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Abstract

Vehicle safety applications such as collision avoidance, emergency braking etc., based 
on vehicle-to-vehicle communications are promising new technology, diminishing the 
number of accidents on roads. The functioning of these safety applications depends 
on continuous exchange of Cooperative Awareness Messages (CAM) between the 
vehicles through wireless communications making them aware of each other. 
Messages are also logged by each vehicle in their log files. However reliability and 
availability of these applications depends on the quality of wireless communication 
between the vehicles. Wireless link tends to get vulnerable due to a number of static 
(building, terrains etc.) and dynamic obstacles (climatic conditions, traffic 
environments etc.) causing the effects of shadowing, reflection, scattering etc. These 
are examples of the different causes to communication disturbances between vehicles 
that indirectly also influence safety applications. It is therefore important to have 
better tools to examine the communication quality which might not be possible by 
manually scanning the log files. 

Our thesis work uses Visualisation technology to efficiently display the quality of 
communication within a range using log files generated from measuring the 
communication between the vehicles. We have investigated various Visualisation 
techniques and approaches appropriate for our task. However we choose to use the 
Pixel Map based approach, which is a combination of two technologies, Maps and 
computer graphics to precisely visualize quality at each location. By using this 
approach we are able to make a tool that show how communication quality is affected 
by various static and dynamic obstacles at different geographical locations leading 
towards the improvement of safety applications. 
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Chapter 1 

1 Introduction 

Vehicle safety applications based on VANET technology are promising approaches 
to reduce the number of accidents on roads. They provide reliable communication 
among vehicles by broadcasting periodic CAMs, which contain information about 
vehicle location, speed and time. (Vehicles in this context are known as network 
nodes).  

Applications can be categorized as safety applications, which increase the safety of 
the driver by GPS and navigation systems which integrate traffic reports. The 
applications include an on-board computer which downloads and reads the email 
about traffic slow down or halts and personalized applications which increase the 
comfort of the driver by providing different services such as VOIP [1] and Google 
talk which reduces the telecommunication cost. 
 
Wireless communication and VANET plays a prominent role as they are integrated 
on multiple ad-hoc network technologies such as 802.11p, WAVE IEEE 109, WIMAX 
[2] IEEE 802.16 for accurate and effective communication between vehicles.  
 
Vehicles using VANETs are connected to other vehicles, which is  vehicle to vehicle 
communication (V2V) and a fixed station in a given area is known as vehicle to 
infrastructure (V2I) using a wireless network. They implement different wireless 
technologies such as Dedicated Short Range Communication (DSRC) which is a one 
or two way wireless communication channel, which is allocated 30 MHz spectrum in 
5.9 GHz band for ITS and used for a different set of protocols. The main goal of V2V 
is to provide safer and efficient roads by providing timely information to drivers and 
concerned authorities.   

In this thesis work, we have described the fundamentals of VANETs and wireless 
communications in chapter 2. The reasons for communication failures between the 
vehicles which form the background of our work have also been explained in the 
same. Chapter 3 covers the basic concepts of data Visualisation and different 
Visualisation approaches that can be used to graphically display the quality of 
communication from a different transmitter location. In chapter 4 we implement our 
work by transforming raw data, which has resulted from V2V communication into a 
structured SQL database, which is then processed further for Visualisation. 

1
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When wireless communication is established between vehicles they share different 
information among them, ranging from in-vehicle resource management to 
communication management. Each vehicle is equipped with transceivers which 
transmit and receive information about itself and other vehicles in its (ITR) indicated 
transmission range.   

We consider a situation in which four vehicles approaching from four different 
directions and all the vehicles are in its ITR. Still two vehicles cannot communicate 
with each other due to the non-line of sight, which causes communication 
disturbance (CD) between vehicles. This may be caused by different geographical 
locations and different obstacles in the environment. 

The project WiMeMo made use of V2V communication in ITS and logged 
information about various locations and how the quality varies at various locations 
and generated a large amount of data in the form of text logs, which is compressed 
and stored in a data structure. These text logs contain the information about the 
transmitted and received vehicles. Looking at these data one cannot understand 
communication quality at various locations.  

1.2 Approach Chosen To Solve the Problem

Millions of records through V2V communication are difficult to understand for 
people by investigating raw data.  There should be a medium that could 
communicate this data to a user in a graphical way. Computer based visualisation 
enhances the cognitive abilities of a human through computer graphics and other 
technologies. It not only integrates data but also displays the results from 
manipulation and data processing in an interactive way.  Hence visualisation seems 
to be essential in exploring large datasets. 

Statistical and geospatial data visualisation has been studied for decades. However, 
the data we have now presents new challenges in terms of number of records and its 
distribution in space. Displaying such large datasets, where each record has unique 
results, using conventional mapping techniques is problematic.  

Our approach in this work is to integrate GIS functionalities supported by map and 
computer graphic techniques for visualisation. We use the Pixel-Map approach for 
representing our data on a map. They are novel in several ways; firstly unlike any 
other techniques that use several pixels to present one record, Pixel Maps utilizes 
each single pixel for visualizing a record, therefore minimizing screen space. They 
are mainly used for three dimensional datasets like our data, where two dimensions 
are geographic coordinates and the third dimension is the statistical attribute.
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Together they form a data point. The approach also prevents over-plotting of data 
giving a clear overview. 

Our visualisation process would work in three steps. The first step is to select a base 
map layer on which the user wants his data to be plotted. Secondly, using the Pixel 
Map to visualize that data. Create an image where QoS for each location would be 
displayed by converting geographical coordinates to the local screen coordinates. 
Lastly, when the image is created, it is overlapped onto the base map presenting the 
final output to be visualized by the user. This would be beneficial for exploring the 
data and examining the reason for successful or degraded communication at various 
locations. 
 

1.3 Goals and Expected Results

1) Analyzing the given WiMeMo data.  

2) Finding communication quality from the data. 

3) Investigating different visualisation approaches. 

4) Selecting one of the approaches and developing a tool for WiMeMo data Visualisation. 



Chapter 2 

2 Background

2.1 Wireless Ad Hoc Networks

Wireless ad hoc [3] are a type of radio network where the numbers of nodes are 
combined to form a multi hopping network, this is a decentralized network. As the 
communication here takes place over a wireless link, they have a struggle with some 
of the radio communication problems such as interference, fading and noise. 

In wireless ad hoc networks the nodes play a twin role of host as well as router and 
control of the network is distributed among these nodes. As this is a wireless 
network the bandwidth is smaller compared to wired network and nodes are mobile. 
Due to the mobile nature of the node the network topology changes as the 
connectivity among the nodes varies with time as the nodes are connecting with new 
nodes. 

Due to this highly mobile nature of the nodes they require an efficient routing 
protocol. This protocol shall be able to make nodes communicate with each other 
over multi hop and reduce the consumption of network resources. The wireless ad 
hoc network can be categorized in three major types as shown in figure 2.1 wireless 
mesh network, mobile ad hoc networks and wireless sensor networks. The mobile ad 
hoc networks can be again divided as vehicle ad hoc networks and intelligent vehicle 
ad hoc networks. 

                                                    Figure 2.1: wireless ad hoc networks 



Chapter 2. Background 5

2.2 Vehicle ad hoc networks

With the increase in technology, ITS (intelligent transport system) has been 
developed as a new transportation infrastructure for the safety, security and 
efficiency of the public. VANETs [4] is one of these technologies, VANETs is used for 
building a robust an ad-hoc-network among vehicle to vehicle communication and 
vehicle to infrastructure communication. 
 
In VANETs two types of communication are available: that is communication 
between vehicles which is V2V and communication between vehicles and base 
station, that is V2I, these base stations are also known as RSU, which are located at 
some critical section of road. Vehicles are also known as nodes, these nodes are 
equipped with various   on-board sensors which are capable of sensing, making 
decisions and controlling actions.  V2V communication takes place; among these are 
on-board units ‘OBUs’ and in V2I the communication takes place among these on-
board units and road side units. As VANETs are self-organized, many applications 
are provided with internet access in vehicles. 
  
VANETs use the technology DSRC, which supports high speed low latency. DSRC 
on the other hand uses IEEE802.11p and WAVE standers [5].The FCC has allocated a 
frequency spectrum for V2V and V2I wireless communication and established 
service and license rules which uses 5.9GHz band [6]. 
 
In VANETs there are number of vehicles communicating with each other and all the 
nodes are self-organized and mobile.  Due to their highly mobile nature the network-
topology changes frequently and very fast. VANETs are potentially large scale 
networks with variable network density, nodes are frequently recharged as there is 
no restriction for power consumption.  
 

All the VANETs devices are equipped with transceivers which are the main source of 
communication; with these transceivers vehicles can transmit and receive the 
messages. Apart from that, vehicles are equipped with intelligent devices such as 
GPS radars sensors navigation systems which will collect the data from the interior 
or external environment and pass to the central processing unit.
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                      Figure 2.2:  vehicle to vehicle and vehicle to infrastructure communication [7].   

 

In the modern transportation system, VANETs are considered to be the most 
important and prominent technology related to safety and efficiency. In order to 
avoid collisions the node takes a roundabout route and can gather information about 
the nearby vehicles so that accidents may be avoided. They also avoid congestion 
and traffic jams. 

VANETs technology supports two types of application, which are safety related 
application and personalized application .Safety related application increases safety 
of the vehicles on the road by decreasing the number of accidents and avoiding 
congestion when two or more traffic flows intersect. In the personalized application 
the vehicles are connected to the real the world through the internet to get real world 
information and updates. Apart from that, they can provide entertainment gaming 
and sharing files through the internet or by a local ad-hoc network server. 

VANETs are closely similar to mobile ad-hoc networks. Despite providing safety and 
efficiency to the vehicle and being the most prominent technology, VANETs lack in 
some scenarios such as: 

1) Traveler safety. 

2) Reduce travelling time. 

3) Decrease traveler mobility. 

4) Less consumption of energy. 

2.2.1 Radio Spectrum

Transmission in Vehicle-ad-hoc networks is carried out on VHF micro and 
millimeter waves. Some experiments where done with infrared waves in 
V2VCommunication as these infrared and millimeter waves allow communication in 
line of sight. For broadcast communication VHF and micro waves are used. Long 
links are provided with VHF but at low speed. Different countries have allocated 
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different band widths for VANETs [8] such as 75 MHz in the 5.9GHz band for the 
United States of America and 5.8 GHz for Europe and Japan. 

The basic band spectrum is 5GHz used by ITS because of the lack of similarities 
between different countries. On request, ITS has allocated 7hMHz from 5.850 to 
5.925GHzto support both 10 and 20 MHz channels for safety applications. In 2010 
and 2020 for 10MHz is and will be available in Europe for vehicle communication. 
IEEE 802.11a works on an unlicensed band whereas 802.11p WAVE is a part of DSRC 
system works on a licensed band of 5.9GHZ  as for robust in-vehicle communication 
they require a  licensed band. 

DSRC [9] technology uses IEEE 802.11p as a background technology for all VANETs 
therefore all the organizations make the effort to pursue a common architecture. 
ISO/CALM tries to communicate VANETS technology in any technology using IPv6
network protocol, whereas C2CCC tries for an architecture based on IEEE 802.11p 
using TCP/IP network technology.  

FCC has allocated 75MHz of DSRC spectrum at 5.9 GHz for VANETs environment. 
DSRC is divided into seven channels as shown in the figure 2.3 .The two channels: 
channel 172 and channel 182 which are at the edge of the spectrum, are used for 
advance accident avoidance applications and high powered public safety. The 
channel 178 is the control channel used for safety communication only. The 
remaining are the service channels which are used for both safety and non-safety 
applications.  

                              Figure 2.3: 5.9 GHz DSRC band plan with 10 MHz channels

2.2.2 Physical Layer

IEEE802.11 [10] has proposed many versions, such as 802.11a, 802.11b, 802.11g most 
of these versions are extensions of IEEE802.11. WAVE which is also referred to as 
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802.11p is a latest version of 802.11which is mostly used for vehicle safety 
applications. This technology is mostly based on OFDM orthogonal frequency 
division multiplexing and differs from 802.11a in physical parameters, time domain 
and Doppler spread effect. 

For 802.11p the transmission range ranges from 300m to 1km, the signal band width 
is reduced from 20 to 10 MHz and through put ranges from 3 to 27Mb/s instead of 6 
for 54Mb/s. It works in 5.850-5.925GHz spectrum in North America which is a 
licensed ITS band. For V2V and V2I it provides communication up to1000m. 

By using the 10MHz channel, it allows data pay load communication capability 3, 
4.5, 6.9, 12, 18, 25 and 27 Mb/s and by using 20MHz channel it allows pay load up to 
54Mb/s. 

2.2.3    Medium Access Control Layer

Generally WLAN MAC standers can be used for VANETs but due to the mobile 
nature of the nodes the network topology changes, it is therefore difficult to get 
satisfactory outputs. Therefore there has been proposed several protocols which are 
inherited from the existing protocols. 

IEEE 802.11 MAC [11] is one of the protocols proposed which is based on CSMA/CA 
which makes use of the communication window: CW. Here we can have maximum 
throughput delay, bound weighted fairness and differential QoS, but it is not 
suitable for real time traffic as it cannot guarantee a determined upper bound on the 
channel access.   

ADHOC MAC [12] is another protocol proposed for VANETs which is based on a 
frame slotting structure which is good for one hop broadcast service. This protocol 
guarantees good QoS for real time traffic. The main drawback for this protocol is that 
the medium is not efficiently used, as the number of vehicles in the coverage area 
must be less than the number of time slots in the frame time. 

The combination of these protocols can provide good results for VANETs. As IEEE 
802.11 is good for mobile nodes and ADHOC MAC provides high reliability, QoS 
and real time compatibility.  

2.2.4   Routing

As the vehicles in VANETs are moving the network topology keeps on changing due 
to the dynamic nature of the network. Therefore routing becomes more challenging 
in VANETs .There are six types of routing protocols. Here we focus on a few 
protocols. 
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Position based routing: 

This protocol contains classes of algorithms. Here the packets are sending to the 
destination node without use of any map. This protocol works better because as 
there is no necessity to make use of a global route from source to the destination. 

This protocol is again classified into  two types they are position based greedy 
vehicle to vehicle protocol and delay tolerant protocol. 

Position Based Greedy vehicle to vehicle Protocol :
The main goal of this protocol is to transmit packets to their destination node with 
minimum delay. The main strategy of this protocol is the intermediate nodes have 
knowledge of position of itself, neighboring nodes and destination nodes. An 
example of position based protocol is GSR.

Geographic Source Routing (GSR) [13]: 
This protocol is useful because it can make use of many MANETs applications by 
incorporating it into a greedy forwarding message towards the destination node. If 
there are no nodes in the direction of the destination, the protocol uses a recovery 
strategy called perimeter mode. It makes local conversation of a connectivity graph 
into a planner graph, which is a distributed planarization algorithm. Here, if the 
nodes find any obstacles, then the perimeter mode and planner graph routing 
algorithm starts operations. 

Geocast routing 

The main aim of the geocast routing is to transmit packets in a predefined 
geographical region. This predefined region is known as ZOR (zone of relevance). 
This is a location based multicast routing. Here to avoid congestion in the network 
and reduce message overhead, the packets are simply flooded in to the forwarded 
zone.  In spite of forwarding everywhere, at the destination zone, packets are unicast. 
The examples of geocast routing are ROVER, IVG. 

Inter vehicle Geocast (IVG) 

The main aim of IVG is to alert the vehicle on highways about the danger area, 
which is called multicast group. This can be done by identifying the obstacle in that 
area and direction in which the vehicle is moving. Initially the vehicle in danger 
sends a message alert to the multicast group. This vehicle in the neighborhood 
receives the message and calculates its relevance and the vehicles will back off.  

Routing for VANETs Rover

Here vehicles have VIN, GIS receiver and a digital map; the goal of this protocol is to 
transmit messages from one application (A) to other vehicles within ZOR which is a 
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predefined geographical area. This geographical area is defines in a rectangle, 
specified by its corner coordinates. A vehicle receives the message if it is in the ZOR.  
It is a reliable geographical multicast protocol where only control packets are 
broadcast in the network and the data packets are unicasted. 

2.2.5       Applications

With respect to the safety of the vehicles on the road and to provide entertainment 
during the journey, the VANETs applications can be classified into two classes. They 
are safety applications and personalized applications. 
 

Safety applications: 

These are the applications which can reduce the number of accidents on the road and 
provide safety to the vehicles. For safety applications in MAC layer, the applications 
can access the DSRC control channel as the second priority and messages can be 
delivered to the nearest node at the delay of 1000 milliseconds. Accident warnings, 
collision avoidance and congestion avoidance are the main example of safety 
applications. 
 

Accidents warnings: 
As the nodes travel at high speeds, the approaching node gets very little time to react 
to the node in front of it, which may lead to an accident or crash of the vehicle. Safety 
applications are used to warn the nodes about approaching nodes along the road to 
prevent the pile up from occurring [14].Thus, this safety warning prevents accidents. 

 
Collision avoidance-detection: [15] 

When two or more traffic flows intersect with each other it is difficult and more 
challenging for the driver to drive the vehicles. This can lead to collisions, to avoid 
this type of collision, collision avoidance or collision detection warning messages are 
broadcast between the vehicles. These warning massages have active or passive 
approaches. That is, whenever the event occurs, messages are exchanged [16] as we 
know vehicles are communicating with each other by using periodical CAMs. These 
CAMs contain location time and speed of the vehicles, which updates the status of 
the vehicles to the neighboring vehicles, which can used to avoid any emergency or 
unsafe situations. 

 
Congestion avoidance:  

 When a node has to forward data to the next node, under an over load situation the 
source node reduces the data rate, which leads to congestion. When a node has to 
forward data within a few seconds, it will not forward data at that time.  Thus, safety 
applications provide the a best scheme to adapt the available bandwidth [17] and 
provide the driver with the best routes [18] which would decrease the congestion on 
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roads and ease the traffic flow which would prevent traffic jams and lessen the 
number of accidents.  
 

Personalized applications: 

These are the non-safety applications which are meant for the drivers’ convenience. 
These applications provide entertainment to the drivers and also provide services 
such as web access, streaming audio and video. This application can be categorize 
into classes.  

Internet connectivity: 
As many user interface applications require internet connectivity, use of the internet 
has become most prominent in our day to day life. Therefore providing internet 
connectivity in VANETs became more important. By providing unicast connection 
between OBU and RSU straightforward internet connectivity is established in the 
vehicles.  

 
Peer to Peer:  

Passengers in vehicles can share music, movies and also play games by streaming 
from special servers during a journey, by using peer to peer applications which can 
avoid boredom. 

2.3 Quality of Service

Reliability has been a key word in modern network applications and it has become 
important to have the ability to provide a QoS guarantee in all packet switching 
network applications. A lot of effort has been applied to provide reliability to the 
network and simultaneously utilize all the network resources in an efficient manner.  

QoS stands for Quantity of Service, the main aim of QoS is to provide service by 
providing priority, allocated bandwidth, controlled jitter and latency to different 
flows in packet transmission for different wired to wireless networks. This can be 
done by raising the priority of certain flow or limiting the priority of another flow. 

Queuing and servicing queues are the different mechanism which can raise the 
priority of the queue by dropping lower priority flow over higher priority flows. 
Policing and shaping are the different services which can provide priority to the flow 
by limiting the through put of other flows. 

2.3.1 Quality of Service Architecture

The architecture [19][20] QoS includes three main fundamental implementations 
they are 1) identification and marking the packets, 2) queuing, scheduling and traffic 
shaping and 3) QoS management and accounting functions.  
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In the packet switching network, to provide different services for the transmission of 
packets, first the packets should be identified and then they should be marked. 
Basically the identification of packets is done within single routers but priorities can 
be set using some features such as committed access rate (CAR). With use of CAR, 
priorities can set to a certain coverage area. If the packets are simply identified and 
are not marked, then it is said to be on a pre-hop basis which means the packets are 
not transmitted to the next router but transmitted to the next device ON. 

In the network, if the amount of traffic is more than the link speeding then it leads to 
congestion. The size of the queue is limited, after filling the queue; extra packets are 
not accepted in the queue and it leads to packet drop. To avoid this type of scenario, 
packets should not exceed the queue size. The packets have to be sent in FIFO order 
or some queuing techniques have to be used such as priority queuing, fair queuing 
or weight fair queuing. 

Link efficiency plays an important role in a packet switching network. When small 
packets are behind the larger packets, it is an issue for the smaller packets to 
transmit. As the larger packet consumes more time to transmit than smaller packets, 
therefore some techniques such as interleaving are used to fragments the packets.  

When the packets exceed the queue size, the packets overflow. To overcome this, the 
traffic must be shaped. Traffic shaping and policing are techniques used to pace the 
traffic in a perfect way. Policing differs with traffic shaping in one way that is the 
traffic that exceeds the configured rate will not be buffered.   

2.3.2 Quality of Service Levels

End to end QoS means to provide a required service to the network from end to end. 
There are three levels of end to end services, as are shown in figure2.4. They are best 
effort services, differential services and guarantee services. These services are bound 
with providing different bounds of band width delay jitter.

                               

 
Figure 2.4: Three different levels of QoS 
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Best effort: 
 
Here they are transmitted in FIFO order, that is, all higher priority packets and lower 
priority packets are treated in the same manner with no difference in packets size. 
This service has basic connectivity with no guarantee. 
 

Differential Services:  

In these services the packets are queued by using different queuing mechanisms 
such as priority queuing, fair queuing and weight fair queuing. Here the traffic 
which has more average bandwidth and lower average loss rate will have the high 
priority. 

Guarantee services:  
 
This service provides guarantees to different network applications. This guarantee is 
provided by RSVP which reserves resources on the network.  

2.3.3 Quality of Service for VANETs 

Wi-Fi interface plays an important role in VANETs, as the nodes in VANETs move 
with high speed on the path and direction in which the nodes are moving are known 
[21]. Every transmission channel is prone to be disturbed due to some interference, 
such as buildings and obstacles and there may be some link failures due to dynamic 
VANETs network topology. It is most challenging to provide a robust path from 
source to destination in VANETs. This can be done by providing a guarantee QoS in 
the wireless network. 

In a wired network guarantee QoS can be provided by shared communication 
resources, in an overload situation by different QoS strategies such as admission 
control and different scheduling strategies. In wireless networks it is difficult to 
provide guarantee QoS therefore strategies such as monitoring and adaptation to the 
changes in shared communication resources are employed.  
 
In VANETs, adapting to the changes is a little difficult as the periodic transmitted 
messages have very little redundant information. Therefore, node positions and 
communication requirements are taken into account, such as range requirement and 
speed of vehicle. In many VANETs applications the most important thing is the QoS 
requirement, which is related to application; if the requirements are not met then.  
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there will be graceful degradation in system functionality, which leads to 
degradation in communication performance.   

 2.3.4 Quality of Service Parameters for VANETs

Efficient Bandwidth Utilization:

In wireless communication, use of estimated bandwidth plays an important role in 
system performance, as the system performance can be degraded by inaccurate 
bandwidth utilization. Use of lower bandwidth than network capacity means 
underestimation of bandwidth and use of higher bandwidth than network capacity 
means higher estimation of bandwidth. 

As nodes are mobile in VANETs, the band width utilization is more than comparable 
with other wireless communication networks. In VANETs the vehicles are equipped 
with different devices with different network properties, due to which range and 
bandwidth may vary and nodes have to suffer. Vehicles having velocity and GPS 
information will consume less bandwidth than others. 

If the two nodes are in the same range then they communicate with each other 
without any congestion and for sending information the sender node checks whether 
the receiver node has the same bandwidth, if not then the sender node shares its 
bandwidth. 

According to [22] utilization of bandwidth is completely dependent on transmitted 
traffic, which can be classified in two classes such as real time traffic or non-real time 
traffic, for request of real time traffic at the base station can be expressed as equation 
below  = + , ,   

        = unused bandwidth 
      ,      = currently allocated bandwidth with index i 

       = reserved bandwidth for emergency events 
   
In V2I the base station requires more bandwidth, as the base station is associated 
with every vehicle all the time and during scarcity of the bandwidth, the base station 
informs other base stations, as it cannot receive the information. 
 
Data latency:

When the messages are transmitted the time taken for the message to travel from 
transmitter to receiver is said to be data latency. Transmission delay is an important 
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factor that influences the data latency, which is used to find throughput. The 
transmission delay can be calculated as: 

Bit-Rate = Data Size/ Transmission Time Delay  

Transmission Time Delay=Data Size/Bit-Rate Data size = User Data + Header  

In the network, for transmission messages the link reliability is higher and the 
transmission delay is lower. 

According to [23] the transmission delay can be calculated by a specific delay 
threshold, when a number of messages is transmitted to an access point. The 
minimized data mulling is the technique that is used to buffer messages in local 
memory. The transmission delay is calculated as shown in the equation below. 
 = /  
Here 
Dittoing is the remaining length of the street until it intersects with the other street. 
 
Distance is the current shortest path. 
 
U is the average speed of the vehicle. 
The equation below is used to calculate the expected delay for the next access point. 
 = /  
 
As the network topology changes and speed of the node changes there are many 
chances of link brakeage so there is an increase in data latency.  

Packet reception ratio:

Packet reception ratio (PRR) can be defined as the ratio of the number of packets 
received to the number of packets transmitted. PRR is the most important parameter 
in packet transmission [24]. The factors that influence PRR are the packet size, link 
size, range of transmission and speed of node. If the ratio is 100% that means 100% 
packets are received, then it is said to be very good communication among the 
nodes. 

The important factor for good communication is time. If 100% packets are received in 
a given time then it is said to have good quality of communication. To have reliable 
communication between nodes it is important to have appropriate routing of nodes 
and less number of hops [25]. The transmitting node should have advance 
information about routes and will choose the most reliable route.  Transmission of 
packets can take place as packets received per node or total number of packets 
received at the final node. 
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To know the link availability, there requires two nodes with equal movement, for 
every transmission, each packet is transmitted and this packet transmission is related 
to route changes. The position and mobility of the nodes is known to have an exact 
result of routing performance and also to the next position of the node. 

Many VANET protocols have been developed to introduce new metrics to estimate 
the quality of route and there are probabilities that the path will be broken for every 
time interval and the stability of the node can be known by vehicle speed and 
positions, the node moves in same the direction where it has stable routes. 

PRR is mostly dependent on the connectivity between two nodes, but due to the 
dynamic nature of the node it is difficult to have good connectivity among nodes. 
Therefore, by using different intelligent transportation techniques such as clustering, 
performance of the PRR is increased. 
 



Chapter 3

3 Data visualisation

Visualisation is a technology developed to represent the data clearly in the form of 
graphics and images. A huge amount of data is translated from values into graphical 
representation to detect patterns and draw inferences. Hence, it becomes easier for 
the user to observe, analyze, investigate and interact with data. One of the 
advantages of visualisation is that the graphical representation serves as an efficient 
way of identifying problems in the data. Bertin [28] describes two distinct uses of 
graphics, 1) for communicating information, where a user is already aware of the 
information, and, 2) for graphical processing, where the user manipulates and 
processes given data using graphical objects to understand the abstract information. 
For example, we have processed the given data using a computation method, PRR 
(section 2.3.4), to find quality of communication from the distinct locations. 
 
Scientific computing visualisation is a base for today’s visualisation theories and 
technologies. It is a calculation method that achieved its purpose of translating 
scientific data into the information that is visual, aiding people to understand the 
data precisely and directing towards an appropriate research area. Examples of 
scientific data are the values either obtained from some measurements or through 
calculation or characters passed back from satellite image data. Scientific computing 
visualisation also motivated the development of computer graphics and image 
processing technology in the current field of computer science [29]. 
 
Major advantages of data visualisation can be mentioned as follows: 
  

Substantially increases the speed of data processing. 
Extracting the essential information from the huge datasets and presenting it 
visually, allowing the user to gain a profound understanding of complex 
data. 
Data and the observations can be controlled through human computer 
interaction and user friendly interfaces. 

In VANET’s, data is usually collected through on board sensors and positioning 
systems. This data consists of many different parameters such as vehicle speed, 
acceleration, time, position in geographical space, QoS etc., resulting in a multi-
dimensional dataset of high dimensionality. The visualisation process can effectively 
mine through such complex multidimensional data to generate graphics and display 
internal connections and relationships between different parameters, enriching the 
process of scientific discovery. Data mining and pattern recognition methods are 
used for the data excavations which have been described thoroughly in later a 
section to achieve the purpose of in-depth analysis of the given data.
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3.1 Visualisation Methodology

The process of Visualisation starts from the information obtained from data. This 
data could be in any form such as spreadsheets, text files or data in hexadecimal 
form, which are then normalized into variables and arrays for computation and 
manipulations. Card et al. [30], distinguishes such data into three major categories: 
 

a) Nominal Data (N)  whose values are either = or  to other values e.g. 
threshold. 

b) Ordered Data (O)  where values follow an order. 
c) Quantitative Data (Q)  arithmetic operations can be performed on their 

values. 
 
In the case of scientific visualisation, values are usually distributed over space or 
time i.e. in spatial or temporal scale. Hence, they are often termed as quantitative 
data (Q). To identify their position, spatial variables are sub-denoted as Qx and Qy, 
defining their X and Y positions in the Cartesian coordinate system. 
 
The visualisation process proceeds through numerous stages for transforming raw 
data into an image displayable on a computer screen. Various researchers have 
created different models to describe the overall visualisation process. In [31], Doris et 
al. proposes a three step visualisation method; Data Collection, Data Structuring and 
Data Presentation for monitoring network traffic data in real time. Upson et al. [32] 
defines the process as an Analysis Cycle composed of Filtering, Mapping, Rendering 
and Playback stages. Filtering extracts useful information from voluminous datasets, 
which are then mapped into graphical objects that can be rendered into images. The 
user can provide a feedback for each of the previous steps restarting the cycle. 
Similarly, Card et al [33] has developed a generalized model, where raw data is 
transformed to relational data tables. Data values from the data tables are then used 
to form a visual structure that can be displayed to the user. The User can interact 
with the visualization, by providing various inputs without changing the visual 
structure. Chi & Riedl [34] has modified Card et al. model into various levels of 
abstraction to create a finer visualisation. 

Our model or more precisely visualisation architecture is based on the combination 
of Card et al. [33] and Chi & Riedl [34] which can be seen in figure 3.1. We have 
however excluded the step of data collection, since, in our work data would be 
directly supplied by the user. The major steps are visual abstraction and visualize. Data 
transformation, visual mapping and visual transformation are processes to reach these 
steps.
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3.1.1 Data

At this step, the raw data will be supplied by the user in some file format through a 
user interface. 

Figure 3.1: Visualisation Methodology (modified from the model [9]) 

3.1.2 Data Transformation

Data obtained from the user can be in any form, such as text file or CSV file formats. 
They have to be processed and transformed into data tables (relativity description of 
data). This task can be accomplished by the process of Data Transformation. The data 
table describes type of data they hold and also defines the relation between two 
values of the same table or between two different tables. This step may also comprise 
of filtering and data mining processes. Filtering produces more refined data tables by 
discarding the data which may not be required for the visualisation. For example, 
data older than a certain time can be excluded. This step would substantially reduce 
the size of the database, aiding in faster processing. Data mining is a procedure to 
extract knowledge or information of interest from the data by predicting the 
behavior of the dataset [26]. Data mining is also efficient in finding out the hidden 
patterns or relation and coming up with relevant data expressions making it easier 
for the analysis. 
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3.1.3 Visual Mapping

Visual Mapping is a process of mapping data values in the data tables resulting from 
the data transformation process into geometric primitives i.e. a visual structure that 
can be plotted on to the computer screen. Some of the traditional geometric 
primitives using computer graphics are lines, polygons, points, splines, curves. Other 
advanced primitives are bars and maps. Visual mapping is a mechanism that uses 
corresponding visual properties (size, color, shape … etc.) of these primitives to 
communicate different sets of information. For example, a green colored tall bar can 
represent best communication, while a red shorter bar can represent no 
communication. Or a thicker line between vehicle A and C in the following figure 
represents good communication, while a ripping line between A and B signifies 
lingering communication. 

Figure 3.2: Geometric Primitives 
 

However, the selection of geometric primitives depends on the nature of the 
information and how the designer wants it to be visualized. 

3.1.4   Visual Abstraction

The results from the visual mapping process are many individual structures for a 
particular set of data. These structures are assembled together at the step of visual 
abstraction to form a complete image. In most of the cases, visual mapping only 
selects type of geometric primitives for the information. Once the geometric 
primitives are chosen, various rendering parameters are specified such as color, 
transparency, spacing and position, illumination, surface and texture properties to 
transform primitives into visuals. We have the followed same process for our work. 

3.1.5    View Transformation

The process of view transformation generates a view by editing the graphical 
parameters of the image. A user can control these transformation parameters 
through a user interface. Functions such as dragging can change the visible part of 
the map or zooming (using a slider) can provide a fine grained view for detail 
analysis. Scaling and editing the colors of an image can also be performed at this 
stage. These functions are executed without changing the visual structure.
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3.1.6   Visualize

Image results from the visual abstraction and visual transformation process is then 
scaled according to screen space and finally displayed to the user. However we 
believe that visualisation and view transformation steps can work in parallel. Such 
visualisation techniques are known as dynamic or animated visualisation, producing 
an autonomous motion on the temporal scale.

3.2 Geographic Information System

VANETs use GPS technology to accurately collect space location information in real 
time. Location information can be easily integrated (mixture of) with other data 
attributes obtained from various monitoring devices (sensors, transceivers, etc…) 
and is uploaded periodically to a database at the remote server using wireless 
technologies (e.g. DSRC). Such databases are called spatial or geospatial database 
[35]. Geographical information system (GIS) can thus be defined as a process of 
systematically acquiring, updating, processing, analyzing and graphically displaying 
the results. In this context, vehicles can be termed as GIS clients and the server as a 
GIS server. 
 
As discussed in previous sections, data values in scientific visualisation are 
intrinsically spatial describing a position (X, Y) in space. GIS based visualisation are 
similar to scientific visualisation, the only difference is, location are in terms of earth 
co-ordinates i.e. latitude and longitude. In GIS, location values serves as a key index 
to relate unrelated data, just like any other relational databases. Apart from location, 
it also comprises of attribute data, upon which calculations can be performed to 
reach to a statistic for each spatial entity. Hence, we refer to our data as Spatial 
Quantitative (SQ) data. 
 
Geospatial Visualisation has become a critically core technology of scientific data 
visualisation, witnessing a tremendous growth in the past few years. It aims to 
provide a feedback mechanism to the users through the visual representation of 
geological data, so that the user can make a profound analysis of hidden information 
and knowledge based on the appearance of observation data. Geospatial data are 
usually huge and can be visualized by mapping two geographical co-ordinates to the 
screen co-ordinates [30]. 

 
 

 
The third statistical dimension, which is PRR (section 2.3.4) in our work, can be 
mapped on to Z axis as seen in figure 3.3. 
 

 
Geospatial data in this thesis work can therefore be interpreted as a 3-Dimensional 
(3D) dataset. Even though in most of the researches, geospatial data are often
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referred as 3D dataset, there might be many other dimensions resulting in a 
multidimensional dataset. GIS in combination with other technologies also has the  
capability to pre-process the data, by filtering and classifying the geographical 
information reasonably for different purposes. This task can be performed at the 
server end, using various algorithms such as hash algorithm, kalman filter, etc.., [36]. 

3.2.1 Map and Map Overlays

There exist numerous approaches of visualizing geological based multidimensional 
databases. Some of them have been explained in detail in the latter sections. 
However, the most common method of visualizing geospatial data is through 
mapping the input data points with their statistical attribute to a unique location on a 
map. The map can be defined as a visual expression through which a human 
recognizes the existent geographical environment and objective world [29]. 
Conventional use of maps is to present the data in graphical way. However, there 
has been a massive development in the traditional maps that we know. Today’s map 
offers a flexible interface to geospatial data encouraging explorations through visual 
representations stimulating human cognition about geospatial patterns and relations. 
They have exceptional navigation and focusing techniques, where the former permits 
the user to modify the projection of data on the screen and the latter enhances the 
view by adjusting the level of detail manually or automatically. Maps are also 
advantageous in comprehensive understanding of the outdoor environment through 
the use of topographic maps. Google Maps, Yahoo Maps and Google Earth are some 
of the good examples, where satellite and map data are passed off from external 
servers. This data can then be combined with our own data locally for the display 
[37]. 

Figure 3.3: 3D Representation of Geospatial Data. 
 
GIS provides efficient merging of spatial and non-spatial data. Spatial data are 
geological co-ordinates expressed as matrix of pixels, while non-spatial data are the 
statistical data consisting of integer values or strings. Statistical data in our 
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application represents communication quality measured in terms of PRR within a 
certain range of transmitter. 
 
Spatial and non-spatial data can be categorized into raster data and vector data [38] 
which are divided into raster layer and vector layer. Spatial data are stored raster 
layer which forms an abstraction of the real world i.e. maps, whereas, vector layer is 
rendered using statistical data. Due to some magnificent advancement in map 
technology, various kinds of raster layers are available, such as road maps, terrain or 
topographical maps, satellite maps, cloud maps, etc..,. The Raster layer is often used 
as an underlying layer or as a base layer for the vector layers (statistical data). In our 
application we could refer to these layers as overlays. 
 
In the majority of GIS based applications, only one raster layer is used. However, 
there can be more than one vector layer, each of them holding a unique set of 
information reacting to different scenarios. Attribute data that have the same 
physical characteristics are laid on the same layer. For example, one layer marks each 
position of the vehicle on the road with the same graphical object, while another 
layer could be used to represent the distance travelled by a vehicle in an interval of 
time using different colored line objects. Many such multiple vector layers could be 
overlaid on top of each other to produce a single output layer representing a 
common association between the each of the layers. This overlaying technique is also 
effective in generating an interactive 3-dimensional model of maps (e.g. Google 
Earth). 
 
Apart from representing static data, a vector layer can also accommodate dynamic 
information. Such layers are commonly known as dynamic layers designed to 
represent movable objects using spatial entities. They can be used for two purposes, 
firstly, managing and updating movable objects (e.g. a car) that change the location 
in space and secondly to temporarily store data that needs continuous updates with 
respect to time, to accomplish the entire process of visualisation. This would result 
into an animated visualisation over the map.  
 
We have used a similar approach in our work and it forms as one of our vector layer. 
Priority of the layers and how many layers need to be stacked together depends on 
the representation required by the user. Users can decide according to their needs 
whether to load a certain layer or not. This would probably occupy less memory and 
increase data processing speed, delivering a quicker graphical display. Such kind of 
displays can be termed as augmented reality [38], a combination of a real scene 
viewed by the user and a virtual scene generated by the computer. The computer 
augments the real scene with additional information that could provide visual 
support for deeper analysis.    
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                                                   Figure 3.4: Map Layers 
    
 
In approaches, where large datasets are directly displayed on the map, it becomes 
difficult to analyze the course of data and how the results were generated. Some 
cases display large amount of data in less space, formulating a challenge in 
scrutinizing the data and examining hidden associations, correlations and 
dependencies among them. In such scenarios, dynamic visualizations and Layer 
based approaches are appealing in achieving acute graphical illustration and data 
exploration process. One layer can be selected at a time and visualized, offering a 
deeper understanding of how data progresses through time and space and how one 
set of data is related to another set of data, which would then be difficult with any 
other approach. 
 
According to our task we have created three vector layers. Each of the layers holds a 
different set of information. The first layer is a digital road map made according to 
the needs of our application scenario. The layer would work behind the raster layer 
and will not be visible in the user interface. The second layer is an animated marker 
layer, where a marker is assumed to be a vehicle continuously updating its position 
as per the coordinates (latitude and longitude) received from the database. Lastly, 
the third layer would display communication quality. Detailed descriptions of how 
these layers are created have been explained in the implementation (chapter 4). 

3.3 Approaches and Techniques

Data generated from the field of scientific research and simulation are huge with  a 
large number of complex records and where each record corresponds to an 
observation made up of several attributes described by variables. Each attribute can 
be rendered into a dimension, producing a multi-dimensional database. Such a 
dataset comprises of different information in different dimensions, aiding in 
analyzing data from various dimensions. For example, CAM data in our work 
consists of location, velocity, time, message ID. Each of these parameters can form a 
dimension. This would help us to analyze data in different possible ways. Like what 
is the location of a specific message ID or what was the location of a vehicle in an 
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instance of time. We could also perform some computation on location fields to 
know the average distance covered by a vehicle at a certain velocity in a particular 
duration of time. 
 
However, it is visibly understood that such high-dimensional datasets cannot be 
studied on spreadsheets or excel sheets. Hence, based on the dimensionality of the 
data, many novel visualisation techniques have been developed and improved in the 
last decade. We will be studying some of the renowned techniques in this section. 
Most traditional and well known display methods are statistical bar charts, line 
graphs, X-Y plots, histograms, pie charts etc.,. These techniques can be categorized as 
one-dimensional (1D), two-dimensional (2D) or multi-dimensional (MD). 
 
1) One Dimensional: 
This usually signifies one dense dimension. Pie charts are a good example of a 1D 
data display method, used to represent quantity or percentage with respect to a 
particular parameter. They are often not recommended, due to the complexity faced 
while comparing different sections of pie charts. Another disadvantage is that, they 
are not effective to human perception in case the pie has to be divided into many 
different sections (pie slices) to represent different values. 
 
2) Two Dimensional: 
Two dimensional data are composed of two distinct parameters. X-Y plots are a 
typical example of 2D data. Apart from that, bar charts, histograms and graphs can 
also be classified as 2D data representation. They are specifically used to exhibit a 
comparison between two parameters stressing more on key points. Geographical 
latitude, longitude systems is also a method for displaying 2D data similar to X-Y 
plots. Though, due to the tremendous development in charting technologies, bar 
graphs histograms, etc. have been scaled up from 2D to 3D space. These kinds of 
visualisation are not aimed to display precise data. These techniques however give 
satisfactory results where accuracy is not an issue and fewer amounts of data need to 
be visualized. Graphs do not differentiate the importance of data resulting in 
disordered visualisation. Also, if the number of records increases, the visualisation 
space becomes messy making it difficult to understand the logical relation and 
distribution of data. 
 
3) Multi-Dimensional: 
Any dataset having more than two parameters can be termed as a multidimensional 
database. The number of attributes can differ from one dataset to another. A good 
example is relational database tables, consisting of N number of columns and each 
column represents a dimension. Multidimensional data can be more specific such as 
3D and 4D with respect to three and four dimensions. Complexity of visualisation for 
such large datasets increases as the parameters i.e. dimension increases. Traditional 
visualisation methods will not be effective for such datasets since so many 
parameters cannot be mapped on 2D space. More sophisticated techniques needs to 
be applied. 
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Multidimensional data can be described as a data-cube [26], a structure formed by 
organizing data in a number of dimensions (Figure 3.5). Data can be observed 
flexibly in multi-angle by adopting the actions such as slicing, rotating etc. they are 
Similar to 3D bar graphs.They are sutable for 3D and 4D data sets and lacks the  
performance as the dimenssion increases. 

                                             
Figure 3.5: Data cube [26] 

 
There exist numerous methods that allow visualization of multidimensional data, 
irrespective of its dimensionality. They can be used for 2D, 3D and for any highly 
dimensional data. Some of the techniques are Parallel Co-ordinates techniques, 
Stardinates and pixel maps etc. The techniques can be classified based on data to be 
visualized and the amount of interaction needed from the user. 

3.3.1 Parallel Coordinates

Parallel coordinates is a widely used multidimensional visualisation technique 
introduced by Alfred Inselberg in the late 1980’s [39]. They are considered as an 
efficient way of visualizing multivariate datasets. The fundamental characteristic of 
this technique is to represent data dimensions in the form of parallel axes. N number 
of Vertical or horizontal parallel lines are drawn instead of traditional Cartesian axes, 
where each axis represents an attribute i.e. a dimension. The axes are uniformly 
spaced and are plotted with values characterizing respective dimensions from the 
lowest to the highest. Data elements are represented by drawing a polyline that 
traverses through each axis intersecting them at a position proportional to its value 
for that dimension. They can be considered as a superior form of orthogonal axes. 
Figure 3.6 is a simple example of parallel coordinates. Data points in Cartesian 
coordinate plot (figure on left) become line segments in parallel coordinate plots 
(figure on right). 
 

Figure 3.6: Parallel coordinate representation of Cartesian coordinate [27]. 
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Parallel co-ordinates are aimed to graphically project data values in 
multidimensional space in an easily recognizable two dimensional visualisation 
space, using N number of parallel axes with one of the axes as a display axis. They 
are well suited for unbiased representation of high-dimensional datasets and 
analysis of large and complex datasets at the first glance. It is also regarded as one of 
the efficient techniques in finding out dataset patterns and correlations among 
multiple variables in a dataset. 
 
This technique can also be useful to represent QoS at various receiver locations from 
different transmitter points. Shown in Fig 3.7, the left most axis displays transmitter 
locations (TL1, TL2, TL3 …), each of the other axis represents receiver locations (RL1, 
RL2, RL3 …). Receiver lines are scaled with values signifying communication quality 
ranging from 0 to 100, bottom to top. We can see that, QoS at receiver location RL2 is 
100 from the transmitter location TL1, while 40% from transmitter location TL9. 
Colors can be used to significantly improve visual understanding of data and values. 

Figure 3.7: Parallel Coordinate 
 

Although they are efficient enough to visualize and analyze large amounts of data by 
expressing many different dimensions, they cannot be used for our dataset for the 
following reasons. 
 

Parallel coordinates cannot be applied to an extensively huge amount of 
dataset. They are limited to only a few thousand data items per view [40]. 
Dimensionality is not an issue with parallel coordinates, N number of 
dimensions can be defined. However, as the number of dimensions increases, 
the closer the axes get to each other, increasing the level of clutter due to over 
plotting of polylines, preventing in understanding the visual structure of a 
particular data item. Hence, it would be challenging and time consuming to 
perceive useful information and structures from the graphical display. 
 

To effectively handle visualisation of a large amount of data, a hierarchical clustering 
method for parallel co-ordinates has been proposed by Ying-Huey Fua [41]. 
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Dimensions could be in any order, it is difficult to specify the sequence of 
variables in parallel co-ordinates. They treat each dimension equally; hence, 
certain vector values cannot be emphasized [42]. 
 
Ambiguity is the biggest issue to deal with in parallel coordinates. 
Considering a case of 3D data as shown in Figure 3.8, unicolor lines would 
create uncertainty in representing the data items. Ambiguity commonly 
occurs when two lines intersect at an axis and traverses further to meet other 
values at a different axis. The figure shows two lines (line1, line3) originating 
from X dimension and meets at same point on Y dimension. Visually it 
becomes difficult to trace which point line 1 and line 3 intersects on Z axis. 
This may result in incorrect understanding of datasets. Colors can be used to 
discriminate ambiguous lines. However, total numbers of colors available are 
extremely less in proportion to data items in the database. 
 

 
 

 
 

          Figure 3.8: Ambiguous Case in Parallel Coordinates 

The principal reason for not considering parallel co-ordinates for our 
application is that our dataset is location based. Vehicles are highly mobile, 
capturing a large number of geographical positions every second. Creating a 
dimension for each location is not recommended using parallel co-ordinates. 
Also it would be difficult to examine the reasons of why QoS was minimum 
or maximum between a transmitter and receiver location.  

3.3.2 Stardinates

Stardinates were first introduced by Lanzenberger et al. [43] and are still in the 
development phase. Stardinates are very similar to parallel co-ordinates but aimed at 
visualizing highly structured data. They are also used for visualizing data in 
different dimensions, but unlike parallel coordinates axes are organized radially and 
not parallel [44]. The main purpose of Stardinates is to visualize data in different 
time dimensions and is very efficient in the same. 
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Axes (  ) organized in circular fashion are used to represent each dimension. 
The last axis  is adjacent to first axis  forming a circle (figure 3.9). Each axis has 
appropriate labels and scales. Points on the scale denote a data value known as data 
points. A data record is illustrated by connecting data points with a line passing 
through each axis and whose vertices are data points on the axis. The lines are 
known as record lines. Since the last axis is next to the first axis, a record line would  
start from a data point on the first axis and after traversing through each dimension, 
would conclude again at the first axis, forming a star shaped polygon from a 
geometrical point of view. Hence they are called Stardinates. Axes are characterized 
by color, thickness and mode of line (straight, dotted…). A different color can be 
used to explain each record line similar to parallel coordinates however unlike 
parallel co-ordinates they are less messed. Stardinates are mostly used for analyzing 
and comparing time-oriented dimensions by creating one Stardinate for each time. 
 
Stardinates have greater advantages when compared to parallel co-ordinates. 
Though in the development stage, they are one of the proficient interactive 
visualisation techniques. The user can dynamically interact with Stardinate at any 
time in a visualisation performing task, such as manipulating axes or record line in 
one or all Stardinates. Manipulation can be in various forms such as, changing 
orientation of the axis, excluding or adding a dimension, filtering record lines to 
extract interesting information, highlighting or changing the colors of the most 
significant record lines, etc. Aimed for the time oriented datasets, Stardinates also 
offer an effective comparison mechanism by analyzing data in two different time 
dimensions. For example, the location, speed, etc. of vehicle ID1 in a particular time 
can be searched. Another advantage of Stardinate is axes are arranged 
chronologically, where each axis is related to adjacent axis contrasting to the parallel 
coordinates. This saves enormous time of computation and results in a structured 
visualisation. The only major disadvantage is that they support a limited number of 
dimensions, maximum 20 axes and minimum 3 and maximum data points per axis is 
14. Hence they are not suitable for high frequency data sets. 
 
Although Stardinates is a competitive approach for data visualisation, they cannot be 
used for our application for the same reasons we mentioned in the parallel 
coordinates. Since in VANETs a large of amount of data is generated through various 
means and Stardinates still lacks the support for such high frequency datasets. Also 
they are not meant for spatial data and visualizing location based QoS. 

Figure 3.9: Stardinate to visualize vehicle collision 
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However we do propose that Stardinates can be very useful for visualizing other 
VANET based application data. For example, we can use the data from five vehicles 
present within a range in a time duration of 15 min. A Stardinate would be created 
for each minute with axes latitude, longitude and velocity as the three dimensions. 
Locations of each of the five vehicles at the same time and the velocity will be drawn 
on the Stardinate. This would help us to know whether the two vehicles were 
present at the same location in the same time resulting in a collision. In the figure 3.9, 
we see that thicker line represents that two vehicles were at the same location at the 
same time but with different velocity. The thicker the line, the higher can be the 
number of collisions. Different characteristics of the line can be used to represent 
collisions. Such visualisation and analysis of data would help to improve design and 
implementation of vehicle safety applications, and to understand which locations are 
accident prone, so that the driver can be warned in time. 

3.3.3 Pixel Maps

Treatment of efficiency has always been an issue in scientific data visualisation. How 
to deal and visualize such large datasets with millions of records has always been a 
core research area for a long time. Most of the existing visualisation techniques are 
not suitable for large multidimensional datasets. They consume lot of screen space to 
display one data record. Even with the help of methods like clustering, where similar 
data items are grouped together and displayed as one record, similar to the 
clustering approach proposed by [45] for parallel coordinates, a large number of 
screen pixels (or coordinates) are still used. 
 
The data gathered from V2V communication are spatially distributed consisting of 
different statistics at discrete spatial locations. Visualizing such data with the help of 
clustering methods or techniques described above will not be illustrative and might 
increase complexity of understanding the visualisation. Difficulties grow when this 
data has to be visualized on a map. For these reasons, we are in need of an approach 
that intends to use each pixel to represent a different record or a different statistical 
value. Putting forward the approach of pixel maps for geospatial locations Keim et 
al. [46][47] has solved the issue to a major extent. 
 
The fundamental goal of pixel oriented visualisation is mapping a data value to 
colored pixels and [46] explains the same through kernel density algorithm used to 
estimate density of a statistical value at all locations in a region. Locations are 
recognized by latitude and longitude coordinates and when a statistical value is 
assigned to them, they form a data point.
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Locations i.e. pixels with the same statistical value in an area within a region are 
clustered. Many such clusters are formed and a distinct color is assigned to each. The 
algorithm then iteratively starts plotting the pixel of each cluster with an associated 
color on the map, and moves on with the next cluster until all data points have been 
plotted on the map. The advantages of such algorithms are, they prevent data 
overlapping by distinctly visualizing each data point. Positions are preserved by 
plotting pixels as closely as possible and clustering defines the set of related pixels 
determining two spatial dimensions and one statistical dimension. This kind of 
visualisation is well suited for 3D geospatial datasets. Because of its enormous 
advantages and its ability to visualize millions of data in a single view, we have used 
the same approach for our work. However, we have modified the approach a bit by 
the use of a binning strategy instead of clustering. We would also exclude density 
parameter and instead calculate the intensity of the signals from a specific 
transmitter point from the given dataset. This has been explained briefly in the 
implementation.  
 
Pixel maps prove to be advantageous for dynamic graphical representations of large 
datasets with the graphic processing capabilities of a computer. However, the 
arrangement of pixels on the screen and sequence of visualisation still are the area of 
concern. Pixels cannot be plotted randomly. They need to follow a structure and 
have to be displayed appropriately on the screen. For these reasons, dense pixel 
techniques can be used for the arrangement of the pixels. Some of the well-known 
are Recursive Pattern Technique [48] and Cluster Based Technique [47], which 
arranges pixels based on the size of the clusters. 
 
In Recursive Pattern Technique, pixels are arranged recursively back and forth 
according to the natural order of an attribute (e.g. time). The user specifies an 
element of height (h) and width (w) with regard to the pixels forming up a 
rectangle/square. Data points are plotted left to right starting from the top-left corner 
till it reaches the end of the line, then below (next line) backward right to left (figure 
3.10). The process continues till it reaches the bottom-right corner of the square. 

 
 
 

 
Figure 3.10: Recursive pattern technique 

 
 

While in clustering, the size of individual clusters can be used as a base for the 
arrangement of pixels. Plotting can began with pixels belonging to the smallest 
cluster and gradually move up to the next cluster till all data points have been 
plotted. 
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Since we aim to visualize our data on a map, the cluster based arrangement is not 
recommended. We chose the method of recursive pattern, though not completely. 
Geospatial data are distributed in a large space. It would be difficult to present data 
in terms of a rectangle. However we can use the technique for arranging data point 
in terms of an attribute. Time plays an important role in V2V communication. 
Latitude/longitude co-ordinates as well as messages sent or received are time-
stamped. Hence, pixels can be plotted dynamically in the sequence of time. This 
would yield two benefits; firstly movement of the receiver vehicles can be tracked at 
the same time intensity of the signal from the transmitter point at each receiver can 
be visualized. A detailed algorithm has been explained in the following sections.



Chapter 4 

4 Implementation and Results

The aim of this thesis work is to visualize the quality of communication among the 
vehicles in VANETs. Reliable functioning of the traffic safety application depends on 
the wireless communication between the vehicles. However, wireless 
communications themselves get affected due to various static (terrain, buildings, etc.) 
and dynamic (other vehicles) obstacles causing non-LOS conditions between the 
vehicles.  

4.1   Application Scenario

Advances in GPS, DSRC and other wireless technologies have accelerated the 
development of V2V communication in VANETs. Together they build a cooperative 
behavior.  Each vehicle is equipped with self-sensing systems such as sensors, in-
vehicle positioning systems etc. that enables them to gain information about their 
own present state.  Sensors help to measure information about speed, acceleration, 
and time, as well as information about the surrounding environment, while GPS is 
used to obtain a vehicle’s position information in terms of geographical latitude and 
longitude coordinates. These kinematic properties, time-stamped location headed 
with an ID forms Cooperative Awareness Messages (CAM).  CAMs are then 
periodically exchanged with the neighboring vehicles that happen to be in the same 
area (i.e. within a radio range) at the same time with the help of a communication 
module. The module uses a wireless channel to communicate this information.  
 
Wireless channels are themselves susceptible, due to different factors such as 
physical environment and dynamic climatic conditions causing the effects of 
shadowing, reflection, scattering etc. It is difficult to maintain quality, reliability, 
bandwidth of wireless link under such an environment. Hence, they create a 
challenge for V2V communication. For the accurate functioning of vehicle safety 
applications, QoS requirements and timely delivery of messages is strict. It therefore 
becomes necessary to measure quality of communication. 
 
During the communication, vehicles log the CAMs that they have transmitted as well 
as CAMs that they have received from their neighboring vehicles, producing two 
types of log files, transmission and reception logs. These logs are then uploaded to a 
central server for scrutinizing and aggregation. The data available for our thesis 
work is therefore an aggregated dataset, which is processed to measure the quality of 
the wireless channel and finding out the locations where communication between 
the vehicles was not possible. We would graphically display the communication 
quality. 
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4.2       Data Processing

The aggregation and scrutinizing process at the central server resulted into three log 
files namely, Transmitter, Receiver and Position logs. 

Transmitter Log: The attributes of these log files are transmitting vehicles 
Latitude, Longitude, Velocity, Message_ID and Utc_Time when the message 
was transmitted. 
Receiver Log: The attributes of these log files are receiving vehicles Latitude, 
Longitude Velocity, Message_ID of message received and Utc_Time when the 
message was received by the receiver vehicle. 
 Position Log: Its attributes are Latitude, Longitude, Velocity and Utc_Time of 
receiver vehicle. It logged every location of the receiver at each time 
irrespective of whether a message was received or not. 
 

Attributes and relation among these log files can be seen in figure 4.1. These log files 
will serve as the raw data that are transformed into appropriate data tables using 
SQL and then visualized. While aggregation at the server and during the process of 
data transformation, ordering of data records in the log files gets disturbed. This 
might give inaccurate results and even take more time for processing. They need to 
be sorted and indexed according to some attribute using the features of advanced 
database managements systems (DBMS).  
 

 
                                        Figure 4.1: Data Relationship Diagram
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4.2.1   Data Sorting and Indexing

Data sorting is defined as ordering the data records according to one or more 
attributes. The log files are aggregated results of multiple vehicles and each vehicle 
has a heading system for its transmitted messages. Hence, we noticed that the data 
values of Message_ID column (i.e. attribute) are repetitive during our analysis. This 
will create an ambiguity while comparing if a message transmitted was received or 
not and computing PRR. For this reason we form a unique key of Message_ID and 
Utc_Time and specify an ascending order to the log files according to this key.  This 
key would also serve as identification for each record.  
 
Data indexing allows faster access to records of a table based on the values of one or 
more attributes. We have created two indexes. The first one is the key of Message_ID 
and Utc_Time for searching the receiver and transmitter log to identify if a message 
transmitted was received or not. The second index is defined as latitude/longitude 
attributes of the position log, to search for the receiver locations that are within a 
specified range. 
  
4.2.2   Data Mining

 
Once the records have been sorted and indexed they need to be mined through to 
find data patterns and evaluate the quality of communication at different locations. 
Communication Quality can be determined using Packet Reception Ratio (PRR). It 
can be defined as the ratio of the number of data packets received at the receiver to 
the total number of data packets transmitted at the sender in a predefined time 
window. A reasonable range of 0.5 to 5 seconds for the time window can be used, 
since results for any time window within the range would barely vary. We would 
keep our window size of 1 second, also from analyzing the data we noted that 
approximately 100 packets have been transmitted every second, hence the window 
would give precise results and also help in the binning process for visualisation. 
 =        

Due to the high mobility of the vehicles, it is difficult to calculate PRR of all location 
pairs at once. It becomes necessary to define a range from a selected transmitter 
location. A single transmitter location would hardly give any results. For this reason 
we select a set of locations by fragmenting the road into 20 meter segments using the 
coordinates from the transmitter log. All the segments are connected together 
forming a virtual digital road map. Hence we could say that road (R) is a set of 
connected segments where each segment (Si) is a set of geographical coordinates 
(XiYi). = , , , … = , , , …
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The digital road map would form the first layer of our map based visualisation .If the 
vehicle is on any point of the segment, a set of coordinates associated to the 
corresponding segment would be selected .Coordinates would be binned according 
to the second time window, and the total number of packets transmitted at every 
second would be calculated. This data would be stored into a temporary table for 
PRR computation. 

Figure 4.2: Transmission Range 
 

Subsequently, the midpoint of the segment is passed on to a database function to 
search for all the receiver locations that were within the transmission range of the 
selected segment. In VANET’s the mobility of vehicles is highly predictable since 
they tend to travel on roads. Transmission range of such vehicles is relatively short. 
Hence we assume our transmission range to be of 300 meter and fetch all the receiver 
locations from the Position Log in the range of the transmitter. Using the list of 
retrieved receiver locations and Receiver Log an algorithm would then calculate the 
total number of messages received every second with the unique key of Message_No 
and Utc_time. The result of this process would be a data table (temporary table C in 
figure 4.3) consisting of the records of total number of packets transmitted and total 
number of packets received at each time second along with their locations. The table 
would be processed further to calculate Packet Reception Ratio (PRR) using the 
equation in 1. 
 
The end result of this process is a refined data table (table C) with the attributes as 
PRR, Transmitter_Location (latitude and longitude) and Receiver_location (latitude and 
longitude). A complete flow chart of data processing has been shown in figure 4.3. 
The resulting PRR will be in the range of 0 to 1, which signifies that signals from the 
transmitter location were intense at the location where PRR is 1 and poor where PRR 
is 0. 
 
4.3    Visualisation

As was mentioned, visualisation is a method and/or a technique that uses computer 
graphics and image processing technologies to convert data into graphics or images 
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that can be displayed on the computer screen. It is an important technology to show 
changes in abstract data with respect to time or space in an intuitive way. 
 
Since the given dataset is spatial in kind, with geographic latitude and longitude 
coordinates, we would be using a Map based layer approach for visualisation. The 
first layer would be a digital road map which would be overlaid by the user selected 
raster layer i.e. the base layer such as Google satellite, Google Road Map, Bing Maps, 
and ArcGIS etc. on which he wants his data to be visualized. Raster layer is then 
overlapped by a Marker layer comprising of a marker. Marker positions are based on 
latitude and longitude attributes from the Transmitter log which are updated every 5 
milliseconds in sequence of Utc_time. This creates an illusion of a moving vehicle. 
The user has the privilege to stop the marker position update at point. This would be 
the location from where the communication quality needs to be visualized. The 
marker position belongs to a road segment, hence the entire road segment gets 
selected and data would be processed for PRR calculation. 
 

 
 
 

Figure 4.3: Data Processing Flow-Chart 
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After data mining procedure, calculated PRR has to be mapped onto the screen for 
display, using geometric primitives. Traditional geometries like rectangles or other 
shapes are not used since in our application input data are the set of spatial 
coordinates which are mapped to local screen coordinates = , …  where = ( ) , ( )  would be original position of latitude/longitude coordinates in 
local screen space and 1 …  would be its associated statistical parameter 
[22]. Considering the characteristics of our input data, we have used a pixel based 
approach for our application since they an eminent way of visualizing 3D geospatial 
datasets comprising of two spatial dimensions and one statistical dimension. 
 
However, we have slightly modified the approach to include the binning process. 
The reason to do this is because PRR has been calculated with respect to one second 
time window, also vehicles when moving are intended to cover a definite distance 
every second, gathering N coordinates in that second. Hence we partition our input 
data into bins based on a time window, each bin comprising of N coordinates. The 
total number of bins would depend on the application scenario. A statistical attribute 
i.e. calculated PRR would be assigned to a respective bin, forming a data point to be 
visualized. 
 = , … ,      . = , … ,     . ( ), ( ) … ,              = , … ,           . 
 
After mapping spatial coordinates to the local screen coordinates and accomplishing 
the process of binning, graphical properties are assigned for each bin depending on 
the associated statistical attribute (i.e. PRR). Rheingans [24] describes the use of color 
scales to map a statistical attribute at each pixel in screen space to a color 
representing that particular value. Color scale can be defined as an arrangement of 
colors that change gradually and sequentially to represent data values in a range. In 
a color scale colors are also termed as hue. 
 
Many different types of color scale exist. Most common are, 
 

Grey scale which is basic and the simplest color scale using 256 shades of 
grey ranging from black to white. 
Saturation scale where the saturation level increases along the range but the 
hue (color) constant. 
Spectrum scale in which the hue varies along the range. Colors of spectrum 
(red, yellow, green, blue etc.) are used, hence it is known as the spectrum 
scale. 
 

Grey scales are one of the simplest forms to use but they fail to represent that 
quantitative data due to limited contrast between them. Saturation scale offers a 
limited number of display levels, therefore is not suitable for a big range of values. 
For these reasons we have created a spectrum scale as seen in figure 4.4 to illustrate 
different values of PRR. The scale is a smooth blending of different colors (hues) 
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generating a 100 shade color pallet, where each shade will be used to map a 
statistical value associated to every bin i.e. representing quality of communication at 
each location. Figure 4.5 lists the colors and their approximate quality range. Red 
signifies highest quality of communication while blue denotes the lowest. Even 
though within the range each value would have a different shade of that color, such 
as if the quality is 20%, the color would be blue, but a different shade of blue. 
 

 
Figure 4.4: Color Scale 

 
However there exists no standard color scale, neither is there any rule to develop 
one. The selection of color scale and the colors in the scale completely depends on the 
characteristics of the data to be visualized 
 

 
Table 4.5: Communication Quality Range 

 
After defining the color scale, all the data points are rendered and visualized on the 
screen space forming up a comprehensive image of quality of communication within 
a 300 meter range of the selected transmitter location. Since the data set is huge, it is 
likely that location of one or more data points is very similar or near to other data 
points. For example, PRR of data point Di is 40% in time a while PRR of data point Dj 

is 50% in time b and location of both the data points is roughly the same. Our 
rendering process would automatically blend respective shades of each data point, 
producing a virtual numerical value, denoting the average communication quality of 
nearby data points. Virtual value is then related to a color in the color scale and 
displayed. This would save the overhead independently calculating the average 
PRR.

4.4    Results

The resulting image from the rendering process is a vector overlay which could be 
placed over the underlying raster layer i.e. a map to produce final visualisation. 
Selection of the raster layer would depend on user preferences, how he wants his 
data to be represented. The raster layer can be eliminated in the case where statistical 
data is of more interest to the user instead of the underlying map as seen in Figure 
4.7. However we believe that visualisation of the raster layer would be beneficial to 
examine the quality of communication at different locations. Which locations 
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experienced that successful communication and what were the causes behind 
degrading communication at other locations. There could be a number of factors 
affecting quality of communication between transmitting and receiving vehicles, all 
of those factors might not be visible on a map, although it may indicate the possible 
aspects of communication quality. 
 
By visualizing communication quality from different transmitter locations, we noted 
that when the transmitting and receiving vehicles are within direct LoS, the quality 
of communication is at maximum level and as soon as the receiving vehicle starts 
entering NLoS conditions, communication quality decreases substantially. NLoS 
conditions can occur due to static obstacles like buildings or terrain as could be seen 
in Figure 4.8, or due to dynamic traffic environments blocking the communication. 
Other factors that could affect communication quality are different propagation 
effects of radio waves refraction, reflection, shadowing etc. It can be observed that in 
open field environments (OPE), the ratio of successful communication is higher than 
the metropolitan regions (see figure 4.6 and figure 4.8). 
 

Figure 4.6: Visualisation of communication quality in Open Field Environment with raster 
layer 

Figure 4.7: Visualisation of communication quality in OPE and without a raster layer. The 
transmitter segment is shown by the black line 
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Figure 4.8: Visualisation of communication quality in Metropolitan Environment 
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5 Conclusion

In our thesis, we have studied different visualisation approaches for 
multidimensional data and demonstrated a method for visualizing large geospatial 
datasets. The given WiMeMo log files has been thoroughly analyzed and 
transformed into a relational database structure that helps in data mining and 
pattern recognition between the Transmitter and Receiver logs. Quality of 
communication between the vehicles locations have been examined by calculating 
PRR from the given data sets. 
 
Statistical PRR has then been presented to the user in a graphical form using 
graphics and visualisation technology. We have studied three visualisation 
approaches, however, considering the complexity of our datasets where each data 
point holds unique information, i.e. each location has a communication quality 
associated, we choose to use pixel based visualisation for our application. The 
dataset is a spatial dataset comprising of real geographical coordinates, it becomes 
necessary to use maps to give the user a detailed scenario. Our study focused on 
integrating maps with pixel based visualisation by assigning spatial coordinates with 
its statistical attribute to a unique position on 2D screen space with the help of 
computer graphics. The final pixel image is then overlapped on the map to conclude 
our visualisation. 
 
From the visualisation, it becomes easy to identify where the vehicles were able to 
communicate directly and where communication quality dropped. Through the 
analysis and visualisation we can conclude that when vehicles are within the direct 
LoS of each other, quality of communication is highest and when away 
communication between them is almost zero. Visualizing and mapping the radio 
environment by comparing the log files can thus indicate where a specific VANET 
safety application cannot meet its requirements and aids in investigating reasons for 
not meeting the requirements. 

5.1 Future Work

In this thesis work, a tool has been developed based on historic data i.e. the data 
which has already been logged and aggregated to visualize communication quality. 
This makes the offline analysis of the data. We suggest that this tool can be further 
updated to include advanced mapping and location control that could visualize data 
in real time, such that a driver can himself see with which vehicles he is able to 
communicate in his area. Causes of disturbance for example, buildings, terrain or 
other static obstacles will also be visible through the use of maps. This might 
decrease the number of accidents on the road, since a driver would become alert 
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about the locations where the vehicle was not able to communicate and hence would 
drive accordingly.

Apart from this, advanced computer graphics and rendering techniques can used to 
generate a more realistic visualization, such as simulating illumination, texture, 
colors etc. and visualizing dynamically over the screen using Utc_time as the base 
attribute.

43



Appendix 

 
Figure 5.1: The user interface of our application. User can start by clicking ‘Upload Files’ tab 

 
 

 
 

Figure 5.2: Clicking Transmitter, Receiver and position button will open up a file    
browse window 
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Figure 5.3: Path has to be given for the each of the log files where they are located on the 
computer. Log files can be in one of the following formats, text files, CSV, excel or spread 

sheet. 

 

 
Figure 5.4: Once the files are selected, they need to be stored in the database by clicking the 

‘Upload’ button. 
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Figure 5.5: Data has been successfully uploaded to the database 

 
 

 
Figure 5.6: Visualisation can be started by clicking the visualize button. The button becomes 

disabled after clicking once and enables after the visualisation is finished or the application is 
restarted.
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Figure 5.7: Visualisation starts with animated marker that keeps moving till the user stops it 

or all the coordinates in the Transmitter log files have been covered. 

 
 

 
Figure 5.8: Marker can be stopped at any location from the quality of communication needs 

to be visualized using Start/Pause button. Data would be processed and quality will visualize. 
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Figure 5.9: Base layer i.e. raster layer can be changed.

 

 
Figure 5.10: Any type of raster layer can be selected ranging from Google, Bing and ArcGIS 

etc.
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Figure 5.11: Colour scale represents the quality of communication, red is highest quality of 
communication while blue represents lowest quality. 

 
 

 
 
Figure 5.12: Placing the cursor over the marker would give total number of messages 
received compared to total number of message transmitted 
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Figure 5.13: Transmitter and Receiver log data is displayed in a grid by clicking on 
Transmitter Data and Receiver Data tab respectively. 
 
 

 
Figure 5.14: Visualisation can be viewed without the raster layer by clicking Switch View 
button. 
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Figure 5.15: Print View and save View would print and save the visualisation as an image for 
future analysis or comparing past data with the present data. 



List of Abbreviations
ADHOC MAC Ad hoc Medium Access Control 
AR Augmented Reality 
C2CCC  Car to Car Communication Consortium 
CAM Cooperative Awareness Messages 
CD Communication Disturbance 
CG Computer Graphics 
CSMA/CA    Carrier Sense Multiple Access with Collision Avoidance        
CSV Comma Separated Values 

CW   Communication Window 
DM Data Mining 
DSRC Dedicated Short Range Communication 
FCC Federal Communication Commission 
GIS Geographic Information System 
GPS Geographical positioning System 
IP Internet Protocol 

ISO/CALM  
International Organization for Standardization /Communication  
Access for Land Mobile 

ITS  Intelligent Transportation System 
LAN Local Area Network 
LoD Level of Density 
MANETs Mobile Ad hoc Networks 
OBUs  on Board Units 
OFDM Orthogonal Frequency Division Multiplication 
QoS Quality of Service 
RSU Road Side Units 
SQ Spatial Quantitative 
TCP/IP Transmission Control Protocol /Internet Protocol 
V2I Vehicle To Infrastructure 
V2V  Vehicle To Vehicle 
VANETs   Vehicular Ad hoc Network 
VHF Very High Frequency 

WAVE  Wireless Access in Vehicular Environment 
Wi-Fi Wireless Fidelity 
WiMeMo Wireless Medium Monitoring 
WLAN MAC  Wireless Local Area Network Medium Access Control 
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