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FOREWORD 
This is the twelfth workshop to be organised under the postgraduate programmes in electrical and 

electronic engineering (EEE). The workshop concludes the Research Seminar Series, which, over 

ten weeks, provided a platform for disseminating the latest research activities in related 

technologies through its weekly seminars.  

The EEE courses cover a broad range of technologies and this is reflected in the variety of topics 

presented during the workshop.  In total, thirty-four papers from forty-nine submissions have been 

selected for the Proceedings, which have been divided into eleven themes, viz.: Core Networks; 

Satellite Communications; Electrical Engineering; Business, Enterprise and Practice; Wireless 

Sensors; Virtual Environments and Augmented Reality; Modulation and Cryptography; 

Telecommunications Engineering; Information Technology and Systems; Robotics and Machines; 

and Emerging Technologies.  

The workshop aims to be as close to a ‘real’ event as possible. Hence, authors have responded to a 

Call for Papers with an abstract on a subject of their choice, prior to the submission of their final 

paper. This has been a novel experience for many, if not all of the contributors. As usual, authors 

have taken up the challenge with much enthusiasm, resulting in a portfolio of papers that reflects 

today’s research questions and tomorrow’s engineering solutions.   
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Internet Protocol: Version 4 and 6 
 

Kantiyok Doshiya 
School of Engineering, Design and Technology 

University of Bradford 
 

 
Abstract - The internet is the most common means by which 
information is shared. The internet from its inception 
functions using Transmission Control Protocol/Internet 
Protocol (TCP/IP) which is the basic communication 
language it understands. TCP/IP while distributing packets 
to and from different devices on the internet also assigns 
addresses to the devices for easy identification. The IP has 
been modified and restructured over the years to suit the 
activities they perform and improve effectiveness in the way 
information is distributed over the internet. These 
modifications and reconstructions have led to the 
introduction of various versions that handle different 
operations. The IP version currently in use is the IPv4. With 
the ever growing number of computers and mobile devices 
joining the internet community, Internet Protocol version 6 
(IPv6) is fast becoming a welcome solution to the 
shortcomings of the existing internet protocols. This is 
because the addressing system IPv6 offers is large enough to 
accommodate more devices compared to the IPv4. 
This work analyses the Internet Protocol (IP) and the 
shortcomings IPv6 has been developed to address. This will 
be done by analysing the IP to grasp the need for IPv6  
Keywords: IPv6, IPv4, Internet, TCP/IP, Addresses 

 
I. INTRODUCTION 

As of 2012 a survey by Microsoft Tag revealed that there 
are over 4 billion mobile phone users around and this 
does not include the numerous laptops and desktops in 
use [12]. Imagine 4 billion mobile phones on the internet, 
now include the numerous laptops, desktops, androids 
and other internet devices also connected to the internet. 
With today’s multiplicity of Internet-connected devices 
per person, 4 billion IP addresses available is clearly not 
enough. Although IPv4 was effective and robust at the 
time of its inception it did not anticipate the need for 
security at the IP level, easier configuration, the on-going 
exponential growth of the internet and support for real 
time delivery of data in terms of quality of service [3]. 
IPv6 is not a new protocol instead it is an evolution of 
IPv4. It has been around since the early 2000s. It was 
developed for addressing the shortage of the IPv4’s 
address system that was not deemed possible at that time 
[1]. IPv4 is a 32-bit addressing system that was sufficient 
for internet use from its inception but due to the fast 
growing population of internet users and devices, the 
need for a larger addressing system arose. This led to the 
emergence of IPv6. 
 

II. INTERNET PROTOCOL AND TRANSMISSION 

CONTROL PROTOCOL (TCP/IP) 

Over the years, TCP/IP has continued to evolve to meet 
the needs of the Internet and also smaller, private 
networks that use the technology. The history of TCP/IP  
 

 
and the Internet are closely related. It is not possible to 
talk about one without the other because they were 
developed together by the United States Defence 
Advanced Research Projects Agency (DARPA or 
ARPA). TCP/IP was initially developed in the 1970s as 
part of an attempt to define a set of technologies to 
operate the immature Internet [5]. Though TCP and IP are 
two protocols with some differences they are commonly 
referred to as TCP/IP. This is because TCP is an upper-
layer protocol from the IP point of view, TCP is one of 
the two original components of the suite that 
complements the Internet Protocol (IP) and provides the 
mechanism for implementing the internet. Though TCP 
and IP function as a team they have some differences that 
enable them operate independently. While IP transmit 
data between individual devices on the internet, TCP 
transfers data between two actual applications running on 
these two devices. IP assigns addresses to computer's 
network interface, TCP uses a port number as its address. 
TCP is connection oriented while IP is connectionless, 
meaning no connection is needed to be established 
between devices before data can be sent [5]. TCP/IP are 
used by major internet applications like the World Wide 
Web (WWW), file transfer, email and remote 
administration [3]. For the purpose of this paper, we are 
more interested in IP. 
 

 
Fig 1 TCP/IP model 

 
 

III. INTERNET PROTOCOL (IP) 

The acronym Internet Protocol was derived from the 
name InterNet Protocol, that is, a protocol connecting 
different network interfaces. Internet Protocol is the core 
protocol of the internet protocol suite. IP is the main 
protocol at the network layer in the TCP/IP structure. It is 
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the means by which data is sent between devices on an 
internetwork with help from other protocols. IP has 
multiple functions and characteristics with the main 
function being its ability to assign addresses and deliver 
data known as datagram between devices on unconnected 
networks. This process is sometimes called internetwork 
datagram delivery [2]. Here are the major functions of IP: 
I. Addressing  
Just like in real life cases where a courier service 
company like DHL delivers parcels to different clients, 
they need the recipient’s address for easy location and 
delivery. Without the appropriate address the parcel may 
likely not get to its destination. IP system is structured to 
assign unique addresses for devices across large networks 
and facilitate delivery of packets when necessary [2] [4]. 
 
 
 
II. Data Encapsulation and Packaging  
As part of the TCP/IP network layer protocol, IP receives 
data from the TCP protocol, encapsulates the data into 
datagrams using a unique format and sends the datagram 
to its destination across the network. This function 
enables IPv4 datagrams transmissible on IPv6 protocols. 
. 
III. Fragmentation and Reassembly  
The maximum size required for packets to pass through 
different layers varies. IP fragments the packets into little 
bits, so that they can be accommodated on the network. 
The destination host then reassembles the packets back to 
its original size [5]. 
IV. Routing and Indirect Delivery 
IP routes datagrams from source to destination host on 
the same network. In cases where the source and 
destination hosts are on different network interfaces, the 
datagram is delivered indirectly. IP, using the support of 
Internet Control Message Protocol (ICMP) and other 
protocols accomplishes through intermediate devices [2]. 
IV. Routing and Indirect Delivery 
IP routes datagrams from source to destination host on 
the same network. In cases where the source and 
destination hosts are on different network interfaces, the 
datagram is delivered indirectly. IP, using the support of 
Internet Control Message Protocol (ICMP) and other 
protocols accomplishes through intermediate devices [2]. 
 

 
Fig2.IP interfaces for common network devices [2] 
 

 

 IP Versions 
There are two versions of the IP: version 4 and 6. 
 
 

A. Internet Protocol version 4 (IPV4) 
IPv4 is the version that has been in use since the 
inception of the internet. Some characteristics of IPv4 are 
addressing, address type, routing, classful network and 
configuration among others. 
 
 

 Addressing 
The total number of IPv4 addresses available is 232 or 
4,294,967,296 addresses [6]. The IPv4 addresses have 
been able to last this long because they are reused and 
reassigned as devices were connected and disconnected 
from a network.  
 

 Network Interface Identification  
IP addressing is regarded as the most important function 
of the IP because it delivers datagrams across an 
internetwork and it does so using addresses. With IP 
addressing unique identification is provided for every 
interface between a device and network. In order not to 
get things mixed up, it is important to note that IP is a 
protocol that is strictly associated with the network layer 
and so addresses various network interface not physical 
devices [6]. 

 Size and Format  
IP address is a 32-bit binary number that can be 
represented in decimal, hexadecimal or binary form. They 
are commonly expressed by dividing the 32 bits into four 
bytes with a dot used to separate them. The dotted 
notations provide a convenient way to operate with IP 
addresses especially when communicating with people. 
Computers understand no other language except that of 
zeros and ones, hence the need for binary expressions. In 
order to function properly when configuring IP addresses, 
this binary numbers have to be converted to decimal and 
hexadecimal. The IP address is structured to identify a 
local network and a computer in the local network [5]. 

 
Fig 3.  IPv4 address representation [2] 

 
 

 Classful Network  
IP address consists of two parts: one which identifies the 
network and the other, the host or node. There are five 
address classes namely class A, B,C, D and E; 

Class A 
Class A binary addresses begins with 0, therefore, the 
decimal number can be from 1 to 126.  
The first octet of an IP address identifies the network 
while the remaining three octet indicates the host within 
the network. The total number of networks will be 128 
(27) and 16,777,216 (224) addresses per network. 
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For example, if 102.168.212.226 is a class A address, 102 
addresses the network while 168.212.226 is for the hosts 
within the network. 
 Class B 
The binary addresses for B begins with 10, therefore, the 
decimal number can be from 128 to 191. The first two 
octet identify the network while the remaining two 
identify hosts within the network. The total number of 
networks will be 16,384 (214) and 65,536 (216) 
addresses.  
Using the address above, 102.168 identifies the network. 
While 212.226 is for hosts in the network [8]. 
 Class C 
Here the binary addresses start with 10 which allows the 
decimal number from 192 to 223. The first three octet 
identify the network, while the last octet identifies the 
host. The total number of networks will be 2,097,152 
(221) and 256 (28) addresses. 
Using the same address as classes A and B, 102.168.212 
represents the network while 226 represents the host. 
 Class D 
The binary addresses begin with 1110, therefore, the 
decimal number can be from 224 to 239. The class D 
networks are used mainly to support multicasting. 
 Class E 
The binary addresses start with 1111, therefore the 
decimal number can be anywhere from 240 to 255. This 
class networks are used for experimental purposes and 
have never been used in a standard way. [5][10] 

 Routing   
When addresses have been assigned, the datagrams are 
sent to their destinations. In cases where the source and 
destination are not on the same network, intermediate 
systems are used to deliver the datagrams. This is where 
routing comes in. The device used for routing on the 
internet is called a Router. IP addressing ensures that 
devices such as computers, laptops and printers get one IP 
address except routers, bridges and other network devices 
that get more than one address due to multiple functions 
performed [2][5]. 

 Configuration 
At this point it is imperative you know that addresses can 
be set up as either configures static or dynamic. 
Static configuration - in the sense that each device is 
manually configured with an address that doesn’t change 
and is adopted by organizations that run small networks 
[2]. 
Dynamic configuration - is used by organisations that 
function on larger networks. The thought of manually 
setting IP addresses for every single device is exhausting. 
Dynamic configurations permit addresses to be assigned 
automatically and changed under software controls. 
BOOTP and DHCP are host configuration protocols that 
were created to perform the latter function [2]. 

 Address Types 
Unicast - Communication between a single sender and a 
receiver is known as Unicast. Datagrams sent to a unicast 
address are delivered to the node containing the interface 
identified by the address. 

Multicast – Communication between a sender and 
multiple receivers is Multicast. They are addresses that 
belong to a group of host on a network. A message sent 
goes to all the host. 
Anycast – communication between a sender to the nearest 
group of receivers in a network is Anycast.  It is used 
when a packet must be sent to any host of a group, but 
does not need to be sent to all of them. The packet usually 
gets to the nearest host of the group [7]. 

 IP Header 
The IPv4 header includes checksum, which is a 
mechanism for protecting packets against data corruption 
during transmission. 

 
Fig 4  IPv4 header.[6] 

 
 
B. Internet Protocol version 6 (IPv6)  
IPv6 is also known as Internet Protocol next generation 
(IPng). IPV6 is an internet protocol Apart from the larger 
address space IPv6 has solved, here are some motivations 
for creating IPv6: 

 Address Space 
Compared to IPv4’s 4,294,967,296 addresses IPv6 
provides 
340,282,366,920,938,463,463,374,607,431,768,211,456 
addresses which would not get exhausted anytime soon. 
IPv6 addresses are 128 bits long that came along with 
improved architecture. It is represented as eight groups of 
four hexadecimal digits separated by colons [11].  Binary 
and decimal representation of the IPv6 address is long 
and cumbersome, hence the use of hexadecimal 
representations. 
For example 
2001:0db8:85a3:0042:1000:8a2e:0370:7334. 

 Easier TCP/IP Administration  
Resolving some labour intensive functions of IPv4 such 
as the need to configure IP addresses were what the 
developers hoped to achieve. Even though tools like 
DHCP eliminate the need to manually configure many 
hosts, it only partially solves the problem. IPv6 has been 
designed to make TCP/IP management more efficient and 
flexible especially for large installations, through its auto 
configuration capabilities [14] 

 Better support for Security 
IPv4 was originally designed for remote military 
activities without security in mind before it was adopted 
as a public network. As technology advanced, so did the 
activities and applications on the network which 
demanded on-time delivery and increased security. 
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Developing and integrating security features into the 
already functioning IPv4 technology (whose security 
support was the IP header checksum) was going to be 
costly, time consuming and error prone hence the need 
for IPv6 [9]. To support security, IPSEC feature has been 
built into IPv6 to ensure authentication and encryption of 
packets. 

 Support for mobility 
IPv6’s mobile IP protocol enables mobile devices remain 
reachable irrespective of location. When IPv4 was created 
mobile invasion on the internet was not anticipated. In 
mobile IP, two addresses bound to each other are 
assigned to a host: a home address which identifies the 
host and a care-of address which provides information 
about the host’s current location. When the mobile moves 
to a current location, it must send its new address to an 
agent at home so that the agent can channel all packets to 
its new address timely [16]. 

 Support for multicasting 
IPv6 fully supports multicasting which is optional in 
IPv4. Multicast allows packets that consume bandwidth 
flows, for example, multimedia streams to be sent to 
multiple destinations simultaneously, saving network 
bandwidth [9]. 

 Support for Quality of Service (QoS)  
 IPv6 datagrams include QoS features that allow for better 
support for multimedia and other applications that require 
QoS. It ensures that high priority is given to certain 
packets that need to arrive at their destination in a timely 
manner. For example, music or video streaming or Voice 
over IP (VoIP) [11]. 
 
Internet of Things (IoT) 
 
Mobile devices, laptops and PCs have IP addresses which 
enable them identify and communicate with each other on 
the internet. Imagine a community where things and 
objects also have addresses which enable them 
communicate and interact with each other though wireless 
technology. That brings about the concept of the Internet 
of Things.  By being connected, thing’s information can 
be shared on a global scale. Internet of Things is a new 
type of Internet application which uses a variety of 
information sensing identification devices and processing 
equipment such as Global Positioning Systems (GPS), 
Radio frequency identification (RFID) and Geographic 
Information System (GIS) to create an extensive network 
(Fan and Zhou, 2011). With IPv6 there are many 
addresses to support the internet of things technology. 
 

IV. TRANSITION FROM IPV4 TO IPV6 

 
Transition from IPv4 to v6 is gradually taking place as 
plans to fully adopt IPv6 is in motion. Since the early 
2000 devices and networking infrastructures have been 
built to function with IPv6 while still supporting IPv4 
software. The two protocols will co-exist for some time 
before IPv6 fully takes over. As devices are built with 
both IPv4 and v6 technologies one may wonder how then 
it is possible for them to interact on the internet. The 

mechanisms below handle interoperability of devices that 
support different protocols [5]. 

 Dual Stack Mechanism 
This mechanism is based on Dynamic Host Configuration 
Protocol v6 (DHCPv6) protocol which temporarily 
assigns IPv4 addresses to IPv6 hosts that wish to 
communicate with IPv4 host. Any host that needs to 
communicate in either IPv4 or IPv6 network has to 
maintain both stacks on its network interface [5] [2].  
 
 

 Tunnelling Mechanism 
 In this mechanism devices that do not have full IPv6 
capable technologies may be able to communicate by 
encapsulating IPv4 packets into IPv6 and vice versa. 
Once integrated they are transferred through a DTI 
interface within the IPv6 network to the Border Router 
which interconnects with the IPA network [5] [2]. 
 
 
What ever happened to IPv5? 
Am sure at some point in this paper one may wonder 
what happened to IPv5. Over time we have heard a lot 
about IPv4 and 6, what about 5. Well IPv5 does exists. It 
is known as Internet Stream Protocol (ST2). IPv5 was 
compatible with IP at the network layer but was built to 
provide a Quality of Service for streaming services. It 
was developed to provide end-to-end guaranteed service 
across a network, that is, for transmission of voice, video, 
and distributed simulation. The protocol was never 
introduced to the public [3] [14]. 
 

V. CONCLUSION 
 

Just like in the car industry, changes have been made on 
vehicles to suit customer taste. Changes can be made to 
the tires, interior and even shape of the cars but at the end 
of the day the cars still have engines, steering and fuel 
pumps to function more effectively. As much as IPv6 has 
emerged with better features to enhance communication 
on the internet, its emergence underwent and is still going 
through series of transformation to meet up with the high 
demand for internet efficiency. According to Cisco by the 
end of 2013, there will be more devices on earth than 
humans [11], but I am certain that IPv6 is well capable of 
handling any form of challenges the future internet holds. 
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Abstract- Technology has no doubt become an essential 
aspect of the world and as such witness a tremendous 
growth over the last few years. An important aspect of 
technology where such growth can be seen is in the 
transmission of information. With telecommunications, it is 
now easy for information to be transmitted over a long 
distance within a short time without any distortion or 
damage to the information. The introduction of fibre optics 
in the telecommunication industries is one of the reasons for 
a fast and easy transmission of information. 

 Fibre optics can be defined as a cable technology through 
which information transmission is done from place to place 
by sending light pulses through the fibre. Information 
transmission through fibre optics is done by using Dense 
Wavelength Division Multiplexing (DWDM) to multiplex 
signals at the transmitter or the receiver end. Data 
transmission through fibre optics involves a transmitter, 
Optical Line Amplifier (OLA), Optical Add-Drop 
Multiplexer to mention but a few. Fibre optics is an 
important part of telecommunication that also found its 
usage in Cable TV, Closed Circuit Television (CCTV), Local 
Area Networks (LAN) and Optical fibre sensors. The 
purpose of this report is to show the role of fibre optics and 
equipment as used in long haul data transmission in Nigeria.  

Keywords: Fibre Optics, DWDM, Transmitter, Receiver 
I.  INTRODUCTION 

The evolution in current technology age is as a result of 
so many brilliant inventions and discoveries especially in 
the ability to transmit information and the media in which 
it is done, starting from copper wire used in last decades 
to fibre optic cable use at present. The growing demand 
for transmitting information effectively over long 
distances has expanded the boundaries of technological 
development in all areas. Low-loss glass fibre optic cable 
introduction in the industry offers almost unlimited 
bandwidth and unique advantages over all previous 
transmission media [1].  

Copper cables either twisted pairs, coaxial cables or 
copper waveguide has in the past used to transmit most of 
the electronic communication like sending an electrical 
signal through the copper cables or waveguides to 
accomplish communication. Optical fibre was used in the 
past as a means for illumination into mostly inaccessible 
places in order to bring light to the unseen, but it has gone 
through significant evolution of bigger importance and 
use [2]. An optical fibre is a transparent rod, usually made 
of glass or clear plastic, through which light may 
propagate, the light signal travels from the rod of the 
transmitter to the receiver and can easily be detected at 
the receiving end of the rod, provided the losses in the 
fibre are not excessive [2]. Fibre is now being used 
throughout the world to transmit data signals by passing 
light waves over a flexible hair-thin thread of glass or 
plastics. Relatively, fibre optics has a greater advantage 
over conventional coaxial cable or twisted wire pairs such 
as a bandwidth greater than that of copper circuits. It has 

provided the industry with all the communication paths 
that could ever be needed [3]. 

II.  HISTORY OF FIBRE OPTICS TECHNOLOGY 

Light has been used by people in the past to transmit 
information for hundreds of years. The interest in optical 
system communication began in 1960s with the invention 
of laser. The laser invention prompted researchers to 
study the importance of fibre optics in data transmission 
and other applications, since laser systems could send a 
much larger amount of data than telephone, microwave, 
and other electrical systems. Allowing the laser beam to 
transmit freely through the air was the first experiment 
conducted with the laser and then transmitting the laser 
beam through different types of waveguides was also 
conducted. Examples of optical waveguide include glass 
fibres, gas-filled pipes, and tubes with focusing lenses 
[4]. 

From fibre research studies, glass fibres were found to 
be a good media for transmission. However, high losses 
in the foremost optical fibres hindered the replacement of 
coaxial cables. Losses were resultant from decrease in the 
amount of light reaching the end of the fibre. These losses 
peaked at 1000 dB/km, making foremost fibres unfit for 
use as communication media. In the year 1969, impurities 
in the material used for the fibre design were discovered 
to be the causative factor of the great loss of signal. The 
fundamental fibre material did not obstruct light signal 
from reaching the end of the fibre. It was suggested that 
losses in optical fibres can be mitigated by removing the 
impurities. This necessitated the construction of low-loss 
optical fibres. Technological advancement in 
semiconductor devices developed the required light 
sources and detectors which improved fibre optics. 
Researchers did a lot to increase the lifetime of 
semiconductor devices from an initial 7000hours to 
100,000hours which helped in a further development of 
low-loss fibres. Advancements in fibre optics made 
increased its feasibility in many applications. These 
applications are, but not limited to telephone long-haul 
systems, cable television, computer networks, video 
systems, and data links. [4]  

 
III.  FIBRE OPTICS AND IT’S BASIC COMMUNICATION 

SYSTEM RELAY 

 
Fibre-optics communication is a method of transmitting 

information from one place to another by sending light 
pulses through an optical fibre, the light in optical fibre 
forms an electromagnetic carrier wave that is modulated 
to carry information [5]. Optical fibre on the other hand is 
a flexible, transparent fibre made of glass (silica) or 
plastic which is slightly thicker than a human hair and it 
functions as a waveguide or light pipe to transmit light 
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between two ends of a fibre [6]. A typical optical fibre 
include a transparent core surrounded by a transparent 
cladding material with a lower index of refraction while 
the light in the optical fibre is kept in the core by total 
internal reflection [5]. 

 
 Core – This is thin glass that serves as a passage     

for the light. 
 Cladding – This serves as a protector for the core 

and it also reflect the light back into the core. 
 Buffer coating – This is usually made of plastic 

or any hard material that protect the fibre from 
damage and moisture.   

 

 
Fig.1. Structure of a single optical fibre [7]. 

 

 
Fig.2. Typical components in an optical communication system [14]. 

 
A typical optical fibre communication system is formed 

by a transmitter, optical fibre and a receiver. These units 
serve as fibre optic data-link connection. Each part of the 
data link is responsible for the successful transfer of data 
signal [4]. 

 
A. The Optical Transmitter 
An optical transmitter converts an electrical analog or 

digital signal into a corresponding optical signal suitable 
for transmission and it consists of two parts, an interface 
circuit and a source drive circuit. A transmitter also 
receives and controls the optical device to turn the light 
"on" and "off" in an appropriate sequence, thereby 
generating a light signal [4]. The transmitter is physically 
close to the optical fibre and sometimes has a lens to 
focus the light into the fibre. Lasers have more power as 
compare to LEDs, but vary more with changes in 
temperature and are more expensive. The most common 
wavelengths of light signals are 850 nm, 1,300 nm, and 
1,550 nm [7]. Lasers are usually used for 1310- or 1550-

nm single-mode applications while LEDs are used for 
850- or 1300-nm multimode applications. The range of 
wavelengths at which fibre operates best is known as an 
operating window. Each window is centered on the 
typical operational wavelength, as shown in Table 1[14]. 

 
TABLE 1 

FIBRE OPTIC TRANSMISSION WINDOWS 

Window Operating Wavelength 
800 – 900 nm 850 nm 
1250 – 1350 nm 1310 nm 
1500 – 1600 nm 1550 nm 

 
B. The Fibre Optic Cable 

The cable consists of one or more glass fibres, which 
act as waveguides for the optical signal (light). Fibre 
optic cable as compared with electrical cable is similar in 
construction, but has special protection for the optical 
fibre within [1]. For transmission over distances of many 
kilometres or where two or more fibre optic cables will be 
joined together, an optical splice is commonly used in 
joining the fibre optics cable together [1]. When the 
optical transmitter launches its signal into the fibre the 
optical signal will become progressively weakened and 
distorted because of scattering, absorption, and dispersion 
mechanisms in the fibre waveguides [4]. 

 
C. The Optical Receiver 
The receiver converts the optical signal exiting the 

fibre optic cable back into an electrical signal and it 
consists of two parts, the optical detector and the signal-
conditioning circuits [4]. An optical detector detects the 
optical signal while the signal-conditioning circuit 
conditions the detector output so that the receiver output 
matches the original input to the transmitter [4]. The 
receivers also amplify and process the optical signal 
without introducing noise or signal distortion. Noise 
effects and limitations of the signal-conditioning circuits 
cause the distortion of the receiver's electrical output 
signal [4]. The receiver uses a photocell or photodiode to 
detect the light [7]. 
 

IV.  TYPES OF FIBRE OPTICS 
 

Basically, two types of optical fibre are available in the 
form of modes: Multimode Fibre and Single-mode Fibre. 

  
 Single-mode fibre: 

This is also known as single-mode step index fibre and 
it propagate light in one clearly defined path, intermodal 
dispersion effects is not present, allowing the fibre to 
operate at larger bandwidths than a multimode fibre [8].  

 
 Multi-mode fibre: 

A multimode fibre can propagate hundreds of light 
modes at one time. This can be sub-divided into 
Multimode graded-index fibre and Multimode step-index 
fibre. The difference between graded-index and step-
index fibres is that in a graded-index fibre it has a core 
whose refractive index varies with the distance from the 
fibre axis, while the step-index has core with the same 
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refractive index throughout the fibre [9]. Multimode 
fibres have large intermodal dispersion effects due to the 
many light modes of propagations it handles at one time. 
Due to this, multimode fibres operate at lower 
bandwidths, however they are typically used for 
enterprise systems such as offices, buildings, universities 
since they are more cost effective than single mode ones.  

 

 
Fig.3. A cross-section on optical fibre modes [10]. 

V.  ADVANTAGES OF FIBER OPTICS IN SYSTEMS 

In a fibre optic transmission system, the transmitter, the 
receiver connected by fibre optic cable offers a wide 
range of benefits as compared to traditional copper wire 
or coaxial cable. These include: 
 The fibre optic cable has the ability to carry 

much more information and deliver it with greater fidelity 
than either twisted pair wire or coaxial cable [1]. 

 Fibre optic cable can support much higher data 
rates over a longer distance making it ideal for 
transmission of digital data [1]. 

 The fibre has strong immunity to almost all 
kinds of interference, including lightning and does not 
conduct electricity. It can therefore come in direct contact 
with high voltage electrical equipment and power lines 
[1]. 

 Since the fibre is made of glass it does not 
corrode and is it unaffected by most chemicals. This 
makes it possible to bury it directly in any kinds of soil or 
exposed to any ache conditions without significant 
concern [1]. 

 Since light is the only signal in fibre there is no 
possibility of a spark from a broken fibre. Even in the 
most explosive of atmospheres, there is no fire hazard, 
and no danger of electrical shock to personnel repairing 
broken fibres [1]. 

 Fibre optic cables are immune to outdoor 
conditions allowing it to be joined directly to telephone 
poles or existing electrical cables without concern of a 
possible signal pickup [1]. 

 A fibre optic cable is usually smaller and lighter 
in weight than coaxial cable with same information 
capacity. It is required little duct space making it easier to 
handle and to be installed [1]. 

 Tapping into fibre optic cable is practically 
impossible making it suitable for communications 
systems but it is easy to monitor and no electrical 
radiation occurs in fibre [1]. 

VI.  LONG HAUL FIBRE TRANSMISSION IN NIGERIA 

Long-haul transmission refers to the transmission of 
data or signals in form of visible light signals over optical 
fibre cable for great distances, especially without or with 
minimal use of repeaters. Repeaters is necessary at 
intervals in a length of fibre optic cable to keep the signal 
quality from deteriorating to the point of non-usability 
and to maintain the signals strength at along the 
transmission path. The goal in a long haul optical system 
is to minimize the number of repeaters per unit distance 
and ideally to render repeaters unnecessary.  A super-
transparent device was developed to transmit energy at an 
exceptionally optical wavelength with low loss. [11].  

Long haul transmission is done in Nigeria using a 
dense wave-division multiplexing (DWDM) which 
helped in minimizing the problem against fibre optic loss 
that resulted from transparent materials which transmit 
energy at different speeds depending on the wavelength 
[11]. 
A. Dense Wavelength Division Multiplexing 

Dense wavelength division multiplexing (DWDM) is a 
technology that multiplex different optical signals into 
one fibre for transmission, with each signal carried at the 
same time on its own separate light wavelength, it can 
sometimes be referred to as wave division multiplexing 
(WDM). DWDM can multiplex up to separate 80 
wavelengths or more into a single light stream to be 
transmitted on a single fibre with each wavelength 
carrying a time division multiplexed (TDM) signal. 
Different data formats with different data rates can be 
transmitted together since each channel is de-multiplexed 
at the end of the transmission back into the original 
source. Different data can travel at the same time in an 
optical fibre and such data include: Internet (IP) data, 
Synchronous Optical Network data (SONET), and 
asynchronous transfer mode (ATM) data [12]. DWDM is 
the central technology of all optical networks because it 
has solved the "fibre exhaust" problem and which is the 
major reason why it is been used in a long haul signal 
transmission. A basic DWDM system contains several 
main components: 

1)  Optical Multiplexing Terminal (OMT): This is 
an uni-directional DWDM equipment that allows 
wavelength to be transmitted and received and it contains 
one wavelength converting transponder known as optical 
transponder unit (OTU) for each signal it is carrying and 
it is offend refer to as lambda (λ). The input optical 
signals into the OMT is received by the wavelength 
converting transponders, it convert the signal and 
retransmit the signal using a 1550 nm band laser [13].  

2)  Optical Line Amplifier (OLA): This is also 
known as intermediate line repeater which is simply 
regenerating equipment that reproduces or boosts the 
same signal down the designated paths and it is placed 
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approximately at every 80 – 100 km to compensate the 
signal power in the fibre. An erbium doped fibre 
amplifier (EDFA) is used to amplify the signal which 
usually consists of several amplifying stages [13]. 

3)  Optical Add-Drop Multiplexer (OADM): This 
is a bi-directional DWDM equipment that allows for a 
different wavelengths to be added at any point in a long 
haul network and it’s sometimes refer to as intermediate 
optical terminal. OADM amplifies wavelength signal that 
may have travelled up to 140 km or more before the 
signal gets to destination [13]. 

4) Optical Supervisory Channel (OSC): The OSC is 
a session of the DWDM system that allows 
communication management by connecting voice data 
between adjacent DWDM equipment for monitoring and 
specification control in a system. It also allows a network 
operator to remotely upgrade the software of the entire 
DWDM systems [13].  

 
Fig.4. DWDM System Structure [15]. 
 

Fig.5 shows how the usage of the DWDM components 
by a Telecom Company in Nigeria. The usages of this 
various components depend largely on the location of the 
company’s client. The placement of the OMT and OADM 
allows the company to break down their transmission 
using SONET/SDH technology for metro transmission. 
SONET/SDH is referred to as client interface; it is from 
SONET/SDH that services of various kinds are provider 
to the client depending on the client’s requirement.  

Optical fibre has become an exciting revolution which 
has impacted our lives as much as computers and 
integrated circuits has and with its peculiar features and 
advantages it has found its way into so many applications. 
Also with increasing demand of bandwidth in the world 
of communication and its expandable feature to 
accommodate more information without interrupting 
existing signal or configuration has giving it a greater 
importance in the communication environ has compared 
with microwave and satellite transmission. Its low 
attenuation and signal clarity aided with long haul 
transmission equipment has making it possible to transmit 
signal over a longer without distortion. Although in a 
country like Nigeria which is developing, fibre optics has 
limitation such as theft and vandalism which is as a result 

of road expansion or any other construction but it is still 
perhaps the best means for media transmission both for 
long haul and metro transmission.   

 

 
Fig.5. DWDM component as used in Nigeria [15]. 

VII.  CONCLUSION 
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Abstract-Satellite system was traditionally believed to be 
power-limited on its downlink channels. However, today’s 
increase in bandwidth-demanding applications have also 
makes satellite systems to be bandwidth-limited (spectrum). 
The fundamental strive for efficiency faced by design 
engineers is further reinforced by the challenge of striking 
balance between power and bandwidth which are the two 
critical communication resources to meeting the system 
performance requirements without severe financial 
implications. 
 
This paper expresses methodologies for making the most 
efficient combination of coding scheme and digital 
modulation technique under bandwidth-limited and power-
limited conditions in satellite link capacity. One of the 
methods adopted in providing this solution is to poise a 
trade-off of the probability of error (PE) and the ratio of bit 
energy to noise-power spectral density (Eb/N0). Matlab was 
used to solve the huge mathematical complexities therein.  
 
The implementation of this mechanism in satellite industry 
will yield great financial savings whose second order effects 
are keeping satellite service providers in business, meet 
customers’ demands and optimise satellite systems 
operations. 
Keywords: Efficiency, Power-limited, Bandwidth-limited, 
Digital Modulations 
 

I.  INTRODUCTION 

   The Satellite communications market has recorded 
tremendous successes over the years due to the consistent 
patronage from both the broadcasting and the 
telecommunication industries. Transmit power and 
channel bandwidth are the two major resources in 
communication systems industry, hence, the efficient 
utilization of these resources becomes inevitable. 
   The scarcity of commercially viable frequency 
spectrum resource has translated into high equipment and 
services costs. In view of the high cost of operating 
satellite systems, it is therefore very important to strike 
balance between bandwidth efficient and power efficient 
communication techniques that justifies economic and 
technical basis.  

II. GOALS OF LINK DESIGNERS 

   In communications system, the ultimate desires of any 
link engineer is to design an almost distortion-free 
system with minimal transmitting power to deliver large 
data rate, using nominal spectrum bandwidth at 
affordably low cost while maintaining the required bit 
error probability PE. In order to achieve these targets, it 
is necessary to carry out some tradeoffs among power, 
bandwidth, quality and money to achieve optimised 
capacity. The main objective of this paper is to use 

effective coding and modulation hereby referred to as 
coded modulation to improve channel efficiency. 

III. BASIC DIGITAL MODULATION TECHNIQUES 

   The choice for digital modulation basically revolve 
round the tremendous merits of digital systems, which 
include lower design costs, increased system capacity 
using more efficient modulation schemes; robust error 
control coding techniques to combat noise and 
interference. A typical carrier signal s(t) can be 
represented as: 

s(t) = Acos(2πfct + ɸ),             (1) 
where A is the amplitude,  fc is the carrier frequency and 

ɸ is the signal phase. Carrier signal is characterized by 
these three parameters.  Modulation is simply varying 
(modulating) one or two of the three key parameters of 
electromagnetic wave in accordance with the data to be 
sent. In digital modulations, switching (keying) the 
amplitude, frequency or phase of the carrier in accordance 
with a baseband signal (data) before transmission over the 
satellite link amount to amplitude shift keying (ASK), 
frequency shift keying (FSK) and phase shift keying 
(PSK) respectively. Though ASK modulations require 
low bandwidth; however, it is highly susceptible to 
interference. FSK modulations are more power efficient 
but use large bandwidth. Though PSK modulations are 
more complex but are more robustness against 
interference.   

IV. ERROR DETECTION AND CORRECTION 

   In analogue links, degradation takes the form of 
decrease in signal-to-noise ratio (SNR), while in digital 
systems; information degradation is measured in terms of 
bit error rate BER [1]. One major advantage of digital 
systems has over analogue systems is the error detection 
and correction (EDC) mechanisms. The EDC techniques 
are used to improve the quality of digital signals. The 
choice to adopt EDC technique is determined by system 
performance requirements and the nature of the 
transmission channel. EDC can either be implemented by 
requesting for retransmission of corrupted symbol using 
the Automatic Repeat Request (ARQ) scheme or the 
receiver decides to detect and corrects the error without 
recourse for re-transmission using the forward error 
correction (FEC) scheme. FEC scheme is usually adopted 
in real-time application and in satellite communications 
systems where bandwidth costs and latency are major 
concerns. The transmitting system of FEC scheme is 
traded for a complex receiving terminal. FEC codes are 
broadly categorised into block coding family comprising 
Reed Solomon, Hamming, BCH, Cyclic and the 
convolutional coding family.  
   Coding is the process of adding redundant bits to the 
data bits before transmission, such that the redundant bits 
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are used to correct likely errors caused by a noisy 
channel. Common coding applications are found in 
multimedia systems such as video, audio, satellite 
services. The drivers of coding and modulation decisions 
are power-limited system and bandwidth-efficient 
systems respectively. Coding operations are partitioned 
into source coding and channel coding. As shown in fig.1, 
channel coding increases the bandwidth due to the 
addition of redundancy bits which is traded for good 
quality. Source coding involves the removal of unwanted 
information from the message, which invariably reduces 
bandwidth within a satisfactory quality for the decoding. 
If the symbol decision is made at the 
detector/demodulator, then such process is considered a 
hard decision. A decision is said to be soft if such symbol 
decisions are made at the decoder. The key parameters 
derivable from the received signal-to-noise ratio (SNR) 
are bandwidth efficiency R/B, and the bit energy to 
spectral noise density ratio (Eb/N0). The choice of coding 
and modulation has the capacity to deliver high quality 
digital information [2]. The combination of coding and 
modulation is called coded modulation. The system 

spectral efficiency ⍴ , of a coded modulation determines 

the bandwidth B requirement. Ideal coded modulation 
should have as minimum error probability PB as possible 

with low Eb/N0 but with high spectral efficiency ⍴ . From 
equation 7, SNR is a product  

 
Fig. 1. Coding and modulation system. 
 
of Eb/N0 and R/B, where R is the transmitted data rate 
(bps).  
   Channel encoder adds redundancy bits (n-k) to the 
information bits (k) in order to curtail transmission errors. 
In other word, k bits data is assigned to an n-bit 
codeword, denoted by (k,n) code, resulting to k/n code 
rate r. The symbol of m bits, with Ts sec symbol duration 
is then mapped into one of the possible M waveforms by 
the M-ary modulator. The signal is then transmitted 
within the require bandwidth, B.  

V. BASIC SATELLITE LINK BUDGET 

   Satellite link budget can simply be viewed as a balance 
sheet of power gains and losses in a space channel 
(propagating medium) between the satellite and an earth 
station. Link budget therefore becomes a basic tool for 
estimating system error performance (PE), which is 
usually expressed as bit energy to noise spectral power 
Eb/N0 in digital systems. The values of Eb/N0 threshold 
drive the choice of modulation scheme to be adopted in a 
Gaussian noise environment. Since satellite links operate 
on line-of-sight principle, free space path loss (FSPL) 

becomes a major impairing parameter of consideration for 
signal transmissions. The degrading effects of noise and 
rainfall warrant some reasonable link margin.  
   The generic satellite link equation is written as, 

                          (2) 
where Pr is the received power in dB, Pt is the transmit 
power in dB, Gt is transmit antenna gain in dB, Gr is the 
receiver antenna gain in dB, R is the distance between the 

transmitter and receiver,  is the signal wavelength in 

meters. The squared term is called the free space loss. 
Equation 2 can be expressed in terms of noise spectral 
density. 

                    (3) 
where T is the receiver system temperature in K, K is the 
Boltzmann’s constant (-228.6 dBW/K/Hz), Gr/T is called 
the figure of merit and KTs represents the noise power 
spectral density N0.   

 .                                                           (4) 
VI. CHANNEL CAPACITY 

   Channel capacity C defines the maximum number of 
bits per second (b/s) that can be reliably sent over a 
channel [3]. Shannon-Hartley theorem expressed channel 
capacity in the light of additive white Gaussian noise 
(AWGN) as: 

                   (5) 

where C is the highest number of bits that can be reliably 
transmitted per second, SNR is the signal-to-noise ratio, 
which is the ratio of the received power and noise power 
and B is the channel bandwidth in hertz (Hz) [4]. 
Equation (5) is called Shannon-Hartley law. The main 
significance of equation (5) is to take into cognizance that 
there is a limit of data rate that can be being transmitted 
over a noisy channel. Equation (5) can also be written as: 

,    (6) 

where Pr is the average received power in watts (W) and 
N0 is the noise spectral density in watts per hertz (W/Hz). 
In digital communications, equation (6) can be expressed 
as 

 bit/s/Hz,                (7) 
where R is the data rate (bps), Eb is the bit energy, such 
that a modulator expended an average power of Eb/Tb 
watts on each bit, where Tb is the bit duration. At the 
receiver, the ratio of average received power to noise-
power spectral density Pr/N0 and the bit energy per noise-
power spectral density Eb/N0 are related as follows:  
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  (8) 
   Data rate to bandwidth ratio R/B is referred to as the 
channel spectral efficiency or bandwidth efficiency. As 
bandwidth B tends to infinity or as spectral efficiency 
tends to zero, Eb/N0 tends to (log2e)-1 = 0.693 ≈ -1.6dB 
which is called the Shannon limit as shown in Fig. 2. This 
is the limit value of Eb/N0 below which system cannot 
operate at capacity. Spectral efficiency indicates the 
efficient utilization of the bandwidth resource. If a 
message of data rate R bps is to be transmitted over a 
channel capacity C bps; if R < C, then small error 
probability (PE) can be assumed by implementing 
intelligent Coding scheme. At R = C, the system is said to 
be operating at boundary level, which is not advisable. 
When R > C, then not communication can be achieved 
since the data rate is greater than the capacity, hence, it is 
described as unattainable region. Fig. 2 shows clearly the 
regions of power limited and bandwidth limited region 
with regards to capacity and energy bit to noise spectral 
density Eb/N0. A link is said to be power-limited if R < B, 
which can lead to inefficient use of bandwidth. 
Conversely, a link is said to be bandwidth-limited if R > 
B, meaning that capacity can be increase by increasing 
the transmit power [5]. Spectral efficiency and power 
efficiency are mathematically related to SNR as  

                                           

  (9) 

where Eb/N0 is the link power efficiency and R/B is the 
spectral efficiency. 

VII. M-ARY SIGNALLING 

   In an M-ary signaling scheme, each of the possible M 
signals, known as a symbol comprising m bits, is mapped 
to signal waveform during for transmission of interval Ts 
[6]. The transmitted waveform thereby represents a 
symbol of m bits with Ts duration. M and m are related as: 

                      

(10) 

where m is an integer representing the number of bits per 
symbol. For data rate R bps, the bit duration Tb becomes 

                                                           

(11) 

It also follows that 

                         (12) 

where Ts is the symbol duration.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Bandwidth efficiency plane [7]. 

From equations 11 and 12, we have 

                               (13) 

An expression relating the symbol rate Rs with the data 
rate R is: 

                  (14) 

   The minimum required bandwidth for MPSK and 
MFSK are given as   

                                                

(15) 

                                             

(16) 

   When a digital scheme transmits m bits over a period of 
Ts second occupying B (Hz) bandwidth, its bandwidth 

efficiency ⍴  becomes 

                      (17) 
where Tb is the bit duration in seconds. For M-PSK and 
M-QAM modulated signals, the bandwidth efficiency 
using the Nyquist filtering at the baseband where B is 

equal to Rs, ⍴  is given as 

⍴  =                            (18) 
where R is the transmission bit rate[8]. The bandwidth 
efficiency increases as M increases, hence, M-PSK and 
M-QAM are said to be bandwidth-efficient. Contrary to 
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MPSK and MQAM modulations, in MFSK modulations, 

the bandwidth efficiency ⍴  is given as: 

                                    (19) 
Bandwidth efficiency decreases as M increases, hence, 
MFSK modulation scheme is not bandwidth efficient, but 
bandwidth-expansive. 
   At the receiving end, the demodulator is expected to 
make a correct decision on the received S/N0 waveform 
base on predetermined conditions. The probability that it 
will make a symbol error PE(M) is  

                                    
(20) 
where Q(x) is the Q-function sometimes called the 
complementary error function. Equation 20 is valid for 
the MPSK modulation techniques. For MPSK signaling 
system, symbol error probability PE is related to bit error 
probability PB by 

 .                                                      
(21) 
   For MFSK, the symbol error probability is given as: 

                                       
(22) 
PE can be expressed in terms of PB. 

 .                 (23) 
   Coding gain G in dB, is the measure of power saving 
between when a system is coded and when un-coded 
given the same modulation and BER. 

                
(24) 
A channel encoder with code rate k/n, processes a data 
rate R to produces a channel rate Rc which is sent to the 
modulator which further yields a symbol rate Rs.  

                                                   (25) 

                                            (26) 
Due to coding process, Pr/N0 arriving at demodulator’s 
input is given by 

                                    
(27) 
where Ec and Es are channel and symbol energy 
respectively. 
The demodulator yields channel error probability Pc given 
as 

                                                                      
(28) 
VIII. CODED MODULATION SELECTION METHODOLOGY 

Suppose the modulation scheme and possibly coding are 
required to meet certain performance requirements such 
as bit error probability PB and data rate R are known. The 
available bandwidth B and the received signal power to 
noise-power spectral density Pr/N0 are known. There is a 
trade-off between spectral efficiency (R/B) and energy 
efficiency (Eb/N0) to achieve performance requirement PB 
[9]. 
Step 1: Determine whether the system is bandwidth-
limited or power-limited, i.e. compare R with B. If R > B, 
that is bandwidth-limited, then think of MPSK 
modulation, since MPSK modulations are bandwidth 
efficient. If R < B, then think of MFSK modulation. 
Step 2: Use equations 14 to 16 to determine the minimum 
bandwidth W. Ensure that W is not greater than the 
available bandwidth B, otherwise select the smallest 
value of M that satisfy this condition.  
Step 3: Equations (17) and (18) can be used to verify how 
bandwidth efficient your design is.  
Step 4: The value Eb/N0 can be obtained using equation 
(8), which is valid for MPSK and MFSK. 
Step 5: Equations (20) to (23) are used to verify if the 
performance requirement is met. Q(x) can be solved using 
single Matlab code “qfunc(x)”. If the answer satisfies the 
specified PB, then your modulation scheme is considered 
alright without coding. This scenario is referred to as 
uncoded system 
Step 6: A coded system becomes necessary when 
applications are critical and the required performance 
tends to gulp more bandwidth and power than what is 
available. Bandwidth-limited and yet power-limited 
system requires performance improvement using coding 
mechanism such that the system can operate within the 
available satellite bandwidth.  
Step 7: The choice of code rate r (k/n) should enlarge the 
transmission bandwidth outside the available channel 
bandwidth. Suppose we consider a real-time digital TV 
(DTV) application over the satellite which requires 
modulation and coding. And we presume a modulation 
scheme whose bandwidth is calculated as 9 MHz while 
the available channel bandwidth is 12 MHz, leaving a 
space of 3 MHz, representing 25% tolerance. Since 
channel coding increases bandwidth, we therefore take 
advantage of this liberty for coding. It therefore follows 
that the code rate must not be less than 0.75, in other 
word, the code must not gulp more than 25% of the 
carrier bandwidth. This means 3/4, 5/6, 7/8 FEC are 
suitable code rates. The task before us is to save power at 
the expense of the bandwidth at our liberty in order to 
meet the BER performance requirement.  
Step 8: Calculate the coding Gain which is a measure of 
power saving between a coded and uncoded system.  

IX. OUTCOME 
The effect of effective combination of coding and 
modulation scheme yields a tremendous bandwidth 
utilization and coding gain. The effect of the coding gain 
is a remarkable energy saving which improves link 
availability and the transponder can now operate without 
distortion.    
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X. CONCLUSION 

There is a trade-off between spectral efficiency (R/B) and 
energy efficiency (Eb/N0) to achieve performance 
requirement. Channel coding is like an insurance against 
error probability even if errors do not occur most of the 
time, however, when they occur, coding is used to combat 
such distortion to ensure data integrity. Effective coded 
modulation amount to a lot of financial savings enough to 
keep business running   as enshrined in the Service Level 
Agreement (SLA) thereby keeping the service provider in 
business. 
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Abstract: Using sun light as source of energy led to propose 
by scientists that solar collectors be located in geostationary 
orbit. Those solar collectors are recognized as Solar Power 
Satellites (SPS). 
 The objective of the solar power satellite (SPS) is to 
transform solar energy in space for use on Earth. The solar 
energy collected by SPS would be transformed into electrical 
energy and then into microwaves. The microwaves would be 
beamed to the Earth's surface, where they would be received 
and transformed back into electricity by enormous array of 
devices known as a rectifying antenna, or Rectenna. The 
SPS idea has the prospective, not only for base 
uninterruptedly load power generation on a global scale, but 
also signifies an evolutionary track for increasing human 
activities in space and the usage of extra-terrestrial 
resources. 
This paper will emphasise on the idea of the SPS, an 
approach for an evolutionary advancement of SPS to meet 
requirements for power supplied for use on Earth and a 
growth path to achieve the potential of power from space for 
use on Earth and results of assessments of key subjects 
including financial concerns and ecological disputes as well 
as physical resource necessities including materials 
availability and energy pay-back periods. 
Keywords: SPS, microwave, Rectenna, electrical energy, 
geostationary orbit 

I. INTRODUCTION 
 
The world is facing a rapid progression in technology. To 
meet requirements of high standard of living for 
increasing global population, viable opportunities must be 
delivered. Upgrading of energy resources within a 
convincing planning perspective and economically 
reasonable cost is crucial for the attainment of a new 
world order and for the development of other energy 
resources like fossils, hydro and other renewable 
resources in future substantial planning and proper cost 
analysis must be the primary objective[1]. The key 
importance of the SPS model is to encounter not only 
increasing universal requirements for electricity but also 
to switch alternative energy means like fossil, nuclear, 
hydro etc. within the perspective of meeting global 
energy demands. When there is an agreement regarding 
its benefits for civilization, the SPS will turn out to be a 
macro-project [1]. The belief of precisely by what finest 
method to encounter upcoming energy demands centred 
on the progress of suitable technology using circulated, 
moderate, renewable energy sources is contradictory. [1]  

II. The SPS system 

To transform solar energy to electrical energy, SPS could 
use numerous methodologies. One of the conversion 
processes was the photovoltaic conversion. It was 
designated as a suitable preliminary idea in place of 
photovoltaic cells which were already in extensive 
practice in telecommunication, Earth surveillance and 
climatological satellites, in low-Earth orbit (LEO) as well 

as geosynchronous orbit (GEO). After that, few different 
aspects were proposed as a part of “Space Exploration 
Initiative”. The aspects proposed were centred on some 
crucial reductions in cost of space transportation and the 
improvement in the technology of advanced photovoltaic 
tools, microwave beaming and laser power beaming. 
Conversion of solar to electrical energy using solar arrays 
would be the key function of the SPS. Microwave 
generators which constitute the part of a planar, phased-
array transmitting antenna (Rectenna), would be feed 
with electricity by these solar arrays. At desired location 
on Earth, a very low power density microwave beam 
would be directed by Rectenna to one or more receiving 
antennas. The function of the receiving antennas would 
be to safely and efficiently converting the microwave 
energy to electricity which would be transmitted to the 
users. 
 
Congressional Office of Technology Assessment and the 
National Research Council of the National Academy of 
Sciences performed few assessments on the SPS in late 
60’s and early 70’s. Procedural, financial, ecological and 
communal concerns were reflected by these assessments. 
SPS design delivering 5 giga Watts power was evaluated 
by a viability study in 1972 which could be used on Earth 
[2]. Major technological, environmental and economic 
issues were acknowledged by the viability assessments 
and delivered the basis of explanation studies for further 
general structure.  
The aim of the SPS Concept Development and Evaluation 
Program (CDEP) was the SPS assessment. “To develop, 
by the end of 1980, an initial understanding of the 
technical feasibility, economic practicality, and societal 
and environmental acceptability of the SPS concept.” [3]. 
No sole restriction was acknowledged by that assessment 
which would prevent the development of the SPS for 
either procedural, financial, ecological or social causes. It 
also demonstrated that at receiving antenna which would 
be situated on Earth would generate 5 GW of base load 
power as presumed by NASA SPS Reference System and 
that the SPS perception is not theoretically impossible 
and it would be an evolutionary development in the sector 
of  power transmission from space to Earth.  But it’s quiet 
challenging to develop the SPS which has the capability 
of using lunar resources. To shift from the existing SPS 
design theories to designs that are capable of using lunar 
assets or may possibly be installed on the lunar surface, 
requires international efforts and demonstration projects 
over a period of decades [4]. 

III. Economic and Societal Assessment Issues 

Some constructive results were attained when technical 
assessment of the SPS as a part of CDEP in detail was 
performed by US Department of Energy and NASA [5]. 
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The major societal and economic concerns about the 
future development of the SPS were addressed in 
significant detail by CDEP. Recommended economics of 
the SPS is not essential for the near-term judgements 
about the planning for SPS program. The funds allotted to 
the SPS development errands and their importance is the 
most significant factor. Significant approximations of the 
probable SPS market penetration are not provided by cost 
projections. Though, some important cost approximation 
such as supplied power cost to specify economical and 
technical competitive power of the SPS, classify the 
foremost cost origins to lessen the estimated expenses, 
improve a reliable agenda to assess unlike technical 
prospects, requirements of the raw material and 
determining its effects, labour costs, capital markets, 
evaluating cost with other alternative energy supply 
technologies, conservational effects and societal impacts 
are provided by such cost studies. Different vital issues 
such as, health and safety, cost, performance, resource 
necessities, environmental effects and other influential 
issues were made the unit for the comparison between the 
SPS and alternate energy technologies including coal, 
nuclear and terrestrial photovoltaic systems [6]. 
Few important points specified by the assessments were: 
o The range of cost of SPS for its whole life cycle is 

approximately similar to the cost range of other 
alternate energy supply technologies  

o Health and safety impacts of all the technologies are 
unique. 

o Material requirements for SPS do not appear to 
hinder the development of SPS but production 
constrains and ecological control standards can make 
it critical.  

o Huge adjacent terrestrial space would be essential for 
the SPS and earthly unified photovoltaic systems 
though receiving antennas of the SPS could be 
located on land away from population e.g. sea shore. 
But complete fuel cycle for all energy technologies is 
approximately same.  

o To function within the current regulatory 
environment may be challenging for the SPS, fusion 
and other advanced energy technologies however, 
international regulations which would be imposed on 
SPS may possibly be applicable on other energy 
supply technologies. 

Not just key factors were analysed by The Department of 
Energy and NASA SPS program which included 
ecological impacts, relative financial aspects, social 
concerns, program possibilities and other qualms but was 
also concerned about fundamental technology. 
 

IV. Environmental Effects 
Health and safety, ecologies, weather, and its connection 
with electromagnetic systems are crucial environmental 
influences related with the SPS and might affect human 
health. 
 

A. Health and Ecological Effects of Microwave Power 

 
1. Transmission: 

The microwaves power density at which the public would 
be exposed to is 0.1 mW cm-2

, which is at the boundary of 
the receiving antennas. The minimum power density 
would be about 10-4 mW cm-2 at any point outside the 
antenna location if as supposed for the NASA SPS 
reference system having 60 receiving antennas with 
average space of 300 km away from each other in the 
continental United States [7]. U.S. guidelines for work-
related exposure would be met with proper counteractive 
procedures by the workers working within the receiving 
antenna area. 
 

2. Non-Microwave Health and Ecological Effects: 

Exposure to ionizing radiation of space workers is a 
major health risk. The provision of solar storm shelters, 
cautiously designed shielding for space vehicles could 
lessen the hazards from ionizing radiation to space 
workers. High-energy, heavy ions stemming from 
enormous radiations are of greatest concern in GEO 
because they may consequence in surpassing proposed 
exposure parameters for workers. To establish probable 
ionizing radiation environment in GEO, more data would 
be required to lead the strategy of procedures to bound 
space workers exposure to the ionizing radiations. [1] 
 

B. Effects on the Atmosphere: 

The waste heat released by the suburban areas would be 
more than the heat released at the receiving antennas. 
Thus, SPS would’ve less significant weather and climatic 
effects. In troposphere, the microwave power is absorbed 
which is usually risen during heavy rainstorms, but still it 
would’ve less significant weather effects. Sulphur dioxide 
concentration which is increased by the advanced space 
transportation vehicles would not have precarious effect 
on the quality of air. There would be negligible quantity 
of nitric oxide and carbon dioxide would be formed by 
the oxidation of almost all the carbon monoxide. Like the 
negligence of the nitric oxide, the variation in the 
universally averaged ozone layer because of SPS 
introductions would be imperceptible too. Wastes 
released by the rocket in the troposphere causes 
accidental weather alteration because of cumulative 
effects, would be likely and to diminish such effects, 
constant inspection of rocket exhausts plus numerous 
climatological circumstances would be required. 
 Dispersed launch trajectory could prove to be helpful in 
mitigating the influence of rocket launches on the 
ionosphere. Hydrogen-oxygen propellants could be 
helpful because it would significantly condense the water 
vapour injection into the lower atmosphere and would 
optimize the primary stage of launch course. However, 
resident time of water vapours in the upper atmosphere is 
extensive which may possibly consequence in adverse 
effects. 
The influences of the effects of injection of argon ions 
into the plasmasphere and magnetosphere by ion thrusters 
are ambiguous. The site of the solar energy 
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transformation system and the microwave transmission 
antenna would be monitored by ion thrusters. 
 These uncertain effects of argon ion injection into 
plasmasphere and magnetosphere needs to be determined 
and mitigation of these effects would be the development 
of more advance ion-thrusters propellants which would 
reduce any disruption of the plasmasphere or variations in 
the magnetosphere interface with the solar wind  
 

C. Effects of Ionospheric Disturbance on 

Telecommunications: 

Ionospheric electron density, electromagnetic energy 
frequency, electron collision frequency and geometric 
field strength are the factors on which reversion and 
recurring of radio waves to Earth depends. That is why 
ionospheres vital to telecommunications. 
Telecommunication system’s performance can be altered 
by variations in the ionosphere. Loss of data and radio 
signal weakening can ensue by these small-scale 
irregularities. Ionosphere heating by microwave beam and 
space vehicles emissions could cause deviation in 
ionosphere. Suitable trajectory control can help to reduce 
the effects of rocket exhaust effluents. However, lesser 
portion of ionosphere could be affected by ablative 
constituents and oxides of nitrogen during re-entry of the 
recoverable booster and orbiter stages.  
 It has been specified by the experiments done on the 
effects of microwave beam heating of the ionosphere that 
at a highest power density of 23 mW cm-2, the 
telecommunication system’s performance would not be 
badly affected by the microwave beam and that the power 
density could be increased. [8]. 
 These tests laid influence only in the subordinate 
ionosphere as compared to the microwave beam power 
densities because of equipment restrictions. 
 

D. Electromagnetic Compatibility: 

For using electromagnetic spectrum, national and 
international requirements must be fulfilled by the SPS. 
So, SPS must be designed and functioned in a way that it 
meets those requirements. Due to unique quantity of 
microwave power transfer from space to Earth with 
magnitude of 7km of the microwave beam of the SPS 
reference system at Earth’s surface, there is perspective of 
interference production. This production of interference 
can cause disruption in communal infrastructures, 
military organizations, radar, aircraft communications as 
well as radio and optical space science. If the geographic 
range is extensively affected the microwave beam will 
have low potential of interference. Interference created by 
High-power radar systems have parallel electromagnetic 
intensities, but over some degree of extents. 
Interference can be diminished: 

 By shielding and radio receiver filters 

 Restraining the magnitude and outline of the 
transmitted microwave beam  

 Considering rigorous specifications for design of 
the microwave system. This would prove to be 

helpful in diminishing adverse radiations at 
frequencies other than its operating frequency 

 Careful positioning of the receiving antenna, 
including trade-offs among positions of the 
antennas nearby energy load centres. 

The power of the microwave required to create 
interference is very less therefore there is no chance 
of obstruction of the SPS with other satellites in 
GEO for example communication satellites. [9].  

V. Energy Utilization: 

When the energy proportion of SPS and other energy 
production approaches are compared even if the fuel is 
excluded or included, the SPS appears to be better than 
other energy production approaches [10]. One year is the 
approximated time-frame for energy payback period for 
SPS. The time period of one year is approximated by the 
technologies which the SPS would use and likely 
development in those technologies. [11]. 

VI. Availability of Materials:   

The materials which the SPS would require for its 
assembly are tungsten, silver and gallium but there are 
supply limitations on these materials. Other components 
which would be used to assemble SPS for example ion 
thrusters, dipole rectifiers, microwave generators, and 
graphite compounds are industrially acceptable and could 
be used for development of SPS. Most of the commodity 
materials which are very vital for SPS could be 
substituted by lunar resources 
 

VII. PROGRESS IN THE FUTURE 

There is increasing acknowledgment that the possibility 
of SPS has been triggered by advancement in 
astronomical platforms and technologies in few countries. 
It is promising now to project inclinations in machineries 
crucial for applications of SPS and to institute technology 
expansion goals foreseen for a universal SPS system. The 
most expected picture for SPS development is meeting 
transitional aims with definable benefits. The SPS 
symbolizes a productive field for innovations. An 
approach can be planned for the development of the SPS 
that categorizes the fundamental standard technologies 
and their application to particular intermediate tasks.  
  The growing competencies obligatory for previously 
intended space projects would help the manufacturing 
arrangement thus could provide the ground for 
development of SPS. Projects such as the SPS are 
doubtful to be followed until guidance for the 
development of best applicable design for the SPS is 
provided by the data from other projects at continuous 
“terrace” levels. The postulation underlying the 
“terracing” method is the development of the advanced 
technologies in sustenance of current or planned global 
space projects. 
The efficiency of this method will be judged as soon as 
logical uncertainties besides hazards regarding SPS 
program are significantly reduced, the industrial 
organization is established, and considerable information 
is obtainable on the technical viability, economic 
sustainability, societal and environmental suitability of 
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the SPS designs to decision-makers. SPS development 
will happen within the framework of the emerging space 
industrial structure that will be crucial for the space 
business and in consonance with the political and 
economic welfares and activities of governments, and in 
accordance with international laws. 

 
    Figure1. Growth part for SPS development[1] 
 

VIII. CONCLUSION 
As technology advances, improvement comes in the 
performance and the estimated cost of solar cell arrays, 
laser power transmission, microwave generators, 
rectifiers and space transportation system reduces which 
increases the practical viability and economic feasibility 
of the SPS theory. Technical, financial, environmental 
and social studies regarding SPS helped in mounting 
consensus that SPS could aid to meet the worldwide 
energy demands and very favourable power generation 
alternative. Global scale power generation is not the only 
significance of the SPS but it also signifies a major step 
towards expansion of space activities and the usage of 
interplanetary resources. Space activities have been 
appreciated for international influence and the 
forthcoming economic growth. That’s why for growing 
number of countries the development of the space 
industrial organization has been a tactical aim. However, 
there is long way to go before there will be confidence 
about the destiny of the human species as it progresses 
outside the surface of the Earth. 
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Abstract: The increasing demand for ICT services all 
around the world has considerably increased. With research 
going on at remote places, military bases in remote 
locations, maritime services where the normal technologies 
cannot provide services, the use of VSAT through 
Geostationary satellites has been able to provide numerous 
applications in ICT. We use mobile phones, internet, fax etc. 
for communications and other entertainment purposes 
through various operators across the world which cannot 
function in certain areas where these are extremely 
essential. VSAT (a ‘Very small aperture terminal’) is a 
satellite ground station which accesses data from the 
geosynchronous orbit. VSATs are composed of three main 
parts namely, the antenna, transceiver, and the modem.  
The whole system can be placed in any location and can be 
oriented to the line-of-sight of the satellite to transmit and 
receive data.  VSATs are efficient in data transfers, emails, 
streaming, VOIP etc.  This paper emphasizes on the 
components, functions and working of VSAT, the satellites 
used for maritime communications and their zones, and the 
frequency bands where these are operated. Also, 
understanding the advantages and disadvantages of VSATs. 
 
Key Words: VSAT, geostationary satellite, satellite 
communication, radio frequency links. 

 
 

1. INTRODUCTION  
 
Advancements in satellite communications have led to 
the development of smaller earth stations namely VSATs. 
The term VSAT stands for very small aperture terminal. 
Ever since VSATs have been introduced, their popularity 
and usage have exponentially increased due to its 
multiple applications, low cost, integrated network 
management, easy installation etc. They have been more 
widely used in regions where terrestrial framework was 
not supportive. [7]  
The antenna of a VSAT is not more than 2.4m. Terminals 
can be directly plugged into a VSAT to access network. 
They are connected to each other through geostationary 
satellites via radio frequency links which are modulated 
carriers conveying information. Basically, the satellites 
receive these carries from the transmitting earth stations 
(uplink), amplifies those carriers and transmits them to 
receiving earth stations by translating their frequency to 
lower bands to avoid interference.  
The advancements in the satellite industry like solid state 
power amplifier, modems, processors etc. have resulted in 
developments of VSAT for various applications. Cost 
plays an essential role in user’s decision to invest in 
satellite network [1].  
VSATs can be used for broadcasting, one-way services 
like enquiries, two-way interactive services, VoIP etc. 
and also for military purposes where communications to 
the base are of utmost importance [2].  

The VSAT earth station consists of two units. The 
outdoor unit is the interface to the satellite. It includes the 
antenna, transmitting amplifier, low-noise receiver, up 
and down converters and frequency synthesizer. The 
indoor unit is installed at the user’s premises. It includes 
the end user equipment link the modems, PC etc. [7].  
 

2. COMMUNICATION SATELLITES 
 
Communication satellites are the links being used for all 
kinds of telecommunications, broadcasting, enquiry 
services etc. They work under the ‘Relay function’ which 
means that the satellites amplify and translate the carriers 
transmitted by earth stations and relay them to other earth 
stations. The command links that monitor and control the 
satellites is TTC (Telemetry, tracking and command). 
The present VSATs use geostationary satellites. 
A communication satellite consists of a platform and a 
payload. The platform as it means consists of the physical 
structure that supports the satellite, power supply using 
solar panels and batteries, attitude and orbit control, 
propulsion systems and the TTC equipment. The payload 
is the internal part of the satellite which comprises of the 
antenna and the electronic systems. In detail, 
accommodates the receiver (RX) which includes the wide 
band amplifier and frequency down converter, the input 
multiplexer which splits the carriers into sub-bands which 
need to be amplified to required level, the transponders ( 
TWT or SSPA) and the output multiplexer which 
combines the carriers and relays them to transmitting 
antenna for transmission [7].  
The present VSATs use the geostationary satellites. These 
are satellites orbiting around the earth and hence their 
path is circular. They are present at an altitude of 35,785 
km directly above the equator. The time period of such a 
satellite is almost 24 hours which means they can be 
considered as stationary with respect to earth.  This 
makes it easy for the satellite to cover large distances 
without delays. Also, satellites in the geosynchronous 
orbits exhibit almost no Doppler effect [5, 7].  
       Frequency re-use is an interesting factor for any 
satellite communications. This technique is the use of 
same frequency for both transmit and receive by using 
different polarization schemes such as orthogonal and 
angular polarization.  
      For a VSATs antenna to be in a qualitative connection 
with a geostationary satellite means taking into 
considerations some important factors such as, latitude 
and longitude (location of the VSAT antenna), elevation 
angle, coverage and obstruction. In other words, the 
VSAT antenna will fully function when installed in a 
location where it can access direct line-of sight with the 
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satellite without any obstructions and in the satellite 
coverage zone. [5, 7].  

 
 

3. VSAT SYSTEMS 
 

 
A. Network Structure 
 
There are two possible network structures in a VSAT 
network namely mesh architecture and star architecture. 
The mesh networks as shown in figure 1 includes VSATs 
connected to each other directly through the satellite. 
There is no central monitoring unit in such a network. A 
star network as shown in figure 2 comprises of a ‘hub’ 
which acts as a medium between the satellite and the 
VSAT. The carriers from different stations are relayed to 
the hub (inbound links) via the satellite and then the hub 
amplifies those signals and transmits them using TDM 
(time division multiplex). These are outbound links [1, 2].  
The type of the network is chosen by taking into 
consideration these factors. 

i. The type of information flow, which could be 
broadcasting, corporative, two-way interactive 
etc. 

ii. Link quality and capacity. The baseband link 
quality is measure using Bit error rate (BER). 

iii. Transmission delay. In a hub-less network 
(mesh) a single hop takes 0.25s compared to 0.5 
seconds of a star network [7].  

Hence, depending on the user’s requirements the structure 
of the network can be chosen. 
 

 
                                Figure 1. Mesh topology  
 
 

 
                              Figure 2. Star topology  
 
 
B. Signal types 
 
Users may want to transmit or receive either a particular 
kind of signals or a mix of them. These could be data, 
voice or video. Data and voice are transmitted as digital 
signals while analogue or digital signals can be used to 
transmit video signals. 
Typically data rates offered by VSAT range from 50 kb/s 
to 64 kb/s. 
Voice communications can be possible using two-way 
interactive services. Information rate typically ranges 
from 4.8 kb/s to 9.6 kb/s. Though voice communications 
though VSATs suffer from considerable amount of delay 
up to 50ms they are very essential where terrestrial 
network are not applicable [2, 4].  
Video signals could also be analogue signals and 
transmitted from hub to satellite in combination with FM 
modulation or by implementing Multiplexed analogue 
components (MAC) [7].  
 
C. Frequency Bands 
 
The frequency allocation for VSATs is one of the most 
important aspects of consideration. To have specific 
bandwidth for different regions and for different purposes 
makes it possible to have the required Quality of service 
without interference. 
The networks are supposed to be operated under the 
‘Fixed satellite services (FSS) defined by the ITU. The 
exception is when data is being broadcasted when the 
‘Broadcasting satellite service (BSS) is used’. Both the 
services operate under specified frequency bands unless 
some particular parts of the bandwidth are specifically 
allocated to FSS [7].  
Initially VSATs used the C-band which operated at 6/4 
GHz. When they experienced the increasing demand for 
such networks, majority of traffic was diverted to Ku 
band, 14/12 GHz. Due to congestion even in this 
spectrum, systems have also moved towards X-band (8/7 
GHz) and Ka-band (30/20 GHz). Table 1 shows the 
different frequency bands and their respective bandwidth 
[5].  
The selection of frequency band of VSAT network 
depends on the satellites covering the region. C-band 
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satellites cover most parts of the world where as Ku band 
satellites operate mainly over Australia, Europe, North 
America and East Asia. 
The increased amount of networks using the already 
congested frequency spectrum makes it impossible to 
avoid interference. In some frequency bands the angular 
spacing between geostationary satellites could be as low 
as 1.5 degrees. Now, this becomes comparable with the 
antenna beam width leading to interference. Hence, some 
systems have evolved the use of spread spectrum 
(CDMA) to fight the issue of interference. But not just 
CDMA, ‘smart antennas’ could be seen as an important 
part of future developments [2, 5].  
D. Regulatory aspects  
 
Regulations apply on VSAT systems at different points 
such as: 

1. Licensing of operation: This is to ensure that no 
interference is caused due to unregistered or 
unrecognized networks. Every operator needs to 
have a license to access certain frequency by 
following the procedure set by the ITU. 

2. Licensing of equipment: For the earth station 
equipment, the equipment standards set by the 
set by the standardization organization of the 
respective countries must be followed. 

 

 
                         Table 1. Frequency bands.  
                         

3. Access to space segment: This corresponds to the 
access to the satellite transponder. The national 
telecommunications authority is responsible for 
delivering the space capacity considering the 
operator’s VSAT maximum EIRP, G/T, control 
of transmission and frequency stability. 

4. Permission for installation: The installation of 
the earth station should keep in mind the local 
regulations complying with environmental 

protection. Also the approval from the landlord 
for the antenna installation, cables etc. is a must 
[7].  
 

E. Installation  
 
The installation of the complete network includes the 
installation of the Hub, the VSAT and antenna pointing. 
The hub is the central monitoring equipment for a star 
type network and is relatively large and complicated to 
install. This takes about two to four weeks for 
installation. 
The VSAT is installed at a place where it is directly 
accessible for the user. It could be roof, wall or ground 
mounted. Typically a VSAT installation calls for a site 
survey, preparation, equipment installation and testing. 
The antenna must then be pointed in the line of sight of 
the satellite. It is oriented according to the azimuth (AZ) 
and elevation angle (E). The antenna adjustment is only 
done during the installation as the antenna control unit 
(ACU) will be able to keep track on the direction from 
then on [4, 7].  
 

4. NETWORK AND LINK ANALYSIS 
 
A. Network 

 
A Link can be considered as a physical support between 
the transmitting station and the receiving station. A 
network on the other hand, is a combination of several 
links and nodes. 
A given network can be made up of different kinds of 
links such as: 

i. Simplex: It represents only one way 
communications like television broadcasting. 

ii. Half-duplex: This allows two-way traffic but 
allowing only one way traffic at a given instant 
of time. 

iii. Full-duplex: This is the most complicated link 
allowing two-way interactive traffic [1, 3].  

 
B. Protocols 
 
VSATs are restricted to a limited power supply. Hence, 
appropriate types of schemes/protocols must be used to 
enhance the signal power and quality. 
Usually, modulation techniques used are phase-shift-
keying (PSK) and quaternary phase-shift-keying (QPSK). 
Networking protocols, once defined make the transfer of 
signals easier by allowing efficient sharing of the satellite 
bandwidth while also maintaining the throughput and 
delay performance. Multiple access schemes is the 
determining factor of the overall delay and throughput. 
Most VSATs share a satellite bandwidth while 
transferring signals from VSAT to the hub. 
The simplest protocol is fixed assignment FDMA 
(frequency division multiple access) and/or SCPC. In this 
each earth station is provided with a dedicated channel. 
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This could be sometimes be inefficient because when 
inactive, the bandwidth is idle and wasted and therefore, 
other advanced protocols include the use of variations of 
random multiple access, fixed allocation TDMA (time 
division multiple access), demand assigned TDMA, 
contention based TDMA, or CDMA. Slotted ALOHA 
and reservation TDMA are widely used for bursty traffic 
and bulk data transfers respectively [2, 3].  
 
C. Network management system  
 
As the name suggests, NMS controls and monitors the 
whole network or system. It is responsible for monitoring 
and controlling , network configuration control, 
performance, feedback gathering, switching to back-up 
facilities when necessary etc. 
NMS architecture for a shared hub is monitored by the 
hub operator and the user has to manage his portion of the 
network. However, for a dedicated hub, single managing 
entity claims full control. 
Other important functions include installations of earth 
stations, maintenance, equipment sparing etc. [7].  
 
D. RF Link analysis 
 
The link budget analysis is the most important subject of 
any satellite communications. It helps in understanding 
the link quality by measuring in terms of delay, 
performance and errors.  For this we will have to focus on 
the physical layer which mainly focusses on forward error 
correction (FEC), modulation and coding. 
The link quality of an analogue signal is measured using 
the signal to noise ratio (S/N). The carrier to noise power 
spectral density ratio is the best way to measure the 
quality of a link. It is also the signal to noise ratio but of a 
modulated signal [4, 7].  
 

 
 

It can be clearly understood from the above equation that 
for a good quality signal the signal power should be high, 
inversely, the noise must be kept minimum. 
In digital signals, the RF link quality can be checked 
using Bit error rate (BER). This is the ratio of the number 
of error bits received to the total number of bits received. 
The BER of a signal can be vastly effected by the channel 
noise, distortion, interference, attenuation factors, 
multipath fading etc. [6].  
Eb/N0 which refers to the energy per bit to the noise 
power spectral density ratio is another important 
parameter in link analysis. It is equal to the carrier to 
noise ratio divided by spectral efficiency. Inversely it can 
be shown as, 

 
 

In VSAT systems it is very important to have effective 
and efficient antennas given than they are already small in 
size.  The Equivalent isotropic radiated power (EIRP) is 
the combination of power and antenna gain. It can be 
expressed as, 
 

 
 
Where P (t), L(c) and G (a) represent the transmitted 
power, cable losses and antenna gain respectively. 
 
E. Noise 
 
Noise is any unwanted or undesired signals received with 
the original message. This is one of the biggest concern in 
the communications industry. Though it cannot be 
completely avoided as of now, it can be reduced to 
tolerable levels. There are many types and causes of 
noise. 
 

i. Thermal noise: This could be a result of natural 
sources. The radiation by radiating sources is 
absorbed by the receiving antennas leading to 
disturbance hence, noise. The source could also 
be the Earth for satellite antennas and vice versa. 
This is also called as antenna noise [4, 7].  

ii. Interference noise: As the name suggests, this 
type of noise is caused by the systems sharing 
the same frequency bands. It could be satellite 
systems or terrestrial systems. In adjacent 
systems often, undesired carriers overlap the 
wanted ones. This is more common on earth 
stations (VSAT) [4, 7].  

iii. Intermodulation noise: Such a noise is a result of 
multiple inputs being processed in a mixer 
before being transmitted. Here, the output carrier 
signals is the original signal with sums and 
differences [4, 7].  

 
 

5. ADVANTAGES/ DISADVANTAGES 
 

The benefits of VSATs are vast. They are most 
importantly used in maritime industry and military 
organizations due to their ease of accessibility from 
almost any location on earth. 
 
 
A. Advantages 
 

i. Integrated voice, data and video 
communications. 

ii. Accessible from remote locations. 
iii. Point-to-multipoint ability 
iv. High performance and reliability. 
v. Bandwidth on demand. 
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vi. Flexibility and upgradability [2]. 
 

B. Disadvantages.  
 
Although, the technology of VSATs has created a huge 
positive impact on the telecommunications industry, like 
all other systems it also comes with few drawbacks such 
as,  

i. Start-up costs (initial investment for the hub and 
basic elements).  

ii. Lack of adequate coverage in certain parts.  
iii. Delays in double hop voice communications.  
iv. Latency can impact some application 

performance [7].  
 

6. CONCLUSION 
 
This paper has presented an overview on the VSAT 
network technology. The key concept of a VSAT is the 
ability to provide the customer with networking services 
flexibly, reliably and rapidly. 
        Because, VSAT is a power limited technology the 
selection of the apt architecture and the right multiple 
access schemes will make way to perfect utilization of the 
network. This involves the detailed consideration of the 
type of traffic being used, signal types (data, voice or 
video), location of the VSAT and most importantly the 
right regulations and installation procedures must be 
followed. The radio frequency link analysis is a very 
important subject in VSAT communications to determine 
the quality and standard of the network. This involves 
measures to reduce the noise power of the channel.  
The ‘very small aperture terminal technology’ is built in 
such a way that it is easily expandable under the terms of 
coverage, speed and cost. The introduction of the so 
called ‘smart antennas’ which can also be referred to as 
MIMO (multiple input multiple output) can be used for 
smart signal processing to locate the DOA (direction of 
arrival) of the signal and calculating beamforming 
vectors. The data rates and signal quality has been 
continuously improving since the beginning and these 
must be done while keeping in mind the economic factors 
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AbstractAC  induction  motors  operate  by 

transforming  electrical  energy  into  mechanical 
energy.  Currently,  these  machines  consume  the 
highest  amount  of  electrical  energy  in  industrial 
and  business  applications.  When  a  motor  is 
started with  full voltage  from a rest state, a  large 
current  is  drawn  from  voltage  supply  system 
resulting  in  a  momentary  voltage  dip.  Hence, 
starting  methods  that  incorporate  overcurrent 
and  lowvoltage  protection  are  used  to  reduce 
current at startup.  
This  paper  will  describe  some  of  the 

electromechanical  and  solidstate  starting 
techniques which are commonly employed to start 
threephase  induction  motors.  Advantages  and 
disadvantages of each method will be pointed out, 
with  particular  reference  to  starting  torque, 
voltage, speed, frequency and starting current.  
Keywords: AC induction motor, starting technique, 
starting current, torque, speed 

 
INTRODUCTION 

 
AC  induction  motors  have  been  the  backbone  of 

power  transmission  in  industrial,  domestic  and 
commercial  applications  for  close  to  a  century  [1]. 
Estimates  suggest  that  these  rotating  machines 
consume  up  to  60%  of  generated  electricity  [2],  [3] 
and consequently,  the surge  in energy costs has seen 
an accelerated employment of energy efficient motors. 
Efficient  motors  contribute  significantly  to  the 
conservation  of  energy,  reduction  of  greenhouse  gas 
emission, and an increase in company production. 
Traditional  motor  starting  techniques  like  full 

voltage  starters  also  known  as  DOL  (direct  on  line), 
tends  to  introduce  current  spikes  on  electrical 
systems  much  to  the  annoyance  of  the  energy 
supplier. At start up, DOL starter consume between six 
and  eight  times  the  full  load  current.  These  high 
starting currents are inevitably accommodated via use 
of up‐rated, bulkier and more expensive starting gear. 
However,  reduced voltage  starting methods offer  a 

better  alternative  despite  an  inherent  reduction  in 
starting  torque.  Examples  of  such  starters  include 
star‐delta,  autotransformer,  primary  rheostats, 
primary  resistors,  rotor  resistors,  and  soft  starters 
(also  known  as  solid‐state  starters)  [3],  [4].  Modern 
and  efficient  starting  methods  like  soft  starters  and 
variable frequency drives (VFD) ensure smooth motor 
acceleration and low current consumption at start up 
[5]. 
 

 
 

BACKGROUND AND OPERATING PRINCIPLE 
 

The  key  components  of  an  induction  motor  are 
stator, rotor, end shields, bearings and terminal block 
shown in an exploded view in fig. 1. An air‐gap tends 
to increase the reluctance between the stationary part 
(stator)  and  rotor,  resulting  in  boosting  of  the 
magnetising current or reactive current. An induction 
motor’s performance is enhanced by designing a small 
air‐gap. 
The  main  structure  of  an  asynchronous  motor 

carries  the  stator  windings  that  are  120  electrical 
degrees  apart.  Squirrel‐cage  rotor  and  wound  rotor 
are  the  two  variations  of  the  induction  motor’s 
rotating member. 
 

 
Figure 1: Exploded view of an AC induction motor [7]. 

 
Supplying a three‐phase voltage to stator windings, 

results  in  the  production  of  a  magnetic  field  that 
rotates at synchronous speed. Equation (1) illustrates 
that  synchronous  speed  is  a  function  of  supply 
frequency and number of poles.  
 

               
(1) 
 
The rotating magnetic  field cuts across  the skewed 

rotor  bars,  inducing  an  electromagnetic  force  (e.m.f.) 
into  the  rotor.  Induced  current  starts  to  flow  in  the 
rotor  circuit  and  in  turn  produces  its  own  rotating 
field. A  turning  force or  torque  is  then produced due 
to interaction of rotor and stator magnetic fields [8]. 
The stator magnetic field dictates direction of motor 

rotation  and  output  speed  (Nr)  is  lower  than 
synchronous  speed.  If  the  rotor was  turning  at  same 
speed as stator field, there will be no interaction since 
the  rotor  will  be  at  standstill  relative  to  the  stator 
magnetic field. Slip as defined by (2), is the difference 
between synchronous speed and rotor speed [3].  
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(2) 
Fig.  2  is  a  generalised  torque/speed  characteristic 

curve of  an  induction motor. Torque developed  from 
rest position (with full voltage supplied) is referred to 
as locked rotor torque and maximum current is drawn 
from  the  supply.  Minimum  torque  called  pull‐up 
torque is attained when motor is accelerating towards 
full speed [9]. The breakdown torque indicated in Fig. 
2  is  the maximum torque a motor can develop at  full 
supply voltage. 
 

 
Figure 2: Torque/Speed curve of an induction motor [10]. 

 
 

STARTING TECHNIQUES 
 
When an induction motor is started from rest, there 

is  a momentary  inrush of  very  large  current because 
there  will  be  low  system  impedance  [11].  This  high 
current  can  result  in  machine  overheating  (if 
sustained  for  a  prolonged  period)  and  induces 
mechanical  stress.  Starting  techniques  for  an 
induction  motor  can  be  full  voltage  starting  or 
reduced  voltage  starting.  Use  of  reduced  voltage 
starting  methods  reduces  starting  currents  and 
provides overcurrent protection as well. However, the 
downside  of  this  alternative  is  reduction  of  rotor 
torque at start‐up [6], [9].  
 
 
A.   Full Voltage Starter 
 
1)  Directonline  Starter  (DOL):  Across‐the‐line 

circuit comprises of a  three phase contactor (coil can 
be  240V  or  400V),  triple‐pole  miniature  circuit 
breaker (MCB) and an overload protection relay. This 
circuit  connects  the  full  mains  voltage  to  the  stator 
windings and motor consumes current as it needs it. It 
draws  about  six  to  eight  times  the  full  load  current 
whilst torque available is only about twice the full load 
torque [3]. DOL starters are not suitable  in processes 
that involve regular starts and stops. 
Fig.  3  is  a  schematic  wiring  diagram  of  the  DOL’s 

power  and  control  circuits.  The  advantages  of  this 
starting mode include simple, cheap, reliable and high 
torque  at  start‐up.  Disadvantages  include  high 

currents  at  start‐up,  reduced  power  factor  when 
accelerating  to  attain  full  speed  and  undue  stress  on 
motor coupling and driven load [5]. 
 

 
Figure 3: DOL power and control circuits [12]. 

 
 
B.   Reduced Voltage Starters 
 
As  implied  by  its  name,  voltage  fed  to  stator 

windings at starting is reduced. These starters allow a 
motor to accelerate to its rated speed in easy steps so 
that inrush of currents is reduced. Starters of this type 
are  electromechanical  or  electronic  by  design.  Soft 
starters  and  frequency  converters  belong  to  the 
electronic  group  whilst  star‐delta,  auto‐transformer, 
primary  rheostats,  and  rotor  resistance  starters  are 
recognised as electromechanical starters. 
  
1) Star delta Starter (wye‐mesh): This method can 

only  be  applied  when  all  the  six  ends  of  the  stator 
windings are available on the terminal block as in Fig. 
4.  It  is  best  suited  in  applications  with  light  loads 
because  heavy  loads  might  inhibit  the  motor  from 
gradually increasing its speed to full load speed. 
This  technique  starts  by  connecting  the  motor 

windings  in  star  formation  and  when  motor  has 
achieved about 75% of  its  rated  speed,  configuration 
is  changed  to  delta.  Thus,  star  connection  is  for 
starting from rest and delta mode is for running. 
Starting the motor in a star connection reduces the 

voltage across each phase to   (57.7%) of the mains 
voltage.  Since  torque  is  proportional  to  square  of 

terminal voltage, rotor will only develop about   of the 
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torque produced by a DOL motor [4], [5], [11]. Under 

this  condition, motor draws only a    of DOL starter’s 
line  current.  Star‐delta  starters  employ  a  timer  that 
facilitates  the  change  from  star  formation  to  delta 
formation. 
Its  key  advantage  is  simple  configuration,  while  it 

has  a  drawback  of  producing  a  small  shock  to  the 
system at changeover from wye to mesh. 
 

  
Figure 4: Power circuit wiring of a star‐delta starter [7]. 

 
 
2)  Autotransformer  Starter:  Three‐phase  auto‐

transformer  that  is  built  with  tapped  windings  is 
inserted  between  incoming  three‐phase  supply  and 
stator  windings  of  the  motor.  The  transformer 
tappings are designed to output 50%, 65% and 80% of 
line  supply voltage  [6]. The  tap position employed at 
start‐up is determined by load requirements. Reduced 
starting voltage implies that both starting current and 
torque  will  be  lowered.  When  motor  accelerates  to 
about 80% of rated speed, an electronic timer cuts the 
transformer out of  the circuit and motor receives  full 
mains voltage. 
For  large  induction  motors,  auto‐transformers  are 

operated in oil so that arcing is suppressed during the 
switch  over  period.  As  is  the  case  with  wye‐mesh 
starter,  small  shock  is  introduced  to  the  motor  and 
coupling  gear  during  changeover  from  transformer 
tapping to full mains voltage. Fig. 5 is an illustration of 
an  auto‐transformer  starter, where  the  start  and  run 

contactors  are  controlled  by  a  timer.  Although  this 
method  provides  comparatively  higher  torque  than 
the star‐delta, it is more expensive and bulkier [5]. 
 

 
Figure 5: Three‐phase auto‐transformer starter [8]. 

 
3) Primary Resistance Starter: This system connects 

three or more primary  resistors  in  series with  stator 
windings.  The magnitude of  voltage  availed  at motor 
terminals is determined by the value of resistors. The 
value  of  resistors  employed  should  ensure  that 
adequate torque will be developed by rotor in order to 
prevent motor from stalling. In power circuit depicted 
in  Fig.  6,  three‐phase  contactor  labelled  ‘A’  is 
energised so that resistors are connected to the stator 
circuit. This  improves  the power  factor of  the system 
at  starting  but  its  efficiency  is  reduced  because 
resistors emit a lot of heat [4].  
After elapse of pre‐set time, contactor labelled ‘B’ is 

energised  whilst  that  labelled  ’A’  drops  out  so  that 
resistors are excluded  from the circuit. As  is  the case 
with  other  reduced  voltage  starters,  reduction  of 
voltage at start‐up results  in subsequent reduction of 
both starting current and starting torque. 
 

 
Figure 6: Primary resistance starter [13]. 

 
Because of heating up of  the resistors during start‐

up, there is need to allow these resistors to cool down 
before  motor  is  restarted.  This  condition  inevitably 
limits  its  starting  frequency.  Primary  resistance 
starters have an advantage of smooth starting and on 
the  other  hand  have  two  main  disadvantages  of 
inability to easily vary the resistances and power loss 
as heat during starting [9], [11]. 
 
4)  Rotor  resistance  Starter:  As  opposed  to  the 

primary  resistance  starter  configuration,  this  starter 
includes  a  bank  of  resistors which  are  in  series with 
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the rotor. Hence, it can only be used on a wound rotor 
induction  motor,  thus  a  slip‐ring  motor.  Carbon  or 
copper  brushes  mounted  on  three  slip  rings 
electrically  links  external  resistors  to  the  rotor. 
Wound rotor motor  is started with  full voltage fed to 
its  stator  windings  whilst  the  starting  current  is 
limited by star connected resistor bank. 
In  Fig.  7,  the  external  rotor  resistance  could  be 

liquid  rheostats  or  resistor  bank.  Maximum  external 
resistance  is  initially  added  to  the  rotor  circuit  at 
start‐up  and  this  resistance  is  progressively 
eliminated  as  motor  accelerates.  Three  phase 
contactors  and  timers  are  utilised  to  cut  out  the 
resistors in pre‐timed stages. After attaining full rated 
speed,  resistor bank  is  completely  excluded  from  the 
rotor circuit. 
 

 
Figure 7: Slip‐ring (wound rotor) motor starter [14]. 

 
The external resistance serve to bring down starting 

current,  enhance  power  factor,  and  also  at  the  same 
time  improve  the  torque  at  start‐up  [6].  This  type  of 
starter  is  ideal  in  starting  heavy  loads  since  it  can 
generate  high  starting  torque  whilst  using  low 
current. The main drawback of this starter is the need 
for  regular maintenance. The  conductive  carbon dust 
from slip‐ring brushes has to be cleaned off on regular 
basis and depths of the brushes require monitoring. 
Fig.  8  illustrates  the  variations  of  the  starting 

current and locked rotor torque as rotor resistance is 
altered.  In  Fig.  8,  dashed  lines  denote  characteristics 
of starting current and solid lines represent torque. A 
rotor  resistance  starter,  just  like  the  other  starting 
methods  described  above,  incorporate  mechanisms 
for  protecting  an  induction  motor  from  overcurrent 
and under‐voltage.  
 

 

 
Figure 8: Torque/Speed curve for various rotor resistances [15]. 

 
5)  Frequency  Converter  Starter:  These  starters  are 

also  known  as  adjustable  frequency  drives  (AFD), 
variable  frequency  drives  (VFD)  or  just  AC  drives. 
Three  prominent  features  of  this  starter  include  a 
converter  (three‐phase  bridge  rectifier),  direct 
current  link,  and  an  inverter.  This  starter  varies  the 
frequency  and  voltage  fed  +to  the  stator  windings, 
resulting  in  the  alteration  of  current  and  torque  at 
start‐up. 
Since  the  speed  of  an  induction  motor  is  directly 

proportional  to  mains  supply  frequency,  adjusting 
frequency  supplied  to  the motor will  change motor’s 
speed  [3]. However,  reduced  frequency results  in  the 
reduction  of  impedance  in  the  motor  circuit.  Low 
impedance  conditions  will  increase  starting  current, 
and hence voltage has to be reduced at the same time 
with frequency to ensure low starting current. 
The  commonly  employed  variations  of  this  starter 

are  voltage  source  inverter,  current  source  inverter 
and pulse width modulation [16]. 
 
i)   Voltage Source Inverter (VSI): The first section of 

this  VFD  which  accepts  the  line  voltage  is  a  three‐
phase  full wave rectifier which can be designed  from 
diodes,  SCRs  or  insulated  gate  bipolar  transistors 
(IGBTs). Here, the three‐phase voltage is transformed 
into a DC voltage. The second primary section referred 
to as a DC link, employs electrolytic capacitors to store 
the  DC  voltage  and  also  reduce  a  ripple  from  it.  The 
last  stage  aptly  named  inverter  employs  IGBTs  to 
convert  the  DC  voltage  into  a  variable  frequency  AC 
voltage. 
ii)    Current  Source  Inverter  (CSI):  CSI’s  topology  is 

very similar to that of a VSI. Power diodes are used in 
this starter to convert AC voltage into DC value and an 
inductor  stores  the  energy.  A  gate  turn  off  (GTO)  is 
used  in  the  inverter  section  to  transform DC  voltage 
into AC‐like voltage. 
iii)    Pulse  Width  Modulation  (PWM):  Fig.  9  is  a 

schematic  diagram  representation  of  a  PWM  drive 
that  uses  power  diodes  for  three‐phase  full‐wave 
rectification. A large polarised capacitor is used in the 
DC  link  whilst  inverter  section  employs  IGBTs  to 
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determine  the  output  frequency  of  the  system.  As  is 
the  case  with  the  other  two  discussed  VFDs,  output 
voltage is not a pure sine shape. 
 
 

 
Figure 9: Circuit of a Pulse Width Modulation drive [16]. 

 
Benefits  of  starting  induction  motors  with  VFD 

include  savings  in  energy  costs,  improved  power 
factor, process can be easily controlled, low current at 
start‐up, reduction of equipment stress and protection 
against  overcurrent  conditions. However,  their  initial 
costs are high and also produce harmonics that might 
interfere with supply lines. 
 
6)  Soft  Start  or  SolidState  Starters: These  efficient 

starters  provide  smooth  acceleration,  deceleration 
and overcurrent protection to an induction motor [8].  
The magnitude of  voltage  fed  to  the motor  terminals 
at  start‐up  is  adjusted by varying  the  firing angles of 
the  silicon  controlled  rectifiers  (SCRs)  or  thyristors. 
This  starter  can  have  either  three  pairs  of  SCRs  as 
shown  in  Fig.  10  or  two  pairs  facing  opposite 
directions,  whereby  the  configuration  depends  on 
driven load requirements. 

 
Figure 10: Solid‐state starter indicating start and run positions [8]. 
 
When  the  starting  voltage  is  low,  so  will  be  the 

torque  and  locked  rotor  current.  Besides  eliminating 
unwanted  shocks  to  the  motor  coupling  at  start‐up, 
low voltage also facilitates soft transmission of torque. 
A precise  adjustment  of  the  firing  angle  ensures  that 
rotor  develops  a  turning  force  that  exactly  matches 
torque  requirements  of  load  from  rest  position. 
Consequently,  start‐up  current  will  be  as  low  as 
possible.  The  control  and  firing  circuits  gradually 
increase motor  terminal  voltage as machine picks up 

speed,  so  that  adequate  torque  is  available  to 
accelerate its driven load. After attaining rated speed, 
thyristors  are  shorted  out  of  circuit  and  full  mains 
voltage is supplied to stator windings. 
 
Benefits of soft starting technique include reduction 

of  inrush  current,  controlled  starting  and  stopping 
sequences,  reduction of machine stress,  limitation on 
the  amount  of  torque  adjustment  in  order  to  protect 
motor  from  damage,  and  an  increase  in  induction 
motor’s lifecycle. 
 

CONCLUSION 
 

This  paper  commenced  by  providing  some  theory 
and operating principles of an induction motor that is 
based  on  Faraday  and  Lenz’s  laws.  The  commonly 
employed  starting methods  were  split  into  two  sub‐
topics,  i.e.  full  voltage  starter  and  reduced  voltage 
starters.  The  characteristics  of  the  DOL  starter  and 
demerits were pointed out. 
Only  six  reduced  voltage  starting  techniques  were 

considered  in  this  paper.  The  configuration  of  each 
starter was explained and  the  trade‐offs  created as a 
result  of  reduction  of  starting  current  was  also 
highlighted. Amount of torque that would be available 
was quantified and it was stated that this torque was 
also determined by type of driven load. Finally, merits 
and  demerits  of  each  technique were  noted  towards 
closing stages of relevant discussion.  
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Abstract - The rising level of electrical energy 
consumption due to population growth and industrialisation 
has called for steady increase of the demand on the power 
capacity, efficient production, transmission, distribution and 
utilization of energy. The modern power electronics and 
control systems technology are the keys for designing 
electrical energy systems to generate more electrical energy 
to support the major trends in energy efficiency, renewables 
integration, and load matching.  

Hydropower plants, one of the methods of generating 
electrical energy, have the ability of storing fuel/energy and 
therefore compensates for the hourly and daily variation in 
output from wind and other plants. This actually provides 
significant contributions to grid stability through the 
capabilities of their governing system. Generation by other 
conventional forms may not be making meaningful 
contributions to grid stability because of fuel efficiency, 
block loading or other operating restrictions implemented in 
their control systems.   

 This paper will clearly present electrical energy 
generation using hydroelectric plants and wind turbines. It 
will further review the applications of power electronics 
technology in these dispersed generation (DG) units. 
Appropriate control system technique will be discussed to 
ensure grid stability. The role of power electronics and 
control will also be discussed at the transmission and 
distribution and the suitable control technique will also be 
considered. 

Keywords - Power electronics, control system, generation, 
transmission, distribution, Grid, dispersed generation units. 

I.  INTRODUCTION 

Power generation concept was discovered by Michael 
Faraday, an English physicist in early 1800’s. His 
prototype discovery is what growing populations and 
industrialising countries are using, in creating huge needs 
for electrical energy to boost their GDP. Unfortunately, 
electricity is not always used in the same place that it is 
produced, meaning long-distance transmission lines and 
distribution system are necessary [1]. However, electrical 
transmission over distance through networks creates 
energy loss. So, with growing demand comes the need to 
minimize this loss to provide better power quality for end 
users and energy sustainability in the grid [1]. 
Maintaining power system frequency at constant value 
improves the efficiency of both power generating 
equipment and utilization equipment at the customer end 
[2]. Appropriate control technology such as automatic 
frequency regulation is applied. This makes the 
generations contribute to the reduction of peak demands. 
The use of power electronics in power equipment has 
increased tremendously and plays a key role in 
connecting generation equipment with the grid [3]. This 
actually provides high efficiency, reliable and 
performance in power systems. The power from 
generation station is either AC or DC and need to be 
converted from DC to AC or vice versa before they can 

be interfaced to grid system with prescribed voltage and 
frequency operating limits. The following section will 
discuss the hydroelectric and wind power generation, the 
associated power electronic interfaces and control 
technology applied to these sources, the role of power 
electronics and control in transmission and distribution 
and finally a conclusion will be drawn. 

II. HYDRO ELECTRIC POWER GENERATION 

Based on the head of water, hydroelectric power station 
can be classified as; 

 High-head hydropower station 

 Medium-head hydropower station 

 Low-head hydropower station 
Electrical power is generated by hydro power plant 

when moving water is made to strike hydro-electric 
turbines coupled to a synchronous generator [4]. Using 
either high-head, medium-head or low-head hydropower 
station depends upon the height and the rate of water fall. 
The hydropower can be calculated using the following 
equation: 
P = 9.8 × q × h                (1)                                 [4] 
   Where   P =available water power (kW) 
                q = water rate of flow (m3/s) 
                h= head of water (m) 
 9.8 = Coefficient used to take care of units [4] 
            

  Fig.1.’ Hyroelectric generation ‘[5] 
A. Power Electronics Technology  

The efficiency of large hydroelectric turbine is between 
90 and 94 percent with greater generator efficiency from 
97 to 99 percent between. However, Min(100Kw to 
1Mw), Micro(5Kw to 100Kw) and Picohydro(up to 5Kw) 
where asynchroneous generator is used as the main 
generator in remotely located community where grid 
sypply is not accessible have low efficiency and require 
the application of power electronics. The following figure 
gives a classification of hydropower by size; 
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Fig 2. Classification of hydro power by size [6]. 

 The voltage generated by Micro-hydro can be made 
available in the grid  by rectifying and channelling to a 
power electronic inverter through DC voltage link [3]. 
‘The inverter will convert the DC voltage to regulated AC 
voltage suitable for the grid’ [3]. 

Fig.3.shows the configuration of interfacing the micro-
hydro with the grid 

 
Fig.3.  DC link converter for Mico- hydro [7] 

 Due to slow response of Micro-hydro  to a sudden 
changes in power demand and its associated time constant 
variation, it is necessory to install energy storage device 
ESD coupled to the DC link to offset for transient power 
demand that cannot be supplied by the Micro-hydropower 
[8].  
The figure below shows the configuration of interface; 

. 
 Fig.4. Power electronic converter[8] 

B.  Control Technology 
 In order to ensure good quality of power at the user 

end, the frequecy must be constant at all time. In 
hydroelectric power plant, this is achieved by the 
governing system (penstock) of turbine generating units. 
The following block diagram depicts the closed loop 
control of the governing system. 

 
Fig 5. Governing system functiona block diagram [2] 

C.  Load Frequency Control 
This is one of the automatic generation control 

technologies implemented in the energy management 
system. The mismatch between the total power generated 
and the total electrical load causes the freguecy change 
[2]. For system stability, the governor (penstock) of the 
generating turbine senses the frequecy and the mechanical 
power output will change automatically to outweigh the 
mismatch. However, frequecy remains at a new and a set 
points must be adjusted to restore the frequecy to the 
initial value [2]. The following block diagrams show the 
frequency variation and automatic load frequecy variation 
respectively. 

 
Fig 6. (a). Block diagram of frequency of variation [2] 
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Fig.7. (b). Block diagram of automatic load frequecy control system  [2] 

III.  WIND FARM GENERATION OF ELECTRICAL POWER 

When the wind strikes through the blades of many 
identical turbines, they rotate and spin. If these turbines 
are coupled to generators , the rotation and spinning 
rotate individual rotor inside the generator thereby 
producing electricity. The power in the air flow is 
proportional to; 

 ‘The area of windmill of which the wind sweep. 

 The cube of the wind speed. 

 The air density- which varies with altitude’ [9] 
 

 
 Fig.8. Basic confiduration of wind turbine [7] 

A.  Optimum Power  Extraction from the Wind 
Power in the airflow; Pair = ½ ρAU3                  (2)          [9] 
Where Pair = is power in watt(W) 
 
Ρ is the air density in kiligrams per cubic metre (kg/m3) 

A is the swept rotor area in square metres (m2). However, 
the actual power extracted from the wind is less than the 
estimated figure due to the type of machine and rotor 
used , sophistication of blade design, friction and losses 
in the pump connected to the wind machine’ [9]. 
Therefore, power extracted by the wind turbine rotor, 
  
Pwt = Cp × Pair                                                   (3) [10] 
Where Cp = power coefficient , and Cp = 0.593 (Betz 
limit). This means that the power extracted by the turbine 
is not more than 59% of the estimated power. 
B.  Power Electronic Technology 

Many possible solutions of wind turbine systems are 
related to the state of the art of power electronics. These 
improve dynamic and steady-state performance, help to 
control the wind turbine generator and decouple the 
generator from the electrical grid [11]. Induction and 
synchronous generators are the two common machines 
used in wind turbine power generation. Some wind 
turbine electrical systems have partially rated power 
electronics. These require a wound-rotor generator whose 
output is passed through a power electronics based 
rectifier and inverter, transforming the variable frequecy 
into grid compatible AC power with the proper voltage 
and frequecy [11]. 

 
Fig.9. Inductin Generator with Patially  rated Power 
Electrinic configuration –Rotor resistance controller [11]. 

In oder to achieve output voltage and frequecy 
variation with wind speed, conventional or permanent 
magnet synchronous generator was used. These output 
voltage and frquecy must be compactible to the grid. A 
full-scale power converter was used for interfacing the 
wind turbine to the grid. Even though this technology 
creates additional losses due to voltage drops across the 
individual diodes and IGBTs that formed the convertion 
system. However, this topology provides additional 
power gain through the system’s added technical 
performance [7]. The figure below shows the the general 
topology; 
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Fig.10. .Double-Fed Induction Generator with Power Electronics [7]. 

The following diagram is a typical power electronics 
topology which uses permanent magnet three phase 
synchronous generator coupled to wind turbine.  

 
Fig.11. Power Electronics for Synchronous Gernerator [7] 

The variable voltage, variable frequency from the wind 
turbine is subjected to rectification using a diode bridge 
rectifier. To ensure constant DC link voltage of the 
inverter, a step-up chopper is used to adapt the rectifier 
voltage [7]. The rectified voltage is made to be smooth 
using a large capasitor and the inverted using 
semiconductor switches. This voltage is then regulated to 
a level required by the utility AC system using a 
transformer. The power converter to the grid provides  
fast control of active reactive power [7]. 

The general power electronics configuration for  double 
fed induction generator consists of an AC-DC-AC IGBT-
based PWM converter [7]. This is called back-to-back 
because in the event of high speed, the large capacitor 
stored energy from the grid and when the speed becomes 
low, the energy stored is converted back to the grid 
through a transformer. 

 
 Fig.12. General Power Electronics for Wind System [7]. 

C.  Control of Wind Turbines 
Highly turbullent wind period such as wind gust with 

speed variation gives enormous loads on the turbine and 
unexpected  turbine shut-downs by the supervisary 
system due to rotor overspeeds [12]. Therefore, to 
maintain the wind turbine interface to the grid, certain 
control design has been established. This is called classic 
PI controller which is made up of two loops: 

 Pitch control for generator speed regulation 

 Torque control for power regulation’                 
[12] 

The use of PI controller can spread the operating medium 
for better transition between two medium. The following 
diagram represents wind turbine control loops: 
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Fig.13. Wind turbine control schem [13] 

Even though classic controller provides good result 
during turbullent periods [12], the pitch controller cannot 
overcome instantaneous huge wind gust as such there will 
be significant overshoot in rotor and eventually turbine 
shut down. Therefore, to overcome such failure, a 
generator electromagnetic torque as additional wind gust 
compensator is used [12]. The generator torque provides 
better dynamic behavior of wind turbines by 
counterbalances aerodynamic torque that accelerates  the 
wind turbine rotor. This actually provides extra braking 
torque which aids pitch actions during turbullent wind. 
The following flow chart shows  how the wind is being 
monitored to ensure operational control; 

 
Fig.14. Flow chart graph of wind turbine controller[13]. 

IV.  ELECTRICAL POWER TRANSMISSION 

Electrical power generated  needs to be transmitted to 
various destinations for usage. This requires long-distance 
transmission lines and distribution systems [14]. 
However, transmission of electrical power over a long 
distance through high tension power lines involves power 
losses and power instabilities, thus the need to minimize 
these effects in transmission systems. 
A.  The Role of Power Electronics and Control 

Mechanically control circuit breaker is the most 
commonly used device in power grid. However, this 
device has long switching periods and descrete operation. 
These drawbacks of circuit breaker makes it difficult to 
handle frequenly load changes and also damps out 
transient oscillation easily. In order to protect the power 
grid from dynamic variations and possible shut down 
comes flexible alternating current transmission system 
(FACTS) controller, a new technology based on power 
electronics, offers an opportunity to enhance 
controllability, stability, and power transfer capability of 
AC transmission systems [15].  
Some of FACTS controllers in power system are; 

 Thyristor controlled series capacitor(TCSC) 

 Static synchronous series compensator(SSSC) 
 
B.  Thyristor Controlled Series Capacitor 

This is one of the FACTS controllers used to 
optimise the power transfer and also stabilises the 
power system. The comfiguration of TCSC 
comprises of controlled reactors in parallel with 
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sections of a capacitor bank [18]. This provides 
better control of fundermental frequecy and also for 
dynamic power flow control. The following diagram 
shows the configuration of TCSC: 
 

 
Fig.15. Configuration of TCSC [16]. 

B. Static Control Series Capacitor 
This is the new FACTS cotroller which is also 

called synchronous voltage source in power 
transmission lines. It has the ability of injecting 
sinusoidal voltage of variable and controllable 
amplitude and phase angle, in series with a 
transmission line [16]. The injected voltage provides 
capacitive reactance which controls the power flow 
in the transmission line [16]. The following is the 
simplified diagram of SSSC: 

 
 Fig.16. Simplified diagram of SSSC [16] 

V.  ELECTRICAL POWER DISTRIBUTION AND POWER 

ELECTRONICS 

The main purpose of electricity distribution is to be 
able to meet the demand of users after receiving bulk 
electricity from the transmission station. However, during 
a typical daily cycle, customer usage of the grid fluctuates 
[7]. Also during peak- loading additional utility 
generators must be added to the grid to improve power 
supply, but this generator is expensive to operate as a 
result of fuel. Energy storage devices is used to store 
energy to improve the utility supply. These are lead-acid, 
nickel-electrode and sodium-sulfer modular batteries, 
superconducting magnetic energy storage (SMES), 
flywheels. Of these technologies, batteries and flywheels 
are commonly integrated at the distribution system level 
[7].  

Energy stored in batteries is DC and cnnot be supplied  
to the utility directly and therefore need to be converted 

to AC. The ‘state-of-the-art’ of power electronics has 
made the energy storage device to be bidirectional. This 
means that energy storage device is capable of taking 
power and providing power to the grid [7]. Battery energy 
storage system(BESS) are not suitable for peak demand 
operation, but rather provide power to a system that can 
sustained by the battery [7]. The following diagram 
shows the configuration. 

 

 
Fig.17. BESS configuration with cascaded DC-DC and DC-AC 
converters[7]. 

A.  Control Techology in Electrical Power Distribution 
Modern electric power distribution system must be able 

to provide electricity to the consumers  with good quality 
of uninterrupted power supply. To be able to fulfilled this 
condition, distribution power station need to be 
automated. Equipment used to suport the automation of 
power network include Automatic Meter Reading(AMR), 
Data Concentration Unit(DCU), Remote Terminal 
Unit(RTU), supervisory Control and Data Acquisition 
(SCADA), Communication equipment equipment and 
others[19].  

SCADA system is the common automated equipment 
used in power distribution network to monitor, 
communicate and control the performance field devices to 
improve the power quality and reliability of electric 
power supply services. It actually responses to customers 
service interruptions more quickly, maintaing acceptable 
power factors and reduced losses, and control the peak 
demand. 

VI.  CONCLUSION 

Electrical Power Generation, Transmission and 
Distribution activities involve power losses. The end 
users (customers) must also enjoy the services without 
any interruption. The ‘state-of-the–art of power electronic 
and control technology play significant roles by 
improving power quality, efficiency  and stability in the 
power grid. These improvements have drastically reduced 
power losses to an appreciable level. 
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Abstract: The provision and maintenance of good power 
quality by utility companies has become a major issue in 
recent years. Energy consumers were earlier mainly 
concerned about power availability but recently, emphasis 
has been on the delivery of higher quality of power. This is 
due to the widespread use of power electronic devices at all 
levels of energy consumption which has led to a  several 
change in the nature of electric loads. Because these loads 
are non-linear, they cause disturbances to the waveform of 
the voltage being supplied.  
Power Quality (PQ) has several meanings; it however is 
based objective of maintaining a set of electrical limits for 
equipment to function in their designed manner and to the 
optimum. Control of power quality problems involves co-
operation between grid operator (utility), customer and 
equipment manufacturer. 
In this paper, the major problems affecting power quality, 
their causes and effects will be discussed while solutions to 
mitigate the PQ problems will also be proffered. 
Keywords: Power Quality (PQ), Power electronics, Non-
linear loads. 

I. INTRODUCTION 

Power Quality can be defined as the relative frequency 
and severity of deviations in the incoming power supplied 
to electrical equipment from the steady 60 Hz sinusoidal 
waveform of voltage or current. These deviations may 
affect the operations of equipment and cause it to 
malfunction or fail [1]. 

The present situation in which a lot of equipment and 
processes are increasingly becoming sensitive to PQ 
problems makes the availability of quality electric power 
an important factor in our daily lives and every sector of 
the economy. The key sectors greatly affected by power 
quality are the continuous process industry and the 
information technology services. 

The occurrence of power quality disturbances can result 
in huge financial losses with the consequent loss of 
productivity and competitiveness. According to a 
European PQ Survey carried out in 2008, overall PQ 
costs in industry and commerce in the European Union 
(EU) economy is estimated to be about €150 billion per 
annum. These losses represent a significant 5% 
proportion of the net profits made by the sectors under 
review [2]. 

Thus, provision of quality power must not be considered 
an unimportant issue because without it many households 
and industries will experience intermittent equipment 
failures, process stoppages, and shutdowns, safety 
hazards and consequently economic losses. 

II. POWER QUALITY PROBLEMS 

Power quality problems originate from both the utilities 
and consumer sides of the power network. Power 
problems occur in the power grid due to long distance of 
transmission lines which are subject to severe weather 
condition along with equipment failure, power line 
accidents and major switching operations. These 
disturbances often generate spikes or power interruptions 
that can instantly damage equipment. Many power 
problems are also usually caused by operations of the 
customers’ equipment such as heavy load start-up, faulty 
distribution components, poorly specified or improperly 
serviced power conversion equipment, grounding loops 
and even typical background electrical noise [3]. 

The types, causes and impacts of these power 
disturbances on the utilities’ equipment and the users’ 
equipment and systems are discussed below: 

A. Transients 

Commonly called swells, surges and spikes, transients are 
the most frequent types of power quality problems and 
are difficult to detect because they manifest only as a 
short-duration change in voltage. Transient disturbances 
result from sudden injection of energy into a system i.e. 
heavy machinery start-up or lightning strikes. Transient 
disturbance can be categorized as either unidirectional or 
oscillatory [1]. 

Unidirectional transients are characterized by their peak 
value and rise time. They are caused by lightning, the 
switching of inductive or capacitive loads, poor 
grounding, electrostatic discharge and utility fault 
clearing. Its effects include the loss of data and physical 
damage of equipment [3]. 

Oscillatory transients are characterized by their frequency 
content and causes include switching operation such as 
the energizing of a capacitor bank, distribution line or 
cable or interruption of current to an inductive load [3].            

B. Interruptions 

An interruption is defined as the complete loss of supply 
voltage or load current. Interruptions can be categorized 
thus according to their durations: 

 Instantaneous interruptions which occur between 
0.5 to 30 cycles 
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 Momentary interruptions which occur between 
30 cycles to 2 seconds 

 Temporary interruptions which occur between 2 
seconds to 2 minutes 

 Sustained interruptions greater than 2 minutes 

Interruptions occur as a result damage to electrical supply 
grid such as accidents, lightning strikes, animals and bad 
weather, equipment failure, tripping of circuit breakers 
and the use of power conditioners and utility protective 
devices such as UPS [3]. 

Occurrence of any of the types of interruptions can cause 
equipment damage and loss of data to domestic users and 
also damage, disruption and downtime to industrial users 
[3]. 

C. Voltage Sag and Swell 

A voltage sag is a momentary (less than a few seconds) 
decrease in the voltage outside the normal tolerance. It is 
usually caused by starting of heavy motors and excessive 
load changes [4]. Voltage sag when it occurs may cause 
equipment and controllers to shutdown depending on its 
duration and magnitude. It also causes loss of data, 
malfunction of information technology equipment such as 
microprocessor-based control systems  which may result 
in process stoppage, tripping of contactors and 
electromechanical relays, disconnection and loss of 
efficiency in electric rotating machines [4] [5]. 

 A voltage swell is a momentary increase in voltage 
outside the normal tolerance. It is caused by sudden 
starting up and stoppage of heavy loads, irregular power 
sources, transformers that are not well regulated [5]. 
Voltage swells can damage equipment by breaking down 
insulation, flickering of lighting and screens, stoppage or 
damage of sensitive equipment, if the voltage values are 
too high [4] [5]. 

 

Fig.1. Voltage sag, Voltage swell and Momentary interruption [3] 

D. Overvoltage 

Overvoltage is a sustained condition of high voltage 
outside the normal tolerance. Poor voltage regulation 
frequently causes overvoltages. Overvoltage conditions 
can cause equipment damage, high current draw by 

equipment and thus, overheating of equipment and 
tripping its circuit breakers [3] [4]. 

E. Undervoltage 

Undervoltage is a sustained condition of low voltage 
outside normal tolerance. Causes of under voltage include 
installation of voltage regulators and power conditioning 
devices between the utility and the loads as well as poor 
voltage regulation. Equipment shutdowns and the 
overheating of motors are some of its consequences [4]. 

F. Harmonics 

Harmonics are a distortion of the utility supplied 
waveform and are caused by non-linear loads which 
include motor controls, computers, office equipment, 
compact fluorescent lamps, light dimmers, televisions and 
in general, most electronic loads such as power 
electronics equipment include switched mode power 
supplies, Adjustable Speed Drives (ASDs) and data 
processing equipment [5]. 

Some of the negative impacts of harmonics in systems 
include overheating of magnetic core of transformers and 
motors, overheating of neutral conductors, data 
processing errors, loss of efficiency in electric machines, 
electromagnetic interference with communication 
systems and tripping of thermal protections [5] [8]. 

 

Fig.2. Harmonics Waveform 

G. Electrical noise  

Electrical noise is a distortion of the power system’s 
waveform by an unwanted voltage and current. It is 
created as a result of the negative interactions between 
two equipments, or with building wiring or grounding [1]. 
It can be caused by switching, radar and radar 
transmitters, arcing industrial equipment and improper 
grounding [4]. 

The presence of noise can cause disturbances to 
electronic equipment, errors in data processing and loss of 
data [5]. 
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Fig.3. Electrical noise Waveform 

H. Voltage Imbalance 

This is a voltage variation in a three-phase system in 
which the three voltage magnitudes or the phase angle 
differences between them are not equal [5].  The causes 
of voltage imbalance are usually unequal loading on lines 
and large single-phase loads. Phase voltage imbalance 
can cause excessive heating in three-phase devices such 
as transformers, motors, and poly-phase rectifiers [5]. 

I. Frequency Variations 

Frequency variations are deviations in frequency from the 
nominal value due to sudden load changes. They usually 
occur in facilities or installations where power supply is 
unavailable or poor, and standby generators (when 
heavily loaded) are used to provide power [3]. Frequency 
variations affect time-related devices such as clocks, 
magnetic tapes and disks. 

III. SOLUTIONS TO POWER QUALITY       

PROBLEMS 

Several approaches can be taken by utilities to militate 
against power quality problems and these can be done at 
different stages electric power transmission, distribution 
and utilization (customer equipment) as shown in Fig.4. 
Utility companies can also offer additional 
Utility/customer services to improve service quality. 

1. Grid Adequacy 

During the transmission and distribution of electric 
power, many PQ problems occur. Hence, a good 
transmission and distribution network must be well 
planned and have proper maintenance routines in order to 
be able to militate against PQ problems when they occur. 

Power system networks of nowadays usually have 
sensors such as Phasor Measurement Units (PMU) along 
them which help monitor power quality and automatically 
identify and  sometimes resolve these problems when 
they occur thus, helping improve power quality. 

 

 

Fig.4. Power Quality Solutions [7] 

2. Distributed Resources – Distributed 
Generation and Storage 

Distributed Generation (DG) is a concept of installing and 
operating small electricity generators connected directly 
to the distribution network or at the customer side with a 
rated power of typically less 10MW. They help isolate 
power disturbances which originate in the grid and thus, 
ensuring quality power get to the end-user. They can also 
serve as back-up power sources to critical loads when 
sustained power outages occur [8]. 

When considering storage systems and even controllable 
loads, the name distributed energy resources is often 
used. Storage systems should be provided to supply 
power to loads between the duration when outages occur 
due to PQ problems and the start up of the DG which acts 
as a back-up source. Popular examples of this kind of 
system are the use of electrochemical batteries i.e. UPS 
with a diesel-powered generator; and that of a flywheel 
with a diesel-powered generator [9]. 

3. Enhanced Interface Devices 

Using proper interface devices, loads from disturbances 
deriving from the grid can be isolated. These are also 
called Power Conditioners and their main function is to 
preserve power parameters within the limits required by 
the load. Common examples of these devices are: 

 Dynamic Voltage Restorer (DVR): operate as a series 
voltage source connected between the load and the 
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disturbed power supply source thus, acting as a 
voltage stabilizer. By using a step-up transformer or 
stored energy to supply active and reactive power to 
its output supply, the DVR’s output voltage is kept 
considerably constant [5] [8]. 

 Transient Voltage Surge suppressors (TVSS): serve as 
interface between the power source and sensitive 
loads so that the transient voltage is clamped by the 
TVSS before it reaches the load [5]. TVSSs are used 
to reduce line voltage and transfer excessive voltage 
to ground [5]. 

 Voltage Regulators: maintains a constant output 
voltage despite variations in its input voltage. They 
are used to solve PQ problems such as voltage sag and 
swells and transients [5]. 

 Constant Voltage Transformers (CVT): use the 
principles of resonance and core saturation to keep 
voltage constant.  The use of CVTs can result in more 
PQ problems than the ones being prevented if not 
properly applied. CVTs are not usually used again due 
to the development of better and advanced interface 
devices [5]. 

 Isolation Transformers: are used to reduce high-
frequency interference by stopping power 
disturbances from being transferred from the primary 
to the secondary windings of the transformer [8]. 

 Noise Filters: are used to cut-off unwanted frequency 
super-imposed on the current or voltage waveform 
(noise) from reaching sensitive loads. This consists of 
a combination of capacitors and inductors that enables 
frequencies in the range of the normal voltage 
frequency and cutting off higher frequencies thus 
operating as a low-pass filter. They are used when 
high frequencies contain large noise values [5]. 

 Shunt VAR Compensators (SVR): are a combination of 
capacitors and reactors used to reduce and increase 
the magnitude of the voltage at the considered point of 
a power supply system. SVRs are mainly used for 
regulation in high voltage and the elimination of 
flicker caused by large loads [8]. 

 Harmonic Filters: are used to reduce harmonic 
distortion on power networks and then protect 
sensitive loads from being affected by other loads. 
They are of two types: passive filters and active 
filters. Passive filters are made up of combinations of 
resistors, inductors and capacitors and are so designed 
to eliminate only one undesired frequency by 
providing a path to earth. Many passive filters will 
thus be required to be connected in parallel in order to 
eliminate several harmonic disturbances but if the 
unwanted frequency disturbance varies randomly, 
passive filters may become ineffective and cause 

resonance. Active filters are able to eliminate different 
disturbances at the same time and provide a selective 
harmonic compensation, improve power factor and 
even provide solution for unbalanced loads [5] [8]. 

 Uninterruptible Power Supply (UPS): is an interface 
between the mains power supply and critical loads 
designed to automatically provide power without 
delay or transients during any period when normal 
power source is incapable of performing satisfactorily 
[5]. 

 
4. Development of Codes, Standards and 

Regulation 

In providing electric power to the consumers, utilities 
ought to ensure that the power being supplied is of good 
quality and also take into cognisance the tolerance level 
of end-users’ equipments to power disturbances. This 
thus brings about the need to have proper measures and 
adequate regulations guiding the provision of electric 
power to consumers. 

Many standardization bodies have come up with different 
set of standards guiding the reliability and availability of 
quality power. For example, the IEEE 519, Standard 
Practices and Requirements for Harmonic Control in 
Electrical Power Systems defines total harmonic 
distortion of voltage and total demand distortion and  
those definitions are an important part of all technical 
decisions related to power quality [10]. 

Another example is the ITIC (Information Technology 
Industries Council) or CBEMA curve which specifies the 
minimum withstanding capability of equipment to voltage 
sags, micro interruptions and over voltages [1] 10]. 

5. Make End-use Equipment Less Sensitive 

Equipment manufacturers also have a role to play in the 
mitigation of power quality problems by designing 
equipments which are less sensitive to power disturbances 
thereby, saving costs and minimizing to a considerable 
extent PQ problems originating from the consumer side 
of the grid. These can be achieved by adding a capacitor 
with a larger capacity to power supplies, de-rating 
transformers, adjusting under-voltage relays and using 
cables with larger neutral conductors [5]. 

6. Utility Power Quality Services 

In response to the growing demand for high-grade power, 
several utilities can offer their customers additional power 
quality services. Some of the services that can be offered 
by utilities include: 
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 Services to help avoid power quality problems at the 
planning/design stage: These are preventive steps 
taken to help avoid the occurrence of PQ problems. 
These services involve investigating the unique PQ 
requirements of customers, creating equipment 
specifications for unique customer needs and 
implementing these specifications at the design and 
planning stage of facilities [11]. 

 Services to help solve power quality problems: These 
services are carried out when PQ problems occur. 
They involve finding out the cause of the problem, 
developing solutions to the problem and 
implementing these solutions to mitigate against 
future occurrences [11]. 

 Services to verify performance and provide ongoing 
information: These involve providing adequate 
information to the customers and which helps them 
identify PQ disturbances when they occur, know 
preventive measures to take in such situations and 
provide appropriate channel of communicating the 
occurrence of the PQ problem back to the utilities 
supplier [11]. 

IV. CONCLUSION 

The increasing sensitivity of sophisticated process control 
and the growing reliance of consumers on power 
electronic devices have helped pushed to the front-burner 
the issue of power quality as many higher level of power 
quality is now being required. 

In this, paper the major power quality problems  were 
discussed whilst also proffering solutions to these 
problems. By following some of the solutions proffered 
in this paper, power quality problems can be minimized 
thus, saving both utilities and end-users from extra costs 
that will have resulted from losses due to equipment 
damage or data loss. 

Also discussed is the utilities/customer services program 
which as much as it helps to solve PQ problems also 

helps utilities maintain a good relationship with their 
customers  and this is crucial for their survival in the 
competitive  energy market. 
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Abstract - Unexpected power outages on power grids caused 
by Storms, Lightening, Hurricanes, Heavy Rain falls or 
Electrical Malfunctions affects the functioning of Road 
Traffic Lights. Its destructive consequences prompt the 
thought of installing adequate backup power supply to 
temporarily generate power for its effective continuous 
operation pending when the power outage situation would 
be rectified and restored. 
      Road Traffic lights affected by Power outages could 
cause fatal pedestrian and car accidents as well as 
congestion on roads. Installations of Uninterrupted (battery) 
Power Supply systems which can retain power for as long as 
8hrs or charges accumulated from the sun by a Solar panel 
could power the traffic lights pending when power is being 
restored from their sources. This could go a long way in 
providing temporary power supply needed for road traffic 
lights to function therefore checkmating the possibility of 
chaos, accidents and congested roads. 
      The choice of placing either one or both types of 
emergency power Backup Supply Systems would depend on 
the facilities available to install them. There is no doubt that 
this preventive measure would aid the achievement of a safe, 
eco-friendly road and environment. 
Keywords: Backup power supply, traffic lights, safety, eco 
friendly. 
 
 

I.  INTRODUCTION 
 

      Road traffic lights are important signalling devices 
positioned at straight or intersecting roads and pedestrian 
crossings that provide safety and ease the flow of traffic 
on roads [1]. They indicate directions by glowing Red, 
Amber and Green lights which states when it is safe to 
drive, walk or stop. Traffic lights are powered by 
electricity connected to a power grid and or a non eco-
friendly fuel or diesel powered generators which makes 
noise, increases global warming and pollutes the 
environment by releasing CO2.  
      The power grids and generators that power traffic 
lights do not ensure safety and ease of traffic flow for 
road users.  Bad weather conditions like Flood, Heavy 
Rain falls, Storms, Tornadoes or Electrical malfunctions 
on the power grid or power generating devices would 
cause unexpected power outages [7] that would affect the 
functioning of traffic lights [2]. 
      This unpredictable situation could be avoided by the 
installation of  a solar energy powered backup traffic 
lights or uninterruptible (battery) power supply system[11] 
that could retain power and automatically function when 
any power outage[7] situation  occurs pending when 
power is restored from the grid or generator. The solar 
panel absorbs charges by the sun would have its energy 
converted to electricity by inverters that would power the 
traffic lights when such power outages occur. The 

uninterrupted (battery) power supply system [11] stores 
charges from the power grid while the traffic lights are 
working and automatically discharges power for the 
continuous operation of the traffic lights when power 
outage situations occur.  
      This paper shows the necessary use of a safe and eco-
friendly emergency backup power for traffic lights that 
prevent chaos, accidents, loss of lives and property and 
improve traffic flow on roads when power outages [7] that 
affect road traffic lights occur. 
 
II. HISTORY OF ROAD TRAFFIC LIGHTS 
 
      The first traffic lights were proposed by a railway 
engineer named J.P. Knight and later constructed by 
railway signal engineers of Saxby & Farmer on the 10th 
of December, 1868. It was installed outside the British 
House of Parliament in London to control the traffic in 
Bridge Street, Great George Street and Parliament Street. 
Operated by a police constable, the design was realized 
by creating three arms with red and green gas lamps 
turned at its base at night-time. 
Though successful at controlling traffic at the time, the 
police man operating it got injured due to an explosion as 
a result of a leak in the gas line beneath the pavement on 
the 2nd January, 1869. 
      After the coming of automobiles, the first four-way, 
three colour traffic lights made of wires and electrical 
controls was created and installed in 1920 by police 
officer William Potts on the corner of Woodward and 
Michigan Avenues in Detroit. Within a year, more than 
fifteen traffic lights were installed at strategic locations 
due to the necessity of controlling traffic flow. This 
subsequently gave birth to electrically powered traffic 
signals [1]. 

(a).   (b).  
 
Fig. 1. (a). A led traffic light installation. December 1940 in San Diego, 

USA [1]. 
(b). A typical road traffic light [1]. 
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III. SOURCES OF POWER FOR ROAD TRAFFIC LIGHTS 
 
      The power sources considered in this paper are the 
basic and widely used sources of power for road traffic 
lights. They are the power supply from the grid and diesel 
or fuel generator sets. 
 
A.    Central power grid 
 
      Traffic lights operate fully when connected and 
powered by grids of either gas power plants [3] or fossil-
fuelled thermal power plants (Substation) [4]. 
 

 
 

Fig. 2. Substation [4]. 

 
B.    Power Generating Sets 
 
      Diesel or fuel generating sets are also sources of 
power supply for road traffic lights. These power 
generators are usually mounted on individual sites close 
or away from the vicinity of the traffic lights. They emit 
CO2 are non-ecofriendly [5]. 

 
 

Fig. 3. Traffic light trailer generator. [5] 

 
 
IV. CAUSES OF ROAD TRAFFIC LIGHT FAILURE 
 
A.    Bad Weather  
 

      Power outages[7] on power grids caused by 
Lightening, Storms, Tornadoes, Hurricanes, Floods, 
Heavy rain falls are factors that affects the power 
supplied to traffic lights [6]. 
 

 
 

Fig. 4. Flooding due to heavy rainfall [6] 
 

 
B.    Electrical Malfunctions 
 
1)  Short circuits and power surge: Electric current 
travelling along a path from a power source could change 
paths and overheat due to damaged insulation used in 
connecting traffic lights to power grids resulting fire and 
loss of power to road traffic lights [7]. 
 

 
 
Fig. 4. During a storm, tree limbs create short circuits in electrical lines 
that results in fire outbreak and power outage situations in the area [7]. 

 
2)  Brownouts: This situation occurs when there is a 
decrease in electrical power [7] from power grids. This 
affects the operation and efficiency of traffic lights [6]. 
 
3)  Ageing and overloaded Power grids: Overloaded and 
ageing power grids could suddenly shut down causing 
power outages that affects traffic lights [8]. 
 
 
C.    Theft 
      There are cases where power generating sets mounted 
in places of grids to provide power to traffic lights are 
stolen from their locations [9]. 
 
 
V.  EFFECTS OF ROAD TRAFFIC LIGHTS FAILURE 
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A. Road Congestion and Chaos 

 
      When traffic lights fail due loss of power supply from 
grid it causes poor traffic flow, chaos and congested roads 
[8].  
 

 
 

Fig. 5. Traffic lights failure due to power outage leading to road 
congestion and chaos [8]. 

B.    Accidents 
      Failed traffic lights due to power outages on grids 
could cause road accidents leading to loss of lives and 
property [11]. 
 
 
VI. SOLUTIONS AND RECOMMENDATIONS 

 
      The solutions and recommendations advised are to 
install emergency backup systems of either 
uninterruptible power supply (battery) systems [14]   (UPS) 

and or a solar energy power system to backup power to 
each traffic light. 
      Installing either or both of these backup power supply 
system to prevent any fatal power outage [7] situation 
pending when the power is rectified and restored would 
depend on: 
 

 Availability of financial resources. 
 Abnormal location of intersecting roads and its 

environs. 
 Rate of traffic on the roads. 
 Climate and weather situations of the location 

and the environment. 
 Terrain and topography of the location. 
 Proximity to the power grid [14]. 

 
      In regions where there is an abundance of sunshine, 
less occurring natural disasters and lack of resources like 
Africa, the installation of both emergency backup systems 
may be expensive. Solar energy power backup systems 
would be greatly advised to be installed for emergency 
power outage [7] purposes due to its ease of deployment. 
While regions with less sunshine, more adverse 
reoccurring bad weather conditions and more resources 
like countries in Europe, would be advised to have both 
backup [14] systems installed in cases of emergency power 
outage situations. 
 

A. Uninterruptible (Battery) Power Supply System      
(UPS) 
      The purpose of installing an uninterruptible power 
supply/battery backup systems (UPS)[11] as an effective 
but temporary emergency backup[14] power supply for 
traffic lights is to provide immediate solution to salvage 
power outage situations. 
The uninterruptible power supply (UPS) provides 
emergency power to traffic lights by supplying power 
from a separate source (batteries) when power outage [7] 
situations occur from the power grid. The uninterruptible 
power supply (UPS) [11] also acts as a stabilizer, voltage 
regulator and power conditioner [22] device for the traffic 
lights connected to the central grid [11]. 

 
 

Fig. 6. Traffic signal UPS [12]. 
 
 

1) Design Considerations and Principle of Operation of 
Uninterruptible (Battery) Power Supply System (UPS): 
For any installed traffic light to be eligible for an 
emergency backup power supply like an uninterruptible 
power supply (battery) backup systems (UPS) [11], it must 
be equipped with LED traffic signal indications. UPS 
could either use gel celled or lead-acid batteries [14]. A 
provision of a cabinet mounted on an elevated base few 
meters away from the traffic light to house the UPS 
system and protect it against floods. It is made up of a 
battery charger, batteries, inverter or conditioner and 
automatically regulating bypass switches. 
      Once the bases are mounted and the cabinet 
containing the UPS system is installed, the UPS system is 
then connected to the same connection made from the 
traffic lights to the power grid so that its batteries could 
get charged. When power outages [7] occur, the UPS 
discharges the power stored in the batteries thereby 
powering the traffic lights for the duration of the 
capability of the battery [13]. 
      The principle of operation of a UPS system attached 
to a road traffic light is quite simple and efficient. The 
batteries usually provide full operation, flash-operation, 
or a combination of both depending on the power 
requirements. At full operation stage, power is supplied 
such that the traffic lights can continue operating in their 
normal phasing modes while in flash operation there is a 
reduction in the use of electricity hence running for 
longer periods under the same power supply [14]. 
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Fig. 7. Maintenance of a traffic signal UPS [12] 
 

 
TABLE I 

TECHNICAL AND DESIGN SPECIFICATIONS OF UNINTERRUPTIBLE BATTERY 
BACKUP POWER SUPPLY SYSTEM [27]. 

 
Output Voltage 240V AC 
Input Voltage Range 190 – 265V 
Battery Voltage Range 42-60V(DC)(Inverter);37-60V(DC) 

(charger) 
Max. Charger Current 37A 
Surge rating 3000VA-30sec/2400 VA-30mins @ 

25°C 
Inverter Power rating 2000 VA 
Battery Voltage 48V DC 
Inverter efficiency >92% 
Charging Interface Automatic changeover 
Monitored System Standby Time estimate 
Voltage-free relay output Operating from Battery 
Inverter/Charger 
Protections 

Over Voltage monitoring 
Over Load Monitoring 
Current Limit Monitoring  
Over Temperature Monitoring  
Voltage Monitoring 
Under/Over Freq. Monitoring 
Mains Relays Fault 
Sensing fault  
Temp. Controlled Cooling fan. 

Battery Protections Over temperature Monitoring 
Voltage Temp. Monitoring 
Temp. Compensation 
Under Voltage Monitoring 
Over voltage monitoring 
Health Impedance Monitoring 

 
 
2)  Advantages of uninterruptible (battery) backup power 
supply systems: 
 

 Reduction of expenses by eliminating call out to 
engineers in cases of emergency [22]. 

 Minimizes rate and severity of accidents [22]. 
 Sustains power, maintains traffic flow and 

intersection safety [22]. 
 Acts as a conditioner and regulator for power 

grid supply, for a more reliable traffic light 
operation [22]. 

3)  Challenges of uninterruptible (battery) backup power 
supply systems. 
 

 Limitations on battery capacity/life [14]. 

 Sensitive to temperature [22]. 
 High initial deployment cost [14]. 
 Regular Scheduled maintenance of batteries, 

lights, circuit breakers, charging units in order to 
ensure UPS operates properly [14]. 

 
 
 
B.  Solar Energy Powered Traffic Light 
 
      Solar energy powered traffics lights are signaling 
devices powered through solar panels positioned at road 
intersections, pedestrian crossings and other locations 
where traffic flows [14]. Their source of power is the sun. 
Their panels are made of Silicon and are readily 
available, making it the most abundant element on earth 
after oxygen [24].  
 

 
 

Fig.8. Solar powered intersection traffic lights [23]. 

 
      They can power LED lamps of traffic lights during 
power outage situations by supplying the traffic lights 
power for up to 10hrs [14]. It could also run for 14hrs at 
full operation and 10hrs on flashing mode depending on 
either automatic or manual operation [17]. 
 
1) Design Considerations and Principle of Operation 
Solar Energy Powered Traffic Light:  Solar energy traffic 
lights are added to existing grid powered traffic lights. 
They have specifications [26] and principles of operation 
which make them effective as temporary backup power 
supply systems during power outages [7] situations. Solar 
panels which face the sun contain photovoltaic modules 
which convert sunlight to electricity. The silicon sells in 
the module produces direct current (DC) which is sent to 
the in-built inverter and converted to alternating current 
(AC) which is then supplied to the traffic light. Since the 
electricity is not used while the power grid supplies 
power to the traffic light, the energy is then stored in 
batteries [25]. During emergency power outages [7] on the 
power grid due to bad weather or electrical malfunctions 
[18], the control system of the backup traffic lights 
responds to the failed primary system thereby switching 
the backup system automatically. This control system can 
be achieved vice versa by regulation [20] using a hand-held 
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transmitter unit [15]. Its parts includes charge controller to 
control the charging and discharging of the battery[16], 
countdown timer which displays the amount of time left 
before the battery indicates a full discharge [19]. 
 
 

TABLE II 
TECHNICAL AND DESIGN SPECIFICATIONS OF SOLAR ENERGY BACKUP 

POWER SUPPLY SYSTEM [27]. 
 

Max. power 180Wp 
No. of Cells 72 

Max. Voltage (V) 36.31 
Max. power current (A) 4.98 

Temperature Range -40°C to +80°C 
Cell Efficiency >15.2% 

Module Efficiency >15% 
Dimension 1581*809*50mm 

Output tolerance +/-5% 
Piece per weight (kg) 16.3 

Framework Aluminium 
Height above ground 1meter 

 
 

2) Advantages Solar Energy Powered Traffic Light: 
 

 They are self-sufficient; they do not require 
external power sources [21]. 

 They are easy to set up and operate [24]. 
 Due to their stationary nature, they require little 

or no maintenance [21]. 
 They are eco-friendly and cheap [21]. 

 
3) Challenges of Solar Energy Powered Traffic Light: 

 
 Availability of Sunlight [24]. 
 Fragile Silicon celled panels [24]. 
 High cost of solar panel repair [24] [25]. 

 
 

VII. FUTURE RECOMMENDATIONS 

 
1) Ultracapacitors (UC): They are also known as 
supercapacitor. They are crosses between a battery and a 
capacitor. Acting like a normal capacitor, its voltage 
reduces as it used. It has an advantage of internal 
resistance, Low and high charges as well as discharges do 
not affect it. It’s a costly long term standby power [22]. 
 
2) Pseudocapacitors: This new backup power technology 
is for high energy density. They cost lower than 
ultracapacitors. They have a promising future and are 
commercially valuable because they are competing with 
the cost of batteries [22]. 
 
3)  Fuel Cells:  Fuel cells function similar to batteries 
through conversions of electrochemical processes. They 
release water as waste after an intake of hydrogen and 
oxygen. Converting H2O into heat and electricity. They 
are costly and readily require batteries to start them [22]. 
 
 
 

VIII. CONCLUSION 

 
      Backup power supplies for traffic lights are important 
preventive measure that should be deployed on roads. 
Unexpected power outage situations from power grids on 
traffic lights can cause severe situations beyond 
comprehension. Therefore, necessary action of combating 
the aftermaths with respect to the outcome and effects on 
the environment should be considered and implemented.  
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Abstract-This paper examines the central role of risk 

assessment as a vital routine in Engineering Practice. Risk 
assessment is the determination of the measure and value of 
risk related to an existing situation and a known threat. 
Engineering Practice involves the application of the 
principles of physical and social sciences to the design, 
development and implementation of projects, programmes 
and policies, which have important implications in the 
cultural and ethical traditions of various host communities. 
These projects, programmes and policies can be faced with 
the constraints of scope, cost, time and quality. There is, 
therefore, the need for a thorough iterative conduct of risk 
assessment at the design, planning, monitoring and 
execution stages of engineering projects, programmes and 
policies. 

 
All through history and in recent times, many lives have 

been lost, properties destroyed and insolvencies have been 
created in numerous engineering organisations owing to 
failed projects, programmes and policies that led to 
avoidable disasters. If only risk assessment had been 
routinely utilised in the design, development and 
implementation of these projects, programmes and policies, 
likely loss or injury to people and properties would have 
been identified, analysed, qualified, quantified and mitigated 
if not totally eliminated. 

 
Keywords: Engineering, Risk, Risk Assessment   
 

I. INTRODUCTION 

Owing to complexity in structure and nature, 
engineering practice has been described to be fickle, 
unpredictable, volatile and fraught with risks [1]. Many 
professional bodies such as International Organisation for 
Standardisation (ISO), Committee of Sponsoring 
Organisations of the Treadway Commission (COSO) and 
Project Management Institute (PMI) have identified risk 
assessment to be a specialised process embedded in the 
framework of good management practice [2], [3], [4]. 
Risk assessment is not only considered as a managerial 
procedure, but it is also viewed as a crucial independent 
discipline in engineering. While this proves to be true, the 
Royal Academy of Engineering generated a clearer 
synopsis of risk assessment being a process and a 
discipline in the second in a series of reports on managing 
engineering risks produced by working groups of 
professionals [5].  

Of course, recent times have experienced increased 
attention and focus on risk assessment. It has become 
increasingly clear that the need for a holistic framework 
to effectively identify, assess, and efficiently manage risk 
is a crux in the practice of engineering. Though risk 
assessment has always been associated with mathematical 
models and analytical tools, a qualitative approach was 
underscored by PMI. PMI studied and showcased the 

quantitative, semi-quantitative and qualitative attributes 
of risks. This progressive study portrayed the wholeness 
and objectivity of risk assessment in the implementation 
of engineering policies, programmes and projects. [4] 

It is good to note that risk assessment is not limited to 
the theory and practice of engineering. It has a foothold in 
medical, hospital, food, chemical and bio-medical 
industries. However, it is often carried out in a more 
complex way in the disciplines of Risk Engineering, 
Safety Engineering and Reliability Engineering where 
threats to life, environment and machine functioning are 
ascertained and dealt with. One major task risk 
assessment performs in engineering practice is the 
measurement and assignment of values to the two 
variables that revolve round engineering risks – 
probability of occurrence and potential consequence or 
impact. [6] 

This paper examines the concept of risk in engineering 
and its definition in the first two sections. An overview of 
risk assessment process, tools and techniques and the 
organisational perspectives for the conduct of risk 
assessment are depicted in the subsequent sections. On 
the whole, the benefits, opportunities and challenges 
associated with an effective and efficient conduct of risk 
assessment in engineering practice are highlighted and 
discussed. 

II.  THE CONCEPT OF RISK IN ENGINEERING 

In engineering practice, risk is the tendency that a 
chosen line of action and or the choice of inaction will 
lead to a deviation from a desired outcome or result. In 
other words, risk in engineering practice arises as a result 
of uncertainties in the environment, security, cost, quality 
and timeframe of engineering policies, programmes and 
projects. Therefore it can be said that an essential element 
of risk in engineering practice is uncertainty – the fact 
that engineers can’t tell exactly the failures that may 
likely occur, when, where and how the failures will occur 
[7]. Evidently, these uncertainties prove the probabilistic 
nature of engineering risks. The concept of risk in 
engineering practice further combines the chance for 
failures with the consequences caused by the failures. 
Therefore, the assessment of risk in engineering practice 
involves both probabilities and consequences. This 
relationship can be represented mathematically in 
equation (1) below.  

R = ƒ (Pm, Cm)     (1) 
Where R is the risk linked with event ‘m’, Pm is the 

probability of event ‘m’ occurring and Cm is the 
consequence of event ‘m’ occurring. The above 
mathematical representation depicts that risk is a direct 
function of the probability of an event occurring and the 
consequence associated with the occurrence of such event 
[7].  
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At the risk of repetition, the development and 
implementation of engineering policies, programmes and 
projects is subject to constraints. These constraints have 
associated levels of uncertainties which depict risks from 
a theoretical point of view. Thus, the scope of risk 
assessment represents a range within which these risks 
are controlled and kept at a greater confidence level 
acceptable in good engineering practice. Fig. 1 shows the 
quintuple constraints and their associated level of 
uncertainties that present risks in engineering practice. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Where K and K+1 phase lines depict the 
implementation progress, they also represent the balanced 
state of policies, programmes and projects development. 
Resulting from a thorough conduct of risk assessment, the 
status quo of implementation at a subsequent phase is 
presented as risk lines, and the sections between each two 
risk lines show the state an engineering task can achieve  

in the face of risks. As exemplified in fig. 1 the shaded  
area is called risk status area. [8] 

III.  DEFINITION OF RISK ASSESSMENT 

Risks constitute a part of all efforts in engineering 
practice. This is why a thorough understanding of risks, 
its cause and impacts is pertinent for success in 
engineering practice. Risk assessment is not an add-on to 
mainstream operating activities in the development and 
implementation of engineering tasks. Rather, it is an 
iterative process that must be continuously employed and 
embedded in ongoing functions and operations in 
engineering practice [5]. Fig. 2 shows an iterative 
structure following a sequential order in the conduct of 
risk assessment. It will be observed that it is the review 
stage captured in the decision (diamond) block that 
triggers the iteration in this approach to risk assessment. 
Though there are no simple rules for determining which 
algorithm should be used in a given situation, Fig. 2 
provides an approach to a well structured conduct of risk 
assessment [9]. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The discipline of risk assessment primarily focuses 

upon the qualification and quantification of the risks 
related to a spectrum of negative consequences in general 
practice. However, risk engineering as a subject addresses 
the broader topic that includes the positive as well as 
negative consequences [7]. As slightly addressed in the 
introduction, risk assessment used to be a measure of only 
the quantitative value of risks, but critics expressed 
concerns that this approach to risk assessment tends to be 
overly quantitative and reductive. They argued that risk 
assessments ignored qualitative differences among risks 
by dropping out important non-quantifiable information 
[6]. However, risk assessment currently involves a 
holistic study of risks in which assumptions and 
uncertainties are clearly defined, identified, considered 
and presented in their qualitative, semi-quantitative and 
quantitative measures [4]. 

IV.  OVERVIEW OF RISK ASSESSMENT PROCESS, TOOLS 

AND TECHNIQUES 
In a view to highlight the definitive role of risk 

assessment in engineering practice, a tabulated summary 
of the process stages, tools and techniques that can be 
employed for the effective and efficient conduct of risk 
assessment in any engineering context is given in table 1. 
The process stages have been defined to be iterative as 
indicated in fig. 2. Table 1 is a guide developed for a 
standard conduct of risk assessment by the Office of 
Government Commerce (OGC), United Kingdom [9]. 

Obviously, there are no simple rules for determining 
which tool and technique should be used in a given 
situation while carrying out risk assessment. Nonetheless, 
the tools and techniques associated with the process 
stages of risk assessment must be utilised appropriately 
and religiously. While there are many more tools and 
techniques available for the good conduct of risk 
assessment not listed in the summary given in table 1, the 
table in itself provides a workable framework in 
evaluating approaches to assessing risks in the 
development and implementation of policies, 

Fig. 1 Quintuple Constraints and Associated Risks [8] 

Fig. 2 Process Stages involved in the Conduct of Risk Assessment 

Risk Description 

Risk Identification 

Risk Estimation 

Risk Evaluation 

Risk Response Plan 

Implementation and Closure 

Review 
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programmes and projects in engineering practice. Owing 
to the scope of this paper, table 1 will not be discussed. 
However, a full description of the risk assessment 
process, tools and techniques is given in the available 
guide developed by OGC for Risk Management. [9], [10]  

V.  RISK ASSESSMENT AND ORGANISATIONAL 

PERSPECTIVES 

As stated earlier, engineering practice is characterised 
with a very strong matrix of functions and operations. 
These functions and operations are clearly stated, 
sometimes described in organisational charts. Though 
organisational charts present a well structured view of an 
organisation, the complexity of functionalities which 
varies within the organisation leaves a labyrinth. 
However, four clear perspectives with associated degrees 
of risks are always present at various levels within every 
engineering organisation. These perspectives provide the 
basis for estimating and evaluating the consequence and 
likelihood of risks within the organisation. These 
perspectives are discussed as follows:  
 
 

 

 
 
 
 
 
 
 
 

 
A.  Policy Perspective  
This is an organisational perspective that is concerned 

with ensuring overall business success, vitality and 
viability. It acts by creating a platform for the assessment 
of risks across all the tiers of the organisation and plays a 
key role in the execution, development and 
implementation of remediation. The policy perspective 
also establishes a chain of communication between all 
other organisational perspectives. Typical areas of risks 
within the policy perspective are competition, acquisition, 
legislation or regulation and reputation. All engineering 
organisations are faced with uncertainties arising from 
more or less competition, acquisitions of skill 
development, emergence of new technologies and 
mergers, changes to legislations or regulations having 
financial impact and disasters (fire, flood, acts of 
terrorism and subsidence) that affects reputation. [9], [11] 

B.  Programme Perspective  
Programme perspective is contextual with the 

alignment of groups of related projects to the 
organisation’s business strategy. It outlines the 
management of these projects in a coordinated way to 
obtain optimal benefits and maximum control. 
Programme perspective sets the course for the assessment 
of risks within the organisational programmes, projects 
and operational activities that constitute the various 
programmes. In other words, the programme perspective 
tells on the project perspective, operational perspective 
and vice versa. [1], [9] 

C.  Project Perspective  
As the name implies, project perspective sets the scene 

for the assessment of risks within concerns associated 
with delivering defined outputs to an appropriate level of 
quality within agreed scope, time and cost constraints. In 
other words, it is the nucleus for identification and 
estimation of the risk factors associated with the delivery 
of a project. It puts into consideration such things as 
stakeholders, dependencies, timelines, cost, and other key 
considerations. Typical areas of risk within the project 
perspective are requirements, deliverables, skills, 
resources and quality. [4], [9] 

D.  Operational Perspective 
Project managers and coordinators have always argued 

that operational perspective within the organisation 
should be streamlined to the project perspective. While 
this may be good and functional in certain contexts, it 
will be illogical since projects are temporary endeavours 
limited by resources and time. Depictions of the various 
lines of authority in every enterprise proves operational 
perspective to be a core in the conduct of all business 
activities, that is, operational perspective is wider than 
project perspective. It is premised on the daily 
maintenance improvement and correction of appropriate 
levels of business services to customers and the general 
public. Operational perspective sets the scene for the 
assessment of risks within particular operational and 
functional areas in the organisation. [1], [9], [12] 

Effective and efficient risk assessment ought to begin 
and end with specific business objectives anchored in 

Process Stage Tools and Techniques 

Identification – 
Context 

Stakeholder analysis 
PESTLE analysis 
SWOT analysis 
Horizon scanning 
Defining the probability impact matrix 

Identification –
Risks 

Historical information 
Prompt list 
Cause and effect diagrams 
Grouping techniques, including 
brainstorming, nominal group technique 
and Delphi technique 
Questionnaires 
Individual interviews 
Assumptions analysis 
Constraints analysis 
Risk Descriptions 

Estimation 

Probability assessment 
Impact assessment 
Proximity assessment 
Expected value assessment 

Evaluation 

Summary risk profiles 
Summary expected value assessment 
Probabilistic risk models 
Probability trees 
Sensitivity analysis 

Response Plan 
Risk Response Planning 
Cost-benefit analysis 
Decision trees 

Review 
Management meetings 
Internal and External auditing 

Implementation and 
Closure 

Update summary risk profiles 
Risk Exposure trends 
Update probabilistic models 

TABLE 1 
RISK ASSESSMENT PROCESS STAGES AND THE CORRESPONDING 

TOOLS AND TECHNIQUES [10] 
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beneficial perspectives defined by management. Based on 
the clear interrelationships that exist between the different 
organisational perspectives and their associated risks, a 
thorough understanding and assessment of the risks 
associated with the perspectives of every engineering 
organisation is imperative for progress and success. Fig. 3 
is a modified diagrammatic representation of 
interrelationships between organisational perspectives 
developed by the Office of Government Commerce 
(OGC), United Kingdom for the assessment of risk. [9] 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

VI.  BENEFITS AND OPPORTUNITIES 

Using Fig. 4 Yunna Wu, Yong Huang and Kai Xiong 
established that increased investment in risk assessment 
will result to a clear decrease in the measure of 
uncertainties and risks generated by constraints inherent 
in the development and implementation of engineering 
policies, programmes and projects. They also suggested 
that since the proper conduct of risk assessment 
juxtaposes historical information and real-time 
information in every engineering organisation, a good 
risk assessment will always reflect the organisation’s 
status quo objectively creating a basis for improvement. 
In other words, the more time, attention and cost an 
organisation channels towards the proper conduct of risk 
assessment, the more likely the organisation will thrive in 
the face of uncertainties and risks. [8] 

In Fig. 4, the shaded portion signifies risk losses at 
matching investment level. RCO depicts the least 
investment cost. L-

k and L+
k denote the scope of risk 

threats and losses (L+
k are losses with benefit possibility). 

[8] 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PricewaterhouseCoopers (PwC) and OGC both 

identified risk assessment as the only applicable and 
practical tool that can be used to measure an 
organisation’s ability to achieve its objectives. They also 
suggested that risk assessment forms the cornerstone of 
effective and efficient management programmes by 
providing a clear guidance to the organisation in making 
informed decisions. Suffice it to say that risk assessment 
ensures the alignment and achievement of organisational 
objectives by facilitating continual improvement and 
reducing negative surprises within the various 
perspectives of the organisation. [1], [9] 

VII.  CHALLENGES AND CONCLUSION 

The proper conduct of risk assessment in engineering 
practice is capital intensive and many organisations are 
not willing to invest in it. Nitin Nayak and Rama 
Akkiraju of IBM agreed jointly that lack of expertise, 
bureaucracy and data access restrictions are also some of 
the many challenges in the conduct of risk assessment in 
organisations. They inferred based on their personal 
experiences and observations that the limitation of risks 
and risk assessment to functional silos such as 
production, supply and finance within organisations poses 
to a challenge. [13] 

No doubt, the benefits and opportunities of risk 
assessment in the development and implementation of 
engineering policies, programmes and projects outweigh 
the challenges. Though risk assessment roles have been 
well identified in engineering practice through workable 
integrated frameworks, much authority and attention still 
needs to be delegated and devoted to the conduct of risk 
assessment across all organisational perspectives. 
Cogently, a more holistic and definitive role still needs to 
be given to risk assessment in the executive and 
functional helms of every goal driven engineering 
organisation. 
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Abstract  This study is a descriptive research that aims to 
investigate the implications of implementing enterprise 
systems in an erroneous format as well as elucidate some 
Enterprise resource planning (ERP) implementation 
successes and failures in notable companies around the 
world.  
Technology has since evolved and this has caused a rapid 
transformation in both business activities and the world 
economy, influencing our every move. ERP is a software 
system which enables an organization to gather 
significant business applications from innumerable parts 
of the organization but most importantly, from units such 
as accounting, marketing, manufacturing, finance, 
inventory management, human resource and delivery.                         
The organizations business applications are integrated 
into a database system and are finally distributed 
between the company units. Key issues such as cost of 
ERP components and ERP implementation strategy are 
expounded. 
Subsequent findings show that the ERP implementation 
failures are not usually technical but culture and people 
related due to worker’s resistance. Finally, the study goes 
further to speculate on the future of ERP systems and its 
recent developments. However, this research paper is 
expected to contribute to scholarly findings and pose as a 
guide to subsequent researchers.  
Keywords: Enterprise Resource Planning, ERP 
implementation strategy, Cost of ERP implementation 
components 

INTRODUCTION 

Research has shown that the ERP system has had a 
great impact on the technological era of today. ERP 
system integrates the information relevant in every part 
of an organizational unit. It was recorded in the 90’s 
that Baan, SAP, JD Edwards etc., were some of the 
companies that adopted the ERP software packages, 
though the company SAP is the leading supplier of the 
ERP software. The market growth of ERP system sky-
rocked around 2000, this was because most businesses 
were recorded to have had the Y2K crash which caused 
companies to replace outdated, fragmented and 
inefficient systems and had to integrate their 
software/hardware platforms. EAS - Enterprise 
Application Suite is a new name for formerly 
developed ERP systems which includes practically, all 
segments of business, using ordinary Internet browsers 
as thin clients [1].  
To be considered an ERP system, a software package 
must provide the function of at least two systems, e.g., 
a software package that provides both payroll and 
accounting functions could technically be considered 
an ERP software package [2]. Data shows that ERP 
system has a 60% failure coupled with trade press 
reports viewing half (½) of ten (10) IT failures are from 
market primary vendors and losses from $6 million - 

$100 million. Moreover, the degree of shock to the 
organization resulting from such systems is likely to 
vary across implementation stages.  Extant prior 
research on IT diffusion has characterized the 
technology implementation process as unfolding in 
phases, from the initial planning and acquisition phases 
through a final infusion stage, where the technology is 
fully integrated and utilized in novel or innovative 
ways within the organization [2]. There is evidence that 
the effects of ERP system implementation are often 
negative during the shakedown phase and that these 
early negative effects frequently result in major losses 
of the system until the longer-term benefits associated 
with ERP system implementation and usage can be 
realized [3].  
However, for the ERP market to retain a record of 
constant growth erroneous implementation factors 
must be taken into consideration and relevant strategies 
must be applied. Finally, future expectations and 
conclusions are stated in the study.  

ERP KEY FUNCTION 

BASIC FUNCTION  

 The basic function of the ERP is to integrate 
all series of tasks (Primary activities and Support 
Activities) running in the company. Primary Activities: 
this activities focus on aftersales services, operations, 
sales, distribution, marketing etc. of products.  

EXTENDED FUNCTION 

Extended function are simply the functions 
organization use to form an upstream which is the 
suppliers, directly to a downstream, which is the 
clients, of a supply chain. The supply chain functions 
as a back-end vendor that incorporates the information 
system. Front-end clients are Customer Relationship 
Management, CRM, Sales Force Automation (SFA) 
and Electronic Commerce (EC) and they incorporate 
the information [4].  

HISTORIC ERP IMPLEMENTATION 
FAILURES 

ERP implementation failures are not technical but 
people and culture related. However, it is 
recommended that the causes of these failures are 
exemplified for better understanding so as to assist 
future developers of new ERP systems.  
 

BACKGROUND/ERP PROJECT 

Pennsylvania-based Hershey Foods was one of the 
famous companies that were left at low ebb using the 
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SAP's R/3 4.6 ERP software in November 1999. In 
September 1999, Hershey’s former CEO ‘Kenneth L. 
Wolfe’ reported to Wall Street analysts in a conference 
saying that difficulties were being experienced with its 
new-order taking and distribution system. These 
problems came from SAP ERP, CRM provider Siebel 
and supply chain software from Manugistics [5].  
Originally, Hershey was recommended a 48 months 
implementation time but declined and rather demanded 
a 30 months turnaround to roll out the new system. The 
cutover schedule unfortunately clashed with the period 
Hershey was to receive orders for Halloween and 
Christmas. Relevant system testing phases during 
implementation were abandoned just to meet Hershey’s 
demand and as a result, orders could not flow through 
the system which caused $100 million worth of candies 
to be unprocessed [5].  

PROBLEM STATEMENT 

The SAP’s r/3 4.6 was to aid upgrade Hershey’s 
incompatible parts of its IT systems into an integrated 
ERP system.  

IMPLEMENTATION STRATEGY  

The strategy that was used by Hershey was the direct 
cutover strategy which makes use of the new 
information system and discards of the old system. The 
direct cutover strategy is cheap but has a high risk of 
system failure.  

SAP R/3 4.6 IMPLEMENTATION RESULTS   

 The SAP ERP system prevented Hershey 
from delivering candies worth $100 million 
for Halloween 

 Also their stock prices dropped below 8%  

TABLE 1 
POSSIBLE CAUSES OF HERSHEY’S SAP R/3 4.6 FAILURE 

a. Inadequate Testing 
sessions  

There is a high 
possibility that 
insufficient testing was 
not done. 

b. Lack of organizational 
understanding of the cut-
over strategy 

The direct cutover 
method is a strategy 
implementation where 
by the new system goes 
live at once. The 
organization must have 
lacked this 
understanding because it 
brought about empty 
shelves during 
Halloween. The direct 
cut-over strategy is 
considered to be the 
most risky strategy and 
needs serious 
understanding and 
knowledge before it can 
be taken-up to its use in 
any system 

c. Weak Leadership When the leader is 
weak, the business is 
prone to failure. This 
resulted in reduced 
performance and caused 

Hershey a loss in 
resources, finances, 
sales, highly contested 
shelf space and lots 
more.  
 

d. Incomplete Evaluation 
process 

Companies should have 
a realistic expectation 
about the software. 
They should understand 
how long it will take , 
how much it will cost, 
what are the trade-offs 
with the ERP solution 
chosen, what resources 
are to be implemented, 
what budget must be set 
aside for the 
implementation cost.  

COST ANALYSIS OF ERP COMPONENTS 

The cost of components associated with the ERP 
system is large; this gives reason as to why the ERP is 
expensive in nature. It is not possible to make an 
estimated cost but it is possible to identify the main 
cost components and the drivers that influence all.  
Direct cost are the expenses subjected to, during the 
implementation of the ERP system such as hardware 
etc., while the Indirect costs are the cost that are 
recorded during the implementation process of the ERP 
system. Below is a table, illustrating the direct and 
indirect cost components of the ERP system; 

TABLE 2 
DIRECT AND INDIRECT COST COMPONENS [6] 

 Cost Components 
DIRECT COST  Hardware   

Servers  
Clients  
Storage  
Networking   
Software   
Database Management  
Operating System (OS)  
ERP License    
Upgrading   

INDIRECT COST  HR Costs    
Training (IT and Business)  
Project and Business 
Management   
External Consulting  
Change Management  
Cost of migrating data and 
integrating modules 
Vendor Project  
Services   
Hosting   
Virtual Private Network (VPN) 
Business process reengineering 

COST (VENDOR) 
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Research shows that SAP’s project cost is more than 
Tier II and III but Tier II cost significantly more than 
MS Dynamics projects due to the fact that MS 
Dynamics projects are usually not large companies. 
Below is a table illustrating the vendors and their 
average cost; 

TABLE 3 
VENDOR COST [7] 

VENDOR AVERAGE 
COST 

Oracle $5.0 
million 

SAP $6.7 
million 

MS 
Dynamics 

$1.8 
million 

Tier II $3.1 
million 

Tier 
III/Others 

$1.1 
million 

 
TABLE 4 

TIER I, TIER II, TIER III SAMPLE VENDORS [7] 

SAMPLE VENDORS 

Tier I Tier II Tier III 

They serve large 
global businesses 
and are expensive; 
SAP 
Oracle 
Oracle Peoplesoft 
Microsoft Dynamics 

They serve mainly 
mid-market 
businesses; 
Sage 
IFS 
QAD 
Lawson 
Ross 

They serve smaller-
than-medium 
businesses; 
ABAS 
Activant Solutions 
Inc. 
Baan 
Bowen and Groves 
Exact 

 

RISK FACTORS 

Risk factor refers to the indicators that presage a bad 
ERP implementation failure. It is important to note that 
ERP implementation is risky and so this study goes to 
illustrate some risk factors associated with its 
implementation process. Below are some researched 
ERP risk factors; 

CHANGE MANAGEMENT RISK:  

It is essential to discard all traditional way of thinking 
in the enterprise. Majorly, ERP implementation failures 
are caused by resistance to change. 

STAFF RISKS:  

Staff involvement defines the company’s ERP needs 
while staff participation is essential for the 
implementation process of the ERPs system. The user 
is a significant factor to the functions of the ERP 
system when it goes live and also during 
implementation. Researchers have found that there are 
three kinds of risk related to ERP implementation, staff 
risk, technical risk and organizational risk.  

IMPLEMENTATION RISK:  

The implementation phase is crucial because it is 
closely related to the ERP project life cycle. The 
implementation risk factors involves; project charter, 
business definitions, choosing the right  supplier and 
consultant, implementation of time design and control, 

quality control, strategy for data conversion, consistent 
data, implementation of tools and techniques and more.  

SUCCESS STORIES 

Generally, ERP system consumers are initially 
described as risk takers. There have been a number of 
recorded failures of the ERP system but also 
remarkable success stories. An example of a recent 
success story is in the company, Nestlé. 

NESTLE BACKGROUND AND SAP ERP 

APPLICATION 

Nestlé S.A. is a consumer product industry that deals 
with varieties of products ranging from beverages, 
dairy, etc. One of the Nestlé’s Company located in 
Vevéy Switzerland was recorded to have recently 
upgraded with services from SAP AGS and SAP 
Consulting in 2011, working hand-in-hand to use the 
near-zero-downtime approach which kept downtime to 
a minimum and avoided business disruption [8]. 

THE NEAR-ZERO DOWNTIME (NZDT) METHOD  

In past years, critical systems were required to remain 
available round the clock; this was difficult due to the 
unplanned downtime which brought about system 
outage.  30 to 60 minutes of systems outages are 
accepted by business users but current research shows 
that customers who need high maintenance procedures 
are exposed to added downtime of 80 to 160 hours in a 
year. SAP AG introduced the NZDT method in 2010 
which would improve the standard optimization for the 
downtime minimization in the case of upgrades and 
reduce the overall downtime of SAP systems to less 
than 20 hours a year [8].  

AIM OF THE NZDT METHOD 

 Minimize technical downtime [8]. 

 Minimize time spent on other task executed in 
downtime [8]. 

TABLE 5 
NESTLE REVENUE [8] 

Revenue SFr 107.6 billion (€82.3 
billion) (2009) 

Employees 278,000 

SAP Users 160,000 

NESTLÉ’S OBJECTIVES 

• Upgrade to the latest version of the SAP ERP 
application [8]. 
• Reduce the downtime from an estimated 5 days with 
a standard upgrade method to an acceptable level – 
minimizing the business impact [8]. 

WHY SAP 
 

• New near-zero-downtime methodology that is part of 
the minimized downtime service, which made Nestlé’s 
upgrade possible, 



Business, Enterprise and Practice 12th Research Seminar Series Workshop 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-56- 

• Expert knowledge and guidance in the upgrade 
project [8]. 
• Holistic approach and responsibility – great 
confidence in the promised results [8]. 
• Unique SAP service offering providing minimal 
disruption to critical business processes during upgrade 
[8]. 

NESTLÉ’S CHALLENGES AND OPPORTUNITIES 

• Upgrade global IT landscape, including 3 different 
regions with 3 different productive systems in split 
architecture [8]. 
• Include over 20,000 customer transports in the 
downtime [8]. 
• Include implementation of an SAP enhancement 
package in the downtime [8]. 

PROJECT HIGHLIGHTS 

• Project delivery within budget and on time [8]. 
• Distributed project teams with different time zones 
(including Australia, Asia, Europe, South Africa, and 
North America) and distributed data centres [8]. 

BENEFITS 

• Reduced technical downtime during upgrade from 5 
days to 2 hours, with a total business downtime of only 
20 hours [8].  
• Improved business continuity [8]. 
• Accelerated access to business innovation through the 
enhancement package [8]. 
• Modernized existing ERP solution to state-of-the-art 
version of the SAP software [8].  
From the above, the SAP AGS and SAP consulting has 
proven to be risky but greatly beneficial if 
implemented properly by an entire organization 
involved and the vendors. 

FACTORS TO BE CONSIDERED FOR A 
SUCCESSFUL ERP IMPLEMENTATION 

The processes included in the implementation of the 
ERP are technical and requires total effort to be put by 
both parties involved. Some factors include; 

TABLE 6 

ASSESSING THE RISK This factor is very important 
must constantly ignored by 
organizations. An 
understanding is needed to 
know the extent at which 
potential events might impact 
their original objectives.  

ROAD MAP The creation of a road map 
states the cost, and schedule, 
but also flexibility, 
complexity, skills, existing 
resources, current practices, 
risk, market conditions, 
competitive advantage, and 
compliance to standards, 
quality and control. In 
essence, it maps the 
businesses processes.  

COMMUNICATION This is highly essential during 
the implementation process as 
all partners must be involved 
to result in a swift and 

successful ERP system 

MONITORING AND 
CONTROL 

Significant information is 
given to the company 
regularly consisting of the 
systems progress. The risks, 
issues, scopes, cost etc. are 
monitored and taken into 
action if necessary. A review 
of any request made by the 
company for changes to be 
made to the system can be 
recommended by the ERP 
vendor or consultant. 
 

TEAM SUPPORT For the goals, vision and 
objectives of the business to 
be successful, the sponsor, 
business process owner(s), 
project managers, business 
analyst(s), technical architect, 
top and middle levels in the 
management etc., must be 
involved. 
 

TRAINING  Well trained users of the ERP 
application would value the 
system if they are properly 
trained with the right tools 
and materials needed to utilise 
the system in full.  

POST IMPLEMENTATION 
REVIEW 

This aids to identify successes 
and lessons learned by both 
parties. 

TOTAL COMMITMENT  The entire staff of an 
organization must be willing 
to commit to changing their 
organizational culture 
positively e.g. ‘the mentality 
of using piles of paper for 
storing customer’s files rather 
than electronically storing 
them in the ERP database’, 
for  the arrival of the new 
system.  

 

                      
Fig. 1 The brain of an organization [9] 

 

ERP STRATEGY 

STRATEGY OF PROJECT ORGANIZATION  

This is one of the most important responsibilities for 
the senior management in an organization. Full support 
of the leadership is a key of ERP implementation. To 
ensure a smooth implementation of ERP, the 
organizational leaders must make decisions that will 
address the major issues that identifies the system goals 
and the entire program, allocating resources, assessing 

Change 
Management  

Top Management  

Technology 
Management 

Project Management  

Process 
Management  
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solutions of software and hardware, authorizing BPR 
(Business process Engineering) interdepartmentally, 
budgeting process, determine the best strategy to 
achieve the desired vision and direction, task force etc.  
Identifying the relevant software vendor is essential. 
ERP Software vendors are numerous and top ERP 
developers (Oracle, SAP etc.) are one of the first-rated 
in the market but they do not guarantee a successful 
implementation of their ERP system; organizations 
should choose a software vendor that best suits the 
business needs of the enterprise to ensure good 
performance and an excellent service, they must be 
independent, and neutral. The performance of the ERP 
software must generate value, create opportunities, 
provide scalable data, improve productivity, increase 
revenue, reliable, accurate, support the business 
process and make profit etc. in this respect, the 
reputation of software is of more importance than the 
price. 

STRATEGIES FOR VENDORS 

1. Addressing security and archiving: gradual 
growth of a system attracts vulnerability 
therefore; regular security actions for 
upgrades should be performed as no company 
wants a dismissed employee with confidential 
information out in the open or competitors. 
Archiving improves speed to queries on large 
tables which aids the end-user experience. 

2. Eliminate software patches: some patches can 
create problems with other software 
applications when installed newly therefore 
patches are required to undergo regular testing 
so as to ensure that there are no malfunctions 
in the system and all critical functions are 
working properly.  

THE FUTURE OF ERP 

ERP systems are the definition of legacy. Research 
shows that software vendors are adding sophistication 
and analytics on the ERP packages daily and will not 
discontinue investing into the system. SAP Business 
ByDesign is an example of a complete end-to-end 
business solution for an ERP system for the SME’s.  
Also, the ERP software will evolve to handle services 
and will convert to be better integrated with CRM 
software (systems that will track customer relationship 
in real time). An ERP system is the epitome of a 
company’s supply chain as opposed to looking at its 
customers. The world is in a new architectural era 
where individual application providers can integrate 
with each other through platforms like Force.com, 
making Force.com the “new ERP” for the cloud. 
Finally, for as long as businesses exist, ERP or any 
business management system will exist alongside. 

CONCLUSION 

This paper describes the main causes of failures in an 
ERP implementation process and their effects as well 

as the ERP implementation success stories recorded in 
a top organization. The key to managing the issue 
which states that ERP implementation goes beyond 
budget and time and sometimes delivers little or no 
value , simply requires a deep understanding of the 
dynamics behind change management and viewing the 
project as less about IT and more about business 
transformation. Implementations which seek to deliver 
full solutions into all areas of an organization are at a 
high risk of failure. 

However, further research is required in the area of 
ERP strategies and its approximate cost in both SMEs 
and large businesses as well as the ‘value’ generated by 
different hierarchical levels of an organization and their 
contribution to the various dimensions of business 
performance after a successful implementation has 
been recorded. Also, an investigation should be made 
in identifying the value generated by enterprise systems 
in their external (economy, social, technology, politics 
etc.) and internal (employee attitudes, work force, 
strategies etc.) environment factors. 
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   Abstract - The ground-breaking idea of Balanced 
Scorecard was given in 1992 by two Doctors Robert Kaplan 
and David Norton. Their main idea was that any business or 
organization must first know their mission and strategy 
behind it and then coordinate the vision with their business 
processes and activities. Balanced Scorecard mainly focuses 
on four vital perspectives in defining a strategy for any 
business or organization, which are: 

Financial perspective, customer perspective, internal 
business process perspective, learning and development 
perspective. 

By keeping in mind the company’s mission statement and 
then coordinating these four perspectives immensely 
improve the strategic planning and management system for 
any business or organization. So mainly it deals with 
finances and ROI, structure and operation of an 
organization, expert level of the employees and at the end 
how satisfied their customers are.  

Although, there are already several papers which already 
addressed different aspects of Balanced scorecard, the aim 
of writing this paper is to show how the idea given by 
Kaplan and Norton helped organizations in defining and 
improving the strategy which helps the managers in 
managing the system more effectively and efficiently and 
since then how it eased the strategy defining and its 
implementation in any organization.  

Keywords: Balanced Scorecard, Kaplan and Norton, 
Strategy planning, Management system 

 
I. INTRODUCTION: 

 
Balanced Scorecard is a great concept which defines 

the strategy of any organization/system and then defines 
rules to manage that system. So, basically it focuses on 
the mission statement or you can say with the vision of 
the organization/system and then works on coordinating 
its vision by implementing it within the company, thus 
working according to the strategy which is defined in the 
beginning. So, we can say that Balanced Scorecard deals 
with how the strategy is planned, implemented, 
monitored and managed within the 
organization/company. [1] [2] 

One of the main characteristics of Balanced Scorecard 
tools is that it synchronizes the various business processes 
with the strategy which is defined, which makes things in 
order thus helps the executives and managers in 
managing the system.  

I have divided this paper into different sections: first 
section will describe the history and need of the Balanced 
Scorecard; second section will deal with the explanation 
of working and methodology involved in the model; third 
and last section will be the conclusion which will show 
the future aspects of the Balanced Scorecard tool.   

 
II. HISTORY & NEED: 

The term Balanced Scorecard was originated in the 
beginning of 90s, the idea was given by the two doctors 
of Harvard University: Robert S. Kaplan and David P. 
Norton. They mainly focussed on implementing the 
defined strategy to the workflow of the organizations by 
introducing non-financial elements to the conventional 
financial elements thus it made working of the system 
much easier for managers and executives by giving them 
more balanced view. By going in its deep details, we 
come to know that it is not only a strategic system but it 
is a management system which empower the managers 
and executives to first define the mission and vision of 
their organization, then work in the directions of the 
defined statement and also improve the communication 
gap within the organization by implementing feedback 
within the system for its continuous improvement. Which 
will eventually improve the business processes of the 
organization; as a result it will improve the performance 
of the system. [1] [2] 

 
Although the term ‘Balanced Scorecard’ was originated 

in early 90s, but when we look back at the history, we 
come to know that there are also some efforts made for 
the improvement and betterment of the performance of 
the organizations.  Like in 1950s, there was an initial 
effort made by General Electric to measure the 
performance. Also there were some French engineers 
who were working on the dashboards in the early part of 
the 20th century [3]. But the most significant work was 
found at 1987 in a small semi-conductor firm Analog 
Devices Inc. where a consultant named Arthur M. 
Schneiderman was working to improve the processes and 
performance measurements of the organization [4]. He 
finally gave a report which was named as a Scorecard [7]. 
So, Kaplan and Norton carried forward the work for the 
improvement of performance by giving some ‘balance’ to 
the previous works which was already done by removing 
the short-comings and reducing the uncertainty by adding 
a clarity to the performance metrics.  [5] [6] 

 
 

III. METHODOLOGY: 
 
Balanced Scorecard is defined at different points as: 
 
“A strategic planning and management system used to 

align business activities to the vision statement of an 
organization” [1] [2] 

 
Balanced Scorecard looks at different departments in an 

organization, and then work on the betterment of the 
elements which directly affects the performance and in 
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the end combines the results of all departments to 
enhance the efficiency of the organization.  

 
A. Analysing and Designing the Strategy for the 

organization: 
 
In any organization, it is very vital that they should be 

very clear about what is the main purpose. This part deals 
with the determination of strategy of the organization. For 
every organization, it is really crucial to define their 
mission and what are the aims and objectives they expect 
to achieve. As it plays a key part in deciding the further 
strategy of the organization. Strategy then comes in action 
as it interprets the mission and vision in implementing it 
within the organization. Once you decide your aim, there 
will be certain activities which need to be followed in 
achieving your objective. After the definition of right 
strategy for the organization, the next step is the 
regulation of the strategy within the organization. To do 
this, it is very important to assign the appropriate resource 
the appropriate task as this will increase the coordination 
within the departments. Because if there is less or no 
coordination, it can be a source of delay in delivering the 
final product on time and it will cost additional time and 
money to the organization. It is the duty of the managers 
and executives to include objectives and aims as a part of 
regular tasks of the resources. On the completion of 
assigned tasks, then they should acknowledge the 
resources. This appreciation can be in the form of written 
acknowledgement or in form of some financial incentives 
as this act will encourage and motivate the resources. At 
the same time, if there is discordance found by any 
resource it should be highlighted and corrected so that it 
may not affect the remaining processes. At this point, it is 
important to mention that if the demands of the customer 
alter at some stage then strategy should be adapted 
accordingly. Also there are new trends which can be 
introduced to enhance the performance of the system.[9] 
[10]  

 
There are four perspectives given to us by Balanced 

Scorecard which we should keep in mind while looking at 
any organization as shown in fig.1 [8]. Kaplan and 
Norton described these perspectives in a manner that first 
you should know your “Goals” and then there will be 
certain “Measures” which will lead you in getting your 
aim; in this case it is the enhancement of the performance 
of the system. Following are the perspectives: 

 
 Customer Perspective   
 Internal Business Perspective 
 Innovation and Learning Perspective 
 Financial Perspective 

 
Customer Perspective: [8] 
 
There are numerous reports and surveys which are 

carried out in past few years have clearly shown the 
significance of the customers and how satisfied they are 
from the services. For this, first of the main things is to 

realize the needs of your customers as you should be fully 
aware and updated with the requirements of the 
customers.  

 
Kaplan and Norton mentioned in their research paper 

that it is very important to know what your customer is 
expecting from you. Customers tends to have four 
considerations which are; Time, Quality, Performance 
and Service, Cost. [8] 

Time deals with delivering the product to the customer. 
Quality is concerned with the standards followed in 
making of the product. Performance and service involves 
the satisfaction level of the customer. Cost deals with 
giving the best price in the market yet keeping in mind 
the all previous concerns. So, by looking these issues in 
the light of Balanced Scorecard, the ultimate goal is to not 
to lose your customer and at the same time you have to 
fulfil its requirements. In order to get this, there will be 
certain measures which will lead you to achieve your 
goal.  

 
Internal Business Perspective: [8] 
 
The second perspective which is mentioned in the 

Kaplan and Norton paper is how the organizations design 
their business processes in order to achieve the mission 
i.e. the customer satisfaction. It is the duty of the 
managers and executives to monitor all the processes at 
all stages that they are working in accordance to their 
plan and also there is coordination among different 
departments.  

 
The main purpose of improving or watching your 

internal business processes is to make sure that the final 
product should be delivered to the customer in time by 
maintaining its quality and standards. To keep a check on 
the working of the departments, information systems can 
be very helpful to the managers and executives. If there is 
any problem at any level, information systems can rectify 
that problem thus making it easier for the decision makers 
to identify the problems. The primary goal is to improve 
the internal business processes at all levels, whether it is 
technological capabilities of the organization or the 
production or design stage of the product, it should be 
made sure that the final product should be delivered to the 
customer on time with all standard maintained yet not to 
compromise on the quality .  
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    Fig.1  [8] 
 
 

Innovation and Learning Perspective: [8] 
 
Innovation and learning is the third perspective 

mentioned by Kaplan and Norton. In today’s competitive 
time, the demands and needs for the businesses are 
changing with every passing day. So to keep pace with 
the fast moving trends, it is really vital equipping yourself 
with new ideas and techniques and making sure that your 
resources are up to dated with all the latest technologies. 
For this purpose, organizations should allocate separate 
funds for research and development department; there 
duty is to discover new methods and techniques which 
can be applied for the improvement of processes which 
will finally improve the efficiency and performance of the 
system.  

 
It is the duty of the managers and executives to arrange 

training classes for their employees to keep them abreast 
of latest technological updates.  Kaplan and Norton 
preferred learning over the training as they believe in 
learning new techniques for the betterment of the system. 
The primary reason for mentioning this perspective is to 
keep your organization ready for upcoming technological 
trends [8]. Also you can improve the production time of 
the product yielding more output by spending much less 
time. This all would eventually attract more customers 
thus increasing the profits for the organization.  

 
Financial Perspective: [8] 
 
The last perspective to keep in mind while looking at a 

business is its financial perspective. Kaplan and Norton 
although introduced the implementation of non-financial 

elements to the businesses but still they see it as one of 
the major perspectives, in fact, they merged the non 
financial elements to the conventional financial elements 
to improve the performance. As they say that it is the duty 
of the managers and executives to keep a proper record of 
finances to check their cash flows. The supreme reason 
for keeping a check on financial records is to monitor 
cash flows and the quarterly and yearly sales of the 
product which will eventually increase their share in the 
market.  

 
 

B. Mapping down your Strategy: 
 
It is a method which is practised by different 

organizations. It involves mapping down your strategy in 
a way that it gives a clear pictorial view to understand 
that if the strategy of the organization is in coordination 
with the aims and objectives which are defined as the 
mission. Different organizations are using tools to 
regulate their strategy with the vision of the company 
[13]. It is mapped down in cause and effect manner which 
enable managers and executives to track that their 
processes are in order with the proposed strategy. So, 
when the strategy is mapped down, we can see quite 
clearly how the four perspectives which are mentioned 
above can be overviewed to check their status if they are 
working in accordance with the vision. [2] [11] 

 
C. Quicker you follow, faster the reaction: 

 
If we peep back to the history, we will come to know 

that there were many companies which were facing some 
major problems to be precise they were facing huge 
financial loss on daily basis back in early 90s [16]. Let us 
take the example of Cigna Property & Casualty; they 
were in deep financial crisis as the company was losing 
large amount of bucks daily back in 1992. But then they 
decided to restructure the strategy of the company as they 
mainly focussed on highlighting the strong point and 
projecting it to the customers as they are gurus in the 
field. In 1993, they implemented Balanced Scorecard to 
reckon the customers about their expertise. As a result, 
they started earning revenues in a couple of years. They 
were one of the early implementers of Balanced 
Scorecard. After 5 years, Cigna was able to price Property 
& Casualty up to $3 billion. So, it took Cigna to go from 
debts to start making staggering profits of $3 billion in 
mere five years of time [14].  

 
Let us take another example of Mobil's U.S. Marketing 

and Refining Division which was also facing some 
serious issues with their finances. But then the company 
decided to give it a try by redefining the strategy. They 
split the company into about 18 sections; each section 
used its own Balanced Scorecard. This helped them in 
relating the strategy within the different sections of the 
organization. Its output was come out in two years as they 
were number one in the market in terms of profits. They 
sustained it for the next five years [15].  



12th Research Seminar Series Workshop Business, Enterprise and Practice 
 

School of Engineering, Design and Technology  
University of Bradford 

-61-

IV. CONCLUSION: 
 
It’s now more than twenty years that this model is 

helping not only organizations but also to public sector in 
determining the strategy and then its implementation. 
Since then it assisted a lot of companies in regaining the 
stature they lost is one of the biggest achievements of this 
model. The model lends a helping hand to the companies 
at the time when they were in such a dilemma and then 
guided them to recoup what they were missing by 
allowing taking holistic view of the organization. There 
are different tools which were created to be used in the 
organization, map down the strategies and overlook if the 
strategy is working fine. With all the latest suggestion, 
like integration of supply chain, its application in public 
sector, considering risk management and change 
management as a factor and influence of Balanced 
Scorecard in analytics [17] [18]; there are still bright 
prospects of Balanced Scorecard that it will continue to 
guide the organizations to improve the strategies.   
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Abstract- The aim of this research is to demonstrate the 
impact of cloud computing in an organisation. In the 
computer world today, cloud computing is an integral 
aspect generally progressing. In this research I will like to 
identify the contributions of cloud computing to a modern 
organization. Cloud computing comprises of hosted 
services, application on the internet or web by a common 
multi-tenant. These services are divided into three 
categories IaaS, PaaS, and SaaS. 

 In the past, organisations were concerned about server 
specification, maintenance, timing and antivirus, but the 
advent of cloud computing has changed the role IT plays 
in a firm; all issues existing in the past were eliminated. It 
has been proven that groups using cloud computing 
techniques were able to save time, cost, security ease and 
replacement of hardware, flexibility patch upgrade can 
be done with ease and document can be accessed from 
any location, however whilst changes has been made there 
are still some limitations. 

Some groups implementing this technology include 
Amazon, Microsoft, Cisco, Google and EMC. Research 
has shown that by year 2020 CC is forecast to exceed 241 
billion. 
Finally, this research paper describes the tiers of cloud 
computing and how organization can work effectively and 
efficiently at a reduced cost. 
Keywords:  IaaS, Paas, SaaS, applications, cloud 
computing. 

I. INTRODUCTION 
 

Technology is continuously changing in the twenty -
first century through sharing and effective production 
of data. In order to uphold this information, 
organisation embraced technology as a back bone to 
drive this process. Prior to technological advancement 
processing powers of computers, telecommunication 
infrastructure was difficult and expensive to maintain 
but with the commencement of information technology 
that has been eliminated[1].  
The World Wide Web was depicted by programmers 
and network administrators in form of a cloud. Some 
scholars have expressed various views of what cloud 
computing entails. 
As explained by [2] the theory of cloud computing 
evolves from all the data processing or control which 
takes place off the user’s premises. 
[3] defines cloud computing as a model which permits 
the sharing of resources via virtualization technology, 
it also allows flexibility for on-demand process, instant 
service to client on pay as you go basis. It is an aspect 
in IT infrastructure that is promising, but the security 
issue in the domain needs to be addressed. 

Cloud computing is changing service delivery in an 
organisations  in the past if a user want to embark on a 
project they normally liaise with the IT department to 
support them in hosting applications and writing 
scripts,due to reduce manpower in IT department users 

tend to migrate to application and online business 
solution. This leads to easy user accessibility of 
applications on the web without necessarily requiring 
the assistance of their IT department. Though there 
may be benefits in using the clouds[4], it is essential 
that management team avoid ignoring the major factor  
at the cost of organisational performance[5]. [6] 
Predicts in 2014, ‘IT organisation in 30% of the 
world’s 1000 companies will broker (aggregate 
integrate and customize two or more cloud services for 
internal and external users, up from 5% today’. 
Technology is already impacting the way businesses 
are conducted all over the globe. The paper introduces 
cloud computing, the technologies that paved the way 
for it, and the effect it has in an organisation. 

 
II. DEFINITION 

 

Cloud computing is an enabler which can be used 
anywhere, it allows on-demand network access to a 
shared pool of infrastructure  resource(e.g. networks, 
storage, servers, services and application that can be 
speedily provisioned and released with minimal 
supervision or service provider dealings [7]. another 
definition by [8] harnesses the key characteristics of 
cloud computing as a technology service system where 
the infrastructure(hardware and software) are delivered 
on request to customers over the computer 
network(LAN or WAN), The coinage of cloud 
computing  originated from the Google CEO but the 
fundamentals for delivering Information system  has 
been laid over the years[9] modified from(Willis 
2009). In the past the commercial computing was very 
expensive to maintain as a result users had to share 
system resource, the modern cloud computing is linked 
to accessibility of faster computing power, lower cost, 
advanced software and hardware[10].  The deployment 
models of clouds can be delivered in different ways 
namely and it facilitate the described features[7] : 
 

A. Service Models 
1. Infrastructure as a service (IAAS): The user is 

able to specify basic fundamental resource 
which includes operating system and 
applications; however the user does not have 
control of the cloud infrastructure. 
 

2. Platform as a service (PAAS): The consumer 
can host service provider’s application 
without configuring or deploying the servers. 
E.g. using software on face book. in this 
platform consumers do not have control so 
they share lesser risks 
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3. Software as service (SAAS): The applications 
can be accessed through a client interface like 
a web browser, e.gs are Yahoo mail, Google 
mail and hot mail. The user is not in charge of 
the network infrastructure[7]. 

 
Fig.1.Cloud computing reference architectural 
overview[11] 

The figure above describes the architectural overview 
of a cloud environment, it is structured in such a way 
that the main roles for each corresponding element are 
well defined drilling down to the last element 
needed[11]. 
The service provider manages a number of service 
centres across the globe in different part of world and 
they are interrelated, this is particularly useful for 
companies that are officially required to house their 
data in a particular geographical region where they 
have access to cheaper electricity. There are two 
technologies which gave rise to the new computing 
concept namely: 

1. Grid computing: is the combination of 
interrelated computers to solve a single a 
puzzle. It involves a great deal of system 
processing power, also it can split programs 
to several thousand computers 

2. Virtualization: is a technology that 
camouflages the physical attributes of 
computing resources (e.g. a PC or a server) 
and makes it easier for applications, software 
and users to interrelate together e.g. system 
running Windows can use virtualisation to 
permit an additional operating system 
[9]modified from Carr, N. 2009.  

 
 
B. Cloud Deployment 

 
1. Private cloud: This cloud infrastructure is 

intended for organizations which desire 
secured shared structure for example GE 
using a technologies from Microsoft [10].  

2. Community Infrastructure: infrastructure: is 
specifically for a community who 
communicate and share the same belief (e.g. 
vision, mission, policy and compliance 
consideration) it is administered by one or 
more organizations in the 

community([12].examples are Nebula by 
Nasa([10] 

3. Public Cloud: is intended for general use by 
members of the public some examples 
includes government organisation, business 
and academics, in this case the cloud is within 
the premise of the provider of the 
service([12].some examples are Azure, 
Microsoft([10] 

4. Hybrid cloud: is the combination of public, 
community or private examples are cloud 
bursting for load balancing, government 
agency using cloud computing as a 
backup[12]. 
 

 
C. Essential characteristics of a Cloud 

 
1. Self Service Provisioning: This is when 

service consumers can independently 
provision computing capabilities at any time; 
this can include network storage or server 
time[7].  

2. Broad Network Access: Users can access 
network through standard means that promote 
thin or thick client platforms e.g. are iPad, 
tablets, Mobile devices, Laptops and 
workstations. The risk involved is that data 
resides outside the organisation fire walls, for 
example a service provider may be forced to 
provide financial record of a bank using its 
infrastructure[7]. 

3. Resource Pooling: in a cloud computing 
system, resources are pooled to service 
numerous consumers using a multi-tenant 
model; this resource can be allocated and de-
allocated according to consumer’s demand. 
Examples of this resources include memory, 
network bandwidth, storage allocation, and 
virtual machines[7]. 

4. Rapid elasticity: There could be uncertainty 
which requires the consumer to consumer to 
quickly scale out, businesses planning for a 
peak period can adequately share resource 
because quantity demanded will be met at any 
time[7]. 

5. Measured Service: it allows the service 
provider and the consumer control and 
measure decisions about service provision 
consumption, some vendors bill their client 
this way, examples are storage, active user 
account, and bandwidth[10]. 

. 
The figure below displays the different layers 
supported by cloud computing vendors. 
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Table 1.Cloud computing service provider [8] 
 
 

A. BENEFITS OF CLOUD COMPUTING. 
 

We have examined the technologies behind cloud 
computing in the previous sections, this section 
outlines the benefits of cloud computing in an 
organisation. 

1. Less to manage: Management of laboratories 
or biomedical institution has become easier to 
manage when hard ware and network 
acquisition maintenance are moved over to the 
clouds[13]. 

2. Scalability: it allows organisations have 
access to extra processing resource when there 
is a workload, especially during peak period 
such as  access to Swine Flu clinical data)[13].  

3. Homogeneity: in a consortium system, cloud 
computing has the characteristics of giving all 
authorised examiner access to the same tool, 
such as work flow to process the image from a 
biomedical scanner[13]. 

4. Lower cost: cloud computing lowers the cost 
of small and medium organization trying to 
benefits from computing power that was until 
now available to bigger organization[8] 

5. Lowers IT barrier to innovation: businesses 
now have promising start-ups from 
omnipresent online applications such as Face 
book and YouTube to  applications like flight 
track (for managing one's travel)[8]  
 

B. CHALLENGES OF CLOUD COMPUTING IN AN 
ORGANIZATION 
 

A lot of issues need to be addressed before it is 
globally accepted as a preferred choice in organization. 

1. Attacks in the cloud: it is common to have  
malicious user sniff packets when there is a 
pit fall in the network, cloud can provide 
services to legal user as well as illegitimate 
users who use it to commit fraud, this is 
because they use virtual network rather than 
physical network[14].as a result security 
specialist advised that users use one browser 
for surfing and another for delicate tasks this 
is because the user names and password can 
be broadcasted to remote server via 
unencrypted computer networks.[15]. 

2. Service API changes: service provider are 
permitted to tamper with service applications 

either by deleting or modifying the application 
programming interfaces(APIs)[12] 

3. Scheduled Outage: Some service providers 
publicize service outage in advance while 
others do not but best practice is to notify 
ahead of time  this could have a direct impact  
on organization especially during their peak 
period.[12]. 

4. Service agreement changes: prior notice is not 
given to the consumer before implementing a 
change, in the case of an individual notice 
could be via the post office delivery service or 
emails while for standard organization service 
agreement is done via web, the burden is on 
the consumer to check update from time to 
time [12]. 

5. Force Majeure event: there is no 
accountability for incidents outside their 
realistic control. E.g are natural disasters, 
power failure, network outage between 
consumers and service providers [12]. 
 

C. How the Organization Clouds works: 
 

A school of thought by [16] modified from (Soliman, 
2013a, 2013b, 2012a, 2012b, 2011a, 2011b and 2011c) 
classified knowledge transfer  into three critical stages 
namely, learning organization stage, innovation stage 
and knowledge based stage. The stages can impact the 
way decision are made, though the biggest  problem 
facing an organization is the choice of the cloud 
systems that is best suited to support and manage the 
organization needs even though there are benefits in 
using the clouds, there will still be some risks that the 
cloud system may not meet up with: 

1. Functional richness and adaptability: The 
cloud system must provide full breadth 
pertaining to the business in addition to the 
innovation effort. 

2. Availability and performance: for the cloud 
system to be effective there should be 
integrity of knowledge and performance. 

3. Compliance: The organisation must be in 
place standards for security and data 
protection policy, integration and governance. 
A guideline should be put in place to satisfy 
these requirement[16] 

 
D. Stakeholders in Cloud Computing 

 
We commence by introducing the stakeholder 
consumer use to maintain the service provided by the 
service vendor as illustrated by[8]. 

1. Enabler: This are people who market goods 
and services in cloud computing, they provide 
software platform for migration 

2. Consumer: are people or subscribers who use 
cloud system from the provider of the service 
as pay as you go basis or monthly basis, also 
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noted that effective use of the cloud system 
will cut down spending and prevent stress. 

3. Provider: They are service providers who 
deliver service to third parties, they manage 
and maintain the data ware house used by the 
consumers. 

4. Regulator: comprises of government or 
international bodies. They spread through 
other stakeholder (enabler consumer and 
provider. 
 

III. EVALUATION OF FINDINGS 
 

1. Case Study 
The impact of cloud computing is further illustrated by 
a field work at a Company B’s offices[17], the field 
work has three stages  
Stage 1: the total cost of setting up an infrastructure 
was calculated and it was compared with procuring a 
similar infrastructure setup from Amazon EC2. 
Stage 2: Database for all support calls that could 
possibly be affected by the movement was classified 
and evaluated. 
Stage 3: The result from the above two stages were 
used to produce a placard and it was analyzed by 
people who know little about what cloud computing 
entails, the issues were discovered by using a stake 
holder impact analysis. 
 

2. Case Study 
Cloud computing was implemented in a Japanese 
library resource, the purpose was to facilitate 
interlibrary loans, the application used was Google 
APP engine, the drawback was that Google APP 
engine only allows a subset of the JRE standard which 
does not allow user build new threads[5] 
 

IV. RESULT 

The table below shows cost analysis between cloud and 
company’s B data center, company B’s is running out 
of disk space instead of buying new infrastructure and 
upgrading the existing infrastructure they decide to 
host some applications on cloud, from company’s 
perspective (customer) discovers the cost of moving 
applications to cloud is relatively cheaper than 
outsourcing to company’s B. 
 
Table 2. Comparison of infrastructure costs between cloud and 
company B’s data center[17]  

 
. 

V. CONCLUSION 

Management should ensure they weigh the business 
aspect as well as the  economic aspect of cloud 
computing[16]. Mirroring a server now takes less time 
with the aid of virtualization[5],the cloud service 
models should be clearly understood, evaluated to 

decide if cloud service or hosting is an excellent 
business solution, as illustrated in this paper cloud 
computing has helped to reduce cost in an organisation, 
the challenges in implementing business solutions has 
also been eliminated, it has allowed entry to computing 
resources in a well-organized manner[18], however  
the  migration of the data across different vendor is a 
bit difficult because different platform have their API’s 
and deployment requirement[19].more research work 
will be carried out to find better ways of integrating 
service models between the different platforms[19]. 
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Abstract - Wireless sensor networks are one of the most 
powerful research areas. Because of WSNs are becoming 
involved in many potential application areas that have 
security risks. Security is one of the most important 
properties of WSNs, which are exposed to security attacks. 
According to these threats, it is necessary to use some kind 
of mechanism, which is Intrusion detection system. 
This paper will address, that it is necessary for WSNs to 
have security measures in place as to prevent an intruder 
from inserting into the WSN and disturb the network 
performance (i.e. IDS). This paper will show, the major 
threats that WSNs are dealing with and the existing counter 
techniques. However, some of the existing security 
mechanisms are inadequate, consequently employing new 
techniques is becoming must. In addition the concern of this 
paper is to combine the existing counter measures of IDS 
and show the steps to develop IDS for WSNs.  
Keywords: Wireless Sensor Networks, Intrusion Detection, 
Threats, Security 

I. INTRODUCTION 

   Wireless sensor network (WSNs) consist of large 
systems which are lesser sized, low-power, low-cost 
sensor devices that accumulate comprehensive data about 
the corporal environment. These devices are getting used 
in many applications like overall engineering 
environment science, health service, military etc. WSNs 
have limited energy, computation power and memory and 
transmission variety. The significance of these networks 
somehow, relies on consuming and organizing an 
enormous number of these devices and agrees to do the 
implementation on sensing networks. Normally these 
networks are installed in such areas like isolated terrains 
for acceptable monitoring in several applications.  
   These implementation methods of WSNs make them 
more susceptible to various attacks. 
Such applications in which WSNs are getting used where 
these sensors are dealing with different kind of corporal 
interfaces with the surroundings which can be accessed 
by anyone makes them more insecure form different kind 
of threats. 
   WSNs have some limitations and because of these 
limitations the existing security techniques are 
insufficient. 
Several IDS counter measures are in this paper and some 
new ideas for IDS, based on those counter measures. 
 

II. SECURITY THREATS 

   WSNs are deals with different kinds of exceptional 
challenges and because of these threats they should have 
a counter mechanism [1]. 
   Several papers present generous security problems. This 
paper will address the major attacks in contradiction of 
WSN. 
 

 
 

Fig.1 Complexity in Wireless Sensor Networks [14] 
 

A. Classification of Routing Threats 

   Many of the routing protocols for WSN are unprotected 
which can get aimed by the attackers. Following are the 
categories of routing attacks,  
 
   1)  Spoofed, Altered, or Replayed Routing Information: 
When the data is in sending process, the data which is 
transmitting can be altered, spoofed, and replayed. 
Generally sensor nodes have particularly small range of 
transmission, if an attacker have great processing power 
and large communication range could be a threat for 
numerous sensors consecutively and can also amend the 
transmitting data.  
 
   2)  Selective Forwarding: In selective forwarding, every 
message which is forwarded can be denied by the vicious 
node as it get, which act as a black hole or merely 
collapse others and might forward some messages to an 
unknown receiver. 

    
   3)  Sinkhole Attacks: In Sinkhole attack, the traffic can 
be attracted by the attacker which is its main aim. 
Specially, in flooding based protocol the requests for 
routes may be listened by the vicious node and the 
requesting node gets response with a message which 
contains a fake route to the requested endpoint with the 
shortest path.  

 
   4)  Sybil Attacks: In this type of attack, the attacker tries 
to worsen the enactment and the scattered algorithms 
performances which are getting used and which employed 
in contradiction of routing, scattered storage, data 
gathering and mischievous recognition [2]. 
 
   5)  Wormholes Attack: In this threat, the packets have 
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been sending through a tunnel by two vicious nodes 
which act as a sender and receiver at different ends. When 
the neighbor node receives the message from the receiver 
node then the neighbor node thinks the message has been 
sent from the base station but the data has come from the 
vicious node [4]. 
 
   6)  HELLO Flood Attacks: In this threat, the main 
weapon of the attacker is HELLO packet. An attacker can 
send many HELLO packets to the several sensor nodes 
which have high transmission rates and are unreachable 
in vast area of networks. 
 
   7)  Acknowledgement: In Specific WSNs routing 
algorithms link layer acknowledgements are essential. 
These acknowledgements may be spoofed by the 
conceded node, so the sensor can be persuaded that this 
feeble link have strength. 

B. Denial of Service (DOS) 
   The major aim of the attacker that the networks 
resources should be depleted and it also affect its 
performance. Several forms of DOS attacks which are 
used by the attacker based on layers. Jamming and 
tampering are the two forms of physical layer. If an 
attacker is interfering with different nodes is called 
jamming. An attacker by damaging all the nodes is called 
tampering. Collisions can be generated by the attacker 
and the protocols can be collapsed from which the data 
can be retransmitting again and again, even if the 
apprehensive collision gets activated [12]. 

III. COUNTERMEASURES 

   In this section there are existing countermeasures to 
protect WSNs from different threats. There are several 
techniques given in [1] with respect to routing threats and 
also some unique counter measures for every single one 
of them. There is a full study about DOS attacks and its 
countermeasures [12]. JAM, facility for WSNs and in 
these networks it detects where the area is jammed and it 
also avoids from such areas [3]. Wormhole in WSNs act 
as a shield against jamming DOS attacks [4]. SPINS is 
like a group of security protocols which improve the 
sensor networks [5]. SNEP and TESLA are the two 
security pillars of SPINS. The information has been 
delivered under full security. Verification and 
confirmation also needed from both of the nodes in 
SNEP. Genuine transmission has been accomplished by 
TESLA for ruthlessly constrained environment. Sybil 
attacks and its various counter techniques have been 
projected in [2]. REWARD, is a routing algorithms for 
sensor networks which is a novel [6]. In [7], the author 
propose LEAP+ (Localized Encryption and 
Authentication Protocol), and in sensor networks it act as 
a key management protocol which support the network 
performance [11]. 

IV. INTRUSION DETECTION SYSTEMS  

   However, the above mechanisms cannot offer security 
from intruders. Intrusion detection system can protect 
from threats. IDS is becoming an essential need for 
WSNs because attackers can easily hack into the sensor 
networks and can easily destroy all the performance of 

the networks, like cryptography, its security mechanism 
needs enhancement. Somehow it can defend against the 
outside mischievous nodes but it cannot defend against 
the inside vicious nodes which previously have 
cryptographic keys. Consequently IDS mechanism is 
needed for the security enhancement in WSNs [11]. 

A. IDS Architectures 
   Host-based and network-based are the two categories 
of IDS architectures, and it is liable on data collecting 
structure. Numerous forms of log files (kernel, firewall, 
and more) referred to Host based IDS, and the logs have 
been associated in contradiction of internal information 
for recognized threats of mutual signatures [8]. New 
packets of the network have been used by the networks 
based IDS as an information source in real time it 
observes all the discrete packets.  
   Moreover, its classification depends upon detection 
techniques. In Signature based IDS all the packets have 
been compared with pre-organized and pre-resolute 
methods of the attacks and also the packets of the 
network have been monitored. Any activities that have an 
instant drop outside the well-defined behavior Anomaly 
based IDS always have a check on that. Moreover there is 
an additional type of IDS that is Specification-based IDS 
which monitors the WSNs from attacks and also it 
obeyed all the network security policies. 

B. Wireless Network’s IDS Architectures 
   Additionally, wireless networks IDS architectures has 
been divided into following cate-gories [8], 
 
   1)  Stand-Alone: Every node operates as individual IDS 
and it only protect from those attacks which it deals with. 
The IDS do not co-operate with other systems. 
 
   2)  Distributed and Cooperative: Each of the nodes runs 
their IDS system, but the IDS co-operate with other 
several systems. 
 
   3)  Hierarchical: The network has been distributed into 
clusters with cluster-head nodes. All of these nodes only 
perform routing inside the clusters and it takes full 
responsibility of the messages which have been delivered 
by the cluster members and accept all the additional 
allegation messages from cluster-associates which specify 
vicious nodes.  

V. EXISTING IDS MODELS FOR WSNs 

   This section propose some of the detailed existing 
counter models for WSNs [11], 
A. Self-Organized Criticality & Stochastic Learning 
Based IDS 
   This model, propose a Host based data collection 
mechanism. Anomaly based detection technique has been 
used in this IDS model. Also there is distributed network 
architecture in this model. Hidden Markov model has 
been used, which generally used for wired systems in 
network based IDS  
 
B. IDS for Clustering-Based Sensor Networks  
   This model has been classified into two approaches 
which develop a complete protection for the cluster based 



12th Research Seminar Series Workshop Wireless Sensors 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-69-

sensor networks with the help of IDS [13] Validation has 
been used as its first approach which only provides 
security from the external attacker. LEAP [7] security 
mechanism is also been used as to substantiate the sender 
for the receiver. Energy-Saving has been used as a second 
approach for this model and it also defends against the 
external attackers. Its main approach is to identify the 
mischievousness in both of the member nodes and cluster 
head nodes.  
 
C. A Non-Cooperative Game Approach 
   It is a non-cooperative game between the attacker and 
the sensor networks. There are three defensive structures 
used in this approach. Alternative technique has been 
used for every structure which is known as the optimal 
defensive cluster-head by using IDS. There is non-
effective game between the attacker and the nodes in the 
first structure. In order to regulate the cluster head 
Markov Decision Process been used in the second 
structure which is protected by IDS. Things are simpler in 
third scheme. The cluster-head which have maximum 
traffic always have a defensive shield on it by IDS. 
 
D. Decentralized IDS 
   The IDS model provides a network based data 
collection mechanism. It uses an anomaly based detection 
techniques. It defends against different attacks like delay 
in the message, black hole, wormhole, selective 
forwarding, data alternation, jamming, negligence and 
repetition in the message. It has distributed network 
architecture. Moreover the IDS should monitor some 
rules and algorithms. All the information has been 
collected from the received message in the 1st phase and 
in 2nd phase it examine all the information according to 
the rules. A failure has been raised if an examination 
failed. If the number of the estimated infrequent failures 
in the network is less than the number of the failures then 
the threat alarm been elevated in third phase [9].  

VI. A FULL APPROACH IDS MODEL IN WSNs 

   All of these IDS techniques do not provide a complete 
security mechanism. Some techniques define IDS with 
the help of cluster head but do not define its performance 
and production. 
   This model is a combination of several of the above 
IDS techniques for WSNs [11]. 
   The use of a hierarchical model for IDS orders a low 
energy restrains in WSNs. Each of the clusters has 
cluster-head in which every network has been classified. 
It evades all the nodes and also reduces the consumption 
of energy, so the cluster head will receive all the 
transmitted data and after that it is received by the base 
station.    
   One of a different protocol can be used to make 
clusters. This protocol is cluster first protocol, it selects 
all the cluster heads but first all the clusters been created.   
It only provides protection at the time of cluster 
production because outside attackers do not interfere in 
between the cluster formation and those inside attacker 
can be recognized and will detach from the network. 

   This protocol is based on four steps and one extra if an 
irregularity appears. In first step it interchanges the lists 
of the neighbors in between all the neighbors and 
calculates the highest native cluster within each node. Its 
highest native cluster has been interchange with its own 
neighbor in second step. In third step, every node 
interchanges the reorganized clusters in between its 
neighbors in the form of final cluster. Finally neighbors 
interchange its final clusters and if a cluster inconsistency 
identified then it transfer data to the fifth step. Else, it will 
be terminated in an effective manner. The final validation 
checking has been performed by each node. If a vicious 
node has been detected then that node will be confiscate 
from the network and then the protocol starts again from 
the first step. Or else, it terminates all the clusters.  
   Another threat that WSNs are dealing with is the 
arrangement of IDS in which the node is running IDS. 
There is a solution for this threat is by considering all the 
cluster-head sets and regulates the control of that node set 
and that set of the node known as cut set. However cut set 
is a set of different sensor nodes such as all the routes 
from one node to the other can cross the set of that node 
those two nodes are known as cluster head nodes. 
Therefore, IDS is essential for every node that is related 
to the cut set. A node will be undemonstrative if a node is 
declared anomalous [10].   
   Cluster-nodes should be secured and there will no 
misbehavior in them. Also, there is an additional method 
to perform cluster head monitoring.  In this way each 
node should be energy efficient to perform monitoring.  
   This model is totally network based which detect 
intrusion only for those messages that it monitors [11].  
A. Further Recommendations and Some Common 
Mistakes 
   The centralized routing major fault is that it does not 
use the finest energy route to the base station. 
   Moreover, there is also a brief description about the 
usage of the dominating sets algorithms [10]. The number 
of hops between each node and its cluster head should be 
peripheral and this would easily control the difficulty 
with best route. The major goal of selecting this modelof 
IDS [11] because in unreceptive situation dominating 
algorithm sets cannot defend against attacks from the 
vicious members. These vicious nodes only rely on their 
metrics like an increase in the transmission power for 
cluster head messages and which makes these cluster 
head select their own cluster heads. 
   As a result they control all the nodes in their clusters. 
Hence, algorithms have a defensive shield from the inside 
threats which they can easily handle. Therefore, in 
between all the properties of WSNs security is one of 
them and it is essential. Conversely, due to growing 
technology in WSNs security is seems to be getting 
improved with time. 

CONCLUSION 

   The major goal of this paper is to present importance of 
security in WSNs because security is becoming a critical 
issue in WSNs. If an intruder can get in the network and it 
dismantles all the network performance. Thus the security 
is always needed in WSNs. This paper addresses the 
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threats and in respect to those threats their current 
countermeasures. A full approach to IDS model provides 
a complete solution by combining the current defensive 
techniques and also illustrates how to prevent from 
different kind of threats and to defend them in a well 
manner. Therefore, this research shows that the defensive 
techniques are really worthy for WSNs.  
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Abstract - Over the past few ten years, people are getting 
more concerned about developing sensing facilities without 
wire. The reason behind this is interconnected networks 
using wires could increase certain problems such as 
complexity and inconvenience. Therefore, wireless sensor 
networks (WSN) are being implemented which are 
significantly used in various areas such as environmental 
monitoring (humidity, temperature, pressure etc), health 
monitoring, battlefield surveillance, agriculture, security, 
transportation and also can deal with emergency situations. 
Comparing to wired network, wireless sensor networks 
sometimes can be more efficient, precise and reliable 
because of their simplicity since wireless sensor networks 
are mainly based on nodes communicate over wireless 
channels. (Including sensor nodes) Thus, WSN can also be a 
“smart” network. 
This research paper mainly focus on how wide the range of 
applications where wireless sensor networks can be used 
and in what way the networks operate. The difficulties and 
challenges of WSN in several areas that are currently 
discovered and their possible solutions will also be 
mentioned in this research paper. Last but not least, the 
future work on developing WSN and one practical 
experiment regarding two motes (mica2) communicating to 
each other will also be discussed.  
Keywords: Wireless sensor, networks, applications, smart 
 

I. INTRODUCTION 

According to the improvement of technology and demand 
of society for past few years, the development of wireless 
sensor networks or so called WSNs has been increasing 
surprisingly. This network is incorporated with 
computing, measuring and communication components 
that can be used in different kind of environments for 
example in physical, biological or data framework 
systems. To satisfy the architecture of wireless sensor 
network technology, it requires few basic components 
such as assembly of sensors, wireless-based 
interconnecting networks, data or information clustering 
central point. Furthermore, computing resources also 
become substantial for handling data connection, data 
mining, and status enquiring in WSNs. Therefore, 
distributed sensing and computing nodes play important 
role in wireless sensor network because the network 
consists of massive amount of data. These data are used 
computation and communication based on any 
environmental situation or application [1]. 
Nowadays wireless sensor networks have somehow 
replaced network that using wired system because there 
are several difficulties of using wired network and 
become inconvenience to other people. The most obvious 
problem is wired network required wires or cables to 
make connection between nodes to nodes. Think of a 
building with a number of walls, wired system cables 
have to be placed all over the floor connecting from point 

to point while suffering wall blocking problem. Despite 
of increase the complexity in construction of wired sensor 
network, it can raise the construction and material costs 
for long distance or wide area wired network. 
Furthermore, wired sensor network can suffer from a lot 
of drawbacks such as the need of maintenance or real 
time troubleshooting. However, comparing to Wireless 
SNs and Wired SNs, the overall cost of construction for 
each network is questionable. This is because the costs of 
sensor devices for Wireless SNs are much more 
expensive so that the network can achieve wireless based 
communication.  

II. WSN MARKETING 

 
Fig. 1: Total Wireless Sensors and Transmitters Market: Revenue Forecasts (World), 2002-2012. 
[2] 

Wireless sensor networks have been good practice in the 
world today due to technology advancement. In the view 
of marketing as shown in (Fig1), the growth rate of 
wireless sensors and transmitter market is relatively high. 
The market was increased from about 90 million dollars 
in year 2002 to about 1800 million dollars in year 2012, 
which having about 45 % growth rate [2].  

 
Fig. 2: Total Wireless Sensors and Transmitters Market: Revenue Forecasts by Geographic 
Region (World), 2002-2012. [2] 

Fig. 2 shows that the growth rate of wireless 
sensors and transmitter market is mainly divided into 3 
major areas which are North America, Europe and Asia 
Pacific. From the past few years until year 2012, the 
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market forecast raised from 20 million dollars to 600 
million dollars in North America, 15 million dollars to 
500 million dollars in Europe and from 8 million dollars 
to 400 million dollars in Asia Pacific (approximately) [2]. 
This marketing data emphasize that how widely use of 
Wireless sensor networks is.  

III. BACKGROUND OF SENSOR 
TECHNOLOGY 

In development of WSNs, it is better to have low power, 
less costly but able to perform multiple objectives sensor 
network. Basically wireless sensor is a tool used for radio 
transmission for example: 

 transmitter (use to transfer signal to a receiver) 

 Receiver (receive wireless signal to be converted 
into wanted output) 

 Controllers (To analyse received data and 
perform configuration or manipulation, for 
example: sensor detect low humidity area, it will 
send a signal via transmitter to turn on water 
spray)   

 Data Loggers (Dependable wireless 
measurement network) 

 Transceivers (Having both transmitter and 
receiver, used for increase the range of wireless 
measurement network). [3] 

In wireless sensor technology, there are various types of 
sensor devices being used including environmental 
sensors (use for detect pressure, temperature, humidity), 
navigation sensors, pressure wave sensors and so on. 
These sensors nowadays can be called as smart sensor 
because of their self-organizing which able to make 
decisions and perform logic functions. A WSN is a 
combination of densely sensor nodes or so-called motes 
that can form communication link by receiving, 
processing and transmitting data wirelessly [1]. One of an 
example is sensor nodes called MICAZ or MICA2 which 
can be used for radio transmission. 

IV. APPLICATIONS OF WIRELESS 
SENSOR NETWORKS 
 

A. Military application 

Wireless Sensor Network is gravely important to be used 
in military applications. In present-day, the development 
of sensor network technologies in military use can be 
divided into 3 generations. The first generation (1GSN) is 
made of discrete sensor devices and the construction is 
relatively simple. However, this generation of sensor 
network has to be manually configure and can only 
execute point to point communication link. Next, the 
second generation (2GSN) can perform wide area of 
communication link instead of point to point. This sensor 
network is an assembly of a communication hub and 
various sensors linking to a control node which requires 
manual deployment and depends on early configuration. 
The third generation (3GSN) is sensors network that 

having self-organising capability. It is the latest network 
used in many purposes such as analysing environmental 
situation or carry out communication check. Furthermore, 
this generation sensor network have high mobility 
(flexible) and the reason behind is the networks operates 
with large amount of distributed sensor nodes 
communication to each other [4].  
Wireless sensor networks exist in military because the 
sensor networks are suitable to develop battle 
surveillance, infiltration, communication, monitoring 
network, targeting system and other applications. With 
the availability of 40000 lines of code and different model 
of motes, VigilNet (a type of WSN) is successful military 
applications. It is design for analysing enemy expertise 
and determines the location of unfriendly target. There 
are many requirements to achieve in order to make this 
system useful that are: 

 Stealth (military surveillances must be hard to be 
detected) 

 Endurance (sensor networks maintain for long 
period) 

 Easy configuration (system has to be changeable 
in different situation, increase flexibility) 

 Real time tracking (has fast responsive in 
tracking system almost without delay). [5] 
  

In the battleground, there will be difficult to identify 
friendly forces. Sometimes risky terrain can be significant 
factor such as mountain or jungle, the appearance of each 
unit even vehicle has to be matched with any environment 
so that detection possibility will be decrease. Another 
factor is the battlefield can covers huge areas while the 
targets that having high movement will become less 
visible or identifiable. Therefore, deployment of densely 
sensors has to be made near the targets. Having self-
organising, high reliability and error tolerance, WSNs 
become vital for military forces. This will make targeting 
system become available for tanks, jets or submarines to 
for launching assaults accurately, missiles or torpedoes 
for example. Furthermore, wireless sensor networks in 
military can be used for sensing incoming nuclear, 
biochemical weapons to prevent terrorist attack [6] [7]. 
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Fig. 3 MQ-9 REAPER monitoring system [8] 
 

B. Environmental Monitoring application 

In Wireless Sensor Networks applications, Environmental 
Monitoring is one of the domains that having huge 
impact. There will be hundreds to thousands of sensor 
nodes arranged in geographical area which will cover 
wide range of environmental monitoring and detection for 
example, wind speed and path monitoring, flood 
detection, air pressure monitoring, land fire detection, etc. 
Some of the parameter changes can be slowly in time, 
therefore only few sampling will be carried out (sample 
every two to five minutes) during monitoring period. This 
is because some natural incidents such as landslides or 
avalanches are unpredictable. Therefore in order to 
achieve the aim of saving power, each monitoring system 
will have its own configured sampling time depending on 
the environmental situation. [6] [9] 
There are also some technical conditions in this WSNs 
environmental monitoring system. 

 Autonomy (power conservation is important in 
this system because communication of radio 
transceiver requires huge amount of energy) 

 Dependability (the network able to predict 
simple tasks such as avoid sudden crashes, 
human maintenance reduced) 

 Sturdiness (the network is able to solve 
difficulties such as fixing hardware failure, 
amplify signal transmission during poor radio 
connection) 

 Flexibility (In different environment, sensor 
network self-configure is important technique as 
well depending on the environment situation) 
[9]. 

 Comfort Networking (The capability of sensor 
nodes of connecting to Internet will provide 
accessibility of control, observe and data 
gathering to remote user) 

 Minimal disturbance: (Deployment of WSNs for 
observing bio systems will only cause least 
disturbance instead of bringing large sensor 
equipment during visiting) [6] 

There was an application of installing WSN in an area 
which is about climate control in office buildings. Most 
employees working inside the building suffers sudden 
change of temperature, humidity or brightness. This 
causes inconvenience to those workers and it was 
unhealthy. Therefore, WSN was deployed for local 
climate monitoring, provide proper adjustment and 
control. 
Sometimes in dry wild lands there will be fire combustion 
because of high temperature or caused by human, those 
fires can spread out unexpectedly fast, endanger living 
species, destroying habitat, resources or properties. 
Therefore, wild land fire detection is necessary and for 

that wireless sensor networks are important because of 
densely and flexible deployment. This makes WSN a 
good practice for wild lands fire detection [6]. 

C. Disaster prevention 

One of the great advantage of WSN is the network can 
always be well prepared to be deployed for emergency 
situations. During a rescue operation, by using wireless 
sensor network, location of victim or trapped personnel in 
disaster area can be tracked and found. Furthermore, 
WSNs can also gather data and predict breakdown of a 
building by monitoring its motion and stress. WSNs can 
also become handy for detecting hazard material or detect 
noxious substances leaked. [6] 

D. Medical Health Care 

One of domain application of wireless sensor networks 
which provide proper health care for human being.  

  
Fig. 4 Wireless Implantable Medical Devices 

Fig. 4 shows some implantable medical devices based on 
wireless communication technologies and these devices 
are used for checking body health, such as measuring 
heart rate, blood pressure, detect or predict possible 
infection. They can also monitor patients’ vital signs so 
that early treatment can be approved which is depending 
on patients’ health. [10] 
Wireless sensor network also useful in remote infection 
tracking. Same as environmental monitoring application, 
wireless sensor nodes can be deployed randomly into 
infected areas. This could identify the infected population 
and the characteristics of viruses. WSNs can also detect 
moisture and rainfall of the areas which can predict the 
possible diseases. [6] 

E. Home Intelligence 

In order to provide more fitting and smart living places to 
people, wireless sensor networks become widely used to 
develop home intelligence.  
One of the features of home intelligence is home 
automation. With wireless sensors connected into 
individual equipment or furniture, it will form an 
autonomous network [6]. For example, the brightness of 
light in home can be changed by detecting movement 
with motion sensors. Meaning that when there is a person 
moving around the motion sensors, the light will turn on 
or when the person leaves the room the light will turn off. 
Another example is HVAC (Heating, Ventilation and Air-
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Conditioning) technology, a WSN based system used to 
maintain good indoor air quality and good temperature by 
measuring indoor humidity and temperature, then provide 
adjustment to each parameter.  
Some home surveillance cameras are capable to detect 
unusual behaviour of a person and are often use for 
monitoring indoor or outdoor to prevent intruders coming 
inside to home. These surveillance cameras are connected 
to sensor nodes wirelessly. 

V. STUDY OF MICA2 MOTES 

For further understanding about the application of 
Wireless sensor network, a small experiment has been 
carried out which is about how two MICA2 radio motes 
communicate to each other by wireless. It is based on 
TinyOS (NesC) programming by using software called 
“Cygwin terminal” and program codes is compiled so that 
they can be downloaded into the radio motes. On the 
other hand, two MTS300 sensor boards which consist of 
1 light sensor and buzzer must be attached to both 
MICA2 radio motes. These two set of radio motes are 
capable to carry out simple wireless communication for 
example the traffic light application since each radio mote 
consists of red, yellow and green LEDs. Temporary 
traffic lights are set to direct the traffic where each light 
has two states: one is active while one is passive. It means 
that when in the active state traffic light will cycle from 
red to yellow to green and then turn back to yellow, stops 
at red again. At the same time, it will send the signal to 
other light and change to active state then go to the 
passive state again until it receives another signal from 
the other traffic light. Therefore, by proper programming 
the two MICA2 radio motes are capable to simulate the 
lights using radio communication to synchronize the 
lights so one light is always active while other is passive. 
By using the light sensors, both motes can also 
synchronize lights when both motes read dark reading 
together.  
The second example is Co-operative wireless alarm. 
Because both motes have their ability to wirelessly 
exchange their reading with their neighboring nodes, this 
helps them to collectively take decision based on their 
readings. It will also prevent a rogue mote sends incorrect 
reading causing a false alarm and helps neighboring 
nodes to communicate with each other to increase 
reliability. For sensing capability, both motes having light 
sensors to monitor ambient light (for example to detect 
fire) and send their readings to neighboring mote.  
Fire detection application (Fire: light reading above 
threshold) 
From first radio mote perspective 
Sending: Yellow LED flashes 
Receiving: neighbor Green LED flashes 
Light reading above threshold: neighbor Red LED 
flashes, buzzer sound (alarm) 
Several applications can be carried out with just these two 
set of MICA2 nodes. Therefore, imagine there are 
thousand to ten thousand of sensor nodes forming a 
wireless sensor network; certainly numerous advantages 
can be achieved.  

VI. CHALLENGES OF WIRELESS 
SENSOR NETWORKS 

Network communication in wireless based is indeed 
convenient to other people. However there are still some 
challenges and limitations in wireless sensor networks.  

A. Power consumption  

In WSNs, power consumption happens in sensor nodes 
during sensing, communication or during handling data. 
The sensor nodes have limited power and they are 
difficult to replenish.  

B. Sensor node cost 

Wireless sensor network is a combination of sensor nodes 
and each sensor node comes with a price. In fact, the cost 
of sensor network can be rather expensive. Therefore, 
designing a low-priced wireless sensor network remains a 
challenge. 

C. Environment factor  

Wireless sensor nodes are usually deployed in harmless, 
smooth surfaces. However sometimes sensor nodes can 
be deployed at hazard and dangerous area which will 
drastically reduce the performance of detecting or 
monitoring applications. [1] 

D. Security 

Wireless Sensor Network also has security problem such 
as network hacking by disturbing the propagation of 
waves. Information transmitted between the networks can 
be intercepted by other hacker. [11] 

E. Disturbance 

WSN communication can be affected by surrounding 
such as wall blocking or during far distance signal 
transmission. It gets distracted by noise or interference as 
well such as Bluetooth or microwave. 

VII. WIRELESS SENSOR NETWORKS 
FUTURE WORKS 

Researcher may think of how to solve monitoring 
problems at more advance level. For example, to increase 
the reliability of medical sensor network in order to 
prevent medical failure or decrease the risk of medical 
sensors being hacked in hospital. On the other hand, real-
time monitoring or tracking could be improved in future 
by reducing the time delay. 
 

VIII. CONCLUSION 

Wireless sensor networks hold great potential in future 
work since many plans of WSNs have been suggested and 
found out that these interesting ideas have being 
implemented. This will undoubtedly lead to fresh and 
exciting applications because of availability of sensors. 
There are still countless applications of Wireless sensor 
networks yet to be mentioned in this research paper. 
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Abstract: The ease and safety with which we can commute in 
our ever evolving environment is of tremendous importance 
in our lives. Intelligent transportation systems (ITS) are a 
unique innovation which meets this need.  ITS incorporate 
information and communications technology to improve 
safety and relieve traffic congestion by using appropriate 
traffic management systems. 
Smart technology is an emerging global trend creating 
smart environments, the next big step in evolution. Smart 
environments (such as ITS) need information about the 
surroundings. A very efficient way of collecting such 
information is with the use of Wireless Sensor Networks 
(WSN), which are primarily cost effective. 
This paper looks into WSN and its application in ITS (with 
road traffic systems in particular), considering the 
important characteristics of WSN that make it a more 
suitable choice for use in today’s ITS and that of the future. 
Such key areas include the architecture of WSN and ITS, 
with a critical assessment of existing architectures. WSNs 
are known to be energy efficient, self-maintaining, and 
reliable in data delivery. All these coupled with its flexibility 
make it a good choice to use in systems as large as ITSs. 
WSN seeks to enhance the sensing and communication 
within all major aspects of ITS. Improved communications 
and information sharing simply provides increased system 
intelligence. 
Keywords: Communication, Wireless sensors, intelligent 
transportation, network architecture. 
 

I. INTRODUCTION 

Intelligent Transport Systems (ITS) over the past 20 plus 
years have grown significantly to have a huge impact on 
vehicles and road transport systems as we have them 
today[1]. They are a state of the art combination uniquely 
designed for transportation, using the concept of 
information and communications systems. They thus 
provide advance information and telecommunications 
networks for drivers, passengers and vehicles, as well as 
being able to resolve traffic congestion and emergency 
situations [2 , 3]. 
Some of the underlying technologies used in ITS are: 

 Global Positioning Systems (GPS) 

 Dedicated-Short Range Communication (DSRC) 

 Wireless Networks 

 Roadside Camera Recognitions 
 Probe Vehicles or Devices 

This paper focuses on the wireless sensor technology in 
ITS. 
The deployment of Wireless Sensor Networks (WSN) 
was motivated by battlefield surveillance and target 
tracking in military applications, which led to more 
typical applications such as tracking, monitoring and 
controlling [3]. Incorporating WSN into ITS gives 
advantages such as low cost, size and distributed 
intelligence. With the help of sensor networks traffic can 
be measured with good accuracy and precision, enabling 
commuters to minimize travel time and optimize route 
and travel speed [1]. WSN provide a platform for data 
sensing, processing, aggregation and transmission and 
have been identified as a significant means of delivering 
the integral concepts of ITS [4]. 
WSN consist of small, low-cost devices communicating 
wirelessly and have processing capabilities as well as 
sensing and storing capabilities. The nodes often self-
organize after being deployed in an ad-hoc fashion. WSN 
is comprised of sensing, computing and communication 
elements that give the user the ability to instrument, 
observe and react to events and phenomena in a specified 
environment [3] as seen in Fig.1. 
WSN are suitable for ITS, integrating the core subsystems 
of ITS. In a WSN-based traffic information system, 
sensor nodes collect traffic data from the road network, 
and gateway nodes are essentially connected to the sensor 
nodes to aggregate or process their data and transmit to a 
traffic management centre or a back-bone [4]. 
WSN possess nodes which are embedded with sensors, 
processors and radios, collecting information in a 
particular environment [5]. WSN are designed to meet the 
principal requirements of accurate sensing, security, 
reliability and long network lifetimes. 
In ITS the most important features are the vehicle states 
(position, speed and direction) and object classification. 
One major challenge in vehicle control and traffic 
management is in knowing the position and speed of the 
vehicles on the road network in real-time [3]. 
Several wireless standards are available for 
communication in WSNs, such as Bluetooth, Zigbee, 
Wireless LAN, Wi-Max and 3G.  The range of 
communication, data throughput and power consumption 
are some important properties to be considered [3]. 
Topologies affect the implementation of these 
communication technologies as ITS generally require 
high data rates for communication.  
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Fig.1:  Heterogeneous Sensing and Communications Platform [1] 

 

ITS i used in improving road safety and traffic efficiency 
and give value-added services for road users. Their 
complex nature requires three main categories namely; 
cross-interface management, networking management 
and station management, for efficient management [1]. 
These three main categories can be broken down to 
include sensor network, transmitting/base station, and 
monitoring and control centre and database server, giving 
a good ITS architecture. 

A. Sensor networks 

Large traffic data is obtained through sensor networks, 
and sent to a nearby base station. Thus the sensor network 
requires high volume transmission capability [1].  
The ITS architecture is such that traffic data are detected 
by multimedia sensor nodes. Some of these data include 
number of vehicles and shapes or sizes of vehicles. The 
sensed data is then communicated to the base station via 
wireless communication networks [1].  WSN should be 
capable of data fusion for transmitting data. This employs 
some source coding or scheduling algorithm.  
Data fusion analysis from the sensor nodes helps improve 
accuracy [6] by combining several data packets to reduce 
the amount of data flow. Data fusion is however only 
vital for ITS applications independent of instantaneous 
readings. Implementation of data fusion depends on the 
network topology, and is most suited where data is 
required to transverse several intermediate nodes [4]. 

B. Transmitting/Base station 

The base station, also known as the sink node, provides 
real-time traffic information [7] and also transfers the 
sensor data over the communication network to the 
control centre in real time [1]. Base stations could also be 
powerful sensor nodes deployed at important areas such 
as crossings and bridges providing vehicles with 
information about traffic and road conditions from control 
stations [3]. Base stations communicate with each other 
by forming ad hoc networks. 

C. Monitoring and Control centre 

It gets information from all transmitting stations, analyses 
and processes the data, and display the operating status of 
vehicles and then issues control instructions [7]. With the 
help of database servers, the control centre can gain and 

analyse real-time traffic surveillance, available parking 
spaces and optimum driving routes [1]. The control centre 
requires large volume of data from the sensor network so 
as to achieve optimum performance. This traffic data 
must be in real time, accurate, diverse and span a wide 
coverage area [1]. 

II. WSN DESIGN 

The unique features of WSN allows it to be of great use 
in ITS. When dealing with ITS however, the following 
should be put into consideration as design requirements 
of large-scale, reliable and cost-effective WSNs. 

A. Network topology 

Accurate information about locations of nodes allows for 
more accurate information about node events. Also inter-
vehicular communication via Bluetooth connections can 
be used to share information collected by other sensors 
[3]. Sensors are deployed on road sides, or known 
locations, eliminating the burden of implementing node 
localization algorithms [3]. 

B. Power consumption /Energy efficiency 

For ITS, sensor nodes are primarily installed on vehicles 
and on road sides. Vehicular sensors can operate on the 
vehicles battery power, while roadside sensors can be 
charged with solar power. [3]  
Sensors are expected to operate for years without 
replacement, with the highest amount of traffic volumes. 
Harvesting energy from the environment in which they 
operate, is a good way of ensuring sensor nodes meet 
their energy requirements. Such sources could be solar 
energy or vibrations caused by pressure of vehicles 
wheels on piezoelectric devices [8]. Most devices are 
battery powered sensors, and it is important that battery 
life be prolonged by minimising energy consumption of 
monitoring devices. Protocols must be designed to make 
the communication energy efficient by minimising the 
active time of wireless devices [8]. 

C. Scalability  

An efficient ITS is expected to cover a large area, so 
WSNs must be large enough to meet this requirement. 
With appropriate traffic estimations, only a small fraction 
of road will be monitored by WSN. Traffic estimations 
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can be used to estimate traffic data at locations where 
sensors are not deployed and can lead to a significant 
drop in the deployment cost of WSN [3]. 

D. Fault Tolerance 

ITS are considered safe from unstable environmental 
conditions and thus failure of sensor nodes are minimal. 
This directly impacts the WSN by increasing its life span 
and designing of protocols [3]. 

E. Self-configuration and Self-maintenance 

WSNs must be capable of adapting to changing 
conditions and reconfiguring in case of sensor failure. 
Basically, onsite maintenance shouldn’t be required, 
rather remote diagnostics will be run as maintenance 
routine [8]. 

F. Reliability of data delivery 

Reliable communication guarantees the connectivity 
among the sensing devices, but it is a significant 
challenge in WSNs due to lower-power ratios and harsh 
environments. Limited transmission range can lead to 
multi-hop communication. Specialised multi-hop 
protocols have to be designed to enable reliable 
connectivity [8]. 

G. High density of sensors 

In order to provide accurate and continuous monitoring, 
traffic could be sampled every 20-200 m, depending on 
the specific mobility content [8]. For instance, a higher 
density of sensors will be used at urban crosses and a 

lower density will be used in extra-urban areas and 
motorways [8].  

H. Synchronisation 

The clocks of all sensors must be synchronised for data 
acquisition and communication. This ensures the 
protocols are synchronised for low-duty cycles [8]. 

I. Security 

WSNs in ITS are a common target for intruders and 
attackers, seeking to corrupt or fake images about traffic 
conditions and manipulate data exchanged among sensor 
nodes, thereby causing a serious problem. Sophisticated 
encryption algorithms can be implemented with WSNs to 
achieve higher levels of security [3]. 
 

III. WIRELESS SENSING DEVICES 

Selection of the sensor to be embedded in a sensing node 
should be based on system constraints which include the 
design requirements specified in the section above, as 
well as mechanical stress resistance to severe 
environment conditions. Various types of sensors can be 
used to monitor traffic conditions. For example, the 
Inductive loop detector which detects the presence of a 
vehicle. Video sensors are popular with ITS due to their 
ability to capture visual information for monitoring 
traffic. Other sensors in use are infrared sensors, ultra 
sonic sensors and satellites [1]. 

 
Table 1 COMPARISON ON SENSOR MODALITIES 
Sensor type Physical 

information 
Advantages Shortcomings Possible areas of 

application 
Acoustic Sound Low power consumption, not 

sensitive to precipitation, 
algorithms are capable of 
vehicle classification, re-
identification 

Sensitive to 
environmental conditions 
such as wind, radio 
chatter and Doppler 
effects 

Controllable 
environments such as 
indoor car parks and 
weighing stations or as 
secondary sensors on road 
networks 

Infrared Light/radiation Algorithms are capable of 
vehicle classification and 
pedestrian detection 

Sensitive to effects of sun 
glint, changing light 
intensities and absorption 
owing to water 
concentration in fog, rain 
and snow, can also be 
obscured by smoke and 
dust 

As secondary sensors on 
road networks that have 
signalised intersections 
with pedestrian phase or 
in controllable 
environments 

Magnetic magnetic flux Small size, low cost, fast 
response, good sensitivity, low 
power consumption, capable of 
directional measurement, 
vehicle classification  

Not capable of detecting 
bicycles, pedestrians and 
animals. Requires close 
proximity for accurate 
detection 

primary sensors on road 
networks, car parks, bus 
stops 

Optoelectronic Light Fast response, small size, ease 
of vehicle detection 

Sensitive to shadowing 
and changing light 
intensities 

Controllable 
environments such as 
indoor car parks, as 
secondary sensors on road 
networks 

Pyro-electric Temperature Capable of detecting 
pedestrians, bicycles and 
animals 

Difficult to achieve 
vehicle classification or 
re-identification, cannot 
detect stationary vehicles 

secondary sensors on road 
networks, or as signalised 
intersections with 
pedestrian phase 

Ultrasonic Radio/sound waves Low cost, small size, ease of 
detection, can differentiate 
vehicles from pedestrians 

Sensitive to air 
conditions, turbulence, 
scattering and temperature 

As secondary sensors on 
road networks 
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IV. WSN ARCHITECTURE 

WSNs consist of a large number of sensor nodes which 
are low-cost and multifunctional, with sensing, 
processing and communication components. These nodes 
are usually randomly deployed over a monitored area for 
effective use in WSNs applications. The sensors deployed 
measure ambient conditions and then process such 
measurements, after which processed data is 
communicated to other sensor nodes within range, via 
radio communications [6]. 
In the architecture proposed [3], the ITS is formed with 
the help of WSN and an ad-hoc network formed by 
Bluetooth devices attached to vehicles, making up an 
inter-vehicular communication network. The WSN set up 
between vehicles in the area at an earlier time provides 
information about road conditions to the base station. 
This information is now available to other vehicles as 
they approach the area of the base station. Base stations 
are expected to monitor up to 200 vehicles in 100m range 
and are solar powered. 
In this architecture [3], if the vehicle does not find the 
base station, it communicates with vehicles in its 
communication range forming what is known as a 
piconet.  As in Fig.2 if we consider two cars that want to 
communicate with each other, any vehicle within this 

network range can communicate with up to seven 
vehicles at a time via the piconet from car A to car E. Car 
A detects car E in its communication range and sends a 
connection request. An acknowledgement is sent by car E 
along with its ID and then the communication is 
established, which allows them to send information 
regarding traffic conditions to each other.  
Also there can be communication between static sensors 
in WSN and vehicles moving along the road. A car E 
detects the WSN-BS within its transmission range and 
sends a connection request to the BS along with its ID. 
Networking the sensors improves overall sensing 
accuracy. Multiple sensors surrounding a phenomenon, 
allows for an event to be sensed by several nodes. Sensed 
data from each node can be aggregated to get a more 
precise view of the environment [6].  
Sensor nodes form a self-organised network through 
which the best data transmission route to the sink node 
can be found. The sink node is a special node, (more 
powerful than other nodes within the network), capable of 
sending data from other nodes to the user. The user can 
access the sink node to get information about the 
monitored area. This sink node is also known as the base 
station in ITS architecture [6]. 

 

 
Fig. 2 Communications model between vehicles and WSN-BS [3] 
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Fig. 3 Wireless Sensor Network deployed in Road Network [9] 

V. COMMUNICATION PROTOCOL 

The communication module is embedded into specific 
sensors of cars, road sides, as nodes of the WSN. The 
communication stack for a WSN node is divided into 
physical layer, Media Access Control (MAC) layer and 
network layer. The physical and MAC layers ensure that 
communication range is 100-200 m, with low power 
consumptions, while the network layer determines the 
route algorithm [5]. 

Important attributes for selecting a network protocol for 
WSN will include channel acquisition mechanism, 
network synchronisation and energy conservation 
strategy. Some of the choices available include IEEE 
802.11, PAMAS, S-MAC TEEM, and PEDAMACS. The 
application of these protocols is dependent on the 
structure of the WSN in place. Table 2 shows the 
characteristics.

 
Table 2  COMPARISON OF COMMUNICATION PROTOCOLS [4] 
Attributes IEEE 802.11 PAMAS S-MAC TEEM PEDAMACS 
Network 
synchronisation 

No No Yes Yes Yes 

Energy 
conservation 
strategy 

Collision avoidance Scheduled power-
off, power-on  

Scheduled power-
off, power-on with 
message passing 

Adaptive power-off 
power on  

In-built duty cycling 
with idle listening 
avoidance 

Possible application 
areas 

Delay tolerant ITS, 
deployed in small 
scale networks 

ITS where nodes are 
densely deployed 
and data throughput 
is low 

Event based ITS, 
such that adopt store 
and forward 
processing 

ITS applications in 
small and large 
networks that collect 
data in random 
manner 

ITS where networks 
can be deployed in 
star topology 

 
 

VI. CONCLUSION  

Wireless communication has so far played a very huge 
role in transportation systems. Today we can testify to 
how efficient the road traffic systems are due to 
availability of reliable traffic information. The 
significance of WSN cannot be downplayed in ITS. 
The benefits of WSN will see a semi-automated 
transport system, ensuring safety and improving 
vehicular efficiency. It is also worthy to note that the 
applications on WSNs are vast, covering a wide range 
of applications. The future of ITS is very much 
dependent on WSN, because the true intelligence of a 
system is dependent on how much data it processes 

over time. Efficient WSN provides accurate and 
reliable data for these systems. 
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Abstract- Database at the end nodes of the client server 
architecture is a critical component in most of the IT 
applications.  High database performance is mandatory 
requirement which mostly installed in the expensive high 
specifications hardwares.  However, the hardware’s 
resources such as CPU and RAM are not utilized 100% all 
the times. In which, IT organizations spend a massive time, 
efforts and operating expenses to maintain those 
components which partially ideal and not fully utilized. To 
overcome this costly issue, Virtualization is one of the 
efficient solution and economic necessity for many IT 
organizations. Virtualization is consolidating multiple 
physical IT components such as physical servers into one 
component or server to utilize its’ resources and run 
multiple virtual machines on the same box. Dramatically 
expenses reduction will be achieved, Increase effective 
resources management, Reduce the data centre footprint, 
Increase uptime,  Improve disaster recovery and Extend the 
life of older applications are some Virtualization’s benefits. 

This paper provides an overview of a virtual environment 
and types of Virtualization, implementing a database in such 
environment, advantages and disadvantages (benefits and 
drawbacks) of database Virtualization, key factors need to 
be considered. 

Keywords: Virtualization technology, Virtual 
Environment, database Virtualization. 

I.INTRODUCTION 

The virtual machine (VM) concept was introduced 
commercially by IBM in the 1960s. VMs were used as 
time and resource sharing on the expensive hardware. At 
the hardware start to become cheaper in the 1970s to 
1980s the VMs were almost extinct till many Operation 
systems and PC based hardware on 1990s become 
popular which encouraged Virtualization idea.[1] Today, 
the same idea starts growing in which it is used to 
consolidate and reduce the number of physical servers 
and gain full resource utilization leading into the total 
cost reduction. A new concept introduced called a 
hypervisor that enables physical hardware such as CPU, 
memory (RAM), hard disk, network interface card (NIC) 
and I/O to be shared in the guest OS.  

Two types of hypervisors called native, bare-metal 
hypervisor which run directly on the to of server 
hardware and hosted hypervisor which run indirectly on 
top of an OS layer [2].  Indeed, Virtualization has been 
implemented in all IT infrastructures including three basic 
structures of IT infrastructure which are Storage, Network 
and Server Virtualization [3]. The database is one of the 
IT infrastructure that installed in a virtual environment in 
order to gain database Virtualization advantages. 
Database Virtualization comes under server Virtualization 
basic structure. As K. Kline mentioned in his paper the 
second biggest driver for Virtualization is powerful high 

availability features provided which is the main concern 
of all DBAs all the times. He also added 80% of new 
adopters of a technology are driven by cost savings which 
is the first biggest driver almost organization looking for 
[4].  By 2013 the Virtualization market will grow to 
nearly $11 billion which show the significant importance 
of this technology [5]. Figure 1 [5] demonstrates the 
vitalization adoption over time. By the first mid of 2013 
server Virtualization will reach 79%.  However, some 
disadvantages raise of the database Virtualization.            

This paper will focus on the implementation of 
Virtualization technology in the database environment 
and present some real statistics of database server 
resources that are not utilizing this technology. Also, it 
will explain the two types of server virtualizations. In 
addition, some advantages and disadvantages of a 
database configuration in each type of  server 
Virtualization will be presented. At the end key factors 
will be highlighted  

 
 Fig. 1: Adoption of Virtualization over Time 

II. DATABASES IN VIRTUAL ENVIRONMENT 

Traditionally, the database normally installed in a high 
specification server in a production environment as 
instance only. The actual database data files stored in a 
storage device such as Network Attached Storage (NAS), 
Storage Area Network (SAN), Tape drive, Tape drive 
library  etc. in order to optimize performance of the 
hosted physical server. Still, most of the time the server 
hard disks and the server’s resources are not fully 
utilized. 

Figure 2 illustrates the real database’s server resource 
utilization of some oracle databases installed on separate 
physical servers. This statistic gathered from a sample of 
real databases servers CPUs and Memory consumption 
which captured for more than twenty months using 
network management software and server monitoring 
called WhatsUp Gold. Eight databases installed on 
windows server  – windows server 2003 32 bit 16 GB of 
RAM – were captured its resource usage in a daily base 
from 7 AM to 2 PM - the working hours - of an IT 
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organization. Type and size of databases vary from 
transaction databases such as HR and Hospital databases 
to query only databases such as library database.  

The average usage of CPUs and Memories for the 
whole period are less than 3% and 36% respectively. This 
is due to the transactions are done in eight hours in a day 
only. Therefore, 97% and 64% of (CPU and memory) 
respectively are idle most of the time and consider as a 
resource waste. My observation comes as a confirmation 
to Shields, Greg percentage mentioned in his book which 
stated “… As an average, many windows server 
computers rarely use more than 5 to 7 % of their available 
processor resources. They are often overloaded with 
RAM memory, sometimes containing 4x, 8x, or greater 
memory than is actually needed to process their assigned 
mission”[6].   Consequently, other waste and expenses 
can be added like operational expenses includes 
electricity and cooling power in the data centre, time,  
management and maintenance activity involved to 
supervise those servers that definitely considered as a big 
loss for this organization. In other words, it is an over-
investing in hardware, software and operation[7].  

 
Fig. 2 CPUs and Memories Utilization 

So, what is the best server Virtualization configuration 
type of databases to overcome such an issue? 
Types of server Virtualization 

Server Virtualization are categories into two types 
called hypervisors. The hypervisor is a thin layer that is 
installed directly on top of a server’s physical hardware 
and on top of an operating system of the hosted physical 
server. It intercepts virtual machine requests directly or 
through operating system into something understandable 
by the  physical hardware [6]. The hypervisors called 
native, bare-metal hypervisor and hosted hypervisor. The 
two hypervisors categories explained below.  
 Native, Bare-metal Hypervisor (Type 1 hypervisor)  

Red hat defines Hypervisor in ExpertGlossary website  
as “the software layer that abstracts the hardware from the 
operating system permitting multiple operating systems to 
run on the same hardware. The hypervisor runs on the 
host system allowing virtual machines to run on the host's 
hardware as well.”  Figure 3 shows the graphical 
representation of Bare-metal Hypervisor. 

Fig. 3:  Type 1 Hypervisor - Native, Bare-metal Hypervisor 
Each Virtual machine or (VM) represent a virtual 

server containing an operating system. The type and 
version of the operating system can be different from 
other on the same physical server. One or many databases 
can be installed and configure on each VM, in same or 
different OS. This type of Virtualization is installed 
directly onto the server's hardware directly [8] and it 
controlled by virtual machine monitor (VMM). Microsoft 
Hyper-V, Citrix XenServer and VMware ESX Server are 
some examples of server Virtualization products that used 
this type of Virtualization.  
 
Hosted Hypervisor (Type 2 hypervisor) 

Type 2 hypervisor where the virtual machines VMs run 
on top of a host operating system. [9]. It is an application 
runs in top SO. Figure 4 displays the type 2 hypervisor.  

 

Fig. 4 : Type 2 Hypervisor – Hosted Hypervisor 

This type of server Virtualization is separating the VMs 
from physical hardware by involving one layer - 
operating system layer- between them.  Microsoft Virtual 
Server and VMware Server are some examples of server 
Virtualization products that using type 2 hypervisor 
concept. There are some positive and negative signs of 
each type. 

 
III.ADVANTAGE OF VIRTUALIZATION  

There are some benefits server Virtualization displays 
when using the two types of hypervisors. Generally, 
server Virtualization benefits are reducing the physical 
server number in the data centre, operational cost saving, 
low power consumption from server and cooling systems 
[2]. Moreover, beside reduction in the number of physical 
servers, Virtualization makes better utilization of the 
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server’s processor, memory by running of multiple VMs 
simultaneously [10]. Also, Virtualization allows a more 
efficient allocation of a physical server resources by 
various, independent units [11]. Table 1 shows a 
summary of the advantages  of the two types of 
Virtualization’s hypervisors as Portnoy M. Mentioned in 
his book titled Virtualization Essentials [10]. 
Furthermore, Virtual Servers can run on different server 
‘s hardware independently [6]. Redaction in hardware 
footprint as a result of the reduction  in physical servers 
which means less cooling and energy consumption [6]. 
Figure 5 [12] displays Virtualization consolidates of 
many underutilized physical machines onto a single 
virtual host.    

TABEL 1 : Virtualization Types Advantages 

Type1 Hypervisor-
Native,Bare-metal 
Hypervisor 

Type 2 Hypervisor – 
Hosted Hypervisor 

 Directly communicate 
with the hardware 
resources. Better 
performance 
characteristics.  

 More secure, virtual 
machine can damage 
only itself. 

 Less processing 
overhead, more virtual 
machines can be run 
on each host. 

 The cost of a host 
operating system not 
required.  

 Leverage OS 
capability to handle 
hardware resources.  

 Support a large 
range of hardware 
because it’s 
inherited resources 
from the OS.  

 Easy to install and 
deploy since all 
hardware 
configured.  

 
This table can be summarized into three main 

advantages of Virtualization which are provide identical 
physical environment, minimize the total performance 
cost and maintain full control of the system resources. 
Moreover, as  McDougall R. and Anderson J. Server 
consolidation provides application configuration 
isolation, separation of application and operation system 
versions and isolation of faults or failures [13]. Type 1 
hypervisor provides higher performance efficiency, 
availability, and security since each VM is separate from 
each other unless it is depend to each other [14]. whereas, 
type 2 hypervisor is easy for configuration and 
installation  since no Virtualization professionals require 
as well as it is more suitable for the development phase, 
where some may be reduced in exchange for greater 
diagnostic and development capabilities[15].  However, 
there are some drawbacks with Virtualization we have to 
consider.  

 

Fig. 5: Virtualization consolidates many underutilized physical 
machines onto a single virtual host 

IV. DISADVANGTES OF VIRTUALIZATION 

The goal of server Virtualization is to run multiple 
concurrent VMs on the same physical host. However, IT 
professionals need to consider the SLA of users’ 
applications requirements in the VMs.  McDougall R. and 
Anderson J. illustrate the following points which explain 
important Virtualization drawbacks[13]: 

CPU efficiency. Number of VMs consumption of the 
physical processor should be as low as possible in order 
to overcome overload.  

Scalability to handle the increase workload. For 
example, I/O scalability to handle VMs workload may 
reach its limit which if I/O stock's increased at the same 
time.  

Extra memory required to support VMs that increased 
number of cache misses, due to capacity conflicts 
resulting from additional instructions in the VMs.  

In addition, overhead case the performance negative 
sign of the Virtualization in which developer needs to sort 
this out and make it as the performance of the physical 
server performance. Also, hardware failure is still a 
problem. If the physical hardware in the physical server 
fails, the VMs will fail as are all depend on the physical 
server[16]. In other words, there are some issues with 
Virtualization especially which related to the workload 
and scalability. Therefore, certain strategy needs to be 
planned in prior to start facing some or all of the 
mentioned points.  

V.ADVANTAGE AND DISADVANGTES OF DATABASE 

VIRTUALIZATION  

Database Virtualization has a strong and statist 
assumption of performance and databases sometime 
design to utilize all the resources give as Kiefer T., 
Lehner W. State in their Fourth IEEE International 
Conference on Utility and Cloud Computing in 2011 
[17]. In other hand database virtualiztion is becoming the 
second drive of Virtualization because of the powerful 
high availability features provided by many Virtualization 
products [4]. In addition, DBA can use database 
Virtualization to achieve the maximum uptime 
availability in any such circumstances as a failure without 
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the need to take downtime because the ease of moving 
VMs from one physical server to another [4]. 
Furthermore, flexibly deploying and managing database 
servers are another advantage of database Virtualization 
as Soror et al. States as well as controls the allocation of 
physical resources to virtual machines which can change 
it as needed, he added[18].  

However, Virtualization makes the DBA face difficulty 
in term of tuning and troubleshooting [4], [18]. This is 
sometime due to difficulty to increase memory 
requirements at the peak time for instance. Beside that, 
the cost of training and consulting raise another challenge 
of database Virtualization. That is because, many training 
courses required in order to accomplish database 
Virtualization which included system administrators and 
DBAs. This is a really obstacle for smaller organizations 
want to go Virtualization[19]. Organizations and 
companies have to evaluate the advantage and 
disadvantage database Virtualization will give comparing 
to their resources and requirements.   

VI.KEY FACTORS OF DATABASE VISUALIZATION 

Despite the features that Virtualization or server 
Virtualization brings as well as many limitation ad 
challenges arise with it, certain key factors need to be 
pointed out. First of all, Virtualization is considered as a 
strategic decision an organization need to take it 
correctly. This is due many reasons include users' 
requirements and expectations. In other words, at least at 
the time of Virtualization ear starts growing 
exponentially, tremendous information is required in 
order to adopt or not Virtualization. Hence, the Top 
management involvement is the first key factor.  As 
Shing-Han’s et al. statement “The success of a new 
technology requires the careful coordination from various 
aspects”[20].  For example, technical information from 
professional DBAs and system administrators, Network 
administrators etc., training and consulting people, skills 
and experience, financial budgeting related to the total 
cost and the economic feasibility analysis are critical to 
take a successful technology decision. 

Secondly, Treat Virtualization as an architectural 
decision throughout the organization  as VMware white 
paper documented[21]. The long term plan is required 
which explain the project practically implementation. 
This will prioritize the Virtualization priorities in which 
organization plans to move applications to the virtual 
structure. Considering all milestones in the plan toward 
Virtualization. 

 Thirdly, design the over big plan and start incremental 
targeting reture on investment[21]. In other words, 
deploying projects in small steps and start with less 
critical system in order to get the benefits of the lesson 
learned in the initial stages. Getting the benefits of 
Virtualization consaltants’ lesson learned. Forth, culture 
change is required so the potential benefits users will 
realize the potential benefits[21]. During the 
implementation for an example of a database 
Virtualization high level of support and services is a 

crucial. Fixing the performance issues and engage the 
users will achieve tremendous success. 

Fifth, building a full team of Virtualization[21]. Plan 
each stage carefully and engage the appropriate technical 
team members will run the implementation smoothly. All 
team members need to communicate in all project stages 
in order to avoid unplanned circumstances. Also, working 
all together help find a quick and fastest way to identify 
the root causes and hence eliminate unwanted stops. 
Making sure all involved teams are well trained on 
database Virtualization and server Virtualization. Sixth, 
avoid the early shutdown of the new database that is 
Virtualized[21].  Service degrade affects service level 
agreement with the customer or other users.  

Redundant systems should run simultaneously in order 
to avoid business process delayed or stopped. As long the 
virtualized database becomes stable, the redundancy 
system can be moved.  Finally, consolidation ratio is a 
critical ratio affects the user workload in the peak time. 
As VMware, Inc personals - McDougall R. and Anderson 
J.- marked that the consolidation ratio of 10:1 can be 
achieved using all available resources if a physical server 
is only 10% utilized[13].   
VII.CONCLUSION 

This paper has explained the central importance of 
database Virtualization driven by server Virtualization. In 
this research, the aim was to value a significant database 
Virtualization impact to IT organization Data Center, 
users, organization’s resources and examine the two coin 
sides of running databases in a virtual environment. The 
tremendous growth of data centres physical servers 
should be reduced by using server Virtualization.  

This research has found that generally, database 
Virtualization is a key to reduce resource waste, increase 
utilization, save money and cope up with the IT 
sophistications growth nowadays.  It was also shown that 
there is a nonstop innovation and implantation of 
Virtualization technology since it started in early in the 
1960s.  

In general, consequently it seems that many IT 
organizations had experienced some or all the best results 
of database Virtualization based on the increase number 
of products and services available in the market. The 
current findings add substantially to our understanding of 
the new era direction toward the cloud and Virtualization.  

An issue that was not addressed in this study was 
whether the database Virtualization will be the best 
practice for small, medium and large organization. Also, 
whether the disadvantages mentioned will be eliminated. 
More practical and technical research experiments are 
needed to better understand the real databases 
Virtualization will be suitable considering the 
performance, security, high availability and disaster 
recovery architecture. A reasonable approach to tackle 
these issues could be a real database Virtualization 
implantation in different type of Virtualization types, 
different virtual environment and varies workload and 
users’ transactions over the peak and nonpeak time.   
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Abstract - Augmented Reality also called Mixed Reality. It 
aims at augment the interaction between people and virtual 
information. It applies the computer technology to add the 
virtual information into the surrounding environment, so 
that, the virtual images or animations can overlay with the 
real world. Augmented Reality is the improvement of the 
Virtual Reality Technology. VR technology emphasizes to 
the immersion of virtual world. But one disadvantage is 
users cannot see the real world at the same time. The 
augmented reality technology combines the two dimensions 
world and the real world together. It is a kind of 
information technologies which supplement and enhance the 
real world environment. 
Generally, the AR system applies the head-mounted 
equipment. Through combining the imaging technology and 
3D registration algorithm together, user can see the virtual 
objects and information in reality and in right place. 
Augmented Reality has many applications, different areas 
can benefit from it, such like education, medical, industrial 
design and navigation. This topic will cover the general 
types of AR system, mobile phone applications and the 
present registration technologies. 
Keywords: Augmented Reality, Virtual Reality, 
Visualization Technology, Registration technology. 

 

I. INTRODUCTION 
Augmented Reality is a branch in Information 
Technology, which has the great potential. AR aims at 
enhance the relation between the people and virtual 
information. AR also provides people a rich and colorful 
world. Augmented reality can be defined as referring to 
cases in which an otherwise real environment is 
"augmented" by means of virtual objects (Milgram and 
Kishino, 1994). 

 
Figure 1: Milgrams real-to-virtual continuum [16] 

 
The concept has been presented almost 40 years long, 
because the limitation of hardware and software, AR 
develops slowly. Presently, AR is already used on many 
different platforms, such like Head Mounted Display, 
Monitor-based system, computers and smart phones. The 
AR still limit by work environment and location. How to 
increase the precision of registration in real environment 
will be an important issue. Even though, there are a lot of 
problems in this area, the AR applications are already 
applied in different field and brought the benefit to us. 
Some current applications of AR technologies: 
1) Internet: Overlay the internet information in real 
world ; 

2) Entertainment: The game combines with virtual 
objects and real world environment gives people more 
pleasure; 
3) Medical treatment: To help doctor locate the 
surgery spot accurately; 
4) Military affairs: Access to local related 
geographic information through the orientation 
recognition; 
5) Monuments restoration: Recover the original 
state on the cultural relics sites; 
6) Travel: Display the related information when 
people is looking at the scenery; 
7) Build: Construction planning will show directly 
in the real scene. 

 
II. TYPES OF APPLICATIONS 

The basic question of AR system is how to combine 
virtual images and real world. According to today’s 
technology, this can be done in many ways, like the see-
through HMD (Head Mounted Display) [1], the monitor-
based system or AR mobile phone applications. 
 

A. see-through HMD: The general see-through 
HMD devices can split into two types: 

 
1) Optical see-through HMDs allow user to see the 

real environment directly. The Head Tracker will keep 
tracking user head’s motion, so the virtual information 
can display on the right place.    

 

 
Figure 2: Optical see-through HMD conceptual diagram 

[17] 
 

2) Video see-through HMDs [3] also called the 
closed-view displayers. The two front cameras can 
provide user the view of the surrounding environment. 
The scene generator creates the virtual images that user 
wanted, and video compositor blends real and virtual 
images together. 



Virtual Environments and Augmented Reality 12th Research Seminar Series Workshop 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-88- 

 
Figure 3: Video see-through HMD conceptual diagram 

[17] 
 
In this case, the graphics and the real environment can 
combine together perfectly, and this can be done in 
different ways. Such like the special effects in films, the 
background has been replace with green, or to say, all real 
objects’ colour changes to green. And green areas will be 
replaced later by cameras’ video. Another sophisticated 
way is called depth information [4]. Each single image 
comprises with millions of small pieces, called pixels. If 
the system can get each pixel’s depth information, it 
could overlap the real and virtual image pixel-by-pixel. 
This may allow the real objects cover with virtual objects. 
 

3) Focus and Contrast might be the problems in 
both see-through devices: 

i. Focus for optical see-though case: The optical 
combiners are outside eyes’ focus. If user concentrates on 
the virtual things, the surrounding world will become 
fuzzy, vice versa. The distance of optical combiners may 
be adjustable, but still causes uncomfortable. 

ii. Focus for video see-though case: According to 
the setting of depth-of-field, a part of real world image 
will be fuzzy. In general, the graphic software can apply 
pinhole module [5] to render the image. So, everything 
will be in focus.  

iii. Contrast for optical see-though case: The 
brightness of real environment and projected virtual 
image is not matched. For optical see-through devices, 
that can be a big problem. In some situations, such like 
the environment too dark, the virtual images may wash 
out it, or if the environment too bright, it may wash out 
the virtual images. 

iv. Contrast for video see-through case: Cameras 
have the limited dynamic response, whatever the virtual 
or the video of real environment, their brightness are 
limited in the cameras’ dynamic range. The brightness 
may be clipped, but both images can match finally. 
 

B. AR applications on smart phones: AR 
technology still limits by the work environment and 
property of processor. The Head Mounted Device still not 
suitable for general use. But on the other side, as the 
development of property of the smart phones, they 
become the new powerful platforms for AR software. The 
small size, strong capability of processing data, also, 
users no need to wear the extra equipment. Smart phones 
also a kind of see-through device. Most smart phones 
integrate the high resolution camera and different sensors. 
There are three basic ways to achieve AR: 

 
1) Based on sensors: The mobile phone can get the 

latitude, longitude and altitude from the GPS. And the 
different sensors may provide the information of 
orientation, direction and inclined angle respectively. 
These information are also called the location’s ‘‘finger 
print’’ [7]. The device could collect the related 
information about the ‘‘finger print’’ on internet, then 
overlay the information on screen.  
In order to implement the idea, the mobile phone must 
have camera, GPS function, geomagnetism sensor, 
acceleration sensor, and Gyroscope sensor. 

 

 
Figure 4: Yelp Monocle [18] 

 
The recent mobile phones, such as iPhone 3GS and 
Anroidis are already integrated geomagnetism sensor and 
acceleration sensor. Also, as the popularity of 3G and the 
improvement of wireless network speed, the mobile 
phone will get the information faster than before. The 
unsolved problem such like, the GPS cannot give the 
more accurate information; the geomagnetism sensor is 
easily affected by the surrounding devices. Even so, it is 
an easy way to apply the AR technique. Currently, some 
related applications have emerged in our life and it might 
spread further in future. Good news is that, as the 
launching of Quasi-Zenith Satellite [8], the GPS error 
could be decreased till 1cm, and the next generation of 
mobile communication standard LTE (3.9G) downlink 
will reach 100Mb/S. 
 

2) Marker recognition: How to track the user’s 
viewpoint is a big issue to AR applications. The devices 
should have the ability to know where the user is looking 
at, then, draw the virtual images at appropriate areas. In 
order to solving this problem, it applies the specific 
markers to be the feature points. As the picture below, 
markers can be some square black cards. The devices can 
recognises these unique shapes, and add the virtual 
images or animations above these cards through the 
image recognition technology. 
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. 
Figure 5: Marker tracking applications [19] 

 
This technology is mature relatively, ARToolKit [9] is 
the representative application, which is easy to 
manipulate. It uses the computer vision algorithm to track 
the markers and calculate their position in real world. 
This idea is already adopted by many companies, and it 
can be implemented on different platforms, such like 
Flash version, Android version, Windows OS, etc. One 
disadvantage is that, it needs to define marker images in 
advance. The application cannot acquire the picture 
information outside the marker images. So, the function 
expansion may be limited. But it still suitable for the 
game, magazine, advertisement, or, draw virtual image on 
the appointed marker in some specific situations.   
 

3) Image recognition: The basic idea is to capture 
feature points from photography images, then detect the 
plane and establish a virtual three-dimensional coordinate 
on this plane. The virtual images will be drawn in the 
coordinate. This unique idea does not need the specific 
information. By analysing the images, it establishes the 
virtual coordinate on the real environment. The virtual 
image and the real environment can combine correctly in 
this way. But a lot of questions still remain, like, the 
device needs to process large amount of data, that will 
slow down the response speed, also, the device needs the 
high processing capability; How to recognise the 
obstacles on plane or discriminate the vertical plane is 
still the unsolved questions. 
 

C. Monitor-based system [6] has one or more 
cameras to view the real world, the video will combine 
with virtual image such as the two see-through HMDs 
cases above, and then, the result will display on the 
monitor. One advantage is users do not need to wear any 
equipment. Optionally, it can be made into stereo video. 
Users can see the stereo images by wearing the stereo 
glasses. 

 

 
 

Figure 6: Monitor-based AR system conceptual diagram 
[17] 

 

 
Figure 7: External view of the ARGOS system 

 
 

III. REGISTRATION 
In AR applications, registration means the virtual objects 
that generate by the computer can overlay the location 
where the users exactly want to see. Also, it can keep the 
correct location information when user moving around. 
The biggish registration error may affect the coordination 
of action, even lead the wrong decisions. 
 
The 3D registration technique is so important. It can 
determine the property of an AR system. The precision of 
3D tracking registration also determines the virtual 
images’ positioning accuracy in the real environment. An 
ideal AR system could provide users a sense, where the 
virtual and real things perfectly matched. 
 
Currently, 3D registration contains the static registration 
and dynamic registration. Static registration needs the 
camera and the target object keep relative static state. 
Dynamic registration means when movement happened 
between the camera and object, the system needs to keep 
their relative direction and position. This process can 
separate into some steps, like image capture, image 
extraction and recognition, parameter calculation, virtual 
objects depicted. These procedures are easy to cause the 
delay. Because of the system delay, the virtual 
information will lag behind the movement of user’s head. 
This may lead a phenomenon, the virtual objects moving 
around near the real objects. So, dynamic registration will 
be the key issue in the AR applications. Generally, there 
are three kinds of dynamic registration techniques. The 
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registration based on the tracker, vision, and mixed 
registration: 
 

A. Tracking based on hardware: There are four 
main types of sensors used in the AR application, the 
magnetic tracking, acoustic tracking, optical tracking and 
the inertial tracking. The purpose of these sensors is to 
record and recognise user’s direction and motion.  

 
1) Magnetic tracking technology: It determines the 

target’s position according to the coupling relationship 
between magnetic field signal and magnetic induction 
signal. 
 

2) Acoustic tracking: In general, this technique is to 
deploy the ultrasonic sensors which used to send and 
receive the ultrasonic waves. By measuring the difference 
of arriving time (also called the Time of Flight) the 
system can determine the distance of the surrounding 
objects. But the disadvantage is that it is easily affected 
by other ultrasonic wave sources. 
 

3) Optical tracking technology: It uses the cameras 
or photosensitive diodes to capture the reflected light 
from objects. In order to reduce the interference by the 
visible light, cameras also use the infrared light as the 
light source. 
 

4) Inertial tracking technology: The system 
contains a Gyroscope sensor and an Accelerator sensor. 
Gyroscopes can track the motion of object by measuring 
its angular velocity. Similar to the Gyroscope, the 
Acceleration sensor can provide the object’s moving 
direction. By combining the information of these two 
sensors, the users’ motion and position can be 
determined.   
 

B. Vision based tracking technology: Before 1980, 
computers only can process and analyse the static 
pictures, because of the limitation of the hardware. After 
the optical flow method [10] has been presented, some 
dynamic questions have been solved. But the calculation 
is too much, even for now days’ computer. Compare with 
the hardware tracking method, the computer vision 
tracking technique only need simple equipment, also it is 
cheap. According to whether adopts the artificial Marker 
[11], the computer vision technology can split into two 
types: 
 

1) Marker tracking: Firstly, the markers should be 
deployed in the working environment, as the tracking 
standard. They can be placed in real environment or fixed 
on the object. In many applications, the augmented 
information needs to keep relative static with users rather 
than the fixed environment. When system starts, it 
extracts mark points from the image, and then recognises 
the mark points’ position and direction. Then, add the 
virtual images on markers. Finally, apply the perspective 
projection principle to finish the process of 3D 
registration. Here are some representative applications, 

for example, the software ARToolKit, and the Magic Eye 
Project [12], which developed by Washington University 
and Carnegie Mellon University respectively.  

 
2) Marker less tracking: Marker less tracking does 

not need artificial markers. The system can recognise the 
location and direction information according to some 
special natural characteristic, such like the doors, 
windows, buildings, graphic patterns. In marker less 
tracking system, the recognition of characteristic is 
harder. This system is suitable for some special 
environment where the markers cannot be deployed. In 
this condition, the system will apply the priori-knowledge 
and real-time video to determine the transformation 
relation between cameras and real environment’s 
coordinate. And then, system can get the transformation 
relation between the virtual objects and real world. 
Finally, overlay the virtual objects into the environment. 
 

C. Mixed tracking technique: In fact, all of these 
mentioned technologies above, each individual 
technology cannot satisfy all requirements of an AR 
application. The general way is to integrate multiple 
techniques to improve the property of the application. So, 
mixed tracking technology needs to adopt at least two or 
more tracking techniques in one AR application. Every 
single technology has both advantages and disadvantages, 
like magnetic and inertial tracking technologies, their 
real-time performance are good, but lack of precision. 
Instead, vision based tracking technology has perfect 
precision, but poor real-time performance. Hence, 
combine these two technologies will be a nice idea to 
make the AR applications become better. The current 
applications contain magnetic-vision tracking, magnetic-
optical tracking, acoustic-inertial tracking, vision-inertial 
tracking, and so on. The main difficulty is to fuse the 
different sensors’ data. In addition, the property of 
integration is also a question needs to be taken into 
account. 

 
 

CONCLUSIONS AND FUTURE WORK 
The development of AR technology faces a lot of 
challenges, but it also changes our life at the same time. 
Here is another similar concept called sixth sense 
technology [13]. Sixth sense technology is a very 
fascinating idea, which also based on today’s smart 
devices. By unify the devices and sensors together. Users 
can manipulate the system without some fixed human-
computer interface [14]. The common goal is to 
encourage people interacting with the virtual information. 
For example, users’ special hand gestures can make the 
different command to the system. It allows people cast off 
the discomfort of using different device platforms. As the 
optical see-through equipment, sixth sense system uses a 
micro-projector to overlay the information on the 
surrounding objects’ surface. If there is a way to unify 
these two ideas together, it may bring great change in our 
world. 
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Furthermore, since the AR technology is to augment the 
real world, it that possible to apply AR in other field. It 
might be extended to sound. Sound wave can offset each 
other under certain conditions [14]. That could be applied 
to reduce the effect of noise. Users may need to wear 
some equipment which has the external microphones. 
These microphones can detect the appointed incoming 
voice, then generate the wave that has same frequency 
and opposite direction. This would give the system a 
chance to mask or cover up selected real sounds from the 
environment by generating a masking signal that exactly 
cancelled the incoming real sound [15]. This may not be 
an easy issue, but still has the possibility. 
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Abstract: Our era is regarded as the information age, at the 
same time there is a trend to couple information with an 
appropriate knowledge about the sixth sense technology. 
Though not widely known Sixth sense technology may well 
be regarded as the next generation of devices ranging from 
gaming to more serious  activities and tasks, as it is now, it 
possibly will revolutionize ways of interaction between 
people and the real world, giving full understanding and 
knowledge of the environment around us. 
Sixth sense technology also known as the wearable 
technology comprises of some basic components; a small 
projector attached to a camera and a computing device 
(Smart phone) that functions as the processor and 
connected to the cloud where information are retained on 
the net. 
 
This research paper aims to describe how each component 
of the sixth sense technology is integrated to generate a 
viable technology; it will also examines other research 
carried out on related technologies and future enhancement 
to the technology. 
This technology will certainly provide users with a 
fresh perspective of the world with information at 
their finger tips. The power of Sixth Sense lies on its 
capability to connect the real world with the Internet 
and masking the information on the world itself.  
 
Keywords: Sixth Sense, Wearable technology, 
Information, Internet. 
 

I. INTRODUCTION 

Humans have evolved over time to sense the world 
around, when encountered with something, someone or 
place. As individuals, the awareness of the five basic 
senses is apparent and these senses are; touch, smell, 
sight, hearing and taste. What individuals are not well 
aware of is the sixth sense and this is the sense of 
otherworldliness: a connection to things greater than 
physical senses humans are capable to observe. 

Sixth sense technology enables people access the World 
Wide Web without the use of a screen, monitor or even a 
keyboard; any surface can be used as a display screen [1]. 

It is a hi-tech device that seamlessly integrates analog 
information with the activities of the real world [2]. 

As of now individuals use devices like computers, smart 
phones etc to acquire information required; with sixth 
sense individuals will use a device not bigger than the 
current smart phone and will eventually get much smaller 
to connect with the internet [3]. This technology will 
allow humans interact with the world like never before, in 

the past, this would have been described as a myth or 
something that could only happen in movies but with the 
help of this technology people will get information on 
anything and from any part of the world within a couple 
of seconds. Not only will people have the ability to 
interrelate or communicate with things on a different 
level but also with each other. The potential behind this 
technology is its capability to scan objects or even people 
and visualise this information on any surface [3]. 

With other devices, information is confined and trapped 
on a screen, in a desktop or a mobile device, the sixth 
sense breaks these constraints and brings information to 
the real world; rather than adjusting ourselves to gadgets 
sixth sense adjusts the machine to people and trains it to 
understand natural hand gestures. Technology is changing 
lives and the world at large. 

II.  UDERSTANDING SIXTH SENSE 

Steven Mann was the first to have an initiative of the 
sixth sense technology back in 1998 called the 
Telepointer or otherwise known as synthetic synesthesia 
of the sixth sense but was later developed by a PhD 
student at MIT Media Lab [4].  

Sixth sense is a wearable device that uses different 
technologies like gesture recognition, image capturing 
and processing; it is about comprehending information 
more than the available senses. 

 
  EARLIER PROTOTYPE 
The initial prototype was a wristband that would read 
radio frequency identification (RFID) tag to know for 
example which movie an individual picks of a shelf in a 
blockbuster shop; also a ring that uses infrared to 
communicate by signal to supermarket smart shelves to 
provide information about the product [5] e.g. if a can of 
milk is picked from the shelf the ring would glow a 
particular colour stating whatever information was 
programmed on the system. 
The whole idea was to make information more functional 
and important to people in real time with less effort, the 
wrist band was showing good prospects but the use of 
cell phones was still needed to get the information that 
was transmitted from the RFID. The main essence is 
attaining information from the internet and projecting it 
was a step further, someone wearing the wrist band picks 
up a book and the information is projected onto a surface 
in the store. At first a big projector was mounted on a 
helmet, but that proved cumbersome because if the 
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person with the helmet got distracted the data would be 
projected to another surface, another prototype consisted 
of a camera recorder attached to a bicycle helmet [6].  

 
Fig 1.1: Early Prototype [1] 

                

  RECENT PROTOTYPE 

The new prototype is more user friendly; it is made up of 
a miniature projector, a mirror and a camera which are 
attached together in a pendent-like mobile wearable 
device. A supplementary Smartphone works with the 
sixth sense software and conducts the connection to the 
internet. The camera acts like a digital eye; it tracks 
movement of the thumb and fingers of the user. The 
software scrutinizes the internet for information that is 
related to a particular situation and the projector projects 
it on a surface. 
Using the same example of a bookstore, once a book is 
picked by a user, sixth sense recognises and searches the 
internet, it then displays online reviews and prices of the 
book on the cover of the book. Basically, all the work is 
in the software; it constantly tries to find out what is 
around a user and what the user is trying to achieve [7]. It 
has been declared open source as of January 05 2012, and 
runs on windows and the code is mainly written in c++ 
and c# [8]. 

             
FIG 1.2: RECENT PROTOTYPE [9] 

 
III. FUNTIONALITIES OF SIXTH SENSE 

In this section, the functionalities of the sixth sense 
technology; comprising of the various components, the 
process, applications, commercial products and related 
technologies will be reviewed. 

A.  COMPONENTS 

There are five basic components that make up the sixth 
sense technology; 

A. CAMERA: 

It captures the object the user is viewing and tracks the 
hand gestures; physical object using computer vision 

based techniques and sends the data to the Smartphone. 
Basically, the system executes a gesture camera that takes 
photos of the scene by detecting the framing gesture [10]. 

B. MIRROR: 
As the projector is suspended, steering downwards from 
the neck, it projects the output image onto the mirror and 
the mirror reflects the image onto the surface [10]. 
 

C. PROJECTOR: 
The purpose of any projector is to project visual 
information and it is no different in this case. It projects 
information allowing all surfaces around to be act as an 
interface.  
 

D. SMARTPHONE: 
All mobile devices transmit and receive data; a web 
enabled Smartphone processes the data by means of 
vision algorithms to recognize the object. The software 
searches the internet and interprets the hand gestures [10]. 
 

E. COLOURED MARKERS: 
This is placed on the finger tips of the user or the finger 
tips will be coloured with different colours. Marking the 
finger tips with different colours of tape helps the camera 
recognise gestures. The movement and arrangement of 
the markers are deduced into different gestures that work 
as instructions for the projected application interfaces. 
[10]. 
 

B. WORKING PROCESS 

 
 

 
 
 
 
 
 
 
 
 

 
 

FIG2: FLOW CHART OF THE PROCESS 

 
The compilation of the Smartphone, the projector and the 
camera act as a computer and communicator to the 
internet, as all required information is stored on the 
internet. The components are controlled by the mobile 
computing device (Smartphone) in the user’s pocket, 
hand gestures made by the user and the location of the 
coloured markers are also tracked by the Smartphone. 
Basically, an object is taken by the user with the camera, 
the camera recognizes objects, individuals, gestures by 
the user etc, the data is captured and passed unto the 
Smartphone, which scrutinizes the internet looking for 
the information required for that particular process and 
sends it to the projector. The projector projects the image 
on the mirror; the mirror reflects the image on the 
surface. This process is the same for any instance; it 
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brings out the information from the confinements of the 
virtual world and places it in the physical world [10]. 
The sixth sense software recognises 3 kinds of gestures; 
 Multi-touch gestures: these are consistent motions 

used to interact with devices, the ability to 
simultaneously detect and resolve multiple touch 
points [11]. Apple and Microsoft applications use 
this gesture. 
 

 Free-hand gestures: it is natural expressions in 
mapping hand actions to render effect. An example is 
forming a rectangle with the index finger and thumb 
this activates the taking a photo application [12]. 

 
 Iconic gestures: this is taken from stylus-based 

interfaces. It lets the user draw icons in the air using 
the movement of the index finger and identifies the 
symbols as interface commands. For example, 
drawing crescent can initiate the weather application 
[12]. 
 
C. APPLICATION OF THE SIXTH SENSE TECHNOLOGY 

 
The present prototype implements several applications 
that demonstrate its usefulness, practicality and 
flexibility, these applications are; 
 
 Wrist-watch impression: the motion of illustrating a 

circle on the user’s wrist protuberates an analog 
watch, the coupled smartphone and camera 
(computer) tracks the piece of tape and recognises 
the gesture and instructs the projector to flash the 
image on the wrist. 

 
 Drawing application: the user draws on any surface 

and the computer tracks the movements of the user’s 
index finger. 

 
 Map reading: with this application the map of choice 

can be called up by the use of the user’s thumb and 
index finger to navigate the map. This also has the 
zooming in and out feature as well and it is done by 
using intuitive hand movements. 

 
 Taking Pictures: A hand gesture of a camera is 

implemented; this takes the picture of what the user 
is focusing on by recognising the free-hand motion. 
The technology also allows the user use any surface 
and flick through all the pictures taken. 
 

There are multiple applications and possibilities 
associated with the sixth sense technology, like; making a 
call( turning the palm to a cell phone), gaming, getting 
product information, getting flight information, create 
multimedia reading( live news feeds and videos) etc, 

there is basically no end to what this technology can 
do[12]. 

 
FIG 3: SIXTH SENSE APPLICATIONS [1], [2], [10], [12], [15] 
 

D.  RELATED TECHNOLOGY 
There are some technologies that have similar functions 
to the sixth sense technology and they are explained 
below:  

1)  AUGMENTED REALITY: 

 Is a live, direct and indirect view of a real world 
environment whose features are amplified by computer 
generated sensory input such as sound, video or graphics 
data [10]. It basically blurs the line between the real 
world and what is computer generated by enhancing what 
is seen, heard, felt and smelt. The basic idea is to 
superimpose graphics, video and other sensory 
enhancements over the real-world environment in real 
time [10]. The augmented reality system comprises of 3 
components: 1. Head mounted display- this gives the user 
the ability to view overlaid visual graphics and text 
created by the system. 2. Tracking system- pinpoint’s the 
location of the user in reference to the surroundings and 
also tracks the eye and head movement of the user. 3. 
Mobile computer- analyzes the sensed visual to 
synthesize and position augmentations [13]. An example 
of the AR is the google project glass wearable computer. 
 

2)  COMPUTER VISION BASED ALGORITHM: 
This is a technology that enables machines interpret and 
extract necessary information from an image. It consists 
of several fields like image processing, image analysis 
and machine vision. The techniques of computer vision 
have four (4) processes: 1. Recognition: this determines 
whether or not an object contains relevant data. 2. Motion 
Analysis: this estimates the motion of where the image 
sequence is processed for detection of velocity at each 
point of the image. 3. Scene restoration: This technique 
uses a number of processes to remodel a 3D image from 
the existing images of a scene. 4. Image renovation: This 
process is basically to remove any noise from the image 
[13].  
 

3) RFID- RADIO FREQUENCY IDENTIFICATION: 
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RFID is an electronic tagging technology that permits the 
discovery and tracing of tags/chip and subsequently the 
objects they are fixed to [14]. The tag comprises of a 
microchip connected to a radio antenna which is placed 
on a surface to receive and transmit signals; the basic aim 
is to enable the transmission of data via the tag. RFID 
technology is used with Biometrics technology for 
security [16]. 

 
E.  COMMERCIAL PRODUCTS THAT USE SIXTH 

SENSE 

There are some products that use the sixth sense 
technology and these are briefly explained below:  

A)  WHIRLPOOL WASHING MACHINES:  

Sixth sense technology sensors initially calculate the load 
size. It further regulates the water level, the temperature 
and the washing cycle in the interest of saving power and 
natural resources.  The sensors allow the appliance to 
continue monitoring and adjusting the programme to 
make sure ideal results and utmost efficiency is reached. 
[15]. 

B)  TUMBLE DRYERS:  
Sixth sense technology constantly measures the humidity 
level in fabric with the aid of sensors. It mechanically 
regulates the drying cycle to finish when the cycle is 
done, hence reducing time and energy. It carefully dries 
delicate fabrics and also washes and dries mixed coloured 
fabric.[15].  
 

C) FRIDGES AND FREEZERS: 
Sixth sense technology controls the temperature for 
preservation of food and only cools when required; which 
boosts the energy efficiency of the machine. It also 
investigates change in temperature after the door has been 
opened and regulates cold air into the region of the fridge 
that cool air escaped and replaces the lost temperature 
[15]. 

IV. ADVANTAGES AND DISADVANTAGES OF SIXTH 

SENSE 

The advantages of sixth sense are enormous but to 
mention a few: 
 Convenient: A core benefit of the device is its 

miniature dimension and portable size; the device 
can effortlessly be carried around. [13].  

 
 Support multi touch and user interaction: Multi 

sensing system permits the user to communicate 
with system with multiple fingers at a time. This is 
usually helpful for large interface scenarios such as 
interactive table tops and walls [13].   

 
 Low Cost:  Cost of production is quiet low, as the 

parts consist of common devices. The device has not 
been produced in large scale for consumer use yet 

but once it is made it will be a whole lot cheaper 
than the production price [13]. 

 
 Connection linking the real and digital world [11] 
 
 Easy access to information: By means of the device 

the user can effortlessly get information from any 
device instantaneously; data access by means of 
hand gestures is a lot effortless and user friendly 
compared to writing which requires a keyboard. 

 
 Open source software: it is made available to the 

general public and this gives the enablement for 
other software programmers add to the improvement 
of the system [8]. 

 
 Reduces machine dependence. 

 
Everything that has advantages also has disadvantages 
and listed below are a few demerits: 

 Projector cannot cast perfect size images from 
all elevations. 
 

 Different surfaces may cause sensitivity 
problem. 

 
 Vulnerable to security threats. 

 With every wearable there is the issue of health 
concerns, wearing the device too long is not 
advisable. 

 User Safety Concerns: Because it is a wearable 
device, it can disrupt the user while driving and 
this can lead to an accident. 

V. FUTURE DEVELOPMENT 

Sixth sense is still a working process and 
recommendations have already been put in place and the 
inventor and his team plan to make future enhancement 
for the technology and these enhancement or 
developments are listed below: 
 Eliminate the use of a mirror: mirrors reflect and 

deflect rays  
 Eliminate the use of color markers 

 
 Compact ability: Implementing the use a laser 

projector and incorporating the projector and camera 
inside the mobile computing device to make it a 
single unit for compact ability and easier to carry. 
 

 Integrating GPS technology: Making the system 
wireless, this will give the ability for wireless 
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transmission of information thus improving the range 
of the device.[3] 

 
  Incorporating the sixth sense and third eye: This is a 

new system that has the capability of dividing the 
screen for multiple users have access to different 
resources. For example, with third Eye; two people 
can watch their favourite channels on the same 
screen. [3] 

 
 TAPUMA: TaPuma is the acronym for Tangible 

Public Map. This is an added endeavour towards the 
merging of both worlds, it uses a keyword search 
mechanism; this gives the user the ability to filter the 
necessary data from enormous data that are 
accessible on search engines. It is a concept that 
allows people use things around them access related 
and accurate information as well as have locations of 
various directions from a public map.  [3] 

VI. CONCLUSION 

Sixth sense technology is quite impressive; it brings a 
whole new meaning to the world. 
With sixth sense, an individual can carry the digital world 
wherever one goes. Sixth sense is actually looking for an 
era that technology will merge with the physical world. 
The camera on the device not only understands or tracks 
hand gestures but also understand and recognises what is 
been held in the hand. 
With the sense technology one does not need a computer. 
Integrating technology into our everyday objects will not 
only help in eliminating the gap between the two world’s 
but will also help us to stay human, to be connected to the 
physical world. It will help humans not turn into 
machines; machines sitting in front of other machines.  
Although the device has similarity with the Microsoft 
surface table; the major difference is that sixth sense 
device can use any surface as an interface. Another 
difference is that in mass production it will not cost more 
than the price of a cell phone and with time it will look 
more stylish. 
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ABSTRACT: With the recent development of cryptography, 
it has more challenging for intruders to detect or see the 
information and data transferred over a network. Visual 
cryptography is a new technique of encrypting data or 
information sent via the internet. Visual cryptography is a 
method of encrypting visual information (this has been said 
before) such as picture, text, etc. and decrypts it without the 
need of computer.  The underlying principle is a logical 
operation which allows encoding of a secret image into n 
shares that are distributed to n participants; the scheme 
separately reveals only the size of the image and this image 
can be reconstructed by stacking the shares. 
This paper examines visual cryptography schemes and its 
application, the advantages and disadvantages of various 
visual cryptographic methods. It also contrasts image 
quality and security applying different visual cryptography 
schemes.  
It also examines the different visual cryptography schemes 
method in the aspect of security, quality of images, and 
contrast. 
Visual cryptography has many methods such as halftone 
visual cryptography, watermarking, colour visual 
cryptography, Error diffusion and Boolean operation, etc. 
Visual cryptography can be used in wide areas of 
applications such as online transaction, Trojan secure 
Authentication using a PIN, Access control user image, 
voting with a receipt based on visual cryptography 
Key words:  visual cryptography, secret, image, pixel. 
 

I. INTRODUCTTION 
The process of data generation in a masked format 
involving the protection, authentication and 
confidentiality of the data is simply known as 
“crptography”. Visual cryptography is a new form of 
cryptography that is currently in use in the information 
technological world to protect the exchange of secret 
message data or information.  
This method of cryptography does not require any form 
of cryptographic algorithm in its operations unlike the 
previous types of cryptography such as symmetric 
(DES,AES,TRIPLE DES etc) and  asymmetric (RSA, 
Diffie-Hellman, Elliptic curve cryptography) algorithms.  
In 1994, visual cryptography was invented by Noar and 
Shamir, and it was employed in solving completely the 
problem of system complexity involved in the encryption 
and decryption technique of the two way communication 
system [5]. Both public and private key algorithms are 
employed in the traditional method of cryptography but 
this is only made possible by sharing of the keys between 
the sender and the receiver. Other techniques used in 
traditional method of cryptography for the encryption and 
decryption of data include the diffie-Hellman method. 
Visual Cryptography has the name suggests depend on 
images, and the attainment of visual cryptography 
schemes is always described in term of pixel expansion 
and the contrast. For a clearer understanding of visual 

cryptography some basic terminologies have to be 
defined:  the visual cryptography schemes consist of 
double goals often examined that include little pixel 
enlargement and bigger contrast. The contrast shows the 
brightness in both the place of black pixel and the place 
of white in shapely image dissemblance. The secret image 
is conceal with the number of pixel 
multiplication[1],[2],[3]. 
Ordinary Visual Cryptography conceal image into many 
fragment containing noise-like black spots in each, the 
actual image been deteriorated when unveiled, is not good 
for fragmenting digital ceramics but can be used in 
fragmenting secret images. In other to attain grand 
attribute of the unveiled image. Visual cryptography 
fractioning gray-level and colour images by using colour 
dissolution system and image haltone method [11] [12].  
 There are various methods of implementing visual 
cryptography Boolean operation are applied for defining 
particular techniques. There is no requirement for bigger 
bandwidth and the memory that are interrelated in 
fragment pair, parallel error diffusion and auxiliary black 
pixel, which are used in different methods of visual 
cryptography such as watermarking visual cryptography, 
halftone visual cryptography and extended visual 
cryptography.  

II. RELATED WORK 
Naor and Shamir introduced a method in which pixel are 
shared into multiple pixels. These multiple pixels consist 
of one half white and remaining half black [4], [5]. These 
pixels can be combined in four possible ways, which are 
black-white, white-black, and black and white. The black 
and white are represented with numbers o and 1 
respectively. The grayscale image or white image and the 
black are perform with permutation and combination 
calculation. The principle of blue noise dithering and void 
cluster algorithm used in encrypting of image employs 
more complication than the computing period in this 
method. The fragment image shows twice the breadth of 
the actual image which involves sub pixel principle by 
using the grayscale image that shows in figure 1.the 
actual image and the fragment image are used with the 
above stated principle[4],[6],[7]. The idea of probability 
for any of the pixels in figure 2 applies the combination 
and permutation method with these colours. 
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Figure 1 Visual cryptography share [4]. 
Figure 2 displays how any of the pixels is fragmented into 
sub double pixels whereby were using the 50% 
probability that involves the fundamentals principle of 
visual cryptography.  

III.VARIOUS VISUAL CRYPTOGRAGHY SCHEMES 
 
Zhou, Arce and Crescenzo[4],[6] proposed the 
mathematical method which  considers a group set is ρ, 
bearing a number of participants is η, one share is called τ 
qual as qualified set and other shares are called τ forb as 
forbidden set. These satisfies the condition that τ qual Π τ 
forb = ф. The utmost ways for reacquiring secret share of 
image should be less than one participant. The 
combination of τ qual and τ forb is called access structure 
of the scheme [4],[6],[7],[10]. 

 
Figure 2 Visual Cryptography’s multiple pixel Principle 
[4]. 
 
In this method of Halftone visual cryptography that was 
introduced by Zhou, Arce and Crescenzo[4],[6]. 
Explained the pixels are cloaked by using the matrices. 
Where D1 represent the actual image secret data pixels of 

the image and D2 also represent the opposite of the secret 
data pixels. D1 and D2 are evenly fragments. When the 
genuine image has more black pixels than the fragment 
image, then some of the black pixels will be added to the 
black pixel and has well as the white pixel will add, 
which involves the idea of matrices [7].  
 
There are other types of schemes and these are discussed 
in more details below: 
 

A. Error diffusion in visual cryptography 

 Error diffusion: “It is a type of half toning in which 
quantization (image processing is lossy compression 
Technique achieved by compression of arrangement of 
values to single quantum value) and residual is distributed 
to neighbouring pixel that have not been processed”[4], 
[6],[7],[12]. 
 
Zhou, Arce and Crescenzo [4], [6] introduced the 
extended visual cryptography in which each fraction of 
the image consists of secret data, whereas obtaining a 
valid halftone image. In this technique, it creates minor 
contrast image in the white pixels and black pixels and 
generate little attribute of the visible data.[11],[12]. The 
halftone fractions producing the unseen data estimated 
first in halftone visual cryptography [4], [12]. When 
compared to the halftone visual cryptography it has low 
interference has the image reassembles [14]. The 
complication summing and the quality of the image is 
simply composited by the use of error diffusion. The 
protection of the reassemble image from the interference 
from the fragment of images in includes the 
following.[4]. 

 Complementary halftone image pair and 
distribute secret information pixels. 

 Deliberately introduce homogeneously and 
distributed black pixel into each share 

 Parallel error diffusion. 
 
(1) Complementary halftone image pair and distributed 
secret information pixels: Zhou, Arce and Crescenzo 
[4],[6] suggested the error diffusion technique for 
producing the shared format. The image quality gets 
better as the image obtain the criteria of δ≥2θ. The 
encryption of the secret image pixel is with the halftone 
unit. The ‘δ’ represent the pixel in the halftone unit, then 
‘θ’ is refer to the secret data pixel in the image, whereby 
the other pixels are known as non-unseen data pixel (δ, 
θ)[4],[6].    
 
(2) Deliberately introduce homogeneously and 
distributed black pixel into each share: the similarly 
circulated secret data pixel and the auxiliary black pixel 
are cloaked using auxiliary black pixel that was introduce 
by Zhou, Arce and Crescenzo[4],[6]. The halftone 
fractions are produce by using the unseen data pixel 
produces the number of fragments, these secret data 
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pixels shall never be overrun when reassembling of the 
image[15]. 
(3) Parallel error diffusion: Zhou Arce and Crescenzo 
[4], [6] introduced another approach which uses restricted 
number of auxiliary black pixel. The secret pixel is the 
only required pixel that is used. The original image 
cannot be unveiled, if the pixel does not have more 
number of the required pixels. Therefore, least number of 
black pixels will be selected to achieve meaningful image 
[15]. 
C. Watermarking Using Visual Cryptography 
 
It is the technique applied to verify the authentication of 
image. In this case, the user has to produce the code of 
the image. The deceptive feature of the watermark in the 
scheme makes it very important. It means that the actual 
image and the watermarked image are the same in term of 
looks. It is advantageous because the image cannot be 
altering by the watermark part. The pattern of watermark 
is very strong in such that little modification does not 
affect the image. The modification always in the retrieved 
watermarked image. The pattern determines the 
protection of the retrieved watermarked image by key. 
Larger key provide strong protection than little key is 
used. The watermark will remain invisible until key is 
used to restore it. This scheme depends upon the choosing 
of particular pixels in the actual image rather than 
arbitrary choosing of pixels, stated by Hwang [14]. 
Choosing arbitrary pixels in the image underline principle 
of visual cryptography through watermarking.       
Hwang watermark technique is determined by (2, 2) 
method visual threshold pattern shown by Naor and 
Shamir, the choosing of the image is t × q. 
Where t = attitude of the pixel 
           q = width of the pixel 
 
the individual has to request the image like the actual 
image and recovered applying the image in watermark 
pattern[13],[14]. 
 

IV. APPLICATIONS OF VISUAL     CRYPTOGRAPHY 
Visual cryptography can be applied in the authentication 
of online servers in which the server can authenticate 
itself by the user facing the screen. For securing online 
transaction such as online transfer, the user will gain a set 
of multiple shares that visual cryptography pattern printed 
on it from the transaction server. The applications of 
visual cryptography include:[16],[17][19],[22]. 
 

1 Trojan-Secure confirmation of Transaction 
2  Trogan-Secure Authentication Using a PIN. 
3 Security versus Multiple use 
4 Using Refraction 
5 Technical problems Concerning Adjustment and 

Parallaxes 
6 Voting with a Receipt Based on visual 

cryptography 
7 Core banking 
8 Internet banking applications 

9 Privacy protection 
10 Biometric systems 
11 Face Registration 
12 General access Structure. 

 
V. ANALYSIS OF VARIOUS TYPES OF VISUAL 

CRYPTOGRAPHY 
 
Naor and Shamir have shown that the basic visual 
cryptography reassembling of the image makes it to loss 
contrast also the image increases twice at the end of the 
operation. These occur as a result of the pixel is shared 
into multiple pixels and depends on rules [4], [5],[7].  As 
follows:  
(1)  Blue noise dithering: it is the technique that amends 
the quality of image at when the image reassembles [9]. 
(2)  Void cluster algorithm: it fines the hidden pixel in the 
halftone [10]. 
Halftone: this is the generation of image by electrical or 
mechanical like photography or xerography method 
which affects the images such that any of the colour can 
be regenerated   each colour as one tone in 
monochromatic print. In the introduced technique, the 
secret image decrypt displaying nothing in any form of 
communication with share image [7]. 
Zhou, Arce and Crescenzo described visual cryptography 
secret schemes; the image shares can be accomplished 
through the support of mathematical calculation τ qual 
have data of thefragment of the image, whereas τ forb has 
no information of image. In this case the author shows 
number of participates and dividing shares. 
[4],[5],[6],[7],[15]. 
 
Zhou, Arce and Crescenzo illustrated in[4], [ 6 ] Halftone 
visual cryptography and stated the disadvantage in basic 
visual cryptography. These disadvantages are: 

1. The location of the secret data pixel.  
2. The black and white of the halftone image 

determine the secret data pixels. 
3.  The foreseen loss of the highest form of the 

image is determine by altering the location of the 
pixel when performance is going on.[13],[14]. 

 
The choosing of hidden pixel based on arbitrarily or 
uniformly circulated [4], [6],[7],[8]Advantage of visual 
cryptography: when any of the shared images is lost in 
the operation, the only way of recovering 30 – 40% of the 
image. 
Disadvantage of visual cryptography: the gain of the 
decrypted image is 0.9.8774%  
 
E. Error diffusion: This technique applied to amend the 
attribute of the image. There are only two types of error 
diffusion these includes 

1. One dimensional error diffusion: it is the 
technique that some of the features of the black 
pixel circulated to the nearness pixel in error 
diffusion process that admit each pixel[4]. 
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2. Two dimensional error diffusion : the pixel 
contribute part of its features to the nearness 
pixel and  one-fourth of the diffusion is summed 
to the lower line, extra one-fourth of the 
diffusion summed to the following line and send 
the pixel[4].    

Disadvantage of error diffusion: the secret data may be 
detected by hackers because, choosing the arbitrary pixel 
to be the secret data. 
  
Zhou, Arce and Crescenzo[4],[6] show the equivalent 
halftone image doublet and circulated secret data pixel. 
First fraction carries secret data while the equivalent 
shares carry the opposite of empty unseen data pixel. The 
reassembling of the image is being carried out by the OR-
XOR calculation. The image quality is measured in these 
criteria of δ ≥2θ [15]. 
 
In Parallel error diffusion Zhou, Arce and Crescenzo 
[4],[6] use least number of black pixels to enhance image 
from its dark image look. Hence it applies the error 
diffusion to secret image. The author also used a 
mathematical equation to display the quality of image. 
The quality of the halftone fragment is shown in equation 
1. 
 

                                             (1)[4] 

 
The first part of equation 1 shows the equivalent halftone 
image doublet. Here, 
δ =secret data pixel 
θ = halftone unit size 
The second part equation 1 presents. Here, 
δ = secret data pixel. 
μ = auxiliary black pixel number. 
The equation 1 satisfies and enhances the quality of the 
image about 20 – 30%. The security challenges include 
image protection, authentication of image and owner of 
the image [15]. 
 
F. Watermarking using visual cryptography. 
The original image depends on choosing particular pixels 
rather than choosing arbitrarily pixels. The watermark 
pattern from the marked image though when modification 
are being make to the actual image [4]. The water pattern 
‘u’ and key ‘z’ should be summed protected. The original 
Jk1 image Q produced the information authentication ‘W’ 
and the watermark pattern ‘u’ using key ‘z’. After that the 
information is mandatory to be kept covertly. Only the 
image as original image Q owner can claim it and 
produce the safe ‘z’ the watermark pattern are then 
recovered by applying the image [4],[9],[13]. 
 
G. Disadvantage of Basic Watermarking 
• Choosing of pixels is arbitrarily, if recovered watermark 
pattern from the image. 
• An image with some resemblance with the actual image 
Q, watermark pattern U should be recover the image. 

 
Hwang introduce a method in [9] that solved the problem 
of choosing particular pixels from the actual image rather 
than choosing arbitrarily pixels. The watermark pattern is 
chosen by the user U which determines the image, user 
may distinguish the image Q by applying the watermark 
pattern and the enlarge key Z, Uj shows the of the image 
Q and Qj is the length of the image Q’. The technique 
applies other steps to appointed the length key and 
authentication the of ownership of the image.   
z[i]=(z[i-8]^z[i-4]^z[i-3]^z[i-1])              (2)[4] 
 
Here ^ is the exclusive-or. 

                
      Figure 3.Actual Image[4]. 

 
   
       Figure. 4 Disturbed Images [4]. 
 
Figure 3 depicts the actual image sent by the sender the 
recipient by applying the method of watermarking. Figure 
4 display how the recipient applying the key length to 
establishes disturbed image. Figure 5 displays whereby 
the owner can claim the unknown image applying the 
length key and authentication code produced. 
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Figure.5 Unclear Image[4]. 
 
The watermark pattern is recovered successfully when the 
image does not change, because this is embedded and the 
same followed the authentication system, there will be 
change in the last stage that the author or the user by 
applying XOR performance.[4]. 
 
X^Y^Y=X                                 (3)[4]. 
 
The modification of the image shows that there is 
difference in it. While the variation will appear in the 
restored watermark pattern U, image Q possess little 
variation to be as the image. The identification of the 
watermark is possible, but it possesses noise or image 
circulation [13].    
 

V. CONCLUSION 
Visual cryptography has a lot of different types of 
schemes that improve the quality of images and security, 
and these include extended error diffusion, error diffusion 
and watermarking method. The watermarking contrasted 
to various visual cryptography. But the watermarking 
approach was found to be most reliable in term of than 
security than other visual cryptography schemes and also 
retained very good quality of the actual image than error 
diffusion. The watermarking adopt key for authentication 
of  image validation while error diffusion  have no form 
of key for authentication and possess little modification 
of the decrypted image.  
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Abstract - Since 1980s, researches have been conducted on 
identifying and classifying modulation types; driven by 
requirements of civilian applications such as signal 
confirmation, interference regulation, spectrum monitoring, 
etc. and military applications including surveillance, threat 
detection, electronic warfare, early warning, jamming, 
target acquisition and homing. Recently, modulation 
identification is also gaining wide applications in the 
realisation of 4G software defined radios and it is the main 
requirement for future cognitive radio systems to allow 
radio platform independent communications between radio 
systems.  
Numerous methods have been proposed, out of which many 
of them require much memory, long processing time and/or 
priori information of the signal (i.e. baud rate, centre 
frequency, bandwidth, carrier recovery etc.). The intent of 
this paper is to provide a robust modulation identification 
method that uses no-priori information and employs 
instantaneous frequency, instantaneous amplitude and 
signal stationarity test with adaptive threshold setting 
scheme. These features make the method suitable for faster 
and online analysis with less system memory usage.  
The proposed method has a capability to distinguish 
between ASK, PSK, and FSK and furthermore, it identifies 
intra-class modulation types within ASK and FSK. The 
paper also presents MatLab simulation results on synthetic 
signals and gives conclusions and directions for future 
enhancements. 
Keywords: Modulation Identification, Software Defined 
Radio, Cognitive Radio, Instantaneous Frequency, 
Instantaneous Amplitude, Stationarity test, Adaptive 
threshold 

I. INTRODUCTION 

Digital modulation identification is the act of classifying 
a specific communication and non-communication signals 
of interest based on their signal signatures and features. 
Since late 1980s and beginning of 1990s, considerable 
interest by military research institutes, signal intelligence 
systems venders, academic research centres, and different 
telecom industries has focussed around the research and 
development of modulation identification systems. Both 
military and civilian applications make use of such 
systems; Civilian authorities, like telecommunication 
regulation bodies use these systems for monitoring 
transmissions in order to maintain a control over unlawful 
communications and sensing unlicensed transmitters, 
signal confirmation, interference regulation and spectrum 
monitoring. Recently, such systems are also gaining wide 
applications in the implementation of 4G software 
defined radios and it is the main requirement for future 
cognitive radio systems to allow radio platform 
independent communications between radio systems and 
to be able to automatically select the correct modulation 
schemes used in an unknown received signal in wireless 
networks [1]. For military application, these systems play 

the main role in surveillance, threat detection, electronic 
warfare, electronic counter measures, early warning, 
jamming, target acquisition and homing [2]. 
For this, numerous methods have been published for 
different types of modulation schemes based on various 
characteristics of the intercepted signal over the past 
years. Since almost the entire communication technology 
is becoming digital, the primary concern of this paper is 
with digitally modulated signals; specifically the basic 
digital modulation schemes, amplitude shift keying, 
frequency shift keying and phase shift keying.  

II. DIGITAL MODULATION 

Digital modulation is the process of transforming digital 
symbols, 0’s and 1’s, into waveforms so that they are 
compatible with the characteristics of the transmission 
channel. These waveforms are pulses, for baseband 
modulation and high frequency sinusoids of desired 
characteristics called carriers for bandpass modulation 
[3], [4].  
Digital bandpass modulation: this can be either analogue 
or digital in which a high frequency sinusoidal carrier is 
modulated by information signal so that its signal 
characteristics (i.e. amplitude, frequency and/or phase) 
are modified for purposes of transmission [3], [4], [5].  
The general form of the carrier signal, S(t), is usually 
written as: 

 S(t) = A(t) cos θ(t)                (1) 
Where A(t) is the time-varying amplitude and  θ(t) is the 
time-varying angle. It is more convenient to write: 

  θ(t) = ωot  +  ϕ(t)                 
(2) 
so that 

 S(t) = A(t) cos [ωot  +  ϕ(t)]               (3) 
Where ωo is the angular frequency of the sinusoid and 

ϕ(t) is the phase. The terms f and ω will each be used to 
denote frequency and related by ω = 2πf [3], [5]. 
The most commonly used and basic types of digital 
modulation formats are amplitude shift keying (ASK), 
frequency shift keying (FSK) and phase shift keying 
(PSK).  
A. Amplitude Shift Keying 

The general analytic expression is [4]: 

;  
           for 0≤ t ≤T and i = 1… M                 (4) 
Equation (4) represents a typical expression for ASK, 
where the amplitude term will have M discrete values, 
which can be chosen by design and the phase term is 
usually set to be an arbitrarily constant. In the amplitude 
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term of (4), the parameter E is representing symbol 
energy which is concentrated in the symbol duration, T. 
Fig. 1, shows an amplitude shift keying waveform when 
M is chosen equal to 4, corresponding to 4-ASK. 
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Fig. 6. ASK Signal 
B. Frequency Shift Keying 

The general analytic expression for FSK is [4]: 

 ; 
for 0≤  t  ≤T and i = 1… M               (5) 

Where the frequency term will have M discrete values, 
and phase term is an arbitrarily constant. The FSK 
waveform in Fig. 2, illustrates a typical 4-FSK signal 
with sudden frequency changes at the symbol transitions. 
In this illustration M is set to 4, corresponding to 4 level 
frequency shifts. In general any arbitrary number, M, can 
be used for modulation of M-array, but in practice M is 
usually a nonzero radix-2 (i.e. 2, 4, 8 …). 
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C. Phase Shift Keying 

“Phase shift keying (PSK) was developed during the early 
days of the deep-space program; PSK is now widely used 
in both military and commercial communications 
systems.” [4]. The general analytic expression for PSK is: 

 ; 
 for 0≤  t  ≤T & i = 1to M                               (6) 
Where the phase term will have M discrete values, 
typically given by [4]: 

   ; for 0≤  t  ≤T and i = 1… M               (7) 
Fig. 3, shows an illustration of a typical BPSK waveform 
with sudden phase changes at symbol transitions. For 
BPSK, the modulating data signal shifts the phase of the 
carrier, Si(t), to one of two states, either zero(0o) or 
π(180o). If the modulating data stream were to consist of 
alternating 0’s and 1’s, there would be such a sudden 
change at each transition [4].  
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Fig. 8. PSK Signal 
III. INSTANTANEOUS VALUES OF A SIGNAL 

This section offers some mathematical preliminaries for 
instantaneous value calculations. 
The instantaneous amplitude, frequency, and phase of a 
given signal can be evaluated from the analytic 
representation of the signal. One way of achieving the 
analytic representation is using the Hilbert transform. The 
Hilbert transformation, y(t), of a given real signal, Si(t), is 
the output of applying any arbitrary input signal to a 
quadrature filter, Fq, with an impulse response of hq(t) and 
frequency response of Hq(f) [2]. Thus we can write 
y(t) = Fq{ Si(t)} 
           = Si(t) * hq(t)       ; * indicates convolution  

        =                                (8) 
Where the impulse response, hq(t), is given by    

              
Substituting this in (8), the expression for the Hilbert 
transformation can be rewritten as: 

    

   ,                (9) 
The frequency response of the quadrature filter is given 
by: 
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                                                (10) 
In general, any real signal can be represented in its 
analytic form using Hilbert transform; either in time 
domain or frequency domain. Thus the analytic 
waveform, a(t),  of a given real signal, Si(t), can be put 
as: 
                   a(t) = Si(t) + jy(t)                              (11) 
Where y(t), is the Hilbert transformation of the signal. 
From (11), the complex envelope of the signal can be 
derived to be as (12).  

  , where ωo = 2πf               (12) 
Equation (11) can be expressed as [2]: 
            a(t) = m(t) + jn(t)   (13) 
where 

  
 (14)  

  
 (15) 
Now, in the following subsections, the mathematical 
representations for instantaneous amplitude, 
instantaneous phase and instantaneous frequency will be 
presented. 
A. Instantaneous Amplitude  

The instantaneous amplitude of a given signal can be 
produced from its analytic representation, as in (11) or 
from its complex envelope, as in (13) as shown below: 

  

                            (16) 
B. Instantaneous Phase 

The instantaneous phase of a signal can also be derived 
from the analytic representation as [2]: 

      (17) 
 
C. Instantaneous Frequency 

Finally the instantaneous frequency of a signal is 
achieved by derivation of the instantaneous phase and 
relating the angular and linear frequencies by ω = 2πf. 
Therefore the instantaneous frequency of a signal is: 

     (18) 
IV. STATIONARITY TEST 

From signal analysis and processing point of view, there 
is nothing more applicable than observing the statistical 
properties of a signal as a function of time to classify it as 
a stationary, when these properties are relatively similar 
over the observed range of time and non-stationary unless 
otherwise. In practice, we usually take advantages of 
some statistical properties such as RMS, mean, skewness 
or kurtosis over other properties like power, spectral 
density, etc. Best way to carry out the stationarity test in 

signal analysis is to chop an intercepted arbitrary signal 
into a number of frames of well-defined length and study 
the variations of its statistical properties across the 
frames.  For software implementations we need automatic 
testing mechanisms such as the reverse arrangements test, 
which is used in this paper [6], [7]. 

V. THE REVERSE ARRANGEMENTS TEST 

The reverse arrangements test is categorised as 
nonparametric method as it does not assume a priori 
information or knowledge of the statistical behaviour of 
the signal. This technique, which is a hypothesis test, is 
like a detection mechanism that senses if there is a trend 
in an observed parameter (i.e. RMS, mean, skewness, 
kurtosis, variance, etc.) based on analysis of the frame by 
frame statistics of the intercepted or captured signal. 
Consequently, if the analysis does not show a trend in the 
parameter, then each value of the parameter should be 
greater than, approximately, half the other values and 
smaller than half of the other values [6].   
For mathematical description and procedures of the 
reverse arrangements test, a digitally modulated sampled 
(i.e. discrete) signal Si(t) with a data length of M samples 
is considered to be available for process, which is divided 
into N segments (frames) of an appropriate length, where 
M and N are any arbitrary integer numbers. At this point 
it will be mandatory to decide a proper choice of the 
frame length as it will greatly contribute in making the 
decision for a signal to be considered as stationary or 
non-stationary. After setting an appropriate frame length 
the selected statistical parameter (in this paper, RMS) of 
each of the frames will be measured. After this 
measurement, the values of the frames will be 
interpolated to detect trends. The interpolated statistical 
data is then represented as yi.  
Now it is easy to conduct the test on the sequence of yi for 
variations outside what is expected due to sample 
variations. This is achieved by calculating a new function 
hij, as [6]: 

 
Where i = 1, 2, 3... N-1 and j = i+1, i+2, i+3…N-1, 

from , the number of reverse arrangements, A, can be 
calculated as follows [6]: 

 

 
Now, based on N (number of segments) observations we 
can produce the mean and variance as follows [6]: the 
first equation is mean and the second is variance. 

 

 
Finally we define the null hypothesis of the reverse 
arrangements test as: “a given raw signal, to be said a 
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stationary the value for A should fall within the 
acceptance region.” [6],  

 
Where   

 

 
Where erf -1 is the inverse of the error function while α is 
the significance level of the measurement. 

VI. MODULATION IDENTIFICATION BASED ON THE 

INSTANTANEOUS VALUES 

This section will highlight the developed algorithm for 
the modulation identification mainly based on the 
instantaneous values of the raw signal without the need 
for a priori knowledge of the signal that is; without 
demanding for the signal signature extraction such as the 
baud rate, centre frequency, bandwidth, carrier recovery 
etc. The algorithm first, after signal acquisition and signal 
pre-processing, tests the signal for stationarity that 
isolates non-stationary from stationary signals based on 
the stationarity test discussed in section IV. At this stage 
the input is the segmented instantaneous frequency of the 
signal. This test will result in the separation of the M-
array FSK from other M-array modulation types. If the 
signal is tested to be non-stationary, it will be fed into 
another stage for FSK intra-class modulation 
identification using histogram and peak picking 
algorithm. The peak picking algorithm will count the 
number of tones or frequency steps available in the signal 
to identify the exact M-array FSK (i.e. 2FSK, 4FSK, 
8FSK …). In other case, if the raw signal is stationary, 
the algorithm will use instantaneous amplitude to separate 
the M-array ASK from M-array PSK modulations. And in 
the same fashion, as used for the FSK intra-class, 
histogram and peak picking algorithm is used to separate 
M-array ASK intra-class modulation types (i.e. 2ASK, 
4ASK, 8ASK…) being the instantaneous amplitude an 
input. The flow diagram of the algorithm is shown in Fig. 
4 below: 

 
Fig. 9. The developed algorithm 

VII. DISCUSSION AND MATLAB SIMULATION 

For simulation purposes, M-array ASK, FSK, and PSK 
signals have been generated using MatLab and written in 
.wav file formats so that signals can be read easily and 
reliably without regenerating each time to simulate 
signals. These signals have an average length of 15000 
samples and the frame length is set to 512 sample data. 
To perform the modulation identification, the signal is 
changed into its analytic form using Hilbert transform and 
from this analytic representation; the instantaneous 
frequency is produced just before chopping the signal into 
frames. After framing the instantaneous frequency of the 
signal, the statistical property (RMS, in this paper) of 
each frame is analysed and interpolated. Then using the 
reverse arrangements test, the boundary values, , 

 and  , are automatically generated from the 
interpolated statistical property of each frame for an 

appropriate value of  which is,  in this case 0.05 (i.e. 
95% of confidence). At this point, the algorithm can 
decide whether the signal is stationary or not based on 

these values (i.e. if  falls in between the values, 

 the signal is clearly stationary but if it 
falls outside, it is non-stationary). Naturally, PSK and 
ASK signals are stationary and FSK signal is moving or 
non-stationary signal when their instantaneous frequency 
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is tested for stationarity. Besides the M-array PSK signals 
have always constant amplitude while M-array ASK has 
‘m’ different amplitudes the same as M-array FSK that 
has M frequency levels. Based on these characteristics of 
the signals, the intra-class modulation identifications of 
FSK and ASK are carried out by counting the frequency 
levels for FSK and amplitude levels for ASK modulation 
types from the histogram which is generated from the 
instantaneous frequency and amplitude for FSK and ASK 
respectively. Simulation plots for 4-ASK, BPSK, and 4-
FSK signals are presented as a demonstration of the 
algorithm.  
 
 
 
 
 
 
 
 
A. 4-FSK 

a. Time Domain Representation  
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Fig. 10. FSK Signal 

b. Instantaneous Frequency  
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Fig. 11. Inst. Frequency Signal 

c. Statistical Property of The Instantaneous 
Frequency, RMS Value 
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Fig. 12. Interpolated RMS 

 
d. Histogram of The Instantaneous Frequency, 

Counting Number of Tones 
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B. 4-ASK 

a. Time Domain Representation  
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Fig. 14. ASK Signal 

b. Instantaneous Amplitude 
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Fig. 15. Inst. Amplitude Signal 

 
 

c. Statistical Property of The Instantaneous 
Frequency, RMS Value 
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Fig. 16. Interpolated RMS 

d. Histogram of The Instantaneous Amplitude, 
Counting Number of Amplitudes 

0 100 200 300 400 500 600 700 800 900 1000
0

0.2

0.4

0.6

0.8

1
Histogram

number of amplitudes

A
m
p
l
i
t
u
d
e
 
V
a
l
u
e
s 4-ASK, four Amplitudes

1st amp
2nd amp

3rd amp

4th amp
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C. 4-PSK 
a. Time Domain Representation 
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Fig. 18. PSK Signal 

 
 

b. Instantaneous Frequency  
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c. Instantaneous Amplitude 
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d. Statistical Property of The Instantaneous 
Frequency, RMS Value 
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e. Histogram of The Instantaneous Amplitude, 

Counting Number of Amplitudes 
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VIII. CONCLUSION 

In conclusion, the developed algorithm works well and 
gives exact modulation identification when it is tested 
several times for MatLab generated synthetic signals of 
PSK, 2 - 64ASK and 2 - 64FSK signals. However signals 
in real world are entirely different from synthetic signals 
due to many factors, such as non-linearity effects of 
transmitters, modulators, mixers, multiplexers, power 
amplifiers, and filters, manmade and thermal noises, 
multipath effects, interferences, pulse shaping and 
windowing effects, etc. As a result practical signal 
analysis and processing of real signals need special care 
before processing that is pre-processing of the intercepted 
signal. Pre-processing of the received or intercepted 
signal increases the performance of the modulation 
identification algorithm as it tries removing windowing, 
shaping effects, and unwanted signalling schemes within 
the signal like ARQ signals, equalising the channel 
effects and signal fades, reducing the noise, and the like. 
Furthermore, this algorithm can be enhanced to make it a 
rugged and robust digital modulation identification 
system, which is strong enough even for signals with low 
SNR levels and buried in noises by integrating it with 
other algorithms like wavelet based and statistical 
modulations identification algorithms.  
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Abstract--In wireless communication, bandwidth for 
data transmission is limited and valuable. Within a 
given spectrum, high speed transmission is demanded 
by the new generation of telecommunication stander. 
However frequency-selective fading caused by signal 
multipath transmission creates inter-symbol 
interference to limit faster data transmission speed. 
For overcoming inter-symbol interference, 
Orthogonal Frequency Division Multiplexing exhibits 
advantages over conventional modulation but also 
imposes several shortages. 
OFDM divides wideband signal into multi-orthogonal 
narrowband subcarriers, making each subcarriers 
experience flat fading rather than frequency-selective 
fading, contributing to minimize inter-symbol 
interference. But the superposition of a number of 
modulated sub-carriers may lead to a high 
instantaneous signal peak power, thus usually high 
linear power amplifier is required in OFDM system. 
A large peak-to-average power (PAP) ratio introduces 
new problems like inter-carrier interference, high out-
of-band radiation and so on. This paper will study and 
demonstrate several techniques -- signal distortion 
technique, special sequence technique and others-- 
which are applied to reduce the peak-to-average 
power (PAP) ratio. And combining with industry 
realization factor, evaluate which techniques are 
suitable for practical employment.  
Keywords: OFDM, Peak-to-Average Power Ratio, 
Reduction, Clipping, Special Sequence 
I.INTRODUCTION 

OFDM was standardized as the European digital audio 
broadcast (DAB) as well as digital video broadcast 
(DVB) scheme. It also constituted a credible proposal for 
the recent third-generation mobile radio standard 
competition in Europe. In 2003, OFDM was selected as 
the high performance local area network’s transmission 
technique as well as becoming part of the IEEE 802.11 
Wireless Local Area Network (WLAN) standard [1].   

OFDM as a new generation modulation stander shows 
a plenty of advantages to deal with telecommunication 
problem comparing with conventional data transmission.  

So this paper first talks about OFDM theory and 
explain its advantages. Then introduce one of OFDM 
biggest drawbacks which is high Peak-to-Average Ratio 
problem. Regard to this problem, the paper will propose 
several reduction methods. 
II. OFDM THEORY 
A. Comparison of FDM and OFDM 

In frequency domain, conventional frequency division 
multiplexing (FDM) would leave empty spectrum 

between neighbour channels avoiding signal overlap. 
However this method wastes lots of valuable bandwidth, 
in other words, decreasing bandwidth efficiency, further 
limit the data rate. 

However, in OFDM every channel is orthogonal to 
each other, making it possible to let them overlapping, 
then resulting in saving extra bandwidth, increasing the 
data rate. 

 
Fig.1. FDM and OFDM Spectrum Allocation [2].  

 
B. OFDM System 

 
Fig.2.Simple OFDM Block Diagram [3] 
C. Serial to parallel convention 

In the OFDM scheme, after digital modulation, the 
whole serial data stream is passed through a serial-to-
parallel convertor which splits the data into a number of 
parallel channels. 

The data in each channels are applied to a modulator, 
for N channels there are N modulators whose carrier 
frequencies are f0, f1,…, fn-1. If Rb represents the serial 
bit rate, Tb is period time between each bit, then each 
parallel symbol rate reduces to Rb/N, the symbol period 
enhancing to Ts = N*Tb. Interval of each parallel channel 
is Δf = 1/Ts = Rb/N. Each parallel channel frequencies 
are fi = fc+ i* Δf, i = 0 ,1,2…N-1. Fc is a base frequency.  
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The whole bandwidth of the N modulated parallel sub 
channels is N*Δf. And during  an N-symbol duration 
period of the conventional serial system, each of the N 
number of OFDM sub channel modulators carriers only 
one symbol, each of the symbol has an N times longer 
duration.  
D. FFT and IFFT Modulation and Demodulation 

A problem of OFDM scheme after serial-to-parallel 
convention is its increased complexity to employing N 
modulators at the transmitter to modulate data to 
orthogonal carriers, which is sinusoidal and cosinusodia 
signal. The same problem is also in receiver, asking for N 
demodulators. So this is the reason limited OFDM for 
commercial apply until FFT and IFFT was invented in 
1970s. 

The simple conceptual reason for using IFFT and FFT 
to do modulation and demodulation  is that the OFDM 
sub-channel modulators use a set of harmonically related 
sinusoidal and cosinusoidal sub-channel carriers, just like 
the basis function of the DFT[1]. The contribution of 
IFFT and FFT is making modulation and demodulation 
faster and easier. 
E. Cyclic Prefix 

By adding guarder time in front of each symbol, 
OFDM system would increase the robustness against 
inter-symbol interference. However, at the same time, the 
orthogonality of each subcarriers would be broken, inter-
channel interference be caused. So instead of transmitting 
absence at the guard time, system will copy end-part 
wave to the guard time to ensure the orthogonality of 
each channel. So ICI would be avoided as well. This 
technique is called Cyclic Prefix.  

 
Fig.3. Guard time Interval for OFDM symbol.[4] 

F. Conclusion of Advantages of OFDM 

 OFDM sub-channel is very narrow when compared to 
the normal channel’s bandwidth. So Flat-fading is 
suffered by each parallel channel, instead of frequency-
chosen fading. 

And by adding forward error correction and cyclic 
prefix, inter-symbol interference almost is avoided in 
OFDM system. That makes OFDM operating without a 
classic channel equaliser.  
III. PEAK-TO-AVERAGE-POWER RATIO PROBLEM 

As Fig.1 shows, in the OFDM sending system, the 
parallel signal would be sent at the same time and in a 

close spectrum space, so the energy of subcarrier could be 
added together, which  require a high-liner amplifier to 
send off. Usually this high peak power will be distorted 
by the amplifier and then break the orthogonality of each 
subcarriers. So receiver can’t tell data from each 
subcarrier correctly. 

Furthermore, large signal amplitude swings are 
encountered, when the time domain signal traverses from 
a low instantaneous power waveform to a high power 
waveform, which may result in a higher out-of-band 
(OOB) harmonic distortion power. This then potentially 
contaminates the adjacent channels with adjacent channel 
interference. 

A large PAP ratio also increases complexity of the 
analog-to-digital (A/D) and digital-to-analog (D/A) 
converters and a reduced efficiency of the RF power 
amplifier. 
A. PAP Ratio Formula Definition 

The definition of Peak-to-Average-Power Ratio is  
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Another definition is also useful, which is crest factor, the 
ratio of signal to the square root of average power. 
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Since Xk is each parallel channel data, independent with 

each other. So equation could denote as 
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The average power E{|x(t)|2} could express as 
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So PAP ratio would be 
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So for N subcarriers, the PAPR would be 10logN dB. For 
Example N = 256, the PAPR is 24dB.

 IV. REDUCTION METHOD 
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For solving this peak power problem, or peak-to-
Average Power (PAP) Ratio problem, there are three 
different categories of method to deal with. 

The first category is signal distortion techniques, which 
reduce the peak power by nonlinear distorting the OFDM 
signal at or around the peaks. Such as Clipping, peak 
windowing and peak cancellation. The second category is 
coding techniques that use a forward-error correcting 
code set that excludes OFDM symbols with a large PAP 
Ratio. The third is based on multiplying each OFDM 
symbol with different phase factor and selecting that 
gives the smallest PAP ratio. 
A. Clipping 

The simplest way to reduce the PAP ratio is to clip the 
signal, such that the peak amplitude becomes limited to 
some desired maximum level.  

Clipping operation could be viewed as a multiplication 
of the OFDM signal by a rectangular window function 
which multiplies 1 if the OFDM amplitude is below the 
threshold and multiplies number witch smaller than 1 if 
the amplitude needs to be clipped. [2] 
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Where Ath is the clipping level and Θ(x(t)) represents the 
phase of x(t). 

Although clipping is definitely the simplest solution, 
there are a few problems associated with it. First, by 
distorting the OFDM signal amplitude, since the high 
peak signal was clipped, the bit error rate (BER) will 
degrade. Second, the spectrum of the clipped OFDM 
signal is viewed as the input OFDM spectrum convolved 
with the spectrum of the rectangular window function. 
Spectrum of rectangular function has a very slow rolloff, 
resulting to increase the level of the out-of-band 
radiation[2]. 

To remedy the out-of-band problem of clipping, some 
nonrectangular windows could be used to clip the signal, 
such as cosine, Kaiser, and Hamming windows. To 
minimize the out-of-band interference, the spectrum of 
window should be as narrowband as possible. 

 
Fig.4.Windowing an OFDM signal [6] 
B. Peak Cancellation 

In the case of clipping resulting in a certain amount of 
out-of-band radiation, the Peak cancellation idea is to use 
an envelope detector to get the peak signal, then by 
frequency shift and scale changing, subtract whole signal 
with creating peak signal, resulting in reducing PAP ratio. 
Peak cancellation can be assured that the peak power 
reduction will not cause any out-of-band interference.  
 

 
Fig.5. OFDM Peak Cancellation Theory 
 

An efficient way to generate the cancellation signal is 
to use a peak detection and an impulse generator in 
OFDM. In Figure.5, for each OFDM symbol, peak 
detection detects which signals exceed the predefined 
amplitude. Then, for every signal peak, an impulse is 
generated whose phase is equal to the peak phase and 
whose amplitude is equal to the peak amplitude. Then 
through FFT and a lowpass filter to remove channel 
noise. Finally using IFFT to modulate the peak impulse 
then subtract with the original signal. 
 

 
 
Fig.6. Peak cancellation using FFT/IFFT to generate a cancellation 
signal 

 
C. Coding Reduction 
 

From [7], Different coding techniques which aim to 
ensure that only low peak power OFDM symbols are 
chosen for transmission, whilst excluding the specific 
combinations of modulating bits that are known to result 
in the high peak factors. These schemes can be viewed as 
simple k out of n block codes to decrease PAP ratio. But 
it makes data rate reducing.  
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TABLE I PAP RATIO FOR N = 4 AND BPSK MODULATION  

[7]  
 

As we can see from TABLE I: 5,10,0 and 15 has the 
highest PAP ratio which is 6.02dB. And 3, 12, 6, 9 PAPR 
ratio is 3.73.  

So the block code is only using rest 8 symbols to 
transmit. d1 d2 d3 are information bit, d4 used as parity 
check bit to tell even or odd. So 16 symbols could be 
represented by these low-PAP-ratio 8 symbols and at the 
same time, system PAP ratio is reduced to 2.32dB. 

Furthermore, complementary sequence gives a 
theoretical way to create codes which PAP ratio is only 
3dB. 

A sequence x of length N is said to be complementary 
to another sequence y if the following condition holds on 
the sum of both autocorrelation functions[5]: 
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By taking the flourier transforms of both sides of (9), 
the above condition is translated into 
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Here, X(f)2 is the power spectrum of x, which is the FT 
of its autocorrelation function. The DFT X(f) is defined as 
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Here, Ts is the sampling interval of the sequence x. From 
the spectral condition (10), it follows that the maximum 
value of the power spectrum is bounded by 2N: 
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Because the average power of X(f) in (11) is equal to N, 

assuming that the power of the sequence x is equal to 1, 
the PAP ratio of X(f) is bounded as 

2
2
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N
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Here give an example of complementary code: 
we have (+1, +1, +1, −1) and (+1, +1, −1, +1) two 
sequence . Their autocorrelation functions are 
(4, 1, 0, −1) and (4, −1, 0, 1), so they are complementary 
sequence. When two sequences add up, get (2, 2, 0, 0). 

 
 PAP ratio = 22/(22+22+02+02 )/4= 2             
(14) 
 
D. Selected Mapping Method 

SLM takes advantage of the fact that the PAR of the 
symbol is very sensitive to phase shifts in the frequency-
domain before IFFT. PAR reduction is achieved by 
multiplying independent phase sequences to the symbol 
and let them through IFFT and determining the minimum 
PAP ratio of each sub channels’ symbol [8]. This 
technique guarantee the completeness of every symbol to 
be transmitted. But SLM requires huge complexity of 
system design. 
 
 
For example, if basic phase vectors is are R = 
{R1,R2,R3,RD}, OFDM system has N parallel sub 
channels, so DN times multiplication for phase vector and 
each sub channel and then DN  times IFFT modulation. 
And finally each channel selects the lowest PAP-ratio 
output. The rest of D-1N output would get rid of. Besides, 
SLM cannot guarantee a given maximum peak factor. 

 
Fig.6. For one sub channel implementing SLM when D = 4. 

 
The information about the selected phase sequence 

should be transmitted to the receiver as side information. 
At the receiver, reverse operation should be performed to 
recover the unmodified OFDM symbol by using side 
information. 
 

The disadvantage of SLM is selection functions may 
require n implementationally demanding IFFT operations 
for arriving at n different mapping choices [9]. 
 
E. Partial Transmit Sequences 
 

A different approach of the mapping concept is to use 
partial transmit sequences.  
 
In [8], PTS method is explained as: the frequency domain 
symbols, X, get partitioned into V disjoint 
blocks(1),X(2),..X(V). So the whole symbol X could be 
denote as  
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The beauty of PTS is that this can be done in the time 
domain since the linear property of IFFT. That is,  
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Therefore, the PAR can be checked without having to go 
back and forth between the time and frequency domains 
(as is the case with SLM).  
 
Usually, using {+-1,+-1} for each multiplication factor,4V 
legitimate choices are presented and the best one is 
selected for transmission.[9] 
 
V. CONCLUSION 

All the PAP reduction method could conclusion as two 
main types. Clipping, peak cancellation and PTS could be 
concluded to the type of post-processing the time domain 
OFDM symbol before amplification. Coding and SLM is 
aimed to adding selecting best sequences or suitable 
phase vector for symbol to get a low PAP ratio before 
IFFT.  

 
Clipping is the simplest method to cut the signal but 

could cause out-of-band radiation. Peak cancellation 
shows same physical process but more accurately 
influence peak signal only, avoiding the out-of-band 
problem. Coding method, by analysing coding set, choose 
lower PAP ratio code set to transmit information. And the 
complementary sequence is one of the effective ways to 
create such code set. For SLM and PTS, they use phase 
vector to multiply symbol to change signal amplitude, 
then selects the lowest PAP ratio one. But PTS is an 
evolution of SLM, combining sub channels to several sets 
to reduce IFFT process. 
 
VI. FUTURE WORK 
 

This paper theoretically explains three different 
methods to reduce the PAP ratio in OFDM system. But 
simulation and mathematical experiment could explore in 
the future. And compare which category has a better 
performance. Besides, for coding category, there are 
plenty of sequence that had invented, so a further study 
could be done to find a more efficient coding method. 
Synchronization is also a key factor to influence the 
receiver correctly get each subcarrier. So OFDM system 
has to solve many problems before commercial 
application.  
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Abstract- Voice and data are important elements in 

telecommunications. However over the past decade, the 
demand for the provision of improved data rate and high 
speed voice services from cellular operators have placed 
enormous pressures on the cellular operators to endlessly 
update existing infrastructures  in order to remain 
significant and competitive in the cellular industry.  
Studies and surveys have indicated that the energy 
consumed by cellular networks is very enormous and it is 
predicted that the figures will double in the next two 
decades.  Base stations have been discovered to consume 
majority of the energy and this could be dangerous to the 
environment in terms of carbon foot prints and also 
radiation effects if, in order to improve Quality of Service 
(QoS), energy is increased beyond safety threshold.  More 
research works aimed at managing energy consumption 
more efficiently while maintaining good QoS are being 
explored. 
This paper provides an overview of the various techniques 
that are employed to reduce energy consumption in the 
communication industry with the main focus on the 
incorporation of Multiple-Input Multiple-Output (MIMO) 
technologies and schemes at the base stations and in cellular 
networks to achieve energy efficiency. 
Keywords: Multiple-Input Multiple-Output, Base station, 
Cellular Network, Energy Efficiency  
 

I. INTRODUCTION  
   Wireless communication has witnessed a remarkable 

growth over the past decade because of the ever 
increasing demand for high speed voice and data services. 
This has placed the cellular industry in a most precarious 
position because of these services that they provide to 
mobile users and subscribers. These have prompted their 
need to consistently upgrade and improve their 
infrastructures in order to cope with these demands 
without incurring high financial cost. However other 
forms of concern begin to emerge in forms of 
environmental safety and energy consumptions [1]. 

   Statistics have confirmed that of the total energy 
consumed over the entire network, the base station 
consumes 80% of this energy. The estimated number of 
base stations serving mobile users is more than 4million 
and predicted to almost double as at 2012 in developing 
regions [1, 2]. This statistics should be a cause for alarm 
because it indicates that mobile operators will be 
responsible for the increase in carbon foot prints in the 
environment and this is characterized with detrimental 
effects. Regulatory bodies such as International 
Telecommunication Union (ITU) and Network operators 
3rd Generation Partnership Project (3GPP) to mention a 
few  have championed researches focused on methods in  
realizing energy efficient networks also called, “Green 
Cellular Networks” [3, 4]. Fig.1 and Fig.2 shows the 
analyses of the energy a cellular network consumes and 
an estimate of the growth rate  of base stations in 
developing regions respectively. Research interests have 
identified areas to minimize energy consumptions in a 

cellular network to actualize the green network. These 
include implementing energy saving network protocols 
and architecture, network planning and deployments, 
base station redesign, cooperative relaying and cognitive 
radio. Focusing on base stations, design changes have 
been proposed to power amplifiers. Also, introducing 
power saving protocols to the base station, base station 
power management, efficient deployment strategies and 
cooperative relaying can also be implemented on the base 
station [1]. The role of MIMO cannot be ignored.  
 

  
Fig.1. Power consumption of a typical wireless    cellular  

            network [5] 

 

 
Fig.2. Growth in base stations in developing regions 2007-        

2012 
 (GSMA Research) [6] 
               II. AN OVERVIEW OF MIMO  
  Figs.3 and 4 describes a MIMO system and channel 
model 

 
Fig.3 Illustration of a MIMO system, the transmitter has 
           M antenna elements and the receiver has N antenna 
           elements [7] 
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Fig.4 Illustration of a MIMO channel 
 

Fig.3 can be represented by equation (1) below; 
 

r=sH+ n (1) 
Where  
r = the received signal 
s= sent or transmitted message 
H= channel matrix 
n= noise  

  The number of transmit and receive antenna can be 
written in the form min (Mt, Nr) or as M x N 

configuration. For example 2x2 means 2 transmit and 
receive antennas respectively. The number of transmit 
and receive element can be linearly increased to extract 
spatial diversity in order to increase channel capacity. 

  The functionality of MIMO is its dependence on 
multipath, which, to other conventional system such as 
Single-Input Single-output (SISO), could be problematic. 
These multipath are seen as independent channels over 
which signals can be transmitted and the receiver has the 
ability to process these information. If bandwidth and 
power were to be a constraint, the efficiency of the 
system can be improved further with knowledge of the 
Channel State Information (CSI) is known both at the 
receiver and transmitter. This can be attributed to part of 
the reasons MIMO is preferred. A SISO system would 
have difficulty processing these information because it 
does not possess the robust properties of MIMO in terms 
of antenna diversity and spatial multiplexing.  
   For better understanding, MIMO is classified into 3 
basic parts. 
A.    Spatial Multiplexing  
   In a typical SISO system, only a single stream of data is 
transmitted from a single transmit antenna to a single 
receive antenna. Data rate is low and bandwidth is 
underutilized. Spatial multiplexing is an antenna concept 
where multiple streams of data is transmitted from 
multiple antennas which are spatially separated to 
multiple receive antennas also spatially apart. These 
streams are transmitted on the same channel but in 
parallel to one another. This is a great advantage because 
data rate is much higher, bandwidth is utilized and 
capacity and total throughput is greatly increased without 
increasing transmission power for bandwidth and 
transmission power constraint. This is achievable under 
good channel condition. The gain attributed to the overall 
process is the spatial multiplexing gain [8]. Fig.5 gives a 
diagrammatic illustration of Spatial multiplexing where 
two streams of data are transmitted and received.   

B. Spatial Diversity  
Fading is a common problem in wireless 

communication. Spatial diversity ensures reliability of 
signals by transmitting and receiving of signals over 
different independent channels. Each channel will 

experience independent fading. Diversity is obtained 
from the availability of these multiple independent 
channels. Each transmit antenna sends its signal over the 
channel available for it. At the receiver, each antenna also 
receives its corresponding signal. This technique is useful 
at the cell edges where signal power is low. Spatial 
diversity enhances coverage. 

Other forms of diversity can be obtained depending on 
the number and polarization of the antenna, the space 
between the antennas as well as their configuration. They 
are as follows; time, space, polar, frequency, space, 
transmit and receive diversities. 

The advantage therefore is the redundancy available for 
reliable signal transmission, and the capacity to select the 
best signal using appropriate combining algorithms at the 
receiver [8 , 9 , 10]. A SISO system however does not 
possess these capabilities. 

B. Beamforming  
Antennas are arranged in an array with their elements 

separated by specific distance and phase orientation in 
order to produce specific beam shapes in defined 
directions hence beamforming. Each antenna radiates a 
unique signal beam at a specific phase and amplitude 
 

 
Fig.5 Spatial Multiplexing with two data streams [9]. 
 
 
 
such that at the points where each signal interfere, there 

would be levels of constructive and destructive 
interferences therefore producing a desired beam at 
specific strengths  Beam forming is described by Fig.6. 
As a smart antenna technology, it is complex to 
inplement because of the complex signal pocessing 
algorithms but the advantages from its operation is far 
more beneficial. It offers high spectral efficiency and 
higher channe/data capacity. Also, improved signal 
stength at both the transmitter and receiver is achieved 
because of its ability to amplify desired signals and filter 
out noisy signals [11]. 

The advantages of MIMO in wireless communication 
cannot be overemphazied. It increases capacity data rate 
without wasting limited available bandwith (spectral 
efficiency) and limited power, optimum network 
coverage is achieved as well as reducing the effects of 
fading on signals. 
 
 III. MIMO IN CELLULAR NETWORK FOR  

         ENERGY EFFICIENCY  
   From section I, it has been discussed that the base 

stations consume the bulk of the energy in a cellular 
network. This section describes some areas in which 
MIMO schemes are deployed in the cellular network to 
reduce the energy consumed by the base station.  
 
A. Relaying  
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   A relay is simply a device that is placed between a 
signal source and its destination in order to increase the 
signal strength that has been attenuated by distance.  
Cellular network comprises cells served by a base station. 
Mobile users (MU) in a cell will experience varying 
signal strength from the transmitting BS depending on 
their location in the cell with those at the cell edge likely 
to experience lower signal strength. This means that 
either the BS increases transmission power or another BS 
is deployed in the same cell to compensate for the MUs 
that have low signal strength to prevent dropped calls. 
However, in both cases more energy is consumed.  

   A relay station is a better replacement because it 
consumes less energy than the BS and does not require a 
wired connection to the BS backhaul. It also extracts 
spatial diversity from available channels. 

    The concept of relaying is that the BS transmits 
signals to MUs in its cell. The relay also receives these 
signals and retransmits them to the recipient MUs. MUs 
that are farther away from the BS will still be in coverage 
because the relay will compensate for the distance 
between the BS and MUs thereby increasing coverage 
and capacity.  

     Several concepts can be applied to relaying to make 
it more robust. These include: increasing the number of 
relays in a cellular network to further increases capacity 
and coverage. Also, introducing cooperative schemes to 
the relays and some other intelligent relay schemes such 
as Decode-and-forward (DF), Hybrid Decode-Amplify 
and-Forward (HDAF) etc improve the performance and 
efficiency of the entire system. 

  Implemented in a cellular network reduces the total 
energy consumed by the BS by acting as an intermediary 
between the MUs and the BS. The BS does not have to 
increase transmission power to support the defined QoS 
[12] 
  
B. Cell Zooming  

Cells in a cellular network can experience congestions 
as the number of MU increases resulting in increased data 
traffic in the network. The BS serving these cells will be 
highly worked as it tries to meet this traffic demand. It 
will increase transmission power to compensate for the 
traffic demand. This therefore increases the energy 
consumed by the BS to assume the status of an energy 
inefficient network.  

The zooming technique is a form of beamforming 
because it allows BSs to increase or reduce the size of the 
cells depending on network congestion. It requires BSs 
cooperation to implement this. When a cell gets 
congested, it can zoom in to accommodate the users in its 
boundaries while neighboring cells that are less congested 
can zoom out to cover the cells that are not served by the 
congested cell. Cells can switch to sleep mode/idle if 
there is no demand for them to zoom saving more 
energy[13]   

In order to implement cell zooming, a Cell Zooming 
server (CS) that makes zooming decisions based on the 
information it gathers like CSI, cell load, etc.  Based on 
these information gathered, it sends specific instructions 
to the specific base stations to control the sizes of the 
affected cells. The zooming technique could be physical 
i.e. controlling the antenna height, its tilt and also the 
transmission power. It could also be by the use of relays. 
The relays can decongest cells by transferring users from 

the congested cells to cells of lower congestion. 
The advantages of zooming in a cellular network 

cannot be ignored. Most important is the energy 
consumption reduced at the BS by saving power by 40% 
which is really good. Other advantages are increased 
throughput in the network, higher diversity gain for MUs 
and improved network coverage [13, 14].   
C.    Deployment of Heterogeneous Networks   

A heterogeneous network in Fig.6 basically means 
different networks of various sizes interacting with each 
other by specialized protocols to provide various level of 
access to users within these cells. These cells are 
distinguished by their size and coverage capabilities. 
They can be categorised as femto, pico, micro and macro 
cells in order of increasing capacity and coverage. Fig 7 
describes a typical heterogeneous network. 

These cells are served by BS of various sizes 
corresponding to their individual cell size and capacity. 
The macro cell being the biggest is served by the largest 
BS and the femto cell being the smallest is served by a 
much smaller low power BS. It is important to note that 
all these cells are contained within the macro cell which 
is the main cellular network architecture. 

   Femto cells are generally suitable for indoor services 
such as in houses to provide broadband access. Pico and 
micro and high traffic areas such as offices, shopping 
malls 

   
Fig.6. Beamforming for Smart antenna [12]. 
 

 
 
Fig.7. A heterogeneous network deployment [1] 
  
and residential areas.  

    The overall aim of deploying a heterogeneous 
network is to reduce the activity of the macro BS and 
delegate to other low power BS. Like relaying, the 
deployment of smaller BS reduces the propagation 
distance between the macro BS and the MUs thus 
lowering transmission power. In the advent of high traffic 
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demand, the Macro base station does not have to increase 
transmission power as the lower power BS can provide 
the required capacity and coverage.   

   Plextek [15] analysed a femto cell deployment and 
compared with a macro cell expansion to provide similar 
indoor coverage. They concluded that the femto cell had 
a 7:1 operational energy advantage ratio to the macro 
expansion.  Another observation was made when a pico 
and macro cell network was combined, and their energy 
saving matrices compared with a 100% macro cell 
network.  The pico cell comprised 20% of the MU in the 
combined network. It was concluded that the combined 
network saved 60% energy unlike the full macro cell 
network. It can be deduced from this analysis that with 
the right combination of cell deployments, the best 
energy saving network can be realized. Other advantages 
such as increased capacity, increased coverage and higher 
data rate can also be observed.  

   Overall, the smaller BSs consume less energy than 
the larger macro BS. Increasing the number of these 
small BSs by joint deployment of smaller cells increase 
the overall network energy efficiency [16]. However it is 
safe to note that beyond certain thresholds, deploying an 
extra small cell can reduce the energy efficiency of the 
network [15]. 
   In essence, the MIMO concepts can be observed in the 
number of channels available from the various numbers 
of BS antennas available to exploit spatial multiplexing 
and diversity gains. 
 
IV. CONCLUSION 
 
    Cellular networks will always be essential for voice 
and data services. It is imperative that network 
architectures can adapt to changes to cope with the ever 
evolving applications that demand high QoS. The 
implementation of MIMO technologies to cellular 
networks can be the key to realizing this. Most 
importantly, Energy efficiency can also be achieved at the 
base station and the entire network with QoS not being 
compromised.  
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Abstract - Communication has evolved from the archaic 
circuit switched networks to a more complex and robust 
data networks.  The demand for higher data rate has 
spurred research in different areas of communication. To 
meet this demand, Multiple-Input Multiple-Output (MIMO) 
technology is deployed. MIMO is a wireless technology that 
uses more than one antenna at the transmitter and receiver 
to transfer more data at the same time in multipath channel 
without drawing additional power from the transmitter. 
MIMO technology is not only a paradigm shift in wireless 
communications; it inverts the wireless design principle that 
multipath transmission causes interference and should be 
eliminated.  Instead, the presence of multipath which is 
considered as a drawback in conventional Single Input 
Single Output (SISO) is now a major advantage for 
increasing the data rate and improving quality of service for 
today’s technological demand for higher data rate. 
This paper addresses how MIMO works, current 
transmission schemes, MIMO system performance and 
antenna configurations for MIMO. So also, the prospect of 
MIMO for future network is discussed. 
Keywords: Multipath, Multiple-Input Multiple-Output, 
Data rate  
 

I. INTRODUCTION  
From time immemorial, information and communication 
technology have always formed the basis of human 
existence. It started with a simple fax, e-mail services and 
voice calls perhaps between researchers or users in 
different continent. However, mobile communication is 
by any measure one of the fastest and most dynamic 
segments of the communication industry. As such, this 
field has captured the attention of communications 
engineers and the imagination of the public.  The 
exponential growth of cellular telephone and the use of 
smart phones for voice and data communications have led 
to great optimism in mobile communications. Currently, 
we have more than five billion users worldwide and the 
main drivers of growth continues to be Asia-Pacific 
region which accounted for 47percent of global mobile 
connections at the end of second quarter of 2012 [1].   
A.     Trend In Mobile Communication   
Communication systems have undergone a remarkable 
development. The early 1970’s saw the deployment of 
mobile radio system in the 800/900MHz [2] and it 
worked based on the frequency division multiple access 
(FDMA) and analogue frequency modulation (FM) 
technology.  Subsequently, a second, third and fourth 
generation systems were developed by a body called third 
generation partnership project (3GPP) for interoperability 
and backward compatibility.  The next significant 
development to be implemented is the convergence of the 
mobile and fixed network which will provide end users 

with unified communications systems that affords them a 
huge choice in their mode of communication [3]. 
 The main drive for this evolution is obviously the 
demand for more data rate and good quality of service for 
end user.  Fig. 1 shows the trend in communication with 
respect to range in meters and download speed. 

 
II. HOW DOES MIMO WORK? 

 
Future technologies are expected to support high data rate 
which may include high voice quality and motion images 
[5].  To meet this demand, MIMO technology is 
deployed. MIMO is an antenna technology that uses 
multiple transmitters and receivers to transfer more data 
rate at the same time without increasing the transmit 
power.  
The environment with its multipath propagation is an 
integral part of transmission [6].  Each multipath route 
acts as a separate channel and it serves as a virtual link 
over which to transmit signals. Conventionally, single-
input single-output (SISO) systems are confused by this 
multipath while MIMO takes advantage of it to increase 
range and throughput. In operation, MIMO uses 
beamforming, antenna diversity and spatial multiplexing 
and these three concepts are discussed. 

 

 
 
Fig. 1. Trend in mobile communications [4] 

 
A.  Beamforming 

 
Beamforming is used in MIMO systems to create a 
certain antenna directive pattern in order to give required 
pattern under a given condition. It depends on physical 
direction that characterises the channel that changes on a 
relatively long-term basis. Antennas used to perform this 
task are called smart antennas. Smart antennas can either 
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be phased array or adaptive array antenna. 
The phased array antenna consists of predefined patterns 
which can be switched to base on the direction required. 
On the contrary, adaptive array antenna has an infinite 
number of patterns and it is capable of directing beam in 
the exact direction needed in real time. This property 
makes adaptive array antenna suitable for mobile 
communication. [8] 
Beamforming itself does not increase the data rate but it 
does increase the range. So also, de-correlation is not 
required at the receiver and this makes the design fairly 
straight forward and easy but at the transmitter end, 
energy must be focussed in the right direction. 
B.   Antenna Diversity 
In antenna diversity, more than one antenna is used to 
transmit and receive signals along different propagation 
paths to compensate for multipath interference [8]. In 
SISO, outage occurs if antenna falls into null and with 
this situation; energy is wasted by sending in an 
unwanted direction which results in interference. 
Due to multipath propagation interference effects 
between network nodes, the received signal strength may 
vary strongly for a small change in the propagation 
environment, affecting the link quality. These fading 
effects can result in error or loss of connection between 
devices. 
Applying antenna diversity technique in scenarios above 
will increase channel reliability for the allocated 
spectrum. 

 
C.  Spatial Multiplexing 
Spatial multiplexing is not intended to make transmission 
more robust; rather it increases the data rate [6]. In order 
to achieve this in a simple way, a MIMO configuration 
using two antennas at the transmitter and two antennas at 
the receiver (2 X 2 MIMO) may divide data into separate 
streams and the streams are transmitted independently 
through separate antennas as shown in Fig.2. 

 

 
Fig. 2.  2 X 2 MIMO schematic diagram with channel matrix H 

MIMO transmits through a common channel. Thus, 
transmissions using cross components not equal to zero 
(0) will mutually influence one another. The cross 
component can be calculated at the receiver if the 
transmission matrix is known. Two methods used in 
determining the cross component are defined below 

1) Open-loop method: In open-loop spatial 
multiplexing (OLSM), the rank of the channel and 
channel quality indicator (CQI) are the only feedback 

the base-station gets from the mobile subscriber (MS). 
The pre-coding matrix indicator (PMI) information is 
missing. Without the ranking indicator (RI) feedback 
information, OLSM[11] can still be operated. 

 
Closed-loop method: in closed-loop spatial 

multiplexing (CLSM), the receiver reports three 
feedbacks: channel quality indicator, pre-coding 
matrix indicator and the ranking indicator to the base 
station transmitter. Despite the fact that the MS sends 
ranking information which indicates the number of 
spatial layers that the MS can support based on its 
present channel conditions, the base station is still at 
liberty to decide whether to use different rank based 
on other measurements like amount of data in its 
downlink buffer. Due to this feedback, closed-loop 
method can respond to changing circumstances[11].  

With MIMO spatial multiplexing, mobile operators 
can now use spectrum resources more effectively. The 
increased overall network throughput can be used to 
increase system capacity and service users more 
efficiently [9]. 

III. ANTENNA CONFIGURATIONS FOR MIMO SYSTEMS 

For a communication channels, different models 
can be used in describing the behaviour of air 
interface. A simple model is the Additive White 
Gaussian Noise (AWGN) which assumes the linear 
addition of noise to the required signal with a constant 
spectral density and Gaussian distribution of the 
amplitude [8]. However, a more realistic scenario 
considers the impact of multipath propagation. 
In reality, a transmitted signal is susceptible to reflection 
and refraction on trees, buildings e.t.c. At the receiver, the 
received signals arrive with different phase and 
amplitude. All signals received superpose to cause an 
effect called fading. Using different antenna configuration 
allows the evaluation of different multipath scenarios to 
reduce the effect of fading or interference. 
Fig. 3 below illustrates the various antenna configurations 
for the deployment of MIMO systems at the base stations 
(BS). So also, Table 1 describes the antenna 
configurations shown in fig.3.  

 
Fig.3 various antenna configurations for deployments constrained to 

twelve radio frequency (RF) cables per base station [10].  
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TABLE 1 
DESCRIPTION OF ANTENNA CONFIGURATION IN FIG.3 [10] 

 

 
 

Some of the key parameters regarding the antenna 
configurations are the distances between the antenna 
elements within the multiple antenna configuration arrays 
and the polarization direction of the different antenna 
system 

IV. CURRENT MIMO TRANSMISSION SCHEMES 

There exist a number of MIMO schemes standardized by 
the 3GPP system where the base station scheduler is able 
to select optimally appropriate MIMO schemes for 
channel conditions that will suit the mobile terminal [11]. 
Long term evolution (LTE) release 8 supports downlink 
transmission on one, two, or four cell specific antenna 
ports each corresponding to one , two or four cell specific 
reference signal [10] and each of the reference signals 
corresponds to one antenna port. An additional antenna 
port is also available and can be used for conventional 
Beamforming. Example of the current scheme supported 
by LTE release 8 is Downlink Single User-MIMO (DL 
SU-MIMO) and transmit diversity. For this scheme, all 
user equipment must support up to four cell specific 
antenna ports and the corresponding transmit diversity 
scheme which could be four antenna port with pre-coded 
spatial multiplexing or two antenna port with pre-coded 
spatial multiplexing. 

V. MIMO SYSTEM PERFORMANCE 

In allusion to the work of Telatar [12], Foschini and Gans 
[13] and many others, it is now well-known that MIMO 
channels can attain capacities many times greater than the 
de-facto Shannon limit for SISO channels. 
To characterise the overall MIMO system performance of 
a device, it has to be tested against different environment 
scenarios and with different orientations within each 
scenario. The user equipment (UE) in most environments 
is surrounded by local scatterers which could be the body 

of users, nearby objects or ground. If the antennas at the 
base station (BS) are elevated, the signals originating 
from the UE transmitter reaches the receiver at different 
direction of arrival (DoA) asides the angular spread due 
to multi-path, fading and shadowing which affects system 
performance. 

VI. PROSPECT OF MIMO FOR FUTURE DEVELOPMENT 

Any technology that is capable of providing a better use 
of frequency spectrum and higher throughput without 
increasing the transmit power is considered beneficial to 
the communications industry. In lieu of this, MIMO 
technology is the order of the day in every aspect of radio 
communications. The future of MIMO can be 
summarised but not limited to wireless local area 
networks and mobile communications discussed below: 
1. Wireless Local Area Network (WLAN)  

WLAN has seen rapid advancements from the 802.11 a, b 
and g data whose rate varies between 2Mbps to 100Mbps 
respectively. However, previous advances have been 
limited to a single transmitting and receiving radio. The 
next generation of WLAN exploits MIMO technology to 
send information farther and faster. Recent development 
shows that MIMO is capable of operating at a data rate up 
to 600Mbps per channel and this is been developed under 
the 802.11n standard.  
2.  Mobile Communications 

MIMO technology can also be deployed for any 
modulation or access technique. Currently, most digital 
radio system use either Time division multiple Access 
(TDMA), Code Division Multiple Access (CDMA) or 
Orthogonal Frequency Division multiple Access 
(OFDMA). Research shows that implementation is much 
simpler at high data rate for MIMO-OFDM [10] and this 
has led to MIMO being standardized for World Wide 
Interoperability for Microwave Access (WIMAX) as well 
as in 3GPP Release -6 and Release-7 of the UMTS 
Terrestrial Radio Access Network (UTRAN) 
specification and Long Term Evolution (LTE) Release-8. 
3. Machine to Machine Communications (M-2-M) 
Machine to machine communications also known as 
internet of things require a dedicated data traffic through 
which myriad devices in our surroundings can 
communicate. MIMO technologies can play an important 
role in this type of communication and conditions for 
deployment are under study. 

VII. CHALLENGES OF MIMO TECHNOLOGY 

Although MIMO has a lot of advantage over the 
conventional SISO channel, it also has some drawbacks 
listed below. 
1. Battery consumption for multiple antennas 
In a multi-antenna system, each antenna needs separate 
components, leading to different signal processing level. 
These levels and components need energy to operate   and 
with multiple antennas both at the transmitter and 
receiver, the battery consumption will be high. 
2. Complexity in network design 
For a MIMO system to be more effective, proper 
understanding of the nature of the channel which can also 
be referred to as Channel State Information (CSI) is 
required. The CSI for environments differs based on level 
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of scattering which means that different designs must be 
deployed for different environment or geographic 
location. So also, complex algorithm is required at the 
receiver end to combine the received signal.  
3. Poor system performance at low signal to noise 
Ratio 
At low Signal to Noise Ratio (SNR), MIMO and SISO 
performance is the same.  To work effectively, MIMO 
requires a good SNR level 

CONCLUSION 

Deploying MIMO technology in mobile communications 
offers a large capacity in terms of gain over a SISO 
system. With perfect understanding of the propagation 
environment, power can be allocated optimally over 
different receive and transmit antenna to increase the 
range and data throughput. The inherent benefit of MIMO 
has made it a subject of discuss and the future of mobile 
communications now hinges on this technology as it has 
been adopted by the 3GPP for LTE networks. 

REFERENCES 
[1] GSMA, (2010, July). GSMA Announces that Global Mobile 
Connections Surpass 5 Billion.[Online]. Available: 
http://www.gsma.com/newsroom/gsma-announces-that-global-
mobile-connections-surpass-5-billion.[Accessed: 25 Feb.2012].  
[2] G.L Stuber, principles of mobile communications, 2nd ed. 
Norwell, MA: kluver Academic publisher,2004, p 3-10. 
[3]  T. Wakefield, Introduction to mobile communications: 
technology, services, markets. Ed. Boca Raton, Auerbach, 
publications, 2007. 
[4]  NQ logic, (2010, Apr.).Broadband goes mobile.[Online]. 
Available:http://www.nqlogic.com/2010/04/broadband-goes-
mobile.html.[Accessed: 25 Feb.2012].  
[5]  Ng, J. C -L; Letaief, K.B.; Murch, R.D., "Antenna diversity 
combining and finite-tap decision feedback equalization for high-
speed data transmission," Selected Areas in Communications, IEEE 
Journal on , vol.16, no.8, pp.1367,1375, Oct 1998,doi: 
10.1109/49.730446.[ Accessed 12 Mar.2013] 
[ 

6] Rhode & Schwarz, (2011). Two-Channel Method for OTA 
Performance Measurements of MIMO-Enabled Devices.[Online 
eBook]. Available: http://cdn.rohde-
schwarz.com/dl_downloads/dl_application/application_notes/1sp12
/1SP12_1e.pdf [Accessed: 12 Mar. 2013] 
[7] Radio-Electronics, MIMO Antenna Beamforming.[Online]. 
Available:http://www.radio-electronics.com/info/antennas/mimo/ 

antenna-beamforming.php [Accessed: 12 Mar.2013] 

[8] ATMEL, Antenna Diversity.[Online]. Available: 
http://www.atmel.com/Images/doc8158.pdf [Accessed: 14 
Mar.2013] 
[9] TE Wireless and Services,  Distributed Antenna Systems and 
MIMO technology.[Online]. Available: 
http://www.te.com/content/dam/te/global/english/industries/wireles
s-adc/knowledge-center/documents/distributed-antenna-systems-
and-mimo-technology-109936AE.pdf [Accessed: 14 Mar.2013] 
[10] 3G Americas, (2009). MIMO Transmission Schemes for LTE 
and HSPA Networks.[Online eBook]. Available: 
http://www.3gamericas.org/documents/Mimo_Transmission_Sche
mes_for_LTE_and_HSPA_Networks_June-2009.pdf [Accessed: 17 
Mar. 2013] 
 [11] Adigun, O.; Politis, C., "Energy efficiency analysis for MIMO 
transmission schemes in LTE," Computer Aided Modeling and 
Design of Communication Links and Networks (CAMAD), 2011 
IEEE 16th International Workshop on , vol., no., pp.77,81, 10-11 
June 2011 
doi: 10.1109/CAMAD.2011.5941122 
[12] Chiurtu, N.; Rimoldi, B.; Telatar, I.E., "On the capacity of 
multi-antenna Gaussian channels," Information Theory, 2001. 
Proceedings. 2001 IEEE International Symposium on , vol., no., 
pp.53,, 2001 
doi: 10.1109/ISIT.2001.935916 
[13] Foschini G. J. and Gans M. J. "On limits of wireless 
communications in a fading environment when usingmultiple 
antennas" Wireless personal Communications, vol. 6,pp 311-
335,1998 

 
 
 
 



12th Research Seminar Series Workshop Telecommunications Engineering 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-123-

Digital Video Broadcasting Standards: Challenges and Opportunities for 
Developing Countries  

 
Uyoata E. Uyoata 

School of Engineering, Design and Technology 
University of Bradford 

 
Abstract-The transition from analogue to digital 

broadcasting has been a heated discussion among 
stakeholders in the broadcast industry recently. The 
experiences of countries that have made successful 
migration show that it is an intricate process involving 
policy creation, access regulation, technical implementation, 
network planning and public enlightenment. Digital video 
broadcasting (DVB) holds much promise especially in areas 
of spectrum utilization, high definition content delivery, 
mobile television integration, high user television 
interactivity and future internet incorporation. Digital video 
broadcasting standards define the benchmark for TV 
broadcasting. First-generation DVB standards are slowly 
giving way to research in future generation standards which 
emphasize adaptability. In a bid to meet the 17 July 2015 
International Telecommunication Union (ITU)’s deadline 
for the transition, several developing countries have made 
efforts through task force committees, trial transmission and 
policy processes. Nigeria: a developing country with 
population densities higher in urban centers than rural 
areas need to take into consideration the issue of sufficient 
coverage.  
This paper makes an overview of digital video broadcasting 
standards. In addition it proposes the combination of 
satellite communication and terrestrial broadcasting 
systems as an effective approach to achieving an inclusive 
coverage of Nigeria for a successful transition. 

Keywords: Digital Broadcasting, Satellite Communication, 
Broadcasting Standards, Quadrature Amplitude Modulation, 
High Definition Television  

I. INTRODUCTION 
Since the invention of television in the 1920s [1], 

various analogue television standards have been 
developed which include Phase Alternating Line (PAL), 
Séquentiel Couleur à Mémoire Systeme (SECAM) and 
National Television Systems Committee (NTSC).  These 
standards are basically spectrum sharing techniques 
which have their inherent frailties prominent among 
which are cross-colour, cross luminance and “relatively 
poor chrominance definition” [2].  The move towards 
digital transmission of video signals has not been a 
sudden switch; auxiliary digital services employed to 
improve image quality have been developed all along.   In 
the 1970s, Vertical Insertion Test signals (VITs) were 
employed while Video Programmes System (VPS), 
Multiple Subsampling Encoding system (MUSE), 
Multiplexed Analogue Components (MAC), D2MAC and 
High Definition-MAC(HD-MAC) were developed in the 
1980s [3].  These efforts in the digital direction had the 
advantages of less susceptibility to degradation in quality, 
unique visual effect and ease of television interoperability 
[4].  Digitization of analogue video signal involves the 
filtering of incoming signals from the camera to avoid 

aliasing, sampling the signal and assigning the samples 
appropriate quantization levels.  

The promise of better spectrum utilization through 
digital compression and ease of manipulating digital 
signals among others encouraged the decision for a global 
switch to digital broadcasting. In the buildup to a 
successful analogue to digital transitions, various bodies 
around the world have come up with technical 
specifications or standards which are unified by the ITU 
to ensure quality of operation and interoperability.  These 
standards encompass source coding, error correction, 
modulation and decoding of signals. The Digital Video 
Broadcasting (DVB) Project; an organization made of 
over 260 countries [5], was set up originally to develop 
technologies for digital video broadcasting via the three 
traditional broadcasting distribution media; Cable 
network, satellite systems and terrestrial networks leading 
to three earlier standards viz. DVB-C, DVB-S and DVB-
T respectively and its standards have enjoyed wider 
deployment around the world [6]. 

Data available at the time of writing shows that many 
developed countries have completed their digital 
switchover: in Europe, twenty two countries have made 
successful analogue switch off with Hungary, Ukraine, 
Poland and Russia having their switch over underway [7].  
In Asia; South Korea, Japan, China have had successful 
switch overs while Cambodia, Sri Lanka, Marshall 
Islands, Malaysia, Brunei have theirs underway[8]. The 
United States and Canada have also made successful 
migration.  

Though DVB-S and DVB-C technology are spread 
around the world [9], developing countries have shown a 
slow pace towards the transition to digital broadcasting, 
with countries in Africa lagging behind.  There have been 
more appreciable efforts on the parts of Kenya, Tanzania, 
Rwanda, South Africa, Uganda and lately Ghana than 
some others. Some African countries have started pilot 
broadcasts while others are still at the policy stages.  
II. DIGITAL VIDEO BROADCASTING STANDARDS 

Standards for digital video broadcasting can be viewed 
or studied from the standpoint of the distribution media or 
by looking at the technical specifications for each stage of 
the broadcast process. The former finds prominence in 
this paper. 
A. The Satellite Standards 

  Designing a system of moving pictures with 
accompanying audio which employs satellite 
communication will require considering the drawbacks of 
this distribution medium. Satellite channels suffer from 
signal degradation due to the course travelled by the 
transmitted signal to arrive at the receiver(s) and this in 
turn decreases carrier-to-noise ratio.  This explains the 
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choice of Quadrature Phase Shift Keying (QPSK) as a 
modulation technique for the DVB-S standard which was 
developed in 1994.   The DVB-S system based on the 
Moving Picture Experts Group-2(MPEG-2) for source 
coding is able to provide multi-programming services 
through Time Division Multiplexing (TDM) [10].  Error 
correction is achieved by combining convolutional 
forward error correction (FEC) for inner coding and 
Reed-Solomon (RS) codes for outer coding to ensure a 
balance between power efficiency and spectrum 
utilization.  

DVB-S2 essentially builds upon DVB-S and DVB-
DSNG (DVB-Digital Satellite News Gathering) adding to 
them advancement in coding schemes and flexibility to 
satisfy users’ demand for capacity and interactivity [11].  
It employs Adaptive Coding and Modulation (ACM) 
which allows transmission parameters variation instead of 
the constant coding and modulation (CCM) used in DVB-
S.  The DVB-S2 standard specifies 8PSK, 16APSK and 
32APSK modulation schemes in addition to the QPSK in 
the earlier standards. A combination of Bose-Chaudhuri-
Hocquenghem (BCH) for outer coding, Low Density 
Parity Check (LDPC) for inner coding and bit 
interleaving provides robust forward error coding suitable 
for the noise prone satellite channel.  Furthermore a 
backward compatibility feature of DVB-S2 allows for the 
accommodation of already existing DVB-S equipment 
while its non-backward compatibility mode ensures full 
utilization of the digital “dividend” provided by its 
deployment [12 - 14].  A comparison of some DVB-S and 
DVB-S2 parameters is shown in Table 1. 

TABLE 1 
 COMPARISON OF DVB-S AND DVB-S2 FEATURES [13] 

 
B. The Cable Standards 

Similar to the satellite standard, presently there are two 
generations of the cable standard.  Developed in 1994, the 
DVB-C (DVB-over cable standard) is built upon the 
Quadrature Amplitude Modulation (QAM) 
accommodating 16 to 256-QAM constellations with a 
roll-off factor of 0.15.  The cable medium is relatively 
less noisy since it is shielded and so error protection is 
based upon a shortened Reed-Solomon (RS) Code while 
convolutional interleaving ensures protection of the error 
protected packets against burst errors [15].  With 
improvement in coding techniques, the specifications for 
digital broadcasting over cable was expanded to allow for 
higher order modulation in DVB-C2, adaptable input 

formats which added to the MPEG transports stream of 
DVB-C.  There is a parallel between the format for error 
protection in DVB-C2 and DVB-S2; both use FEC 
encoding which employs BCH outer coding, LDPC inner 
coding and bit interleaving which allows for cable 
retransmission of received satellite signals.  The higher 
order QAM mappings are implemented up to the level of 
4096QAM [16].  Furthermore in DVB-C2, the single 
carrier modulation method is replaced by the multi-carrier 
Orthogonal Frequency Division Multiplexing (OFDM). 
The performance of DVB-C2 shows low impact of 
narrow band interference and negligible impact of burst 
errors and impulsive noise under simulated conditions 
[17].  
C. The Terrestrial Standards 

Terrestrial broadcasting has been the mainstay of local 
broadcasting especially in the analogue mode. It suffers 
from less attenuation when compared to satellite 
broadcasting but its channel is not as secure as the cable 
channel. It is arguable that terrestrial broadcasting in the 
analogue mode holds attraction in areas where affording 
set top boxes and (or) satellite dishes is beyond the 
financial capacity of locals.   
 In the DVB-T system, the RS code is implemented on 
the MPEG-2 transport stream for outer coding coupled 
with a punctured Viterbi Convolutional code for inner 
coding. This combination serves to provide error 
protection while OFDM transmission provides good 
multipath performance for the QPSK, 16-QAM, and 
64QAM modulated data carriers [18]. Digital Video 
Broadcasting over terrestrial systems- second generation 
(DVB-T2) deployed in 2009, nine years after the first 
generation standard extends the performance of the earlier 
standard by adding LPDC, BCH and interleaving(bit, cell, 
time and frequency interleaving) FEC for error 
protection; constellation rotation; Multiple Physical Layer 
Pipes; extended interleaving and optional Multiple Input, 
single Output (MISO) transmission mode. It also adds a 
higher modulation level of 256-QAM, uses the active 
constellation and tone detection techniques to reduce the 
Peak to Average Power Ratio (PAPR) [19].  Comparisons 
of some features of both generations are shown in Table 
2. DVB-T2 is not the only standard for Digital Terrestrial 
Television  Broadcasting; in the United States, the 
Advanced Television Systems Committee(ATSC) has 
standards which bear its name; in Japan  there is the 
Integrated Services Digital Broadcasting-
Terrestrial(ISDB-T) standard and in China  the Digital 
Terrestrial Multimedia Broadcast(DTMB) standard is 
deployed.  Simailar among these standards is their 
progress into the second generation. The progress of the 
development of the digital television standards has helped 
free up spectrum for incoperation of internet services on 
the broadcasting channnel creating avenue for interactive 
services, reception of satellite and cable services on 
mobile devices leading to specifications for handheld 
terminals, internet protocol based broadcasting(Internet 
Protocol Television) and possible convergence of the 
broadcasting standards. These feats have employed 
cutting edge technologies for example in DVB-S2 and 

 DVB-S DVB-S2 

Modulation QPSK QPSK, 8PSK, 
16ASK, 32ASK 

Coding Scheme Viterbi and Reed 
Solomon 

LDPC AND BCH 

Coding Rates ½, 2/3, ¾, 5/6, 7/8 ¼, 1/3, 2/5, ½, 3/5, 
2/3, ¾, 4/5, 5/6, 

8/9, 9/10 
Adaptive Coding No(CCM only) VCM and ACM*    

(*Requires return 
channel) 

Roll-Off 0.35 0.20, 0.25, 0.35 
Spectral 
Efficiency 

1.0 – 1.75 bits/Hz 0.5 – 4.5 bits/Hz 
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DVB-C2, the Shannon’s limit has been nearly reached 
raising doubts over a next generation’s standard. The 
deployement of digital terrestrial television around the 
world is shown in Fig. 1. 

 
 
 

TABLE 2 
COMPARISON OF FEATURES OF DVB-T AND DVB-T2 [20] 

 

 
Fig. 1 Global Dployment of Digital Terrestrial Television Systems[20] 

These advances have not come at no cost; even as the 
quality of content delivered by digital television has 
increased appreciably, the desire by viewers for better 
viewing experience and the need to stay competitive by 
service providers still eats at the available bandwidth 
calling for more spectrum.  

III.  NIGERIA’S  SITUATION 
Nigeria has not been left out in the digital transition 

discuss. It made an ambitous effort by announcing 2012 
as its year of transition to digital broadcasting though it 
fell short of that deadline. The current broadcating 
platform shows that cable and satellite pay-TV service 
providers have moved to digital broadcasting adopting the 
associated first generation DVB standards for their 
transitions. Digital television broadcasting to mobile hand 
helds was initiated by a partnership between  Multichoice 
Nigeria( a DTH pay-TV operator) and MTN Nigeria( a 
mobile operator) in 2007.  State owned television 
broadcast organizations most of which offer terrestrial 

services have been slower in the digital switch though a 
partnership between the National Televisions 
Authority(NTA) and StarTimes Group(a China based 
pay-TV provider) has initiated  pilot digital terrestrial 
television broadcast in some cities in the country. These 
efforts have been felt more in the urban centers where the 
bulk of those who subscribe to these services reside than 
in rural areas where awarenes of the broadcast trend is 
less [21].   

 
IV. CHALLENGES AND OPPORTUNITIES 
 
The migration to digital broadcasting comes with new 

sets of equipments at the operators’ and viewers’ ends. 
This translates to more government spending to acquire 
and install them. A case has been made for the cost on the 
part of viewers to enjoy digital content especially 
condering that even with the available digital satellite 
services, not so many households can afford subscriptions 
to stay linked. This calls for major economic decisions on 
the part of  government. The beuraucracy involved in 
bringing policies from drafts to real ground work seem to 
be in the way of the digital migration in the country 
considering delays in issuing government White paper to 
that effect. Public awareness on the benefits and sacrifices 
of digital migration is low especially in non-urban areas 
and this can be addressed through radio announcemnts . 
The population spread in Nigeria[22] indicates that apart 
from the challenges of economy, delayed policy 
implementation, insufficient public awareness and 
inadequate infrastructure which most other devloping 
nations face; for a good percentage of the citizenry to 
enjoy the analogue to digital switch,  stakeholders in the 
broadcast industry should consider equitable coverage.   

All hope is not lost as Nigeria has made effort in the 
race to space by launching satellites including a 
communication satellite of which the Ku band footprint is 
shown in Fig. 2. 

 

 
Fig. 2 NigComSat1-R Ku-Band Footprint[24] 

NigComSat-1R, Nigeria’s communication satellite has 28 
active transponders and can offer services in the L,C, Ka, 
and Ku bands[23]. The satellite footprint [in Fig. 2] 
shows coverage of the country and West Africa with the 
inner countour lines(depicting higher signal strength) 
covering the sub-region. This is an opportunity not just 
for exclusive migration via the satellite platform but for a 
regional effort. Nigeria can achieve more inclusive 
coverage by employing for a start DVB-S over 

 DVB-T DVB-T2 

Coding Scheme Convolutional Coding 
+ Reed Solomon 

 

LDPC and BCH 

Coding Rates ½, 2/3, ¾, 5/6, 7/8 ¼, 1/3, 2/5, ½, 
3/5, 2/3, ¾, 4/5, 
5/6, 8/9, 9/10 

Modes QPSK, 16QAM, 
64QAM 

QPSK, 16QAM, 
64QAM, 
256QAM 

Guard Interval ¼, 1/8, 1/16, 1/32 ¼, 19/128, 1/8, 
19/256, 1/16, 
1/32, 1/128 

Fast Fourier 
Transform(FFT) 
Size 

2k, 8k 1k,2k, 4k, 8k, 
32k 

Bandwidth 6, 7, 8 MHz 1.7, 5, 6, 7, 8, 10 
MHz 

Maximum Data 
Rate(at 20dB C/N) 

3.17Mbit/s 45.5Mb/s 

Required C/N 
ratio(at 24Mbit/s) 

16.7 dB 10.8 dB 



Telecommunications Engineering 12th Research Seminar Series Workshop 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-126- 

NIgComSat-1R in parallel with the efforts of private 
operators while digital terrestrial broadcasting can serve 
for retransmission of received satellite signals and for 
intended terrestrial signals. This state based satellite 
service can be subsidized by government to provide news 
and local entertainment content to its people. 

Furthermore competing standards provides an 
opportunity for the country to engage foreign market 
players interested in promoting their standards in the 
rapid development of Nigeria’s broadcasting sector in 
exchange for standard adoption. Such development can 
be by way of manpower training and quality of content 
improvement. This is an opportunity for a leapfrog in 
broadcasting technology.  

 
V. CONCLUSION 

Progress in digital video broadcasting standards shows 
the benefits of digital broadcasting.This offers 
opportunities for developing countries to explore 
coperative efforts to overcome their challenges. By 
employing satellite communication, countries with 
coverage lapses can achieve equitable coverage. 
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Abstract:-Datacentre (DC) is the most critical part of any 

organization; it is the heart of Information Technology (IT) 
services where a number of servers, storages switches and 
all other IT equipment which run the organization’s 
business are located.  It could contain hundreds of servers 
and other equipment that consume a vast amount of energy. 
Therefore, it is considered to be one of the main reasons for 
constant increase in carbon emissions. Additionally, 
datacentres are major contributors to overheads cost which 
significantly impact on the IT budgets of organisations.  

This research paper will focus on the datacentre cooling 
system which plays a major role in the efficiency and cost 
effectiveness of the datacentre. An overview will be 
presented of datacentre cooling systems’ structures as well 
as a number of techniques and best practice in the efficient 
control of the airflow insider the datacentre. Finally, the 
achievement of green datacentre through the utilization of 
natural resources will be examined drawing on some success 
stories. 

The datacentre should be designed, implemented and 
monitored most proficiently. The appropriate choice and 
implementation of a datacentre cooling system will help the 
organization to increase its profit margin, minimize the 
carbon footprint and protect the environment. 
Keywords: Datacentre, efficiency, cooling system, carbon 
emissions 

INTRODUCTION 
Arregoces   describes the function of datacentres thus: 

“Datacentres house critical computing resources in 
controlled environments and under centralized 
management, which enable enterprises to operate around 
the clock or according to their business needs.” [1] It is 
clear, therefore, that datacentres and their efficient 
operations are of crucial importance for many 
organisations. 

The number of datacentres is growing rapidly and 
contributes significantly to annual energy consumption 
around the world. Determining the exact number of DCs 
is very difficult due to the reluctance of organisations to 
disclose information which is considered to be of a 
sensitive nature. However, there are ethical issues 
surrounding datacentres and their cooling systems insofar 
as these impact on the environment and these issues are, 
therefore, of public concern and not simply organizational 
matters. However, it will be argued here that adherence to 
international standards and best practice will not only 
minimize environmental impacts but will also maximize 
the benefits for the organization through greater energy 
efficiency. These standards have implications for the 
design and monitoring of the datacentre cooling system 
leading to a reduction of energy use and an increase in the 
lifecycles of devices. Seagate (famous for the 
manufacture of hard disks) point out that the hard disk 
Mean Time between Failures(MTBF) for each 10ºC 
increase in the temperature will reduce by 40%.[2]  

Over the past 10 years there have been significant 
developments to the design of datacentres. There are, 
now, a  number of new technology and devices such as 
rack mountable servers, blades chassis which contains a 
number of blades servers (as much as 18 servers in some 
brands[3]) and  other equipment such as load balances, 
fire walls, backup systems and storage units. However, 
the footprint of these new developments has decreased 
due to technology evolution as well as the high capability 
and density of the new equipment. [4]  

The number of cores  in new servers is 12 or 16 [5] per 
processer in some brands. The fast trend of business and 
competition in the modern market results in a significant 
increase in demand for computing power, which 
gradually raises the number of datacentres around the 
world. These datacentres consume about 8% of electric 
energy, and this percentage is steadily increasing. In most  
datacentres, the largest portion of the power is 
transformed into heat [6]. This heat needs to be 
monitored, controlled and reduced by efficient cooling 
systems in order to provide the requisite environmental 
ambience in the datacentre. This can be largely achieved 
by following international standards which are presented 
in the following section. 

 
INTERNATIONAL ORGANISATIONS 

GOVERNING STANDARDS FOR COOLING 
SYSTEMS  

There are a number of organisations which set 
standards and guides that should be considered in the 
design of datacentre cooling systems. As has already been 
stated, proper adherence to and implementation of these 
standards can significantly enhance the performance and 
efficiency of datacentres. The most prominent of these 
international organisations are presented below with a 
précis of their standards:  
AMERICAN SOCIETY OF HEATING AND AIR-

CONDITIONING ENGINEERS (ASHRAE) 
This was formed in 1959 when the American Society 

of Heating and Air-Conditioning Engineers (ASHAE) 
and The American Society of Refrigerating Engineers 
(ASRE) were merged into one society. ASHRAE is based 
on research and studies of best standards of building 
systems, energy efficiency, indoor air quality and 
sustainability within the industry. The mission of the 
society is “to advance the arts and sciences of heating, 
ventilating, air conditioning and refrigerating to serve 
humanity and promote a sustainable world.” [7]  
NETWORK EQUIPMENT-BUILDING SYSTEM (NEBS) 

This is “the most common set of safety, spatial and 
environmental design guidelines applied to 
telecommunications equipment in the United States.” [8] 
and advocates the physical protection of equipment by 
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testing the reliability of electronic systems to achieve a 
long life cycle in different environments.[8]  
EUROPEAN TELECOMMUNICATIONS STANDARDS 

INSTITUTE (ETSI)  
ETSI is an officially recognized organization by the 

European Union. It produces globally-applicable 
standards for information and communication 
technologies. [9]  
THE AMERICAN NATIONAL STANDARDS INSTITUTE 

(ANSI) 
ANSI was founded in 1918 by five engineering 

societies and three government agencies. Its main goal is 
to improve the global competitiveness of American 
business through promoting and facilitating quality 
standards. [10] ANSI is broad based and publishes 
reviews and comments on draft standards. 

 
DATACENTRE COOLING SYSTEM OVERVIEW: 

The environment inside the room should be controlled 
in such a way as to meet the industrial standards in order 
to protect the devices. The cooling system in the 
datacentre has two main roles. The first is the reduction of 
heat from the datacentre and the second is the control of 
humidity.  
EXHAUST OR REMOVAL OF HEAT FROM THE 

DATACENTRE: 
The heat generated by standalone devices such as 

personal computers can be absorbed by the ambient air in 
a normal office environment.  However, in high power 
density equipment such as a cluster of blade servers 
chassis in a row of rack, high levels of heat are generated 
which should be removed immediately from the 
datacentre. 
HUMIDITY CONTROL: 

Heat is not the only problem which could affect the 
datacentre devices. High levels of humidity could result 
in tape media errors, excessive wear and corrosion 
whereas low levels of humidity could cause electrostatic 
discharge (ESD),which also could damage the tape 
products. The recommended range for humidity in the 
datacentre set by ASHRAE is 40-55%. [11] 

 
DATACENTRE COOLING SYSTEM 

STRUCTURES 

In most datacentres, the cooling system consumes 40% of 
the total power. [12] The typical cooling system is based 
on cooling the entire datacentre; the room design 
configurations include  a raised floor with height of 0.3 to 
1.2 m, the raised floor is covered by tiles , the standard 
tile size is  610mmX610mm (2ftx2ft). There are two 
types of tiles: solid tiles and perforated tiles. The room 
should be carefully covered and sealed by the solid tiles. 
[13] Figure 1 illustrates a basic diagram of a datacentre 
cooling system.  The servers racks are organized in rows. 
The area where the servers face each other, called the 
cold aisle, and the area where the servers back each other 
is called the hot aisle. [4 , 14] The air conditioning units 
are placed in the beginning of cold aisles to push the cold 

air into the raised floor. The perforated tiles are placed in 
the front of servers racks where cool air is needed to pass 
through these servers and remove the heat to the cold 
aisle. 

 
Fig. 1 Hot-aisle/cold-aisle configuration.[13] 

 
COMPUTER ROOM AIR CONDITION: 

The common air conditioning systems in raised floor 
datacentres use air for controlling the temperature and 
humidity inside the datacentres. Computer Room Air 
Conditioning (CRAC) and Computer Room Air-Handling 
(CRAH) both are used for raised floor environments and 
each of them has a different structure. 

The CRAC system is also known as direct expansion 
(DX) and is divided into two units. One of them is located 
inside and consists of compressor, evaporator coil and the 
expansion valve as shown in Figure (1) above. The 
second unit is outside the datacentre. Its role is to block 
the heat and it consists of a condensing coil. This unit is 
located on the roof of the building. This type of 
datacentre air condition is cheaper and easier to maintain. 
However, it is not suitable for large datacentres. [15] 

The CRAH system also consists of two units but it 
differ from the CRAC system in having only fans and 
cooling coils and in most cases it uses chilled water to 
eliminate heat from the data center. The outdoor unit for 
CRAH systems consists of a chiller system. [15]  

Both CRAC and CRAH systems in the datacentre work 
in similar ways by pushing the cool air under the raised 
floor. The cool air comes out through the perforated tiles 
in the cold aisles and is sucked away by the fans inside 
the equipment, which are assembled in the racks, absorbs 
the heat from the equipment and diverts it into the hot 
aisles. Most of the hot air rises and eventually returns to 
the intake of the air conditioning units to be cooled and 
returns again to the datacentre; however some of the hot 
air escapes to the cold aisles and mixes with cold air 
which causes a decrease to the efficiency of the cooling 
system. [16] There does not yet appear to be an efficient 
solution to this aspect of their functioning.  

 
COOLING SYSTEM DESIGN CHALLENGES  

In the initial design for a datacentre, the requirement 
for cooling capacity is based on assumptions for the 
growth of the datacentre in the future. However, due to 
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the fast trend in technology development in this field, it is 
impossible to predict what will be the future equipment 
power and cooling requirements. That is why it has been 
so difficult to predict the growth plan which led to 
inefficient cooling systems. [12] 

The temperature and humidity in the datacentre should 
be continuously monitored and balanced according to the 
equipment environmental specifications provided by the 
vendors. The specifications must also include the 
maximum and minimum limits of temperature and 
humidity for the operating environment of the equipment.  
If the operating environment either falls below or rises 
above the specified limits, this can result in a decrease in 
the hardware lifecycle and the Mean Time Between 
Failure (MTBF) as is shown in the figure 2, an example 
of hard disk drive failure. [2] 
 

 
 

Fig. 2 Impact of Temperature [2] 

BEST PRACTICE FOR INCREASING THE 
DATACENTRE COOLING SYSTEM EFFICIENCY 

POSITIONING OF PERFORATED TILES WITH RESPECT TO 

CRAC UNITS 
Power Usage Effectiveness(PUE) is an industrial ratio 

to determine the efficiency of the datacentre, PUE= Total 
Facility Power/ IT Equipment Power , where facility 
power is the power that access the datacentre and the IT 
equipment power is the power utilized by the IT 
equipment. A typical datacentre has PUE of around 1.7 to 
2.0. [11] 

Proper management of air flow inside the datacentre is 
one of the most important factors which significantly 
improves efficiency by approximately 30%. [4 , 12] The 
following are a number of best practices of how to 
manage the air flow.  

As is illustrated in figure 3, the perforated tiles should 
not be placed close to the CRAC to avoid cold air short 
circulation; if the cold air returns to the CRAC unit, the 
sensor in CRAC unit does not work properly and the 
temperature remains below the set point. In such 
situations, the CRAC unit stays idle or shuts down. [2] In 
the air short circulation, it is also known as bypass air 
flow; the air flows from the vented tiles and returns to the 
CRAC unit without cooling the servers. [17] This 
eventually results in the rise of the temperature inside the 
datacentre. The distance between the CRAC unit and 
vented tiles should not be less than 1830mm (6 ft). [2]  

 
Fig. 3 vented tiles bad location [17] 

Another issue of placing the vented tiles close to the 
CRAC is negative pressure flow which means that the air   
is induced into the floor void because of the high velocity 
pressure near the CRAC discharge, which is explained by 
the Bernoulli law, that when the velocity pressure is 
higher than total pressure, this results in negative 
pressure. [17]   
POSITIONING OF CRAC UNITS 

The positioning of the server racks and the CRAC units 
should be organized with respect  to cold aisle and hot 
aisle and it is recommended that CRAC unit location  be 
in vertical  position to the racks rows as it is shown in the 
figure 4, since this order results in better separation of hot 
and cold air and better flow of hot air to return back to 
CRAC units through the hot aisle up to the CRAC 
units[2] 

 
Fig. 4 arranging server racks row with respect of CRAC 

units[2] 

In IT equipment, cooling fans absorb the air from the 
front of the servers or storage or any other device. The air 
absorbs the heat from the servers, then it goes out from 
the rear side of the server racks.   Consequently,  the best 
practice is to arrange the racks  in rows facing the cold 
aisle and rear of the server racks facing the hot aisle[2] as  
is shown in  figure 5. This practice will reduce the mixing 
of hot and cold air. 
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Fig. 5 Server racks and Cold Aisle and Hot Aisle 
Arrangement[2] 

RAISING THE OPERATIONAL TEMPERATURE  
Maintaining the temperature in the datacentre 

environment at 75F ( 24C is consuming more and more 
electricity due to the increasing demand on computing 
power.  Concerned IT experts started to slightly raise the 
datacentre room temperature which resulted in a 
significant saving of energy. ASHRAE society has raised 
the recommended datacentre temperature in 2008 to the 
range of 64.4 F to 80.6 F (18 C 27 C). However, this 
practice should be maintained carefully since it reduces 
the margin of time before the temperature reaches 
critically high levels in the case of cooling system failure.  
 
PROPER CABLING MANAGEMENT   

The raised floor in the datacentre is also used for 
routing the power and sometimes data cables.  These 
cables need to be connected to the servers racks though 
small cutouts. As is shown in figure 6, the cutouts are 
normally located in the rear end of the servers racks. The 
cold air could be released and mixed with hot air unless 
these cutouts are of the correct size and carefully blocked 
with brush seals. [2] 

 
Fig. 6 minimizing the cables cutouts[2] 

DATACENTRE CONTAINMENT SYSTEMS  

The better the airflow management in the datacentre, 
the greater  the efficiency that can be achieved. However, 
in modern datacentres other techniques are implemented 
for separating the air in the datacentre and physically 
containing the cold aisle and the hot aisle. These 
techniques are more efficient in minimizing the hot spots 
which could be a result of the mixing of the hot and cold 
air. There are two types of containment system, the hot 
aisle containment and cold aisle containment. [13, 18] 
 
HOT AISLE CONTAINMENT (HAC)  

In HACs, kinds of barriers are used to contain the hot 
air which is exhausted from the rear side of the servers in 
the hot aisle to be directed to the CRAC intake so it 
recycles again without mixing with the cold air. And the 
rest of the room remains cool. [13, 18] 
COLD AISLE CONTAINMENT (CAC)   

In CACs, barriers are used to separate the cold air and 
contain it in the cold aisle in front of the servers racks 
row where the vented tiles are located and the air is 
forced to go through the servers. However, the drawback 
of this type of containment is that the rest of the room is 
vulnerable to the high temperature air that exhausted from 
the rear of the servers. [18] 

 
GO GREEN DATACENTRE  

CHEAP AND FREE COOLING APPROACH 
Due to the high demand for power in datacentres, some 

companies build their datacentres close to cheap power 
sources, for example, in USA there are two areas, the 
Columbia River area of Washington and Oregon and the 
Buffalo regions of New York, which have access to 
hydro-electric power. The datacentres in those areas are 
close to power generation source to minimize the loss of 
power in transportation and this kind of power generator 
does not emit carbon dioxide. Another reason for building 
the data center in such areas is that both are in cool 
climates and some companies have started to utilize 
natural winds for datacentre cooling. However, filtration 
of incoming air is an issue to be considered in free 
cooling datacentres. [11] 
 
UTILIZATION OF WASTE HEAT FROM THE DATACENTRE  
 

The heat which is removed from the datacentre could 
be used to warm other parts of the building during cold 
months. This kind of efficient utilization of   heat saves 
the energy used for warming offices. For example, at the 
Winnipeg Sun newspaper building in Canada, the editors 
are benefiting from the warm air during the 6 to 8 cold 
months of the year in that region. The hot air is generated 
by the datacentre in the upper level of the same building. 
The datacentre belongs to Quebecor Media which is the 
parent company for Winnipeg Sun newspaper. [19] Both 
of these examples show how careful planning can result 
in higher cost efficiencies and also reducing 
environmental impacts.  

 
CONCLUSION 

This paper investigated the datacentre cooling system 
and how its efficiency could be improved. Adherence to 
standards and best practice was shown to result in 
significant energy conservation and the minimization of 
carbon emissions. Nevertheless, it is difficult to ensure 
compliance with standards and best practice in all 
datacentres around the world unless this is enforced by 
international organizations. Clearly, operating conditions 
for datacentres will vary throughout the world due to 
climate and other environmental circumstances, but there 
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is a need for international agreements involving all 
countries so that best practice and standards can be 
implemented appropriately within specific context. On 
the other hand, due to the increasing demand for 
datacentres, the next challenge is to adopt virtualization 
and cloud computing so as to minimize their numbers in 
the future. 
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Abstract-Our world is continuously growing and expanding 
in all frontiers. The complexities and changes in the society 
are often critical to personal and business operations. 
Society has become more increasingly dependent upon 
information systems (IS) that operate in an unbounded 
network environment. These networks develop into large-
scale systems that are linked and managed by different 
entities around the globe.  
As networks develop, the ability of these independent 
systems to effectively work together is most often times 
uncertain and problematic. Traditionally, information 
systems security principle is based on: confidentiality, 
integrity and availability (CIA).  
This principle is restrictive and also becoming moribund in 
the face of present day challenges and system security needs 
in which the survivability of information systems is 
imperative. Survivability is the ability of a system to ensure 
the delivery of critical services and maintain essential 
properties in the event of system failures, attacks and 
accidents.  
Today, information systems security is growing beyond CIA 
due to its inbuilt characteristics and the need to contain risk 
and increase security. Sectors such as healthcare, financial 
services, telecommunication, energy and defence are 
continually dependent on systems survivability. Its unique 
features of maintaining essential properties, quality 
attributes, identifying essential services are useful to 
consumers and businesses. Survivability is however an 
evolving field with challenges.  
This paper focuses on survivability concepts, its essential 
properties, survivable systems and drivers that force 
change. 
 
Keywords: Survivability, Information systems, Networks, 
Security, Environment. 
   

 
I. INTRODUCTION 

Information technology continues to play a vital role and 
penetrate different aspects of life for an increasing 
number of people and organisations all over the globe. 
Society is growing increasing dependent on systems that 
operate in unbounded network environment.  An 
information system enriches humanity and also develops 
complexities that create new dependencies and risk to the 
society [1]. There have been concerted efforts by security 
experts and practitioners to harden systems from all forms 
of attack. However, despite these efforts, it is obvious that 
no form of system hardening can guarantee that a system 
connected to an unbounded network will be invulnerable 
to attacks either maliciously or by accident [2]. 
Survivability ensures that systems deliver essential 
services and maintain essential properties such as 
confidentiality, integrity in the face of attacks, failures 
and accidents [9]. The traditional Information system 
security principles are; Confidentiality, integrity and 

Availability (CIA).Confidentiality deals with the 
prevention of unauthorised disclosure, integrity is the 
prevention of unauthorized modification while 
availability is the prevention of unauthorized withholding 
of information respectively [11]. Present day information 
systems infrastructure characteristics such as; Large- 
scale distribution, open source, Mobility and flexibility, 
etc., are the main drivers for survivability concerns [2]. 
Similarly, the essential properties of survivability are 
recognition, resistance and recovery [9]. Currently within 
the concept of survivability emphasis is placed upon a 
system of robust hardware and software as the enabling 
technology for system trustworthiness [2]. This trend is 
expected to change as the information society expands 
[2].A precise definition of survivability is not yet given 
and the concept is still being developed including the 
creation of survivability models. The findings of this 
research within current literature will amongst all other 
issues, enumerate the barriers and challenges associated 
with the pursuit of information systems survivability.  

II. INFORMATION SYSTEMS OVERVIEW 

Before dealing with the survivability of information 
systems, it is important that some basic concepts of 
information systems are defined and explained. 

A. Data, Information and knowledge. 

Information is an organisations most valuable resources 
and the term is often confused with data [4]. Most of the 
time, the terms data, information and knowledge are 
sometimes used interchangeably [5].  
. Data are raw facts [4].It refers to raw facts that are 
converted into information when processed [5].  
Examples of data are: customer names, addresses, ages 
and purchases, hours worked in a week, employee 
number, sales order etc. [5]. Data can also be defined as 
an unstructured fact about objects, events or people [6]. A 
unit of data is known as a datum and is one or more 
symbols that are a representation of something [7]. 
. Information is an interpreted data [7].It is the result of 
the processing of data into something meaningful [5]. 
Information is the process of selecting, summarising and 
presentation of data such that it becomes useful to the 
recipients [6]. This is the process of organising and 
processing of data so that it would have additional value 
beyond the value of the individual facts [6]. An example 
of information is a list of customers between a particular 
age grade that a sales officer is interested in reaching for 
the purpose of advertising a new product [5]. 
.Knowledge is the understanding of relationships in 
information [4]. It is the ability to apply information 
effectively for particular purposes [6].This is the next 
stage in the conversion of data to a useful resource for 
planning and decision making .it makes it possible to 
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utilise and share information after being created, gathered 
and stored [5]. 

B. Characteristics of Valuable information. 
 

 Accurate- Accurate information is error free; 
inaccurate information is obtained when 
inaccurate data is placed into the transformation 
process. 

 Complete- Information with all the important 
facts. 

 Accessible- Information should be accessible to 
authorized users 

 Relevant-Relevant information is important to 
decision makers. 

 Reliable- Reliable information is always trusted 

 Secure- Information is secured from 
unauthorized users. 

 Timely- An information is delivered when it is 
needed. 

 Flexible – An information can be used for 
variety of purpose. 

 Economical-An information should be 
economical to produce. 

 Verifiable- Information should be verifiable. 
 

C. Information system 

A system is any combination of related elements that 
work together to achieve a desired goal [5]. This is a set 
of interdependent components that exist for some 
purpose, stability and can be seen as a whole [7].   It is a 
sequence of steps adopted for the purpose of completing a 
task or reaching a goal. This can also be composed of 
subsystems which are also complete systems on their own 
and interrelated to make up a complete system [5].  A 
system may not necessary require the use of a computer 
or technology all the time, such as developing a system 
for getting to the office, school or market. However if the 
task of moving to this destination includes anything other 
than walking, then technology becomes part of the system 
[5]. An information system can be defined as components 
that work together for the purpose of providing 
information as an when needed [5].It is a set of 
interrelated components that collects, process, store and 
distributes data and information and provide a feedback 
mechanism for the purpose of accomplishing an objective 
[4].An Information system is a mechanism that 
assembles, stores, processes and delivers information 
such that it is accessible and useful to those who wishes 
to use it [6]. 

D. Components of information system. 

The primary components of an information system are; 
people, procedure, hardware, software and data [5]. 
People are the operators of the system; the procedures are 
the instruction for the operators of the system i.e. people. 

Hardware are the computer equipment, software are the 
instructions for the hardware, while data is for processing 
through the system [5]. 

 
Fig 1 Components of an information system [10] 

III. INFORMATION SECURITY PRINCIPLES 

The focus of information system security principles is 
gradually changing [11]. Security will have to address not 
just the data but also the changing organisational context 
in which it is interpreted and used. Traditional 
information security principles are; confidentiality, 
integrity and availability (CIA) [11].This principles are 
however restrictive as they basically apply to information 
seen as data and held in computers. In this principle, 
confidentiality deals with the prevention of unauthorized 
disclosure of information, integrity is concerned with the 
prevention of unauthorized modification while 
availability deals with the prevention of unauthorized 
withholding of data or resources [14]. Trends in 
organisational structure are currently tugging against 
these ideologies [11].  For example, confidentiality 
restricts data access to only those who are authorized 
whereas technological advancement is pulling very hard 
in the opposite direction .The purpose is for data to be 
made available to many people and not a few. 
Organisations are becoming less authoritarian, more 
informative, lesser rules and empowerment driven. Issues 
for concern relating to integrity also implies that apart 
from maintaining the values of data stored and 
manipulated, the interpretation and use of the data is also 
important [11].System failure is a main concern of the 
availability principle  since availability refer to the fact 
that system used by an organisation remain available  
whenever  required. In addition to (CIA), the future of 
information security principle is tending towards 
responsibility, integrity, trust and ethicality (RITE) 
principles [11]. Care is therefore advised when 
implementing these principles as future users of 
information systems will be faced with challenges as the 
form organization takes is being revolutionized. 
Emerging principles are going back to earlier times when 
close monitoring using technology was non-existent and 
in the days when people had high integrity, ethics, and 
morality. The security principle traid is illustrated in fig 2. 
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Fig 2 The CIA Traid [13] 

 
IV. THE NEED FOR SURVIVABILITY/DRIVERS THAT 

FORCE CHANGE 

Sophisticated information systems have been introduced 
into both civilian and military critical infrastructure 
applications with the provision of service by these 
infrastructural applications now dependent on these 
systems [9]. A destruction or damage to any of the 
systems will result in loss of at least part of services. 
Consequently, an insignificant damage can result into a 
complete disruption of services. An information system 
with such attribute is called a critical information system 
[9]. A list of some factors that justifies the need to move 
from a security centric approach to a more holistic 
approach is stated in table 1 below [8]. 

 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
DRIVERS THAT FORCE CHANGE FROM SECURITY-CENTRIC APPROACH TO A MORE HOLLISTIC ONE [8] 

 
 

V. SURVIVABILITY 

 IT systems failure or compromise has  serious 
consequencies [2]. There has been concerted efforts by 
security experts to protect information systems and 
despite all these efforts, its is a fact that no amount of 

system hardening  can guarantee that a system that is 
connected to an unbounded network will not be 
vulnerable to attack,faults,or accidents [12]. Recent 
developments have led to the emergence of survivability 
as the new phase for network security  [14].  Survivability 
is still a relatively new research area and its precise 
definition is also still being debated with a number of 
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definition proposed [1], [2],[8],[9],[11],[12],[14]. For the 
purpose of this reseach, survivability is defined as the 
ability of a network information system to achieve its 
main mission in a timely manner while suffering from an 
attck, accident or fault [14].It is the continouis assurance 
of stored information’s confidentality, integrity and 
avalabilty over time [15].Information suvivability is the 
ability of an information system to continue to function 
while experiencing anomalous system behaviour, faults or 
malicious attack. 

VI. BEYOND SECURITY 

The shift in perspective from security to survivability 
involves the reorganisation of the security elements (CIA 
traid) and infrastructural component during 
implementation without sacrificing its security objectives. 
Survivability entails taking the infrastructure as a whole 

rather than the compartmental approach aimed at pure 
security [8]. The unbounded nature of networks, 
emerging technologies such as web services technologies 
and grid computing are becoming challenging for 
traditional security-centric technologies. Efforts to 
contain risk and increase security also include the use of 
technologies such as routers, firewalls, multi-tier 
application architectures, access control and proxy 
servers. Current adoptions are integrated middle ware 
solutions such as provisioning, Single sign-on (SSO), etc. 
[8]. Emergence of survivability takes care of the 
deficiencies enumerated above and just as can be seen 
from figure 3 below, there is a shift in the current IT 
infrastructure state in organisations from security to 
survivability centric infrastructure. 
 

 
 

 
 
Fig 3 IT Infrastructures [8] 

VII. SURVIVABLE SYSTEMS 

A survivable system is a system that complies with its 
survivability specifications [9]. These specifications are 
the key properties and requirements of survivable system 
such as; firstly the maintaining of essential properties i.e. 
integrity, confidentiality at the minimum.  Secondly, the 
maintenance of a balance among quality attributes like; 
performance, security, reliability, availability, 

modifiability, affordability. Third is the delivery of 
essential services and lastly which is key is the 
identification of the essential services and the properties 
that support them [12]. Examples of critical information 
systems are; banking and financial services systems, 
freight –rail systems, life support systems and satellites. 
An example is shown in fig 4. 
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Fig 4 A military satellite [17] 
 

VIII. SURVIVABILITY CHARACTERISTICS AND THE  
CORRESPONDING SURVIVABILITY  PRIMITIVE 

 
Systems differ in their architecture, implementation and 
usage, survivable systems however share common 

properties that make them reliable and robust [17].  These 
properties are known as survivability characteristics and 
define a systems survivability feature from a particular 
perspective. Survivable systems possess the following 
key characteristics; reliability, availability, adaptability, 
fault tolerance, predictability, restorability, verifiability, 
performance, mobility and robustness [17]. Some of these 
characteristics may be more important in certain systems 
in terms of systems survivability. A more detailed 
description of a survivability characteristic is known as 
survivability primitive [17]. For example, an information 
system survivability characteristic of adaptability implies 
survivability primitives of, monitoring and control, self-
reconfiguration, process migration and service 
prioritization. The survivability primitive is detailed 
information of the features of it characteristic in the event 
of environmental changes and the various details are 
illustrated in table 2. 

 
TABLE 2 

SURVIVABILITY CHARACTERISTICS AND THE CORRESPONDING REPRESENTATIVE SURVIVABILITY PRIMITIVES [17] 

 
Desirability  Survivability 

Characteristics 
 

 Representative 
Survivability Primitives 
 

Desirable 
Feature 
  

 Adaptability  Monitoring and control  
Self-reconfiguration   
Process migration  
Service prioritization  
 

Desirable 
Feature 
 

Recoverability  System self-healing  
System check point and rollback 
 
Malice immunization  
 

Desirable 
Feature 
  

Fault tolerance  Redundancy and diversity 
based fault masking  
Fault isolation and system 
partition  
Tolerance through backup  
 

Desirable 
Feature 
 

Reliability  Service availability  
Service consistency  
 

 
 
 

IX. CHALLENGES AND BARRIERS 

As mentioned earlier in this research, survivability is still 
an evolving concept [14] and this comes with its 
challenges and problems.  Some of the common 
challenges to survivability are as summarised below.  
 The increased complexity of systems is making the 

introduction of survivability specification into such 
systems almost impossible and difficult to 
implement. 

 Performance overloads of systems is also a 
survivability challenge as this overloaded system 
inhibits the survivability performance of systems 

 System operational error impacts on the 
implementation of survivability characteristics and 
the subsequent survival of such systems. 

 The lack of systems to recover on their own from 
external attacks, failures and intrusion also impacts 
on the survivability of systems. 
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 The need for manual intervention as a result of 
application exceptions stalls survivability 
specification of systems.  

These challenges can be overcome by the systems 
performing the task of self-configuration, self-heal, 
self-manage and self- distribute. The property of self-
configuration enables new devices to be configured 
and fit into a system containing existing devices 
without necessarily needing the intervention of 
humans. Self-healing attributes allows the system to 
recover on its own in the event of failures. The 
challenge of performance overload could be managed 
by the self –distribution capabilities [8]. 

X. FUTURE TRENDS 

Current advances in information systems and electronic 
networks present a great opportunity to process, transmit, 
store and transmit data.  It will change the social, 
economic, political and global ways of doing things. This 
changes in technology and particularly the future trend 
has raised a number of concerns about the security and 
survivability of organisational information assets [11].  
Security principles and survivability will be highly 
influenced by the developments in information 
technology. A consensus on the nature security and the 
survivability of information systems will become more 
difficult to manage in the coming future. Amidst the 
technological development, new organisational structures 
will emerge with less, centralised, monolithic structures 
characterised by cooperation rather than autonomy and 
control. This is expected to facilitate intense information 
sharing and a high level of inter-organisational and 
interpersonal connectivity [11]. 
The future will bring about organisation that are not 
bound by space but rather will be made up of network of 
individuals who process, create, hold and distribute 
information. The globe would be borderless enabled by 
technology with the focus shifting so as to consider the 
wholeness and soundness of information systems. 
A subculture of responsibility, integrity, trust and 
ethicality (RITE) will be the key in securing information 
assets of the future organisation. This in turn will impact 
on the long debated definition of survivability and its 
relationship with dependability. 

 
XI. CONCLUSION 

 

Survivability is crucial for any information system that 
supports critical services in the organisation and society 
because of the severity and consequences of failures.  
Since the society and the global social infrastructure have 
increasingly become more  dependent on different 
essential services provided over distributed network 
systems such as energy, transportation, banking , defence, 
finance, education, Telecommunications, utility , health 
care, emergency services , government ,  and health care, 
it is very important to understand the components and 
algorithms  of survivability in the system.  

 In addition to the traditional information security 
principle of confidentiality, integrity, and availability 
(CIA), the principles of responsibility, integrity, trust and 
ethicality (RITE) is key in securing information system in 
the future.  This is because while technical control is 
important, there is a need for; morality, integrity and 
ethics on the part of the sophisticated future users of 
information systems. 
A survivable system ensures that when a network system 
is threatened and failures loom, the essential services are 
initiated and managed so as to avert the consequences that 
may be catastrophic and even fatal. 
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Abstract--Computer vision is extensively used in mobile 
robot observation systems. Mobile robots which are 
supported with different type of sensors such as laser and 
sonar for their navigation are not only very expensive but 
also their accuracy and precision is not as good as the robots 
which use visual information 
The vision system involves a process of acquiring frames 
from a live video stream obtained from two cameras 
mounted on a physical support called stereo rig. Different 
image processing  algorithms are applied on this  stream 
to sense the presence  of any object in the robots  way and 
then calculate its size  and distance .As far as machine 
vision is concerned  stereo vision  provide the best results. 
The research paper focuses on the development of stereo 
depth perception systems and obstacle detection 
algorithms which are capable of providing movement of 
the robot without any collision in a known environment. 
Disparity map produced by stereo matching process is 
responsible for the calculation of the distance of obstacle 
form the robot. Stereo matching is based on area based 
matching algorithm that uses Sum of Absolute 
Differences (SAD) and gradient. The paper also discusses 
different techniques like rectification camera calibration, 
stereo correspondence and calculation of disparity. 

 
Keywords- Computer Vision, Stereovision, Image 
Processing, Autonomous Robots 

 

I. INTRODUCTION 
Autonomous robot is a need of the modern world as its 
applications can be found in many industrial areas, such 
as, people tracking, mobile robotics navigation, and 
mining. It is also used in industrial automation and 3D 
machine vision applications to execute tasks such as bin 
picking, volume measurement, automotive part 
measurement and 3D object location and recognition [1]. 
Therefore, it is essential that the mobile robot must be 
able to perform two tasks; first, it should have acceptable 
sensing capabilities and second, it should be able to use 
its sensing abilities to navigate itself in an unknown 
environment. 
Autonomous robot basically rely on its own sensing skill, 
and for that, most of the systems deploy ultrasonic and 
infrared sensors for navigation. However, these sensors 
fail to give adequate results when size and position of the 
obstacle are needed.  In that case, spatial sensing is 
applied to the mobile robot. Spatial sensing is a three 
dimensional sensitivity system that extracts information 
from the environment and allows the robot to adapt itself 
in an ever changing dynamic environment. 

Stereo vision is a technique that is extensively being used 
for spatial sensing.  Stereo vision mimics human visual 
apparatus to gain depth information. Two cameras 
provide different perspectives of a similar scene and lead 

to the exact measurement of obstacle’s size and shape and 
ultimately lead to accurate depth calculation.  
Hence, the objective of this research was to explain the 
idea of obstacle avoidance by detecting the obstacle using 
the stereo vision technique implemented on mobile robot. 
II. Stereo Vision & Depth Estimation 
Computer stereo vision operation is a process in visual 
perception that imitates the human sense of vision by 
placing two cameras at a certain distance and they take 
pictures of one similar scene as shown in Figure 1 [2]. 
These two projections, lead to the depth calculation.  
    

 
FIGURE 1: PROJECTIONS OF A SINGLE SCENE OBTAINED 
FROM THE TWO CAMERAS 

From a computational standpoint, a stereo system must 
determine the corresponding items in the images obtained 
from left and right cameras. The difficulty in 
correspondence is the difference in perception due to 
which few parts of the images obtained by two 
eyes/cameras will not correspond. A stereo algorithm 
must be able to handle parts of the image that may not be 
matched. 
In order to find the same physical points in a scene, stereo 
vision corresponding algorithm is used that places the two 
different images on top of each other and find the two 
pixels that correspond to each other. The distance 
between two corresponding pixels in image coordinates is 
called the disparity and is inversely proportional to depth.  
Stereo vision triangulation algorithm is used to calculate 
the distances of two objects by measuring disparity of all 
the pixels in the two images.  

III. STEREO VISION STEPS 

The first step in stereo vision is pre-processing of the 
images as images obtained from the two cameras are 
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inadequate for depth perception and images should be 
prepared for corresponding operations.  
The images were grabbed from a live video stream 
obtained from the cameras and were loaded in MATLAB, 
with the help of acquisition toolbox which provides an 
interface between stereo hardware and MATLAB. 
Stereo vision hardware consists of two or more identical 
model USB webcams. It is very important that both the 
cameras have almost the same optics, field of view and 
focal length. Optimum frame rate should not exceed 30 
for good stereo matching results in case of slow moving 
robots [3]. 
The stereo hardware consists of two web cameras and 
these cameras need a physical support to remain fixed at a 
certain distance  hence  the support is designed very 
carefully  keeping the stability of the cameras in mind, 
because once the perfect arrangement of images gets 
disturbed correspondence algorithm fails to produce the 
best results. 
After loading the images on MATLAB, stereo 
rectification is performed. In stereo rectification, the two 
images are projected on a common image plane where 
their coordinates are matched. Epi-polar geometry and 
camera calibration are the two major techniques for stereo 
rectification. Stereo rectification and camera calibration 
are the most effective pre-processing steps for the 
calculation of disparity. 
A. Epipolar Geometry 
The epipolar geometry is an intrinsic projective geometry 
of the two scenes. It depends on the cameras internal 
parameters and is independent of the external view or the 
structure of the scene. An epipole is the point where base 
line of the two camera center meets. 
     

 
FIGURE 2: EPIPOLAR GEOMETRY 

In figure 2, the two cameras are represented by C and C’ 
and are focusing on a 3 space point P [4]. The images of 
P which are p1 and p2 lie on a common plane. The plane 
containing the base line is known as epipolar plane.  An 
epipolar plane intersects the left and right image planes in 
epipolar line which exhibits the correspondence between 
the lines. The mapping between the points in left image 
and lines in the right image as well as the points in the 
right image and the lines in the left image is generated 
through epipolar constraint which is used to minimize the 
search in a single line [5]. 

 

 
FIGURE 3: EPIPOLAR CONSTRAINTS 

As seen in the Figure 3, the two points P and Q are on the 
line of sight of the image R [4]. The epipolar constraint 
states that the correspondence for a point belonging to the 
(red) line of sight lies on the green line on image plane π 
T of target image. 
B. Camera Parameters 
In order to calibrate the camera, following parameters 
need to be known [6]. 

1. PINHOLE CAMERAS 
2. ANALYTICAL EUCLIDEAN GEOMETRY 
3. THE INTRINSIC PARAMETERS OF A CAMERA 
4. THE EXTRINSIC PARAMETERS OF A CAMERA 
5. CAMERA CALIBRATION 
6. LEAST-SQUARES TECHNIQUES 

The basic principal of every camera is that it maps the 
three dimensional scene on a two dimensional image. The 
pinhole camera models this mapping in a very simple way 
[7]. 
                               

  

FIGURE 4: PINHOLE CAMERA MAPPING 

There are two types of planes of a pinhole camera, the 
retinal plane and the focal plane. Optical center C lies in 
between these two planes. The distance between retinal 
plane and focal plane is called focal length. The image is 
formed in focal plane which is parallel to the retinal 
plane. The point P from the real time scene is mapped to 
the two dimensional image via a perspective projection.  
Two sets of parameters which categorize the pinhole 
camera are intrinsic parameters, normally referred as 
internal parameters, and extrinsic parameter, also known 
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as external parameters. Internal parameters are related to 
the internal geometry and the optics of the camera and the 
external parameters are related to the camera’s position 
and orientation. These two parameters are very essential 
to understand the comparison between images captured 
by two cameras. 

                             

 
FIGURE 5: COORDINATES TRANSFORMATION PARAMETERS 

In order to model the two cameras, three different 
coordinate systems are required which are illustrated in 
figure 5 [8]. The camera frame (x,y,z), with the optical 
center as origin, world reference frame (xw , yw, zw)  and 
the image frame (u,v).The rotation of  rij and translation 
of Tmc which is articulated by the  external parameters 
Twm   is responsible for the conversion  of a three 
dimensional point  in homogenous world coordinates  
into camera frame[5]. 

Twc= TwMTMc 

TwM, the homogeneous coordinate transformation matrix 
from W to M is given by [8]: 

 

 

Using the intrinsic parameters, this point is again 
converted in to the two dimensional image planes. 

Following are the internal parameters 

f  = focal length 

(uo ,vo)   = center of the plane 

(ko ,k1)   = the pixel size in mm 

α  = f/ ko 

β = f/ k1 

  The transformation using the intrinsic parameters is as 
follows:   

 

By knowing the intrinsic and extrinsic camera 
parameters, image rectification is performed. After image 
rectification, the epipolar constraint is ensured. Both of 
these parameters are also needed for camera calibration. 

In order to calibrate a camera, it is important that all the 
previously described parameters should be known. 
However, if no information about the parameters is 
available, RANSIC algorithm can be used for the 
calculation of fundamental matrix which involves camera 
model as well as to extract the corners of object in 
images. The basic principle of RANSAC algorithm is to 
divide data into inliers and outliers and yields estimate 
homography from minimal set of inliers [9]. 

 

C. Camera Calibration 
Camera calibration means assessing the camera’s intrinsic 
and extrinsic model parameters. Camera calibration is 
needed mainly for assuring epipolar constraint or for 
rectification. 
Steps In camera calibration [10] 
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• Acquiring images from both cameras 

• Uses chessboard pattern 

• Corners extraction from chess board 

• Results in .mat file including intrinsic and 
extrinsic parameters of stereo camera 

For satisfactory results the intrinsic parameters of the 
Logitech camera model 2.0 should be: 

Focal Length:          fc = [353.13743   352.32978] ± 
[8.08085   8.23615] 

Principal point:       cc = [167.26989   120.14406] ± 
[7.71296   10.28340] 

Skew:                   alpha-c = [0.00000] ± [0.0000]   => 
angle of pixel axes = 90.00000 ± 0.00000 degrees 

Distortion:            kc  = [0.14315   -0.96487   0.00008   -
0.00188 0.00000] ± [0.14581   1.34769          0.01398   
0.00889 0.00000] 

Pixel error:          err = [0.16729   0.18380] 

In the same way, the extrinsic parameters of the camera 
should be: 

Translation vector: Tc_ext = [-78.231335   -53.225431 
  584.101418] 

Rotation vector:   omc_ext = [2.169627   2.155013 
  0.116551] 

Rotation matrix:    Rc_ext = [ 0.006944   0.993779 
  0.111155 

                                                   0.999970   -0.006531 
  -0.004076 

                                                  -0.003325   0.111180 
  -0.993795] 

Pixel error:           err = [0.10002   0.13720] 

D. Image Rectification  

The intrinsic and extrinsic parameters obtained from the 
camera calibration and can be used to satisfy the Epipolar 
constraints and hence used for rectification of left and 
right images. 

For a quick rectification Bouquet’s algorithm performs 
best as it pre calculates the important indices and 
blending coefficients. The process of rectification is done 
only once before the acquisition of images and after this, 
the same indices and coefficients are used.  

The process of rectification often results in the tilting or 
shifting of the images that were obtained from the two 
cameras and because of these shifts; some regions of the 
images are padded with zeros or ones.  To eliminate these 
void regions, the image is cropped, where only the 
meaning full contents of the image are retained and the 
void regions are deleted. 

IV. STEREO MATCH 

The stereo match algorithm finds the corresponding pixel 
in the images obtained from the two cameras. 

The major problems that can be faced while correlating 
the two images are: 
b) Matching cost computation 
c) Cost Aggregate 
d) Disparity Optimization 
e) Disparity refined 
The most common algorithm for stereo matching is local 
approach. In local approach a pixel from left image is 
matched with all pixels of the same row of right image by 
shifting. This is a very simple technique and is widely 
used in stereo matching; the local approach is illustrated 
in Figure 6 [12].     
 

FIGURE 6: STEREO MATCHING FROM RIGHT TO LEFT 

One of the benefits of local operation is that it reduces 
signal to noise ratio SNR and uses WTA to calculate 
disparity.  
A disparity map is used for keeping the depth of every 
pixel in an image. Every pixel in this disparity map 
resembles to the same pixel in the reference image. A 
disparity map can be generated by finding out the 
disparity of a physical point in multipoint view 
projections, and then repeating the same processor all the 
points in a 3D scene. 
V. OBSTACLE DETECTION AND DEPTH 
MEASUREMENT 
Object detection is the post processing operation. After 
getting the disparity map of images from the stereo 
matching process each disparity level is put into different 
matrix. The detection of obstacle and finding its distance 
from the stereo hardware is carried out with the help of 
disparity [13]. As discussed earlier disparity is inversely 
proportional to the depth of the objects, in other words 
the greater the disparity value smaller the distance, so the 
object which is closer to the stereo rig is represented by 
the darker value as compared to the object which is 
relatively far from the cameras. The maximum disparity 
level of 20 is suitable for slow moving robots. 
So to detect accurate shape and size of the obstacle, 
different operations such as connected pixels, region 
properties, boundary detection and morphological 
operation need to be performed. Once the object is clearly 
detected, the distance of the closest object is detected 
using tie points. To calculate the distance, the disparity 
map is analyzed and then different values are assigned to 
different disparity levels, depending on the world 
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coordinate system. Results for up to three disparity levels 
are shown In the figure below [14].  

 

 
FIGURE 7: DISPARITY LEVELS 

VI. NAVIGATION AND CLOSEST OBJECT 

Different dissimilar groups are presented in the full 
histogram of the disparity map which can be changed. 
But the most essential group is the last one, as it 
represents the closest object and during the navigation of 
the robot the computation is done for the close object. So 
the rest of the groups can be discarded [6]. 
The most important step of object detection and its 
disparity is the explanation of histogram. the objects 
outlined can simply be found once the closest objects 
disparity level is found. The object can be extracted from 
the region of interest (ROI) of the disparity images. The 
areas where the histogram values exceed the threshold 
value, the ROIs in the disparity image are extracted. 
Near shape of the object is created be getting the closest 
object depth information from the histogram and then the 
nearest disparity level neighbor are merged to the closet 
object [15]. 
Finally to find out the size of the obstacle, object analysis 
function is used. This function is used to compute area of 
the object which then helps to obtain obstacle’s size. 
From centroid of the object, depth of obstacle is 
computed and its position in the image is determined as 
well. 
VII. 3D RECONSTRUCTION 
The 3D reconstruction of the scene from the 2D images 
of both the cameras is possible only after successfully 
getting the disparity results along with the camera 
calibration results (intrinsic parameters) and a proper 
image color scheme, Figure 8(a) is an original image and 
figure 8(b) is the 3D reconstruction of the original image 
[16]. 

 
FIGURE 8: (A) ORIGINAL IMAGE 

 
FIGURE 8: (B) RECONSTRUCTED 3D IMAGE 

VIII. CONCLUSION 
The main concept of the research paper is to understand 
stereo vision estimation and object detection from the 
depth map for various applications of autonomous robots. 
Development of different algorithms is used for secure 
navigation of robots in a known environment. The paper 
also discusses different camera’s calibration algorithm, 
and also analyses which one is faster for this kind of 
applications. it’s impossible to construct a stereo vision 
depth map without camera calibration and image 
rectification. Implementation in MATLAB provides less 
processing time compared to any other programming 
language. And stereo vision requires only cameras and 
physical support which is very cost effective in 
comparison to laser and sonars and produces best 
estimation about the size and distance of obstacle. 
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Abstract - In the ever changing world of today, one thing 
that is certain is the continuous and growing involvement of 
computerized machines in our day to day lives.  Since the 
introduction of automation into the society, there has been a 
visible evolution in the way activities are performed: 
Machines now replace humans in performing everyday 
tasks which range from simple household activities, to 
computing, security management manufacturing and even 
multi-million dollar guided missile systems. 

This research is focused on the effects the introduction of 
automation has brought about on the way of life of people.  
It explores the changes in the management of activities from 
before automation, to after automation (the present).  It also 
delves into the points of view of different people of the 
society concerning automation, and its continuous growth.  
The effect of automation on the livelihood of the average 
person is also investigated; several perspectives are 
considered: those who see it as a means of conserving money 
(companies), and those who end up being affected negatively 
(workers being replaced). 

From all the facts accumulated, a prediction is made on 
how the future would look like with this continuous 
involvement of automation into our everyday lives. 

Key Words: Automation, society, evolution. 

I. INTRODUCTION 
Right from the beginning of time, man has always tried 

to invent ways to improve his life.  This can be seen from 
one of the earliest instances: the invention of the wheel to 
make transportation of goods and people more efficient, 
the invention of fire for heat as a means of defending 
himself.[1] 

Automation can be defined as “the use of machines, 
control systems and information technologies to optimize 
productivity in the production of goods and delivery of 
services”.[2]  Automation is a step beyond mechanism, 
which requires machines to assist humans in the muscular 
requirements of production activities. Automation 
requires very little human sensory and mental 
requirements, while at the same time increasing load 
capacity, repeatability and speed in the process.[2]  It is 
driven by people’s need for higher quality at lower prices. 

The benefits provided by automation[2] are: 
1. Increased throughput or productivity 
2. Improved quality or increased predictability of 

quality.  
3. Improved robustness (consistency), of processes 

or product.  
4. Reduces operation time and work handling time 

significantly.  
5. Provides higher level jobs in the development, 

deployment, maintenance and running of the 
automated processes.  

From its conception, there has been a gradual shift in 
the industry from manual jobs to automated ones.  Some 
jobs have disappeared, new ones created, and others 
modified completely. [1] 

II. HISTORY OF AUTOMATION 
Automation began much earlier in time than we 

imagine. We can see an instance in an invention such as 
the ball-float valve which controls the water level in 
plumbing which is actually an ancient invention by the 
Romans.  The word “automation” however did not 
become popular until 1947 when General Motors 
established their automation department.  From the 
introduction of automation into the company, the factory 
output nearly doubled, while the number of blue collar 
workers began to decline.[2] 

During early automation, one of the major short 
comings was that the machinery was inflexible. The 
invention of computers enabled a great development in 
that area, as computers could now be used to control 
automated systems.  Using Computer Integrated 
Manufacturing, entire factory operations can now be 
controlled with software packages.[3]  

The greatest evolution in all forms of automation as of 
present is operations which are designed to replicate 
human thought processes.  These machines being created 
have the ability to “think”.  They are able to perform 
basic reasoning not programmed initially into their 
memory. This is called artificial intelligence.[4] 

The future will consists of smarter and more efficient 
machines, taking the place of humans in performing 
almost every task.  

III. TYPES OF AUTOMATION  
Automation today has a vast range of applications 

beyond manufacturing where it started from. These 
include: 

Automated retail: 
Food and drink: Restaurants such as McDonald’s use 

automation, with their touch screen ordering and payment 
systems. Others now utilize applications on mobiles and 
tablets enabling costumers order and pay for their meals 
online.  In some places, conveyor belts systems are used 
to convey food, and hence eliminate the need for manual 
waiters.[2] 

Stores: The introduction of self checkout systems in 
many supermarkets and even smaller stores has greatly 
reduced the need for checkout workers.  Even more 
efficient is online shopping where payment and checkout 
are done through an automated online transaction 
processing system, and the goods delivered to the 
costumer.[2] 
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Automated mining: 
This involves automating the mining system, and 

eliminating or drastically reducing human labour. 
However a large amount of human capital in still 
required, especially in developing countries where the 
costs of labour are low, so there is little incentive to move 
towards automaton. [2] 

Automated video surveillance: 
Automated video surveillance monitors people in real 

time in busy environments. The aim of these sensors is to 
monitor the environment’s trajectories and notify the 
authorities in case of the occurrence of certain events. [2] 

Automated waste management: 
Automated waste collection trucks enable a reduction in 

the amount of workers and the level of labour required for 
the service.[2] 

Automated manufacturing: 
This implies the application of automation to produce 

things in factory like manner.  The advantages include 
simplified production, improved work flow, reduced 
handling, higher consistency and quality, etc.  

Home automation: 
Also known as domotics, this involves increased 

automation of household appliances and features of 
residential dwellings.[2] 

Agent-assisted Automation: 
This is automation used by call centre agents, for the 

main purpose of handling costumer enquiries.  The main 
benefit of this type of automation is compliance and 
error-proofing.  The automation ensures that what is 
supposed to happen on the call does every time.[2] 

IV. VIEWS ON AUTOMATION (CONFLICTS) 
Automation may not be a new concept, but its growth is 

one which cannot go unnoticed.  It has evolved from just 
involvement in manufacturing, to establishing a presence 
in parts of the public’s daily lives.  Acknowledging the 
fact that automation has brought about efficiency and 
convenience in many ways, the question still ensues: 
How well does so much technology sit with the public?  

Adaptation to automation can be seen to vary mostly 
through regions and age groups.  People in developed 
countries who are more exposed to computers and 
technology are more open towards automation, while 
people in less developed countries who are mostly used to 
getting their work done manually may find various 
aspects of automation when introduced, new and hard to 
understand.  

Looking at even developed countries such as the UK 
however, it is seen that aged people seem to suffer a lot 
from automation due to disabilities such as bad hearing, 
arthritis, and weak eyesight.  Automated voice machines 
are frustrating to them due to their poor hearing, and the 
multiple choices these systems offer are usually 
confusing.  Self service check-outs and pin pads at cash 
points are a nightmare, particularly to arthritis sufferers 
(in the UK, about 98 million people and counting). [5] 

A Quick Survey: Self Check-Out and Automated Voting 
Systems 

A survey taken on supermarket transactions in 2010 
showed that only 16 percent of people used self check-
outs in stores with those options.  This was a decline from 
the initial 22 percent from three years before.  People 
reported that they were more satisfied using the 
traditional checkout method with the cashiers checking 
out and bagging their items. [6] 

The self service checkouts introduced about 10 years 
ago were created to enable an easier and quicker way for 
costumers to check out, and also reduce cashiers.  In 
reality, the efficiency was questionable, with delays in 
self checkout lanes over confusions arising over bagging, 
coupons, payments and other problems; also theft 
(accidental and intentional) endued. [6 , 7] 

The main complaints about these machines were:  
6. They didn’t scan items properly 
7. The costumer had to do all the work 
8.  The costumer couldn’t use their own bags. 
9. The costumer always had to ask for help [7] 

An online voting system showed that 61 percent of 
people still preferred the traditional method of checking 
out as supposed to the self-service checkout. [6] 

Another survey, taken on automated voting systems 
proved that over time, year in and year out, the machines 
fail. Votes are doubled, some subtracted instead of added, 
and others lost.  This had led to a lot of complaints and 
talk over the internet, as this is considered as voting 
fraud.  

Although these machines were presented to be the 
solution, increasing efficiency and reducing voting time, 
they only succeeded in making the problem worse, hence 
reducing the public trust in them.[8]  To the disabled and 
elderly also, they proved to be stressful, including 
instances in developing countries where some of these 
newly introduced machines broke down and took hours to 
be repaired, leaving these people queuing for hours. [9] 

Looking at these two examples of automated systems, it 
is arguable whether these systems are as efficient as they 
were thought to be in theory.  In a world where so much 
technology is being introduced, if the public when given 
the option still chooses the manual system over the 
automated, it brings about questions as to why exactly the 
automated and supposedly simpler systems are failing to 
receive acceptance.  Are these systems more trouble than 
worth?  Possibly, they just need to be worked on, and 
their hitches eradicated. But gaining the public’s trust in 
these machines after their failures might be a difficult 
task. 

Looking at other new automated inventions however, 
even those which work flawlessly, there is still a section 
of the public which would prefer these services to be 
rendered by humans. We can attribute this to a major 
reason: That people like other people.  Humans would 
prefer to interact with other humans in cases where 
manual labour is demanded.  

On the long run however, it isn’t really an issue of 
preferences, but more of what would be better for the 
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economy.  People’s need to be attended to with the 
friendliness and warmth that humans provide will not be 
enough reason for the government to halt the continuous 
introduction of new automated technologies into our 
world.  The most they could do would be to make these 
devices more fool-proof and user- friendly.  

V. AUTOMATION: THE ISSUE OF 

TECHNOLOGICAL UNEMPLOYMENT 
In the 1930’s, the economist, John Maynard Keynes 

expressed concerns about automation and the fact that it 
would lead to mass unemployment.  This theory never 
transpired though, and so the idea was regarded as a 
fallacy. [10] However, looking at trends taking place in 
different parts of the world today, the concept of 
technological unemployment seems to be becoming more 
and more of a reality: Machines taking over the jobs of 
humans, and causing an increased rate of unemployment. 

In the US, each year, millions of jobs are created to 
keep up with the growing population.  Even the present 
jobs are becoming lower-wage jobs.  In the near future, 
these jobs, both those requiring low skill and high skill 
will be replaced by automation.[12]  The predictions for 
America by were of 50% unemployment in the next 40 
years, as robots take upwards of 50 million jobs. [13]  So 
what happens to the people being put out of work?  

 

 
Fig.1. A graph from the Federal Reserve Bank of St. Louis, showing 

manufacturing employment in the United States.[11] 

Kaarbo[14] has questioned “What exactly happens 
when people get automated by machines?  They lose their 
jobs and need welfare to support themselves until they get 
a new job, if they ever do.  But, where does welfare come 
from? It comes from tax payers.  And do people on 
welfare pay taxes?  They don't.  So, what happens when 
everybody is on welfare due to automation and nobody 
pays taxes?” [14] 

Rally Comrades! informed that: “In opposition, the 
Information Technology and Innovation Foundation 
(ITIF) argues that technology in fact creates jobs.  Their 
argument goes like this: automation increases profits and 
lowers prices which in turn gives consumers more money 
to spend, which people then use to go out to dinner a few 
times, buy books, watch movies, or any number of other 
things.  This economic activity stimulates demand that 
other companies (e.g., restaurants, book stores, movie 

theatres, airlines, and hotels) respond to by hiring more 
workers.”[13] 

We cannot forget that the workers are still the 
consumers.  Therefore, no matter how cheap the 
commodities being provided in the future are, people with 
no work will not be able to afford them.  

A solution offered for the unemployment crisis was one 
of education: to retrain people rendered obsolete, because 
in the future, not all tasks could be done by machines.  
This plan however could cause a serious dent in the 
economy of the countries accepting it. [10] 

The theory is that although these machines take away 
jobs, they would however need people to maintain them. 
This could still provide at least one tenth of the jobs. But 
even that is starting to change.  We are starting to build 
machines to take care of these machines.[15] 

Drum stated “We’re not building machines to take over 
physical labour; we’re building machines to take over 
mental labour.” [15] 

Are any jobs truly safe from automation? Rally, 
Comrades! renders a solution: the best move would be 
public ownership of the technologies for the benefit of the 
society. [13] 

“At the same time, the problem is not the technology 
itself. It’s not about destroying the machines and turning 
to older ways of producing.  New productive technologies 
offer the possibility of producing what every human 
being needs to not only survive, but thrive, allowing us to 
turn our attention away from fighting each other based on 
the old notion of scarcity.  Instead, the abundance these 
machines make possible can enable us to solve the issues 
we as a planet are facing: hunger, homelessness, 
sustainable energy, environmental degradation, disease, 
etc.  These are achievable ends, but it will require 
harnessing these technologies to benefit all humanity, and 
this will only be possible if they are owned by all of 
humanity.” [13] 

VI. MAJOR PROBLEMS WITH 

AUTOMATION 
As of present, the major setbacks of automation are: 
Security Threats/Vulnerability: An automated system 

may have a limited level of intelligence, and is therefore 
more susceptible to committing errors outside of its 
immediate scope of knowledge.[2] 

Unpredictable/excessive development costs: The 
research and development cost of automating a process 
may exceed the cost saved by the automation itself.[2] 

High initial cost: The automation of a new product or 
plant typically requires a very large initial investment in 
comparison with the unit cost of the product, although the 
cost of automation may be spread among many products 
and over time. [2] 

VII. AUTOMATION AND DEVELOPING 

COUNTRIES 
Developing countries were not to be left behind in this 

global trend.  The slow pace of their development over 
the decades however could be attributed to the lack of 
effective centralized infrastructure dealing with aspects 
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such as design, test/calibration and production aids like 
precision mechanical tooling, robotization and industrial 
automation.  Also, the capital required for those facilities 
proved expensive for industries in the small scale sector: 
Unfortunately more than 70 percent of the manufacturing 
units in developing countries). [16] 

However, these countries have also begun to evolve 
with new policies and also help from the United Nations 
Industrial Development Organization (UNIDO): which 
provides assistance for the establishment of centres for 
industrial automation technology in the developing 
countries. [16] 

VIII. THE FUTURE WITH AUTOMATION 
Predicting the future of automation could be tricky, due 

to the complexity of the automation systems and 
industrial operations of today.[17]  At present, in the 
manufacturing industry, the machines (robots) are quite 
expensive and cannot be afforded by smaller 
organizations.  The next generation of machines will be 
cheaper and easier to assemble.  They shall be more 
powerful and more functional, at the same time, smaller 
and consume less energy. [18]  The effects of this both on 
the economy and society will be huge.  The equation is 
tilting toward the favour of the machines.  

 

IX. CONCLUSION 
Automation, though slow to develop over time, is 

taking over the world.  As more and more countries adapt 
to the trend, we are approaching a future that years ago 
would have seemed impossible: A future where our 
surroundings and activities can be controlled by less than 
the touch of a button.  It seems so much like paradise, like 
scenes from science fiction movies.  

The fact we have to face however is the huge gap of 
change before a world like this can come to be.  With so 
much power being given in favour of automation, we 
need to ask ourselves: Is this the best way for humans?  
Can we manage both the people and machines to produce 
a positive outcome for all?  Or do we need to slow down?  
We cannot just become a utopia overnight. The change is 
commencing quicker that we imagine.  The impacts could 
be drastic if something does not change.  The future 
might just be here before we are ready. 
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Abstract - The chief reason for governments bearing the 
expenditure for the distribution and generation of electricity 
is its high cost; subsidizing electricity tariffs for the people 
takes a large chunk from a government’s budget. Yearly, 
governments around the world are allocating large amounts 
of money in order to improve their energy sector. 
Governments are now keen to find ways to maximize 
efficiency in the distribution of electricity; which can be 
achieved by putting in a smart grid system in place.  Policy 
makers in the energy sector around the world have reached 
a strong consensus amongst governments to change the old 
electricity grid systems and upgrade to a newer, 
modernized, and efficient system. 
 
This research paper will highlight the basic infrastructure of 
a smart grid system and give more detail as to what benefits 
governments can avail when opting in to upgrade to the new 
system. It will also examine the economic impacts of the new 
smart grid system compared to the old grid system by 
highlighting the positive and fundamental economic impacts 
it can have on the growing economy and even exploitation of 
renewable and non-renewable energy sources. Smart Grid 
technology is not only beneficial and economically wise in 
the long term perspective but also essential in lowering a 
nation’s carbon footprint; which can improve the overall 
energy ecosystem. 
 
Keywords : Smart Grid technology, Smart grid solutions, 
renewable energy, sustainable energy 
1. INTRODUCTION 
Distribution, transmission and generation of electricity is 
undergoing a major progression which has given a birth 
to a new frontier of Smart Grids Technology. Innovations 
in the sectors of renewable energy and micro-generations, 
massive research and development and now in the mass 
production of electrical vehicles has created a 
requirement for transmission and distribution of 
electricity in more efficient and reliable manner. In order 
to meet such requirements, the governments and 
multinational companies around the world and investing 
huge amounts in order to make the power systems more 
intelligent and secure. The transition from traditional 
energy supplying system to new smart grid system will 
require massive investment initially. However, the 
product of this massive investment will be able to meet 
the need of the industry and domestic for many years to 
come. Smart grid system will be vital in bringing the 
carbon content to a more optimum level.  
 
Main objective of a traditional grid system was to simple 
keep the lights on electricity flow. This was mainly a 
move towards a large, centralized generation of electricity 
that provides power over an electromechanical network. 
In this model the communication over the network of 
electricity and power only moves in one direction. In this 
traditional grid system the communication is neither two 
way nor the feedback is involved which is nowadays a 

very vital element when it comes to power systems since 
the requirement for the electricity has gone up and also 
the technological era has seen advent of hackers and 
malicious viruses which organizations are using for their 
competitive advantage which in result requires constant 
monitoring and security of a electrical network system. 
 
Smart grid system consists of mainly smart devices such 
meters which monitors and acquire information regarding 
the stream and condition of power , two way 
communication unlike traditional grid which consistently 
sends and receives information regarding the conditions 
of the equipments in operation and advanced software 
which helps in manipulating and communicating with 
smart devices. 
 
2. SMART GRID SOLUTION 
The journey of evolution from traditional grid technology 
to smart grid has enabled the consumers and the service 
providers to establish a two way communication via 
broadband to take timely decisions. Smart grid consists of 
smart meters to automated computer and independent 
smart devices which can respond and act digitally to the 
vibrant and varying electric demands. With the 
introduction of smart grids the efficiency of electricity 
has improved to a large extant and offering solutions such 
as quick restoration of power failures. Smart grid 
technology also allow opportunities for the customers to 
regulate themselves according to their electricity demand 
which can also help in reducing the carbon foot print. The 
important tools which make up the smart grid system are 
discussed in the next section. 

  
                     Fig 1. : Smart Grid Overview 
 
2.1 PHASOR MEASUREMENT UNITS 
Smart grid technology presents multiple solutions to a 
consumer which can be implemented in the electrical 
network which gives a further edge and reliability and 
reduction in losses [4,5] to an existing grid. In order to 
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have a better monitoring and manipulation of a grid, 
smart grid offers a new and effective solution to it which 
is known as phasor measurement units (PMU). 
 
Phasor measurement units (PMUs) are power system 
devices that provide synchronized measurements of real-
time phasors of voltages and currents. It measures the 
electrical waves in an electrical network distribution 
which provides information about both magnitude and 
phase in real time. PMUs also accumulate time-stamped 
data over the period of time at multiple points in a smart 
grid system through which  the load on the grid can be 
monitored.  The measurements are taking at very fast rate 
which is every 2 to 4 [15] seconds which further offers a 
bird's eye view into a behavior of a smart grid system. 
The sampling rate of PMUs are kept high normally in 
order to gather multiple samples by streaming highly 
accurate syncophasors. PMUs are generally installed at a 
strategic substation which requires disturbance recording.  

 
         Fig 2. :  Phasor Measurement Unit 
             
2.2 SELF HEALING GRID 
This important attribute of the smart grid system offers an 
innovative features which controls the whole transmission 
side of the grid system[1]. This model of healing system 
and is integrated into the grid system which has multiple 
devices which work parallel with each other in order to 
detect any faults [2] if occurred and then cut off and 
isolate that fault from the grid system in order to prevent 
short circuiting and damages. The execution cycle of the 
software is designed in such a way that a check is made at 
every cycle from a lower level to a much more complex 
and higher level where the software checks the condition 
of the equipment as well [3]. The diverse and complex 
coordination of the tasks are distributed in a sequential 
facet which are based on a time scale in the power system 
network. The execution cycles and their time span are 
also classified according to the operational needs and 
engineering results.  

 
               Fig 3. : Self Healing Grid Execution Cycle 
The approach of reducing the events that can take place 
and cause problems to the system can be prevented by 
using enhanced engineering solutions which smart grid 
system offers by the deployment of independent smart 
efficient devices and agents across the inter-connected 
power systems network in order to support a self-healing 
power grid.  
2.3 COMMUNICATION OF THE GRID 

To ensure the reliability and efficiency of a power 
systems network, it is dependent on the accurate flow of 
communications , control and  precise calculations. Smart 
grids ever evolving industry, it has enabled the power 
sector to employ such management schemes which can 
monitor and control the load using a simple graphical user 
interface connected via network which can help in 
manipulating and switching loads in order to reduce the 
load during peak times or emergency conditions. The 
smart grids has overcome the previous limitations of 
these demand management schemes where the 
controllability was limited and smart grids has given the 
option of allowing customers to respond to the power 
systems depending on the conditions. 
Few important applications which are in frequent used are 
discussed in the next subsection. 
2.3.1 ADVANCED METERING 

INFRASTRUCTURE (AMI) : 

The smart connection between the consumers and power 
companies is maintained using the advanced metering 
infrastructure by integrating automated intelligent 
independent infrastructures. The AMI is integrated into 
the old applications which are already present and then its 
configured infrastructure is implemented in to the old 
applications where it starts taking the intelligent 
decisions. The pricing of the electric units is also 
monitored and controlled by using these smart meters 
which are regulated by using load control devices such as 
thermostats in order to fulfil the demand. This meter 
infrastructure also helps in enabling the consumers and 
the service providers to have services like prepayments 
depending on their consumption of the electric units. 
AMI also helps in offering immediate calculated and 
controlled responses on power blackouts and quality 
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which helps the service providers to tackle any power 
deficits. 
The benefits of AMI a huge and various but the ones 
which are worth to be noted are consumer benefits which 
allows the costumer to select through various prices 
listings and range of services the electricity provider has 
to offer. In regards to the smart grids the AMI hands out 
as a new smart grid stage which helps in providing the 
amplified bandwidth and broader regional coverage 
which then directs to broader range of services for the 
grid innovation.  

 
  Fig 4. : Advanced Metering Infrastructure Protocol 
The wide-ranging network between both the service 
provider and the consumer can integrated in the present 
grid system which can be beneficial in terms of services 
and cost collection for both the parties. The AMI has a 
structure built in such a way which comprises of the 
smart meter which can measure the electrical network 
widely down to the end user. The application of AMI 
running at the consumer level can process the information 
gathered and an display and can do the pricing real time 
and can initiate an organized process and then assess the 
prices locally without having to go to central. AMIs can 
also to a great extent perk up the outage management 
system and develop the reporting of power quality 
problems. 
2.3.2 SUPERVISORY CONTROL & DATA 

ACQUITISON (SCADA) 

It is another software package which is one of the latest 
tools developed in lieu of the smart grids after much 
research and development of further independent 
softwares. SCADA is designed and developed in such a 
way that it can display information for a system operator 
in an easy graphical user interface. The information 
displayed on the screen can be customized depending in 
the needs of the operator or the service provider which 
can monitor alarms to logging the reports of the 
equipment being used in the grid. 
SCADA comprises of multiple subsystems in which the 
worth mentioning are the Human Machine Interface 
(HMI) through which the operator monitors and then it 
controls the whole process by using a remote computer 
which is connected via broadband or through wireless 
internet and is used in critical industrial infrastructures 
and managed from the control room[6]. The information 

gathered in order to send it to the HMI, Remote Terminal 
Units (RTUs) are installed which is a smart device which 
has both digital and analogue inputs and outputs[7] 
through which the information is processed and is then 
transmitted as a telemetry data which allows the 
measurements to be made over the distance[8].  
The another worth mentioning hardware which is used as 
a subsystem under the SCADA umbrella is 
Programmable Logic Controller (PLC) which is used as 
an independent smart device containing variable number 
of input/output ports [9] and acting as a digital computer 
to control and manipulate equipment. There are multiple 
types of PLCs available in the market depending on the 
functionality, demand and requirement of the applications 
for which it is needed. PLCs can act both as input and 
output depending on the requirement of the environment 
and can work in harsh conditions such dust, heat and 
cold. PLCs execute the software repeatedly in controlled 
environment.  PLCs uses ladder logic which is basically 
based on circuit diagrams of the relay logic. The ladder 
logic looks a lot like ladder with vertical rails and 
horizontal lines between them. This ladder logic is used 
since the sequential control of a process is required. 
3. PLUG-IN ELECTRICAL VEHICLES, A FORCE 

FOR SMART GRIDS 

The automotive industry has not only given us. The 
pollution created by automotive industry is so dangerous 
and lethal that it is twice as deadly as traffic accidents 
according to a study of UK air quality.[10]. Luckily the 
automotive manufacturer have started to shift towards a 
much more cleaner energy than the old traditional cars to 
new electric and hybrid cars. These manufacturers are 
offering customers with increased incentives by the 
governments plug-in electric vehicles (PEVs) or plug-in 
hybrid vehicles (PHEVs) for domestic and commercial 
usage with battery rating varying from 16 - 28 kWh[11].. 
The options for recharging the batteries of these vehicles 
will be available at home or at a commercial fleet yards. 
The vehicles would normally require to inject power in 
them in the off-peak periods which is being seen by the 
energy pundits and gurus as a potential which can 
improve the profitability of a mart grid system which 
often operates below its peak capacity.  
Smart grid can meet the demand which is being created 
by PEVs and PHEVs by interacting with these vehicles to 
charge at most optimal time. By connecting huge number 
of batteries for charging these hybrid cars in to the smart 
grid regionally, this option can potentially introduce any 
extra power in the grid system which is available in the 
batteries and are not being used during blackouts or peak 
power when the power required is at maximum. Up till 
now, the municipalities and private companies are 
offering free of charge option to recharge the batteries of 
hybrid vehicles as an incentive but these free fuel 
recharging will come eventually to an end and the owners 
of these vehicles will be in search of a more fitting way of 
charging their cars. Smart grids offers a solution to such a 
problem where the car owner can plug the batteries of its 
car at charging station where the PEVs can identify 
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themselves using their software when the batteries are 
plugged in and the electricity used can be billed to that 
owner of the car which will not only make 
straightforward the transactions but also permit the car 
owners to charge the batteries without having them to use 
their credit card or cash. 
 

4. ECONOMIC IMPACTS OF INTRODUCING 

SMART GRIDS 

The integration of smart grids in the traditional electric 
network can translate into huge financial and economic 
boom for the power industry from United Kingdom. The 
exploitation of smart grids will introduce an increase in 
the level of goods and service exports. Not only goods 
and services can help the power sector of United 
Kingdom but it can also help them sell intellectual 
property overseas. The research in the field of demand 
response management system is one of the most frontline 
projects which is advanced and considered one of the best 
the market has to offer can also present with huge 
opportunities and vast potential to capture the market in 
overseas. 
Smart grid can also present United Kingdom with 
potential opportunities by exploiting this field and 
benefitting from Foreign Direct Investment (FDI). Britain 
is by now one of the most attractive hub for European 
companies and countries for investment where in 2010 
approximately 20% of the investment in the sector of 
energy efficiency and smart technologies were gained by 
it [12].  
5. CONCLUSION  

The rate at which the world is advancing by investing, 
researching and mobilizing their resources in order to 
attain the cutting edge technologies in the field of power 
generation and distribution are also producing a huge 
amount of pollution which is effecting the environment 
on a very severe level on daily basis. Due to smart 
devices the smart grids can promote cleaner atmosphere, 
lower carbon emitting generation and can also promote a 
balanced exploitation of renewable energy in comparison 
to the non-renewable energy which can allow the 
consumers to keep a tab on the units of electricity that are 
being used and can curb it . This efficient response 
system will ensure that the reliance on the additional 
fossil fuels which can then as a effect can reduce the 
emission of CO2 and other environmental hazards. 
Smart grids can ensure a reliable  and secure network 
which can reduce the frequency of blackouts and outages 
or any security breach. Recent estimates show the annual 
cost of power interruptions in US is of $80 billion[13]. 
Also by using smart grids there is a huge benefit of 
improved operational efficiency where in San Diego $450 
million of investment in smart grid can reduce the cost up 
to $1.4 billion[14].   
Not only smart grid technology can help in bringing the 
carbon content in the atmosphere down but also it will be 
economically wise in the long run to the governments and 
service providers since it is a protected, consistent and 

feasible to prevent hackers to penetrate it easily and 
pricings can be tracked and optimized and can also be 
issued real time. 
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Abstract- Intelligent transportation system (ITS) involves 
the combination of software and hardware technologies to 
boost the efficiency of the transportation system. The 
growth and development of the world economy rely on 
various modes of transportation because they play vital roles 
in establishing mobility amongst countries.  
The number of passengers transiting from one location to 
another has increased tremendously, and this has affected 
the transportation system leading to issues such as: traffic 
congestion, carbon dioxide (CO2) emission, fuel 
consumption and accidents. Today, the transportation 
systems are handled intelligently with the use of Information 
and Communication Technology (ICT) to mitigate the 
problems associated with road and rail transportation 
systems. This is achieved with the use of devices such as: 
Closed Circuit Televisions (CCTV), traffic lights, traffic 
signs, road headways, Global Positioning Systems (GPS) and 
map navigators. This research paper focuses on intelligent 
devices deployed in the transportation system, their 
applications, and maintenance.  
Keywords: intelligent device, information and 
communication technology (ICT), safety. 
 

I. INTRODUCTION 

     In the United States, an assembly of private sector 
representatives, the federal and state transportation 
officials held a meeting in the year 1986 with respect to 
the way forward on the transportation systems.  The 
assembly anticipated on the interstate system bill project 
that was to be developed by the States.  The meeting was 
as a result of some key factors that affected the efficiency 
of transportation such as traffic congestion and safety 
issues which reduced economic productivity and 
competitiveness of trade amongst countries. Furthermore, 
emphasis on the safety of the environment and its habitat 
was an important issue which could no longer be 
neglected [1]. In the course of the meeting, construction 
of more roads was considered as an avenue to alleviate 
the problems faced in transportation. However, the 
suggested solutions when implemented did not make 
much impact to the society; rather they were seen from 
another perspective. The assembly of officials towards 
the growth of transportation extended to managers of 
automobile companies and researchers in Europe, Japan 
and North America [2]. The final outcome of the way 
forward in transportation system was the application of 
technologies in relation to safety. Technologies that 
involved the use of sensors were introduced through 
Information Communication and Technology (ICT) to 
address the key problems faced in the transportation 
system. The association responsible for the changes grew 
in population and assisted the United States department of 
transportation (DOT) to ensure the safety of the transit 
users. As a result of the solutions gotten from the 

intelligent devices used in road and rail transportation, the 
technologies involved were visualized as intelligent 
vehicle highway systems (IVHS) with the aim to mitigate 
traffic congestion, improve the movement of transit users, 
reduce pollution, and promotes time management [2]. As 
technology advanced, IVHS was finally renamed as the 
intelligent transportation system. [1].Intelligent 
transportation system blends the software and hardware 
technologies together to boost transportation efficiency. 
This paper discusses the concept of intelligent devices 
deployed, its applications and maintenance for the 
essence of safety in transportation. 

II. INTELLIGENT 

TRANSPORTATION SYSTEM  OVERVIEW 

 
A. What is ITS? 
B.  

     Intelligent Transportation System is the practical use 
of information and communication technologies in the 
transportation to ensure the safety of the transit user, 
driver and the environment. These technologies assist in 
making life easier for humans, as users are updated 
through the data gotten from intelligent devices such as 
travel information, the best route path to a location 
through smart devices and weather conditions that might 
interfere with travel schedules [3] , [4]. Furthermore ITS 
plays a vital role in the transportation network as it steps 
up the country’s economic growth achieved through 
mobility. It ensures the safety of the environment and its 
habitat as the rate of traffic congestion that generates 
carbon dioxide (CO2) emissions is cut down [4]. In 
addition, intelligent devices in transportation systems are 
used to track and locate stolen vehicles, promote access to 
users and restrict population access to urban areas by 
using electronic toll collection [5].  

 

C. The technologies involved in 
ITS 

     These are the technologies that have assisted the 
growth of the transportation system. 

   Global Positioning System 
(GPS) 

      This is a technology that depends on satellite to 
receive signals which are used to track vehicles, get 
information on weather conditions and guidance of 
route in the transportation network [6]. The European 
global navigation system (Galileo) is used in locating 
logistics, enhancing resources like consumption of fuel 
and time management [7]. 

 



12th Research Seminar Series Workshop Emerging Technologies 
 

 

School of Engineering, Design and Technology  
University of Bradford 

-155-

 Dedicated short-range 
communications (DRSC) 

       Dedicated short range communication is a part of 
radio frequency identification (RFID) used in 
transportation to track the number of passengers 
entering a vehicle in order to avoid overcrowding as 
well as ascertain when a vehicle gets close to a station 
through microcomputers. This technology is used in 
the electronic fare collection, reduces traffic 
congestion and controls the traffic signs on roads. 
DRSC operates at a frequency range of 5.8 – 5.9GHz 
[6], [8]. 

 

 Radio frequency identification 
(RFID) 

       This technology allows the transmission of data 
through the use of radio waves from a tag or chip 
attached to a vehicle. It is used to track and monitor the 
number of passengers permitted to board on a journey, 
arrival and departure of vehicles. The data read from 
the vehicles are distributed to the passengers in stations 
and vehicle stand through the headways. RFID does 
not require a direct line of sight for operation [9]. 

 

 Roadside camera recognition 

       This technology involves different cameras like 
speed cameras and CCTV located on route path, for 
the use of congestion payment and detection of 
vehicles at high speeds. These cameras capture the 
license plate numbers of vehicles and send the 
information across to the law enforcement agencies for 
future action to be taken [6]. Fig. 1 illustrates the speed 
cameras mounted on traffic lights used for the tracking 
and identification of vehicles exceeding the designated 
speed assigned to a particular route. 

 

 
Fig.1. Speed cameras on traffic lights located at Great Horton road, 
Bradford 

 

 

III. APPLICATION OF ITS  

    There are six applications listed below as follows; 

A. Advanced Transportation 
Management System (ATMS) 

       ATMS manages the transportation system with the 
use of intelligent devices like Closed circuit television 
cameras (CCTV) and infrared detectors (IR) [10]. These 
sensors monitor the speed of vehicles and trains, their 
route paths and regulate the traffic lights on road and rail. 
The importance of ATMS is to distribute information 
immediately to the road safety and policemen to eradicate 
incidents as soon as possible. It also alerts the transit 
users by redirecting them to other routes possible. ATMS 
can be applied in an electronic toll collection system 
without the driver stopping and causing traffic congestion 
in the transportation network [1], [11]. It controls the flow 
movement of trains, vehicles and pedestrians with the aid 
of traffic signs. It also monitors the way vehicles are 
parked to avoid traffic congestion. [12]. Fig. 2, illustrates 
the flow control of information in the transportation 
system in case an accident occurs. 

 
B. Advanced Travellers 

Information System (ATIS) 
      This system communicates with the drivers and 
passengers by delivering information to them at home, in 
offices, train or bus stations and smart devices. The 
information could be on weather conditions, travel delay, 
restricted routes and shortest route to a destination 
[1],[14]. They also supply data to drivers with respect to 
parking slots on different car parks [6]. In automobiles 
and trains, they serve as road headways and real time map 
navigators for users not familiar with a particular route. 
Present location and destination are inputted into the 
system and ATIS selects the best route, directing with an 
arrow on the map navigator. For pedestrians, smart 
devices like mobile phones, iPods and laptops, are used 
with the assistance of certain applications installed like 
Google maps [11]. Fig 3, Shows a real time map 
navigator in vehicles, which assists the driver in locating 
unfamiliar routes when in motion.     

 
Fig 2: The flow of information between the users and law 
enforcement agencies in a transportation system [13]. 
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Fig. 3.  Real time map navigator [6]. 

D. Advanced Vehicle Control 
System (AVCS) 

     AVCS is a system that controls the interaction of 
vehicles in motion from colliding with each [2]. It also 
assists the drivers to detect roadside obstacles that might 
run into vehicles when in motion. The technology behind 
these systems improves the safety of travellers and 
drivers by its reduction in traffic congestion. During high 
speeds, AVCS regulates the vehicle steering and brakes 
giving a maximum distance between the vehicles in front 
and behind [1],[15].  

 

E. Advanced Public 
Transportation System (APTS) 

    APTS disseminate information to public transit users, 
enhance the collection of fare and properly scheduled 
vehicles used in public transportation [1]. These systems 
are used to track the location of vehicles and their arrival 
time with the support of automatic vehicle location 
(AVL). A practical illustration of APTS is the road 
headways,   microcomputers in stations, bus stops and 
moving vehicles displaying the location and time for 
passengers to have a clue of how long they can wait [11]. 
Fig. 4 is an illustration of a headway indicating the travel 
departure of various locations, their time schedule and 
exit stands. 

F. Advanced Rural 
Transportation Systems (ARTS) 

       These systems are used to enhance the safety of the 
environment and its inhabitants in rural areas. Drivers are 
signalled when obstacles like live stocks interfere with 
the roads. Road signs are made available to notify the 
driver of information ahead like route path with sharp 
bends, roadways with bumps and weather changes that 
may affect transportation [11]. 
 

 
 Fig.  4. Headways in Bradford interchange train station 

G. Commercial Vehicle 
Operations (CVO) 

      In order to ensure the growth of transportation, CVO 
systems are used to promote the safety of commercial 
vehicles. Various applications of commercial vehicle 
systems include recovery of stolen cars, tracking of 
vehicles and electronic toll collection [11], [16]. The 
classification of CVO is explained briefly 

 Commercial vehicle electronic 
clearance 

       This service takes place when a vehicle gets to a 
check point. There is an interaction between the vehicle 
and the intelligent devices on roadways. The essence of 
the interaction is to ensure safety of the passengers and 
goods by monitoring vehicle’s status, weight and 
stability [3]. 

 Automated roadside safety 
inspection 

       Just as the name implies, an automated safety 
inspection is carried out, to check the speed limit, 
performance of the vehicle brakes and steering [3]. 

 On-board Safety Monitoring 

       To ensure safety the driver’s alertness, goods, 
specific parts of the vehicles like the tires and lights are 
monitored [3]. 
 

IV. BENEFITS OF ITS 

A.  Safety 

         With intelligent devices used in transportation 
systems, safety is ensured amongst the driver, passenger, 
goods and pedestrians [6]. Transportation issues like 
traffic congestion that results in pollution of the 
environment is mitigated [15].   

 

B. Accessibility 

          ITS deployed in transportation has assisted the 
elderly and disabled citizens without creating room for 
barriers. Information on transportation schedules are 
made available to passengers and payments can be made 
online through cards. Details of the transit users are saved 
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and tickets are assigned immediately without requiring 
the user's presence [5]. 

C. Economic Growth 

         With the technologies involved in intelligent 
transportation systems, exchange of goods and services 
amongst countries are implemented safely.  Mobility 
established as a result of the transportation network 
promotes the economy. 

 

V. ITS MAINTENANCE 

    For the effective operation of intelligent devices used 
in transportation systems, proper inspection of hardware 
should be carried out to ensure safety of the driver, 
passenger and environment. Intelligent transportation 
system maintenances are; 

 Hardware servicing and 
replacements 

        Proper check up on devices such as cleaning of 
dirty CCTV domes, snow or dirt blockage removal, 
replacement of street light bulbs and power supply 
failure should be carried out at least twice a year [17]. 

 

 Increase of devices  

        The rate at which population in countries increases 
requires the expansion of existing intelligent devices to 
be able to carter to the safety and efficient use of 
transportation system. 

 

 Software updates 

       Software's applications on intelligent devices are 
updated regularly in relation to the information 
distribution in transportation. Information such as traffic 
signs timing for pedestrians, notification on travel 
schedule changes through SMS or email [18]. This 
update also provides drivers with information on 
parking slot availability at locations like shopping malls, 
universities and conference centres [19]. 

 

VI. CONCLUSION 

    This research paper deliberated on the concept of 
intelligent devices deployed in transportation systems, 
their applications, and how to maintain the intelligent 
devices for the safety of passengers, drivers and freights 
in road and rail transportation. With the assistance of 
intelligent devices like closed circuit television, 
headways, traffic signs and lights in transportation 
system, the environment is safe for the habitants and there 
is an increase in economic growth. 
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Abstract - Eye tracking method used in various applications 
brings advancement in the technology field to serve different 
purposes. Eye tracking method has evolved tremendously in 
terms of accuracy and response time taken. 
People with disabilities can use the eye tracking method as 
an alternative option which provides efficient performance 
compared to powered and electric wheelchairs. This method 
gives an easy operability for an individual to move around 
easily. 
This technology uses an eyeball sensor to control the 
wheelchair movement. The eyeball sensor tracks the position 
of an individual’s eye movement and gains direction to steer 
the wheelchair accordingly. People suffering from various 
types of paralysis or either physically challenged gets a 
better result from troubles being faced by using this method. 
There are two terminologies closely associated with the eye 
movement properties, firstly called as the fixation which 
allows to hold the eye-movement in a particular area inside 
the visual field and secondly called as saccades which allows 
fast movements to occur involving fixation.   
This paper aims to describe the working principle of an 
eyeball sensor in controlling the wheelchair prototype. 
Positioning of eyes and eye movement properties related to 
the direction will also be examined and discussed.  
 
Keywords: Eye Tracking, Fixation, Saccades, Eyeball 
Sensor, Eye Movement Properties 
 

I. INTRODUCTION 

Research from the Ministry of Public Health and 
Welfare's annual report states that 0.73 million people 
have a motor disability on the legs and arms [1]. The 
implementation of an eye tracking operated wheelchair 
made a significant impact on people with disabilities and 
paralysis. This method certainly provides a great relief for 
those who experience a decline of muscle strength or had 
lost the upper limb in the event of an accident. With the 
aid of an eyeball sensor module, eye tracking method is 
applied where the user’s eye is closely tracked analyzed 
to determine the point of sight. User gets a total control of 
the wheelchair by using the eye tracking method. 
Eye movement properties and point of direction is gained 
via the resulting change in eye position attained by the 
eyeball sensor. The wheelchair steers in a determined 
direction upon receiving incoming signals from the 
eyeball sensor. Signals in the form of directions such as 
right, left, ahead, initiate or stall would be determined 
systematically through the microcontroller to guide the 
wheelchair according to the individual’s preference. Eye 
blinking property is closely associated with the 
wheelchair operation as when an individual blinks his/her 
eyes the wheelchair will stop. Thus, providing a steady 
operability for an individual to control the wheelchair 
benefits the people with disabilities and paralysis. 

 
II. HISTORY OF WHEELCHAIRS 

A wheelchair comprises of two large wheels and castor 
wheels attached to it which basically represents a chair. 
Difficulties that are experienced by people with paralysis 
or physical disabilities can be overcome by using a 
wheelchair. Standards and particularly costs were a major 
issue in early stages of designing wheelchairs. The 
Chinese was first to identify the existence of an image 
representing a wheelchair. In Spain during 16th century, 
King Philip II used a rolling chair with foot rests [2]. 
Stephen Farfler a paraplegic watchmaker built the first 
self-propelled chair in the late 16th century comprising of 
a three wheel chassis [4]. He moved forward with the aid 
of a handle bar attached in the front wheel. Later in the 
18th century, John Dawson further invented “Bath Chair”. 
This wheelchair was designed with two large wheels and 
one small wheel [3].  
Wheelchairs started to become more comfortable in 
aspects of design and user-friendly after further 
development in the 19th century. Wheelchairs during that 
time phase were having the first spooked wheels used [3]. 
Moreover, seats made up of wooden frames, arm rests 
and footrests are also part of the design. In the late 90’s, a 
folding chair was designed and built by engineer Harry 
Jennings from Los Angeles. Due to potential demand at 
that point of time, large scales of portable new 
wheelchairs were manufactured [3].  
The evolution of electric wheelchair started in the 
beginning phase of 20th century. A simple electric 
wheelchair comprises of an arm rest area in which the 
joystick is placed to control movements and an electric 
motor attached to the wheelchair’s axle to provide power 
for the system. Further improvements have resulted in 
development of various types of wheelchair due to 
technology advancement. 

III.   TYPES OF DISABLED PEOPLE HAVING MOTOR 

DISABILITY 

A person who finds it difficult performing a task in a 
usual way tends to be suffering from a disability. 
Disability can be classified in certain aspects such as 
vision disability, mobility impairments, hearing disability, 
defect in spinal cord and others that could be caused by 
an accident. Assistance is often needed by people with 
disabilities in order to accomplish certain tasks. In the 
category of motor disability, spinal cord injury is one of 
the severe defects as it can lead to paralysis of limbs. 
Complete loss of muscle function in one or more muscle 
groups is known as paralysis. Paralysis is resulted from a 
damage caused in a nerve supplying to the muscle known 
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as neuron. Upper motor neurons can be described as the 
messages being conveyed from the brain to nervous 
system. The ultimate pathway for signals reaching the 
respective muscle is described as lower motor neurons 
[5].  
Information that is travelling to the brain through spinal 
nerve which is partially or totally cut-off below the level 
of injury is known as tetraplegia/quadriplegia or 
paraplegia [6]. The region affecting above the first 
thoracic vertebrae or the neck is known as tetraplegia, 
commonly known as quadriplegia. Due to this kind of 
paralysis, progression starts to slow down in the limb 
region. Paralysis such as paraplegia occurs in the upper 
back region which is located below the first thoracic 
vertebrae [7]. In paraplegia cases, arms and hands will be 
fully functional but movement in legs will be lost. Apart 
from that, one side of the body which is partially 
paralyzed is known as hemiplegia. One side of the body 
will not be functioning involving the arms and legs. This 
is generally known as palsy. 

 

Fig. 1. Paralysis in different regions of human body [5]. 

IV.   DEVELOPMENT OF WHEELCHAIRS 

After certain advancement and perfection made to cater 
the needs of users, a variety of wheelchairs have been 
made. Firstly, the usage of conventional wheelchairs 
started to roll out which is also known as the manual 
wheelchairs. Users use their hands to drive the wheelchair 
manually excluding those who are not capable of doing it 
due to other disabilities. 
Furthermore, different types of electrical and robotic 
wheelchairs have been developed and are commercially 
available for people with disabilities. A powered 
wheelchair was later introduced in the development phase 
which comprises of a controller board interfaced with 
joystick control, battery packs mounted to the wheelchair 
and additional control options to navigate a wheelchair 
around with the help of this function. In a recent clinical 
survey conducted, about 9%-10% of patients with 
disabilities found difficulties in the training provided to 
use powered wheelchairs as the patients could not cope 
and use it to for carrying out daily activities [1]. It clearly 
explains that people with disabilities find it hard to learn 
on how to operate and handle a sophisticated powered 
wheelchair. 

In the advancement phase, electrical wheelchair was later 
introduced. Control options like elevating the wheelchair 
to get hold of height capability and rechargeable batteries 
that are used to run the motors were included in the 
wheelchair’s mechanism which allows the user to move 
for a longer distance. It was found later that the electric 
wheelchair was heavy and bulky for the user to handle 
when user is moving from one place to another. 
Therefore, in order to control and get hold of the 
wheelchair easily, a proposal of an eye tracking method is 
proposed to meet the needs of people with partial 
paralysis and disabilities who are not capable of using 
such wheelchair interfaces. 

V. SPECIFICATIONS OF WHEELCHAIR PROTOTYPE 

A prototype wheelchair controlled by means of eye 
tracking method is designed and implemented. To 
determine the motion of eye, an eyeball sensor module is 
used. A 12volts (V) rechargeable battery pack is used to 
drive the wheelchair prototype. The eyeball sensor 
module which is fitted in a goggles comprises of light 
dependent resistors (LDR’s), small resistors and small 
light-emitting diodes (LED’s) attached to a circuit board. 
In order for the sensor module to function and start eye 
tracking process, user needs to wear the goggles first. A 
distance of 5mm is the placements between each LDR in 
the eyeball sensor module’s circuit board. Moreover, the 
distance between the user’s point of eye contact and 
placement of eyeball sensor module in the goggles is 
10mm. 
The eyeball sensor module detects the resulting variations 
in eye positions and interprets the user’s point of sight. 
Microcontroller acts as the key brain of this whole system 
in terms of controlling the wheelchair prototype. 
Moreover, microcontroller processes the incoming signals 
that are being input via the eyeball sensor module. The 
wheelchair prototype steers in a determined direction 
according to the resulting output from the 
microcontroller. 
The mechanical aspects include a 12V dc geared motor 
used to navigate the wheelchair prototype. In a bi-
directional mode, the motor is capable of providing 
different speed control which results in a smooth 
operation. The utilization of a simplest gear type known 
as spur gear train is used with a torque rating of up to 0.2 
Newton meter (Nm) to function. The motor can achieve a 
maximum speed of 60 revolutions per minute (rpm). 
Apart from that, other specifications also includes the 
range of ambient temperature which is -20o to +60o 
Celsius (C) , axial shaft load of 5 Newton’s (N) and radial 
shaft load of 10 N [8]. 
With the aid of Peripheral Interface Controller (PIC) 
16F877A type microcontroller chip, it helps controlling 
the signals in the form of commands that is being sent in 
and out of the system. The chip accurately performs a 
specific task that is programmed to do so. MPLAB IDE 
v8.85 is the software platform used to program the 
microcontroller chip. 
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VI.   PRINCIPLE OF EYEBALL SENSING 

Once the wheelchair prototype system is powered up, the 
eyeball sensor module will automatically start tracking 
the user’s eye. Firstly, the sensor module works by 
emitting light from the small LED’s in the module 
attached to the goggles. The amount of light ray’s being 
emitted from the LED’s gets reflected back after hitting 
the eyeball surface. The reflected amount of light quantity 
reaching back is being attained by the LDR’s in the 
eyeball sensor module. 
The working principle of LDR’s in the eyeball sensor 
module is to obtain different positions in terms of 
resistance based on the reflected amount of light quantity 
in order to steer the wheelchair prototype accordingly. 
Different positions will vary distinctively in terms of 
resistance and voltage. A range of different voltage values 
will be obtained due to setting of different positions based 
on an individual’s eye tracking. The direction in which 
the wheelchair prototype will steer accordingly to is 
determined from the variation in voltages.  

 

Fig. 2.  Eyeball sensor module fitted in the goggles 
 

VII. BLOCK DIAGRAM OF WHEELCHAIR MECHANISM 

 

The blockdiagram in Figure 3 shows an overall operation 
of the wheelchair prototype. Once the system is powered 
up, the eyeball sensor starts to track the user’s eye 
movement. In order to steer the wheelchair prototype in 
different directions like right, left, forward and stop, it 
depends on the LDR’s resistance values which differ. The 
differences in the resistance values are due to the amount 
of light quantity gained by the LDR’s in the eyeball 
sensor module. Due to distinctive variation in resistance, 
the voltages will also vary.  

 

 

Fig. 3. Overall Block Diagram 

 
Basically, each point of direction will have each value 
assigned to it. The voltages value particularly associated 
to each point of direction will be stored in the memory 
location of the microcontroller. Voltage values that are set 
initially determine the tolerance values. Tolerance value 
set in a particular range is set in the program code for the 
wheelchair prototype to work proficiently. Tolerance 
value may vary from one individual to another due to the 
placement of goggles in each user may differ. The values 
that are stored in the microcontroller help to steer the 
wheelchair prototype in user’s preferred direction. 
The liquid crystal display (LCD) shows different value 
voltages when user’s eye is being tracked by the sensor 
module. Values for each direction such as right value 
(RVAL), forward value (FVAL), left value (LVAL) and 
including stop value (SVAL) are set by the user before 
starting to navigate the wheelchair prototype. The 
associated motor drivers in the wheelchair mechanism 
start to run when the values which has been set by the 
user is analyzed by the microcontroller to determine 
which value is corresponding to which direction.  
 

VIII. TECHNICAL DESIGN FLOWCHART 
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Fig. 4. Technical Design Flowchart 

In Figure 4, the technical flowchart describes the working 
principle of the wheelchair prototype. Initially, the 
wheelchair system is in idle state once turned on. 
Configuration of Port A takes place in the microcontroller 
where voltage readings are checked after the user has set 
it for each direction. The values are then analyzed and 
associated to directions such as right, forward, left and 
also stop. Once the user sees in the left direction, the left 
value stored in the microcontroller will be detected and 
enables the user to steer the wheelchair prototype in left 
direction. The same process takes place for the other 
directions as well.  
The motor drivers in the wheelchair prototype will run in 
different polarities for each direction. For instance, both 
motors will run in opposite directions/reverse polarity 
mode to enable a minimum radius of rotation for left and 
right directions. In each relative position, assigning 
different logic’s is the cause for the motors to run in a 
reverse polarity mode. Furthermore, both motors will run 
in one similar phase mode for forward direction. 
Whereas, both motors will be in a stalled condition for 
stop mode resulting the wheelchair prototype in no 
movement. 
 

IX. CONCLUSION 

Eye tracking techniques are used in many applications 
ranging from medical appliances to the current and 
happening telecommunications industry. Due to 
technology advancement in the telecommunications 
industry, currently mobile phones can also be controlled 
using the eye tracking technique. This gives a 
breakthrough in the eye tracking technology. 
Looking from a health and medical related point of view, 
people with disabilities can use the eye tracking method 
as an alternative option which provides steady operability 
compared to powered and electric wheelchairs. With the 
aid of eye tracking method, disabled people can also carry 
out their daily activities independently by using minimum 
effort to control the wheelchair system. Slight differences 
may occur in response of the eyeball sensor module due 
to variation in eye positioning of each user.  
In spite of the fact, an increasing amount of researchers 
are working on this eye tracking technology field to 
produce integrated platforms in collaboration with other 
technologies like voice command, obstacle detection 
sensors for user’s safety, wireless sensors to control the 
system wirelessly and also by making it cost efficient to 
develop into a reality in the near future. 
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Abstract- The use of mobile terminals especially mobile 
phones has drastically changed or simplify human aspects of 
life. It has been a matter of debate as whether there is health 
threats from using mobile phones or not which cause 
concerns of health hazard, particularly brain cancer, among 
the mobile phone users across the globe. However, for an 
electromagnetic radiation to cause a cancer, the frequency 
of the radiated electromagnetic signal has to be high enough 
to cause atoms ionization. Radio frequencies, which mobile 
phones operate within, have no capability to cause atom 
ionization. Such ionization is noticed in the radiation of X-
ray, gamma ray etc.  
The success and evolutions of mobile terminals were 
recorded since early 1990 when mobile technology was 
introduced into modern telephony. One challenging aspect is 
the large global conception about health risks involved with 
the system. This could have arisen due to campaigns of 
which the facts could not be verified or identified by the 
opponents of this development. 
This paper therefore directs research into brief historical 
development of mobile phone technology and exploit in 
details the scientific and technical composition of the system 
and explore the perceived health hazards through series of 
scenarios such as the threat of litigation, suffered investment 
and market competition, suffered by the mobile companies 
and finally come up with an appropriate solution. 
Keywords: Mobile phones, Electromagnetic Radiations, 
Health hazards, Radiofrequencies   

INTRODUCTION 
A mobile phone (cell phone) is a small wireless device 
capable of making and receiving voice calls over a radio 
frequency network while moving around. Apart from 
making voice calls, contemporary mobile phones support 
many applications such as internet access, electronic mail, 
multimedia messages, simple text messages, and many 
more. All these services required subscription to a service 
provider [1].  
Basically mobile phones play an important role in our 
daily lives. Over the last few decades there has been an 
exponential growth in the usage of mobile phones. This 
exponential growth has led to the parallel increased in 
people perception of health hazards attached to the usage 
due to the fact that their operation is based on radio 
frequency radiation. Many scientists believe, we are 
under assault of a common pollution we may have under 
estimated which is invisible, odourless, silent and 
potentially deadly. This form of pollution is almost 
everywhere in the modern society we cannot run away 
from it. Radio frequency radiated by mobile phones is 
increasingly becoming integral part of our lives [15]. 

It is very important to have a proper understanding on 
how public perceived health information with the respect 
to the fast growing usage of mobile phones. 

HISTORY 
Mobility is what modern society demand. The start of the 
history of mobile phone can be traced back in 1946 where 
the first mobile phone calls were established [1]. In the 
beginning merely three frequency channels were used for 
almost all the users in the Chicago metropolitan area. The 
channels were later increased from three to thirty-two 
through three bands. The service has been into existence 
in most parts of North America till 1980s. The capacity of 
the service was fully occupied to its limit within short 
time this was as a result of limited number of radio 
frequency available. [2] 
The history of mobile phone in UK has been an 
introduction of land mobile services in the 1940s. In 
USA, AT&T started working in highway service posing a 
radio telephone service flanked by New York and Boston.  
Stockholm was the first city where the first cars equipped 
with telephone started moving in the streets of the city. 
Medical Doctors-on-call were identified as the first users 
of the technology [2].  
In 1969, cellular telephone system was set up by Nordic 
Mobile Telephone group (NMT), this resulted in having 
about 20,000 mobile telephone users in the streets of 
Sweden which was higher than anywhere else in Europe. 
The technology of mobile cell phone became the tool for 
communication among construction worker as well as 
truck drivers, this went well with the system until 1987 
where mobile cell phones were seen to be own for private 
use. Some European countries including Belgium, 
Austria, Spain, and Netherlands have ordered NMT 
services while other European countries such as Britain, 
Germany, Italy and France have come up with their 
entirely different design for their countries [2]. The first 
commercial cellular phones began operation in city of 
Tokyo in the year 1979, and by the middle of 1980s, the 
cellular mobile phones were substantial increased in use 
by general public and subsequently have attracted many 
subscribers in the areas subjected to service availability. 
Vodaphone and Telecom Securicor Cellular Radio 
Limited were two communication companies with 
operating licences in the United Kingdom. The two 
companies launched national networks on the platform of 
analogue technology were able to use the service by using 
a handheld mobile telephone with size as big as a brick 
[2]. 
Global system for mobile telecommunication (GSM) was 
presented all over the Europe in the late 1980s for a 
reason to have a unified service for subscribers. Digital 
technology (GSM) has replaced analogue technology in 
the United Kingdom in the year 2001, and was adopted as 
the operating system for 340 networks in 137 countries 
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out of which European countries dominated the use of the 
GSM. It was also widely used in Asian countries [2]. 

Technical composition of mobile phone 
A mobile phone is compose of a transducer, modulator, 
amplifier, transmitter and receiver all fabricated in the 
same circuit board normally very small in size. It is a 
transreceiver device that has the capability of transmitting 
and receiving radio frequency signal simultaneously.  
In the traditional wired telephony, their circuits contain 
transmitter that is wired to the nearest base station and the 
receiver is connected to another wire separately to same 
base station, this means that a pair of wire is required one 
for transmission and the other for reception of radio 
frequency signal, hence they are referred to as receivers. 
However, in the modern wireless technology whole unit 
is called transceiver because it uses radio transmitter and 
radio receiver and has transmission and reception speed 
of up to 100GHz [12]. 
While using mobile phone for a phone call, the audio 
voice of the person speaking at one end is converted into 
electrical pulses by a transducer (mouthpiece) which in 
turn is modulated with high frequency called carrier 
signal and then the resulting modulated signal is 
amplified and finally radiated into the channel (space for 
the signal propagation) via the phone antenna that serves 
as transmitter. The radiated weak signal from the mobile 
phone is intercepted by the nearest available network base 
station which in turn relayed the signal on to the base 
station that is nearest to the receiving end. The receiving 
end mobile phone intercept the signal via its antenna 
which serves as a receiver. The signal is then 
demodulated and recovered and finally pass on to the 
earpiece where the audio is heard and answered and the 
conversation continued till end. 
Taking care of the mobility while making phone calls, the 
mobile phone network providers divided geographical 
area into hexagonal region and each region is equipped 
with a base station. This enhances a smooth switch over 
from one base station to another while moving from one 
geographical area to another without service interruption 
[13]. 
The bandwidth of mobile phone networks has 800 
frequencies, 400 for transmission and 400 for reception. 
This means that each subscriber is using two frequencies, 
one for sending his audio voice and the other for 
receiving the response [13].  

CONCEPT OF ELECTROMAGNETIC 
RADIATION 

Electromagnetic radiation constitute two forms of energy 
these are electric energy and magnetic energy. These 
together are radiated in the channel (space) and they 
travel with a speed of light [14]. Electromagnetic energy 
is constituted by electric field and magnetic field. Volts 
per meter (V/m) is the unit used when field strength is 
measured, on the other hand Amperes per meter (A/m) is 
the unit used when strength of a magnetic field is 
measured. The function of an antenna is to transmit 
microwaves and radio waves which are which are 
electromagnetic energy [14]. 

The characteristics of radio frequency are the wavelength 
and frequency. The distance travel by a complete cycle of 
an electromagnetic wave is called wavelength while the 
number of waves passing a point within one second is 
called frequency of an electromagnetic wave, and the unit 
is hertz [14]. The wavelength and frequency are the two 
properties used to categorized electromagnetic energy. 
Electromagnetic spectrum consists of radio frequency and 
microwaves, the range of radio frequency in the 
microwave spectrum is between 3 kHz to 300 kHz [14]. 
Radio frequency is identified as a non-ionizing 
electromagnetic which means that it has no ability to 
break chemical bond found in Deoxyribonucleic acid 
(DNA) and also have no sufficient energy for changing 
substances by ionization [6]. 
   

HAZARDS PERCEIVED 
Evolution of mobile phone technology were met with 
series of challenges such as market penetration, 
competition, interoperability among existing networks, 
review telephony standards and most importantly alleged 
perceived health hazards. Emphasis on the perceived 
health hazards is discussed among others, through the 
following factors 

(a)Threat of litigation 
Many mobile phone/service providers suffered law suit 
filed against them by communities, activists, as well as 
mobile phone users across the world. It was recorded that 
in Nov, 2012 a family in Illinois have filed a law suit, in 
the superior court, against many phone manufacturers 
after the head of the family was diagnosed with the brain 
tumour in his left frontal lube [6]. He maintained that the 
brain tumour was as a result of a prolonged exposure to 
radio frequency radiation through the usage of his mobile 
phones. He also accused the dependant of their continued 
operation and telling the public that it is safe to use 
mobile phones despite their awareness of the studies 
conducted in 1940s. The complaint maintained that the 
world health organisation (WHO) have stated in the 
interphone study that the persistence usage of mobile 
phones for a period of ten years may results in developing 
a brain tumour [6]. 
 
It was also recorded in the year 2009, a telephone 
company in France was asked by a French high court to 
remove a mobile phone mast (repeater station) after it 
were sued by a community of Charbonnieres. But later 
the ruling was reversed by the Versailles court of appeal, 
saying in its ruling the reality of the health risks perceived 
remain hypothetical [7]. 
 
A court in Italy have disregarded short term studies of 
radio frequency radiation hazards and granted a business 
man called Innocente Marcoloni a retirement fund due to 
the disease he developed which was related to his usage 
of mobile phone for six hours a day in twelve years of his 
job [7].  
Last year, in India, a case was filed against mobile service 
providers to remove their mobile towers from the 
residential areas, schools and hospitals. An advocate 
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summon the mobile phone service providers for the 
removal of mobile phone towers based on the suspected 
death of one late Hermant Sharma and based on the 
World Health Organisation (WHO) notification in May, 
2011 that the radiation emitted by the mobile phone 
repeater stations have been classified as conceivably 
carcinogenic [7]. 
 

(b) Suffered investments 
 

The mobile phone companies have suffered greatly in 
their investment caused by the perceived health hazards. 
Many researchers were sponsored in the past and are still 
sponsored by mobile telecommunication companies to 
verify and find out exactly the truth and level of the 
perceived health hazards posed by the usage of mobile 
phone and the radiation of radio frequency at the various 
repeater stations situated around the residential buildings, 
schools, healthcare centres and governmental 
installations. Some of the companies that sponsored and 
are still sponsoring the research on the radio frequency 
radiation hazards to the human body include; Vodafone, 
Motorola, Nokia, Samsung etc. 
However, environmentalist suspect biased reports from 
such mobile phone companies sponsored researches. 
Governments and independent organisation have also 
sponsored a comprehensive researches on the perceived 
health hazards posed by mobile phone usage. A specialist 
in bio electromagnetic that run an independent laboratory, 
named Roger Cog hill, stress that a health warning should 
be carried on mobile phones [8]. 
 
 “My laboratory has carried out research which shows 
that after a seven-and-half hour exposure to a mobile 
phone on stand-by there was serious degradation of the 
white blood cells (the cell that fight disease). A day after 
exposure there was substantial fall in variability of white 
blood cells, and after the second day only 13% of white 
blood cells were viable” [8] 
 
However, the director of information and communication 
technology for the federation of the electronics industry 
Tom Wills-Sandford, have argue that the cell phone usage 
has no connection with the health risk [8]. Moreover, the 
UK government sometime in the past have funded a 
committee which was headed by Sir William Stewart 
came up with conclusion that no health risk evidence for 
mobile phone usage [8]. 
 
In response to the undergoing inconclusive world debate 
on the perceived health hazard posed by mobile phone 
usage, the United Kingdom government have set to find 
the truth by lunching a £7.4m research project [8]. 
 

(c) Market competition 
 

A mobile phone product may likely lose out from the 
competitors when use of a particular technology proves 
better. 
 

As mentioned earlier, many companies are heavily 
funding research for finding ways to mitigate the 
perceived effects of radio frequency on human body. For 
the mean time mobile phone companies are struggling to 
lower the specific absorption rate (SAR), which is 
defined as the rate at which body, when exposed to radio 
frequency radiation, absorbed energy. This means that 
power absorbed per mass of tissue measured in watts per 
kilogram (W/Kg). The range of radio frequency within 
which the measurement of SAR takes place is between 
100 KHz to 10 GHz [9].  
This index is indicated in each mobile phone product by 
their manufacturers. This index is one of the factors 
costumers consider when buying one, the lower the SAR 
rate the less likely radiation absorbed however, the high 
SAR rate the more radiation absorbed. The maximum 
permitted SAR in the European countries is 2.0W/Kg 
[10]. 
Federal communication commission in US, accept 
1.6W/Kg as an upper limit of SAR of mobile phone 
product. The mobile phone manufacturers are expected to 
abide by the SAR limit [11]. 
 

HAZARDS IDENTIFIED 
As long as we can be able to identify hazards, we now 
can be able to look into various methods and techniques 
of solving the issues associated. Hazards in this context 
can be described as the threat that radio frequency 
radiation posed to human being. 
Having taken series of scenarios of the perceived health 
hazards posed by the usage of mobile phone through the 
threat of litigation, suffered investment and market 
competition by the mobile companies the following 
hazards are identified; 

 Prolonged mobile phone calls which means taking too 
much time in a single call at a time. This poses hazard 
and may result in skin heating and burns like any other 
heat source does when exposed to a human body. 

 Mobile phone product identified with high SAR value is 
clearly telling you the degree of health hazards that is 
associated with that particular product.    

 Mobile phone masts located in residential areas are 
always having high electromagnetic signal strength 
within the surrounding radius. This may increase 
exposure to electromagnetic energy even to the persons 
that actually not using mobile phone. 

 Most of the people that claim developed brain tumours or 
other health concern as a result of their usage of mobile 
phone were elderly, meaning that hazard associated with 
use of mobile phone could be identified with old age. 
 

 SOLUTION TO THE IDENTIFIED HAZARDS  
Having identified hazards with regards to the usage of 
mobile phone, the following steps should be taken by 
individual. The government and independent 
organizations should go about campaign on enlightening 
public on the precautionary measures to take on the usage 
of their mobile phones pending the outcome of the 
ongoing research that expected to find out the truth and 
scientific evidence of the perceived health hazards.  
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 People should avoid spending longer time conversing 
through their mobile phones, they should instead use their 
laptops and chat via social websites, send emails or some 
means where there is no eye contact with mobile phone 
such as using earphones.  

 More technology is required to improve the specific 
absorption rate SAR on the mobile phone product. When 
it comes to buying mobile phones, people should strictly 
buy a product with lowest SAR irrespective of the design 
and decoration. 

 The government should come up with law prohibiting 
mobile service providers from erecting mobile phone 
base station in and around residential areas, hospitals, 
schools and governmental buildings. 

 Elderly persons should strictly device an alternative 
means of communication, such as using landlines 
telephony, hands free methods of using mobile phone and 
the use of computers for their communication. 

 
CONCLUSION. 

In conclusion, it can be clearly stated that there is no any 
scientific evidence that links brain tumour with mobile 
phone usage for now. All the claims of health hazard 
were found to be baseless and only turn out to be 
psychological perceptions, this is because the 
environmentalists and activists have lack concrete 
evidence scientifically and hence it remains perceptions. 
However, the only evidence of the hazards associated 
with the usage of mobile phone is the skin heating, which 
is capable of burning human skin like any other source of 
heat does when subjected to the human body, found in the 
prolong usage. 
Finally precautionary measures stated should be taken 
pending the outcome of research funded by the UK 
government recently.  
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Abstract-China is the second biggest electric power 
consumer in the world, and Chinese electric power 
consumption is just a little less than the USA. But depends 
on the largest population in China, the average electric 
power consumption per person in China is only one sixths of 
the USA. In order to satisfy the demand, the power stations 
should provide a huge number of powers than before. 
Establishing more thermal power stations is not a good idea 
in nowadays, because it leads the air pollution and releases 
the greenhouse gases. As one of the green energy, wind 
power resource is more and more concerned by the world in 
recent years, especially in the developed countries. Chinese 
government has launched several wind power station 
programs in Xinjiang Province and Inner Mongolia 
Province. However, it is still can not satisfy with the average 
power consumption demand. 
 
Several factors related to the Chinese wind power are 
researched and analyzed in this paper, like the wind 
resources and the wind turbine industry in China. Based on 
this research, there still has a large space for improvement 
in Chinese offshore wind power resource utilization. A 
prediction about wind power utilization in China and a 
recommendation for the government are also getting from 
this research. 
 
Keywords:  wind power, China, offshore wind power, wind 
turbine 
 

I. INTRODUCTION 

 
In order to fit the huge demand of electric power, as the 

main energy in the electric power plant, fossil fuel is 
widely used is the recent years. However, at the same 
time, people are forced by the serious environmental 
problems to searching green energy instead of fossil fuels. 
Biomass heat, hydropower, ethanol, wind energy and 
solar energy are the five most promising renewable and 
clean energy in the world. Different from fossil fuels, 
renewable energy release a few amounts of pollutions and 
greenhouse gas when it used to producing electric power. 

 
Wind is the flow of air, which is effected by the 

atmospheric circulation, topography, territorial waters and 
solar radiation. As one of the renewable energy, wind 
resources have been used by human being for thousands 
of years. Sailboat in 4000 BCE [1] is one of the strongest 
evidences of wind power, which be used to produce 
mechanical power. But the time of using wind power to 
producing electric power is in 1887. 

 
Wind energy is one of important clean energy which 

will be concerned and developed in coming decades, 

because it is not only one of green energy, but also has 
not risk from fuel price vibration [2]. According to the 
data from Global Wind Statistics (as shown as Fig.1), 
wind power industry is growth rapidly over the past 10 
years, the global cumulative installed wind capacity has 
been reached 282,000 MW, and this number is occupied 
53.13% of renewable energy in 2012. 

  
Fig.1 Global cumulative installed wind capacity and renewable energy 

[3] 

Wind energy is more concerned by the Chinese 
government. Because as one of the biggest electricity 
producer, thermal power is most widely used, it leads 
serious pollution and greenhouse effect in China. The 
government urgent need a green and powerful energy to 
satisfy the huge electricity demand. From 2006, Chinese 
government invest about 2 billion Pounds to the wind 
power industry, and this number accounting 
approximately 9% of the global investment [2]. 
Meanwhile, a series policy has been promulgated to 
developing the wind power industry. 
 

II. WIND ENERGY RESOURCES IN CHINA 

 
According to the data from the latest national wind 

energy resource survey (from 2004 to 2006) which 
conducted by China Meteorological Administration, 
China has the biggest wind power reserve in the world. It 
is estimated that China has about 250 GW to 300 GW on 
land and around 750 GW on the sea.  

 
According to the Chinese wind energy map as shown 

as Fig.2.1, China could be divided into 2 parts based on 
the density of wind power resource. 
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Fig. 2.1 Chinese land wind energy source distribution [4] 

The first part is the richest area which contains the high 
wind energy density area. The richest wind energy 
resources areas are located in the north, north-west and 
west of china as well as the south-eastern coast. In those 
areas, the annual average wind density is around 200 
W/m2, and some time the wind density even can reach 
500 W/m2 in the Inner-Mongolia province.  

 
The second part is the south and south-east of Chinese 

inland, and this part is the weakest wind energy resources 
areas. In this part, the annual average wind density is 
around 50 W/m2, and just a few numbers of regions has 
100 W/m2 density. Topography is one of the most 
important factors which affect the wind energy. The 
north, north-western and west of china is full of wind 
resources, because in that place, flat, grassland and desert 
accounted for a majority of area. But in the south and 
south east of Chinese inland, mountain is the main 
geomorphic, so the wind is blocked in these places. 

 

Fig.2.2 Development of wind power installations in China [5] 

According to the data from China Wind Power Center, 
around 10 billion Pounds will be invested to the 
construction and maintenance of wind power farm from 
2006 to 2015. In addition, Chinese government has 
launched several wind farm projects to the richest wind 
energy resources area, such as Xinjiang and Inner 
Mongolia provinces. The several projects make the 
Chinese installed wind power capacity raised rapidly in 
recent 10 years, as shown as Fig.2.2. At the end of 2012, 
China has new installed wind power capacity around 
13,200 MW, meanwhile, Chinese cumulative wind power 
capacity is about 25,564 MW, and all of those numbers 
are lead the world [3]. 

 

Fig.2.3 Dabancheng Wind Farm 

Dabancheng Wind Farm is the best sample of Chinese 
wind farm development, as shown as Fig.2.3. 
Dabancheng Wind Farm is the biggest wind farm in china 
and it is the eleventh largest onshore wind farm in the 
world. This wind farm has been built from 1986, even it 
still extending in recent years. In 2010, Danbancheng 
wind farm has a combined generating capacity of 500 
MW [6]. 

 
However, wind energy is still lack of utilization. 

Chinese wind energy reserves is above than 1000 GW, 
and this number is lead the world, but just 2.5% wind 
resources has been used in nowadays. Advanced 
technology and high cost are the biggest factors which 
limit the development of Chinese wind power industry. 
 

III. ELECTRICITY SITUATION IN CHINA 

 

A. The overall situation 

 
It is no doubt that there has two biggest energy 

consumers in the world, the one is the USA and the other 
one is China. In 2011, Chinese power stations generated 
electricity around 4.722 trillion KWh, and this number is 
lead the world at that time [7]. In China, around 72% of 
electricity is from thermal power stations which use fossil 
fuels as their energy source [7]. 

 

Fig.3.1 Percentage of power in China [2] 
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Fig.3.2 Percentage of power in China [8] 

Using clean energy and reducing the percentage of 
fossil fuel energy utilization is one of the important 
national strategies. In order to satisfy the electricity 
demand, a lot of thermal power stations have been built 
before 2007. The total quantities of electricity production 
have reached about 325 billion KWh, and 82.86% of 
electricity is generated by using fossil fuel energy [2]. 
Compared with 2006, wind power utilization is increased 
around 95%, but the wind power contribution rate is less 
than 0.27% in 2007 [2], as shown as Fig.3.1. However, as 
shown as Fig.3.2, in 2011, approximates 6% electricity is 
contributed by wind farms, meanwhile, thermal power 
station utilization rate is reduced to around 71% [8]. The 
reducing rate of fossil fuel energy utilization means that 
pollution and greenhouse effect are reduced at the same 
time. 
 

B. Wind power utilization 

 

 

Fig.3.3 the trend of Chinese wind electricity generation [8] 

At end of 2012, China is the world biggest wind 
electricity producer, and the cumulative capacity is 
sharing about 26.8% of the world [3]. As shown as 
Fig.3.3, Chinese wind electricity grows rapidly from 2008 
to 2010, in order to achieve “the Green World” for 2008 
Beijing Olympic Games.  Nowadays, China has 486 wind 
farms, located in 29 of Chinese 34 provinces. After the 
12th Five Year Plan (2011-2015), in 2020, China aims to 
have ability to generate150 GW electricity, and this 
number is accounting to 8.4% of total electric capacity in 
2020 [9].  
 

 

 

C. The big problem in Chinese electricity industry 

 

 

Fig.3.4 Imbalance of Power Production and Consumption in China [4] 

Almost 70% of Chinese economic centres, industrial 
bases and residential areas are located in the southern, 
south-eastern coast and inland as well as southeast of 
Chinese inland, and the electricity production usually can 
not satisfy the demand in these places, as shown as 
Fig.3.4. In order to fit the electricity demand, more and 
more power stations should be built in the south and 
southeast of China. Depend on the technology, cost and 
local geography, maybe thermal power station is the best 
choice, but it will lead pollution and greenhouse effect. 
Wind farms which are located in the north and northwest 
of china could provide more power. But the large distance 
between wind-rich areas and power load centres makes 
heavy investment into grid reinforcement necessary, in 
order to support large-scale wind power development. 
The lack of transmission infrastructure cause the Chinese 
northern and north-western wind farms can not connect to 
the national grid. According to the data from 
Environmental and Energy Study Institute (EESI), at end 
of 2011, more than 17 GW, around 28% of Chinese wind 
capacity was not connected to the grid [8].  
 

IV. CHINESE OFFSHORE WIND ELECTRICITY 

 
Offshore wind energy is another resource which has 

huge potential value in utilization, and this part of energy 
always ignored by people, especially based on thousands 
years of Chinese mainland awareness. Chinese 
government has invested the wind industry project for 
more than 30 years, but almost 100% projects are onshore 
wind farms. Meanwhile, the first Chinese offshore wind 
farm is built up in 2007 which is located in Bohai sea. But 
offshore wind technology has been used by western 
countries like Denmark and UK for around 10 years. 
Chinese offshore wind technology is far behind the 
western countries. 

 
Offshore wind energy has several advantages. First, 

generally, the wind in the offshore is greater than 
onshore, thus it is possible to generate more power by 
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using few wind turbines. Second, most of cities in the 
world are located near the coastline, and offshore wind 
farm is near the major demand centres, avoiding for the 
need of long transmission lines. Third, wind farm avoid a 
large amount of land occupation [10]. 

 

 

Fig.4.1 Population and offshore wind power density in China [11] 

The area from Chinese coastline to 20m out to sea 
covers about 257,000 km2 [12]. If 10% to 20% of the sea 
surface is used for offshore wind industry, the total 
offshore wind electric capacity could reach 100-200 GW 
[12]. Chinese offshore wind energy has a huge value of 
utilization. Most Chinese people prefer living in the east 
of China, because most economic centre and industry 
base are near the eastern coast, as shown as Fig.4.1. 
Compare Fig.4.1 with Fig.2.1 we could know that, the 
wind energy in offshore is much higher than onshore. On 
the other hand, offshore wind farms are closer to the 
consumption region, so it will reduce the cost of 
transmission and the power loss. 

 

Fig.4.2 the risk for Chinese wind farms [11] 

However, put the wind farm on the sea is not a simple 
thing. Tropical cyclone is the big challenge in Chinese 
offshore wind farm. In the coastal zone to the south of 
China, typhoon is an important factor to limiting the 
development of offshore wind turbines, especially in the 
Guangdong, Fujian and Zhejiang Provinces [12]. Every 
year, around 7 of typhoons will attack Chinese south-
eastern China between May to October [13], at the same 
time, this period is the peak of electricity consumption. 
Hence, typhoon is not only the big challenge for wind 
turbine producer, but also a serious examination for 
Chinese government and national emergency 
departments. 
 

V. OFFSHORE WIND TURBINE TECHNOLOGY 

 

A. Two big challenges 
There have two major problems, when the wind turbine 

is put in the sea. One is corrosion about the sea and wind, 
another one is the technology of wind turbine tower fixed 
in the seabed. 

 
In order to avoid the wind turbine corroded by sea 

breeze, nowadays, the most economy method is using 
special coatings and sealants. For example, zinc primer 
applied preferably as a thermal spray; a silicon epoxy 
resin sealant; a final coat consisting of polyurethane 
which consist of one or two- part and applied by brush or 
spray and are normally moisture curing and drying if 
solvent free [14]. But the most effect way is investing the 
special anti-corrosion material for wind turbine. 
 

 

Fig.5.1 offshore oil and wind platform [15] 

The technology of offshore oil platform may be able to 
be used to solving the problem about off shore wind 
turbine tower, as shown as Fig. 5.1. Depends on today’s 
technology, the tower could be fixed on the seabed 
directly when the depth less than 50 metres. If the 
seawater deeper than 51 metres, several chains would be 
used to fixed the turbine tower, as shown as Fig.5.1. The 
chains would be used to fix the tower through connecting 
the buoyant body to a counterweight on the seabed, 
keeping the buoyant body constantly tension [15]. But 
this method still can not solve the problem about the 
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typhoon attack, so almost whole offshore wind farms are 
located in transitional depth where the depth of seawater 
is lees than 50 metres. 

 

B. Chinese offshore wind industry 

 

Fig.5.1 Chinese first offshore wind farm in 2007 [12] 

At the end of 2012, Chinese has 4 operation wind 
farms in the eastern coast. The first and the biggest 
offshore wind turbine in China was installed and went 
online in 2007, which is located in the northeast Bohai 
sea [12], as shown as Fig.5.1. This wind turbine was built 
by China based company, which is the largest offshore oil 
producer. It is means that China has their own ability to 
develop the offshore wind industry.  
 

VI. PREDICTION OF CHINESE OFFSHORE WIND 

POWER UTILIZATION 

 

 

Fig.6.1 Chinese power plants and energy regions [16] 

In my view, according to the Chinese 12th Five Year 
Plan, in the next decades, offshore wind farm will be 
developed as the backbone of electricity contributor in the 
eastern coast at the end of 2020. At the eastern coast, the 
major power energy will be changed from coal energy to 
offshore wind energy. The number of coal power station 
will be reduced substantially in next few years. As shown 
as Fig.7.1, there is no doubt that these power stations are 
the biggest contributors of electric power, but they are 
also the culprit of greenhouse emission and air pollution 
in the eastern coast. Meanwhile, most coal power stations 
are far from the coal mine area, this lead the increase of 
transport cost. 

VII. A RECOMMENDATION FOR THE CHINESE 

GOVERNMENT 

 
New policy or regulation relates offshore wind 

development should be published in the next few years. 
China has at least 30 years operation experience in wind 
industry, but the development of offshore wind in china is 
still an early stage. A regulated market could ensure the 
offshore wind industry developed quickly and healthily. 

 
Now, the Chinese offshore wind industry is managed 

by nearly 7 different departments [12], and each has their 
own particular jurisdiction, especially their own benefits. 
Excessive management departments become the biggest 
obstacles in Chinese offshore wind industry development. 
In order to centralized management advantages, a new 
department should be set up to control the development 
directly. 

 
Learn from UK. The first offshore wind turbine is 

designed and installed by Denmark. But nowadays, 
Britain is leading the world in the wind turbine 
technology, including offshore wind turbine. The UK has 
7 operating wind farms now. Meanwhile, the UK has 
experience about offshore wind farm for nearly 10 years, 
from the first wind farm which be installed in 2003, so 
cooperate with British companies is one of the good 
choice.  
 

VIII. CONCLUSION 

 
Offshore wind energy is a clean and powerful resource. 

This kind of energy suitable for large scale developed in 
most countries, because almost 70% of big cities in the 
world are near the coastline. Offshore wind power could 
solve the problem of energy shortage in the densely 
populated areas, meanwhile improve our environment. 
Hence, the offshore wind technology will be widely used, 
not only in the China, but also in the whole world. 
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