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ABSTRACT 

In Intelligent Transportation Systems (ITS), disseminating warning messages in a 

timely and efficient way through wireless short-range communications can save 

many lives and reduce traffic congestion. A geographical broadcast protocol provides 

data delivery to specified geographical areas, using multi-hop communications if 

needed. Among the main challenges for such protocols are forwarder selection and 

the reduction of the number of hops required to reach and cover the destination area. 

 In this thesis we propose an efficient geographical broadcast protocol called 

Preferred and Contention Based Forwarding (PCBF) and evaluate it through 

simulations. PCBF uses a combination of contention-based forwarding and selecting 

preferred forwarders also found in other protocols like Emergency Message 

Dissemination for Vehicular Environments (EMDV). Since the preferred forwarder is 

allowed to immediately forward the packet (evading contention among other 

potential forwarders), this approach reduces end-to-end delays. Notable extensions 

of PCBF compared to EMDV are the use of direct negative acknowledgements in case 

of unnecessary rebroadcasts and the use of forwarders outside the target region.  Our 

simulation results show that the PCBF protocol outperforms selected other protocols 

in terms of end-to-end delay, re-broadcast overhead and reliability in both sparse and 

dense networks. 
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1 Introduction 

Intelligent Transportation Systems (ITS) use information and communication 

technologies in order to make different modes of transportation smarter, safer, 

cleaner and more efficient. In surface transportation, Vehicular Ad-hoc Networks 

(VANETs) are often used to provide wireless communication between two or more 

systems. A VANET comprises vehicles equipped with a wireless device (with 

transmission range up to a few hundred meters) communicating with each other and 

with fixed road-side units without the need of an infrastructure like base stations or 

access points [1]. The dissemination of safety messages in VANETs is one of the most 

important aspects of ITS: The European commission reported in 2011 alone more 

than 30,000 fatalities in road accidents [2]. In the case of an accident on a highway, 

disseminating accident warning messages in a timely and efficient way to the 

surrounding vehicles can save many lives and reduce traffic congestion. ITS offers 

multi-hop wireless communication to distribute a message beyond the transmission 

range of the sender, which is achieved by allowing the vehicles in the network to 

forward messages. 

GeoNetworking is a network-layer protocol and provides the wireless ad-hoc 

communication between vehicles and to roadside units. The simple definition of 

GeoNetworking is “the network layer that uses the geographical position of vehicles and 

provides the ad-hoc communication without need for an infrastructure based 

communication”. GeoNetworking flexibly supports the ITS applications of safety, 

traffic efficiency and infotainment. Especially, it uses the periodic transmission for a 

beacon message at a high rate and offers the broadcasting of safety related messages 

in a certain geographical destination region, using multi-hop communication if 

needed and the unicast communication for Internet applications [3]. GeoNetworking 

utilizes the geographical position of vehicles for the dissemination of information 

and transport of data packets. GeoNetworking has two main functions, Geo 

graphical addressing (Geo-addressing) and Geographical forwarding. 

Geographical addressing: Unlike addressing in traditional MANET, in which a node 

has a communication name linked to its identity (e.g. a node's IP address), in 

GeoNetworking a node is addressed by its geographical position for the unicast 

packet transport and group of vehicles are addressed by its geographical target 

region to broadcast a safety related message to all the vehicles within a specified 

region. 

Geographical forwarding: For forwarding a message beyond the transmission range 

of a sender, GeoNetworking assumes that every vehicle has a partial view of the 
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network and every packet carries a destination vehicle geographical position or 

geographical target region. When a vehicle receives a data packet, it compares its 

own geographical position and destination geographical position, depending upon 

this position of vehicles and distance, forwarding towards the destination is decided 

by an individual vehicle autonomously. Basically, GeoNetworking has the following 

forwarding schemes, 

GeoUnicast Forwarding: A Unicast forwarding scheme between a source ‘S’ and 

destination ‘D’ using multi-hop communication is shown in Figure 1-1. In that, 

intermediate vehicles decide the forwarding towards a destination, using 

geographical positions of their neighbours obtained from the location table.  

 

Figure 1-1: GeoUnicast forwarding 

GeoBroadcast and GeoAnycast Forwarding: The geographical broadcast scheme is 

shown in Figure 1-2. A source vehicle and intermediate forwarders send a data packet 

towards a destination target region. Once the packet reaches the target region, every 

node in the target region should get this data packet. Vehicles rebroadcast the 

received packet if it is inside the target region, otherwise drops it. The Target region 

area can be defined as a circle, rectangle or ellipsoidal [4], in this thesis work we 

consider a target region as a rectangle. GeoAnycast forwarding is different from 

GeoBroadcast, in that any vehicle inside a target region should get a packet and it 

will not rebroadcast the received data packet. 
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Figure 1-2: GeoBroadcast forwarding 

Differing road layouts and environments such as highways and cities make routing 

in GeoNetworking more challenging. Unlike the topology based MANET routing, 

GeoNetworking does not require to maintain a routing table. GeoNetworking 

assumes that each vehicle has a partial view of the network topology and every data 

packet contains a geographical position of a vehicle or geographical region as a 

destination. When a node receives a data packet from another vehicle, it uses the 

geographical position of its own and the geographical position in the packet to make 

the autonomous forwarding decision without maintaining any routing table [3]. 

1.1 Thesis Problem, Questions and Contributions: 

In this section, the motivations behind this research project are explained. The motivation of 

this thesis and the research questions will help readers to get a prerequisite knowledge 

before going into any deeper content of this thesis. Moreover, the motivation and research 

objectives will explain the purpose of this thesis work. As mentioned earlier in the case of 

an accident on a highway, disseminating accident warning messages in a timely and 

efficient way to the surrounding vehicles can save many lives and reduce traffic 

congestion. ITS offers multi-hop wireless communication to distribute a message 

beyond the transmission range of the sender, which is achieved by allowing the 

vehicles in the network to forward messages. For warning-message dissemination, 

one often uses a flooding approach. In its pure form, each vehicle re-broadcasts a 

received packet exactly once. Despite its simplicity and high packet delivery rate in 

low-density networks, pure flooding leads to many redundant retransmissions in 

high-density networks, often resulting in congestion on the wireless channel and as a 

result, a high rate of packet collisions and delivery failures. This problem is referred 

to as a broadcast storm problem in VANETs [18]. Many geographical broadcast (geo-
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broadcast) protocols [20] [21] [22] [23] [24] [25] [26] have been proposed in the past to 

alleviate the broadcast storm problem while achieving high packet delivery rates. 

The main challenges for such protocols are (1) the selection of a potential vehicle (a 

so-called forwarder) among others to forward a message and (2) the reduction of 

unnecessary re-broadcasts caused by the hidden terminal effect or by link failures.  

The above mentioned points are the main reason behind the research carried-out in this 

thesis. The main objectives of this project are to design an efficient and reliable multi-hop 

geographical broadcast protocol in Vehicular Ad-Hoc Networks to support ITS safety-

related applications, to investigate and understand how the different parameters of the 

vehicular network (such as vehicle density, transmission range, length of target region and 

lifetime of a message) affect the performance of the proposed protocol with selected other 

geo-broadcast protocols.  

The Author splits the above objectives into research questions, in order to focus the 

scope of this thesis work. The efficiency and reliability of the proposed protocol in an 

ITS network would be clear by answering these questions. These Research Questions 

would help to carry-out the research work in the correct path and they are given below: 

 What are the main challenges to implement multi-hop geo-broadcast 

protocols?  

 Can the proposed protocol support all the ITS applications? If not, which ones 

can it support? 

 Can the proposed protocol work in all vehicular scenarios?  

 How the proposed protocol reduces the broadcast storm problem in the 

dissemination of a safety message? 

 Is a safety message relevant to all vehicles which are received it? How the 

proposed protocol defines a target region for message dissemination? 

 Are the geographical broadcast protocols proposed in the past efficient 

enough? Are there any drawbacks? 

 How does the background traffic affect the safety message dissemination? 

 How do the different parameters of the network affect the performance of 

selected geo-broadcast protocols? 

The answer to the above questions will give an extensive understanding of the 

performance of the proposed protocol and it will mark the starting point for further 

scientific research related to the safety message dissemination in ITS. 
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In this thesis, the Author proposes an efficient geo-broadcast protocol called PCBF 

(Preferred and Contention Based Forwarding) to support ITS safety-related 

applications. PCBF enables the dissemination of a message in a certain geographical 

region, the so-called target region. In a road scenario, a vehicle defines the target 

region where the message should be disseminated and only the vehicles in this 

region process the message and send it to the application utility. This ensures that 

only the vehicles approaching the danger zone are notified, while the other vehicles 

are not targeted. (Note that the problem of forwarding the message towards the 

target region is not covered in this thesis). 

 PCBF uses a combination of contention-based forwarding and selecting preferred 

forwarders also found in other protocols like Emergency Message Dissemination for 

Vehicular Environments [20] (EMDV) (PCBF is in fact a variant of EMDV). Since the 

preferred forwarder is allowed to immediately forward the packet (evading 

contention among other potential forwarders), this approach reduces end-to-end 

delays. PCBF uses an explicit acknowledgement mechanism in order to reduce 

unnecessary re-broadcasts due to asymmetric links. The above approaches increase 

the efficiency of message dissemination over selected other protocols (e.g. EMDV). In 

order to increase the reliability of the proposed protocol, PCBF enables forwarder 

selection outside of the target region (e.g., in opposite driving direction) in case no 

potential forwarder is present in a target region. Among the merits of this thesis is 

the direct comparison of PCBF and EMDV to two other protocols, both of which 

represent the class of contention-based forwarder-selection protocols. 

1.2 Thesis Outline: 

The rest of this thesis report is organized as follows.  

Chapter 2: 

This chapter describes the background of this thesis work. At the beginning of this 

chapter the Author describes the VANETs and ITS standards. Some of MANETs 

routing protocol operations and comparisons are given later in this chapter. At last, 

the Author theoretically investigates suitability of traditional routing protocols in 

VANETs. 

Chapter 3: 
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In this chapter, the Author describes closely related works to this thesis. Later, the 

Author categorise related work into three components and investigates some of the 

protocols in each category. 

Chapter 4: 

The components and detailed protocols operations of the proposed protocol are 

explained in this chapter. At the beginning of this chapter, scenario for this work and 

forwarder selection methods are discussed in detail. Later, the approaches to reduce 

a broadcast storm problem i.e. reduce unnecessary re-broadcasts caused by hidden 

terminal problem and approaches to minimize end-to-end delay and to increase 

reliability of the proposed protocols are given in detail.  

Chapter 5 and Chapter 6: 

In chapter 5, the Author describes system and simulation model used in this thesis. 

Later, simulation and network parameters are given. In chapter 6, the Author present 

and quantitatively evaluate the simulation performance results of the proposed 

protocol with other selected protocols.  The author analysed the simulation in 

different scenarios with varying vehicle densities, transmission ranges, and life times 

of warning messages. 

Chapter 7: 

Finally, in this chapter, the Author summarizes the results of the work done in this 
thesis and suggests some further improvements in the PCBF protocol. 
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2 Background 

2.1 Vehicular ad-hoc networks (VANETs) 

VANETs comprise vehicles equipped with a wireless device communicating with 

each other on an ‘as needed’ basis. Each vehicle’s transmission range is limited to a 

few hundred meters and provides multi-hop communication for the message that 

requires disseminating to large distances. The network infrastructure such as the 

Base Station (BS) or an Access Point (AP) is not required to create VANETs, although 

fixed nodes can be used in VANETs in the form of a Road Side Unit (RSU). A Road 

Side unit (RSU) is usually connected to the backbone of the internet through wireless 

or wired and provides the services such as periodic re-transmission of a message in 

sparsely populated roads and advertisement services, etc. The draft reference 

communication architecture of the VANET is shown in the following Figure 2-1. 

 

 

Figure 2-1: The draft reference communication architecture of the VANET (Taken from [1]) 

VANETs are the special class of Mobile Ad-hoc Networks (MANETs) and  they have 

some unique characteristics which make them more challenging than other 

technologies, which are summarized as follows, 
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 High mobility and dynamic topology: the vehicular environment is highly 

dynamic, due to the relative speed of the vehicles and this leads to frequent 

changes in the network topology. 

 Prediction and restricted mobility modelling: Unlike the random mobility of 

a Mobile Ad-hoc Network (MANET), VANETs mobility of a vehicle is 

restricted by the road types and rules on the road.   

 Localization: In VANET, the global positioning system (GPS) device or any 

other positioning device is used to acquire the position of a vehicle at a given 

time with high accuracy. This service helps to design efficient routing 

protocols for VANET. 

 Hard delay constraints: The safety applications (e.g. Accident) should be 

given high priority and should be delivered to the relevant vehicles on time. 

This is a most important aspect of the ITS and it cannot compromise the hard 

delay in this regard. 

2.2 Class of ITS applications: 

Safety and traffic efficiency are the most important aspects of ITS. ITS applications 

are organized into three main categories. First are safety applications, second are 

traffic efficiency applications and third are infotainment applications (non-safety). 

 Safety: The Safety applications are basically involved in the safety related 

benefits of a vehicle on a road. In the case of an accident or dangerous 

environmental condition of a road, these are considered for the safety related 

applications. The ‘use case’ (event identification) of safety related events are 

generated by the application unit (AU) of a vehicle. 

 Traffic Efficiency: The traffic efficiency applications are basically used to 

improve the efficiency of the transportation on the surface, by providing the 

traffic related information to a vehicle or vehicles on the networks. The 

examples of these applications are Enhanced Route Guidance and Navigation, 

Green Light Optimal Speed Advisory and V2V Merging Assistance [1]. 

 Infotainment: The infotainment applications are used to make drivers more 

comfortable while driving.  These applications ‘use cases’ (Identification) are 

usually considered as a non-safety application in ITS.  The examples of these 

applications are Internet Access in Vehicle, Point of Interest Notification and 

remote Diagnostics [1]. 
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2.3 Intelligent Transportation Systems (ITS) standards: 

Intelligent Transportation Systems (ITS) is an innovative technology to provide safety 

and reduce congestion in road traffic scenarios. Different services and applications 

are being developed and studied to make the transportation safer and efficient. 

Wireless communication between vehicles and vehicle to road side unit is the key 

element to enable the ITS services. Wireless Access in Vehicular Environments 

(WAVE) is an approved amendment by the IEEE Task Group. WAVE is known as 

IEEE 802.11p and it defines enhancements to 802.11 required to support ITS 

applications [6]. Dedicated Short and medium Range Communications (DSRC) is a 

base element to the proposed standards and 5.9 GHz spectrum was allocated in the 

USA and Europe for ITS [9]. With the OBU installed in the vehicle and fixed RSU 

installed on the road, WAVE provides real time traffic message exchange between 

V2V and V2I, improves safety and reduces the traffic congestion in a surface 

transportation scenario.  

 

Figure 2-2:  WAVE protocol stack (Taken from [7]) 

The IEEE 802.11p defines the required services and methods to be implemented in 

WAVE stations to operate in a rapidly changing environment and to provide feasible 

communication between stations without the need to join a Basic Service Set (BSS) as 

in the traditional infrastructure based IEEE 802.11 standard [7]. Furthermore, IEEE 

802.11p defines the WAVE interface functions and signalling techniques to reach 

optimum performance. We can observe from Figure 2-2 that IEEE 802.11p WAVE is 

only part of a task group of standards related to DSRC based operations i.e. performs 

only a part of the task of DSRC in PHY and MAC layer. Besides IEEE 802.11p 

standards, WAVE also contains the standards of the IEEE 1609 family.  In that, IEEE 

1609.2 is responsible for the communication security, secure packet formatting and 

packet exchange.  The network layer protocols (layer-3 of Open System Interconnect 
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(OSI) resides in IEEE 1609.3. It is responsible for the routing operations, transport 

services, wave connection setup and managements.  The IEEE 1609.4 resides above 

the IEEE 802.11p and it enables multi-channel operation without need to access of 

physical layer parameters [7]. In the following subsections, the Author describes the 

architecture of the physical and MAC layer proposed by IEEE and the European 

Telecommunications Standards Institute (ETSI).  

2.3.1 PHY layer: 

The IEEE 802.11p PHY standard is adapted and derived from IEEE 802.11a standard. 

IEEE 802.11a is originally standardized for stations that have the relative speed or 

fixed indoor environments. On the other hand, in a vehicular environment, mobility 

of stations is very high and dynamic which may lead to very harsh signal 

propagation. As mentioned earlier, the safety of human life on the journey is the 

most important consideration of ITS. To achieve public safety, in 1999 the United 

States Federal Communication Commission  allocated 75 MHz bandwidth at 5.9 GHz 

frequency in North America exclusively for V2V and V2I communications. In Europe 

the 5875 MHz to 5905 MHz frequency band was allocated for ITS by the Commission 

of European Communities [5]. 

 

Service 
Channel
(safety)

Control 
Channel

Service 
Channel
(safety)

Service 
Channel
(safety)

Service 
Channel
(safety)

Service 
Channel

(non.safety)

Service 
Channel

(non.safety)

Channel 1 Channel 2 Channel 3 Channel 5Channel 4 Channel 6 Channel 7

5855 MHz 5865 MHz 5885 MHz5875 MHz 5915 MHz5895 MHz 5905 MHz 5925 MHz

Optional 20 MHz 
channel

Optional 20 MHz 
channel

Optional 30 MHz 
channel

 

Figure 2-3: Channels in 75 MHz Frequency Band 

The nominal carrier frequency allocation defined by ETSI is shown in Figure 2-3 and it 

was disclosed in its Harmonized Standard EN 302 57. The dedicated 75 MHz 

spectrum is divided into seven 10 MHz non overlapping channels. As shown in 

Figure 2-3, channels 1, 2 are assigned as the service channels for non-safety 

applications, channels 3,5,6,7 are assigned as the service channels for safety related 

applications and channel 4 is assigned as the control channel, only for system control 

and management of message exchange [9]. We can observe from Figure 2-3 that ETSI 
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has left the option to combine the channels to achieve higher throughput. The WAVE 

specification allows data from 3 to 27 Mbps on the 10 MHz channel, depending on 

the applied modulation scheme. Detailed comparisons of IEEE 802.11a and IEEE 

802.11p physical layer parameters are presented in Table 2-1.  

 

Parameters IEEE 802.11a IEEE 802.11p Modification 

Data rates(Mbps) 6, 9, 12, 18, 24, 36, 48, 54 3, 4.5, 6, 9, 12, 18, 24, 27 Halved 

Modulation methods BPSK, QPSK, 16QAM, 

64QAM 
BPSK, QPSK, 16QAM, 

64QAM 

same 

Code rate 1/2,,2/3, 3/4 1/2,,2/3, 3/4 same 

OFDM subcarriers 52 52 same 

Symbol duration 4μs 8μs doubled 

FFT period 3.2μs 6.4μs doubled 

Preamble duration 16μs 32μs doubled 

Guard time 0.8μs 1.6μs doubled 

Subcarrier spacing 0.3125 MHz 0.15625 MHz Halved 

Table 2-1: Comparable physical layer parameters for IEEE 802.11a and IEEE 802.11p. 

2.3.2 MAC layer: 

The MAC layer decides when in time a station is allowed to transmit a frame, based 

on the channel status and the MAC algorithm. The IEEE 802.11p MAC is derived 

from the IEEE 802.11 MAC protocol, but with many simplifications in the services 

(like simplifying BSS procedures in a truly ad hoc manner for a vehicular 

environment) and is known as Enhanced Distributed Channel Access (EDCA) MAC 

protocol. EDCA is based on the basic distributed coordination function (DCF) but 

adds QoS attributes [10]. All IEEE 802.11 use a carrier sense multiple access with 

collision avoidance (CSMA/CA) algorithm, in which all the stations in the network 

sense the channel to check the availability of the medium, before the start of the 

transmission. If the MEDIUM is in an idle state for an Arbitration Inter-frame Space 

(AIFS) then the corresponding station can transmit frames immediately. AIFS is the 

small amount of time a station must sense the MEDIUM before the start of the 

transmission and it is completely dependent upon Access Categories (ACs). If any 

vehicle finds the MEDIUM is busy after an AIFS or becomes busy while waiting for 
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an AIFS, the corresponding station must perform a back-off procedure. The 

definitions of important parameters of EDCA are given below. 

 Arbitration Inter-Frame Space (AIFS): The small amount of a time station 

must listen to the MEDIUM before the start of the transmission of a frame.  

 Contention Window (CW): This a random back off time, drawn between 

[CWmin, CWmax] and the station must wait for this interval when the 

MEDIUM becomes busy.  

 Transmit Opportunity (TXOP) limit: This is the maximum amount of time 

the station can transmit frames after obtaining the MEDIUM and larger frames 

can be segmented in to smaller one to fit for the TXOP.  

 

Access Category(AC) CWmin CWmax AIFSN Max TXOP 

Background-AC0 aCWmin aCWmax 9 0 

Best Effort-AC1 (aCWmin + 1)/2 -1 aCWmax 6 0 

Video-AC2 (aCWmin + 1)/4 -1 aCWmin 3 3.008ms 

Voice-Voice-AC3 (aCWmin + 1)/4 -1 (aCWmin + 1)/2 -1 2 1.504ms 

Table 2-2: Control channel default EDCA parameters. 

 

 

Figure 2-4: IEEE 802.11p traffic prioritization with different Access Categories. 
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EDCA supports four different priorities known as Access Categories (ACs) on each 

channel. The higher layer specifies the priority of different applications (i.e. voice, 

video, best-effort and background). Safety related applications should be given the 

highest priority, e.g. accident warning message, slippery road conditions, sudden 

braking, etc. and the lowest priority is assigned to non-safety applications [8] . In the 

Table 2-2, we can observe that the higher priority traffic has shorter AIFS and shorter 

CW. The application should be mapped into corresponding ACs depending on the 

priority assigned by the higher layer and then it performs the internal contention. 

This explained concept is presented in Figure 2-4. In that, different ACs has different 

timer values for different channels. Four ACs have different AIFS and CW depending 

on whether the station is switched to the service channel or control channel.  

2.4 Routing protocols for MANETs 

In this subsection, the Author discusses some of routing protocols in a Mobile ad hoc 

Network (MANET). The Author has studied and done theoretical analysis of some 

traditional routing protocols and analyse the suitability of MANETs routing 

protocols in VANETs. A MANET is a system of self-organising and self-configuring 

mobile stations that communicate over a wireless link without the need for an 

infrastructure. Nodes are in the MANET can be stationary or motion can be relative 

speed with respect to each other, therefore nodes have to adapt to the sudden 

runtime topology change in the network.  

The communication between two mobile nodes can be single hop or multi hop and 

the routing protocol decides the route from source to destination for the multi hop 

communication. Low latency and reliable end to end data delivery are the two main 

factors for efficient routing protocols. However, route maintenance, route discovery 

and sudden changes in the topology are the major barriers to design efficient routing 

protocols. Many routing protocols have been proposed so far to provide the reliable 

and efficient routing in MANET [11].  The MANETs topology based routing category 

is shown in Figure 2-5 and later in this section, the proactive and reactive class of 

routings protocols are discussed in detail.  
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MANETs Topology
Based Routing

Proactive Routing
(Table-Driven)

E.g. OLSR,DSDV

Reactive Routing
(On-demand)

E.g. AODV,DSR

Hybrid Routing
E.g. ZRP

 

Figure 2-5: MANETs topology based routing  

2.4.1 Proactive Routing (Table-driven): 

The proactive nature of routing protocols is mostly based on shortest path 

algorithms. This class of routing protocols is also known as table-driven protocols 

and they maintain information of all connected stations in the form of a table [11] 

referred to as a routing table. Whenever there are changes in the network, the 

stations update the routing table and exchange the routing table with their 

neighbours. Sharing of routing tables is based on the event driven and periodic 

update scheme [12] . In the ‘event driven’ based protocol, the routing table is only 

exchanged when there are changes in the network topology, or any station that 

detects changes in their neighbours list in received packets. On the other hand, in 

periodic based protocols, stations exchange the routing table to their neighbours at 

predefined periodic intervals.  Some of the examples of proactive protocols are: 

Optimized link state routing (OLSR) [13] and Destination Sequence Distance Vector 

Routing (DSDV) [14]. The basic operation of OLSR is as follows. 

Optimized link state routing (OLSR): OLSR is a class of proactive routing protocol 

and it is table based, i.e. table driven. In that, all stations in the network must 

maintain a routing table and exchange topology information with other stations 

periodically. Due to the proactive nature, routes are immediately available from a 

particular source to the destination whenever they are needed for the transmission 

and this may reduce end-to-end delay. Each node selects the set of its neighbours as 

multipoint relays (MPRs) and MPRs are used to form the route from a given source 

node to any destination in the network. MRPs are also responsible for the provision 

of   efficient control of traffic by reducing the flooding of information, i.e. they reduce 

the same broadcast in the same region. The selection of MRPs and more operation 

details of OLSR can be found in [13]. 
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2.4.2 Reactive Routing protocols (On-demand): 

Reactive routing protocols are works on-demand basic, i.e. it creates route whenever 

it needed using route discovery mechanism. In the ‘route discover’ mechanism, the 

source node sends a ‘Route request’ packet (RREQ) to its neighbours and the 

neighbour nodes forwards RREQ exactly once. When RREQ reaches the destination, 

then it sends a Route Reply packet (RREP) to the source node containing the 

information about the route that it has received RREQ. Reactive routing protocols are 

designed to overcome the overhead problem that may occur in proactive routing 

protocols, due to the exchange of large size routing tables between neighbours.  

Reactive routing protocols can be classified in two types, one is source routing and 

the other one is hop-by-hop routing. In source routing, the source node adds the 

complete route information to reach the destination in a data packet and intermediate 

nodes can take the route information from the data packet and store in it the routing 

table for a particular destination [11]. Using this approach, the intermediate node can 

respond to a node which is discovering the route to the particular destination. The 

source routing approach may not be suitable for large scale and highly dynamic 

networks such as VANETs. On the other hand, in hop-by-hop reactive routing 

protocol, a data packet contains the next hop address and destination address instead 

of the complete routing information as in source routing and each intermediate node 

contains a routing table to reach the particular destination [8]. Some examples of 

reactive protocols are ‘Ad hoc on Demand Distance Vector routing (AODV)’ [15] and 

‘Dynamic Source Routing (DSR)’ [16]. The basic operation of AODV is as follows. 

Ad hoc on demand distance vector routing (AODV): AODV is a class of reactive 

routing protocol, so a node discovers a route whenever it needs to send a data 

packet. Periodic hello messages are exchanged between nodes in the network to find 

their neighbours. In the route discovery mechanism, when a node wants to send a 

data packet to a destination node which is not a neighbour, then it sends a Route 

Request (RREQ) to its neighbours to find a route, the intermediate nodes forward this 

packet towards the destination. AODV uses the sequence number in the packet to 

avoid the loops. When RREQ reaches the destination then it replies to the source 

node by sending an RREP packet containing information about the shortest route. 

The Intermediate node can also answer to an RREQ if it has valid route. AODV is 

able to create new routes if there is an error in the route discovery [15]. 
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2.4.3 Comparison between Proactive and Reactive protocols: 

The Proactive routing protocols routing table must be updated periodically to 

maintain the active routes and nodes and also overheads in the network may 

increase, due to sharing the routing table between neighbours. In the dynamic 

behaviour of a network, most of the discovered routes may be wrong and hence 

proactive routing protocols are recommended for the ad hoc network where the 

network topology change is less. On the other hand, reactive routing protocols routes 

are discovered on an ‘on demand’ basis. In large scale and dynamic mobility of the 

network, route discovery may produce some more latency. However, it takes less 

bandwidth to share the routing information between the nodes. Theoretical 

comparisons of reactive and proactive protocols are presented in Table 2-3. 

 

Parameters Reactive Protocols 

(On-demand) 

Proactive Protocols 

(table-driven) 

Routes availability Discovers route whenever it 

needed (on-demand basis) 

 

Routes are always available to 

particular source to particular 

destination 

 

Route maintenance Effective route maintenance and 

routing cache is only updated 

when there are changes in 

network. AODV: It needs 

periodic updates(limited) [17] 

Periodic updates are required to 

maintain the active routes and 

nodes in a routing table. Routes 

in routing table may be wrong 

in highly dynamic network. 

 

Latency It takes long latency in large scale 

network when there is not an 

available route. 

Minimum delay. Routes can be 

selected immediately without 

delay. 

Bandwidth consumption Less bandwidth is used for to 

maintain and exchange the 

routing information 

 

It takes large bandwidth to 

share the routing information in 

large scale network. This large 

routing information exchange 

may cause broadcast storm 

when the mobility is high. 

Energy consumption Energy consumption is depends 

of the nodes mobility 

Generally energy consumption 

is high than reactive protocol. 

Table 2-3: Comparison between reactive and proactive routing protocols 
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2.4.4 Suitability of MANET routing protocols for VANET:  

In this section, the Author analyses the suitability of the MANET routing protocols 

for the VANET, the reason behind this work is that the VANET routing protocols 

inherit some features from the traditional MANET routing protocols. As discussed 

earlier, in proactive routing protocols, each node keeps track of neighbouring nodes 

and periodic updates are used to keep the active routes and neighbour information 

such as OLSR.  

In large and dynamic networks, sharing of active and large size routing table may 

lead to overhead in the network. As mentioned earlier, the vehicular environment is 

highly dynamic, so proactive nature of protocols may fail in the VANET 

environments, due to sharing of large size routing table and more consumption of 

the bandwidth. On the other hand, reactive protocols work  on  an ‘on demand’ basis, 

reactive protocols such as AODV and DSR  support the large scale ad hoc network 

and where the nodes behaviour is highly dynamic AODV and DSR use the less 

bandwidth to share the routing information between the nodes, as compared to 

proactive routing protocols. Route establishment and reestablishment in AODV are 

quicker compared with  the proactive routing protocols  and  it ensures the on 

demand needs of routing that reacts to a sudden change in the network topology; 

these characteristics of AODV makes its suitable for VANET [11]. 

AODV and DSR have the efficient route discovery and route maintenance 

mechanism, compared to proactive routing protocols. DSR protocols do not send the 

periodic updates of routing information between the neighbouring nodes similar to 

AODV and it uses the lesser bandwidth to share routing information during the 

route discovery process. DSR and AODV correctly deliver  all the packets to their  

destination, even in a dynamics behaviour network such VANET and recent 

advancement in the route discovery of DSR can be usable for the network that uses 

the geographical location of making routing decisions, such as the routing 

mechanism used by VANET. Finally AODV and DSR have several similarities and 

both of these reactive routing protocols can be applicable in VANET compared to 

proactive routing protocols [11]. 
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3 Related works 

In this section the Author describes the related works to this thesis and examines the 

pros and cons of each routing protocols. There are some proposed protocols for 

flooding a packet in VANETs; a classification of such protocols was introduced by 

Williams and Camp in [19]. They classified such protocols into the following 

categories. Simple flooding, distance based scheme and the probability based 

method. 

3.1 Simple flooding:  

In the simple flooding mechanism, if a vehicle is inside a target region and if it 

receives a warning message for the first time, then it re-broadcasts the received 

message exactly once. As mentioned earlier, in large-scale networks, this approach 

may lead to congestion and excessive collision in wireless networks [18]. 

3.2 Distance-based scheme:  

In this scheme the forwarder selection is based upon the geographical locations of the 

vehicles; the vehicle furthest from a sender being the mostly likely forwarder. There 

are some protocols [20] [21] [22] [23] [24] [25] [26] those use this approach. In this 

section, the Author investigates some protocols which are using this approach. 

3.2.1 Enhanced Multi-Hop Vehicular Broadcast (MHVB) for Active Safety Applications 

[21]: 

In [21], the authors propose “Enhanced Multi-Hop Vehicular Broadcast (MHVB) for 

Active Safety Applications”, which uses an angle based forwarder selection area 

referred to as “back fire region” to select a potential forwarder. MHVB protocol’s back 

fire region is shown in Figure 3-1. When the vehicle ‘B’ receives a message from sender 

‘A’ , it does not re-broadcast the message immediately, instead it first checks if it is 

inside the back fire region or not, i.e. the vehicle is inside the back fire region if the 

following conditions are satisfied. 

| |  | |  Equation 3-1 

 
   

  | | | |
       Equation 3-2 
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Where ‘a’ is the relative position vector from node A to O, ‘b’ is the relative position 

vector from node B to O, |a| and |b| are the absolute relative positions of vehicle A 

and B respectively from point ‘O’ and   is the angle of the backfire region. If the 

above conditions are not satisfied then it means the vehicle is outside of backfire 

region and it does not participate in the forwarder-selection process at all, but if it is 

inside the region, then it waits for a period of time inversely propositional to the 

distance between B and A. The waiting time calculation of a vehicle is shown in 

Equation 3-3. 

          (  
 

 
)  Equation 3-3 

Where     is the waiting time,       is the predefined maximum waiting time, d is 

the distance between sender and receiver and R is the transmission range. During the 

waiting period if B does not over hear the same packet from another vehicle, it 

assumes that there is no potential forwarder beyond this and re-broadcasts the packet. 

This process continues until the message dissemination covers an entire target region. 

 

Range(A)

A B

Range(B)

θ

Back Fire region

O

 

Figure 3-1: MHVB protocol’s back fire region 
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Advantages and Disadvantages: The MHVB protocol uses the angle based backfire 

region in the forwarder selection process and this approach reduces the number of 

vehicles in contention phase and avoids some unnecessary re-broadcasts due to a 

hidden terminal problem. This protocol provides a dynamic scheduling for beacon 

transmission by monitoring traffics in its surroundings (e.g. it expands beacon 

transmission interval in a high vehicle density scenario). These implementations in 

MHVB are used to save bandwidth and to reduce collision in the network.  

3.2.2 Emergency Message Dissemination for Vehicular Environments (EMDV) [20]: 

In [EMDV], the authors propose the Emergency Message Dissemination for 

Vehicular Environments (EMDV) protocol for safety messages dissemination. As 

shown in Figure 3-2, EMDV uses the concept of a forwarding area, an area only in 

which stations are allowed to forward a safety message. The authors argue that the 

extent of the forwarding area relative to a sending station (or forwarder) should be 

smaller than that station’s communication range. Moreover, EMDV uses a 

combination of a preferred forwarder selection approach and contention-based 

(distance-based) forwarder selection.  

 

Figure 3-2: Forwarder selection approach in EMDV (Taken from [20]) 

Advantages and Disadvantages: The main advantage of EMDV is that it reduces the 

end-to-end delay by allowing a vehicle to forward a message immediately (the 

selected “preferred” forwarder). Note that both EMDV and MHVB do not attempt to 

explicitly reduce unnecessary re-broadcasts caused by hidden terminal effects or by 

link failures. 
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3.2.3 Distance-based directional broadcast protocols for urban VANET [23]: 

In this paper [23], the authors propose the broadcasting protocol known as ‘Efficient 

Directional Broadcast (EDB)’ using directional antennas for urban roads and 

intersections. 

Directional broadcast on the roads: EDB uses the distance based forwarder selection 

to re-broadcast a received packet. When a vehicle receives a data packet, it waits for 

some time before re-broadcasting it. The waiting time is inversely propositional to 

distance to sender as shown in Equation 3-3, so the waiting time of a furthest vehicle 

from the sender is the mostly likely be next forwarder. After the timer expires, it 

sends the ACK message in the direction of the sender to prevent the redundant re-

broadcast to the other vehicles in the contention process. Vehicles which are receive 

this ACK cancel their timer and stop the further forwarding process. After the ACK 

message transmission, the forwarder re-broadcasts the received packet in the 

dissemination direction. Directional broadcast on the road scenario is shown in Figure 

3-3. In the case of no ACK reception, then the sender will re-broadcast the data packet 

every 10*      until it finds a forwarder or until it reaches maximum re-broadcast 

counter.  

 

 

Figure 3-3: Directional broadcast on the road (Taken from [23]) 

Directional Broadcast at the intersection: The Directional broadcast at the 

intersection scenario is shown in Figure 3-4. In that, the author assumes that the 

repeaters are having the four fixed directional antennas at the beam width of 30 

degrees. The Repeaters installed at the intersections are relaying the data packet only 

to the different road segment with respect to the sender road segment. The authors 

proposed that repeaters store the packet ID in the list for a certain amount of time to 

avoid the loops in a connected intersection. 
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Figure 3-4: Directional broadcast at intersection (Taken from [23]) 

Advantages and Disadvantages: The main advantage of using directional antennas 

in EDB is the long transmission range. EDB also reduces collisions and redundancy 

by selecting only one relay for the next re-broadcast. EDB prevents loop broadcasts at 

the connected intersection by storing the packet ID in a list for a certain amount of 

time. The disadvantage of EDB is that, it uses explicit ACK mechanism in each 

broadcasts and this approach may increase the end-to-end delay. 

3.2.4 Urban multi-hop Broadcast protocol (UMB) [25]: 

In this paper [25], the authors propose an efficient ‘Urban Multi-hop- Broadcast 

(UMB)’ protocol to address the hidden node, broadcast storm and reliability 

problems of broadcasts in urban areas. 

Protocol operations: The main aim of the UMB protocol is to reduce the broadcast 

storm problem by reducing the numbers of forwarders to re-broadcast a received 

packet in a certain area. To select a potential forwarder, UMB divides the road 

portions into segments inside the transmission range of a sender. If there is more 

than one vehicle in the furthest segment, the furthest segment is iteratively divided 

into the sub segment. If UMB protocol could not find only one forwarder in the 

furthest segment after it reached the maximum iteration, then all vehicles in the 

furthest sub-segment enter into the random phase. Forwarder selection procedures 

are as follows; before broadcasting a data packet, a sender sends the Request-to-send 

(RTB) message to its surrounding vehicles. Upon receiving the RTB message, all 

vehicles send the black-burst signal (jamming signal), the length of the black-burst 



Related works     

  

                                               

Page 24                                                                                              Master of Science Thesis                                          

signal is directly proportional to their distance to a sender. This ensures that the 

furthest vehicle is having the long black-burst signal. The length of the first iteration 

black-burst is calculated by the following Equation 3-4. 

         (
 

     
     )            Equation 3-4 

Where L1 is the length of black-burst for the first iteration, d is the distance between a 

receiver and sender,      is the maximum number of segments and SlotTime is the 

length of one slot. Upon expiration of a black - burst period if any vehicle finds the 

medium is busy (due to the jamming signal), it means that there is a furthest vehicle 

to forward the data packet and they do not send the Clear-to-Send (CTB) message to 

the sender. Upon expiration of the black - burst period, if any vehicle finds the 

medium is free, it means that its black-burst signal was longest and now it is 

responsible to send a CTB message to the sender. On the other hand, if the sender 

vehicle hears the transmission of CTB packet and if does not receives it properly, 

then it assumes that the CTB packet might collide, due to more than one vehicle in 

the furthest segment transmitting the CTB packet at the same time. In this case, the 

sender divides the furthest road segment into a small sub-segment and sends the 

RTB packet again.  

More details about the black-burst iteration can be found in [25].  After a CTB packet 

is successfully received by the sender vehicle from its neighbour, then it adds the 

particular neighbour vehicle ID in the data packet and re-broadcasts the data packet. 

If any vehicle finds its own ID in the data packet then it is now responsible to re-

broadcast the data packet. At the end of data transmission the selected forwarder 

sends the ACK to sender. This process is continues until the message dissemination 

covers the entire multi-hop region or until life time of data packet expires. 

Advantages and disadvantages: The advantages of this proposed UMB protocol are, 

it reduces the hidden node and broadcast storm problem, and increases the reliability 

of dissemination by using ACK mechanism and by supressing the gratuitous re-

broadcasts.  The success percentage of this protocol is very high; however the main 

drawback of this protocol is that it uses RTB/CTB/Data/ACK mechanisms in each 

transmission which may increase the end-to-end delay and also it may consume extra 

network bandwidth, especially in a dense vehicular network. 
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3.2.5 Inter-vehicle Geocast protocol (IVG) [22]: 

In this paper [22], the author proposes a class of broadcast protocol known as ‘Inter-

vehicle Geocast (IVG)’. The goal of this proposed protocol is to disseminate the safety 

message to the vehicles which are in the risk area.  Vehicles are in a risk area if there 

is an accident in front as shown in Figure 3-5.  The risk area is defined according to the 

positioning and driving direction of an accident vehicle.  

 

Figure 3-5:  IVG relay selection (Taken from [22]) 

Protocol operation: A received message is relevant to a vehicle if it is inside a risk 

area and has received it for the first time and this message is not relevant to vehicles 

which are outside of the risk are  and simply drop  the received message. The vehicle 

which receives the relevant message should not re-broadcast immediately instead it 

waits for some time (defer time).  The defer time is inversely propositional to the 

distance from a receiver to a sender.  

defereTime=MaxDefreTime*(R£- D£/ R£)  Equation 3-5 

Where, R is the transmission range, D is the distance from a receiver to a sender, 

maxDefertime is the maximum waiting of a vehicle. In this paper the Author 

suggests   using £=2.  Upon the expiration of waiting time, the vehicle should re-

broadcast the received message. If a vehicle receives the same message before its 

timer expires, it stops the timer and concludes that there is another forwarder vehicle 

behind it to re-broadcast the message. The received message is not relevant to the 

vehicle if it receives the same message for the second time or more and does not re-

broadcast it. This protocol ensures the periodic re-broadcast to overcome network 

fragmentation. The calculation of the re - broadcast period and further details can be 

found in [10]. 
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Advantages and disadvantages: In this protocol, vehicles do not maintain the 

neighbours list. This reduces the traffic caused by the hello messages exchanged 

between the vehicles and offers more bandwidth for message broadcasting.   This 

protocol does not have any forwarder selection area in each hop, so this may produce 

unnecessary re-broadcasts due to hidden terminal problem. 

3.2.6 A Novel position-based multi-hop Broadcast (PMB) protocol [26] : 

In this paper [26], the author proposes a novel position-based multi-hop broadcast 

(PMB) protocol. PMB selects a rebroadcast node, based on the waiting time and it 

calculates the waiting time, based on the distance and Additional Coverage Area 

(ACA) of an adjacent node.  

Figure 3-6: PMP relay selection (Taken from [26]) 

Protocol Operation: In PMP, the waiting time is inversely propositional to the 

Additional Coverage Area (ACA). When a vehicle receives a message, it sets the 

timer based on the Equation 3-6. Any vehicle which has the large ACA will have the 

shorter waiting time. Upon expiration of the timer, the vehicle will re-broadcast the 

received message. Overhearing this duplicate message, other vehicles which are in 

contention phase, will stop their timer. The simple scenario is shown in Figure 3-6 for 

relay selection. In that, node ‘i’ denotes the previous rebroadcast vehicle (PRV) and ‘j’ 

denotes the current receiving vehicle.   

       (        
         

    
         )  Equation 3-6 

Where, Rj and Ri is the transmission range of vehicle ‘j’ and ‘i’ respectively, dij is the 

distance between ‘i’ and ‘j’, the expression           ) is an ACA of vehicle ‘j’ with 

respect to vehicle ‘i’, Trand is the random short delay to avoid the collision between the 

vehicle which has the same ACA, Tmax is the maximum delay, Rmax is the maximum 

transmission range and   is the multiplier factor to reduce the waiting time of a 



   Related works  

 

 

Master of Science Thesis                                                                   Page 27 

receiving vehicle. The detailed information about the Equation 3-6 can be found in 

[26]. From the Equation 3-6 we can observe that a vehicle which has a larger 

transmission range and larger distance from the sender is most likely to be a next 

forwarder.  

Advantages: PMP protocol selects a forwarder with larger transmission range and it 

reduces the spatial storm problem (this may occur when two or more vehicles re-

broadcast at a same time) by using small random delay in the waiting time 

calculation.  

3.3 Probability-based method:  

In this method, vehicles re-broadcast a received message with a predefined or a 

dynamically calculated probability. There are some proposed works [18] [27] [28] 

[29]those use this approach.  

3.3.1 Probabilistic Inter-vehicle Geocast (p-IVG) [27]: 

In [27], whenever a vehicle receives a message it uses a combination of a probability 

scheme and a distance-based waiting-time scheme in order to re-broadcast the 

received message. The protocol uses the distance-based waiting time as in [21] [22], in 

which whenever a vehicle receives a message, it selects a random number between 

zero and unity. Only if the number drawn is smaller or equal than 1/Density, the 

vehicle is eligible for forwarding the message (and thus will start the distance-based 

waiting-time scheme), where Density is the local vehicle density. The latter is 

determined using a beacon-broadcasting utility running in each vehicle. The net effect 

of this approach is the reduction of the set of potential forwarders in dense networks. 

However, the criterion for participating in contention-based forwarding depends only 

on the vehicle density, not on the distance from the originating sender. As a result, 

there is a probability that suitable vehicles (i.e., at the edge of the transmission range) 

select a random number larger than 1/Density. 

 

Advantages and disadvantages: This approach reduces the number of vehicles 

having the same waiting time in large scale networks, however, there is chance that 

the furthest vehicle from a sender might select a random number larger than 

1/Density, in which case the protocol may fail to select a potential forwarder.  
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In this thesis, the Author uses the distance-based method to select a forwarder. The 

geographical location of a vehicle can be acquired from the Global Positioning 

System (GPS). The Author quantitatively compares our PCBF protocol with the 

EMDV [20] , MHVB [21] and IVG [22]  protocols. The latter two protocols use 

distance-based schemes comparable to PCBF. 
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4 Proposed Protocol (PCBF) 

The main purpose of PCBF protocol is to disseminate a message efficiently in a 

specified target region. The main use case is that of a vehicle encountering a 

dangerous environment, road conditions or accident on a road (a so-called hazard 

zone). The vehicle subsequently starts broadcasting one or more warning messages 

(WMs) to neighbouring vehicles as depicted in Figure 4-1.  In the figure, vehicle (S) 

specifies the target region up to some distance ‘D’ behind it and starts broadcasting 

WMs to warn all the vehicles approaching the hazard zone, i.e., the vehicles 

travelling in the same direction. Note that vehicles in the opposite direction are not 

targeted. The detailed PCBF protocol operation is as follows. Note that PCBF adopts 

the concept of combining a contention based forwarder selection and preferred 

forwarder selection approaches from EMDV protocol. However, PCBF uses a large 

forwarder selection area to select a forwarder compared to EMDV.  

 

 

Figure 4-1: Highway scenario 

4.1 Simple Protocol operation: 

When a vehicle receives a message for the first time, it checks whether it is inside the 

target region or not. If outside the target region, it simply drops the message. If 

inside, it waits for some time (as mentioned in section 4.2) and if during this time the 

vehicle did not overhear the same packet being transmitted by another vehicle, it re-

broadcasts the packet. After re-broadcasting a packet, a forwarder monitors the 

channel for re-transmissions of the packet, as explained in more detail in Section 4.3. 
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If it does not overhear the re-transmission of the packet during the next 100 ms, it 

transmits the packets again, up to a maximum of three transmissions.  

4.2 Forwarder Selection process: 

The forwarder-selection process has three distinct components, viz., determination of 

the forwarder selection area, assignment of the prefered forwarder (sender 

preference) and contention-based forwarder selection. 

 

Figure 4-2: Forwarder selection Area 

4.2.1 Forwarder selection Area (FSA): 

Each sender calculates its distance to the target endpoint (SEP) and adds it to a 

packet before broadcasting it. In turn, when a vehicle receives a packet it calculates 

its distance to the target endpoint (REP) and only if REP < SEP, the receiver is eligible 

as a forwarder. This approach makes sure that the geo-broadcast propagates into the 

right direction and moreover, it reduces unnecessary re-broadcasts caused by the 

hidden terminal problem. Assume in Figure 4-2, that the forwarder selection area is 

not used. Thereafter, all vehicles in the target region (R1-R12) are eligible forwarders. 

Receiver R1 is a potential forwarder in the broadcast direction and it re-broadcasts 

the packet. Meanwhile, R9 and R10 do not receive the transmission from R1, since 

both R9 and R10 are out of transmission range of R1. This situation produces 

unnecessary re-broadcasts by R9 or R10. Using a forwarder-selection area reduces 

such transmissions.  



   Proposed Protocol (PCBF)  

 

 

Master of Science Thesis                                                                   Page 31 

Vehicle 

ID 

X 

coordinate 

Y 

coordinate   

Speed 

(m/s) 
Direction Time 

R1-ID 400.0 10.4 13.3 North 11.0002 

R2-ID 329.7 10.3 11.89 North 11.0006 

R3-ID 268.4 10.3 08 North 11.3000 

R4-ID 330.6 3.4 07.6 South 11.2413 

R5-ID 270.0 3.33 15.43 South 11.0678 

R6-ID 204.6 3.4 14.00 South 11.4245 

R7-ID 170.2 3.7 15.05 South 11.0890 

R8-ID 135.7 3.5 12.24 South 11.1156 

R9-ID 177.4 10.3 13.90 North 11.3670 

R10-ID 148.0 10.4 13.45 North 11.0378 

R11-ID 125.8 10.4 14.34 North 11.3367 

R12-ID 100.5 10.2 13.89 North 11.4890 

Table 4-1: Example of Sender’s(S) location table 

4.2.2 Preferred forwarder (PF): 

The sender vehicle selects the furthest vehicle say ‘P’ in the direction of 

dissemination as the preferred forwarder and adds P’s unique ID to the geo-

broadcast packet and then broadcasts the packet. The selection of P is based upon 

neighbourhood information obtained by mandatory periodic beaconing messages 

(position, speed, direction, etc.). All received beacon messages are stored in the 

location table as shown in Table 4-1 and it will be updated every 0.5 second to 

maintain the active neighbourhood information’s.  

In Figure 4-2, vehicle R1 is the furthest vehicle from sender S, so R1 is most likely to be 

selected as a preferred forwarder by S. When a vehicle receives a message with its 
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own ID as preferred forwarder ID, then it eligible to forward the received message 

immediately, before that, it operates as a sender (like S) and re-broadcasts the packet. 

// Preferred forwarder selection process 

P_ID=0;// Preferred forwarder ID 

S_X=getX //Sender’s X Coordinate 

S_X=getY //Sender’s Y Coordinate 

E_X=getX //Target end point X Coordinate (5000.0) 

E_Y=getY// Target end point Y Coordinate (6.5) 

SEP= Square root(Pow((S_X - E_X),2)+ Pow((S_Y - E_Y),2))// sender to target end point                                              

                                                                                                                     distance                                   

SD=SEP //small distance 

 START FOR; Vehicle ID:Location Table 

    N_X=getX(vehicle ID) //next hop X coordinate 

        N_Y=getY(vehicle ID) //next hop Y coordinate 

                START IF; Target Region contains (N_X,N_Y) //check whether next hop  

                                                                                                      points inside region or not 

               NEP= Square root(Pow((N_X - E_X),2)+ Pow((N_Y - E_Y),2))// next hop to  

                                                                                                                   target end point distance 

                   START IF; NEP<SD 

                            SD=NEP 

                            P_ID=Vehicle ID 

                            END IF; 

                END IF; 

 END FOR; 

4.2.3 Contention-based forwarder selection (CBF): 

In the contention-based forwarder selection, the waiting time of a vehicle is inversely 

proportional to the distance between a sender and receiver, according to the 

following equation, 

               (  (
 

 
))  Equation 4-1 

where W_T(R)  is the waiting time of a receiver, W_T(max)  is the maximum waiting 

times , D is the distance between the sender and receiver and R is the transmission 

range. When a vehicle inside the FSA (not being the preferred forwarder) receives a 

packet for the first time, it starts the timer according to Equation 4-1. If during the 

waiting time the vehicle overhears at least one transmission of the packet by another 
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forwarder, it executes the duplicate detection mechanism as per Section 4.3. 

Otherwise, it re-broadcasts the packet after time-out. 

The use of CBF next to the use of a preferred forwarder increases the probability that 

a packet is forwarded even in case the preferred forwarder fails to receive the packet 

from its predecessor. Since the PF prefers long hops over short ones and uses short 

waiting times at preferred forwarders compared to contention-based forwarders, the 

Author expects PCBF to reduce the end-to-end delay, when compared to other 

selected protocols, based upon pure CBF (explained in Section 6). 

4.3 Efficient duplicate packet detection: 

The definition of ‘duplicate packet detection’ is identifying a packet which has 

already been received by a vehicle. This is achieved by using unique packet IDs 

created by the initiator of a message. If during the waiting time of a vehicle, the same 

packet is received from another vehicle, the first vehicle stops its timer if SEP < REP. 

Otherwise, it continues the timer and re-broadcasts the packet after time-out. As 

explained in Section 4.1, a duplicate packet re-broadcast  by a current forwarder is 

used as an implicit acknowledgement to the previous forwarder and to other vehicles 

in a contention phase, in an attempt to make sure the relay selection is in the 

direction of dissemination (i.e., make sure that SEP<REP). 

 

    //Duplicate packet detection 

                        P     //received Packet 

 P_ID= getPacketID(P) // received packet ID 

 START IF; ! NewPacket(P_ID)// duplicate packet 

  START IF; SEP<REP 

  CancelTimer(); //cancel timer 

  END IF; 

 END IF; 

  START ELSE; NewPacket(P_ID)// new packet 

  Forwarder_selection();  // execute forwarder selection algorithm         

                                                     as in section 4.2 

 END ELSE; 
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4.4 Overcoming networks fragmentation: 

In warning message dissemination, vehicles which are approaching a hazard zone 

should be informed in a timely way and usually the opposite driving vehicles are not 

targeted, they simply drop the received message. When no vehicle is in the 

transmission range of a sender with in a target region, it is impossible to disseminate 

the message further, especially in sparse and disconnected networks. This problem is 

commonly referred to as networks fragmentation. In order to overcome network 

fragmentation PCBF uses the following two approaches, forwarder selection outside 

of target region and the other one is periodic re-broadcasts.   

 

 

Figure 4-3: Sparse and disconnected networks scenario 1 

4.4.1 Forwarder selection outside of target region: 

The sparse and disconnected network is shown in Figure 4-3.  In that, vehicles V1, V2 

and V3 are out of transmission range of sender S and in this scenario it is impossible 

to disseminate the message further by S. In order to increase the reliability of the 

proposed protocol, PCBF enables forwarder selection in the opposite driving 

direction (i.e.) outside of the target region, in case of no vehicle in a target region. By 

reliability the Author mean that the protocol’s ability to overcome the network 

fragmentation in order to disseminate the message in the entire target region. In this 

situation, PCBF only uses a preferred forwarder selection approach to avoid the 

contention between the vehicles outside of the target region. In Figure 4-3, PCBF may 

select R4 as a preferred forwarder and V1 can be reachable by vehicle R4. This 

approach increases the reliability to disseminate the message a further distance than 

the EMDV, IVG and MHVB. 
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4.4.2 Periodic re-broadcasts: 

In the case of no vehicle, inside and outside of the target region or as mentioned 

earlier, in the case of no duplicate reception, the sender simply backs off for a 

predefined maximum waiting time (100 ms), then repeats the procedure until it does 

find a suitable forwarder or until it reaches the maximum number (three) of re-

broadcasts. 

 

 

Figure 4-4: Sparse and disconnected networks scenario 2 

In Figure 4-4, another sparse and disconnected network is shown. In that, there is no 

vehicle within transmission range of a sender S and it simply waits for a predefined 

time and re-broadcasts periodically until it finds the forwarder or until it reaches the 

maximum re-broadcast counter. This procedure also applies to the scenario where a 

sender vehicle fails to receive the duplicate packet from a forwarder due to link 

failure or hidden terminal problems. This scenario produces unnecessary re-

broadcasts even after the forwarder selection, i.e. the sender is not aware of the 

selected forwarder. This kind of unnecessary re-broadcast  can be avoided by our 

approach in section 4.6, before that it is worthwhile to explain about the PCBF packet 

fields to understand the approach in section 4.5. 
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4.5 GeoBroadcast Packet fields: 

The GeoBroadcast packet structure is shown in Figure 4-5. The broadcast packet has 

the eight fields. The description of each field is given below. 

Packet ID Target 
Region

Event position Sender ID
Sender 

Position

Previous 
sender 

ID

Data
Preferred 

forwarder ID 

 

Figure 4-5: GeoBroadcast packet structure (Warning message) 

Packet ID: The Packet ID is a unique ID and it is generated by the initiator of the 

warning message. This packet ID will be the same throughout the dissemination and 

the intermediate vehicles cannot modify this Packet ID.  This ID is used for the 

duplicate packet detection. 

Target Region: When a vehicle (initiator) finds the hazard zone it defines the target 

region D Km behind it and this target region cannot be modified by intermediate 

vehicles.  

Event Position: This is the position of the hazard zone. It is created by the initiator 

and cannot be modified by intermediate vehicles.  

Sender ID: The sender ID is the ID of the sender vehicle (initiator or forwarder). The 

forwarder replaces the sender ID with its own ID before re-broadcasting the packet.  

Sender Position: The sender position is the position of the sender vehicle at the time 

of broadcast. This field will be updated in a packet by each forwarder before it re-

broadcast the packet. 

Preferred forwarder ID: The sender vehicle selects the preferred forwarder in the 

direction of dissemination and adds the selected vehicle ID as the preferred 

forwarder ID a packet. 

Previous sender ID: when a vehicle is selected as a forwarder then it takes the sender 

ID from the received packet and adds this ID as the previous sender ID in the packet 

and re-broadcasts it. 

Data: This data contains the all information about the warning message. If a vehicle 

is approaching a hazard zone then the network layer will send this data to the upper 

layer to take the necessary action. 
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4.6 Potential forwarder identification and explicit acknowledgement: 

As explained in Sections 4.1, 4.2 and 4.3, if a vehicle does not overhear the 

retransmission of its forwarded packet, it will re-attempt to reach a forwarder by 

transmitting the packet again, up to a maximum of three transmissions. However, in 

certain cases these retransmissions are unnecessary (e.g., due to asymmetric links), 

and PCBF use an explicit (negative) acknowledgement (ACK) mechanism in an 

attempt to reduce them. Only the potential forwarder is allowed to send such 

acknowledgement to a predecessor who re-broadcasts a packet unnecessarily. If any 

potential forwarder say ‘F’ hears the duplicate packet from another vehicle say ‘NF’ 

in the opposite direction of dissemination (i.e. if SEP>REP), then ‘F’ sends an explicit 

ACK message to ‘NF’. In turn, ‘NF’ stops its further re-broadcasts after receiving 

ACK from ‘F’.   

All vehicles which are re-broadcast a received packet are not the potential 

forwarders. By the potential forwarder the Author mean that the vehicle ability to 

find a next forwarder by its re-broadcast. All forwarders use the following approach 

to discover whether it is a potential forwarder or not. The current forwarder takes the 

sender ID from the received packet then adds this ID as the previous Sender ID in 

that packet and re-broadcasts it. In turn, if any vehicle finds its own ID as a previous 

Sender ID in the packet, then it discovers that it is also a potential forwarder in the 

direction of dissemination. 

 

 

Figure 4-6: Potential forwarder identification 

In Figure 4-6, assume F1, F2, F3 and F4 are the potential forwarders in dissemination 

direction. Assume F3 has received packet from F2 and the received packet structure 

may look like the following Figure 4-7,  
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Packet ID Target 
Region

Event position
Sender ID

(F2-ID)

Sender 
Position

(F2-position)

Preferred 
forwarder ID

(F3-ID) 

Previous 
sender ID

(F1-ID)
Data

 

Figure 4-7: Forwarder-1’s packet structure 

In turn, F3 finds its own ID as a preferred forwarder in the packet and before re-

broadcasting this received packet, F3 updates its own field in the packet. It takes the 

sender ID from the packet and adds this ID as the previous sender ID and adds its 

own ID as the sender ID. Assume, F3 selects the F4 as the preferred forwarder and 

adds F4 ID in the packet.  F3 also replace the sender position field with its own 

position. F3 re-broadcasts the packet after all the above mentioned updates in it.  F3’s 

packet structure is shown in the following Figure 4-8. 

Packet ID Target 
Region

Event position
Sender ID

(F3-ID)

Sender 
Position

(F3-position)

Preferred 
forwarder ID

(F4-ID) 

Previous 
sender ID

(F2-ID)
Data

 

Figure 4-8: Forwarder-2’s packet structure 

In turn, if F2 receives this duplicate packet from F3 and finds its own ID as previous 

sender ID then F2 identifies that it is the potential forwarder. As mentioned earlier, 

only the potential forwarder can send an acknowledgement to a vehicle which has re-

broadcast unnecessarily behind it (i.e. a vehicle which is not aware of the selected 

forwarder in the dissemination direction).  

In figure 4-6, Assume ‘NP’ did not receive duplicate packet from F2 and it re-

broadcasts the packet after time-out. When F2 receives this packet from ‘NP’, it 

discovers that ‘NP’ is behind it and the ‘NP’ re-broadcast is unnecessary. As 

mentioned earlier, F2 already discovered that it is also a potential forwarder from F3 

re-broadcast. When F2 discovers the ‘NP’ re-broadcast is unnecessary then it sends 

the unicast ACK to ‘NP’ to prevent ‘NP’’s   re-broadcasts. It is worthwhile to mention 

that F1 cannot send the ACK to ‘NP’ even if it is a potential forwarder, because ‘NP’ 

is in the forwarding direction in other words potential forwarders can send an ACK 

to the vehicle only if SEP>REP.  As mentioned earlier, the Author have assumed and 

defined a maximum of 3 re-broadcasts at each sender in case of no duplicate 

detection. By using this explicit ACK scheme, 2 other re-broadcasts can be stopped. 

This approach can save some network resources.  Note that potential forwarder 
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sends ACK as a broadcast if it hears more than one re-broadcasts from its 

predecessors. 

4.7 Detailed Protocol Operation:  

The vehicles are in a specified target region divided into the following three 

categories and operation of each category is shown in the flow chart. 

1. Source vehicle operation 

2. Forwarder vehicle operation 

3. Receiver vehicle operation (All receivers for the broadcast 

message) 

4.7.1 Source and forwarder vehicle Operation: 

The source vehicle is an initiator of a warning message. The forwarder vehicle is a 

vehicle selected in the forwarder selection process. The operation of source and 

forwarder is shown in Figure 4-9. When a vehicle (Source) encounters a hazard zone 

then it defines the target region D km behind it. The source vehicle selects a preferred 

forwarder in the forwarding direction and creates the packet as in section 4.5.  If a 

vehicle is a forwarder, then it cannot modify or create the target region and the 

unique packet ID which is created by the source. It simply selects the preferred 

forwarder and updates its own data in the received packet.  After this step both the 

forwarder and source vehicle follow the same operation, so hereafter both vehicles 

referred as a sender vehicle.   

After the packet is created or updated by a sender vehicle then it broadcasts the 

packets to its neighbours and starts the timer (100 ms). In order to increase the 

reliability to disseminate the message, the sender vehicle enables the periodic re-

broadcast at a predefined time (100ms) in case of no duplicate detection. During the 

waiting time if it receives the same packet from another vehicle, then its stops its 

timer if SEP<REP or else continues the timer, this condition makes sure that the 

forwarder is selected in the direction of the message dissemination. During this 

waiting time if a sender did not overhear the same packet from the other vehicle, 

then its checks the re-broadcast counter after time-out;  If the re-broadcast counter 

has  reached maximum number (3 for instance), then its stops further operation or 

else it increase counter by one and update the packet fields and re-broadcast the 

packet.  
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4.7.2 Receiver Operation: 

The Receiver forwarding operation is shown in Figure 4-10. When a vehicle receives 

the packet for the first time it checks whether it is inside the target region or not. If it 

is outside the target and if it is the preferred forwarder, then it immediately forwards 

the received message, otherwise it drops the packet. If a vehicle is within a target 

region and if it is the preferred forwarder, then it is also immediately forwards the 

received message, otherwise it starts the timer according to the Equation 4-1. During 

this waiting time if it is receives the same packet from another vehicle then its stops 

timer if SEP<REP else continues timer. After time out this vehicle follows the 

forwarder operation as in section 4.7.1.  

 

Source/Forwarder

Source Forwarder

Define target 
Region

Select preferred 
forwarder

Create Packet

Update packet field (senderID, 
Position)

Broadcast

Start Timer=Max(100ms)

Is duplicate received within 
time out?

Counter<
counter_MAX

Counter++

 SEP<REP

Stop

Continue Timer

Yes

No

Yes

No

Yes

No

Selected preferred 
forwarder

 

Figure 4-9: Source and forwarder operation 
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Receiver

Is packet received
for first time

Is inside target region?
Is forwarding enabled

 outside of target Region?

Is preferred 
forwarder

Start 
Timer=WT(Equation 4.2)

Is duplicate received 
with in time out(SEP<REP)

Is timer ON?

Cancel Timer 
Stop

Stop

Start forwarder 
operation

No

Yes

No

Yes

Yes

No

No

Yes

yes

No

Yes

No

If SEP<REP

If SEP>REP
No

Yes

 

Figure 4-10: Receiver forwarding operation 
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5 System and Simulation Model 

For performance evaluation purposes, the Author uses a single-lane highway 

scenario with the length of 9 km as shown in Figure 4-1. The Author considers only 

vehicle to vehicle communication (V2V) to disseminate messages, and no vehicle-to-

infrastructure communications. To simplify our model, the following assumptions 

are made.  

5.1 Assumptions in system model: 

(i) All vehicles in the simulation scenario are equipped with IEEE 802.11p 

wireless devices operating on a centre frequency of 5.9 GHz (with the 

transmission range up to few hundred meters). 

(ii) All vehicles are equipped with a GPS device to acquire the position of a 

node at any given time.  

(iii) All vehicles move with equal (apart from sign) constant speed.  

(iv) The vehicles exchange two types of messages; beacon messages (position, 
speed, direction) at rate 10 Hz and warning messages (WMs) at rate 1 Hz. 

5.2 Generating Road Traffic: 

The main parameter to generate the traffic model is the density of the vehicle on the 

road/kilometre, which includes the average vehicle arrival rate/second in each lane in 

both directions, and inter-arrival time between the two vehicles in each lane. The 

vehicles have one dimensional movement along the road with constant speed (m/sec) 

and our model does not account for overtaking, acceleration, deceleration and 

braking of a vehicles. 

Average arrival rate of a vehicles/lane/Second: 

The vehicle density/lane/kilometre and the vehicle speed are considered to calculate 

the average arrival rate of the vehicles/lane/Second.  The average arrival rate of the 

vehicles per second is extracted from the following formula. 

   
     

    
  Equation 5-1 

Where, 

λ- Average arrival rate of the vehicles/lane/Second 

γ- Vehicle density/lane/kilometre 
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ν- Vehicle speed (constant speed here) 

Inter arrival time between two consecutive vehicles in each lane: 

The arrival time between two consecutive vehicles follows the exponential 

distribution.  The average arrival rate (λ) and Uniform distribution between (0, 1) are 

considered to calculate the inter-arrival time of two consecutive vehicles. The 

uniform distribution is used to randomly distribute the inter arrival time and the 

inter-arrival time is calculated from the following formulas. 

                      (
 

 
) 

                          
  

   
    

                       (  
  

   
)               

                                        Equation 5-2 

Where, 

  - is the actual inter arrival time between two vehicles vehicle 

    -is the maximum inter vehicle time 

    -is the minimum inter vehicle time 

      -is the randomized inter arrival time between two vehicles vehicle 

λ- Average arrival rate of the vehicles/lane/Second 

       – is the random number between (0, 1). 

The Author uses the IEEE 802.11 Distributed Coordination Function (DCF) MAC 

with the following simplifications. 

(i) There is no RTS/CTS/ACK message, 

(ii)  The contention window is never increased; in fact, only the cwMin 

parameter is relevant,  

(iii) There is no NAV scheme, since the channel-busy status always 

corresponds to the physical sense of the MEDIUM. 

(iv) In the queuing discipline (first come first served), once a frame has been 

offered to the MAC layer for contention, it cannot be revoked and also at 

present the Author did not implemented (virtual) access categories.  
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The Author uses the free space propagation model, and Quadrature Phase Shift 

Keying (QPSK) modulation with 6 Mbps data rates. The simulation results presented 

in this thesis were obtained with a dedicated Java-based simulator. Each simulation 

ran for 500 seconds (simulation time) and vehicles are simply filling the simulation 

playfield during the initial 400 seconds. During this initial interval, no messages are 

exchanged between vehicles. Vehicles start to exchange beaconing messages after 400 

seconds at the rate of 10 Hz. The simulator generates WMs at 1 Hz rate and offers 

each WM to a randomly selected vehicle to disseminate. Additional simulator 

settings are presented in the table below. 

 

Attribute Value 

Frequency 5.850 GHz 

Channel model Free space 

Antenna type Omni-directional 

Simulation area (m x m) 9000 x 14  

Target region length (m) 1000-7000 

Transmission range (m) 250-700 

Vehicle density/lane/km 5-100 

Number of lanes/direction 1 

Vehicle speed (m/s) 15 

Data rate 6 Mbps 

Packet size 270 bytes 

Simulation time 100 s 

Warning message interval 1 s 

Beaconing interval 1/10 s 

Table 5-1: Simulator Settings. 
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6 Simulation analysis 

In this section, the Author compares the efficiency and reliability of PCBF with those 

of EMDV, MHVB and IVG. The efficiency of these protocols can be assessed with the 

end-to-end delay, the number of forwarders and the number of unnecessary re-

broadcasts; reliability is measured through the ability to disseminate a message in the 

entire target region. The end-to-end delay is the time it takes for a message to reach 

the end of the target region. The number of forwarders is the number of forwarders 

needed to disseminate a message inside its target region. These metrics are obtained 

through simulation as averages over 100 warning messages and are analysed in 

scenarios with varying vehicle densities, transmission ranges, and life times of 

warning messages. 

6.1 The effects of the vehicle density 

In this section, the Author studies the effects of the vehicle density by varying it 

between 10 and 80 vehicles per lane per km. The transmission range and the length 

of a target region are fixed at 350 m and 5000 m, respectively.  The other simulation 

parameters are as mentioned in Table 5-1. 

 

 

Figure 6-1: The average delay as a function of the vehicle density 
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Figure 6-2: The number of potential forwarders as a function of the vehicle density 

Figure 6-3: The average number of unnecessary re-broadcasts as a function of the 

vehicle density 

In Figure 6-1and Figure 6-2 the Author shows the average delay and the number of 

forwarders as a function of vehicle density. Clearly, PCBF and EMDV outperform 

IVG and MHVB in terms of delay with low vehicle densities (below 40). This is 

because with low vehicle densities, there may not be any vehicle close to the edge of 

the transmission range of a sender and according to the distance based scheme, this 
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results in somewhat high waiting times. However, in PCBF and EMDV, using the 

preferred forwarder selection approach, re-broadcasting always happens 

immediately without any waiting time. As the vehicle density increases, the end-to-

end delay for MHVB and IVG start decreasing; this is because in high vehicle density, 

there is the possibility to find a forwarder close to the edge of the transmission range 

of a sender. Note that the average number of potential forwarders is around 16 in all 

cases except EMDV because the transmission range and the length of the target 

region are constant and all protocols (attempt to) select the furthest vehicle as a 

forwarder. On the other hand, EMDV uses the forwarding area that extends less than 

a sender’s communication range, so the number of hops required to cover the entire 

target region is somewhat higher than with the other protocols. 

The Author shows the average number of unnecessary re-broadcasts in Figure 6-3, 

and again PCBF outperforms the other protocols. As mentioned earlier, each sender 

or forwarder is allowed up to three re-broadcasts in case it does not overhear the 

transmission of its (preferred or other) forwarder, which may lead to unnecessary re-

broadcasts. However, in PCBF, the potential forwarder sends notification messages 

(ACK) to forwarding vehicles behind it. This approach clearly pays off at high 

vehicle densities.  

6.2 The effects of the transmission range  

In this section, the Author studies the effect of the transmission range by varying it 

between 250 and 700 meters. The vehicle density is set to a medium value of 30 

vehicles per lane per km and the length of the target region is fixed at 5000m. 

Observing Figure 6-4, PCBF and EMDV again outperform the other protocols in terms 

of end-to-end delay.  The average end-to-end delays of all selected protocols are start 

decreasing by increasing the transmission range. Observing Figure 6-5,  recall that the 

number of potential forwarders is reduced by increasing the transmission range and 

that (as mentioned earlier) all protocols considered have roughly the same number of 

(intended) forwarders in this scenario except EMDV. 

Observing Figure 6-6, PCBF performs better in terms of the number of unnecessary re-

broadcasts. The performance improvement of PCBF compared to EMDV, MHVB and 

IVG is remarkable, and the Author attributes this to the more efficient strategy in 

PCBF to select forwarders, and to its methods to avoid and combat unnecessary re-

broadcasts. 
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Figure 6-4: The average delay as a function of the transmission range 

 

Figure 6-5: The number of potential forwarders as a function of the transmission range 
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Figure 6-6: The average number of unnecessary re-broadcasts as a function of the 
transmission range 

6.3 The effects of the target region length: 

In this section, the Author study effect of the target region length by varying it 

between 1000 and 5000 meters. The vehicle density is set to a medium value of 30 

vehicles per lane per km and the transmission range is fixed at 500m.   

We can observe from Figure 6-7 that the average delay is increasing by increasing the 

length of the target region in all the selected protocols. However, the PCBF and 

EMDV protocol maintain less delay than the other two protocols. In Figure 6-8, the 

average numbers of forwarders for all selected protocols increases by increasing the 

target region length and it is almost the same for all the selected protocols except 

EMDV, as mentioned earlier, this is because all selected protocols attempts to select 

the further vehicle as a forwarder but EMDV uses a lesser forwarder selection region 

than PCBF. The average number of unnecessary re-broadcasts is shown in Figure 6-9. 

In the figure, we can observe that the average unnecessary re-broadcasts are 

increasing by increasing the length of target region. However PCBF performs better 

than the other protocols in terms of reduction of unnecessary re-broadcasts. The 

reason is that PCBF uses the explicit ACK mechanism to reduce unnecessary re-

broadcasts.    
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Figure 6-7: The average delay as a function of the target region length 

Figure 6-8: The number of potential forwarders as a function of the target region length 
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Figure 6-9: The average number of unnecessary re-broadcasts as a function of the target 
region length 

6.4 The effects of message life time 

In this section the Author studies the effects of varying the message life time between 

25 ms and 150 ms. The average dissemination distance (defined as the distance of 

message dissemination within its life time) is measured under low and medium 

vehicle densities of 5 v/lane/km and 30 v/lane/km, respectively, and with a fixed 

target-region length of 7000 m. 

As shown in Figure 6-10, V is the vehicle density per lane per kilometre, and from this 

figure it follows that PCBF is able to disseminate a message more than 5000m in low 

vehicle density (5 vehicles/lane/km) scenarios, while EMDV is only able to reach 

5000m after 100ms. The reason is that PCBF considers all potential forwarders within 

communication range, whereas EMDV considers fewer forwarders. However, in low 

vehicle-density scenarios there may not be potential forwarders within a sender’s 

forwarding area. In this analysis, MHVB and IVG are only able to reach a maximum 

of 1000 m in 150 ms. 

As the vehicle density increases, the number of potential forwarders in the scenario 

also increases; this increases the possibility to disseminate a message to further 

distances. We can observe from Figure 6-10 that when vehicle density is 30 v/lane/km, 

the PCBF and EMDV are able to disseminate a message to 7000m (target length) after 

75ms, while in the same situation for the other two protocols the dissemination 
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distances increase. The main reason for this is that the possibility to find a forwarder 

at the edge of the transmission range is higher under high vehicle densities, so the 

waiting time of a vehicle on the edge of the transmission range is lower compared to 

the closest vehicle from the sender. PCBF also outperforms the other protocols under 

low vehicle densities and it outperforms MHVB and IVG under medium vehicle 

densities. 

 

Figure 6-10: The average dissemination distance as a function of the message lifetime 

6.5 Reliability analysis in sparse and disconnected networks: 

In this section the Author describes the results on the reliability of the three protocols 

in sparse and disconnected networks. A special vehicular mobility model is used for 

this. The inter-vehicle distance is calculated as follows, 

                      Equation 6-1 

Where      is the minimum inter-vehicle distance set to 50m throughout the 

simulation,      is the maximum inter-vehicle distance and it is varied from 100m to 

500m, D is the randomized inter vehicle distance with uniform distribution between 

     and     . The Equation 6-1 gives randomized sparse and disconnected 

networks in both driving directions. This scenario is used to check the worst-case 

behaviour of the selected protocols.  
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The average dissemination distance metric (defined as how far a protocol can 

disseminate a message) is used for the comparison. This metric is obtained as an 

average over 100 messages; the transmission range and the length of the target region 

are fixed to 300m and 4000m, respectively. 

 

Figure 6-11:  The average dissemination distance as a function of the inter-vehicle distance 

As depicted in Figure 6-11, the average dissemination distance of the PCBF protocol is 

better than that for the other protocols. All selected protocols except EMDV are 

almost able to disseminate a message entirely in a target region (4000m) until 300m of 

inter-vehicle distance and after that, the dissemination distances of all selected 

protocols start to decrease. The reason is that the network becomes sparse and 

disconnected after 300m of inter-vehicle distance. However, PCBF performs better 

than the other protocols in terms of dissemination distance; the reason is that PCBF 

selects forwarders outside of the target region, i.e., in the opposite direction when 

there is no vehicle within the target region. Note that the dissemination distance of 

the EMDV protocol is starting to decrease even before 300m of inter-vehicle distance; 

the reason is that in EMDV, a sender may not be able to find a forwarder within its 

forwarding area. In this scenario, PCBF exhibits more reliability for disseminating a 

message to further distance than the other protocols. 
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7 Conclusions and Future Works 

In this thesis, the Author has designed an efficient and reliable multi-hop 

geographical broadcast protocol (PCBF) for a highway scenario. In PCBF, the 

preferred forwarder selection approach reduces the waiting time of a vehicle 

compared to the distance based approach. Also, the Author has introduced an 

explicit acknowledgment scheme to notify the vehicle which re-broadcasts 

unnecessarily behind a potential forwarder. The protocol features the ability to select 

a potential forwarder outside the target region in case there is no vehicle within the 

target region that can act as a forwarder. These improvements in PCBF increase the 

reliability and efficiency of warning message dissemination in highway scenarios. 

From our performance analysis, the Author conclude that PCBF protocol performs 

better than the EMDV, MHVB and IVG protocols in terms of end-to-end delay, 

reliability and reduction of unnecessary re-broadcasts. Also, PCBF outperforms 

EMDV, MHVB and IVG in sparse and disconnected networks in terms of the 

reliability. However, to put our results into perspective, some performance gain of 

PCBF over EMDV has to be attributed to the fact that EMDV restricts the range 

within which it considers stations as forwarders in order to avoid problems with 

weak signals from the edges of the transmission range, whereas PCBF considers all 

stations in range. Yet, the Author believes this thesis provides sufficient support for 

the conclusions that (i) the additional use of preferred forwarders as in EMDV and 

PCBF greatly improves performance over the use of distance-based contention 

among forwarders alone, and (ii) as demonstrated in PCBF, it is beneficial to actively 

combat unnecessary re-broadcasts and to use, if needed, forwarders outside the 

target area. 

Our future research includes performance improvements for scenarios in which two 

or more vehicles have equal waiting times in contention based forwarder selection. 

The Author is currently working on a variant of the PCBF protocol that disseminates 

warning messages in two directions simultaneously and on cross-layer 

improvements between the network and the MAC layer for efficient duplicate packet 

detection (e.g. to revoke a packet from the MAC layer when a duplicate packet 

arrives).
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Appendix: 

List of Acronyms:  
 

AP: Access Point 

AU: Application Unit 

AIFS: Arbitration Inter-frame Space 

ACs: Access Categories 

AODV: Ad hoc On-Demand Distance Vector Routing 

ACK: Acknowledgement 

ACA: Additional Coverage Area 

BS: Base Station 

BSS: Basic Service Set 

CSMA/CA: Carrier Sense Multiple Access/Collision Avoidance 

CW: Contention Window 

CTB: Clear-To-Send 

CBF: Contention Based Forwarding 

DSRC: Dedicated Short Range Communications 

DSDV: Destination-Sequenced Distance Vector routing 

DSR: Dynamic Source Routing 

DCF: Distributed Coordination Function 

ETSI: European Telecommunications Standards Institute 

EDCA: Enhanced Distributed Channel Access 

FSA: Forwarder Selection Area 

GPS: Global Positioning System 

IP: Internet Protocol 

ID: Identification 

IEEE: Institute of Electrical and Electronics Engineers 

ITS: Intelligent Transportation Systems 

MANETs: Mobile Ad-hoc Networks 

MAC: Medium Access Control 

MPRs: Multi Point Relays 
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OBU: On Board Unit 

OSI: Open Systems Interconnection 

OLSR: Optimized Link State Routing Protocol 

PCBF: Preferred and Contention Based Forwarding  

PHY: Physical layer  

PRV: Previous Re-broadcast Vehicle 

PF: Preferred Forwarder 

QoS: Quality of Service 

QPSK: Quadrature Phase Shift Keying 

RSU: Road Side Unit 

RREQ: Route Request 

RREP: Route Reply 

RTB: Request-To-Send 

REP: Receiver to target End Point distance 

SEP: Sender to target End Point distance 

SRV: Selected Re-broadcast Vehicle 

TNO: The Netherlands Organization for Applied Scientific Research 

TXOP: Transmit Opportunity 

VANETs: Vehicular Ad-hoc Networks 

V2V: Vehicle to Vehicle communication 

V2I: Vehicle to Infrastructure communication 

WM: Warning Message 

WAVE: Wireless Access in Vehicular Environments 
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