same. For CACONET the graph shows 49 clusters initially which lowers to 15 when 

the transmission range is increased.  

  

Figure 5.3  Transmission range vs number of clusters in MOPSO and CLPSO in 3 km × 3 

km grid size with nodes ranging from 30 to 60. 
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5.3 Number of Clusters vs Network Nodes 

The number of nodes in a network is varied from 30 to 60 and the transmission range was 

set to 100, 200, 300 and 400 to conduct the experiments for finding the number of clusters 

against the number of nodes. Results were produced by varying the grid size from 1 km × 1 

km to 4 km × 4 km, as shown in Figure 5.5. 

The results in Figure 5.5 are produced by fixing the grid size to 1 km × 1 km and using 

the following transmission ranges 100, 200, 300, and 400. Based on the performance of the 

three algorithms (MOPSO, CLPSO and CACONET), by keeping the transmission range 

  

Figure 5.4  Transmission range vs number of clusters in MOPSO, and CLPSO in 4 km × 4 km 

grid size with nodes ranging from 30 to 60. 
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constant and increasing the number of nodes, it is evident that the transmission range increases 

as the number of clusters decreases. 

Figure 5.5 (c) shows that for CACONET the number of clusters remain same for all 

network nodes. The proposed algorithm works better than the other algorithms in terms of 

the average number of clusters. This shows the robustness and flexibility of the algorithms 

in terms of the parameter setting. Figure 5.5 (d) shows that CACONET produces four clusters 

initially, but with 60 nodes there are three clusters. By analyzing these results it is observed 

that CACONET performs better in dense traffic areas. 

 

  

Figure 5.5  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in 1 

km × 1 km grid size with transmission range varying from 100m to 400m. 
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Then the grid size is increased to 2 km × 2 km as shown in Figure 5.6. By evaluating the 

overall results of MOPSO, CLPSO and CACONET, it is determined that CACONET gives 

better solutions. Figure 5.7 shows the results for a grid size of 3 km × 3 km, and the 

transmission ranges 100, 200, 300, and 400. If we compare Figure 5.5 and 8, we observe that 

as the grid size increases, the number of clusters also increases, which shows the direct 

relation of the network size with the number of clusters. 

Figure 5.7 shows the results in the case of the 4 km × 4 km grid size with transmission 

ranges of 100, 200, 300 and 400. The grid size is directly proportional to the distance between 

  

Figure 5.6  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in the 2 km × 

2 km grid size with transmission range varying from 100m to 400m. 
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nodes. As the grid size increases, the distance between the nodes also increases, which leads 

to the isolation of the nodes from each other. If all nodes are isolated from each other, then 

all the algorithms must produce the maximum number of clusters. By observing Figure 5.7 

(a), (b) and (c), it is evident that MOPSO and CLPSO produce almost same number of 

clusters, whereas CACONET generates much better results. In Figure 5.7 (d), when there are 

60 nodes in the network, CACONET produces ((38 - 26) / 38) × 100 = 31% less clusters than 

the other two algorithms. 

 

Figure 5.7  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in 3 km × 3 km 

grid size with transmission range varying from 100m to 400m. 
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Figure 5.8  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in 4 km × 4 km grid 

size with transmission range varying from 100m to 400m. 
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Figure 5.9  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in 3 km × 3 km 

grid size with transmission range varying from 100m to 400m. 
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Figure 5.10  Network nodes vs number of clusters in CACONET, MOPSO and CLPSO in 4 km × 4 

km grid size with transmission range varying from 100m to 400m. 
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Figure 5.11   Transmission range vs. number of clusters vs number of nodes in MOPSO, CLPSO and 

CACONET by fixing nodes from 30 to 60. And varying grid size to 1km, 2km, 3km and 4km 

 

The results shown in above all figures in this chapter are combined in Figure 5.11, to analyze 

them all togther. Thse results were generated by varying the size of road segment (grid size) 

to 1km x 1km, 2km x 2km, 3km x 3km and 4km x 4km. The proposed algorithm finds the 

optimized solutions against each transmission range which is exhibited in Figure 5.11, these 

solutions covers the entire network in comparison with CLPSO and MOPSO. Average number 

of clusters was used as performance metric, shown in Figure 5.11. In the same scenario i.e. 

1km x 1km, our proposed algorithm produces for each transmission range to cover the whole 

network as compare to the other algorithms CLPSO and MOPSO. The number of clusters 

produced by CACONET are less than CLPSO and MOPSO in most cases, moreover we varied 

the number of nodes from 10 to 60 to conduct these experiments. Although MOPSO produce 
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multiple solutions, which makes the user more powerful by empowering him to choose among 

the solutions according to the current scenario of network, but the number of clusters 

generated by CACONET are more optimized than MOPSO. 

 

After these initial experiments we changed the size of road segment to 2km x 2km, results of 

this setup are displayed in Figure 5.11 (b). We can observe in results that with less 

transmission range there are more number of clusters because due to small transmission range 

nodes are inaccessible from each other, so there are less number of nodes in each cluster. 

Whereas if the transmission range of nodes rises the number of cluster in each solution 

decreases, moreover in case of CACONET there are more optimized solution as compared to 

CLPSO and MOPSO. ACONET also out performs CLPSO in all experiments with improved 

solutions.  

 

At this point we change the grid size to 3km x 3km as shown in Figure 5.11 (c) Now we 

change the grid size to 4km x 4km. In Figure 5.11 (d) MOPSO show the same clusters as 

number of nodes due to small range of transmission and its decreases gradually downward up 

to 29 as we increase the transmission range. In CLPSO we also have almost same trend as 

with MOPSO. In CACONET graph shows 49 clusters initially which lead downwards up to 

15 at the end when we increase the transmission range, it is because the network area is very 

large and the transmission range of nodes is comparatively small. So we can say that there is 

direct relation between node transmission range and road segment size. It can also depicted 

that the number of solutions increase as the transmission range increases in case of MOPSO. 

5.4 Number of Clusters vs Grid Size 

In Figure 5.12 the relationship between different grid sizes and the number of clusters is 

displayed. The number of nodes are fixed at 40 and the transmission range is varied from 

300 m to 600 m. Figure 5.12 shows that the grid size is inversely proportional to the number 

of clusters because in a large grid size the nodes are more scattered, and therefore a greater 

number of clusters are required to cover the entire network and vice versa. Manifestly 

CACONET provides fewer clusters compared to other algorithms, which leads to efficient 

clustering. Moreover it is determined that CACONET performs  
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Figure 5.12  Number of clusters vs grid size in case of CLPSO, MOPSO and CACONET when node = 

40 and transmission range varies from 30 to 60. 
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Figure 5.13  Number of clusters vs. Grid size vs. Transmission range in case of CLPSO, MOPSO and 

CACONET when node = 40 and transmission range varying from 300 to 600. 

 

In Figure 5.13 we demonstrate the relationship between different grid sizes, number of 

clusters and transmission ranges. We kept number of nodes fixed to 40 and vary the 

transmission rage from 300 meter to 600 meter. Figure 5.13 exhibit that the grid size is 

inversely proportional to the number of clusters, this is evident that in large grid size the 

nodes will more scattered which will cause more number of clusters required to cover the 

entire network and vice versa. By comparing these results we conclude this section, 

CACONET provides less number of clusters as compare to other algorithms which leads to 

efficient clustering, moreover we can determine that CACONET performs better in case of 

dense environment. 

5.5 Load Balance Factor 

To quantify the load on each CH, load balance factor is used as an evaluation criterion to compare the 

methods. In an ideal case, every CH must handle equal number of CNs, but it is very difficult to 
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maintain a perfectly load-balanced system at all times. The main reason is the frequent detachment 

and attachment of neighbors from the CHs. The cardinality of the cluster size represents the load of a 

CH. In [24, 25, 71-74] the load balance factor is defined as,  

 

Where nc is the number of CHs, xi is the cardinality of cluster i, and _ 𝜇 = N − nc/nc is the average 

number of neighbors of a CH (being the total number of nodes in the system). 

 

 
 

Figure 5.14  Load Balance Factor in case of CLPSO, MOPSO and ACONET when grid size is 1 

km×1km and transmission range varying from 100m to 600m and number of nodes are 30–40. 
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(11) 
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Figure 5.14 shows the load balance factor in case of CLPSO, MOPSO and CACONET. The 

LBF is calculated by varying the transmission range from 100m to 600m while the grid size 

is 1000m×1000m and number of nodes are 30 and 40. The CACONET gives more balanced 

clusters than the CLPSO and MOPSO as we increase the transmission range as well as it gives 

a variety of solutions.  

 

Both graphs in Figure 5.14 exhibit that CACONET is more effective as the number of 

neighbors reaches the threshold value and performs better than CLPSO and MOPSO in terms 

of balancing the load in the network. 

5.6 Chapter Summary 

Experimental setup along with the result comparison is described in this chapter. The 

experimental results demonstrate that the proposed technique addresses the entire network 

with a minimum number of clusters, which can reduce the routing cost of the network. This 

allows a decrease in the number of hops and packet delays in the cluster-based routing. In this 

work, along with CACONET, two well-known evolutionary algorithms are implemented for 

clustering in VANET, namely CLPSO and MOPSO. All the values of different parameters 

are kept same for the three algorithms. Following are the parameter wise comparison details 

for all three algorithms:  

 Transmission Range vs Number of Clusters 

 Number of Clusters vs Network Nodes 

 Number of Clusters vs Grid Size 

 

Ten simulations are performed for each algorithm and their average is presented in 

results/graphs. To quantify the load on each CH, load balance factor (LBF) is also used as an 

evaluation criteria to compare the methods. The final results indicate that the proposed 

clustering technique is effective and adaptable in comparison to other techniques and 

functions more effectively than the other algorithms in a VANET environment. The algorithm 

optimizes the parameters associated with the vehicular nodes in order to seek the optimal 

solution. 
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CHAPTER 6 

CONCLUSION AND 

FUTURE WORK 
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6 CONCLUSIONS AND FUTURE WORK 
 

This thesis has set out to explore the problems of clustering in VANET. Clustering is basically 

combinatorial optimization problem. In this thesis a detailed comparison of evolutionary 

algorithm is presented.  As PSO based techniques works fine for continuous values parameters 

whereas ACO based techniques works fine for combinatorial optimization problem thus ACO 

is more suitable for clustering as compared to PSO (as was used by competitors). ACO 

learning starts very quickly even from the very first move of first ant in the search space 

because, movement is based on pheromone and heuristic values. Whereas, PSO initialization 

is done randomly and thus learning about search space starts in the later iterations of the 

algorithm 

 

The problem of load balancing in clusters is further compounded if the cluster forming method 

is not effective. The underlying motivation of this thesis is the performance enhancement of 

existing clustering methods under the umbrella of evolutionary algorithms. Applications of 

this are in V2V communication on highways when vehicles are travelling in same direction 

and almost at same speed (following the speed limits) where V2I communication is not 

feasible or not desired. VANETs are susceptible to a large number of nodes, traffic jams, and 

traffic density variations from time-to-time and from point-to-point on the same roads. 

Therefore, the networking protocols for VANETs effect the scalability of such large sized 

networks. Optimization of these scalability issues are another potential application of this 

work. Further application areas include safety applications in VANETs. This method is 

helpful in sending safety or hazard messages. The vehicles around the hazard area will send 

messages to a leader member instead of broadcasting their messages in the entire network. 

The leader gathers and processes the information and communicates with other parts of the 

network. Clustering method helps in dividing the network into smaller segments which are 

easier to manage. In complex distributed and large scale networks, clustering is helpful for 

network management and data aggregation. In MAC protocols, clustering helps in reducing 

channel contention, providing fair channel access, and increasing network capacity by 

controlling the topology and organizing medium access. 
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There is a considerable scope in performance improvement of clustering methods under the 

evolutionary techniques. For this purpose, the key areas explored in this thesis are a more 

experimental study of multi-objective particle swarm optimization, comprehensive learning 

particle swarm optimization and Ant Colony Optimization.  The investigations of each of 

these are summarized below 

6.1 Multi-objective Clustering in VANETs 

 

This dissertation presents a detailed analysis of multi-objective evolutionary algorithms in 

VANETs. In the proposed scheme, the node clustering is done efficiently, and near optimal 

solutions are generated by the proposed algorithm. This makes it best suited among the three 

algorithms for employment in VANET clustering in the experiments. By minimizing the total 

number of clusters in the network and balancing the load of CNs on each CH, the packet 

routing cost is minimized. To quantify the load on each CH, load balance factor is used as an 

evaluation criterion to compare the methods. In an ideal case, every CH must handle equal 

number of CNs, but it is very difficult to maintain a perfectly load-balanced system at all 

times. The main reason is the frequent detachment and attachment of neighbors from the CHs. 

The cardinality of the cluster size represents the load of a CH. 

 

Due to the evolutionary capability of these algorithms larger search spaces can be processed, 

and objective function values can be adjusted dynamically. The flexibility and effectiveness 

of the approach are exhibited with the help of simulated results. Result comparisons with other 

well-known algorithms (MOPSO and CLPSO) are also presented here. The optimal number 

of clusters is found with the help of the proposed CACONET algorithm. Researchers can 

enhance the list of objectives and make the number of nodes dynamic in future to extend this 

work. Other evolutionary algorithms can also be implemented, for instance, the Gray Wolf 

Optimizer, for further extensive comparative studies. 

6.2 Limitations 

Objective of the proposed algorithm is to perform clustering such that the number of CHs are 

minimized and the load distribution in the clusters is balanced (known as load balancing 

factor, see e.g. section 5.5). However, there are some constraints e.g.  
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1) b = The nodes cannot move out from the boundary of grid defined for experiments. 

2) t = Node/vehicle transmission range cannot exceed the defined range. 

3) n = The number of nodes remain the same as defined at the start of algorithm. 

The objective can be represented mathematically as below: 

Min (CHs, LBF) 

Subject to: b,t,n 

 

Furthermore, application of this work is directly dependent on the node density in the 

vehicular adhoc network [14]. Quantity of other vehicles which are within wireless limits 

might change to different number of nodes. Assumingly traffic stuck on an expressway of 

more than two lanes. Having vehicles on 30m distance and if the wireless limit is three 

hundred meters then every node will be handling one hundred and twenty vehicles in its radio 

limit. For cases when there are lesser number of nodes, clustering becomes difficult. These 

are the cases where high transmission range is required.   

6.3 Future Work  

 

Evolutionary algorithms like, Gray Wolf Optimizer (GWO), Multi-objective grey wolf 

optimizer (MOGWO) proposed by S.M. Mirijali [103, 104] can also be used to optimize the 

number of clusters in a network and for load balancing on each cluster. These two are new 

meta-heuristic algorithms inspired by grey wolves (Canis lupus). The GWO algorithm mimics 

the leadership hierarchy and hunting mechanism of grey wolves in nature. Four types of grey 

wolves such as alpha, beta, delta, and omega can be employed for near optimal solution 

finding and implementing the leadership hierarchy.  A similar strategy can be employed, for 

efficient clustering by varying the grid size, transmission range and number of nodes in a 

network, present in [105] in order to improve the efficiency of clustering. The main inspiration 

of this optimizer is the navigation method of moths in nature called transverse orientation. 

Moths fly in night by maintaining a fixed angle with respect to the moon, a very effective 

mechanism for travelling in a straight line for long distances. However, these fancy insects 

are trapped in a useless/deadly spiral path around artificial lights. This algorithm 

mathematically models this behavior to perform optimization. On similar lines a viable 
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direction for future work is to tailor the parameter selection methods based on the specific 

objectives of the fitness function.  

6.4 Summary 

 

The conclusion of research work was presented in this chapter. The larger search spaces can 

be processed, and objective function values can be adjusted dynamically due to the 

evolutionary capability of proposed algorithm. The flexibility and effectiveness of the 

approach are exhibited with the help of simulated results. Result comparisons with other well-

known algorithms (MOPSO and CLPSO) are also presented here. The optimal number of 

clusters is found with the help of the proposed CACONET algorithm. CACONET can also be 

employed for context aware vehicular network applications. Other evolutionary algorithms 

can also be implemented for further extensive comparative studies 

 

Nonetheless, node clustering research is still in its early days and is faced with many hard 

problems. The issues of load balancing in network, minimizing the communication overhead 

by reduction of CHs have been explored to some extent, but the problem of node affiliation 

and re-affiliation with cluster has not been looked at from the perspective of cluster formation. 

It may take many years of research to develop a fleet or convoy management system using the 

clustering techniques to get the full benefit of safety/infotainment applications of VANET.  
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LIST OF ABBREVIATION 
 

ACO Ant Colony Optimization 

AU                 Application Unit 

C2C-CC         CAR 2 CAR Communication Consortium 

CA                 Certification Authority 

CACONET Clustering algorithm based on Ant Colony Optimization (ACO) for VANET 

CALM  Communication Access for Land Mobile 

CAMP Crash Avoidance Metrics Partnership 

CH Cluster head 

CLIPS C Language Integrated Production System 

CLPSO  Comprehensive Learning Particle Swarm Optimization 

CN Cluster node 

CRCP Collision Ratio Control Protocol 

CTB  Clear-to-Broadcast 

DB  Deterministic Broadcast 

DDCDS  Dynamic Directional Connected Dominating Set 

DE  Dissemination Efficiency 

DRP               Distributed Revocation Protocol 

DSRC            Dedicated Short Range Communication 

DSRC Dedicated Short Range Communications 

EBCD  Efficient Broadcasting Using Network Coding and Directional Antennas 

ED Euclidean distance 

EDB  Efficient Directional Broadcast 

ETSI              European Telecommunications Standards Institute 

FCC               Federal Communications Commission 

GeRaF  Geographic Random Forwarding 

GPRS General Packet Radio Service 

GPS              Global Positioning System 
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GSM             Global System for Mobile Communications 

GWO Gray Wolf Optimizer 

HS                Hot Spots 

HSDPA High Speed Downlink Packet Access 

HSM             Hardware Security Module 

HyS                Hybrid Signature 

I2V               Infrastructure to Vehicle 

ICT Information and Communications Technologies 

IDE     Integrated Development Environment 

IEEE     Institute of Electrical and Electronics Engineers 

IF  Irresponsible Forwarding 

ISO           International Organization for Standardization 

ITS                Intelligent Transportation Systems 

ITS Intelligent Transportation Systems 

LDMB Link-based Distributed Multi-hop Broadcast 

LDNC  Local-directed Network Coding 

MAC             Medium Access Control 

MANET        Mobile Ad Hoc Network 

MANET Mobile ad hoc networks 

MHVB  Multi-hop Vehicular Broadcast 

MOP Multi-objective optimization problem 

MOPSO Multi-Objective Particle Swarm Optimization 

MPR  Multi-point Relay 

OAPB  Optimized Adaptive Probabilistic Broadcast 

OBU             On Board Unit 

PDP  Partial Dominant Pruning 

PSO Particle swarm optimization 

QoS Quality of Service 

RBLSM  Reliable Broadcasting of Life Safety Messages 
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RDB  Random Directional Broadcast 

RMDSI  Reliable Method for Disseminating Safety Information 

RPM Revolution Per Minute 

RS  Random Selection 

RSU              Road Side Unit 

RTB  Request-to-Broadcast 

SB  Smart Broadcast 

SDDB  Simple Distance-based Directional Broadcast 

SODAD  Segment-oriented Data Abstraction and Dissemination 

STI                Short Term Identity 

TTL              Time to Live 

UMB  Urban Multi-hop Broadcast 

V2I               Vehicle to Infrastructure 

V2V              Vehicle to Vehicle 

VANET Vehicular ad Hoc Network 

VANET Vehicular ad hoc networks 

VC Vehicular Communication 

VDEB  Vehicle-density-based Emergency Broadcasting 

VII Vehicle Infrastructure Integration Consortium  

VPS Vicinity Priority Selection 

VPSQ  Vicinity Priority Selection with Queries 

WAVE Wireless Access for Vehicular Environment 

WCA Weighted clustering algorithm 

WIMA Worldwide Interoperability for Microwave Access 

 

 


