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ABSTRACT

Vehicular Ad Hoc Networks (VANETS), is a special type of MANET in
which vehicles can communicate with each other. One of the main limitations
associated with this type of network is to deal with delay which is very crucial
aspect. In VANETS, a proper maintenance of communication is cumbersome and
topology is also not stable. Thus researchers relay more on geographical routing
protocols than topology routing protocols. In geographical or position based routing
protocols delay is still one of the main concerns. In this study, this problem (delay)
has been addressed by introducing an efficient mechanism. In order to avail the
objectives of this research, two ideas have been proposed. First, a packet forwarding
method has been developed in order to reduce the latency of GeOpps routing
protocol. Second, an efficient beaconing interval method has been developed by
taking into account of the fuzzy logic approach on the basis of experimental results.
In order to validate proposed methods, multiple experiments were carried out with
different scenarios and then their outputs were compared with standard protocols.
The results show that in the beaconing protocol, the use of proper parameters in
fuzzy system can help to enhance the performance of the network in terms of load
and also delay. Furthermore, applying the result of beaconing in GeOpps routing
protocol caused it to perform better. The Modified GeOpps (MGeOpps), is
associated with benefit of less processing in order to find the next node. Hence, it
obtains good results in packet delivery ratio and less delay in packet transmission.
The overall end-to-end delay is 2% less than the GeOpps routing protocol.



ABSTRAK

Vehicular Ad Hoc Networks (VANETS), adalah sejenis Manet khas di mana
kenderaan-kenderaan boleh berkomunikasi antara satu sama lain. Salah satu kelamahan
utama yang dikaitkan dengan jenis rangkaian ini adalah pengurusan kelewaden yang
merupakan aspek penting. Dalam VANETS, satu penyelenggaraan komunikasi yang bait
betul adalah rumit dan topologi juga tidak stabil. Justeru, pengkaji-pengkaji lebin
bergantung kepada protokol penghantaran geografi daripada protokol penghantaran
topologi. Dalam protokol-protokol penghantaran geografi atau berdasarkan kedudukan
kelewatan masih salah satu daripada kebimbangan-kebimbangan utama. Dalam kajian
ini, masalah ini (kelewatan) telah ditangani dengan memperkenalkan satu mekanisme
yang cekap. Bagi mencapai objektif-objektif kajian ini, dua idea telah dicadangkan.
Pertama, satu kaedah penghantaran paket telah dibangunkan untuk mengurangkan
kependaman daripada penghantaran GeOpps protokol. Kedua, satu kaedah cekap selang
penunjuk telah dibangunkan dengan mengambil kira pendekatan kaburan logik
berdasarkan keputusan-keputusan eksperimen. Bagi pengasahan kaedah-kaedah yang
telah dicadangkan, pelbagai eksperimen-eksperimen telah dijalankan dengan senario-
senario berbeza dan kemudian keputasan-keputasan nya dibandingkan dengan protokol-
protokol piawai. Keputusan-keputusan menunjukkan bahawa penunjuk-penunjuk
protokol, penggunaan parameter-parameter yang betul dalam sistem kaburan boleh
membantu untuk meningkatkan prestasi rangkaian dari segi-segi beban dan juga
kelewatan. Tambahan pula, penggusaan hasil penunjuk dalam panghantaran protokol
GeOpps telah menyebabkan ia untuk melaksanakan dengan lebih baik. pengubahsuaian
GeOpps (MGeOpps), dikaitkan dengan faedah mengurangi pemprosesan untuk mencari
nod seterusnya. Oleh itu, ia mendapat keputusan-keputusan yang baik di dalam nisbah
penghantaran paket dan mengurangkan kelewatan dalam penghantaran paket.
Koseluruhan kelewatan hujung-ke-akhir adalah 2% kurang daripada penghantaran

protokol GeOpps.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Vehicular ad hoc networks (VANETS) is a special type of MANET in which
communication is among vehicles which is known as Vehicle to Vehicle
communication (V2V)and between vehicles with roadside wireless units or Vehicle
to Infrastructure(V2l). This network, have become large because of supporting
wireless products that get more popular and can now be used in vehicles such as
personal digital assistants (PDASs), laptops and mobile phones (Paul et al., 2012;
Zeadally et al., 2012).In this type of networks, rather than moving at random,
vehicles tend to move in an organized fashion and with more speed that has
encountered researchers with many problems due to rapid changes in topology and

link connectivity(Blum et al., 2004).

Due to high mobility and rapid topology changing of VANETS, lowest delay
in transmitting information is required to avoid many problems such as disconnection
and have an efficient network in terms of packet delivery ratio, connection
establishment and routing. In order to avoid mentioned problems researchers have
studied this network (VANETS) and proposed different techniques. In other words,
different type of protocols were proposed by different authors, Topology based
protocols and Position based protocols(Altayeb and Mahgoub, 2013), that here the



main concern is about the position or geographic based routing protocol. According
to this protocol, each node knows its own and neighbours node geographic position
by Global Positioning System(GPS)(Agarwal and Saxena, 2013; Kuo and Fang,
2013).Being able to forward packets to the most qualified node is one of the crucial
issues in VANETS routing protocols. Hence, different type of forwarding has been
proposed, e.g. greedy and perimeter forwarding(Karp and Kung, 2000), intersection
forwarding(Sun et al., 2010), node’s destination based forwarding where navigation
suggested routes is used to select the forwarding node(Leontiadis and Mascolo,
2007).

In compare with other normal type of networks, VANETs is more
challenging due to its mobility. Once an opportunity of sending packet to a proper
node is missed, it might not be taken for second time. The reason is that specific
node can go out of the coverage area and therefore it is out of access. Transmitting
packets process needs to consider many issues such as density, velocity, direction
and node’s destination to avoid severe problems such as Local Maximum, delay and

packet loss.

This study focused on delay in routing protocol in VANETSs. Particularly, the
research undergoes an investigation on packet forwarding and beaconing in order to
reduce delay of delivering packets to destination. GeOpps routing protocol, is
selected as benchmark which is very close to this work in terms of the idea for packet

forwarding.

1.2 Problem Background

In the following sections, two issues are highlighted that are one of the main
concerns of researchers to increase the efficiency of VANETSs. The factor that is
causing the importance of these issues is delay. Therefore, this research investigates

two key challenges that are as follows;



e Delay in packet forwarding

e Delay in beaconing interval

Therefore, the next subsections are elaborated as a way to discuss these main

domains.

1.2.1 Packet Forwarding

As aforementioned about the importance of VANET networks in safety and
traffic control, a lot of efforts have been done to make this technology efficient. To
use advantageous of this technology there is a need of proper routing protocol for
transmitting information between vehicles with a lowest delay. Despite many studies
have been conducted to come up with an efficient routing protocol in VANETS, still
there are deficiencies, delay is the one of the crucial issues in routing that must be
addressed(Nzouonta et al., 2009; Wang et al., 2010; Chen et al., 2011; Jayachandran
et al., 2012; Khan et al., 2012; Paul et al., 2012; Schwartz et al., 2012; Wu et al.,
2012a; Wu et al., 2012b; Yu et al., 2012; Wen and Rhee, 2013; Zhang et al.,
2013).Communications in VANETS are arranged into two groups, Car to Car (C2C)
and Car to Infrastructure (C2I)(Shen et al., 2009).The C2I routing protocols are
composed of two subgroups that have gained more attentions than others which are

Topology-based and Geographical-based(Sharef et al., 2013).

This study is focused on the geographical-based in which the positions of
nodes are considered into account for packet forwarding(Agarwal and Saxena,
2013).The final position of each node helps to make decision to which the packet is
better to be sent. Each node is equipped with GPS system so that they can determine
their destination and also be suggested by best path to the determined destination.
Some algorithms have had a good contribution in enhancing routing protocols such
as the earlier ones known as GPSR(Karp and Kung, 2000) and then improved of this
routing protocol known as GPSR J+(Lee et al., 2007),GPSR+AGF(Naumov et al.,
2006) and E-GPSR(Fenhua and Min, 2010). Furthermore, GPCR(Lochert et al.,



2005), GRANT(Schnaufer and Effelsberg, 2008), CAR(Naumov and Gross, 2007),
A-STAR(Seet et al., 2004) and STBR(Forderer, 2005), are in the same category of

Geographic-based routing protocol.

Regarding to different types of routing protocols, many angles of routing
protocols have been covered but having one comprehensive efficient routing protocol

1s still researcher’s concern.

However, link state routing protocols provide route maintenance and low
latency (Altayeb and Mahgoub, 2013), it does not work very well when the network
is immense. In VANETS, since the network mobility is high and topology is not
constant link state routing protocols are not applicable because maintaining a
connection is a cumbersome task. Therefore, failing in packet forwarding causes
delay and also packet drop. Rather than that, uncontrolled flooding leads to many
unnecessary dissemination, which may cause the so called broadcast storm problem
(Tseng et al., 2002). As the size of a network grows, various performance metrics
start suffering from the increasing load (Li et al., 2001; Tseng et al., 2002; Naumov
and Gross, 2005) that prevents successful performance of the network. As a result,
since topology-based routing protocols establish a path to destination and VANETS
are not stable networks; sequentially change due to the high mobility, then topology-
based routings cannot afford a good performance. In consequence, geographical
routing protocols have been proposed in which the routing is based on the position of

nodes.

All geographic routing protocols have exploited position information of
navigation systems to route packets properly(Sukumaran et al., 2013).Greedy routing
protocols, mentioned before, are a type of geographical routing protocols that sends
the packet to a node that is closest to ultimate destination. Greedy Perimeter Stateless
Routing protocol (GPSR) (Karp and Kung, 2000), For example, considered only the
closeness of neighbours to destination and when the packet stuck in local maximum
it uses the perimeter method to get out of this situation. High probability of being in
local maximum and relaying only on the closeness of the neighbours to destination



makes this routing protocol unreliable in which delay is relatively high(Paul et al.,
2012). GPCR(Karp and Kung, 2000), uses coordinators to direct packets to
destination in which junctions are the dominant places where the forwarding decision
are taken which is not promising to be a proper way of forwarding packet for the
following reason; the scalability of the network is not considered so when the
network is sparse, performance decrease dramatically(Lin et al., 2010; Altayeb and
Mahgoub, 2013). In this regard, it is highly possible that packets face local maximum
so then delay is the result of a routing nevertheless the main concern of this routing

protocol is declining delay.

Using GPS suggestion, best node and route can be found to direct the packet
to the destination. In Geographical Opportunistic routing (GeOpps) (Leontiadis and
Mascolo, 2007), next node is selected based on three principles as follow(Altayeb
and Mahgoub, 2013); first, in the neighbourhood the closest node to destination is
identified. Nodes, calculate the shortest time to destination. Finally, packet is sent to
a node is closest to destination and take shortest time to get to destination.
Calculating the overall distance of neighbours from their current location to the
nearest point to destination and then from that point to destination is the criteria for
finding the best node. The need of time for doing this strong processor is the

weakness of this routing protocol.

1.2.2 Beaconing

In VANETS, vehicles need to know about other vehicles at their
neighbourhood that are within each vehicle coverage area. Therefore, there is a need
for an awareness message to disclose basic information about neighbours that is
called beacon message (Paul et al., 2012). There are two types of beaconing;
constant beaconing and dynamic (adaptive) beaconing. The problem of using
constant beaconing is as follows; first, in low density, low beacon rate cause delay to

discover about neighbours and then reduces reliability. The other negative side of



this method is that the high rate of beaconing leads the network to be
overloaded(Thaina et al., 2011). Regarding to these drawbacks of fixed beaconing
message, adaptive beaconing seems necessary to reduce the impact of these problems
on VANETSs. In the following, first different approaches are investigated and then

most related work to this study will be introduced.

Different approaches have been revealed in order to have optimal beaconing
in terms of bandwidth load or delay. It is notified in many of research works that the
beaconing consumes a big part of bandwidth, so they have tried to tune bandwidth
consumption along reducing latency by proposing adaptive beaconing(Fukui et al.,
2002; Mittag et al., 2009; Torrent-Moreno et al., 2009; Cheng et al., 2010; Samara et
al., 2010b; Schmidt et al., 2010; Sommer et al., 2010; Thaina et al., 2011; Sebastian
et al., 2012). Adaptive beaconing can be categorized in 3 groups(Ghafoor et al.,
2013b); transmission power control, interval, and hybrid beaconing. In the following

some of these approaches are elaborated.

To overcome scalability problem, a solution is proposed that considered
vehicles that are ahead only (van Eenennaam et al., 2010).In this method, only
beacons are sent from vehicles that are in front of current vehicle are acknowledged.
When a node received a beacon from in front node it transmits its beacon to in front
vehicles. Consequently, the collision can be low, but the problem is that it ignores
vehicles at behind that might be a big portion of the existing node in the coverage
area of each node. Authors in (Schmidt et al., 2010) intelligently described different
situation and based on that they proposed situation-adaptive beaconing. They
considered both accuracy and offered load that beacons imposed on the network.
However, they did not evaluate and compare their method. Sending packet based on
constant travelled distance and number of lane (Fukui et al., 2002) are another
mechanisms. Thereby, vehicles transmit more packets when they move faster. The
other factor they considered is number of lane on the street; based on this idea, the
more number of lanes are, the fewer packets are sent which is not reasonable. Having
more lanes on the street cannot imply traffic conditions. Another scheme of adaptive

beaconing is introduced in (Thaina et al., 2011). Regarding to these authors, beacon



messages are affected with two schemes. First, node’s environment; composed of the
density and network traffic. Based on this idea, when these two parameters, density
and network traffic (number of nodes and buffered messages respectively), are high
the beacon rate must be low and vice versa. The other parameter is the application
requirements; each application requires different interval. When there is no need for
high rate of message transmission, beaconing rate is set to low frequency. The
problem to this study is that they did not take the velocity of vehicles into account

which is very influential onto beacon transmission and in overall beacon ratio.

Authors in (Sebastian et al., 2012) revealed an idea to adapt beaconing based
on estimated channel load and danger severity of the interactions among vehicles.
The objective of this research is to provide an optimized beaconing rate to improve
collision prevention capability. According to this research, they tried to reduce delay
by increasing beacon rate with respect to channel load. Since the main concern of
this research is to improve collision prevention, in dense conditions the channel load

is relatively high regarding to the high possibility of collision in this situations.

A fuzzy-logic is used to adapt beaconing rate (Ghafoor et al., 2013a).The
adaptive beacon rate in this approach considered the percentage of vehicles traveling
in the same direction and status of vehicles as inputs of the fuzzy system. Two input
parameters to fuzzy system are Percentage of Directional Neighbour vehicles (PDN)
and vehicle Status (VS) which are used in inference engine to produce the new
beacon; these parameters are used to make rules for fuzzy system in order to gain the
pre-set beacon rate. In fact, taking into account merely two mentioned matrices
cannot have proper output for the whole situations. Status, as an influential
parameter, has a significant impact on output. In order to elaborate more this issue,

see figure 1.1.



Table 1.1: Fuzzy Rules Structure

Rule IF THEN
Perce. of Direc. Vehicle Status BR,

1 Sparse Emerg. VHigh
2 MDense Emerg. High

3 VDense Emerg. Medium
4 Sparse NEmerg. Medium
5 MDense NEmerg. Low

6 VDense NEmerg. VLow

In this figure, it can be seen the highest value for normal situation for
transmitting beacon is medium rate which is not reasonable. The reason is, in sparse
network nodes cannot miss any opportunity of finding a neighbour or a node in a
proper position to forward the packet, but this method does not fulfil it. Finally, this
methodology is benchmarked with two fixed beacon rate; 1 and 6 beacon/second.

A fuzzy method (Hassan et al., 2013)is used for adjust beaconing frequencies
in VANETS. This approach considered three metrics into account; packet carried
time, number of neighbours, and speed. The fuzzy system is used to determine the
next interval for sending message. In this approach, the member functions for fuzzy
system are developed based on the three mentioned metrics as input. Finally, based
on the member functions the desire outputs obtained that is said has better
performance compare with fixed interval rate. For evaluating the proposed method
four metrics are considered; packet delivery ratio, average end-to-end delay, routing
overhead ratio, and total collision ratio. This mechanism has some shortcoming as
follows; first, the packet carry time is not reasonable since in reality there is an
expiration time for each packet that cannot go longer as it is considered in this
article. The other problem is that the current vehicle always lacks of in front node’s
information. As a neighbour numbers that is one of the inputs to fuzzy system, only

vehicles in front of the current node is counted. These vehicles must be in the same



direction with the packet forwarder direction. Thus, these metrics cannot meet an

efficient performance.

A predictive method is used (Schwartz et al., 2013) to find neighbour’s next
positions. In this literature K position of the neighbours are predicted and if one of
them satisfy the real position, the new beacon rate will be defer. Otherwise, it
broadcasts its beacon message to the next slot. This method is based on prediction of
node’s position. Received node, predicts next positions of the node then if the
predicted positions satisfy the feasibility condition, the proposed beacon rate control
algorithm defers the broadcast of its beacon message to the next slot. In the other
words, if the error is more than a value then it must broadcast another beacon to be
able find the real position of the node. Otherwise without sending beacon the

following position of the node is predictable.

Since beaconing helps updating the neighbour’s table, it is very influential in
improving the performance of VANETs network. An efficient interval can help
vehicles have access to as fresh data as possible, there by vehicles have more
accurate information about each vehicle that makes routing protocols more reliable.
In this research, the proposed adaptive beaconing will be compare with proposed
method in(Ghafoor et al., 2013a).

1.3 Problem Statement

Many ideas have been proposed to tackle delay in VANETSs routing
protocols, but still there is a space for enhancement in latency. One of the causes of
delayis from an inefficient beaconing and packet forwarding. Particularly, these
problems can be categorized into two parts as follows;
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e First, outdated information in neighbour’s table that show necessary
information about current node’s neighbour situation. In other words,
improper beaconing mechanism.

e Second, inability to find the proper node among neighbours of the
current node. It can be said, an improper packet forwarding

methodology is the reason of this problem.

In order to overcome aforementioned problems (delay in beaconing and
packet forwarding), this study considers some crucial factors for both beaconing and

packet forwarding that are as follows;

e Beaconing factors: density, velocity, and direction.

e Packet forwarding factors: density, position, and direction.

Toward selecting the best node among neighbours of the current node, there
is a need for proper node selection algorithm. This algorithm must consider priorities
on neighbours to find the most qualified node in order to be selected as a next
forwarding node. Regarding to beaconing problem (delay), aforementioned
parameters are used to conduct an experimental test to find an optimum interval

times for VANETS networks in urban area.

1.4 Research Questions

This research enhances GeOpps routing protocol along finding a fair interval
range in order to have an adaptive beaconing corresponding to the density of the
network. The aforementioned issues lead to address the following questions:

1. How to adjust the interval of beaconing to reduce delay?
2. How to select next hop for delivering packet in a fair time to reduce
delay?



1.5 Research Aim

The main purpose of this study is to reduce the latency in two parts of routing
protocol; those are packet forwarding and beaconing. Thus, the outcome of this
research is a developed routing protocol with less delay. The proposed method is
based on a work that has been done before, GeOpps. In a simple word can be said, an
adjusting method is used in proposed method. The other important section of this
research is adjusting beaconing rate to improve the efficiency of this method based

on some factors that are mentioned before.

1.6 Research Objectives

The following objectives are in place to design improved GeOpps routing

protocol:

1. To design an optimum beaconing mechanism in order to have
efficiency on updating neighbour’s table.

2. To develop the packet forwarding algorithm in adjusting manner in
order to have less delay on packet delivery.

3. To evaluate the performance of the proposed packet forwarding and

beaconing mechanism.

1.7 Research Contribution

In this research, delay is taken as a main challenge by reason of its impact on

network efficiency. To alleviate delay, two issues are investigated as follows;

e Packet forwarding
The main contribution of this research is to develop GeOpps routing

protocol. Particularly, utilizing influential parameters such as; density,

11



direction, position and destination in order to make a better decision
for forwarding packets. The mechanism is used to develop this
protocol (adaptive methodology), helps to reduce delay of packet
delivery via using optimum route and eliminate overhead that is extra
calculation to obtain shortest time to destination. The route is GPS
suggestion that is the closest way to get to the destination. Thus,
messages can be sent in the short time that is vital in vehicular safety
and traffic control.
e Beaconing

Rather than that, investigating about beaconing and recommend an
adjusting interval specifically for urban areas helps hops to gain more
updated information about neighbours and less position error.
Regarding to this benefits, this protocol is more proper for this type of
high mobility networks, VANETS.

Simply, it can be said that the contribution of this research is to have
minimum delay in sending data to other nodes. Thus, it has an impact on safety and

non-safety applications such as; traffic issue or warning message.

1.8 Scope of the Research

This research presents an enhanced packet forwarding mechanism and
adaptive beaconing in VANETS to reduce the overall delay of routing protocol. More

specifically the scope of this research is as follows:

1- The proposed protocol is limited to IEEE 802.11p standard.
2- The packet forwarding methodology development is confined in GeOpps
routing protocol.
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1.9 Significance of the Research

This research comprise of two significant parts; beaconing and packet
forwarding. Sending beacon based on proper interval can enhance the performance
of the VANETs network significantly. For this purpose, an experimental task is
conducted in which a variety of possibilities regarding to the intervals (1-10 interval
per second), velocities (5.6m/s, 8.3m/s, 11.11m/s, and 13.9m/s), densities (80, 110,
140, 170, and 210), are taken into account. The values for intervals is chosen based
on the literature review as well as the densities (Schmidt et al., 2010; Sommer et al.,
2011; Thaina et al., 2011; Akbarifar et al., 2012; Ghafoor et al., 2013a; Schwartz et
al., 2013), but velocities except the 13.9m/s (State, 2013; Wikipedia, 2014) is
selected randomly. Based on the obtained results from this part, an adaptive

beaconing has proposed that cause less delay in beaconing.

Packet forwarding is another important issue that has been studied in this
research. Based on the GeOpps routing protocol two ideas are proposed that adjust
packet forwarding based on the different situations. The ideas are as follows;

e Omitting time calculation that is mentioned in GeOpps routing
protocol. Regarding to this routing protocol, a minimum time that a
packet would need to reach its destination is estimated(Leontiadis and
Mascolo, 2007). This minimum time estimation is removed to help
decreasing delay that caused by this computation.

e As mentioned before, packet forwarding mechanism is corresponded
to density of the network. Based on this idea, when network is very dense,
packets are sent without considering the closeness of neighbour hop’s
destination to the packets destination. In other words, only the direction of

hops is significant when the network is very dense.
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1.10 Thesis Organization

Following chapters are organized as follows:

Chapter 2; It provides deep literature review about this study, background,
routing protocols, problems, and possible solutions. In the end the possible solution
is discussed and a comparative table of routing protocols is presented.

Chapter 3; Research methodology flow of this study is presented in this
chapter. Test bed setup is explained in this part along with problem formulation
based on literature review. In the end, it presents the mobility model and the protocol

design is used in this study.

Chapter 4; describes the design details of introduced algorithm for routing
protocol (GeOpps) and also interval of beaconing.



REFERENCES

Agarwal and Saxena 2013. Comparative and Behavioral Study of Various Routing
Protocols in VANET. International Journal. 3 (10.),

Akbarifar et al. 2012. Dynamic multichannel interval adjustment for WAVE
architecture. Telecommunications (IST), 2012 Sixth International Symposium
on. 612-614.

Altayeb and Mahgoub 2013. A Survey of Vehicular Ad hoc Networks Routing
Protocols.

Bernsen and Manivannan 2009. Unicast routing protocols for vehicular ad hoc
networks: A critical comparison and classification. Pervasive and Mobile
Computing. 5 (1.), 1-18.

Blum et al. 2004. Challenges of intervehicle ad hoc networks. Intelligent
Transportation Systems, IEEE Transactions on. 5 (4.), 347-351.

Chen et al. 2011. A survey and challenges in routing and data dissemination in
vehicular ad hoc networks. Wireless Communications and Mobile
Computing. 11 (7.), 787-795.

Cheng et al. 2010. GeoDTN+ Nav: geographic DTN routing with navigator
prediction for wurban vehicular environments. Mobile Networks and
Applications. 15 (1.), 61-82.

Chiou et al. 2013. K-hop search based geographical opportunistic routing for query
messages in vehicular networks. Next-Generation Electronics (ISNE), 2013
IEEE International Symposium on. 279-282.

Crow et al. 1997. IEEE 802.11 wireless local area networks. Communications
Magazine, IEEE. 35 (9.), 116-126.

7



Fenhua and Min 2010. Improved GPSR routing algorithm and its performance
analysis. Software Engineering and Service Sciences (ICSESS), 2010 IEEE
International Conference on. 49-52.

Forderer 2005. Street-Topology Based Routing. Master’s.

Fukui et al. 2002. Dynamic integrated transmission control (ditrac) over inter-vehicle
communications in its. Vehicular Technology Conference, 2002. VTC Spring
2002. IEEE 55th. 483-487.

Ghafoor et al. 2013a. A fuzzy logic approach to beaconing for vehicular ad hoc
networks. Telecommunication Systems. 1-11.

Ghafoor et al. 2013b. Beaconing Approaches in Vehicular Ad Hoc Networks: A
Survey. Wireless Personal Communications. 1-28.

Harri et al. 2009. Mobility models for vehicular ad hoc networks: a survey and
taxonomy. Communications Surveys & Tutorials, IEEE. 11 (4.), 19-41.
Hassan et al. 2013. Adaptive beaconing system based on fuzzy logic approach for
vehicular network. Personal Indoor and Mobile Radio Communications

(PIMRC), 2013 IEEE 24th International Symposium on. 2581-2585.

Huang et al. 2010. Adaptive intervehicle communication control for cooperative
safety systems. Network, IEEE. 24 (1.), 6-13.

Jang 1993. ANFIS: adaptive-network-based fuzzy inference system. Systems, Man
and Cybernetics, IEEE Transactions on. 23 (3.), 665-685.

Jayachandran et al. 2012. Global Trends in Computing and Communication Systems.
(353-362). Springer.

Jiawei 2011. Design and implementation of buffer managment algorithm in wireless
network based on NS2. Consumer Electronics, Communications and
Networks (CECNet), 2011 International Conference on. 16-18 April 2011.
3065-3068.

Karp and Kung 2000. GPSR: Greedy perimeter stateless routing for wireless
networks. Proceedings of the 6th annual international conference on Mobile
computing and networking. 243-254.

Khan et al. 2012. Minimum delay routing protocol for DTN-enabled VANETS.
Communications (APCC), 2012 18th Asia-Pacific Conference on. 534-538.

Krishnaveni 2012. Survey of Routing Protocols in Vehicular Ad-Hoc Network.
IJECCE. 1 (2.), 110-114.

78



Kuo and Fang 2013. The impact of GPS positioning errors on the hop distance in
Vehicular Adhoc Networks (VANETs). Computing, Networking and
Communications (ICNC), 2013 International Conference on. 51-55.

Lakshmi et al. 2012. Compariaon of Three Greedy Routing Algorithm for Efficient
Packet Forwarding in VANET. IJCTA. 3 (1.), 146-151.

Lee et al. 2007. Enhanced perimeter routing for geographic forwarding protocols in
urban vehicular scenarios. Globecom Workshops, 2007 IEEE. 1-10.

Lee et al. 2009. Survey of routing protocols in vehicular ad hoc networks. Advances
in Vehicular Ad-Hoc Networks: Developments and Challenges, 1GI Global.
21

Leontiadis and Mascolo 2007. Geopps: Geographical opportunistic routing for
vehicular networks. World of Wireless, Mobile and Multimedia Networks,
2007. WoWMoM 2007. IEEE International Symposium on a. 1-6.

Li et al. 2001. Capacity of ad hoc wireless networks. Proceedings of the 7th annual
international conference on Mobile computing and networking. 61-69.

Li et al. 2011. Analysis of greedy forwarding in Vehicular Ad Hoc Networks. System
Science, Engineering Design and Manufacturing Informatization (ICSEM),
2011 International Conference on. 344-347.

Li et al. 2013. Geographic routing protocol for vehicular ad hoc networks in city
scenarios: a proposal and analysis. International Journal of Communication
Systems.

Lin et al. 2010. Routing Protocols in Vehicular Ad Hoc Networks: A Survey and
Future Perspectives. J. Inf. Sci. Eng. 26 (3.), 913-932.

Lochert et al. 2005. Geographic routing in city scenarios. ACM SIGMOBILE Mobile
Computing and Communications Review. 9 (1.), 69-72.

Mittag et al. 2009. A comparison of single-and multi-hop beaconing in VANETS.
Proceedings of the sixth ACM international workshop on VehiculAr
InterNETworking. 69-78.

Namboodiri et al. 2004. A study on the feasibility of mobile gateways for vehicular
ad-hoc networks. Proceedings of the 1st ACM international workshop on
Vehicular ad hoc networks. 66-75.

Naumov et al. 2006. An evaluation of inter-vehicle ad hoc networks based on
realistic vehicular traces. Proceedings of the 7th ACM international

symposium on Mobile ad hoc networking and computing. 108-1109.

79



Naumov and Gross 2005. Scalability of routing methods in ad hoc networks.
Performance Evaluation. 62 (1.), 193-209.

Naumov and Gross 2007. Connectivity-aware routing (CAR) in vehicular ad-hoc
networks. INFOCOM 2007. 26th IEEE International Conference on
Computer Communications. IEEE. 1919-1927.

Ning et al. 2009. Route optimization for GPSR in VANET. Advance Computing
Conference, 2009. IACC 2009. IEEE International. 569-573.

Nzouonta et al. 2009. VANET routing on city roads using real-time vehicular traffic
information. Vehicular Technology, IEEE Transactions on. 58 (7.), 3609-
3626.

Parno and Perrig 2005. Challenges in securing vehicular networks. Workshop on Hot
Topics in Networks (HotNets-1V). 1-6.

Paul et al. 2012. VANET Routing Protocols: Pros and Cons. arXiv preprint
arXiv:1204.1201.

Raya and Hubaux 2007. Securing vehicular ad hoc networks. Journal of Computer
Security. 15 (1.), 39-68.

Raya et al. 2006. Securing vehicular communications. Wireless Communications,
IEEE. 13 (5.), 8-15.

Samara et al. 2010a. Security Analysis of Vehicular Ad Hoc Nerworks (VANET).
Network Applications Protocols and Services (NETAPPS), 2010 Second
International Conference on. 55-60.

Samara et al. 2010b. Safety message power transmission control for vehicular ad hoc
networks. arXiv preprint arXiv:1007.3058.

Schmidt et al. 2010. Exploration of adaptive beaconing for efficient intervehicle
safety communication. Network, IEEE. 24 (1.), 14-19.

Schnaufer and Effelsberg 2008. Position-based unicast routing for city scenarios.
World of Wireless, Mobile and Multimedia Networks, 2008. WoWMoM 2008.
2008 International Symposium on a. 1-8.

Schoch and Kargl 2010. On the efficiency of secure beaconing in VANETS.
Proceedings of the third ACM conference on Wireless network security. 111-
116.

Schwartz et al. 2012. Exploiting beacons for scalable broadcast data dissemination in
VANETSs. Proceedings of the ninth ACM international workshop on

Vehicular inter-networking, systems, and applications. 53-62.

80



Schwartz et al. 2013. A scalable data dissemination protocol for both highway and
urban  vehicular environments. EURASIP Journal on  Wireless
Communications and Networking. 2013 (1.), 1-19.

Sebastian et al. 2012. Context-aware rate-adaptive beaconing for efficient and
scalable vehicular safety communication. International Journal of
Communications, Network and System Sciences. 5 (9.), 534-547.

Seet et al. 2004. NETWORKING 2004. Networking Technologies, Services, and
Protocols; Performance of Computer and Communication Networks; Mobile
and Wireless Communications. (989-999). Springer.

Sharef et al. 2013. Vehicular Communication Ad Hoc Routing Protocols: A Survey.
Journal of Network and Computer Applications.

Shen et al. 2009. Performance Evaluation of IEEE802. 11-Based Ad-Hoc Wireless
Networks in Vehicular Environments. Wireless Communications, Networking
and Mobile Computing, 2009. WiCom'09. 5th International Conference on. 1-
4.

Slavik et al. 2012. Analysis of beaconing message rate in VANET multi-hop
broadcast protocols. High Capacity Optical Networks and Enabling
Technologies (HONET), 2012 9th International Conference on. 037-041.

Sommer et al. 2010. Adaptive beaconing for delay-sensitive and congestion-aware
traffic information systems. Vehicular Networking Conference (VNC), 2010
IEEE. 1-8.

Sommer et al. 2011. Traffic information systems: efficient message dissemination
via adaptive beaconing. Communications Magazine, IEEE. 49 (5.), 173-179.

Stanica et al. 2011. Why vanet beaconing is more than simple broadcast. Vehicular
Technology Conference (VTC Fall), 2011 IEEE. 1-5.

State. 2013. "Speed limits in Switzerland.”  Retrieved January 4, 2013, from
http://travel.state.gov/travel/cis_pa_twi/cis/cis_1034.html.

Sukumaran et al. 2013. STUDY OF VARIOUS GEOGRAPHIC ROUTING
PROTOCOLS IN VANET. International Journal of Research in Wireless
Systems. 2 (1.),

Sun et al. 2010. Improved GPSR in inter-vehicle communication. Communications
and Mobile Computing (CMC), 2010 International Conference on. 259-265.

81


http://travel.state.gov/travel/cis_pa_tw/cis/cis_1034.html

Thaina et al. 2011. A study of adaptive beacon transmission on vehicular ad-hoc
networks. Communication Technology (ICCT), 2011 IEEE 13th International
Conference on. 597-602.

Tian et al. 2010. Performance evaluation of beaconing in dense VANETS.
Information Computing and Telecommunications (YC-ICT), 2010 IEEE
Youth Conference on. 114-117.

Toor et al. 2008. Vehicle ad hoc networks: Applications and related technical issues.
Communications Surveys & Tutorials, IEEE. 10 (3.), 74-88.

Torrent-Moreno et al. 2009. Vehicle-to-vehicle communication: fair transmit power
control for safety-critical information. Vehicular Technology, IEEE
Transactions on. 58 (7.), 3684-3703.

Tseng et al. 2002. The broadcast storm problem in a mobile ad hoc network.
Wireless networks. 8 (2/3.), 153-167.

van Eenennaam et al. (2010). Towards scalable beaconing in VANETS.

Wang et al. 2010. A novel geographic routing strategy over VANET. Advanced
Information Networking and Applications Workshops (WAINA), 2010 IEEE
24th International Conference on. 873-879.

Wen and Rhee 2013. Information and Communicatiaon Technology. (502-506).
Springer.

Wikipedia 2013. Speed limits by country --- Wikipedia{,} The Free Encyclopedia.
wikipedia.

Wikipedia. 2014. "Speed limits by country.”  Retrieved January 4, 2014, from
http://en.wikipedia.org/w/index.php?title=Speed_limits_by country&oldid=5
88690630.

Wu et al. 2012a. A low latency path diversity mechanism for sender-oriented
broadcast protocols in VANETSs. Ad Hoc Networks.

Wu et al. 2012b. On optimal service directory selection in urban vehicular networks.
Proceedings of the first workshop on Urban networking. 19-24.

Yin et al. 2004. Performance evaluation of safety applications over DSRC vehicular
ad hoc networks. Proceedings of the 1st ACM international workshop on
Vehicular ad hoc networks. 1-9.

Yousefi et al. 2006. Vehicular ad hoc networks (VANETS): challenges and
perspectives. ITS Telecommunications Proceedings, 2006 6th International
Conference on. 761-766.

82


http://en.wikipedia.org/w/index.php?title=Speed_limits_by_country&oldid=588690630
http://en.wikipedia.org/w/index.php?title=Speed_limits_by_country&oldid=588690630

83

Yu et al. 2012. Adaptive forwarding delay control for VANET data aggregation.
Parallel and Distributed Systems, IEEE Transactions on. 23 (1.), 11-18.

Zeadally et al. 2012. Vehicular ad hoc networks (VANETS): status, results, and
challenges. Telecommunication Systems. 50 (4.), 217-241.

Zhang et al. 2013. Detecting Hot Road Mobility of Vehicular Ad Hoc Networks.
Mobile Networks and Applications. 1-11.

Zhang and Wolff 2008. Routing protocols for vehicular ad hoc networks in rural
areas. Communications Magazine, IEEE. 46 (11.), 126-131.





