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FOREWORD 
This is the thirteenth 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, twenty-nine papers have been selected for the Proceedings, 

which have been divided into eight themes, viz.: Internet of Things; Energy and Power; Cloud 

Computing; Business, Enterprise and Practice; Manufacturing and the Supply Chain; Embedded 

Systems; Telecommunications Engineering; 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 gusto, resulting in a portfolio of papers that reflects today’s research 

questions and tomorrow’s engineering solutions.   
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The Ethical Issues faced in Implementing the Internet of Things (IoT) in 
Driverless Cars 

 
G. Mbroh 

School of Engineering and Informatics 
University of Bradford   

 
Abstract —The Internet of Things refers to connecting an 
appliance or a tool or even a machine to the internet. A 
feature of a device will rely on a connection to the internet 
which is at times referred to as Smart Technology. The 
information can be used for control to monitoring; an 
application of this is a retailer can use the information 
collected about what food is left in your refrigerator to 
customise their orders of stock or create promotions. Another 
application of the Interneting of things is driverless control in 
cars. There has been heavy investment in the billions by 
major car manufactures and even technology companies such 
as Google for research alone. 
The paper will focus on the applications of the Interneting of 
Things in driverless car control; the current and future 
developments. In addition, the paper will address the ethics 
issues with this form of technology. Data security is an 
underlying concern to consumers, the questions asked by 
people and the media is who will have access to the 
information, who will control it, and to what extent will the 
information be secure.  
Keywords 
Internet of Things, Driverless Car, Smart Technology, Google. 

I. INTRODUCTION 

The internet of things has been in the spotlight in more 
recent times. The definition of the subject matter has many 
interpretations but the basis of the term “The Internet of 
Things (IoT) is a self-configuring and adaptive system 
consisting of networks of sensors and smart objects whose 
purpose is to interconnect “all” things, including every day 
and industrial objects, in such a way as to make them 
intelligent, programmable and more capable of interacting 
with humans” a definition from the IEEE community page 
[1]. One aspect of the technology is to collect information 
and on this information is what decisions are on. In medical 
applications the technology can tell the user and their 
medical professional vitals regarding the user. In retail, the 
information collected can be used to personalise 
advertising and even manage orders of stock. In the 
automotive industry where the technology is used in 
driverless cars the data collected would be used in 
monitoring the environment and the car itself for 
controlling and navigating the car.  
The question raised in this paper is what boundaries are 
being crossed in collecting the data. An article by the IEEE 
Computer Society titled The 13 Top Trends for 2013, with 
the fourth item on the list “Ensuring the security of a new 
generation of safety-critical systems” [2]. Although the 
applications of the technology will have its own individual 
benefits within its own right are the end user of the 

technology being protected and if so are there enough 
precautions being taken.  

II. THE DRIVERLESS CAR 

Google has been the face of the driverless car but there are 
also other companies involved in the development of 
driverless cars. Automotive Companies such as Nissan, 
Ford, Mercedes Benz, Tesla Motors and others have 
announced their research into the development into 
autonomous vehicles [3]. How does the driverless car 
work? Google’s experimental car uses a series of sensors 
that collects information on its surroundings 

 
Fig. 1. Google Experimental Driverless Car [4]. 

to generate the map of the car’s surroundings; radars 
sensors are also used to help determine the position of the 
car with reference to the map created. A video camera in 
the windscreen is used to detect traffic light signal and also 
moving traffic as shown in Fig. 1. 
The information collected is used control the movement of 
the car and its navigation and stored on an on-board 
database but when the technology is rolled out it will be 
stored in servers. “Google” is the name of a technology 
company and also now verb; to search on the internet for 
information internet users first point of contact is google. 
As they will own the technology they will also have access 
but then they won’t have the right to share the data but it 
can be used to make decisions on their behalf and on 
various items for example it can be used as evidence in a 
legal matter.  

III. LEGAL AND ETHICS 

The laws for use of autonomous vehicles are not are not 
fully in place and are in development so at the moment it 
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is illegal use these cars on roads but special permission has 
been given to some companies for testing in urban areas. 
One area of concern with the law is liability; for example 
if there was an accident involving an autonomous vehicle 
and one that either autonomous or not autonomous who 
will be held responsible. The data that is currently 
collected by the car itself will help aid in investigation of 
the accident. If the police or even the insurance companies 
have access to this data will the owner of driverless car be 
held accountable for the accident if it was found that the 
autonomous car was in anyway responsible for the 
accident. This brings forward the issue of reliability of the 
technology; will the car be inheritably be capable of 
avoiding accidents all together or just minimise the risks.  
Another of the potential issue with the technology is how 
much control will the user have if the car is used in 
breaking traffic laws; for example what if the speed of the 
road is 30mph and the driver has to speed up because there 
is a medical emergency; will the car allow the car user to 
speed up in time and will it report the crime to the police? 
The reasons for speeding may be positive or even negative 
but how will the technology monitor such situations. Will 
the police have access to the data and in turn track road 
users in the name of crime prevention.  
The ethics of this subject matter which is ownership of the 
data collected; Alan Winfield, Professor of electronic 
engineering was quoted at Fourth EUCogIII Members 
Conference saying "If we get it wrong, there are 
consequences right now” [5] the data will be stored in 
servers as who controls the use of the data. It can be argued 
that the owner of the car is the owner of the data collected 
however will they even have access to this data and also be 
only party allowed to have access the law could favour the 
insurance companies when they feel the need to raise or 
lower insurance premiums or even when claims are being 
made.  
 

IV. SECURITY CONCERNS 

All parties can agree that the data involved on control and 
navigation should be secure however, how can the data be 
concretely be kept secure. Small and even Large 
Companies report attacks of their database systems on a 
regular basis in the news with personal data of their clients 
or customer details being taken. If they can’t be protected 
how can this data be protected? On a lower level how can 
the communication among driverless cars be protected 
from each other? In the sense that the information from one 
car is used as part of the control of another driverless car. 
The consequences of cyber threats are on a national level 
where terrorists can hack into the data systems not to just 
steal information but actually control the car. Remote 
control of cars are currently limited to starting of the 
engine but will there be further remote controls given to 
the user or the car manufacturer. This issue has been raised 
in the Renault Zoe Electric Vehicle; where the car 
manufacturer can actually stop the car from being used if 
the owner has not paid for the lease of the car battery. (This 
also raises an ethical issue) [6]. 

Satellite navigation systems are also a way of 
implementing IoT in our cars without even realising it. 
There haven’t been much reports of the data being used un-
ethically or in crimes but shows that it is possible to have 
some of the security concerns of the technology potentially 
resolved.   

V. CONCLUSIONS 

There should standards put into place to protect the 
consumer as discussed the threats are endless and its effect 
on just a single user will make them lose confidence in the 
technology despite its benefits. The groundwork has begun 
however it is not too late for the requirements that will be 
need to ensure that the ethical issues and legal concerns 
raised should to be accounted for in a standard. There may 
be financial ramifications in trying to implemented these 
changes into the technology but it is better to be safe than 
sorry as the cars have not gone into production yet.  
Because Google is the ‘face’ of driverless technology a 
majority of the ethical issues with the technology has have 
been directly placed with the company. It is not going to 
make driverless cars but only design the technology that 
allows the car to become autonomous.  One could argue 
that Google’s motive to develop this technology is one of 
financial gain and not of the improvement of the quality of 
life but as a by-product it does.  
Although the technology is ready the next phase to 
implement is the insurance and legalisation where there 
will be a lot of push back from developers as laws are 
made.  
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The Internet of Things: Perceived Risks and Security Implications 
 

E.Q. Wariso-Omereji 
School of Engineering and Informatics 

University of Bradford 
   
 
 

Abstract-The digital environment which is dynamic, 
technology-rich and constantly evolving has been hit by 
another wave called the Internet of Things (IoT). With 
Gartner’s prediction of over 30 billion connected devices by 
2020, the Internet of Things will inevitably cut across all 
sectors. The IoT phenomenon has recently gained increased 
attention from industry experts and stakeholders, albeit it 
was envisioned over a decade ago.  It describes the fusion of 
data collected from smart objects and intelligent information 
processing systems via the internet, to offer real-time services 
and uses Automatic Identification (Auto ID) technologies, 
communication protocols, middleware and other relevant 
technologies to facilitate this communication; with minimal 
human intervention. However, Security and Privacy have 
become synonymous with use of the internet and the trade-
off between privacy and access to information is gradually 
becoming common practice among users. Therefore, it is 
imperative that key players in the IoT development ensure 
full incorporation of security controls (compliance) on all 
levels to significantly minimize the severity or impact of 
related risks. This paper explores the concept of Internet of 
Things from a security standpoint. Furthermore, it highlights 
the importance of a user-centric approach in its development 
towards full adoption across the board. 
Keywords: Internet of Things, Auto-ID, Networks, Security, 
Risks. 

I. INTRODUCTION 

The world is now viewed as a large information system  
replete with unstructured data flowing in from disparate 
sources [1]. Phenomenal growth  in connected objects and 
significant advancements in the field of ubiquitous 
computing, coupled with increased pervasiveness of RFID, 
sensor networks, real-time localization and wireless 
communications indicate convergence towards the internet 
of things [2].   The phrase internet of things (IoT) is 
attributed to Kevin Ashton who understood the abilities of  
Automatic Identification technologies (Auto ID) like 
Radio-frequency identification (RFID) and Sensors as 
enablers in the development of a networked world [3]. Its 
meaning is widely accepted to be the fusion of objects in 
the   physical world with the internet [4].  

With physical objects given the ability to exist 
autonomously and interact dynamically [5], the horizon of 
possible security threats  which are potentially devastating 
is broadened and  the need to innovate new technology to 
combat these threats as traditional approaches may not be 
sufficient, is critical [6]. A plethora of use-cases for the IoT 

have been sampled, needless to say, there is need for 
extensive exploration of novel areas to further demonstrate 
its value and stimulate its wide adoption, thereby achieving 
its overall objectives.   

Enablers for the IoT range from man’s quest for 
knowledge to the maturity of technology driven research 
in the area. This paper samples categorized IOT 
applications (section II) and investigates key technologies 
upon which it is built which are; Automatic Identification 
technologies like RFID and Sensors, Network protocols 
(IPv6)  and middleware (web services) [4] with a focus on 
security (section III). A closer look at perceived risks and 
security implications of the IOT is represented in section 
IV. Additionally, a user-centric approach in the 
development of IOT is solicited in section VI and key 
challenges to the IOT are highlighted in section VII with a 
conclusion in the subsequent section.  

II.  IOT APPLICATIONS 
 

The number of connected devices estimated at over 
30billion by 2020 [7] indicate a broad span of possible IOT 
applications which falls in two broad categories; 
Information and analysis and Automation and control [1].  
Within these categories are applications related to 
behavioral tracking, enhanced situational awareness, 
sensor-driven decision analytics, process optimization, 
optimized resource consumption and complex autonomous 
systems. 

In the IOT environment, products embedded with 
sensors and connected via wired or wireless 
communication networks enable tracking and monitoring 
of persons, data or things through space and time while 
achieving real- time awareness of the physical 
environment at the same time hence aiding human decision 
making through in-depth analysis and data visualization 
[1].  

The IOT enables automated control of self-contained 
systems and controlled consumption of resources across 
the network to ensure resource optimization as represented 
in smart meters and energy grids that match loads and 
generation capacity with a bid to lower cost.  

The open environment is not left out; for example, 
automated control is applied in smart cars for collision 
avoidance upon sensing of objects within close proximity 
[8].  
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III. AUTO-ID TECHNOLOGIES 

Automatic identification is the ability to recognize living 
or non-living things unaccompanied by direct human 
intervention [9]. It is used for the purpose of automation, 
error reduction and increasing efficiencies [9].  Although 
barcodes technology is the pioneer Auto-ID technology, 
those that would be prominent in this paper are sensors and 
radio-frequency identification (RFID).  

A. Sensors 

Sensors are not new but have evolved into advanced and 
sophisticated wireless sensor networks (WSNs), 
accelerating their applications in different domains like 
medicine, agriculture, environmental monitoring, 
surveillance and smart metering [10]. WSNs basically 
consists of sensor nodes which has two components; mote 
[for storage, computation and communication] and sensor 
[for sensing physical phenomena like temperature, light, 
vibration, sound, among others] [11]. Their pervasiveness 
and proliferation serve a useful purpose in the realization 
of the internet of things. The emergence of IPv6 has 
triggered a move away from proprietary and closed 
standards which are typical of WSNs, towards IP- based 
sensor networks to permit native connections between 
WSNs and the internet; empowering smart objects to 
partake in the IoT [12]. Fig. 1 shows prominent internet 
protocols that are extended to sensor networks. 

However, with networks of this nature, traditional 
security issues such as secure routing, secure data 
aggregation and physical security abound [11]. Attacks 
such as node capture, eavesdropping, Denial of service 
(DoS), and even physical tampering can occur in WSNs. 
Cryptographic countermeasures with large key lengths 
such as RSA-1024 are not used in WSNs due to energy, 
memory, and computational resource limitations of sensor 
nodes [10].  Therefore, new security technologies 
according to these constraints are needed to counter 
possible stealthy attacks at the physical, link, network and 
transport layer of WSNs to prevent severe negative impact 
on the IOT. 

 

 
Fig. 1. Internet protocols are extended to sensor networks in the internet 

of things [13]. 

 
 
 

B. RFID 

RFID , an electronic tagging technology that allows the 
automatic identification of things at a distance without 

direct line of sight via an electromagnetic challenge/ 
response exchange has advanced and become highly 
proliferated making it suitable for the IoT environment 
[14]. Its ability to uniquely identify objects [15] and 
support for use of interactive applications (read/write 
capability), makes  it preferable in the IoT. Their 
application spans all things from animal tracking to human 
tracking.  A typical RFID system consists of an RFID tag 
[transponder], RFID tag reader [transceiver] and back end 
database ( Fig 3) and its use is regulated by prominent 
standards like EPC global, Universal Product Code, and 
European Article Number (EAN)  [15].   

The ease of data collection using RFID tags and its 
spread across systems make it a target for attacks which 
endangers critical assets, reputation of organizations and 
even personal security at risk [16]. Its nature exposes it to 
security issues like tag cloning, contents falsification, 
Denial of Service, location-based attacks, among others.  
For example, in Cloning or spoofing, a programmed 
portable reader in the hands of an attacker can secretly read 
and record a data transmission from a tag that contains 
valuable information[16].  Unauthorized write access to 
more sophisticated RFID tags which store additional 
information other than ID result in data falsification. Also, 
resilience against location-based attacks such as probe 
attacks, circuit disruption and radiation imprinting is 
minimal.  

An illustration of a basic RFID system with possible 
attacks is seen in Fig. 2 and 3 respectively. 
 

 
 

Fig. 2. Layout and basic function of an RFID system [15]. 

 

 
Fig 3. Possible attacks in an RFID system [13]. 
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C.  Wireless communication Protocols and 
Networks  

Nowadays, Internet protocols (IP) are used for control of 
and communication between small objects which opens 
the way for confluence of IT-oriented networks with real 
time and specialized networked applications [4].  Given the 
prediction of the number of connected devices by Gartner 
[7] and the emergence of 6LoWPAN/IPv6 which allows 
network auto configuration and stateless operations, the 
limitations in terms of address space faced by IPv4 are 
addressed [17]. It is common notion that wireless 
transmissions of this nature are susceptible to interception 
and the unique approach with which IPv6 executes 
functions such as router and neighbour discovery, address 
assignment and resolution raises some first-hop security 
(FHS) concerns [18]. Attacks such as man-in-the middle, 
traffic interception and DoS could be performed through 
these mechanisms. Fig.4 shows an example attack on 
address resolution. 

 
 

Fig.4 Attack against IPv6 address  resolution [18]. 
 

D. Middleware 

The IOT environment which takes connecting 
computers even further to connecting things requires a 
platform where services such as interoperability, 
distribution of functionality, scalability, load-balancing 
and fault tolerance are provided [19]. This is provided by 
middleware. The main goal of an internet-oriented 
middleware is to hide technological details which are 
crucial for a service based IOT environment. An ideal 
middleware to support the IOT environment would have 
the capability to enable automatic discovery and 
configuration among objects [20]. The possibility of 
intrusion and unauthorized access to private data via this 
middleware poses a barrier in terms of trust and 
acceptance. An IOT environment includes things which 
have limited resources and often difficult to incorporate 
security controls in them making it difficult to provide a 
fully secured middleware which should protect its users 
from malicious attacks and potential risks [20]. 

 
IV. PERCEIVED RISKS AND SECURITY IMPLICATIONS 

OF IOT 
 

Residual risks are inherent in usage of new technologies 
as is the case in daily activities of humans. However, the 
development of these technologies should not be stifled, 
but be encouraged by minimizing the restraints by law on 
their development as we learn by mistakes and legislation 
in certain dimensions or categories could be reviewed as 
need be [21]. Perceived risks in the IOT environment 
include; spread of malware into the enterprise, potential 
breaches of geospatial privacy, information leakage [8] 
and inappropriate use of the IOT technology . 

Given that security is a critical aspect of any system, the 
mobility, scale of deployment and heterogeneity of the IoT 
environment makes it even more difficult to control 
security issues[4], which needs both a technical and 
business process point of view approach. For a hacker, the 
IOT environment represents an explosive number of target 
resources across the internet. 

The increase in connected mobile objects in the IOT 
environment necessitates rapid movement of systems and 
data points between environments, thereby aggravating the 
challenge of access control, monitoring and automated 
decision making within limited domains of visibility and 
control [22].  The diversity of IOT systems also creates a 
loophole for capture attacks to be carried out by malicious 
hackers which could be leveraged on to perform more 
stealthy attacks. This diverse nature of the IOT complicates 
patch and update procedures resulting in an increased 
window of vulnerability for systems in the IOT [22]. 

Although hackers usually find lapses in the related 
technologies, the resilience of connected things should be 
strengthened in applications with high risks to significantly 
minimize the impact of attacks. 

 
A typical IOT environment is one that represents the 

constant introduction of new sensors, services, users, 
objects and the likes into a network, with a bid to share 
data. This could cause difficulty in trust management 
within the network[23]. 

V. CHALLENGES 

The vulnerability of users in terms of privacy and 
security in most cases remain a challenge in the 
development and further exploitation of the IOT. The 
difficulty of establishing a clear method that enables 
innovation, trust and ownership of data in the IOT while 
respecting security and privacy in a complex environment 
abounds [new cluster]. For example, weighing privacy 
risks against possible societal benefits. Also, there is 
disparity in data protection laws across the globe and this 
remains a challenge. 

Additionally, the different unique identify schemes 
poses a challenge to the internet of things environment as 
inter-operability between applications that use different 
schemes become an issue [4]. This large scale 
heterogeneity and dynamics of IOT surpasses the current 
internet posing a challenge in terms of security to the IOT. 
For instance, how a smart coffeemaker would be prevented 
from becoming a target of or vector for malware.  

Furthermore, the hardware and computational capability 
of standard EPC global tags are limited and makes it 
relatively tougher to implement complex cryptographic 
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functions in a bid to enhance their security. Therefore more 
research into light weight cryptographic protocols are 
needed [15].  

 
VI. PEOPLE-CENTRIC APPROACH. 

Although new technology is often met with negative 
reactions, as it reaches maturity and is widely adopted, the 
reverse becomes the case [24]. Radical technologies such 
as the IOT certainly affects the mental structures of the 
users [25].The importance of adopting a user-centric 
approach in the development of the IOT should be 
hyperbolized. Much control should be relinquished to the 
user, with helpful tools and educational methods for 
controlling improper usage of IOT technologies 
incorporated, for wide-spread adoption to be expected 
[25]. The changes to the architecture, systems and 
communication should be flexible, adaptive, secure and 
pervasive without being intrusive [15]. 

Whilst key players work out solutions to perceived 
threats, creating and optimizing user awareness could go a 
long way to prevent stealthy threats resulting in increased 
confidence in the IOT and eventual realization of its vision. 

 
VII. CONCLUSION 

Clearly, the IOT is a tangible reality as represented in 
successful deployments like smart homes, smart grids, 
green energy applications and modern medicine. Indeed it 
holds new opportunities and will proffer new ways of 
thinking. Nevertheless, with these opportunities come new 
issues related to the security and privacy of users. The 
notion that technology invades a person’s privacy and 
poses security problems is common albeit it has been 
justified by law on the grounds of public security [21]. It is 
paramount that the Confidentiality, Integrity and 
Availability criteria for security be placed at the forefront 
of IOT development to further increase consumers’ 
confidence in the IoT. 

Although the research area is still very much technology 
driven, it is hoped that the development of IoT would be 
user-centric.  
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Abstract -The Sultanate of Oman is largely reliant on fossil 
fuels to cover its energy needs, where the natural gas mainly 
is used to generate most of the electrical power. Several 
shortages has been reported recently owing to the ever-
increasing energy needs. Furthermore, the majority of 
Omani rural population is still without access to electricity. 
Therefore, huge amounts of electrical power should be 
supplied in order to meet the future demands. The Omani 
government seeks diversification of energy resources because 
the energy demand is growing faster and the conventional 
energy sources are limited. Oman is considered as one of the 
high-potential markets for renewable resources. Recently, a 
considerable number of pilot projects has been initiated 
recently in the Sultanate for the sake of the right exploitation 
of the renewable resources. However, there is still a large 
space for improvements in the Omani renewable sector. 
This research paper focuses mainly on the renewable energy 
resources potentials in Oman as well as the challenges and 
barriers faced in harnessing the renewable energy. This 
paper also provides an overview of the energy sources in the 
country and the structure of energy sector.  
Recommendations for improvement of the Omani renewable 
sector is also included in this paper.  

Keywords: Renewable Energy, Hydropower, Wind 
Energy, Solar Energy, Electricity.  
 

I.  INTRODUCTION 
Renewable energies are basically those energies that come 
from natural resources and do not pollute the environment; 
such as wind, solar, hydropower, biomass energies. Over 
the last decade, most countries in the world have begun to 
harness renewable energy resources to eliminate partially 
their dependency on fossil  fuel. The incentives to this has 
been created by the  concern about the rapid depletion of 
fossil fuels stocks (especially oil and gas) and the rise in 
their costs as they are deleting. Another reason was the 
awareness of climate change due to the emissions caused 
by burning fossil fuels. The fast development of wind and 
solar power and the constant increase in hydro-power have 
supported the role of renewable resources as an essential 
part of the mix of global energy sources.  In 2012, 
renewable power global capacity reached a value of 1,470 
GW, where the contribution of hydropower was about 990 
GW and the other renewables' shares raised to 480 GW. As 
presented in Fig.1, the renewable energy share reached 
21.7% of global electricity production in 2012. The figure 
also shows that hydropower supplied 16.5% of total 
electricity[1]. 

 
 

Fig. 1  Renewable Energy Contribution of Global Electricity Production 
in 2012 [1]. 

The Sultanate of Oman relies majorly on non-renewable 
fuels (oil and gas) as main resources to cover its energy 
needs. Gas is used to generate about 99% of the electric 
power in Oman [2]. Power generation from renewable 
energy resources is considered to play an important role for 
the achievement of several primary and secondary energy 
policy targets, such as development of  security and 
diversity of energy supply, reducing local pollutants and 
global greenhouse gas emissions, and exploiting 
opportunities for enhancing social adhesion, value addition 
and employing generation locally and  regionally. 
 

II.  ENERGY SITUATION IN OMAN 
The export of oil and gas represents the backbone of 
Oman's economy, where revenues from oil and natural gas 
in 2006 accounted for about 48.8% of the country’s GDP 
[3]. The residential sector is considered to be the biggest 
consumer of the total energy where it accounts for more 
than 50% of  energy consumed, as shown in Fig. 2. 

 
 

Fig. 2 Energy Demand for years 2006 and 2007 [3]. 

 
Oman is also totally reliant on oil and natural gas as main 
resources to cover all its energy demands, as shown in Fig. 
3. "However, the country's natural gas supplies are 
currently largely committed, and it may become a net 
importer soon" [2].  
Table 1 shows the instability in production of the crude oil,  
between 2000 and 2012, which means it is impossible to 
rely mainly on this production in development purpose 
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because it is not trustful and drops in production or in costs 
may occur anytime.  While production of the natural gas 
increased slightly between years 2000 and 2012. However 
it is expected to decrease after 2017. In 2012 the 
government had to import about 5.4 million cubic metres  
to cover the gas shortages [6]. With the fast increasing in 
energy demand, the Government had to think about 
alternatives. 

 
Fig. 3 Energy Supply from Oil and Natural Gas [4]. 

 

Table 1 The annually Crude oil and Natural Gas Production between 
2000 and 2012 [5]. 

 
 
 

III.  ELECTRICITY  SITUATION IN OMAN 
The electric power is supplied mainly through three 
systems; Main Interconnected System (MIS), the Salalah 
System and the Rural System.  
 Main Interconnected System (MIS) 

MIS is the master grid network in Oman since it is 
responsible for serving most of the Sultanate's population 
(about 641,300 accounts). It accounts for about 90% of 
entire electricity supplied in Oman. It is responsible for 
covering the governorates of Muscat, Al-Batina, Al-
Sharqyiah, Al- Dakeliyah, Al- Daherah and Al-Burimi. 
The system also connects Oman's power system with 
UAE's electrical network. By using 220 and 132 kV 
overhead transmission lines, seven main power plants are 
interconnected through MIS system. All those power 
plants use the natural gas, provided by the Ministry of Oil 
& Gas, to operate. At MIS system, an annual peak demand 
growth of 8% is expected, from 4,216 MW in 2012 to 
6,582 MW in 2018, as shown in Table 2. This rapid growth 
in energy demand, which is mainly caused by increasing in 
the number of population and expanding in the industry, 
warns of having lots of electric shortages at MIS system in 
the not too distant future [5]. 
 The Salalah System 

The Governorate of Dhofar (Southern Oman) and the other 
areas in the south are provided with electricity by the 
Salalah system. The system uses both gas turbines and 
diesel engines for power generation. About 63,698 
consumers are served by this system. A considerable 
growth of 10% per year in the peak demand in Salalah 
network is expected, where the peak demand is estimated 
to reach 689 MW in 2018, as seen in Table 2 [5]. 
 
 The Rural System 

Oman's rural areas, which are not covered by the Main 
Interconnected System (SIM), are provided with electricity 
by diesel generators. As it can be seen in Table 2, the peak 
demand in these areas is expected to grow to reach 685 
MW in 2018. 
Table 2 Estimated electric demand between 2012 and 2018 [5] 

 

There are also several companies and entities which 
produce electricity to cover their own energy needs; such 
as Occidental of Oman, Sohar Aluminum Company, Sohar 
Refinery, Oman Mining company, Ministry of Defense, 
etc. 
In Oman, electricity peak demand typically occurs during 
summer months because of the increase in residential 
needs for the large seasonal air-conditioning [7]. As 
depicted in Fig. 4, the average demand in summer season 
is more than double of that in winter [8]. A growth rate of 
8% in peak demand is expected, form 3845 MW in 2011 
to 6582 MW in 2018. The increase caused mainly by the 
rapid expansion in the residential and industrial sectors 
(the largest two electricity consumers). That means a huge 
amount of electric power is going to be needed in the near 
future to compensate the rapidly increasing needs. This 
thing led the government to make efforts seeking for 
alternatives to compensate partially the reliance on the 
natural gas for electricity generation. 

 
Fig. 4 Annual average Electricity Consumption and Peak Demand for 

2003, 2004 and 2005 [8] 
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IV.  GOVERNMENT POLICY ON ENERGY 
The usage of electricity power is essential to development 
of society, industry, commerce and fishing. The 
Government's policy aims to benefit and modernize all 
sectors of the country. The Public Authority of Electricity 
and Water (PAEW) has the responsibility of delivering 
electric power to all residents in Oman. It is responsible 
about generating and distributing power and electrifying 
rural areas. The PAEW supplies about 95% of the Omani 
population[5]. 
The Government supplies power to the north of Oman by 
operating powers stations fuelled by gas and diesel. While, 
most of the power demand in the south of the country is 
covered by diesel power stations. 
It is obvious that the cost of gas used for generating electric 
power is equivalent to 1.50 US$/Mcubic feet. Whereas, the 
cost of gas which Petroleum Development Oman (PDO) 
uses to generate its energy needs, is $1/m ft3. However, 
there is possibility that production of the natural gas may 
be limited by 2020 [5]. 
 

V.  RENEWABLE ENERGIES' POTENTIALS AND 
LIMITATIONS 

 Over the last few years, there have been continued efforts 
done by the Government of the Sultanate of Oman for 
identifying the resources of renewables for the power 
generation in the country. It has been found that a 
significant opportunity of utilization renewable energy 
resources exists potentially in Oman. 
A. Solar Energy 

Owing to its geographical location, Oman receives a high 
density of solar radiation which reaches maximum of 6000 
Wh/m2 per day in July and 3000 Wh/m2 per day in January 
making the Sultanate one of the top solar countries in the 
world [9]. The study, done by the Authority for Electricity 
Regulation (AER) [4], indicated that the massive potential 
of solar energy in Oman is increasingly recognized to play 
a crucial role in reducing the dependency on hydrocarbons 
in the near future. This study also approved that only the 
right and proper exploitation of the intensive daily radiant 
energy will be completely enough to cover all the 
Sultanate's domestic energy needs. The intensity of 
sunlight reaches its highest during the summer; the period 
in which electricity demand peaked annually. 
The solar energy intensity is high in the majority part of 
Oman. However, compared to the other parts in Oman, the 
desert regions have the highest intensity of sun rays; the 
thing which makes these regions ideal for generating 
abundant amounts of solar power. "Theoretically it is 
possible to power Oman by utilizing about 280 km2 of 
desert from solar collectors, corresponding to 0.1% of the 
area of the country" [2]. 
A disadvantage of using deserts to generate solar power is 
that these regions are always prone to dust storm which 
effect their suitability for implementing solar energy 
systems. Thousands of gallons of water would be needed 
to clean those systems. 
B. Wind Energy 

Oman has a 1,700 km long coastline. The pinpointed 
locations as most potential for wind power generation are 
those located in the southern of Oman, particularly  in the 
mountains north of Salalah , where this part of Oman is 
considered to have higher wind speeds compared to the 
northern regions [10]. Wind blows at highest speed during 
the summer periods; electricity peak time. Fig. 5 shows the 
annual average wind speed measured at five deferent at 
two different heights from the ground level, at 10 and 80 
meters. 
 

 
Fig. 5 Wind Speeds at five different locations [4]  

Beside its intermittent nature which makes it unreliable 
energy source, wind energy needs an open land without 
obstruction to utilize it, which is not available in the 
pinpointed locations. 
C. Biomass Energy 

Biomass is fuel, produced basically from organic matter, 
which has stored heat energy as a result of photosynthetic 
process. Biomass is considered as one of the renewable 
energy resources most commonly used in our present days. 
It can be used directly by combustion to generate heat. 
Also, it can be used in indirect way by converting it to 
different kinds of biofuel [11]. There is limitation on 
utilization of biogas in Oman owing to different factors. 
The main factors are the lack of these materials and the 
difficulties in collecting them because they are used mainly 
in Oman as fertilizer. Another thing, the current level of 
spread of sewage system in Oman is not high enough to 
supply a power plant with enough fuel.   
Nonetheless, there are many vast landfills, in the Sultanate, 
that can be exploited for methane production. So, chances 
to develop biomass energy in Oman are strongly found. 
D. Geothermal Energy 

Oman is considered as a good market for utilizing 
geothermal energy. However, data provided by Petroleum 
Development Oman (PDO) mentions that the highest 
detected bore-hole temperature is 174 oC and it is less than 
the temperature which is needed for running steam power 
plant[4]. Fig. shows the temperature maps for locations of 
bore-holes, 500 and 1500 meters underground. 
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(a) 500 metres                         (b) 1500 metres 

 Fig. 6 Temperature Maps for Depths of (a) 500 metres  and (b) 1500 
metres [4] 

   
E. Wave Energy 

 The amount of wave energy along the coasts of the Gulf 
of Oman is low which limits the potential of wind 
resources to share the future energy-mix in Oman [12]. 

VI.  BARRIERS TO RENEWABLE ENERGY 
DEVELOPMENT 

The pressing demand for creating policies to support 
renewables deployment is often brought due to various 
barriers, or circumstances that hinder investment from 
happening. "Often the result of barriers is to put renewable 
energy at an economic, regulatory, institutional 
disadvantages  relative to other forms of energy supply" 
[13]. 
The challenges to widespread deployment of renewable 
energy technologies are mainly political. From the 
economic and financial viewpoints, renewable energies 
still struggle in competing with the fossil fuels; the thing 
which makes the renewables in necessity to be supported 
politically [14]. However, application of these energies is 
getting cheaper and expected to become cost-competitive 
in Omani energy market. 
In Oman, the impediments against the deployment of 
renewable energy technologies majorly are the lack of 
adequacy of policies supporting development of these 
energies and the existence of regulations preventing 
renewables technologies deployment; such as the large 
subsidies for electricity generated by the fossil-fuels. 
The lack of adequate investment for deployment of 
renewable energy technologies constitutes another major 
challenge. "By the end of 2011, there had been no 
investment in renewable energy allocated in the budget" 
[5]. 
The barrier number three is majorly technical. The scarcity 
of the accurate renewable resources data, for wind and 
solar energies, as well as the lack of adequacy of 
information about renewables both affect the development 
of renewable energy in Oman. Precise information of the 
suitable places to locate renewable energy systems is 
strongly required. In Oman,  the collected data of  solar and 
wind resources is insufficient to pinpoint the best sites to 
utilize these resources. Those information and data also are 
not enough to specify the environmental and economic 
gains from harnessing the renewable resources. 

Another barrier is that the country lacks skilled and 
qualified workforces required to manage developing 
processes of renewable energy projects. The formation of 
skilful manpower is very important for boosting the 
renewable energy sector in the country.   
 

VII.  RECOMMENDATIONS 
In the near future, there are significant chances to make 
steep progress in the Omani renewable energy sector 
owing to the awareness of truth of the not-far depletion of 
fossil fuels, oil and natural gas. However, more strenuous 
efforts must be made by the Government to support more 
and more researches and studies in development of 
renewable energies in the country. Also, encouragement of 
the private sector, by developing policy frameworks, for 
investing in renewable energy market is important, 
economically and environmentally, and highly 
recommended for the Government.  
The Omani government also must encourage independent 
power production, or self-generation, using renewables, 
solar and wind, to facilitate efficiently the deployment of 
renewable technologies in Oman. 
Finally, scaling up renewable energy technologies market 
in the Sultanate  needs to be guided by skilled and qualified 
workforce. From this point, the Government must focus on 
improving scientific and technical skills required for 
improving Oman's renewable energy sector. The 
renewable sector will not function efficiently unless the 
Government encourages the education system to enhance 
and provide proper training in renewable technologies to 
prepare skilled personnel. 
 

VIII.  CONCLUSION 
Significant renewable energy resources are available in the 
Sultanate of Oman. Solar and wind are  the most two 
promising renewable resources of energy which, if 
harnessed properly, can mitigate partially the dependency 
on fossil fuels and contribute highly to the energy demands 
of Oman. Concerted efforts from the Omani government is 
highly required for success of renewable energy 
deployment in the future.  
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Abstract- As the energy requirements of the world 

increased, the efficiency in bulk transfer of electric power 
gained importance too. High-voltage alternating current 
(AC) has been conventionally used for this purpose. However, 
the advent of power electronics devices and the need for 
power transmission over large distances, especially under sea, 
have led to the realisation of using direct current for power 
transmission. The integration of a large number of renewable 
energy resources into the power grid involves major planning 
alongside a capacity build-up. This has made the use of high-
voltage direct current (HVDC) inevitable. It has further led 
to the possibility of developing an offshore European power 
grid that can ultimately integrate traditional and renewable 
energy resources; allowing a massive power generation which 
is secure and emission-free.  

This paper analyses the basic principles of HVDC 
technology and explains the use of power converters. Specific 
applications are identified in which the HVDC is a more 
desirable option over AC transmission. A thorough 
investigation of the core reasons that make HVDC ideal for 
these applications is carried out. The paper further 
investigates some of the challenges associated with HVDC. In 
the end it highlights the usefulness of HVDC despite some of 
its limitations.  
 
Keywords: High-Voltage Direct Current, AC Transmission, 
Power Converters, Power Grid 
 

I. INTRODUCTION 
 

The history of the power grid systems can be traced back 
to 1880s when the first commercial power system became 
operational in New York City [1]. During that time, the 
power was generated by isolated power systems which 
made use of direct current (DC). However, transmission of 
electric power over large distances using DC proved to be 
highly inefficient due to huge losses. In 1885, William 
Stanley developed the first commercial transformer 
followed by the concept of induction motors provided by 
Nikola Tesla in 1888 [2]. This led to the use of alternating 
current witch offered a higher efficiency since its voltage 
could easily be stepped-up to reduce the current and hence 
the losses.  

As time progressed, the use of AC technology became 
prevalent in power grids across the world. The term power 
grid is used to denote both the transmission and 
distribution of bulk power flows between the power plants 
where it is generated and customers where it is consumed. 
As time progressed, several inventions were made which 
all facilitated the use of AC technology. The invention of 
three-phase systems led to a rapid increase in the use AC 
technology for transmission and distribution. It not only 
had the advantage of being suitable for large distance 
transmissions but also at the same time provided a much 
simpler mechanism for different voltage transformations 
with the added characteristic of automatically producing a 

rotating magnetic field that could be used for high power 
motors in industries [3].  

AC transmission systems have continued to dominate 
power transmission to consumers. However, it also have 
some limitations especially when it comes to the 
restrictions in transmission capacity and the problems in 
bulk power flows over much larger distances. At the same 
time, the inability to directly connect AC links with 
dissimilar frequencies also adds to its restraints. As a 
result, engineers all over the world have looked for better 
use of the DC current for transmissions. The main aim of 
people engaged in making use of DC is to overcome the 
old disadvantages associated with it. The best possible 
solution is to develop DC transmissions in parallel with AC 
so that both can complement each other.  

 
II. THE HVDC TECHNOLOGY 

 
It is important to mention that the transmission lines 

utilising HVDC are used for connecting transmission 
systems that work on the principle of direct connectivity. 
These transmission systems are usually located on two 
regions that are wide apart and hence used for bulk power 
flows from one region to another. The basic components 
of HVDC technology include the power converters that are 
responsible for conversion from AC to DC and from DC to 
AC. 

The commercial use of HVDC can be traced to the 
period after the 2nd World War when the system was 
utilised in 1945 in Germany, 1951 in Russia and 1954 in 
Sweden [4]. Starting from the early 1950s, the initial 25 
years of HVDC transmission can be attributed to the use of 
power converters developed from mercury arc valves. The 
next 25 years starting from the mid of 1970s to the end of 
20th century can be attributed to power converters known 
as line-commutated converters that makes use of the 
thyristor valves. Both of these converters fall in the 
category of what is commonly known as Current Source 
Converters (CSC).However, while the CSC converters 
were still popular, a new alternative for power converters 
became widely established which are known as Voltage 
Source Converters (VSC). The invention of high power 
self-commutating switches such as gate turn-off thyristor 
(GTO) and insulated gate bipolar transistor (IGBT) 
alongside the high processing power of digital signal 
processors (DSPs) for generation of firing patterns has 
made the use of VSC highly economical [5]. 

The arrangement of the DC circuit determines the type 
of DC link that is used in the HVDC applications. The 
main arrangements can be divided into two mainly used 
categories of Monopolar Link and Bipolar Link. A 
monopolar link uses a single conductor and uses ground or 
sea as a return path. Sometimes a metal is used for return 
path too. On the other hand, a bipolar link uses two 
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conductors with opposite polarity. Each region has two 
converters connected in series with equal ratings. The 
intersection of both converters is grounded in both the 
regions. This mechanism offers a lot of flexibility since a 
fault in one conductor does not hamper the system due to 
availability of second conductor. 

 
III. POWER CONVERTERS 

 
There is no doubt that the development of power 

electronic devices has played a huge role in materialising 
the dream of HVDC into a reality. The possibility of using 
current source converters was facilitated by the 
development of mercury arc and thyristor valves. 
Subsequently, the development of more sophisticated 
semiconductor devices that offered a higher voltage and 
power alongside a better control, defined a new role for 
power electronics in their use for HVDC transmission 
systems [6]. 
 
A. Current Source Converters 
 

The voltage stability in a power system is highly 
dependent on how we can control the flow of active and 
reactive power. The power converters are precisely used 
for this purpose besides their ability to convert electrical 
energy between AC and DC. At the same time, their use 
became inevitable with the advent of semi-conductor 
devices as use of mercury for power conversion had less 
precision as well as many environmental issues [7]. One 
possible configuration for three-phase converter is the use 
of current source converters.  

The current in the current source converters is kept 
constant. This is done with the help of a large inductor. 
However a small ripple current exists. This allows 
provision of a current source. The direction in which the 
power can flow depends on the polarity of DC voltage. At 
the same time, the direction in which the current flows 
remains unchanged.  

The diagram below shows a typical circuit for the 
current source converters. The circuit consists of six 
thyristors and is fed with a three-phase supply. The input 
phases determine the thyristors that are turned on. The DC 
voltage is dependent on the two thyristors that are 
conducting and is actually the line voltage between the 
phases conducting the thyristors. It is important to mention 
that CSC are less efficient to use due to the inability of 
thyristors to be turned off [8]. 

 
 

Fig. 1 CSC using thyristors [9] 

 
B. Voltage Source Converters 
 

As mentioned earlier in the paper, thyristors offered 
several advantages over the use of mercury arc valves. 
However, their control was limited due to the fact that they 
can only be turned on and not off through control 
mechanism. This proves to be a big limitation in the use of 
thyristors. Consequently, the invention of IGBTs 
overcame this invention as they could both be turned on 
and off. This allows the use of self-commutating 
converters. 

The polarity of DC voltage remains unchanged and acts 
as being constant. A large capacitor is usually needed for 
smoothing the DC voltage. The direction of power flow is 
dependent on the direction of current. 

Being self-commutating means that the converter is no 
longer dependent on synchronous machines. The high 
switching frequency also improves the performance. At the 
same time, they are suitable for high power applications of 
the HVDC bulk power flows. The application for which 
they are used determines the phase of the VSC. It is 
expected that the VSC technology will undergo massive 
growth with a total global revenue of $56.6 billion between 
2013 and 2020 [10]. 

The diagram below shows a typical circuit for Voltage 
Source Inverter giving a three-phase output. It consists of 
IGBT switches.  

 
 

Fig. 2 VSC using IGBTs [11] 

 
 

IV. GROWTH OF HVDC& ITS APPLICATIONS 
 

As the demand for electrical energy has increased over 
the years, attempts has been made to increase the 
efficiency of transmission system lines. This has led to an 
increase in the complexity and size of power systems 
utilising transmission systems over large distances. There 
has been several factors that affect their performance such 
as power quality and load control.  

The figure below shows the growth of HVDC 
technology over a period of 35 years. It shows the amount 
of electricity handled by systems utilising HVDC. There is 
a steady growth experienced by transmission and 
distributions systems with HVDC systems. 
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Fig. 3 Global growth of HVDC Systems [12] 

 
Several countries such as China and India have made 

huge investments on the use of HVDC technology, 
primarily for connecting distant hydropower resources to 
the main grid [13]. A number of HVDC technology 
projects have been initiated in India that can help in 
increasing the delivery efficiency as well as remove power 
network constraints [14] .A recent study by a consulting 
and research firm GlobalData has predicted a huge 
expansion in the HVDC technology in the Asia-Pacific 
region due to a huge rise in the demand of energy as well 
as integration of renewable energy sources in the power 
grid [15]. 

As mentioned in the abstract, there are several 
applications where the use of HVDC is highly 
advantageous as compared to the more traditional AC 
transmission. Some of these applications are discussed 
below.  

 
A. Interconnection of Unsynchronised AC Networks 
 

The biggest disadvantage of AC transmission is that the 
AC links must connect power networks that are 
synchronous in first place. Hence it is not possible to 
connect systems that operate with different frequencies. 
However, HVDC technology can interconnect 
asynchronous networks (back-to-back) to bring greater 
reliability into the system [16]. This is highly beneficial for 
bulk power flows between countries that use different 
frequencies for their transmission and distribution. The bi-
directional power flow as increases system stability in case 
of failure of one system.  

 
B. Transmission over Large Distances 
 

AC current in a conductor flows through its outer 
surface. This is known as skin effect that becomes even 
more prominent as the frequency increases. Skin effect in 
AC Transmission systems play a crucial role in increasing 
the resistance of the conductor at higher frequencies. 
Consequently, the losses of AC current for large distance 
transmissions are much higher compared to the DC current 
passing through a similar conductor. 

At the same time, cost plays an important role because 
for the same size of conductor, the HVDC can carry more 
power compared to AC. At the same time, it only requires 
two conductors compared to three required for three-phase 
transmission. While it is important to keep in mind the cost 
of converters at both ends, the savings in the transmission 
costs can offset these costs [17]. Hence the operational 
costs of HVDC are much lower.  

Another factor that affects the AC transmission is known 
as the corona effect in which the area around the conductor 
is ionised by the high frequency AC. These effects are the 
main cause for radiated noise [18] on the surface of 
transmission lines carrying high voltage.  
 
C. Submarine Power Transmission 
 

HVDC is used for transmission lines under the sea. The 
coaxial cables utilised for this purpose have a very high 
capacitance. In case of AC transmission, this capacitance 
can offer a very high impedance. This can lead to huge 
losses and makes the entire system highly inefficient as it 
severely reduces the ability of these cables to carry bulk 
power. However, DC is not affected by the capacitance and 
hence is highly suitable for this kind of transmission. As a 
result, cable lines which are longer than 80 km are possible 
only with the use of HVDC technology [19]. 
 

V. CHALLENGES OF HVDC 
 

While HVDC technology has seen a massive growth in 
the recent years especially in the 21st century, it is not 
without some major issues. Some of these challenges are 
discussed below.  

 
A. Price of Converters 
 

The process of conversion from AC to DC and DC to 
AC can be expensive since the price of power converters 
operating at high voltages needs to be taken into account. 
This requires the use of stations which are very expensive 
since they are required to be at both ends of the link. 

 
B. Use of Reactive Power 
 

The converters placed at a converter station require 
reactive power [20]. This is required both for AC to DC 
conversion and DC to AC inversion. This is provided by 
banks of capacitors which are either synchronous or static.  

 
C. Existence of Different Harmonics 
 

The use of converters is associated with their problem of 
generating a lot of harmonics [21] at both sides of the 
conversion. The cost of components for removing these 
harmonics adds to the overall cost of the converters. 

 
D. Problem of Voltage Conversion 
 

One of the requirements of efficient transmission 
requires the conversion of lower voltage into higher 
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voltage to reduce the losses in the line. Since there are no 
transformers in DC that can perform that similar task, the 
transformation of voltage is always carried out at the AC 
link. This also means that we can never have a pure DC 
system.  

 
 

VI. CONCLUSION 
The massive increase in the world population means that 

the demand for electricity will increase in the future. 
Countries across the world are working on increasing the 
efficiency of their grid power and looking for ways to 
interconnect different regions in order to have a reliable 
provision of power. Historically, AC transmission has 
been used for this purpose but over the passage of time, 
HVDC technology has gained importance, with Siemens 
predicting a major share for HVDC in the future market for 
transmission technology [22]. This paper has explained the 
use of HVDC for bulk power flows and emphasised on its 
importance in the future.  
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Abstract - Access to sufficient energy service is a serious 
challenge facing the developing nations, and there is no 
country that can develop without adequate supply of 
energy to its various sectors (economic and social). 
Nigeria is the most populated country in Africa but is 
lagging behind in the face of globalization because over 
60% of these populations have no access to clean and 
sufficient electricity. There are indications that this 
defective energy situation in Nigeria will continue to 
persist unless Government policy on energy is changed 
by diversifying modern forms of energy sources to it 
domestic and industrial sectors. In addition, Nigerian 
Government should focus it developmental effort on 
renewable energy markets through intervention, 
implementation and regulatory framework because 
that could bridge the energy gaps between urban and 
rural areas and could shift the over dependence on 
fossil fuel to renewable energy  which will reduce 
greenhouse gas emissions. This review shall examines; 
Current energy situations in Nigeria, Government 
policy on energy, Support from international 
organizations, Energy supply in Nigeria; challenges 
and the strategies to overcome it, Renewable energy 
potentials in Nigeria and Energy efficiency and it 
benefits to Nigerians. 
 
Keywords: Renewable Energy, Sustainable Development, 
Green House Emission, Energy supply, Policy.    
 

I. INTRODUCTION 
Energy is one of the most important factors in a country’s 
development. A country‘s standard of living can be 
measured by using per capita energy consumption. Energy 
controls most country’s economy by playing a role in 
poverty eradication and infrastructural development. 
Access to clean and sufficient energy supply is a critical 
issue in all countries today. A country’s energy reserves 
can be used to predict its future economic growth. Public 
health, security and social development are closely 
interrelated with energy [1]. Despite vast amount of 
resource availability, Nigeria currently suffers from an 
energy crisis. This reflects in all the other critical 
constituents of the developmental range, Industrial 
development and others. Energy crisis-development link 
has created a down spiral at every level: Local Government 
Areas, States, and the entire nation as a whole. Nigeria 
needs a radical departure from its current 
 developmental strategies and pattern in order to achieve a 
structural transformation and consolidation into the global 
economy. 
  Electricity supply in Nigeria is very limited; most 
Nigerians do not enjoy electricity from the national grid 
because the supply is erratic. This is enough reason for 
Nigerian Government to amend her policy on energy by 

considering other sources of energy generation most 
especially the renewable-energy. It will provide a simple 
solution in finding a stable and sufficient supply of 
electricity. 
   The challenge examined in this research work is whether 
there are energy policies that will make Nigeria’s energy 
development economically, socially and environmentally 
more sustainable.  
 

II. A BRIEF ENERGY PROFILE OF NIGERIA 
Nigeria is the most populous country in Africa (over 165 
Million) and it is the continent highest producer of crude 
oil (2.5 Million barrels per) which makes it six in the 
world. More than half of Nigerians live in the rural areas 
where the make use of fuel wood as a source of energy, 
other sources of energy is grossly scarce in these areas [2]. 
 Nigeria is endowed with abundant energy resources 
shared in different part of the country.  The country owns 
the largest reserve of crude oil, estimated at about 36.20 
billion barrels. It also has a gas province with reserves 
estimated at about 5,000 billion m3. Both the oil and gas 
reserves are found along the Gulf of Guinea, Bight of 
Bonny and Niger Delta. The exploration activities are 
centered in deep and ultra-deep offshore areas with 
projected activities in the Chad basin. Coal and lignite are 
found in the northeast with estimated reserves at about 2.70 
billion tons. Tar sand was also estimated at about 31 billion 
barrels of oil equivalent [3]. The hydroelectricity sites were 
estimated to have about 14,255 MW capacities in the entire 
country. Nigeria has substantial biomass potentials to meet 
all methods of energy uses and generation of electricity [4]. 
Lack of development in the energy sector as a result of 
poor management created a very wider gap between 
demand and supply of energy in the country. Table 1, 
shows a details of Nigeria’s energy reserve in 2005. 
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TABLE 1 
ENERGY RESERVES IN NIGERIA (2005) [5] 

 

 
 aSCF= standard cubic feet, cBTOE= billion tones of oil 
equivalent. 

III. ENERGY IN NIGERIA 
Nigeria is the giant of Africa in terms of energy. It is the 
most prolific oil-producing country in the continent, 
which, “along with Libya, accounts for two-thirds of 
Africa's crude oil reserves, It was ranked second to Algeria 
in natural gas” [6]. The energy situation in Nigeria is that 
over 70% of the rural dwellers depend on fuel wood. Fuel 
wood is in abundant everywhere throughout the entire 
country a reason that makes it commercially uncontrolled 
as compared to other energy sources such as petroleum 
products and electricity which are owned and controlled by 
the Government of the Federation. It is estimated that 
about 60 million tons of fuel wood were consumed 
annually in the country. Table 2, shows how the other 
sources of energy were consumed in the country. 
 

TABLE 2 
ENERGY UTILIZATION IN NIGERIA (2002-2007, 

AVERAGE) [7]. 

 
 

IV. ELECTRICITY IN NIGERIA. 
The electricity supply in the country is governed by 6 
different electricity generation companies, 11 distribution 
companies and 1 transmission company. These six 
companies rely on hydro- and thermal power for electricity 

generation. The entire electricity generated by the 6 
companies is distributed among the six geopolitical 
regions of the country by 11 companies while 
Transmission Company of Nigeria (TCN) is in charge of 
the transmission. 
“The national electricity grid presently consists of 14 
generating stations (3 hydro and 11 thermal) with a total 
installed capacity of about 8,039 MW as shown in Table 3.  
The transmission network is made up of 5,000 km of 330-
kV lines, 6,000 km of 132-kV lines, 23 of 330/132-kV 
substations, with a combined capacity of 6,000 or 4,600 
MVA at a utilization factor of 80%. In turn, the 91 of 
132/33-kV substations have a combined capacity of 7,800 
or 5,800 MVA at a utilization factor of 75%. The 
distribution sector is comprised of 23,753 km of 33-kV 
lines, 19,226 km of 11-kV lines, and 679 of 33/11-kV 
substations. There are also 1,790 distribution transformers 
and 680 injection substations”[8]. The names of the new 
companies that took over from PHCN and the summary of 
the electricity generation patter for a complete year is given 
in table (3) below.  
 

 
Fig.1. Electric cable Lines [9]. 

 
Table (3), revealed that the existing power plants were 
operating below optimum due to poor management. The 
power plants need to be rehabilitated and upgraded for 
optimum performance. “The percentage of generation 
capability from hydro turbines is 34.89%; from gas 
turbine, 35.27%; and from steam turbines, 29.84%. The 
relative contribution of the hydropower stations to the total 
electricity generation (megawatt per hour) is greater than 
that of the thermal power stations”[11].  
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TABLE 3 
ELECTRICITY GENERATION PATTERN IN 
NIGERIA ( 2008) [10]. 
 

 
 
V. ENERGY CONSUMPTION PATTERN IN NIGERIA 
Energy consumption in Nigeria is shared among 
Household, Agricultural, Commercial, Industrial, and 
Transportation, sectors [12]. The household sector 
consumes about 65% of the energy in the country. This is 
because of the country’s population density and lack of 
productivity in the other sectors [12].    
 

 
Fig.3. Nigeria's Electricity Consumption Pattern [13]. 

                         
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 4 
ENERGY CONSUMPTIONS PER CAPITA  [13]. 
 

 
 
Table 4 above, reveals that the country’s energy 
consumptions per capita is small compare to the developed 
nations, this may be due to the country’s slow 
developmental rate and lack of production.  
 

VI. NIGERIAN GOVERNMENT POLICY ON 
ENERGY 

Nigeria is the largest oil producer in Africa and was the 
world's fourth leading exporter of 
LNG in 2012. Despite the relatively large volumes it 
produces, Nigeria's oil production is hampered by 
instability and supply disruptions. Priority attention has not 
been given to increase the usage of natural gas in the 
industries and household, but rather it was allowed to 
continuously flared (burned off). 
The Federal Government of Nigeria was responsible for 
policy formulation, regulation, operation, and investment 
in the country’s power sector and in its quest to tackle 
energy crisis in the country, it established more ministries 
and parastatals that will be in charge of energy policy 
formulations and co - ordinations. 
 In her quest to reform the energy sector, Nigerian 
Government privatized the country’s energy companies in 
order to boost energy supply. The National Electric Power 
Authority of Nigeria (NEPA) was converted to Power 
Holding Company of Nigeria (PHCN) which was later 
divided into 18 companies, including 11 distributors, 6 
generators, and one transmission company. The Nigerian 
National Petroleum Corporation (NNPC) manages the 
state-owned oil industry. The NNPC holds a 49% share in 
the Nigeria Liquefied Natural Gas (NLNG) Company, 
with the remainder being held by subsidiaries of Shell, 
Total and Eni. The largest joint venture is operated by Shell 
Petroleum Development Company (SPDC). Additional 
foreign companies operating in joint ventures with the 
NNPC include ExxonMobil, Chevron, ConocoPhillips, 
Total, Agip and Addax Petroleum [14]. 
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TABLE 5 
ENERGY DEMAND BASED ON GDP GROWTH RATE 
(MTOE) [14]. 

 
 

VII. SUPPORT	FROM	INTERNATIONAL	
ORGANIZATION	

It must be noted that no successful society, nation or 
continent today emerged without its precedents. All the 
developed nations had experienced primitive and crude 
life-styles, but out of shared desire for relevance and 
growth that developing their communities became priority. 
Despite the resources and wealth Nigeria is blessed with, 
quality of life for Nigeria’s population has been steadily 
deteriorating and as a result, foreign organizations had to 
intervene in order to develop Nigerians standard of life. 
Some of the projects executed by international 
organizations are; Sun Gas project by the European Union, 
Power Africa off-grid energy challenge funded by United 
State Government Agency, Nigeria Electricity and Gas 
Improvement Project funded by World Bank and many 
others [15]. 
 

VIII. ENERGY	SUPPLY	IN	NIGERIA:	THE	
CHALLENGES	

AND	STRATEGIES	TO	OVERCOME	THEM	
Nigeria’s population is increasing progressively with 
increase in energy demand. Nigeria's refining capacity is 
currently insufficient to meet domestic demand due to the 
increased in population. The country has to import 
petroleum products in order to meet the demand of its 
people. The national electricity company of Nigeria is 
importing over 3,000MW of electricity from the 
neighboring country in order to increase its supply capacity 
because of high demand among other reasons. Nigeria has 
abundant wind energy resources, receives a huge amount 
of solar radiation, and large deposits of fossil fuel, as well 
as enormous hydro-power resources but yet her people are 
receiving a deplorable energy policy.  
 Nigerian Government policy on energy should be 
reviewed by promoting the diversification of energy 
resources; combining the available renewable energy with 
the non-renewable fossil fuel. The government needs to 
embark on new initiatives by developing on an integrated 
renewable-energy plan, invite more private investors into 
the countries energy market and invest in energy related 
research. These will provide constantly a sustainable, and 
environmentally friendly in the long term national energy 

plan [15]. Table 5 above and fig 4 below, shows the energy 
demand and its projection in the subsequent years to come.   
  

 
Fig.4. Projected Electricity Demand between 2005 and 
2030 [16]. 
 

IX. RENEWABLE ENERGY POTENTIALS IN 
NIGERIA 

 Nigeria is endowed with different energy resources, 
providing her with great capacity to develop an effective 
national energy plan. However, the country is yet to exploit 
these huge available energy potentials with less climatic 
and environmental impacts and this makes the entire 
Nation to depend on fossil fuels and firewood as the only 
available sources of energy supply. The renewable energy 
resources available in Nigeria are as follows;  
  
 A .Hydro Energy  
“Hydropower currently accounts for about 29% of the total 
electricity supply in the country. In a study carried out in 
twelve states and four (4) river basins, over 278 
unexploited small hydropower (SHP) sites with total 
potentials of 734.3 MW were identified ”[17]. However, 
small hydro-power potential sites exist in virtually all parts 
of Nigeria with an estimated total capacity of 3,500 MW. 
“Research revealed a total of 70 micro dams, 126 mini dam 
and 86 small sites identified all over the federation and 
they are currently in used by private electricity supply 
companies” [18].  
 
B. Solar Energy   
Radiation from the sun is fairly distributed with an average 
of about 18.98 MJm –2/ day and average sunshine hours of 
5hrs/day. If solar collectors were used to cover 1% of 
Nigeria’s land area, it is possible to generate 1852 x103 
GWh of solar electricity per year; this is higher compare to 
the current grid electricity consumption level in the 
country [19].  
 
C. Wind Energy  
“Wind energy is available at annual average speeds of 
about 2.0 m/s at the coastal region and 4.0 m/s at the far 
northern region of the country. With an air density of 1.1 
kg/m3, the wind energy intensity perpendicular to the wind 
direction ranges between 4.4 W/ m2 at the coastal areas and 
35.2 W/ m2 at the far northern region” [20].  
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Fig.7. Windmill Electric Power Station [20]. 

 
D. Biomass  
The biomass resources found in  Nigeria can be identified 
as crops, animal wastes and waste arising from forestry, 
forage grasses and shrubs, municipal activities, 
agriculture, and industrial activities, as well as, aquatic 
biomass[21]. It has been estimated that Nigeria produces 
about 227,500 tons of fresh animal waste daily. Since 1 kg 
of fresh animal waste can produced about 0.03 m3 biogas, 
then Nigeria have the potential to produce over 6.1 million 
m3 of biomass per day from animal waste only [22]. 
 

X. ENERGY EFFICIENCY AND IT BENEFITS TO 
NIGERIANS. 

Energy efficiency implies advancement in products and 
services that cut down the energy requirement to render 
services. In Nigeria, much of energy is wasted because 
most offices, households, as well as industries use more 
energy than is actually necessary to fulfill their needs. One 
of the reasons is that some companies use outdated and 
ineffective equipments and poor production process. If 
energy wastage is properly reduced, it will improve the 
technical efficiency of energy generation, transmission and 
distribution.  
 
XI. ENERGY AND SUSTAINABLE DEVELOPMENT 

IN NIGERIA 
Sustainable energy has to do with the sufficient provision 
of energy services that meets people’s demands at a given 
time without compromising future’s requirement. 
The use of energy is a vital and necessary ingredient for 
economic growth and socio-economic development of a 
country. In general, energy can contribute to broadening of 
opportunities and empowering people to exercise choices. 
On the other hand, lack of it can constrain people from 
contributing to development. There is a relationship 
between energy and major socio-economic global issues 
such as poverty, population, food, gender disparity, health, 
and security. Energy is essential to life and it facilitates all 
human endeavours, it is useful in a number of activities that 
are beneficial to life. In facts, the development of human 
society and civilization has been centred on energy. 
Adequate provision of energy to the people of Nigeria will 
boost economic activities in both urban and rural areas. It 
will create job opportunities, encourage researches and 
improve the social well-being of the people in both cities 
and villages in the country.   

 
XII. CONCLUSIONS 

This study has proved that Nigeria is blessed with both 
renewable and non-renewable energy resources. 
Ineffective use of these resources is the major challenge 
facing the country. Introduction of energy mix will be the 
best solution that will tackle this challenge and it will 
improve the country’s economic performance and open up 
opportunities. 
  

XIII. RECOMMENDATION 
Nigeria must take a lesson from the other African countries 
which have a practical and realistic energy policy. It is 
important for Nigeria to fortify it energy policy and 
improve monitoring of policy compliance, Promulgate 
suitable legislation that will support the institutional 
framework and convert energy efficiency opportunities 
into real investments and large-scale implementation. “A 
formulated renewable energy Research and 
Developmental schedule should be considered over the 
coming years and Training of quality personnel at both 
technical and engineering levels should be introduce in 
order to attain self-sufficiency” [23]. 
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Abstract- Renewable Transport is anticipated as the 
expression to portray new accumulation of technologies 
reliant on V2G, PHEVs and Smart Grids. Vehicle to Grid 
(V2G) is the notion that the joint electrical storage capability 
in a fleet of Plug-in Hybrid Electric Vehicles (PHEVs), 
interfaced through a smart grid, can permit the inclusion of 
huge amount of renewable energy into the power system.  
This paper examines the distinct profits of each of the 
advances needed for Renewable Transport, then how their 
grouping can lead significantly to lesser fossil fuels utilization 
and greenhouse gas radiations. Further, the amount of 
vehicles needed for a given infiltration of wind energy giving 
base-load electricity is judged. It additionally examines the 
present improvements in these innovations and makes 
inferences on how it might be executed in a carbon free 
development.  
Many countries have electrical structures which are quite 
ancient and they need to be replaced by smart grid, this paper 
suggests. Civilizing the car and making the air pollution free 
environment has been a greater concern for over the years. 
This document also inspects how the utilization of hybrid 
technology can pointedly meet the best of green aims and the 
best of consumer goals in regard of power and performance. 
Key words: Vehicle to Grid (V2G), Plug-in Hybrid 
Electric Vehicles (PHEVs), Smart Grid, Wind Energy, 
Hybrid Technology 

I. INTRODUCTION 
In light of the developing oil supply issue the necessity 

to differentiate the fuel supply of our transportation 
industry is developing progressively earnest. The most 
guaranteeing versatile, close term result is to switch to 
electric based momentum. Electricity offers few key 
preferences over other elective fuel sources, for example, 
bio-fuels, Hydrogen fuel cells etc. It is already widely 
exposed, obliges no huge innovative achievement and can 
moderate mechanical sophistication in the vehicle.  
The new component in this conversation is that the 
utilization of electric vehicles cannot just comprehend 
these oil and emanations matters, they likewise give the 
opportunity to bring renewable energy into urban areas at 
a much higher extent than was believable before. The 
synthesis of advances incorporated we have called 
Renewable Transport. 

Vehicle makers have started to react to buyer enthusiasm 
for extra capable vehicles by presenting Hybrid Electric 
Vehicles and Battery Electric Vehicles. Moderate between 
these are called Plug in Hybrid Electric Vehicles, whose 
battery can be charged from power grid, allowing longer 
distances electric driving. 

The point when lots of these PHEVs are parked and 
plugged in, their batteries symbolize substantial amount 
saved energy that could possibly be boosted back into the 
grid, therefore the term Vehicle to Grid or V2G. A vast 
perception of variable renewable energy for example, wind 

and solar in the grid will need an expansion of auxiliary 
services for avoiding costly fossil fuel standby generator 
start-ups when the renewable source fails. The batteries in 
PHEVs can give these facilities instantly upon request at 
almost very low cost to the utility, and this becomes source 
of income for the vehicle owners as well. There will 
likewise be times when surplus renewable energy is 
accessible that the batteries can engross rather than 
released. Such a framework will involve the utilization of 
refined control systems, known as a Smart Grid that can 
permit two way flow of electricity in distributed network 
[1]. 

 
 

II. FULL HYBRID TECHNOLOGY: GREEN AND GOLD 
Orthodox cars are energized by fuel only. Full hybrid 

has also an electric motor and can be driven by fuel as well 
as battery or by both. Initially when driving at low speed, 
the car is mutely motorized by electric motor and no-one 
else. This surely does not harvest any waste emissions and 
consumes no fuel whatsoever. The gasoline engine easily 
passes its swiftness and the motor conveys extra power 
while quickening and driving up peak. 

 
 
The actually scheming moment is the method of energy 

reprocessing for charging hybrid battery. When brakes are 
applied, instead of consuming brake pads, full hybrid 
scheme practices the motor as an electrical brake and 
transforms the dynamism formed for charging hybrid 
battery [2]. 

If we take the Lexus car manufacturers under 
consideration, they have been working for long time for 
producing ‘Luxury Hybrid Vehicles’. Majority of 
automobiles manufacturers have been doing work on 
hybrid cars more recently, but the Lexus familiarized the 
world’s first full hybrid luxury car back in 2004. The car 
CT 200h, their proud production, it is smooth in 
performance and yields very low CO2 emissions from just 
82 g/km. When you are driving this car in electric mode, it 
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produces no sound, no noise and no emissions at all, 
thereby yielding no noise or air pollution [3]. 

 

 
 
The most recent model Prius has a fuel budget of 

4.4L/100km3 which makes the Prius over 60% more fuel 
economical and effective than other cars. They employ the 
highest power of electric motors at respite, which rewards 
for the conforming least power available from the internal 
ignition engine at repose. This permits the internal 
combustion engine to be turned off at low speed, the point 
where fuel ingestion and unsafe radiations are fairly at 
maximum levels. Until the HEV touches 25 to 50km/hr, 
the engine stays at rest [4]. 

 
[5] 
Two core types of hybrids are: parallel and series. In 

parallel HEV, power is generated by both engine and 
electric motor for driving the wheels, which in turn 
enhances the highway efficiency in comparison with series 
HEV, but reduces the urban driving efficiency paybacks as 
compared to series HEVs and BEVs. Series hybrid is the 
simplest formation, in which the electric motor is the only 
source for driving your wheels. The source of power for 
electric motor is either a battery or generator run by 
gasoline engine [6]. 

 
III. THE MAJOR CONCERN: BATTERIES 

Energy storage mechanisms, principally batteries, are 
indispensable for the improvement of hybrid electric 
vehicles and plug-in hybrid electric vehicles. There has 
been plenty of exploration going on to lessen the cost of 
electrochemical energy stowing by evolving technologies 
that can bear higher energy and power concentrations 
without losing security or performance. The United States 

of America’s (USA) energy department is functioning with 
its associates in the public and reserved segments to 
explore advance and organize machineries that boost the 
performance of electrically energized vehicles [7]. 

Lithium-ion batteries are presently utilized within most 
compact customer gadgets, for example, cells and laptops 
on account of their high vitality for every unit mass in 
respect to other electric stowing frameworks. These 
likewise have a high power-to-weight proportion, great 
energy efficacy, great heat execution, and low self-
discharge. Maximum parts of lithium-ion batteries can be 
reused. The majority of today's electric vehicles utilize 
lithium-ion batteries; however the definite science 
frequently changes from that batteries used in personal 
gadgets [8]. 

Lithium-ion is a low preservation battery, favourable 
element that most different sciences can't guarantee. There 
is no memory and no planned cycling is requisite to extend 
the battery's life. Also, the self-discharge is not exactly half 
contrasted with nickel-cadmium, making lithium-ion 
appropriate for contemporary fuel gauge applications. 
When disposed, lithium-ion units cause little damage [9]. 

Recycling and swapping batteries are two other new 
concepts in the domain of batteries. Work is presently 
under approach to create battery-reusing techniques that 
curtail lifespan effects of utilizing lithium-ion and different 
sorts of batteries in vehicles. For greater distances, where 
rapid recharging isn’t accessible, battery swapping could 
be an answer. Few modern techniques by which recycling 
of batteries are executed are: 

i. Smelting 
ii. Direct Recovery 

iii. Intermediate processes  
Smelting procedures recuperates basic salts or elements 

while on the other hand, direct recovery methods mend 
directly battery-grade resources. The third one is 
intermediate between these two and these processes accept 
multiple types of batteries, contrary to direct recovery 
methods [8]. 

 
IV. PLUG-IN HYBRID: THE SUCCEEDING MILESTONE 

The next landmark for the car manufacturers to achieve 
is to produce plug-in hybrid electric vehicles for everyday 
use and familiarize consumers with the technology. The 
main difference between hybrid electric vehicles and plug-
in hybrid electric vehicles is that the hybrid electric 
vehicles can only be charged internally. On the other hand, 
PHEVs are able to charge their batteries externally too by 
plugging into a typical 3-prong wall passage. These 
vehicles utilize batteries to energize electric motors and 
use other fuels, such as diesel to command internal engine 
[10]. 
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[11] 

These vehicles have extensive batteries which are a 
trade-off for all electric driving assortments. The batteries 
can be energized by connecting to the power grid utilizing 
a standard wall plug, or a more specific charging station 
for fast charging. This permits an all-electric driving reach 
enough for number of short outings. An internal 
combustion engine is incorporated to develop the driving 
range afar the battery storage limit. The all electric driving 
reach can be noteworthy in ruinations of emissions in fuel 
utilization. Plug-in hybrid vehicles have all the competent 
characteristics of a regular hybrid. For example, a plug-in 
hybrid electric vehicle sedan takes 3-4 hours to charge 
itself through a 120-Volts socket. 

 
 
 If we take commercial van instead, it charges itself in 4-

5 hours through a 240-Volts socket usually accessible in 
commercial garages. Car producers can make PHEVs 
more appropriate by posing dock stations: the vehicles ride 
on it and get them charged automatically without plugging. 

Considering the cost of electric power, if cars like 
Sprinter PHEVs are driven 5 days a week for 20 miles on 
batteries, and for 50 weeks like this per annum, the usage 
will be 2000-2500 KWh to cover 5000 electric miles 
yearly. In United States, this much consumption of electric 
power will cost approximately $170-$215 per annum, 

much lesser than the fuel cost for a gasoline van covering 
same miles in $750-$825 at an average fuel efficiency [12]. 

 
The question arises that from where will the power come 

from to charge these batteries in PHEVs?  The answer is 
we have to do this in off-peak hours but that does not seem 
to be long-lasting solution. The other answer is that it is the 
time now to put our best and ultimate efforts in utilizing all 
the renewable energy resources available to produce 
electricity for better world and fulfilments of our needs.  

V. RENEWABLE ENERGY RESOURCES 
Plenty of renewable energy resources are available 

comprising of solar, wind, tidal, geothermal, hydro, wave 
and biogas or biomass energy sources. 

In solar energy, energy coming from sunlight is trapped 
in solar panels which are designed for conversion of 
sunlight energy into electric power. Potentially if we 
observe, there is infinite energy supply available but the 
implementation of solar panels can be too expensive. 
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Viewing wind energy, large and bulky wind turbines when 
turn, convert wind into electrical energy. At certain 
extremely windy places, possibly infinite energy supply is 
available but production and implementation of wind farm 
require huge budget. Movement of tides drives the turbines 
in tidal energy, having the capability to produce huge 
amount of power but assembly of barrage can be very 
expensive. Taking wave energy source into account, 
trapped air trampled by the circulation of seawater in and 
out of the cavity on the seashore drives the turbine. It is 
ideal for island country and feasible on small scale. Cost 
remains the issue. The natural high temperature of the earth 
in volcanic areas can be utilized for conversion of cold 
water into steam and that steam can be used for powering 
turbines producing electrical energy. This is from 
geothermal energy source which is good in the sense that 
potentially infinite energy source can be available in 
volcanic regions. The problems are cost and disposing of 
hazardous components found underground. In hydro 
energy, when the water moves through dam and strike the 
turbines from high head with high pressure, hydroelectric 
energy is produced. These types of renewable energy 
resources are good for creating water reserves as well but 
can cause flooding and it takes a long time to build a dam. 
When organic materials are burned, energy is released 
which can be utilized for production of electricity. This 
energy results from biomass. These kinds of energy 
resources are not costly and can be long-lasting sustainable 
energy sources. The problem is when biomass is burned, it 
releases atmospheric toxins. The problem with all the 
renewable energy resources is almost the same which 
seems to be cost [13]. 

The immediate adaption of PHEVs can provide 
consistent source of renewables at very cheap cost. There 
is ability to feed the power back into the grid or network 
straightaway upon demand [1]. The positive aspects all 
renewables have in common are that these renewable 
sources are environment friendly and can be used again 
and again for production of energy. These energy resources 
can be the source of greater income for electric supply 
industry. 

VI. THE GENIUS LINK: SMART GRID 
Feeding energy back to the grid from vehicles or 

charging PHEVs requires typical grids to be upgraded to 
smart grid. The basic modification between present grid 
system and smart grid scheme will be that generation and 
demand is kept in balance. Smart grid concept is all about 
control and data. It’ll be controlling frequency, voltage and 
current, the three basic parameters of power system better 
than today. Inclusion of renewable power sources is 
inevitable and that definitely requires smart grid 
technology to cover up energy demand. The modifications 
are surely expected in the distribution grid more 
dramatically because these PHEVs and battery cars can 
surely replace fossil fuels cars [14]. 

2-way communication between the network and 
electrically powered vehicles can balance the collective 
demand essential for charging by time-shifting demand 
loads to lower demand phases, for example during night 
[15]. PHEV charging comes under the category of demand 

side management problem. PHEV charging is a perfect 
scenario for demand response as the charging load is more 
springy and flexible associated to other housing loads. The 
charging administration is delivered at smart interfaces or 
smart sockets (SS) where there are solid two-way 
correspondence connections to the utility system. There 
are different competitor correspondence innovations 
accessible, both wired and remote (e.g., cell, WLAN, 
power line interchanges). Every PHEV has a wise agent 
that controls its charging system and trade different data 
(e.g. charging rate, cost, and so forth) with the network by 
means of the SS. The general construction is demonstrated 
in figure below [16]. 

 
 

 
 
People realize smart meters as the principal scheme in 

the process of implementation of smart network. The 
captivation of distant overseeing to the utilities is that they 
might not need to convey staff to peruse meters. Clients 
can evidently utilize the displays presented by the fresh 
meters to position their energy utilization more viably [17]. 

 
[18] 
 
 

VII. V2G: VEHICLE TO GRID 
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As it has been already discussed that energy can be 
potentially fed back to smart grid from vehicles, that’s why 
the term vehicle to grid is used. 

Electric vehicles, if fueled by batteries or fuel mixtures, 
have inside them the drive source. The fact when 
connections are further to license this power to spill out of 
autos to power lines; we term it vehicle to grid power or 
V2G. One appropriately planned electric vehicle can 
contribute 10kW, the regular pull of 10 houses [19]. 

VIII. CONCLUSION 
After putting thought into renewable transport, we can 

find ways of producing electricity more cheaply and in 
environmental friendly manners. PHEVs bring the 
concepts of a new source of income for the vehicle owner 
and adding energy to the power system according to 
demand. The practice of hybrid technology syndicates the 
finest of green aims in expressions of radiations and 
emissions, and the finest of commercial and consumer 
objectives in relations of power and performance. 
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Abstract: Photovoltaic (PV) Power systems have major 
impact on the energy scenario in all over the world, especially 
in developed countries. Although all the techniques  being 
used in most of the PV Power systems are not new, these 
systems received the attention of researchers to improve the 
efficiency in providing power quality improved, peak power, 
reliability and backup power to the power grid. All the PV 
Power systems require DC/DC power convertors to convert 
the generated power into the power that can be useful for 
consumer applications and/ or can be connected with utility 
grid. The DC/DC powers convertors are the major part of all 
renewable energy systems but in PV Power systems their role 
is more important and critical because these systems are very 
expensive power sources.  
These convertors need serious attention in designing so that 
they can provide peak power and performance. The power of 
PV module varies with which affects the performance of 
photovoltaic module. This paper will present the design and 
implementation of DC/DC boost convertor to provide a 
constant output voltage operating in continuous conduction 
mode with Maximum power point tracker (MPPT) using a 
PWM generator to generate Pulse Width Modulation signal. 
This is a close loop system which continuously measures 
reference voltage at load and the samples of voltage and 
current from O/P of PV module to get instantaneous power. 
By using PSIM and Pspice software DC/DC boost converter 
is also simulated  
Keywords: Solar Photovoltaic module, DC/DC boost convertor, 
Performance assessment, Maximum power point tracker, Pulse 
width modulation. 
 

Introduction 

Photovoltaic (PV) is one of the most important renewable 
energy (RE) technologies and the demand of PV 
installation both in grid-connected and off-grid modes is 
increased. Renewable Energy and technologies has been 
an increasingly demanding topic in this century due to 
different factors such as global warming and several kinds 
of environmental pollution. The growth rate of renewable 
energy is very fast as shown in Fig 1. Although in recent 
few years, due to the several initiatives the penetration of 
PV installation has increased frequently but still it has to 
be one of the main stream renewable energy technologies. 
The cost of installation of PV system is very high to 
produce required power level of electricity. It has very low 
conversion efficiency but high manufacturing cost of 
modules [1][2]. Hence it is very important but also critical 
to design the appropriate DC/DC power convertor and to 
assess its performance to capture maximum power from 
PV module along with efficiency. 

 
Fig 1 World Electric Power Generation by different kind 
of fuels, (2007 to 2035) [1] 
The most important challenge that needs to be addressed 
by DC/DC converter is to take the non-linear o/p of the PV 
source which changes with temperature and insulation and 
convert it in to required voltage level [3]. The main 
problem is that the electrical output power of PV module 
varies with weather and direction of PV panel due to which 
the PV module becomes non-linear power source and the 
maximum power point as mentioned in figure (5, 6) will 
move away from the maximum operating point of PV 
module. 
On the bases of these results a MPPT and DC/DC 
converter is deployed to maintain the required maximum 
power point of PV module. To achieve maximum power 
point many MPPT methods have been developed in past 
years such as fuzzy logic , perturbation and observe 
method [5], incremental conduction method [6] and 
microcontroller base method [7][8]. The main focus of this 
paper is to design a DC/DC boost convertor with maximum 
power point tracker to control the photovoltaic interface so 
that the operating point of module and load can meet at 
maximum operating point without considering the 
electrical power output of the module. The DC/DC boost 
convertor is connected between load and module to get 
constant output of 24V (led load) for all time, due to close 
loop feedback microcontroller based method and the 
continuous conduction mode of DC/DC boost convertor. It 
makes boost converter reliable and suitable photovoltaic 
interface. 
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Overview of Photovoltaic Cell 

Solar cell is second name of photovoltaic cell and the basic 
function of it is to convert directly the solar energy into 
electrical energy without any mechanical interference. It is 
a basic unit of all PV system. Like other electronic devices 
it is also a solid-state device made up from 
semiconductors. On the bases of efficiency and cost there 
are different types of photovoltaic cells. The efficiency of 
a cell depends on structure and material used. The reason 
behind different types of cells is to get maximum power 
from the cell and to maintain minimum cost. Maximum 
efficiency of sensitized Nand-crystalline cells that has 
been achieved in laboratory is 30% but in practical grounds 
the efficiency reduced to less than half of the 30% .  In 
maximum modules the cells are used which more 
expensive but has practical efficiency 18% the technology 
which is used to make these cells is crystalline silicon 
technology [9]. Performance of photovoltaic cell depends 
on different factors. 

1. Load resistance 
2. Sunlight intensity/irradiation 
3. Cell temperature 
4. Shading  

Overview of DC/DC Convertor 

In power electronics the DC/DC converters are very 
important and conversion technology is a major part of 
power engineering. These conversion methods and 
techniques have important applications in many industries 
like computer hardware industry, automotive industry and 
have gone from several development stages for more than 
half century. The voltage divider and potentiometer are 
simplest conversion techniques, but the efficiency of these 
conversion techniques is very low due to the output voltage 
is lower than the input voltage. There are more than 400 
prototypes of DC/DC converter established in last 65 
years. To fulfill the industrial needs many modern 
topologies and DC/DC converters were designed. On the 
basis of their functions there are different types of DC/DC 
convertors. 

1. Buck converter 
2. Boost converter 
3. Buck-boost converter 
4. Zero switch converter 
5. Zero voltage switch converter 

 
A. Analysis of Boost Converter 
Boost converter is a step up converter as the name implies, 
it step up the apply input voltage and gives output voltage 
greater than the input voltage and this converter made up 
of four elements as shown in figure 2, these are MOSFET, 
capacitor, diode and inductor. To operate the module at 
maximum power at all time the designed DC/DC boost 
converter is connected between the load and photovoltaic 
module. The MOSFET controls the converter and act as a 
switch. By switching the MOSFET output voltage 
controlled by changing the voltage of inductance which 

allows the photovoltaic module power the load at 
maximum voltage. In continuous conduction mode the 
operation of boost converter is analyzed.  

Figure 2 Step-up dc/dc converter [12] 
 

B. Modes of Operation of DC/DC converter  
There are two types of operation in which DC/DC 
converter can operate during transition from ON to OF 
state. 

1. In continuous conduction mode the current flows 
continuously from inductor and during full load 
operation it never drops to zero as shown in fig 3. 
From a given input signal the maximum power 
can be transferred due to this mode of operation. 

2. In discontinuous mode, the current falls to zero 
through inductor and it remains there until the 
next switching cycle comes as shown in figure 3. 
The applications where the maximum load 
current is very low this module is used and this 
gives small inductor size and large capacitor size 
to reduce voltage ripples and maintain output at 
constant level.  

 
Figure 3 Operation modes of converter [9] 

Maximum Power Point Tracker 

A maximum power point tracker works like an optimal 
electrical load for PV cell, which is used in solar array and 
it convert the power in voltage or current which is suitable 
to design the system for all type of loads. For the PV cell 
the maximums power output gained at a single operating 
point where the values of voltage and current results 
maximum. Unlike other systems that are used to rotate the 
module towards the sun light. The  maximum power point 
tracker is an electronic system that control the converter to 
enable the module operate at maximum operating power in 
all conditions. The main advantage of MPPT is reviled 
when there are clouds in sky or due to any other reason 
when the sunlight cannot gave maximum energy to the 
module. There are many types of maximum power point 
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tracker methods developed in last few years and these are 
[13]. 

1. Peak power point method. 
2. Artificial neutral network method. 
3. Open circuit voltage method. 
4. Perturb and observe method. 
5. Fuzzy logic method. 
6. Incremental conductance method. 

Without MPPT the required electrical power output cannot 
be achieved in different weather conditions so it plays very 
important part in PV system. 

Design and Methodology 

There are few steps in designing DC/DC boost converters 
and I will discuss these steps one by one in sequence. 
 
A. Block Diagram of System 
The DC/DC converter is used as an interface between the 
load and module as shown in block diagram.  By 
controlling the DC/DC boost converter the required output 
(24v) achieved. The microcontroller maximizes the output 
power all the time by adjusting the duty cycle. It is 
achieved by getting continuous the series of readings of 
reference voltage from the output of converter and the 
voltages and current from the output of module as shown 
in figure 3. 

 
Figure 3, Block diagram of system. 

  To change the duty cycle of converter microcontroller is 
used to increase or decrease the voltage applied to the 
PWM generator. 
 
B. Photovoltaic Laboratory Test Results 
 To achieve the input current and voltage of DC/DC 
converter the test is done in the laboratory using the setup 
shown in figure 5. To design a DC/DC converter the input 
power obtained from a photovoltaic module. The P-V and 
I-V characteristic curves in figure 6, and figure 7, show the 
power. The photovoltaic module is tested in lab with given 
specifications to determine characteristic curves. 
Specification showed in table 1. The test is done with 
radiation of 370W/m2, 660W/m2, 1000W/m2 and with 
variation of load resistance. 

 
Figure 4, laboratory arrangements for photovoltaic unit. 

The power, current and voltage at maximum power point 
are shown in figure 5 and figure 6, which depicts the 
change in maximum output power of photovoltaic module 
with the change in radiation. To measure the irradiation at 
different level a pyranometer is used a halogen lamp is 
used as a sun in laboratory. The output at paranometer is 
0.2mV per W/m2.  
The parameters of photovoltaic module are illustrated in 
table 1, at STC. The value of output power was different 
when compared with datasheet of photovoltaic module 
because the experiment has done in laboratory with 
artificial sun light.  
 

 
Table 1: Technical data sheet of photovoltaic module 

 

 
Table 2: Test results of photovoltaic module at different 

radiation. 
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Figure 5, P-V Curve at different irradiation level 

 
Figure 6, I /V characteristic curve at different irradiation 

level 
C. DC/DC Boost Converter Design and Result Analysis  
 
As mentioned the DC/DC boost converter is used as a 
photovoltaic interface and to get required 24V output 
voltage the converter designed to step up the voltage. To 
achieve this some specifications of converter are assumed 
as shown in table 3. 
Specifications  Values  Unit 

Input current  0.159  Amps 

Current ripples  0.0159  Amps 

Output voltage  24  Volts 

Voltage ripples  1.2  Volts 

Input voltage  15.9  Volts 

Switching 
frequency 

20000  Hertz 

Input power  2.55  Watts 
Table 3, Design specifications. 

Figure 7 DC-DC boost converter simulations Circuit 

The figure 8 shows the practical values and the figure 9 
shoes the simulated results and compare the both results 
which depicts that there are more fluctuations in practical 
output then the simulated output which is almost smooth 
till the end. 
 

 
Fig.8. Output voltage of boost converter. 

 
Figure 9, output voltage ripple, ΔV 

 

 
Figure 10: MOSFET ON and OFF time. 

The switching speed of power MOSFET of boost converter 
should be fast enough it can avoid the saturation of the 
inductor. If there will be no saturation then it enable full 
control of maximum power point. From the above results 
it is clear that by using this design the performance of 
photovoltaic system will increase when the boost converter 
will use as interface in this system. 

Microcontroller 

Microcontroller is one of the most important parts of this 
system, by sending DC voltage doing some calculations 
and comparing them with the reference output values and 
then send to the pulse generating circuit it change the duty 
cycle of boost converter according to change in demand of 
power. Due to this feedback technique it is very easy to get 
continuous power of electrical output voltage. 
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Circuit of Pulse Generator 

Pulse generator circuit is used to generate a pulse width 
modulated signal, which is a main part of the system and 
due to this MPPT can determine the change in duty cycle 
and boost converter can produce steady state output 
voltage. In this paper pulse generator is used to produce 
pulse width modulation/duty cycle. 

Implementation 

A. Schematics of Propose Design 

 
Figure 13 schematic of propose system diagram 

 
B. Discussion and implementation of results 
By using selected parts and Pic microcontroller is replaced 
by voltage source. The voltage source representing the Pic 
microcontroller is changes to change the duty cycle to get 
the required output with the change of input voltage of 
photovoltaic module, but the required output is taken by 
this practical experiment. The photovoltaic output results 
are 15.8V with 31% duty cycle, 14.3V with duty cycle 39% 
and 13.5V with duty cycle 44%. 
Experimental results of boost converter that are 33% duty 
cycle with input of 15.9V which is output of photo voltaic 
module and gave the output of 24v as required are the same 
as taken from simulation results of figure 9. But there is a 
clear difference in peak to peak voltage of signal having a 
peak to peak voltage 16V in simulation setup but in 
practical setup it is very small value 6.65V and this 
difference is due to the external resistance of  MOSFET, 
the purpose of this resistance is to increase the gate current 
of MOSFET. When the output of photovoltaic module was 
15.9V to achieve required voltage and in this case some 
voltage is generated by microcontroller. 

 
Figure 16 O/P voltage of boost converter (23.8V) and 

duty cycle (33.6%) at MOSFET gate. 

 
Figure 17 output voltage ripple 

A bigger capacitance is used in practical implementation 
but in theoretical calculation to generate this voltage ripple 
a smaller capacitor is suggested but due to this change the 
voltage ripple changed from 1.2V expected to 1.6V 
practical but the positive point in it is that it has no impact 
on our required output voltage. From all calculations and 
results it pretty much clear that DC/DC boost converter by 
changing duty cycle can boost the power to maximum 
power whenever output changes of photovoltaic module 

Conclusion 

The main goal of this paper is to increase performance of 
PV system after implementation of DC/DC boost 
convertor and maximum power point tracker and PWM 
generator. As per the experimental outputs, the 
performance of PV system is increased and satisfactory. 
The overall efficiency of PV system is achieved by 
designing DC/DC boost converter, Pulse width modulation 
generator. When the boost converter is used between the 
load and PV module the performance of system is almost 
same under different weather conditions either it is sunny 
day or cloudy day. The implementation testing shows the 
PV module response under different irradiations. 
 
. 
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Abstract- The sustainable energy plays increasingly greater 
role in the world because of environmental issues and the fact 
that we are running short on fossil fuels. There are several 
sustainable alternatives to fossil fuels such as wind energy, 
solar energy, hydro energy, thermal energy with almost 16% 
of global energy being produced from renewable energy 
sources and the target is to produce 20% of global energy 
from renewable sources by year 2020. Solar power is a 
commonly used renewable energy source mainly because sun 
light is widely accessible. Unfortunately harnessing solar 
energy may not always be profitable, if solar energy is cost-
efficient can be determined from energy prices, solar power 
plant installation costs, upkeep and average intensity of 
sunlight. Every region has its own unique weather conditions, 
economic and political situation which determines 
sustainable energy prices and solar power plant 
installation/upkeep costs in region.  

This research will look at the solar energy in Baltic States, 
will evaluate solar power costs and will look at many 
possibilities to make profit selling solar power. Research will 
introduce close approximation in costs and earnings using 
photovoltaic panels and will suggest optimal solutions for 
maximum revenue in Baltic States. 

Keywords: Solar power, Renewable energy source, 
Photovoltaic panel  

I. INTRODUCTION 

The energy from sunlight has been available as long as 
sun has existed. Sun formed 4.49 billion years ago [1] and 
one of the most common way of harnessing solar energy is 
through the process of photosynthesis. Through the effect 
of photosynthesis fossil fuels formed many years ago and 
in present days these fossil fuels produce major portion of 
world energy. Fossil fuels form within long period of time 
[2] and that is the reason why in present days world is so 
focused on establishing a good renewable energy 
infrastructure. The energy of sunlight can be harnessed not 
only by creating the biomass, but also generating electrical 
energy using Photovoltaic (PV) cells. In 1839 the nineteen-
year-old Edmund Becquerel, a French physicist, 
discovered the PV effect while experimenting. But it took 
more than a hundred years of development and 
improvement until production of PV cells for commercial 
needs. Only in 1955 company named Hoffman Electronics 
Semiconductor Division announced a commercial PV 
product with 2% efficiency [3]. In present days a 
commercial PV panel has an average efficiency of 15% 
which is a significant improvement. Of course there are 
few experimental PV panels with much higher efficiency, 
but they are not commercially available [4]. It is also 
possible to use energy from sun to generate electricity with 
concentrated solar power (CSP). While PV panels generate 
electrical energy using photovoltaic effect the CSP 
harnesses energy from sun using lenses and mirrors to 
redirect light into a single concentrated spot [5] .Solar 

energy is also environmentally clean, and is free of charge, 
but exploiting the sun’s power is not without challenges. 
One of the challenges is cost-efficiency, to determine cost-
efficiency we need to compare capital and upkeep costs 
with earnings selling energy and savings made. 

There is a huge difference between solar radiation on 
earth and solar radiation on the surface of atmosphere 
because of  atmospheric interference as well as cloud 
interferences with light radiation [6]. Huge part of solar 
radiation is absorbed before solar radiation reaches the 
surface of earth also sun rays do not fall perpendicularly 
towards surface for extended period of time [7], [8]. Since 
PV cell generates energy from solar radiation we can now 
see a clear correlation between geographical placement, 
weather conditions and time of a day to PV panel 
efficiency. Also climate is changing and therefore it is 
possible only to predict changes and how those changes 
will affect modern world since climate is changing 
abruptly. It is still unlikely to encounter abrupt climate 
changes in near future, because for abrupt climate changes 
to happen climate must pass threshold [12]. Hence every 
place would generate different amount of solar power by 
using the same PV panel due to climate and geographical 
location.  

II. CLIMATE AND ITS INFLUENCE ON SOLAR 

ENERGY  

Baltic States consists of three member countries: Latvia 
(LV), Lithuania (LT) and Estonia (EE) which are located 
north-east of Europe. All of the three countries has 
coastline with Baltic Sea which directly influences climate 
in Baltic States. Baltic States does not have a typical 
weather pattern, because of Azores High. Still it is possible 
to determine average sun irradiation, but due to global 
climate changes it is possible to offer only estimates, since 
depending on how the climate changes will affect Baltic 
States and therefore would also affect efficiency of solar 
power plants. Research on average sun irradiation and 
solar electricity potential has been done by Joint Research 
Centre (JRC) from European Commission. In Fig. 1, Fig. 
2 and Fig. 3 is shown yearly sum of solar electricity 
generated using 1kWp system that has a performance ratio 
of 0.75. Than brighter the area than more solar electricity 
can be generated there [9], [10], [11].  
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Fig. 1 Yearly sum of global irradiation for Estonia [11] 

 
As seen in Fig.1 the highest possible solar electrical 

energy that can be generated in a year is at the Western 
parts of Estonia. Similar situation is seen in Fig.2 where at 
the South-West of Latvia global irradiation is considerably 
greater. Therefore installing any solar energy systems in 
those parts would generate more solar electrical energy.  

 
 Fig. 2 Yearly sum of global irradiation for Latvia [11] 

As seen in Fig.3, Lithuania has a similar situation as 
Estonia and Latvia. Highest PV efficiency is at Western 
part of Lithuania.   

 
Fig. 3 Yearly sum of global irradiation for Lithuania [11] 

Climate brings various problems for PV or CSP solar 
system upkeep. In winter solar panels might get covered 
by snow and block solar radiation therefore reducing solar 
energy generation from PV panels. Dust can form and start 
covering PV panels as well as in autumn falling leafs may 
fall on to PV panels and block the sun radiation again. All 
of it can either bring unnecessary upkeep or increase 
capital costs by either using more advanced self-cleaning 
PV systems or by installing cleaning mechanisms to 
already existing systems. 

III. POLITICAL AND ECONOMICAL SITUATION  

Countries from Baltic States only recently gained 
independence which is the main reason for a poor 
infrastructure and low Gross Domestic Product (GDP) per 
capita. GDP per capita shows GDP divided by number of 
people in country. Baltic States depends on energy import 
from Russia, in effort to reduce amount of imported energy 
Baltic States are focused to improve renewable energy 
sector. While Estonia and Lithuania have moderate goals, 
Latvia has set the most ambitious goal for renewable 
energy production. To achieve these goals, countries are 
passing various laws that would favour wind, solar, 
biomass or hydro electrical energy production over 
electrical energy production from fossil fuels. In order to 
produce domestic electricity, each country depends on 
different resource. Estonia depends on oil shale, Lithuania 
used to produce most of its electricity from nuclear power 
plant which was shut down due to EU regulations, 
therefore making energy production very low and Latvia 
mainly depends on hydro power plants [14]. Lack of 
domestic energy and EU legislations for renewable energy 
sources makes Baltic States to pay more attention to the 
construction of small and medium renewable electrical 
power stations.  Even with favourable conditions Baltic 
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States still faces serious issues, because GDP per capita in 
Baltic States is relatively low compared to other EU 
member states [13]. Since Baltic States have relatively low 
GDP per capita it means that less people will be able to 
afford solar panels or wind turbines, even if in long terms 
power stations would produce profit from energy 
generation.  

To gain the most benefit from generated electrical 
energy, need to either fully utilize generated energy within 
household or to sell it into grid. In Latvia law dictates that 
a household is able to sell generated solar electrical energy 
to grid as long as current does not exceed 16 ampere in 400 
voltage grid [15]. Feed-in tariff price depends on company 
that supplies electricity, making it more useful to utilise 
generated solar electrical energy to heat up water and store 
it for a latter use. To increase domestic electrical energy 
generation the Parliament in Estonia has set feed-in tariff 
schemes, which allows to sell electrical energy into grid. 
Mandatory price for selling produced electricity from 
renewable sources into grid is EUR 0.07/kWh and owners 
will receive aid of EUR 0.05 /kWh for selling renewable 
energy into grid. This act came into force on 1 May 2007 
[16].While Estonia and Latvia encourages production of 
solar electricity, Lithuania focuses on hydro, wind energy 
and biomass [17].  

Prices for solar modules have been falling rapidly since 
year 2012 and is expected to fall even lower. In early 2012 
overcapacity in stocks of manufacturers may have been the 
cause of rapid price fall for solar modules [18]. Such a 
market trend is not necessarily a negative thing since it 
makes solar modules more affordable for general public 
and cheaper solar modules means that more people may be 
interested in energy generation from solar energy source, 
therefore increasing solar station construction quantities in 
world. 

At the moment generation of solar electrical energy is 
more expensive than generation of electrical energy from 
other sources. Government intervention with policies of 
benefits for solar energy power plants is crucial for 
development of solar energy [19]. By developing feed-in 
tariff schemes, government can allow selling produced 
solar energy into grid and can attract investors by allowing 
them to make profit from generation of electrical energy. 

IV. EFFECTIVE SOLAR ENERGY GENERATION 

Solar PV panels generates electrical energy through the 
day and not necessary when needed. This brings whole set 
of new problems as to what to do with electrical solar 
energy while not using or using very little of generated 
energy. Solution may be to feed excess energy into grid 
and to be paid for sold electrical energy, but this option is 
under heavy regulations from government. Another way 
would be to use excess solar energy to heat up water in 
boiler, although this option is much easier, it also greatly 
increases capital costs. 

There are several ways of harnessing solar energy. It is 
possible to harness solar thermal energy and use it for 

heating in most cases thermal solar energy is used to heat 
the house, swimming pool or water in boiler. It is also 
possible to use solar thermal energy to drive an air 
conditioning system which would cool the house. 
Therefore making solar thermal energy useful not only in 
cold seasons, but also in warm time periods. In more 
complex systems we can use solar thermal energy to 
generate steam which in return would turn turbine and 
therefore would generate electrical energy [20]. 
Meanwhile solar PV cells allows generation of electrical 
energy directly without complex mechanical systems that 
involves converting thermal energy into steam and finally 
into electrical energy. PV panels produces solar electrical 
energy regardless if it is needed. Storing electrical energy 
for later use is considerably harder than thermal energy. 
Although it is possible to install electrical energy storage 
systems to use electrical energy on peak hours, it is still 
expensive and increases energy loses in system. 
Photovoltaic thermal (PV/T) systems introduces ability to 
harness both thermal and electrical solar energy. These 
hybrid systems can harness thermal and electrical energy 
at the same time. PV/T systems can be flat plate modules 
or work in same manner as CSP systems [21]. The 
difference between the two lies in the fact that, while PV/T 
systems can harness light and thermal energy from sun, 
their systems costs are much higher than regular PV 
system. However it is important to mention that heat and 
electrical energy generation makes PV/T systems more 
useful in areas without feed-in or with low feed-in tariff 
schemes. 

V. COST EFFICIENT USE OF PV PANNELS 

There are many companies that promises huge savings 
and possibly massive profit if someone would use their 
particular product. It all may look nice and appealing 
unfortunately it is not always the case. If it is true depends 
on energy prices and how much electrical energy can solar 
energy system generate. 

In Estonia energy policy allows to sell generated solar 
electrical energy for 0.12 EUR per kWh [16], while price 
for electrical energy is 0.135 EUR per kWh.  

TABLE 1 
ELECTRICAL ENERGY PRICES IN 2013 [13] 

Even with aid of EUR 0.05 per every kWh generated 
from renewable energy sources, it is still more efficient to 
use produced solar energy in household than to sell it into 
grid, because savings from utilizing produced electrical 
energy within household would be more beneficial. West 
part of Estonia with clear skies can yield up to 900 kWh of 
solar electrical energy in a year with 1kWp solar system 

Country Cost of 
Energy for 
households 
(EUR/kWh) 

Cost of Energy 
for industry 
(EUR/kWh) 

Estonia 0.135 0.097

Latvia 0.138 0.113

Lithuania 0.137 0.123
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that has a performance ratio of 0.75, selling this energy 
would earn up to 108 EUR per year (1) while if all 
produced energy is utilized within household savings 
would reach up to 121.5 EUR per year (1).  

T= earnings made from generated solar energy (EUR) 
Eproduced= solar energy generated (kWh)  
Tenergy= energy price (EUR/kWh). 
Eproduced*Tenergy=T     (1) 

Latvia presents opportunity to sell produced solar 
electrical energy into grid and aids production of electrical 
energy from solar energy source with policies. depending 
on the region of operation feed-in energy prices varies, 
therefore making calculations on earnings from sold solar 
energy into grid very difficult. In west of Latvia, where 
yearly sum of global irradiation is the highest, using the 
same PV system as in Estonia would save up to 134.55 
EUR per year (1). 

Lithuania has policies regarding renewable energy 
sources, but don’t have a policy regarding solar energy 
feed-in tariff schemes. However in the Western parts of 
Lithuania, same solar energy system can save up to 133.58 
EUR in a year from electricity bills (1). 

VI. CONCLUSION 

While solar energy systems have many advantages they 
are still expensive compared to other renewable energy 
systems and would be beneficial only in long terms.  
Market prices for solar modules are still falling, means that 
in near future costs for purchasing and building solar 
power plant. Fossil fuels resources are limited and using 
fossil fuels for energy generation produces CO2 emissions, 
which contributes to global climate changes [22], while 
energy generation from renewable sources such as sun or 
wind produces 0 CO2. At the moment electrical energy 
generation from solar energy is not the first choice among 
energy sources, but this may change in future. Once fossil 
fuels will become very scarce, energy prices will raise 
therefore increasing cost-efficiency for energy generation 
from renewable energy sources. Small households with 
relatively low energy consumption should consider PV and 
PV/T solar modules as a means to reduce energy 
consumption, but it is still too early to construct solar 
power plants to sell generated solar electrical energy in to 
grid. Further research is needed for medium and large solar 
power plants as well as evaluation of CSP solar systems.  
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Abstract- Cloud computing is the next stage in the 
evolution of the internet that keeps growing in popularity as 
more organizations are adopting this technology. Cloud 
computing is simply the delivery of resources and services to 
organization’s devices and computers through the internet. 
It provides services that are mainly categorised into: 
Infrastructure-as-a-service (IaaS), Software-as-a-service 
(SaaS) and Platform-as-a-service (PaaS). These service 
models will be properly explained in this paper.  

Organizations like Microsoft, Google and Amazon have 
profited greatly from cloud computing as it offers benefits 
such as cost efficiency, backup and recovery, almost limitless 
storage etc. Although, cloud computing has tons of economic 
advantages, it also poses several security challenges in the 
area of data protection and privacy, which questions the 
effectiveness of transitioning to the clouds.  

This paper aims to describe cloud computing and discuss 
the security threats associated with it and how these threats 
can be controlled.  There are high security risks associated 
with moving an organisation’s sensitive data and resources 
to centralized data centres as it is done in cloud computing 
and the management of these resources may not be trusted . 
It is very essential for providers of cloud services and 
organisations that use cloud services to evaluate the security 
requirements that are necessary for cloud computing as 
explained in this paper, before fully embracing this 
technology.  
Keywords: cloud computing, Security requirements, 
Infrastructure-as-a-service, Platform-as-a-service, 
Software-as-a-service. 
  
 

I. INTRODUCTION  
   Over the years, numerous efforts have been made by 
computer scientist to free computer users from computer 
hardware needs. This is becoming a reality as major 
organisations are embracing technologies like cloud 
computing [1]. Cloud computing provides services such as 
storage and computing resources to various people over 
the internet. According to NIST, the essential 
characteristics of cloud computing are: 

 Rapid elasticity: this means that cloud resources 
and services can be delivered in a rapid and 
elastic manner. These services seem unlimited to 
consumers and can bought at any time in any 
quantity [2]. 

 Resource pooling: cloud resources are grouped 
together to attend to various users by applying the 
multi-tenant model [2].  

 Measured service: the usage of cloud services 
can be kept under control, measured and 
accounted for, and this provides both the cloud 
users and provider with transparency [2]. 

 Broad network access: different platforms (e.g. 
mobile phones, tablets, PCs etc.) can be used to 
access cloud capabilities over the network using 
standard mechanisms [2]. 

 On demand self-service: a user can access 
computer services like applications, emails, 
network services etc without the requirement of 
any form of direct interaction with each service 
provider [2]. 

 
  The major success factors for emerging technologies 
such as cloud computing include its effectiveness, easy 
usability and the level of information security [3]. 
Although, cloud computing is very beneficial to many 
organisations and the cloud stakeholders, lots of 
organisations are holding back from adopting the 
technology due to security issues and concerns [4]. 
 

II. DEFINITION 
 
  Cloud computing mainly focuses on the delivery of 
computer resources to users from locations different from 
theirs. The ‘cloud’ in cloud computing is a metaphor that 
refers to the internet and it is often referred to as ‘Internet 
computing’. In cloud computing, the storage of data and 
resources are in the number of distributed computers in the 
internet as opposed to the traditional method of storing 
them in local computers and servers. The whole system is 
divided into the Front end and Back end segments. The 
Back end is responsible for providing services to the front 
end which is the user, and these two segments connect to 
one another through the internet [5]. According to [6], 
cloud computing is simply using the internet as a means to 
provide computer services to individuals and 
organizations. The services provided by cloud computing 
are universal and can be accessed by consumers from any 
location using internet connected devices such as mobile 
phones, workstations, tablets etc. Cloud service providers 
are liable for ensuring that resources and services are 
available to users when requested and this makes cloud 
computing cheap for clients because, resources are 
accessed by users without them bothering about the 
management and maintenance of these resources [6]. 
 

III CLOUD COMPUTING  ARCHITECTURE 
   The cloud computing architecture consists of all the 
elements that make up the cloud network. The architecture 
can be classified based on the different types of cloud 
computing, service models and cloud computing 
stakeholders. 
 
Types of cloud computing 
 
The following are the types of cloud computing available: 
-Public cloud: this is when cloud providers make various 
resources available to the public to use and register. Cloud 
services provided are sometimes free or not [11]. 
-Private cloud: this is when cloud services are made 
available for the internal use of specific organizations and 
not made available for public use [11]. 
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-Hybrid cloud: in hybrid cloud, the cloud provider’s 
service is in two parts; one part is the private part that can 
only be accessed by authorised users and the other part 
which is the public part can be accessed by members of 
the public [11]. 
 
Service models 
 
  Cloud computing can be deployed in different ways 
depending on the requirements and purpose of its use. The 
service models available in cloud computing are: 
-Infrastructure as a service (IaaS): this is when regular 
infrastructure required like storage, rent processing etc. is 
made available as a service to consumers [8]. IaaS 
facilitates consumers with the ability to manage 
applications and storage but they have no control over the 
infrastructure [5]. Consumers attain rapid service delivery 
for lower cost because, they only pay for the period of time 
they use services provided to them [9]. Examples include 
Flexiscale, Amazon Elastic Compute Cloud (EC2), Joyent 
etc [10]. 
-Software as a service (SaaS): cloud consumers are 
provided with the ability to use the software’s hosted on 
cloud server based on their requirements [6]. SaaS is very 
cheap and can be accessed from any location with a device 
connected to the internet such as tablets, PCs and mobile 
phones. Examples include Google docs, Flickr and cloud 
drive [10]. 
-Platform as a service (PaaS): platform access is given to 
clients in order for them to move their software and 
applications to the clouds. They can manage and control 
their applications but they have no storage and server 
controls [5]. Microsoft’s azure and Google Apps are good 
examples of PaaS [10]. 
 
Stakeholders 
 
  The cloud computing stakeholders are people that 
employ and provide cloud services. Individual stakeholder 
has some security concerns that may go against the 
security needs of other stakeholders. The major 
stakeholders in cloud computing are: 
-Cloud consumers: they make use of the infrastructure 
available on the cloud [7]. 
-Cloud providers: they are responsible for the delivery of 
infrastructure to cloud consumers [7]. 
-Service providers: they deliver services to users by 
making use of the infrastructure available in the cloud [7]. 
  In summary, services such as software infrastructure, 
network, storage, and platform delivered in the cloud 
deployment network scale upward or downward the model 
based on the requirements of the cloud client. Business 
managers should take into consideration the different 
security requirements for cloud computing before 
deploying any type of cloud network. Also, the 
information security level of each deployment model 
should be critically evaluated before making deployment 
decisions. 
 

IV. CLOUD SECURITY REQUIREMENTS 
 
  Cloud computing offers benefits such as almost limitless 
storage, cost efficiency, backup, and recovery, but also 
arouses critical issues particularly in the area of the 

security level rendered by the technology. Security 
management is the major challenge faced when enforcing 
cloud computing technologies. The following security 
requirements for cloud computing should be critically 
evaluated by security officers of organisations before a 
transition to the cloud is made: 
 

A. Service and data availability 
 

  This is the key element of cloud computing security 
requirements. This is because a cloud can be generally 
access over the internet and cloud providers must ascertain 
that consumers have regular access to their data and cloud 
infrastructure [12]. They should also ensure that provision 
for a new location of client’s data can be made available 
in case the current environment is unavailable or 
compromised [13]. Also, this should be a major 
consideration for cloud consumers that allocate very 
important infrastructure to the cloud. 
 

B. Identification and authentication 
 

  In the cloud computing network, users of the network 
must be set up and given access permissions and priorities 
appropriately based on the type of cloud and delivery 
model in use [13]. This is a way to ensure that users can 
be verified and validated individually by utilising 
passwords and usernames to protect their profiles in the 
cloud [13].  
 

C. Authorisation 
 

  This is a very significant security requirement to consider 
in cloud computing deployment. It is a way of ensuring 
that the referential integrity in cloud computing is 
sustained. This works when privileges and controls are 
exerted across the process flows within the cloud network 
[13]. 

D. Confidentiality and privacy 
 

  Confidentiality plays a dominant role in ensuring that 
organisation’s data and information spread across 
collective distributed databases are under proper control 
[13]. This is compulsory when operating public clouds by 
reason of its accessibility attribute. The affirmation of the 
confidentiality of user’s cloud profiles and the protection 
of their data favour the imposition of Information security 
protocols at distinctive levels of cloud computing 
applications [13]. 
 

E. Regulation and legislation compliance 
 

  The applicable type of cloud should be determined once 
the data stored and transferred across the cloud 
architecture come under certain regulatory compliance 
restrictions. The issue of privacy in cloud computing is of 
extreme importance; therefore, preventive controls should 
be put in place to forbid privacy violation [12]. 
 

F. Disaster recovery and business continuity 
 

  Cloud providers should be able to provide a full 
restoration of client’s data in case of security incidents 
[13]. Insurance should be acquired by both providers of 
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cloud services and users to ensure that the cloud services 
continue in the event that security disasters occur. In 
addition, recovery procedures should be treated and 
covered understandably in order to reduce the downtime 
length [12]. 
 

G. Risk tolerance 
 

  Before cloud users decide to put their data assets and 
infrastructure into the cloud, they should have a very clear 
understanding of the global risks involved with the 
process. A precise prediction of risk events should be 
provided based on the effect and rate of occurrence of 
unidentified threats [12]. The risk analysis process is more 
demanding in cloud computing because most of the 
processes cannot be carried out as it is done in traditional 
networks [12]. 
 

H. Cost effectiveness 
 

  One major technique used by cloud providers to promote 
their solutions is that it is cheaper to use their solutions 
instead of getting full software/hardware architecture [12]. 
Cloud providers should ensure that their cloud-based 
services include security functions to enable the safety of 
clients’ data and infrastructure [12]. Also, users should be 
provided with potent arguments to make them entrust 
cloud providers with the security of their data and 
infrastructure. 
 

IV. CLOUD THREATS AND THEIR CONTROLS 
 

  There are several security threats that hinder cloud users 
from enjoying the benefits of cloud computing fully. This 
segment examines the major security threats currently 
present in the cloud network and ways in which these 
threats can be mitigated.  
 

A. Disreputable use of the cloud 
 

  The registration system available in cloud computing is 
not very strong; anyone with a valid credit card (possibly 
stolen) can employ a cloud computing solution and this 
can facilitate a person with malicious intent to insert 
malwares and spam or even execute illegitimate actions in 
the cloud [14]. 
 
Control 
 
  This particular threat can be controlled by ensuring that 
both registration and validation processes for cloud 
models are made stringent. Also, security measures should 
be implemented to monitor and coordinate credit card 
fraud.  
 

B. Malicious insider 
 

  This threat constitutes attacks from present employees or 
ex-employees or an employee from the cloud provider’s 
organisation that somehow gains legitimate access to data 
stored in the cloud and compromises the confidentiality, 
integrity and availability of such information [14]. They 
can do damage to organisations and assets and also cause 
financial and productivity loss [15]. 

 
Control 
 
  To mitigate this threat, human resources needs should be 
specified as part of legal contracts, an extensive 
assessment on cloud providers should be organized in 
other to have a clear insight on information security 
processes and compliance reporting. Also, policies should 
be put in place to address and punish issues concerning 
data breach. 
 

C. Data loss or leakage 
 
  This arises when data available in the cloud is changed, 
modified and appropriated in an improper manner [14]. 
The leakage or loss of data has a negative impact on the 
brand and reputation of organisations. It is mostly caused 
by disaster recovery, deficient authorisation and 
authentication, discrepant application of encryption keys 
etc [15]. 
 
Control 
 
  One way to mitigate this threat is to ensure that data that 
is being transmitted within the cloud network is encrypted 
and to protect the integrity of such data. In addition to that, 
the data security level at runtime and design level should 
be properly analysed. Other ways to curb this threat is to 
implement very strong storage, key generation and 
management systems. 
 

D. Insecure APIs and interfaces 
 

     Organisations may be opened to series of security 
threats like unlawful authorisation, reusable passwords, 
limited monitoring and anonymous access if weak 
interfaces and APIs are employed [15].  
 
Control 
 
  This threat can be mitigated by ensuring that a critical 
analysis of the security level of the cloud provider’s APIs 
and interfaces is carried out. Furthermore, secure controls 
for access and authentication should be implemented. A 
form of encryption can be used to transmit contents across 
the cloud network and the dependency chained connected 
to the API needs to be plainly understood.  
 

E. Service hijacking 
 

  This happens as a result of fraud, phising and exploitation 
of software vulnerabilities. Credentials could be stolen by 
attackers and used to gain unauthorised access to vital 
portions of the cloud services provided and compromise 
the availability, integrity and confidentiality of such 
services [14]. 
 
Control 
 
  One major way to mitigate this threat is to forbid account 
credentials from being shared between services and users. 
Another way is to enable the multi-factor authentication 
procedure anywhere it can be enabled. Also, strong 
monitoring systems should be enforced to spot and expose 
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illegitimate activity.  
 

F. Loss of governance 
 

 Cloud clients entrust the cloud provider with the control 
over certain issues when utilizing the cloud infrastructure. 
In some situations, Service Level Agreements may not 
have any allegiance on the cloud provider’s part to 
administer such services, therefore leaving a huge gap in 
security defences [15]. The loss of governance over 
certain issues could cause lack of integrity, availability 
and confidentiality of data 
.  
Control 
 
  Meticulous and relentless efforts should be exercised by 
organisations that are contemplating cloud services to 
execute Service Level Agreements (SLA). This is because 
of the non-availability of particular standards related to 
cloud computing security available in public. 
 

G. Compliance risk 
 
The lack of control over audit and assessment of industry 
standards is the major cause of this threat. As a result of 
this, cloud clients cannot view the procedures, practices 
and processes of cloud providers. Therefore, organisations 
might be at risk when adopting cloud computing since 
cloud providers may not provide evidence of compliance 
and may not allow cloud consumers carry out an audit 
[15].  
 
Control 
 
  To control this threat, cloud clients must ensure that the 
internal audit process of the cloud providers is properly 
investigated. Again, clients should ascertain that external 
agencies can audit the process and ensure that it is 
accessible for compliance auditing. 
Cloud clients can enjoy the benefits of cloud technology 
in spite of security concerns they might have if the 
appropriate cloud model and security architecture for it is 
deployed. Security architectures can be used by 
organizations to protect themselves from cloud computing 
threats and attacks. Proper security architecture should 
have the following: 

1. Increased availability 
2. Single sign-on 
3. Virtual machine security  
4. Single management console 
 

V. CONCLUSION 

 
  Some security requirements for cloud computing have 
been discussed in this paper, as well as security threats that 
could form the basis of several attacks on the cloud 
network and their mitigations. Therefore, organisations 
utilizing cloud computing should be mindful of the 
security issues of cloud computing. They should review 
the cloud security requirement as discussed in this paper. 
In addition, necessary security measures should be put in 
place to protect the organisation against different forms of 
attacks and threats in the cloud so that the benefits of cloud 
computing can be enjoyed fully   
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Abstract - The Internet and computing are now an 

integral part of daily activities ranging from learning, 
communication, shopping, and entertainment. The 
advent of Internet and emerging growth of Information 
Technology (IT) Infrastructure and online business has 
led to much consideration being given to cost-profit and 
savings, and business agility at the expense of 
environmental impact of IT. 

Cloud computing has been an enabler of IT services 
which could be realised with minimal management by 
the service provider as at when needed from a pool of 
readily available infrastructure resources. It has shown 
multiple positive impacts both economically and 
environmentally when compared to the traditional 
computing; the service models and the characteristics 
of cloud computing that makes this possible are 
identified and addressed.  

This paper will elaborate cloud computing benefits to 
sustainable environment by addressing the key factors 
that has influences the reduction of IT infrastructural 
impact to the environment; of which are server 
utilisation, multi-tenancy, dynamic positioning and 
data centre efficiency.  

In conclusion, it is expected that the outcome of this 
research will encourage the adoption of server 
utilisation, multi-tenancy, dynamic positioning and 
data centre efficiency to address environmental 
degradation, energy usage and carbon footprint impact 
while encouraging organisations to pursue 
sustainability plan as such make earth environmental 
friendly. 

 
Keywords: Carbon Footprint, Cloud Computing, 

Information Technology, Sustainable Environment 
 

I. INTRODUCTION 
The tremendous influence of Information Technology 

(IT) services over global activities in every sectors of the 
economy has yielded unprecedented efficiencies for 
business growth and agility. Considering the enormous 
adoption of internet Smartphone and other IT devices, 
which has contributed to more energy consumption, in 
effect, our planet has suffered degradation by the ample 
usage of energy and increase emission of greenhouse gas 
(GHG). However, research has estimated that Information 
Communication and Technology (ICT) contribute about 
2% of the total global carbon emission and that [1], 
between 2002 and 2020, the data centres environmental 
carbon footprint is to more than  triple [2]. This has 
necessitated the emergence of cloud computing as a 
technology that would not only enabled IT services to be 
readily available and delivered customers on demand 
services through the Internet but would also reduce the 
related impact of IT industries on carbon emissions. 

Environmental sustainability and cloud computing has 
been a transformative trend in business and society; as such 
society at large has been a heavy users of cloud enabled 
services (like online gaming, email, mobile applications 
and social media) some of which is not known and 
moreover emphasis have been made to reduce 
environmental carbon footprint [2]. The cloud providers 
have implemented various technologies in order to achieve 
a sustainable environment, and optimise its services to the 
users as well as reduce the energy usage and carbon 
emissions to the environment.  

This research paper will address the characteristics of 
cloud computing and its service models. It will further 
highlight the sustainable environment where green 
technology plays a major role. Then elaborate the benefits 
of cloud computing to the sustainable environment by 
looking at various key factors that drive the sustainability 
of which are server utilisation, multi-tenancy, dynamic 
positioning, and data centre efficiency with other 
necessary key factors and drivers.  

 
II. CLOUD COMPUTING 

The emergence of cloud computing has been as a result 
of required improvement and efficiency to IT services 
while rendering minimal services from a pool of readily 
available infrastructure resources to the users or customers. 
This has presented overall potential benefits from financial 
- low or no initial cost to acquire and to sharing centralised 
managed resources and reduction to carbon footprint.  

 
A. Definition  
 

Even though there has been various definitions of cloud 
computing, Mell and Grance of National Institute of 
Standards and Technology (NIST) in [3], describe it as the 
model that is everywhere at once, conveniently network 
access to a shared pool of resources which can be released 
to users through the cloud service providers connections as 
at when needed [4]. According to Rawai et al [5], cloud 
computing is cost effective and energy-efficient 
technology that uses internet connection in supporting 
access to information, applications, and services without 
limits to time and place. 

This paper will describe cloud computing as the 
accessing and sharing of resources and services from the 
pool of readily available infrastructure and services of 
cloud providers regardless of place or time. The cloud 
providers' resource and infrastructure sharing has 
contributed to reducing energy usage and thereby maintain 
environmental sustainability [6]. There are multiple 
deployment types of cloud computing in existence; this 
section as shown in Fig. 1, will address private cloud, 
public cloud and hybrid cloud in order to elaborate more 
on cloud computing concepts. 
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Private cloud: It is deployed within the premises of an 
organisation or with an external service provider and its 
access is restricted to one or two few organisations. The 
services could be own, either managed or operated by an 
enterprise. It is an advantage for dedicated resources in an 
internal network, and its information is retained among the 
cloud providers that manage the services [8], [9], [10]. 
 
Public cloud: It is a service that utilises shared resources 
and offers elastic sharing and pay-as-you-go pricing while 
rendering service to public consumers [9]. It offers any of 
the service models and share facility and staff with other 
cloud service providers. It offers services to both small and 
large enterprise. Example of popular cloud services are 
Amazon EC2, S3, Google AppEngine and Force.com [10].  
 
Hybrid cloud: It is a platform that combines two or more 
cloud infrastructures (private or public), maintains its 
entities, and is still bound together by the standardised 
technology that enable data and application portability [3]. 
The organisations outsource its non-critical information or 
resources while still maintaining the critical ones within its 
premises. It exists among cloud providers that implement 
load balancing which contribute to reduction of carbon 
emission.    
 
B. Characteristics of Cloud Computing 

Cloud computing is characterised according to its broad 
service to both organisation and individual users or 
consumers. The elaborated characteristics are as follows; 

 
1. Resource Sharing 

The cloud are shared infrastructure where resources are 
shared  as a rendered service to various users with dynamic 
allocation according to its demand using either the multi-
tenancy or virtualised model [11]. The result of the shared-
based model is that the customers do not have control or 
knowledge over the formation and location of these 
resources [10]. 

  
2. Pay-as-you-go Service 

This services are pooled from the shard resources and 
the quality of service demanded which depend on the 
pricing are paid on per-user basis [11], [12].  
 
3. Elastic Provisioning 

The services provided could be dynamic, based on the 
requested quality of service and consumers could either 
request for much or little resources while making payment 
on per-se [11]. Amazon cloud is a typical example with 
automatic services for scale in and out, based on hosted 
required application.  

 
4. Service on-demand 

The customers could request for the service from the 
pooled shared resources at any time and place without any 
interactions with human being. 

  
5. Geo-location Access 

It provides users' access to cloud resources from any 
location with internet supported handheld devices. This 
has entirely removed geographical location constrain in the 
use of IT infrastructure in delivering service.  

 
C. Cloud Computing Service Models 

Cloud computing delivers infrastructure, platform, and 
software as a model services to consumers as pay as you 
go subscription based services. These models serve and 
offer different purpose to business and individual users as 
illustrated in Fig. 2. 
 
1. Infrastructure as a Service (IaaS) 

This is sometimes referred to as Hardware-as-a-Service, 
it is a service in which organisations outsourced IT 
facilities used in its daily business operations and only pay 
for the services required [7]. The cloud service providers 
own and are responsible for housing and maintaining the 
equipments. It gives users opportunity either to increase or 
reduce volume of service needed [14]. Amazon Elastic 
Cloud Computing (EC2) adopted IaaS. 
 

 
Fig. 1: Deployment Types of Cloud Computing [7] 

 

 
Fig. 2: Cloud Computing Service Models [13] 
 
 

2. Platform as a Service (PaaS) 
It is a service delivery model that allows customers to 

lease either virtualised servers, operating systems, storage 
systems in order to run its existing applications or to test 
new ones [14]. The consumer does not have control over 
cloud infrastructure that he rented but will only control any 
deployed applications or configuration settings for the 
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applications hosting environment [3]. An example of PaaS 
is Window Azure.  
  
3. Software as a Service (SaaS) 

It is software distribution model that provides highest 
functionality to end users and support end user's 
application modifications [8]. The applications which is 
being hosted by cloud service provider and made readily 
available through the Internet to end users [14]. An 
example is Drop Box 

 
 

III. GOING TO CLOUD FOR SUSTAINABLE 
ENVIRONMENT 

 
As cited in industrial study [2], the smart 2020 report 

estimates the potential impact of ICT-enabled services to 
be 15 percent of overall world carbon emissions, which is 
equivalent to 7.8 billion tons of CO2 emissions per year. 
This section will look at those factors according to 
industrial studies that have contributed to achieving and 
maintaining sustainable environment. 
 
A. Key Factors to Sustainable Environment 
 

Many industrial studies have found that cloud 
computing is a more energy-efficient choice when 
compared to running in-house IT operations [2], [5], [14], 
[15], [16]. These studies also confirm that various 
technological factors contribute to the reduction of energy 
consumption and carbon footprint to achieve sustainable 
environment.  

 
1. Server Utilisation 

High utilisation of server in a cloud computing delivers 
less power wasting and efficient utilisation that helps to 
achieve sustainable environment [17]. As cited in 
Accenture and WSP Environment and Energy Report [2], 
a typical on-premises application may run at 5 to 10 
percent average utilisation rate, the same application may 
attain 40 to 70 percent utilisation in cloud.  

Virtualisation offers a better strategy to improving 
server utilisation by allowing multiple services to run in a 
physical server at high utilisation thereby reduces the 
number of physical server and energy usage [18].  

 
2. Multi-Tenancy 

This is the sharing of infrastructures and applications 
software with multiple users or customers of cloud service 
providers. Multi-tenancy has shown an overall reduction 
of energy usage and carbon footprint by minimising the 
need for extra infrastructure and application software 
while serving multiple customers at the same time [2], 
[12]. Where on-premises environment deployed different 
applications with different servers, cloud environment 
shares those required multiple applications in a specific 
server. Looking at this analogy for better understanding, 
multiple tenants in an apartment uses less overall power 
than same number of individual that owned its own houses. 

 

3. Dynamic Positioning 
It has been a trend for IT manager to over-allocate IT 

infrastructure to an on-premises data centres, because they 
do not understand the demand growth rate and tend to 
spend the overall allocated budget within the fiscal year. 
However, this has contributed to having so many 
underutilised infrastructures that consumes energy.  

Cloud service providers manage capacity more diligent 
and efficient in avoiding over-positioning by monitoring 
and rightfully predicting demand growth, thus allocating 
resources according to demand required [12]. It is 
therefore, important to consolidate applications that 
required less number of resources in the same server rather 
than over-positioning in different servers, thereby 
conserving energy consumption and improve sustainable 
environment. 

 
4. Data Centre Efficiency 

The construction and management of cloud data centre 
has a major impact to energy usage and carbon footprint of 
cloud computing services. The cloud data centre could 
achieve efficiency by evaluating the overall power 
consumed by the IT infrastructure and this is described as 
Power Usage Efficiency (PUE) [2], [16]. Today's cloud 
data centres could achieve PUE levels as low as 1.1 to 1.2 
[2], [12], while reducing power consumption by 40 
percent. 

This has encouraged innovations from major cloud 
provider like Microsoft to adopt adiabatic cooling system 
that uses natural air to cool the entire IT infrastructure 
rather than running a cooling system that could consume a 
lot of energy and emit carbon [19].  

 
In summary, the entire key factors could contribute 

effectively in achieving sustainable environment as cited 
in Accenture report [2], for an analysis of a recent study on 
three Microsoft application software (Exchange, 
SharePoint and Dynamic CRM), a significant reduction in 
carbon emission (CO2) per user across cloud-based on-
premises delivery. Fig. 3, recorded on average across 
different applications, typical carbon emission reduces 
more than 90 percent for small deployment of about 100 
users; 60 to 90 percent for medium-sized deployment of 
about 1000 users; and 30 to 60 percent for large 
deployment of 10,000 users. The values of the analysis on 
carbon reduction could differ depending on the 
applications, software vendors, and cloud models. 
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Fig. 3: Comparison of Carbon Emission of Cloud-Base and On-

premises delivery of Microsoft Application Software [2] 

 
IV. CONCLUSION 

The IT as an enabler of business agility and services for 
socio-economic growth has contributed to the increase in 
carbon emission to the environment. The advent of cloud 
computing has been to address those shortcomings of IT 
infrastructures in terms of environmental degradation. The 
positive effect of cloud computing to the reduction of 
carbon footprint to the environment and improving energy 
usage efficiency has been possible through the 
implementation of various key factors; server utilisation, 
multi-tenancy, dynamic positioning, and data centre 
efficiency.  

The spread of awareness through various organisations 
to adopt cloud computing to reduce carbon footprint and 
improve business agility will drive innovation in 
developing less expensive renewable sources of energy 
that will change the environment to the sustainable one for 
the generations to come. 

 
V. FUTURE WORK 

 
The methodology to design and develop the entire IT 
equipments and parts to be green and adopt energy 
efficiency, and also position the geo-location of cloud 
computing data centres to the environment where 
renewable energy would serve as source of energy.  
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Abstract- The aim of this research is to investigate the impact 
of e-commerce in the business processes of an organisation. 
Due to the rapid rise of information technology over the past 
twenty years, it has become possible for organisations to 
conduct business over the World Wide Web. These business 
processes are business to customer (B2C), business to 
business (B2B), customer to customer (C2C) and also mobile 
commerce (M-commerce). These business processes is known 
as e-commerce. E-commerce involves transactions over the 
internet such as procurement of goods and services, online 
banking, online advertising etc. E-commerce has changed the 
way organisations carry out their business practices from 
traditional methods in order to take advantage of the 
opportunities it provides such as access to the global market, 
increase in market share, saving of time and costs and supply 
chain management.  Subsequent findings demonstrate that 
although there are a few challenges facing e-commerce, the 
main challenges associated with e-commerce are security and 
privacy. Finally this paper will take a look at current 
technologies used by organisations to gain competitive 
advantage and also what the future holds for e-commerce.  
Keywords: e-commerce, internet, World Wide Web, 
technology.   

I. INTRODUCTION 
Due to the rapid development of internet technology it is 
now possible for organisations and individuals to conduct 
business from one part of the world to another. The internet 
provides a large database of information from around the 
world which opens up new opportunities for organisations 
to trade goods and services [1]. The internet enables e-
commerce business to be conducted at a faster rate, reduces 
distribution and transaction costs and also enlarges 
customer choice and supplier reach [1]. The internet also 
utilises corresponding technologies such as personal 
computers, cloud computing, crowd sourcing and smart 
phones which are pivotal to business software such as 
supply chain management systems, manufacturing 
resource planning systems and customer relationship 
management systems [2]. Figure 1 below illustrates the 
evolution of commercial computing and the involvement 
of the internet into this evolution path [2]. 
E-commerce can be termed as the use of the internet and 
World Wide Web to transact business between and among 
organisations and individuals [2]. E-commerce gives the 
ability to conduct trade on a worldwide scale at any time 
and also at reduced costs [3]. E-commerce has changed the 
way business is being carried out by replacing the 
traditional methods of business such as high street shops 
as a more profitable form of doing business. Most 
organisations have established their own websites where 
customers can come to search for products and procure 
them all in the comfort of their homes.  Global e-commerce 
sales topped at $1.248 trillion and will increase by 20.1% 
to reach $1.5 trillion in 2014 [4]. It has also been forecast 

that global e-commerce sales will continue to rise and will 
reach up to $2.345 trillion by 2017 [4].  
The aim of this article is to investigate the effect of e-
commerce in organisations, focusing on their adaptation to 
e-commerce and current technologies in use to further gain 
competitive advantage.  
 

 
Figure 1: The Internet and Progression of Business Applications [2].  
 
 

II. DEFINITION 

E-commerce is the process of conducting business by 
electronic means among various entities in order to deliver 
desirable goods and services thus satisfying the concerned 
organization or individual [1]. Other definitions of e-
commerce are; use of the Internet to enable, execute, and 
administer business transactions [5] and also the 
purchasing and sales of information, merchandises and 
amenities through computer networks [6]. 

III. BRIEF HISTORY OF E-COMMERCE 

E-commerce became possible in 1991 when computer 
scientist Tim Berners-Lee, was able to establish 
connections using the internet with the aid of a security 
protocol Hyper Text Transfer Protocol (HTTP) [7], which 
transfers web pages stored on an internet host server to a 
customer PC on request of the customer [2] and also 
ensures secure connection to protect user information 
thereby enabling safe monetary transactions and thus in 
1995 payment with the use of credit cards online were 
introduced [7]. The internet was made available to the 
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public for commercial use with the aid of leading 
technologies at the time which were the Electronic Data 
Interchange (EDI) and Electronic funds transfer which 
paved the way for the exchange of business information 
and electronic transactions developed back in the 1970s 
[8]. Figure 2 below illustrates the stages in the 
development of the internet over a 40 year period [2]. 
 
 
       
 
 
 
      Innovation     Institutionalisation   Commercialisation                   
              (1961-1974)       (1975-1995)         (1995-Present)    
    Figure 2: Stages In The Development Of The Internet [2]. 

 
E-commerce technology has become much more powerful 
than anyone would have predicted, causing revolutionary 
changes from the already present technologies such as “TV 
commerce”, “Radio commerce” and also making it 
possible for businesses to gain access to a lot more 
information about their customers than it would have been 
possible to before its emergence [2], in which details of the 
technologies used in the information gathering process will 
be discussed later in this report. 
  IV. TYPES OF E-COMMERCE 
A. Business To Consumer (B2C) 

This describes a process of business activities of an 
organisation with the aim of serving end consumers with 
products and/or services [9]. In this type of e-commerce, 
organisations attempt to reach their customers online in 
order to sell their products to them either directly or 
through intermediaries who charge a certain amount of 
money to connect the two entities together. This is the most 
used method of e-commerce and represents a direct 
conversion from traditional “brick and mortar” shops to 
online shops [10].  
B2C E-commerce Models 

Organisations that have focused on the B2C business 
model operate in five major categories;    
1. Direct Sellers: In this model, the company sells directly to 
a customer online by means of the company website they 
can also be referred to as online retailers. This model can 
be additionally broken up into e-tailers and manufacturers. 
E-tailers fully known as electronic retailers distribute 
products to the end consumer from their own warehouse or 
they generate the delivery from other companies. An 
example of e-tailers is the online retail giant Amazon. 
Meanwhile the manufacturers sell their products directly 
to consumers through the internet thus eliminating 
middlemen [9].  
2. Advertising Based Models: this is used by websites that are 
popular. Large numbers of visitors come to these sites thus 
enabling the website owners to offer a free service and they 
generate revenue by allowing other companies advertise 
on their sites for a premium fee [9]. An example is the 
social networking site Facebook who have $1.23 billion 
active users monthly [11].  
3. Fee Based Models: these are models whereby organisations 
offer a subscription or pay as you buy method as payment 

methods from consumers. Subscriptions to journals and 
movie sites such as love film use this model [9].   
B. Business to Business (B2B) 

This is a business process which defines commercial 
relations amongst businesses for example between a 
producer and a wholesaler [9]. B2B e-commerce 
encourages collaboration and the exchange of information 
between businesses which will greatly enhance the 
potential for increased revenues [12].  
 B2B E-commerce Models   

1. Transaction Based: in this model a company forms a 
procedure for handling and conducting of business with its 
key customers or suppliers in which this procedure is 
spread across all business levels in the organisation [9].  
2. Websites For Companies: in this case, a manufacturer sets up 
a website to exhibit its goods and services that it can 
supply to its customers [9]. 
3. E-Procurement Sites: this is a B2B website in which 
companies can bid and acquire products from the vendors 
and also submit proposal requests [9].  
C. Consumer to Consumer (C2C) 

This model of e-commerce offers an approach for 
customers to sell their products to each other. This is done 
through online auction sites that aid in the connection of 
the consumers, sites such as ebay.com and Craigslist [2].  
D. Mobile Commerce (M-commerce) 

Regarded as the next generation of e-commerce [13], 
mobile commerce can be referred to as any transaction 
with monetary value that is performed through a mobile 
telecommunications network [14]. These networks 
connect to mobile devices such as laptops, iPhones, iPads 
and any form of monetary transaction can be carried out, 
with examples of mobile commerce platforms such as 
eBay Mobile, PayPal Mobile [2].  

 
Table 1: Overview of Companies that Enable E-commerce Technology [2]. 

 
The figure above gives a list of companies whose business 
focus is the establishment of infrastructure such as 
hardware, operating systems software, networks 
communications which is pivotal to the growth of 
companies that practice e-commerce [2].    

V. TECHNOLOGIES USED IN E-COMMERCE 
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A. Website Analytics: this technology enables website owners 
to know in specific periods what kind of people visit their 
website and what products or services they were looking 
at, and also track purchase trends in any specific point in 
time thereby enabling the company to align their marketing 
strategy and adjust their products to fit the kind of people 
visiting their websites [15]. Website analytics can greatly 
improve the amount of revenue that an organisation can 
pull by taking advantage of this type of information. 
Examples of vendors that provide this tracking software 
are Google Analytics and Coremetrics [16]. 
B. Cloud Computing: this is the combination of disseminated 
computing, parallel computing, grid computing and 
virtualized technologies [17]. Due to the explosion of 
internet and the benefits that can be gotten from it most 
businesses have gone into e commerce. However the cost 
of running an e-commerce web site can be high, but with 
cloud computing, the business owners do not have to buy 
any hardware or software or even worry about hiring of 
personnel to manage the site, all this is handled by the 
cloud computing vendor[17]. This significantly reduces 
the cost of entry into e-commerce for an organisation. A 
major risk with cloud computing is the over dependence on 
cloud service providers, example of a cloud provider is 
Amazon Web Services [2].           
C. Social Networking: organisations use this technology to 
enable the sharing of information, past experiences and 
thoughts between consumers on where and from whom 
goods and services should be purchased through the use of 
chat rooms, blogs and ranking systems [18]. This system 
of e-commerce is beneficial to both the organisation and 
the consumer because the organisation can increase 
revenue as a result of assured recommendations from its 
current customers [19]. This sharing of information was 
made possible by Web 2.0 which is the second generation 
of website progression and plan on the internet [20], and 
allows users, as individuals or social networks, to create 
and dispense content on websites [21]. Examples of e-
commerce organisations that utilise social networking 
technology are Martell Home Builders and Zappos.com 
[22]. The figure below displays the attributes of e-
commerce technology and their impact on the business 
environment.  
 

VI. BENEFITS OF E-COMMERCE TO AN ORGANISATION 

 
After analysing the technologies and workings of e-
commerce, the potential benefits that will be encountered 
by e-commerce websites are looked into below. 
A. Global Reach: it enables organisations to gain access to 
global markets thereby providing more customers and also 
at a smaller percentage of traditional costs [1]. 
B. Lower Costs: there will be a significant cost reduction in 
terms of communication as information can be sent back 
and forth in a matter of seconds [1]. 
C. Supply Chain Management:  the ability to gain access to 
information in real time enables all parties involved in a 
business transaction to keep track of current on-goings in 
the supply and distribution of goods and services [23]. 

D. Twenty Four Hour Business Operation: E-commerce 
organisations can run their business all the time without 
worrying about closing. This thus increases the number of 
orders that can be made by customers thus increasing 
revenue generation [24]. 
E. Operational: causes reduction in both time and personnel 
required for the completion of the business process. This 
also lessens the pressure on the other resources of the 
organisation [25]. 
 

Table 2: Attributes of e-commerce technology [2]. 
 

VII. CHALLENGES OF E-COMMERCE TO AN ORGANISATION 
 

A. Recruitment and retaining of employees: most companies find it 
difficult to hire employees that are skilled in I.T to 
maintain and also continuously develop their e-commerce 
systems as these skilled personnel are difficult to find and 
also expensive to retain. Most companies are now turning 
to cloud computing as an alternative. This enables them to 
avoid such costs of maintaining I.T personnel along with 
hardware and software systems [26].  
B. Reliability: frequent improvements, refinements and 
maintenance have to be carried out on network systems in 
order to keep them running and ready for business 
transactions at any time. If any failures occur to the 
systems during transactions there could be a potential huge 
losses in revenue to the organisation [3]. 
C. Security: this is a major problem when it comes to 
monetary transactions.  There is usually a huge concern 
among consumers about how well their private 
information such as credit card numbers, home addresses, 
and social security number is being stored. This 
information can be retrieved by attackers who hack into the 
database of the business organisation and can use this 
information to siphon money out of the bank accounts of 
the consumers [3].   
 

VIII. E-COMMERCE SUCCESS STORY 
 

Taking a look at successful companies, eBay is an obvious 
example. eBay runs a business with holdings of over $40 
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billion ranging in various items [27]. eBay is an e-
commerce company that transacts business primarily 
through the internet and runs a truly global e-commerce 
marketplace [27]. The company was founded by Pierre 
Omidyar in 1995 [27] and is presently 59th on Forbes’ list 
of the world’s most valuable brands with an employee 
strength of 30,000 and sales of around $14.07 billion and 
also a net worth of $65.36 billion [28]. With around 120 
million items registered in eBay stores [27], eBay operates 
three major types of e-commerce business namely B2C, 
mobile commerce and C2C.  
1. B2C: eBay enables sellers to display their items for sale 
to consumers, the sellers pay eBay a fee for display rights 
and also pay eBay a fee when an item has been purchased 
by a consumer [27].  
2. C2C: eBay also run auctions on their sites that enable 
consumers to sell items to other consumers on the eBay 
platform. This model of e-commerce enables a broader 
selection criteria to both sellers and consumers [29], in 
which eBay also get commission both for putting up an 
item for sale on their site and also when that item has been 
sold. 
3. Mobile Commerce: eBay have come up with new ideas to 
meet up with the emerging mobile commerce technology 
such as a new application called “eBay Now” which can 
be installed on smartphones and tablets for a smooth 
shopping experience for costumers with also new imaging 
technology for easy viewing, navigation and page 
consistency on the smaller screens of smartphones and 
tablets [30].   

IX. FUTURE OF E-COMMERCE 

 
According to [31] it was predicted that there would be 1.4 
billion smartphone users by December 2013. This shows 
that there is huge potential in the mobile commerce sector 
as new technologies are being developed to gain 
competitive advantage such as Apple’s “Touch ID” finger 
print scanner on its iPhone 5s which uses finger print 
scanner to unlock the and also pay for content from iTunes 
and App Store and in future used for broader means [32].  
It is therefore imperative for organisations to invest in 
mobile technology as this is a fast moving aspect of e-
commerce that is being revolutionised at the moment along 
with social advertising on social networks such as 
Facebook and twitter [33].   

 
X. CONCLUSION 

 

This paper described the effect of e-commerce 
technologies on organisations and their business processes 
with a look at the evolution timeline of the internet and 
how it came to influence the birth of e-commerce. It also 
examines the major forms of e-commerce along with 
current technologies used by organisations.  
E-commerce has opened up a whole new way for 
businesses to increase their revenue stream through the 
global access that the e-commerce platform provides. It is 
therefore very important for organisations to continue to 
invest in e-commerce technologies due to the fact that e-
commerce will only continue to grow and expand. Who 

knows what e-commerce transactions will be like in the 
next decade? Only time will tell.  
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Abstract- This era unlike any other is faced with explosive 

growth in the sizes of data generated. Data generation 
underwent a sort of renaissance, driven primarily by the 
ubiquity of the internet and ever cheaper computing power, 
forming an internet economy which in turn fed an explosive 
growth in the size of data generated globally. Recent studies 
have shown that about 2.5 Exabyte of data is generated daily, 
and researchers forecast an exponential growth in the near 
future. 

This has led to a paradigm shift as businesses and 
governments no longer view data as the byproduct of their 
activities, but as their biggest asset providing key insights to 
the needs of their stakeholders as well as their effectiveness 
in meeting those needs. Their biggest challenge however is 
how to make sense of the deluge of data captured. 

This paper presents an overview of the unique features 
that differentiate big data from traditional datasets. In 
addition, we discuss the use of Hadoop and MapReduce 
algorithm, in analyzing big data. We further discuss the 
current application of Big Data. Finally, we discuss the 
current challenges facing the paradigm and propose 
possibilities of its analysis in the future. 

Keywords: Big Data, Large Dataset, Hadoop, Data 
Analysis 

 

I. INTRODUCTION 

Over the last two decades of digitization, the ability of 
the world to generate and exchange information across 
networks has increased from 0.3 Exabyte in 1986 (20 % 
digitized) to 65 Exabyte’s in 2007 (99.9 % digitized) [1]. 

In 2012 alone, Google recorded a total of 2,000,000 
searches in one minute, Facebook users generated over 
700,000 contents, and over 100,000 tweets are generated 
per minute on Twitter.  

In addition, data is being generated (per second) 
through: telecommunication, CCTV surveillance cameras, 
and the “Internet of things” [2].  

However, the “Big Data” paradigm is not merely about 
the increasing volume of data but how to derive business 
insight from this data. With the advent of Big data 
technologies like Hadoop and existing models like 
Clustering algorithm and MapReduce there is much 
promises for effectively analyzing big data sets. 
Notwithstanding, there are a lot of challenges associated 
with Big Data analysis, such as: Noise accumulation and 
highly probabilistic outputs; Data privacy issues and need 
for very expensive infrastructure to manage Big data [3]. 
Fig 1 illustrates the exponential growth of data between 
1986 and 2007.  
 
 

 
Fig. 1. Data growth between 1986 and 2007[1] 

 

II. DEFINITION OF BIG DATA 
 

Currently, there is no single unified definition of “Big 
Data", various researchers define the term either based on 
analytical approaches, or its characteristics. For instance; 
according to Leadership Council for Information 
Advantage, Big Data is summation of infinite datasets 
(comprising of mainly unstructured data) [2]. This 
definition focuses solely on the size/volume of data. 
Volume is only one feature of Big Data, and this does not 
uniquely differentiate Big Data from any other dataset. On 
the other hand, some researchers define Big Data in terms 
of 3 characteristics, volume, velocity and variety also 
known as the 3 V [2]’s.–Variety depicts its heterogeneous 
nature ( comprising of both structured and unstructured 
datasets), velocity represent the pace to which data is 
acquired, and volume illustrates the size of data(usually in  
Exabyte , Petabytes and Terabytes). This is a holistic 
definition of the term Big Data; as it encapsulates key 
features that uniquely identify Big Data and it opposes the 
common notion that Big Data is merely about data 
size[2][4]. Fig. 2 illustrates the “3 V” characteristics of 
Big Data, and also highlights how these characteristics 
uniquely identify Big Data. 

Recently, some researchers have proposed another V –
“Veracity” as a characteristic of Big Data. Veracity deals 
with the accuracy and authenticity of Big Data. In this 
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paper we will focus solely on the volume, velocity and 
velocity as this is more widely accepted characteristics 
[5]. 

Analysis in Big Data refers to the process of making 
sense of data captured [4]. In order terms it can be seen as 
systematic interpretation of Big Data sets to provide 
insights or business intelligence which can foster business 
intelligence[6][7]. 

III. CHARACTERISTICS OF BIG DATA 

This section explains each of the 3v characteristics of 
Big Data.  

 
A. Big Data Volume 

According to [8], in 2012, it was estimated that about 2.5 
Exabyte of data was created. Researchers have further 
forecasted that, these estimates will double every 40 
months.  

Various key events and trends have contributed 
tremendously to the continuous raise in the volume of data. 
Some of these trends include:  

 
1) Social Media: There has been significant growth in 

the amount of data generated from social media sites .For 
instance, an average Facebook user creates over 90 
contents in a month. Also, each day there are about 35 
million status updates on Facebook. This is just a small 
picture considering that there are hundreds of social 
media application fostering users interaction and content 
sharing daily [9][10]. Fig. 3 provides more insight on the 
amount of data generated from social media sites in 60 
seconds. 

 
2) Growth of Transactional Databases: Businesses 

are aggressively capturing customer related 
information, in order to analyze consumer behavior 
patterns [9].  

 
3) Increase in Multimedia Content: Currently 

multimedia data accounts for more than half of all 
internet traffic. According to the Internet Data 
Corporation the number of multimedia content grew by 
70% in the year 2013[9]. 

 
B. Big Data Variety 

This characteristic is also referred to as the 
Heterogeneity of Big Data. Big Data is usually 
obtained from diverse sources, with different data type, 
such as: DNA sequences, Google searchers, Facebook 
messages, traffic information, weather forecast 
amongst others. 

 
 

 
 

Fig.  2. Characteristics of Big Data [7] 

 
Specifically these data can be generically 

categorized into structured, unstructured, semi-
structured, and mixed [2]. This data is obtained from 
wide variety of sample sizes (cutting across age, 
geographical location, gender, religion, academic 
backgrounds).  

 
C. Big Data Velocity 

This refers to the speed at which data is generated 
[2]. Data can be captured either real time, in batches or 
at intervals. For instance web analytics sensors usually 
capture number of clicks on a website, (by utilizing 
specialized programming functions which listening to 
click event) on real time basis. For every click, the web 
sensor analytic is updated immediately (real time). 
However, in some cases data is captured in batches, an 
instance of this is- Bank daily transaction data- this is 
reviewed in batches at the end of each day. 

Big Data analytic systems unlike traditional database 
management systems have the capacity of analyzing 
data in real time to provide necessary insight 
immediately.  

 
Fig.  3. Sources of Big Data [11] 
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Fig.  4: Technologies for Big Data Analytics [12] 

IV. TECHNOLOGIES FOR ANALYSISING AND 

MANAGING BIG DATA 

Due to the 3v properties mentioned above, it is 
impossible to process, store and analyze Big Data using 
traditional relational database (RDBMS). However, there 
are myriads of individual technologies and libraries which 
provide an overall Big Data analytics framework (when 
combined together). Fig 4 (above) highlights each of these 
technologies and how they fit into the overall framework. 
However, this report focus only on the Hadoop 
architecture  
 

A. Hadoop Architecture 

Hadoop is an open source software built by Apache. 
The software provides a platform for managing large 
dataset, with 3V characteristics. In order words it allows 
for effective and efficient management of Big Data.  

Hadoop consists of a data management system, referred 
to as the Hadoop distributed storage file system (HDFS) - 
this is a distributed file system that processes and stores 
Big Data sets. 

The HDFS is responsible for dividing Big Data (both 
structured and unstructured data) into smaller data blocks. 
After which the HDFS performs the following on the data 
chunks: 

1) Creates replicas of the smaller data: HDFS has an 
inbuilt fault tolerance function, which creates replicas of 
data, and distributes it cross various data blocks (this good 
incase of disaster recovery) [3].  

2) Distribute smaller data sets to slave nodes: Each 
of these smaller data blocks are spread across the 
distributed system, to slave nodes. 

3) MapReduce: using a special functions/task 
referred to Map() and Reduce() respectively, the HDFS 
can effectively process this data, for effective analysis 
[13]. 
 

B. MapReduce in Hadoop 

MapReduce is a programming model  integrated into 
Hadoop, which allows for parallel processing of 
individual data blocks or chunks in the HDFS[13]. This 
model comprises a Map() task - which is responsible for 
breaking data chunks into more granular forms for easy 

analysis. While the Reduce() task is responsible for 
fetching the outputs of the map task and aggregating it 
into a more concise format, which is easy to understand. 
A function called Maplogik connect enables storage of 
final output from the Reduce task to the HDFS[13] [11]. 
All tasks on a single node are managed by a Task Tracker, 
and all Task Trackers in a cluster are managed by a single 
Job Tracker. Fig. 5. presents a diagram illustrating 
mapping of data using the Map task, and Reduce function 
to obtain a more concise result. 
For Example: 

MapReduce can be used in a scenario where one needs 
to obtain the number of word count in a document. The 
pseudo-code is illustrated in fig. 6.: 

 
Fig.  5: Illustration of Map and Reduce task in Hadoop [14] 
 
 
 

 
Fig.  6: MapReduce Algorithm [14] 

V. APPLICATIONS OF BIG DATA 

A. Business Intelligence 

Based on a survey carried out by MIT Sloan 
Management Research, in collaboration with IBM, on 
over 3000 top management employees, it was discovered 
that top performing organizations adopt Big Data 
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analytics five times more in their activities and strategies 
than any other [17]. Many organizations are increasingly 
adopting analytics in order to make more informed 
decisions and manage organizational risks effectively. 

With the help of analytical tools like Hive, JAQL and 
Pig integrated with Hadoop HDFS, business can visualize 
(pictorially and diagrammatically) key insight from Big 
Data [6].  

For example: Many organizations currently analyze 
unstructured data such as social feeds, tweets, chats, 
alongside structured data such as stocks ,exchange rates, 
trade derivative, transactional data in order to gain  
understanding and insight on consumers perception on 
their brands. By Analyzing these voluminous data, in real 
time, organizations can make calculated strategic 
decisions, in advertisement and marketing, portfolio, risk 
management amongst others[17]. 

B. Predictive Analytics in Ecommerce, Health Sector 

The major principle applied in predictive analysis is 
studying of words accumulated from various sources, such 
as tweets, RSS feed(Big Data).  

In 2008, Google was able to successful predict trends in  
swine flu outbreak  based on analysis of searches only. 
This prediction was about two weeks earlier than the U.S. 
Center of Disease Control. With such vast sample size of 
real time data available, manual statistical models are 
quickly becoming a thing of the past[6].  

Majority of the online stores are taking advantage of 
words tracking, to provide smart advertisements to 
customers. For example Amazon and E-bay analyze user 
online searches, by depositing cookies on browsers in 
order to study consumers’ habit on the web. Based on 
results from this analysis, they can provide customized 
offers, discounts and advertisements based. Predictive 
analysis promises to provide competitive advantages to 
businesses by preempting “what if” scenarios [19]. 

C. E-Government and E-Politics 

Online campaign was first used in the United States of 
America in 2008. These campaigns brought about great 
success and participation by the general public. Politicians 
used the web to publicize their policies, events, 
discussions, and donations. These campaigns were rich in 
multimedia contents and interactive with the general 
public [6].  

As e-government is gaining more grounds, politicians 
are taking advantage of Big Data analytics, together with 
business intelligence tools to analysis voter’s perception. 
They are also democratizing campaigns based on different 
audiences. This is made possible by adopting clustering 
algorithm and HDFS system to cluster different set of 
audiences. Other applications of Big Data in politics 
include opinion mining, social networking analytics. 
 
 

VI. CHALLENGES OF BIG DATA ANALYSIS 

A. Data Privacy 

Privacy is one of the major challenges facing Big Data 
paradigm. Majority of people are concerned about how 
their personal information is utilized. Big Data analytics 

tends to infringe on our daily lives taking advantage of the 
ubiquity of the internet. For instance, Big Data analysis 
may involve studying consumer’s social interactions, 
shopping patterns, location tracking, communication and 
even innocuous activities like power usage at one’s home. 
A commutation of all these data can uniquely identify an 
individual and serve as what is known as a “digital 
DNA”[3].  

There major underlying data privacy challenges that 
have plagued the Big Data Analysis paradigm. These 
issues are not new to just Big Data but almost all ICT 
innovations.  

 It is involves issues pertaining to confidentiality (who 
owns data generated? who owns the results from the 
analytic of the data?), integrity( Who vouches the accuracy 
of the data?, who would take responsibility of false 
positive data analysis?) , interoperability (who stipulates 
the standards for data exchange?) and availability [6].  

B. Noise Accumulation  

Due to the heterogeneous nature of Big Data, statistician 
and scientist predict high noise accumulation in the Big 
Data sets. This feature is peculiar to datasets which are 
varied and voluminous from wide sample sources[3][20].  

In the case of Big Data, majority of the data acquired are 
mainly based on estimations, incomplete and probabilistic 
in nature. For instance, imagine analysis of consumer 
behaviour; however in this instance the study is based on a 
public system in a library. The data generated from such 
analysis will be highly dispersed as different individuals 
use that computer in their own fashion. Imagine that a Big 
Data sample set contained probably 50% of such noisy 
data. The resulting data will be incoherent. Hence, results 
generated from Big Data are not always truthful , since data 
is generated is highly prone to error. 

In response to this challenge scientist are adapting 
machine learning to analyze Big Data. However this is 
impractical as the machine learning algorithms expect only 
homogenous input data[20].  

C. Cost of Infrastructure  

Over the past decades the data generation has out grown 
computer resources. Many computer manufacturers are 
constantly producing systems with higher processing 
powers and Hard disk space [20]. Currently, the traditional 
hard disk storage system is been replaced with solid disk 
drive state. 

 However, in the case of Big data due to the volume and 
the velocity of data generated per time, a more stable 
computer processor will be need in futures. Also with the 
advent of a new paradigm referred to as the “internet of 
things” there will be more data generated into the internet 
(data generated from objects and human, or object to object 
interaction). This would require large data ware houses.  

These resources are very expensive to install and 
manage. Many organizations may find it too expensive to 
acquire and may choose to stick with the traditional means 
of data analysis. 

VII. CONCLUSION 
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Although, the analytic framework for Big Data is not 
100% accurate many organizations, are applying the 
technology regardless. According to Mckinsey in [1], 
majority of the top five business organizations in the USA 
claim to yielding tremendous growth.  

Currently, statisticians and computer scientist are still 
searching for better statistical models, and algorithms to 
fine tune the noisy results and produce more precise and 
accurate insight from big data analysis.  

However, I recommend that more there is need for more 
urgent research on stable hard ware systems and 
computational algorithms to manage and produce insights 
at optimum. As data growth is a going concern.   
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Abstract-Information communication and technology (ICT) 
has developed tremendously and become one of the 
significant invention in this century. This condition also 
changes the culture in our society and its being expected to 
bring a good impact on economic growth and citizen’s 
prosperousity. Every country in the world are trying to 
prepare themselves for this information era. The developed 
countries has already applied ICT properly. While other 
developing countries are still trying to adopt and to 
implement these technologies, including Indonesia Since this 
condition, there is a gap that we cannot avoided between these 
countries in tem of using ICT. To evaluate the discrepancy, 
the experts proposed e-readiness concept by using Network 
Readiness Index (NRI). This tools can monitor the level of a 
country how they can utilize integrated ICT. 
 
The aim of this research is try to figure out the representative 
picture of public perception about e-readiness using network 
readiness index in Indonesia. There are four subindex in NRI, 
environment, readiness, usage, and impact. The result 
showed that public views the improvements are still needed 
in these four subindex so the NRI could raise to the higher 
level. 
 
Keywords: Information Communication and Technology 
(ICT), E-Readiness, Network Readiness Index (NRI), 
Perception, 
 

I. INTRODUCTION 

The development of Information and Communication 
Technology (ICT) has rapidly growth nowadays. ICT hold 
a crucial part of social and state of life [14]. ICT become 
important factors to force competitiveness and 
productivity. The dynamic of ICT development now 
become one of strength point for improving productivity, 
gaining competitiveness, collaboration and becoming a 
leader of resources in national and international level [5].  

ICT changed and brought impact in our daily life. People 
now can access information easily, up to date, whenever 
and wherever. The household in developed countries and 
USA almost using one personal computer which at least 
can access to the internet [7]. With internet, business 
activity could reduce transaction cost by bypassing in 
distribution process which associated with supply chain 
[12]. This kind of business activity known as e-commerce. 

ICT is also utilized in the government activities to give 
services to public through internet that well known as e-
government. E-government offers the public services 
could be accessed in 24-hours, anytime, anywhere from 
user’s location. This process is become more efficient 
since reducing face-to-face communication [16]. 
Digitalized information also expanding the public access 

to government services, increase transparency, reduce 
corruption, encourage the formation of communities [2]. 

Since the impact of development ICT is perceived by 
almost all society in the world, every country tried to 
develop their ICT. The IT capital investment was found as 
one of the important factors for increasing growth of 
productivity in one nation [7]. This also to keep a nation’s 
competitiveness.  

Unfortunately, development of ICT is not equal around 
this world. This because developing countries have not 
optimizing IT development due to its benefit [7]. So there 
is a gap between developing countries and developed 
countries. This gap leads to digital divide, which mean is a 
gap in the technology capacity that occurs between 
countries who are information-rich and information-poor 
[5]. Since this condition, monitoring process and 
evaluating progress become crucial in achieving of 
information societies’ goal and also to narrow the digital 
divide [6]. 

Until this time, various of academic institution, private 
organisations and also commercial publishers had issued 
how to tools for assessment in measuring e-readiness [4]. 
One of them is World Economic Forum (WEF) in 
collaboration with INSEAD. The research is about 
development of ICT, its usage, and its impact across the 
world. The results are written in a report and measurable 
index that show the sequence of countries in the world 
according to Network Readiness Index (NRI) and issues 
annually [17]. All countries in the world were listed in this 
report with their rank and its score, including Indonesia, 
author's origin country. 

This paper is try to describe the networked readiness of 
society in Indonesia. Since of ICT users’ is society itself, 
then government should prepare it properly either 
infrastructure or human resources to achieve the 
information society. An information society means a 
society that using information and communication 
technology intensively [11]. 

 
II. NETWORKED READINESS INDEX 

E-Readiness or electronic readiness is a tool that use for 
measure the degree of a country, nation or economy 
whether ready, willing or prepared to gain benefits from 
ICTs development [1]. The term of e-readiness is relatively 
new, stated that e-readiness is relatively new concept that 
emerged in line with the momentum of the internet 
penetration which rapidly spread in the world, and also  
advanced IT uses in businesses and industries[11]. In late 
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1990s, for the first time, the origin of e-readiness was to 
provide an integrated framework in assessing breadth and 
depth of the digital divide between developed countries 
and developing countries [13]. 

The pioneer of e-readiness assessment tools developed 
in 1998 by the Computer Systems Policy Project (CSPP) 
that known as Readiness Guide for Living in the 
Networked World [13]. Others concepts also have been 
developed by some organisation in this world: the 
Economist Intelligence Unit (the E-Readiness Indices), the 
International Data Corporation (Information Society 
Index), the United Nations Conference on Trade and 
Development (UNCTAD ICT Development Indices), and 
the United Nations Development Program (Technology 
Achievement Index) [15]. All this measurements can 
evaluate the level of infrastructure ICT development; 
connectivity; Internet access; applications and also 
services; speed and quality of network access; policies; 
training programs; human resources; computer literacy; 
information access and relevant content. [13]. 

Since become measurement tools, E-readiness 
assessment adopted in quantitative approaches which 
generated in numerical score for a country, how well 
country performed according to specific component when 
assessed [13]. The calculation based on the relative 
importance according to the components that determined 
country’s e-readiness level [15].  

ICT will always grow and countries are striving to keep 
in line with this and to become inclusive with global 
information societies and all people are encourage to 
create, receive, share and utilise information for their 
economic, social, cultural and political development [13]. 
Furthermore, e-readiness in higher level can create a ripple 
effect to increasing national economics and enterprises 
competitiveness, the wealth creating abilities, employment 
and local communities empowerment, and even reduce the 
poverty [1]. 

Networked Readiness Index (NRI) is one of the 
framework that can be used approach to measure ICT 
access and its impacts in a holistic way. The framework 
consist of four sub-indexes: environment, readiness, usage 
and impact. Each sub-indexes has some pillars to support 
it. The framework of the NRI in general is shown in the 
fig.1.[17] 

To understand this framework, NRI is guided by five 
principles[17]: 

1) Measurement of economic and social impacts of ICTs 
is critical. The aspects that must include in NRI is how 
ICTs works and the impact in transforming economy 
and society. ICTs could allow citizen to contribute 
more actively and firmly in social and political 
activities and make an accountable government [17] . 

 

 
Fig.1. Framework of The Networked Readiness Index  

2) An enabling environment determines the capacity of an 
economy and society to benefit from the use of ICTs 
[17]. The success of a country in implementing ICTs 
and attaining the desired economic and social benefits 
will rely on its environment (market conditions, 
regulations, and condition to boost innovation and 
entrepreneurship). 

3) ICT readiness and usage remain to key drivers and 
preconditions for obtaining impacts [17]. Features of 
NRI related to access and usage (individuals, 
businesses, governments), affordability in ICT 
infrastructure, digital resources, software and skills. 
These indices could contribute to on competitiveness 
and development impact. 

4) All of this factors will interact in ICT ecosystem [17]. 
People who use higher rate ICT is more reliable for 
their environment.  

5) The framework should provide clear policy 
orientations so could identify opportunities 
collaboration of public-private [17]. The development 
of ICT depend on a country’s capability to provide 
reliable and efficient rules and regulation (friendly 
government policy, conducive business atmosphere for 
founding and growth in social or commercial 
enterprises, and ability of developing and absorbing 
new knowledge [17]. 

The structure of NRI constructed with four subindexs, 
Environment, Readiness, Usage and Impact. These four 
subindexes built with 10 pillars that composed of 54 
variable indicators in total. The following structure of NRI 
are (fig.2.)[17]. 

The final score of NRI is a contribution from four 
subindexes. To calculate this, WEF and INSEAD have 
assumption those four subindexes create a similar 
contribution to NRI final score [17]. 
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Fig.2. Structure of Networked Readiness Index  

 

III. NETWORKED READINESS INDEX IN 
INDONESIA 

This section is try to describe ICT development in 
Indonesia using framework Networked Readiness Index.  

A. Environment subindex 

Experts have stated that to put ICT become effective 
use in developing countries, the first is “e-ready” condition 
in terms of infrastructure in ICT, accessibility of ICT to the 
society, legal and framework of regulation [5]. So with the 
stability in political matters. Indonesian government 
through Ministry of Communication and Information 
Technology (MCIT) who facilitate the development of 
ICT. They provide regulation that support and giving 
protection to this development. These are several policies 
and regulations that support to ICT development [14]. 

  Policies and Regulations  About 

1  Law of the Republic of Indonesia 
No.11 Year 2008 

Information and Electronic Transactions 
(ITE) 

2  Indonesian  Government 
Regulation No.82 Year 2012 

Implementation of System and Electronic 
Transaction (PSTE) 

3  Regulation  of  MCIT  No: 
48/PER/MKOMINFO/11/2009 

Provision  of  Internet  Access  Service  at 
Universal  Telecommunication  Regional 
Service for District Internet 

4  Regulation  of  MCIT  No: 
32/PER/MKOMINFO/10/2008 

Universal  Service  Obligations  for 
Telecommunications 

Table 1. Policies and Regulation on ICT[14] 

The result of research in Public Perception about law 
regulation of ITE in 7 (seven) big cities in Indonesia 
(Medan, Jakarta, Bandung, Semarang, Yogyakarta, 
Surabaya, Makassar) shown that societies’ level of 
knowledge in this law is average. This means respondents 
already knew about this law but not in detail. The 
perception about this law regulation is generally positive. 
This law regulation was made to protect public interest as 
individually, property/business, including government. [3]  

The expectation from implementation of good policies 
and regulations is whole society and stakeholders could 
participate in the development of ICT in Indonesia. 

Innovation also be part of the ICT development in 
Indonesia. It’s stated in the MCIT Special Report ICT 
White Paper. The development of ICT human resources 

through engineering and innovation work [14]. Several 
strategy that try to implement are Broadband technology. 
The availability of Broadband is to create strengthen and 
keep the sustainability of social and economic 
development, and may stimulating innovations and 
inspiring our young generation to become digital 
entrepreneurs, create new application services in various 
industry [14].  

Another strategy is MCIT held Indonesia ICT Award 
(INAICTA) on behalf to help implementing creative 
economy development policy 2009-2015, that economic 
development based on skill creativity which has economic 
value and affect Indonesian welfare. The aim of this award 
is to give appreciation to local/domestic ICT products and 
creation, and to encourage birth of technopreneur and 
entrepreneur in Indonesia [14]. 

The number of INAICTA participant tend to increase 
yearly. The highest increase in 2009-2010 (90.15%), and 
in 2010-2011 (43,28%), but decrease in 2011-2012 (18%). 
For creation, the trends always increase yearly. While for 
the category, the decrease happened in 2012 (60.7%) [14].  

 
 

Fig.3. Number of Participant, Category and Creation in INAICTA  

B. Readiness subindex 

ICT development in Indonesia is implemented based 
on National ICT development road map that emphasized 
on infrastructure deployment and aligned with human 
resources. The infrastructure is about to develop backbone 
network of Palapa Ring that supporting on 
telecommunication particularly in rural area. Since there 
are many village in Indonesia still unreachable with 
internet due to lack of infrastructure, MCIT provide 
several services such Internet Service Centre for District 
(PLIK), Mobile-PLIK for rural area [14]. 

While in the urban area, ICT development is focused 
on availability of broadband. In the MCIT white paper 
stated broadband hold significant role to strengthen and 
keep sustainability of social economic development, 
political and institutional transformation [14]. Hopefully 
this could stimulate new innovation and encourage 
dynamic development of technology and create 
opportunities for small medium enterprises and 
entrepreneurship in various industry to compete and grow. 
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When the infrastructure is ready to support, the digital 
content will can be accessed easily by people. They can 
find and get information wherever and whenever and as 
quick as they need through internet and it becomes 
affordable to everyone. Moreover with the convergence of 
technology, nowadays internet enabled in mobile phones 
and computer also affordable prices [14]. People could 
upgrade their knowledge and skill from this development 
to keep competitive. 

Skills aspects also become attention to this subindex. It 
use to operate this technology and also for advanced 
development. Skills embedded in the human resource. 
Therefore, development of ICT in Indonesia not only 
emphasize in infrastructure but also for human resource. 
Later, people with good literacy will could operate and 
develop this technology. ICT skill development can be 
facilitated with the e-literacy program to increase public’s 
knowledge on ICT operational, skills, engineering and 
innovation in this field [14]. 

C. Usage subindex 

Trends of the internet users in Indonesia increased 
significantly. According to survey that held by Marketeers 
Magazine on November 2013, the internet users increased 
22% from 61.1 million in 2012 become 74.57 million in 
2013 [9]. It’s also happened with the cellular subscriber 
that touch 226,1 million and for the fixed wireless access 
(FWA) 34,1 million [14]. People use the internet not only 
for the seeking the information, send/receive email but also 
for entertainment, business and socialisation. For the 
socialisation, internet could become powerful media. 

Social media through internet is rapidly growing. From 
the fig.4 we can see the information about social media 
indicator. 15% from Indonesian population using social 
media. In average, people spent 2 hours 54 minutes from 
their time to use social media. 74% people using mobile 
phone to access social media and 32% from mobile users 
using location based services [8]. 

 
Fig.4. Social Media Indicator in Indonesia  

(source: www.wearesocial.sg) 

Business field and government is also using benefit of 
the ICT development. There are various company in 

Indonesia using internet as their marketing tools, introduce 
their company and even for doing transaction. Indonesia 
become potential market for companies that do e-
commerce activity. Moreover government created 
conducive environment by issued law of information and 
electronic transaction (ITE) to protect support business 
activity. 

E-government is also a concern in ICT development. 
The aim of this implementation is to increase public 
service quality through ICT usage in governance process, 
to make transparent, clean and credible government and to 
make organisational improvement in management system 
and work process. People felt helpful with this system. The 
process is become fast, simple and save. For now there is 
rank system to evaluate the activity in e-government in 
Indonesia [14]. The aim of this system is want to evaluate 
the public services from every government board 

D. Impact subindex 

ICT impact on economic growth could be seen on the 
contribution of production factors like investment and 
employment. Study that conducted by Deloitte in 
Indonesia conclude that internet has directly contributed 
1.6% to Indonesia’s GDP. Furthermore from Indonesia 
central statistic board (BPS), the postal and 
telecommunications sector contribute to GDP is growing 
from 2.61% in 2007 (Rp. 103.3 billion) to 2.86% 
(Rp.212.2 billion) [14]. This positive trends will increase 
related to widespread use of ICT in supporting business, 
education, government services and all the aspects of 
community life. 

For impact in social field, the people could 
communicate easily, smooth, without barrier anymore and 
also reduce cost. People become empower, because they 
involve in the development, Government services is more 
effective and efficient. Society could watch the 
government process that increase awareness to keep good 
governance. So with education. Recently, many 
educational institution adding their curriculum with ICT 
lesson to improve their students in knowledge and skills.  

 
IV. CONCLUSION 

After discussed about e-readiness condition in 
Indonesia it was found that the government still try to 
develop ICT to be better condition for societies in term of 
to support their social life, business, education and others 
aspects in order to build a prosperous society. 

People also perceived that government has already 
started with good development. In the future, society want 
that government must concern and provide the regulation 
to cover all of ICT development to protect their interests 
(business) and societies to keep nation’s competitiveness. 
There are still open for improvement to make NRI in 
Indonesia could reached the higher level. 
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However, the research in this area can be develop in the 
advanced level. So the result can be describe the real 
condition in the field and create assessment tools to 
measure NRI more valid and more credible. 
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Abstract: Competitive advantage has remained at the core 

of business operations as firms strive to attain a unique 
position by differentiating its self from her competitors in the 
industry using competitive strategies.  Mores so, the 
revolutionary impact of Information Technology is 
practically visible in the way and manner businesses adopt 
Information Technology as a strategic resource and therefore 
key to strategic decisions.  This has also led to a radical 
change in the way businesses are conducted globally as 
corporations seek for competitive advantage through 
effective integration of IT in their supply chain management 
and in development of new business models.   
Information Technology has therefore become a competitive 
necessity in view of the strategic benefit arising from its 
deployment to support business functions. This research will 
examine the effect of Information Technology 
competitiveness by analysing its impact on competitive 
strategies. 
The outcome of the research is expected establish the 
relationship between Information Technology and 
competitive strategies while  providing guidance to  managers 
and decision makers on the right application of Information 
Technology in achieving the organisation’s strategic 
objectives.  It is also expected serve as a platform for 
continuous improvement on Information Technology 
applications as a means of differentiating business from its 
competitors.    
 
Keywords: Information Technology, Competitive advantage, 
Strategic objective 
 

I.  INTRODUCTION 
The global impact of information Technology (IT) is 

quite apparent in the way businesses adopt IT in order to 
become more innovative, efficient and effective in service 
delivery in the industry.  However, in the recent years, 
scholars and researchers have argued on the role IT play in 
the attainment of competitive position.  While some of the 
researcher could not see the impact of Information 
Technology in assisting a firm gain competitive advantage, 
other recent works tried to establish the contrary.  For 
instance, [4] argued that IT have lost its strategic value due 
to its ease of accessibility and has therefore become a 
commodity and cost of doing business, hence defying the 
description of competitive resource.  On the contrary, [6] 
are of the view that Information Technology is source of 
competitive advantage.   [1] also affirmed that the 
competitive position and the firms’ performance can be 
improved use Information Technology.  More so there are 
lot of theoretical evidence establishing the fact that 
companies that implemented IT enables strategy were able 
to gain competitive advantage over their competitors [6], 
[10].   Conversely researchers have also recognised IT 
capabilities as a strategic resource and therefore a source 
of competitive advantage.   

However the proponents of the negative impact of IT 
anchor their argument on the premise that, according to 
Management Science, sources of competitive advantage 
are strategic resources which are not easily replicable or 
imitated by the competitors and therefore unique to the 
firm possessing it.  

Corporations are hence beginning to understand that 
developing superior capabilities in IT can differentiate 
business success and sustain innovation. [12] 

According to [10] a firm attains a competitive advantage 
when its distinct market position helps it to earn far above 
the normal obtainable for the industry.  The question as to 
whether Information Technology could assist a firm to 
attain this unique market position, create value for which 
its customer are willing to pay in excess of the cost of 
creating it, is what this research work attempt to answer.  
Therefore a proper understanding of the term Information 
Technology and its use perhaps could offer explanation to 
some of the divergent view on the role of IT as a source of 
competitive advantage. 

 
II.  INFORMATION TECHNOLOGY 

In many literatures, the term Information Technology 
and Information systems have been used interchangeable 
to mean processes and systems including hardware and 
software, internet and network that translates business 
objectives to outputs and outcomes. The identified lack of 
coherence in the use of the term may have be responsible 
for the different position taken by scholars in reference to 
IT’s contributions as a source of competitive advantage.  
The above definition agree with [9] who also see IT as a 
means to an end comprising of systems that facilitate 
data/information processing and exchange.  His definition 
is not limited to only computers but systems and processes.  
[4] definition of IT only as technology for digital 
transportation, processing and storage of information using 
hardware and software while ignoring the  information that 
flows through the system or the capabilities laid credence 
to his view that IT has lost its strategic value.  This is an 
indication of what the term IT means to different people.  
Therefore, for the purpose of this research the terms 
Information Technology and Information Systems shall be 
used interchangeably and shall be defined as 
encompassing all systems, capabilities and technologies 
that is used to access, collect, store and process information 
for the achievement of strategic purposes. 

A Impact of Information Technology in Business 
The development of World Wide Web in the 1990s have 

been at the hearth of technological advancement that have 
had a global impact on the way people live their lives.  
Businesses now restructure to fit into the IT platforms for 
easy accessibility as internet has made it possible that 
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previously disjointed system are now interconnected 
medium of communication.  Companies seeking to expand 
their market share therefore exploit such opportunity to 
satisfy a wider audience with varieties of products and 
services.  Therefore in an organisation that desire to 
prosper in such a highly competitive and rapidly changing 
business environment, IT would have to be the prime 
enabler of their business functionalities. [16] 

Notwithstanding the ongoing debate about the 
contribution of IT in achieving profitability in an 
organisation, the evolving role of IT can be seen in the 
manner in which it anchors business transformation to 
deliver value.  The emerging capabilities of IT now create 
new environment that determine business decision, create 
new business opportunities and also abilities for new 
strategic options; for instance in e-commerce and just-in-
time [13].  The impact of IT in business operation could be 
classified into internal applications or external operations. 
1  Internal Application.  Recent studies have shown that IT 
has transcended from being just an enabler to occupy a 
strategic position in influencing the business processes and 
driving change in the internal operations of an organisation 
[15] 
System Automation: This involves the use of IT to 
automating the internal processes and operations of an 
organisation to ensure efficiency, effectiveness and 
timeliness in service delivery. 
Process Integration:  IT is used to integrate the operations 
of various units in an organisation to provide the 
management with reliable information for effective 
decision making. 
Customer Relation:  Customer data are collected and 
processed with use of IT so as to provide the customer with 
unique services that will meet and exceed their 
expectation.  For instance with use of “big data” customer 
behaviour can be targeted and products can be developed 
in accordance with the specific needs of the consumers.  
More so consumers now provided with opportunity to have 
a feel of product concept before it goes to the market. 
Effective Marketing:  Marketing in the recent time has 
become more customer focused through the use of IT.  The 
use of internet and websites in marketing products and 
services has made advertising more specific to the need of 
the consumers. 
2  External Operations:  IT has played a significant lead in 
defining and influencing the external business operating 
environment.  This has been accomplished by creating new 
business opportunities through “business distortions” as 
can be seen in the mailing system , entertainment (music) 
industry and online selling of books or developing new 
capabilities in which IT breaks the barrier of geographical 
boundaries , ensuring collaboration among various actors 
in the supply chain thereby reducing transaction cost. [7] 
Changes in environment:  Current researches has shown 
that IT represents a strategic factor in taking business 
decisions in view of its capability of changing and creating 
new operational environment as can be seen with online 
business,  wireless network and just-in-time. 
Supply Chain:  IT provides an integrated solution for a cost 
effective supply chain management with a proper visibility 

of all the actors in the chain which has been instrumental 
to the strategic positioning of retail market leaders such as 
Wall-Mart stores. 
Outsourcing:  IT has also made easier for services to be 
sought from locations where the labour is cheaper thereby 
reducing the total cost of production of goods. 
Customer Loyalty: Consumer now have the opportunity to 
participate in the development of new product as their view 
about a product concept are now sought by manufacturers  
It has also created the platform for costumer to participate 
in the choice of product prototype configuration, for 
instance the build-to-order model of Dell Inc.  
B. Competitive Factors 
Competitive factors/forces are the forces that determine 
the nature and structure of competition among firms and in 
industry.  According to [10], analysis of these forces is 
fundamental in a firm’s choice of competitive strategy.  
Porter’s five forces model and generic strategies is widely 
used in strategic management to determine the firm’s 
strategic choices. 
1  Michael Porter’s Five Forces Model:  This provides a 
potent tool in analysing the competitiveness and 
attractiveness of an industry.  Examining the forces such 
as: Rivalry among the competitors within the industry; 
Bargaining Power of customers and Suppliers; Threat of 
new entrant into the industry and its market and the threat 
posed by substitute product, according to Porter will be 
required to do the industry analysis of a firm as shown in 
Fig. 1 
 
 

 
 
Fig 1:IT and Competitive forces adapted [11] 

 
2  Porter’s Generic Strategies  According to Michael 
Porter, business need to develop and implement strategies 
so as to counter the five forces in other to continue to exist 
be successful.  Such strategies as: 
Cost Leadership Strategy; where the firm becomes a low 
cost producer of goods and services. 
Differentiation Strategy; where the firm develop ways to 
differentiate its products and services from its competitors. 
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Focus Strategy; where the firm focus on a particular market 
segment or product either as a low cost producer or a 
differentiated product.  
Other strategies based on the three generic strategies are 
innovation, growth and alliance strategies. 
C. Value Chain 

Porter’s value chain model is another tool that assist 
businesses to identify areas of competitive advantage.  The 
model considers organisation as a chain of activities which 
are classified into primary and secondary activities, and 
seek to identify specific activities where competitive 
strategies can best be applied and where the impact of 
Information Technology can best create value.(see Fig 2) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 2  Value Chain Adapted from [11] 

D. Competitive Advantage 
These are the advantages that a firm gains as a result of 

choosing the right strategic options and providing value for 
their customers which exceeds the cost of creating it.  It is 
an exclusive position a firms occupies that enables it to 
earn more returns than her competitors in the industry [3].  
According to [10], competitive advantage determines the 
success or failure of a firm.  Therefore strategic initiatives 
and business decisions that supports the delivery of 
products and services at a lower cost, creates unique 
features for products and services that are competitive and  
can provide capabilities for defining and the direction in a 
particular  market, will serve as a source of gaining 
competitive advantage. 

 
III.  INFORMATION TECHNOLOGY AS SOURCE 

OF COMPETITIVE ADVANTAGE 
Researchers agree that IT has been at hearth of business 
transformation and has radically influenced the delivery of 
products and services.  It has gone beyond just being a 
competing necessity to be the driver of value in an 
organisation [2].  The competitive advantage concept 
implies low cost production and differentiation and the 
ability to convert the competitive force to an advantage.  IT 
capabilities and resource therefore stands out as a potent 
tool that effectively accomplishes this task as it shapes the 
business environment and impacts on the outcomes. 
A. Information Technology and the Competitive 
Forces/Strategies 
Success of a firm in a particular industry is predicated on 
its ability to outperform its competitors by either 

differentiating themselves in eyes of their customer or 
achieve a low cost production thereby enabling the 
consumers to obtain a price premium. [11].   
1  IT and Cost Leadership:  Transaction cost are 
effectively reduced through the integration of the 
processes in supply chain management using IT which 
translates to a premium prices to consumer.  According to 
scholars,  IT is the platform for stimulating new business 
model such as just-in-time, built-to-order, e-commerce [7], 
which are all targeted toward cost leadership in the their 
respective industries. (see Fig 3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Accomplishing low cost production with IT (Adapted) [5] 

 
2  Impact of IT on the Power of Buyer and Supplier: There 
is a visible impact of IT capabilities and resource in the use 
business Intelligence, customer profiling and behaviour 
targeting to maintain consumer loyalty thereby reducing 
the power of the buyer to switch to another product.  The 
power of the supplier has the business implication of 
increasing cost or reducing product quality [14].  The 
effect of IT on the outsourcing system therefore reduces 
the power of the supplier as distance and geography is no 
longer a barrier to sourcing raw cheaper/alternative 
materials or labour (see Fig 1). 
3  Effect of IT on Value Chain:  The concept of value chain 
was developed by Michael porter and it concentrates on 
how business add value to satisfy customer expectation.  It 
also separate the primary activities and secondary 
functions.  The strategic impact of IT is visible as it reduces 
the cycle time of the primary activities thereby adding 
value to the output which the consumers are willing to pay 
while the margin is increased (see Fig. 3) 
 

IV. CONCLUSION 
According to [14], the determinant of the profitability of 

the industry system includes the demand for the end 
products or services, the willingness of the consumer to 
pay and at what price, and what it will cost to get the 
product to the consumer. 

Profitability which is the essence of competitive 
advantage is achieved through countering the competitive 
forces with various strategic initiatives such as Cost 
Leadership.  Information Technology therefore shapes 
existing businesses while creating new business models to 
achieve low cost production.  The effect of IT on 
competitive forces is evident in its ability to, when 
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effectively applied control both the supplier and consumer 
through outsourcing, product differentiation and customer 
profiling. 

Information Technology will therefore be fundamental to 
businesses that will gain competitive advantage in the 
industry.  However more research will be required to 
develop an appropriate metrics for the empirical evaluation 
of the contribution of IT to the profitability and 
productivity of a firm.  
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Abstract: Supply Chain plays an important role in 
managing various resources such as raw materials, 
manufacturing processes, distributions, delivery, disposal 
and/or recycling of products in an integrated form. Its 
application facilitates organizations in achieving lowest 
inventory cost, higher customer satisfaction and best 
quality products. 
In this paper, a decision support system (DSS) using Fuzzy 
rule is presented that considers a number of factors to 
assist the organizations to analyze their performance while 
operating in a supply chain environment. Both internal 
and external factors affecting the performance of supply 
chain of an organization are considered. The methodology 
is developed using Expert System “AM” software.  
The developed software helps us in finding whether the 
manufacturing organization is Open loop or Closed loop 
supply chain. It also shows the critical factors necessary to 
be the part of supply chain and the factors which should be 
improved for the successful Supply Chain in any 
Manufacturing organization. The software exports the 
data to Excel and saves it for further analysis and 
comparisons. The effectiveness of methodology developed 
is demonstrated with the help of an example. 
Keywords: Open loop and Closed loop Supply Chain, 
Decision support system, Fuzzy rule, Expert System, 
Internal and External measures, Linguistic variables, 
Membership functions, Threshold values. 
 

I.   INTRODUCTION:  
In today’s very complex and highly competitive 

environment, an organization with highly effective and 
efficient supply chain can gain advantage over 
competitors and capture high market place [1], thus 
supply chain as source of competitive advantage is a 
major challenge for different organizations. Due to 
globalization and advancement in technology the supply 
chain get more and more complex and it becomes quite 
difficult to find out the weak area in the supply chain 
which is responsible for its lacking behind in 
competitive environment. So it is essential to find out the 
performance parameters of the supply chain 

Supply chain is a network of Suppliers, manufacturer, 
distributer, retailer and wholesalers that are involved in 
different activities and processes aim at delivering better 
quality and service to the customers. These activities and 
processes can be planning, designing, procurement, 
manufacturing, assembly, transportation, distribution 
and delivery to the customer [2] as shown in Fig.1 While 
Supply chain management is the management of all 
these activities with the coordination and collaboration 
of suppliers, manufacturer, third party, investors and 
customers. SCM integrates different organizational units 

along supply chain with the flow of materials, 
Information and money to achieve better 
competitiveness and high values.[3] 

 
                     Fig.1 Closed loop supply chain[4] 

Forward Supply chain is the flow of materials and 
processes in one direction or single direction. This 
consists of only those raw materials which haven’t been 
used before. These are the fresh raw materials supplied 
by one or more than suppliers while in reverse supply 
chain we have both the fresh and recycled materials. The 
recycled materials may be used items returned by the 
customers after completing its lifespan or may be the 
defective items turned down after inspection [5]. 

In Open loop System new products are manufactured 
in industries or manufacturing organization and then 
transported to the retailer for further distribution and 
finally deliver to the customers according to their 
demand. There is no system for recycling of products 
used by the customers, or the part rejected due to defects 
or End of Life Vehicles (ELV’s). In contrast Close loop 
supply chain is the combination of both forward and 
reverse supply chain [5]. Close loop supply chain 
includes the recovering, testing, shipment and disposal 
of used parts and products. It is a method to design a 
system that integrates recycling of plastics, metals and 
other raw materials, correction, repairmen and rework of 
defective or discarded products for manufacturing of 
fresh and new parts and products[5][7]. 

An Expert fuzzy Rule is the IF-THEN construction of 
linguistic variables. The IF portion is called the 
“antecedent” which point out the condition of the 
statement and THEN part is called the “consequent” 
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which provides the results/conclusion [8]. For example 
.IF a management effort to motivate employees is poor, 
IF management efforts to motivate supplier is poor 
THEN management commitment is Poor 
From the study of different researches, it has been 
revealed that no work has been done uptill on measuring 
performance of supply chain by using the fuzzy rule 
system, furthermore there is no generalized method for 
the analysis of the supply chain [5][6][9][10]. This paper 
fulfil these requirements by providing generalized 
performance measures and give the user an option of 
whether selecting predefined measures or redefining its 
own measures. It includes the creation of an Expert 
System which can be used by any of the organizations to 
perform analysis of their supply chain and to improve 
the individual performances of each and every factor 
which leads to better overall performance of the 
organization. 
 

II. RESEARCH METHODOLOGY: 

Related literature is review and a questionnaire is 
developed covering major aspects of the Supply chain 
management. A user defined facility is also incorporated 
within the methodology where the users can provide 
those factors which are not covered in the questionnaire. 
The methodology for the supply chain evaluation 
includes finding different performance parameters 
(measure) of both internal and external factors for open 
loop and closed loop supply chain. Those performance 
measures which highly affect the performance of supply 
chain are identified. The questionnaire subcategorizes 
parameters and then related questions are asked that 
directly show the effect of the parameters on the supply 
chain. The Decision Support System (DSS) 
incorporating fuzzy rules guide the user in case of vague 
or incomplete information. The DSS developed is tested, 
verified and validated by using information provided by 
various organizations. 
 

III. WORKING PRINCIPLES OF THE DECISION 

SUPPORT SYSTEM (DSS): 

  The basic structure of the expert system is shown in 
Figure 2. User interacts with the DSS through interface. 
A questionnaire is developed covering forward, reverse, 
external and internal factors affecting the supply chain 
of an organization. Questionnaire is designed based on 
the forward, reverse, external and internal factors. 
Knowledge is acquired from various organizations 
operating within the domain of Supply chain 
management. Their expert opinion is then coded and 
production rules are developed. The DSS asks the users 
a number of questions about the factors related to the 
Supply chain in their organization. Users can define their 
factors if not covered in the list of questions. The 
responses are stored in the DSS as Information Base. 
Production rules using IF, AND, THEN statements with 
certainty factors are developed and stored in the 
Knowledge base [8].  

 
                         Fig.2 Basic structure of DSS [8] 
 

Forward chaining inferencing strategy is used to execute 
the rules and arrive at a decision.  Both certainty factors 
or confidence factors, and linguistic variables are used 
to assist the user in responding to questions asked by the 
DSS. Certainty factor is the confidence level of the user 
about the originality or actuality of the data, while 
linguistic variables are the membership function for each 
performance parameter [5]. User can select any 
linguistic variable based on the performance of each 
parameter. The linguistic variables are the fuzzy values 
of each question of the parameter. Decision Support 
System selects the minimum value of the sub categories 
(questions) of the parameter along with the certainty 
factor of that parameter. The working principle of 
execution rules is shown in Figure 3. 

 
 
                Fig.3 Working Principles OF DSS 
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   Ten linguistic variables are considered covering wide 
range of levels of suitability of a rule. Similarly 
confidence factors ranging from 0 to 10 are also 
considered to represent the degree of suitability of rule 
and response. A zero indicates completely lack of 
confidence in a rule and/or response and 10 indicate the 
highest confidence level about the data. Since each of 
rules is composed of a number of rules therefore the 
composite rule’s confidence factor is computed as: 
RIk(cf) = min{Pi(cf)} if all Pi(cf) ≥ δ                 (1) 
Or        max{Pi(cf)} if all Pi(cf) ≤ δ                    (2) 
Or         0 if |Pi(cf)| < δ                                        (3) 
Or         0 if any two Pi(cf) are of opposite sign  (4) 
Where RIk(cf) = the composite rule input of confidence 
factor of rule K in (1) 
Pi(cf) = the confidence factor for a premise in (1)-(4) 
δ = the confidence factor threshold level. 
 
The confidence factor of the output of a rule is: 
Cfk = RIk(cf).[Rk(cf)]                                            (5) 
Where Cfk = output confidence factor of rule k in (5) 
Rk(cf) = the confidence factor of rule k 
  The DSS contains more than 2000 rules. For the sake 
of brevity only two sets of rules  are given below to help 
to understand the user about the working principle of the 
DSS. 
Set A: 

IF             Level of management efforts in involving 
and motivating employees is   moderately fair “0.5” 
AND        Level of management criteria for supplier 
qualification is highly good “0.5” 
AND       Level of employees recognition and reward 
system is moderately good ‘0.5’ 
AND         effectiveness of management criteria to 
provoke suppliers is highly good “0.5’ 
AND        Rate of non-confirming products during 
manufacturing is lowly good “0.7” 
AND          Level of optimized process for waste      
reduction is highly fair “0.7’ 
AND       Extent of process efficiency is lowly poor “0.7” 
AND           Response to demand flexibility is highly  
good “0.8” 
AND       Delivery flexibility is highly fair “0.8” 
AND       Product flexibility is moderately good “0.8” 
AND       Level of market share of the product is lowly 
good “0.6” 
THEN     Forward supply chain internal performance 
measures is FAIR 
  
Set B: 
IF            Level of management efforts to involve and 
motivate employees is lowly good ‘0.6” 
AND       Level of management criteria for supplier 
qualification is moderately good “0.6” 
AND       Level of employee’s recognition and reward 
system is lowly poor “0.6” 
AND       Effectiveness of management criteria to 
provoke  suppliers is moderately poor “0.6’ 

AND        Rate of non-confirming products during 
manufacturing is moderately fair “0.8” 
AND        Level of optimized process for waste reduction 
is lowly poor “0.8” 
AND        Extent of process efficiency is highly poor 
“0.7” 
AND       Response to demand flexibility is lowly good 
“0.6” 
AND       Delivery flexibility is highly fair “0.6” 
AND       Product flexibility is moderately fair “0.6” 
AND      Level of market share of the product is highly 
fair “0.5” 
THEN      Forward supply chain internal performance 
measures is POOR 
 

The process is repeated for all the selected 
performance parameters and the decision is made on the 
basis of best combination of rules recommending a 
particular kind of supply chain. Threshold values are 
defined. Those sets of rules whose certainty values are 
lower than the threshold value are not executed. The 
results are displayed separately to the user for internal 
and external factors of the supply chain which leads to 
the overall performance analysis of the open loop or 
close loop supply chain. Finally results are exported to 
the Excel sheet and graphs are plotted. It helps the 
organization to strengthen the weak areas and put in 
place a much stronger supply chain 

 
IV. PERFORMANCE MEASURES: 

Performance measures are a set of performance 
parameters used to find out the efficiency and 
effectiveness of the system for the purpose of improving 
or comparing with other system of the same kind [12]. 

Supply chain performance parameters are categorized 
into Forward Chain performance measures and Reverse 
Chain performance measures. 

 
A. Forward Chain performance measures: 
 

1. Management Commitment: 
Direct participation by the highest level executives in 

a specific and critically important aspect or program of 
an organization [5]. 

2. Process Management: 
Process management is a series of skills, techniques, 

tools and methods used to control and manage a business 
process within a large system [7]. 

3. Product Characteristics: 
A product characteristic is an attribute property of the 

product that describes the product’s ability to satisfy its 
purpose in a larger system [5]. 

4. Responsiveness: 
Responsiveness is the company response towards the 

customer order changes, ability to launch the product in 
less time and minimum manufacturing led time [13]. 

5. Flexibility: 
Flexibility in manufacturing organization is 

concerned with changes in its product demand, 
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production rate and delivery. It determines how 
efficiently an organization can with stand with the 
increase in production rate, the quantity and variety of 
product and delivering the product to customer in shorter 
time [14]. 

6. Problem Solving Approach: 
Company’s approach towards the supply chain 

problems whether they have trained personnel or 
effective teams to identify the best solutions for problem 
in minimum time [5]. 

7. Responsibility Allocation: 
   It refers to the availability of the task and job 
description, responsible person for performing the task 
and methods/procedures availability [5]. 

8. Risk management: 
Degree to which the effect of inherent risk are 

minimized [16]. 
9. Trust: 

Trust level between organization and employees and 
trust level between the suppliers and organization [10]. 

10. Communication Ways: 
Interface between supplier and organization and 

within the company. 
11. Political Enforcement: 

Political enforcement on supplier selection. 
 

B. Reverse Chain performance measure: 
 

1. Recycling Efficiency: 
The general meaning of recycling is the reprocessing 

in a production process of waste materials for their 
original purpose or for other purposes. Recycling 
efficiency is the proportion of obtained products to 
process input [5]. 

2. Management Commitment: 
It includes setting up, formulating, establishing 

policies/objectives, providing training and resources and 
overseeing implementation at all levels of the 
organization for the recycling of used products and End 
of life products [12]. 

3. Material Features: 
Material features describe the characteristics of 

materials that are used in product manufacturing from 
recycled materials. In terms of Close loop supply chain 
material features include the amount of recyclable 
materials and waste generation during production [7]. 

4. Recyclable Materials: 
Recycling is a processing of already used materials 

into new parts and products to avoid and minimize the 
waste of useful materials, reducing the consumption of 
fresh raw materials, reduce energy usage, reduce air 
pollution and water pollution by reducing the need for 
waste disposal and lower greenhouse gas emission [7]. 

5. Recycling Cost: 
Recycling cost is the cost incurred due to the monetary 

or non-monetary process for recycling and reuse of the 
end of life products. 

 

V. V.      RESULTS AND DISCUSSION: 
Data sets have been prepared by distributing the 

questionnaire to different organization. The data set of  
one company after execution by the Expert System is 
shown in the table 1. 

 
TABLE.1 SUPPLY CHAIN PERFORMANCE RESULTS BY 
EXPERT SYSTEM 

 Company X 
Forward Supply Chain Internal Measures (Fair) 

Management Commitment 
Moderately 
Good 

 Process Management level Highly Poor 
Product Characteristics Highly Good 
Responsiveness Highly Good 
Flexibility Highly Good 
Greening Cost Highly Poor 
Problem Solving Approach Highly Good 

Responsibility Allocation 
Moderately 
Fair 

Effective Risk Management Highly Good 
Product Quality Highly Poor 
Traditional Supply Chain Highly Good 

Trust 
Moderately 
Fair 

 
Forward Supply Chain External Measures (Good) 
Supplier Commitment Highly Good 
Customer Perspective Highly Good 
Communication Ways Highly Good 

Access to International Market 
Moderately 
Good 

Inflation Highly Poor 
Strikes and Instability N/A 
Political Interference N/A 
Power Shortages N/A 
Overall Forward Supply Chain Performance 
(Good) 
Reverse Supply Chain Internal Measures (Fair) 
Recycling efficiency HighlyGood 
Management Commitment Highly Good 
Material Features N/A 
Recycling Cost Highly Poor 
Reverse Supply Chain External Measures (Poor) 
Supplier Commitment Highly Good 
Customer Involvement N/A 
`Overall Reverse Supply Chain Performance 
(Poor) 
 
Closed Loop Supply Chain Performance 
Evaluation (Fair) 

   
The data is then graphically shown in Fig 4. The red 

colour bars are shown for the main category or main 
performance like Forward Chain, Reverse Chain, Open 
loop or Closed loop supply chain performance. While 
the green colour is for the internal and external measure 
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of any supply chain type and blue colour bars show the 
performance of each factor. 

Figure.4 shows that forward chain, reverse chain and 
overall close loop supply chain lies in the fair region so 
the overall performance of the close loop supply chain is 
fair. Internal and external measures of the forward chain 
lie in the fair region while internal measures of the 
reverse chain lie in the poor region. The product 
characteristics, responsiveness, flexibility, problem 
solving approach, responsibility allocation, risk 
management, trust, supplier commitment, customer 
perspective, communication ways, recycling efficiency 
and management commitment lie in the good region, 
while management commitment, traditional supply 
chain lies in the fair region. Process management, 
greening cost, product quality, tackling inflation rates, 
recycling cost, supplier commitment in reverse supply 
chain and customer involvement in returning their 
product performance is poor. About some of the factors 
there was no response such as power outages, inflation, 
political interference and law and order situation within 
the country. It means these are common problems and 
beyond the scope of these organizations so far as the 
supply chain is concerned 
 

 
    Fig.4     Graphical view of performance measures 
 
 

VI. CONCLUSION: 

 

In this paper an Expert system methodology is 
presented for the evaluation of a supply chain (internal 
and external). The DSS developed considers both 
forward (internal and external) and reverse (internal and 
external) situations in a supply chain environment .Data 
is collected by sending a detailed questionnaire to 
different organizations. Their responses were stored in 
Information Base and then production rules made 
accordingly and stored in the Knowledge Base of the 
expert system. Forward chaining inferencing strategy is 
used to execute the rules. The performance of the supply 
chain was divided into three parts, i.e. good, fair and 

poor. The result of the Expert system is exported to an 
Excel sheet for further analysis of the organizations. 
  If the overall performance of a supply chain is fair, it 
means that some of its supply chain factors may lie in 
the good region, some in the poor region but then 
collectively the performance drops to the fair. Factors 
lying in the poor region definitely need attention for 
improvement.  
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Abstract - Bullwhip effect refers to demand variability 
fluctuation and amplification in the stream of supply chain 
pipeline from upstream to downstream due to several 
ordinary causes such as demand processing and price 
fluctuations. This phenomenon generates inaccurate 
inventory for each supply chain stage and the consequences 
are highly inventory differentiations and the total cost of the 
supply chain. Many solutions and algorithms have developed 
to measure and solve the bullwhip effect related to the 
particular manufacturing system. 

In build to order supply chain type where demand is built to 
customer order based on pull production system and 
collaborative or responsive supplier, the bullwhip effect could 
be alleviated with establishing authorisation-information 
flow using Kanban system. This tool could control the 
demand and production flow across the supply chain 
pipeline. This paper focuses on implementation of Kanban 
system in build to order supply chain type in order to avoid 
or reduce the bullwhip effect. The result indicates that use of 
Kanban system type appropriately might share demand 
information from customer in the downstream to 
manufacturer and supplier in the upstream within supply 
chain pipeline. From these, managers in each supply chain 
partners could anticipate the demand fluctuations due to the 
bullwhip effect phenomenon. 

Keywords: Bullwhip effect, Build to Order, Supply Chain, 
Kanban 

I. INTRODUCTION 
Global marketing and interdependency among of 

enterprises in the world become key success factors for 
them to survive. Customers are not restricted and isolated 
in a market region. Moreover, a broad spectrum customise 
of products become serious challenges for enterprises to 
fulfil the needs. Therefore, they have to redefine their 
strategy to deal with the paradigm. 

Companies have striven to respond the trend with 
engaging supply chain management (SCM) as a weapon to 
overcome the paradigm through controlling the material 
and information flow in their business process networking. 
Therefore manufacturing system networking becomes a 
crucial role for companies to accomplish their competitive 
advantage. 

It is now obligatory for all companies to enhance their 
excellent performance such as responsiveness, flexibility, 
and quality as they are involved in the global business 
competition. For these reasons, they should redefine in 
terms of strategies, tactics, and operations with the goal of 
fulfilling the new trend market in the world. 

The world famous business such as Dell Computers, 
BMW, and Compaq has developed and implemented a 
build-to-order (BTO) supply chain (BTO-SC) to 
accomplish flexibility and responsiveness (agility) as 
essential characteristics of mass customisation. They 

succeeded in implementing BTOS-SC for conducting mass 
customisation and followed by many several industries 
which could accomplish agility significantly [1]. 

However, there are still some problems related to the 
anticipated of demand fluctuation of customer demand 
such as inventory within supply chain (SC) pipeline. This 
phenomenon refers to bullwhip effect (BE) in particular 
supply chain network. 

The main aim of this paper is to investigate and explore 
pull production flow control using Kanban system in BTO-
SC system in order to alleviate the BE. 

II. CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

A. Build to Order Supply Chain (BTO-SC) 

Definition of BTO-SC varies among the references. 
BTO-SC reflects that production will be running based on 
response to final customer order [5]. BTO-SC could be 
defined in term of strategy as a series of the value chain to 
fulfil customer’s requirement with creating products or 
services based on enterprise excellent performances and 
within a short manufacturing lead time by networking and 
partnering suppliers and information technologies [2]. As 
a concept, BTO-SC is the arrangement of elements and 
capabilities in the SC which develop the highest level of 
agility to influence customer or market demand 
economically. The crucial point of this definition is agility 
where the system has to cope with uncertainty (instability) 
by creating robust strategic alliances, outsourcing, and 
establishing of information technology and system 
management [2]. 

Related to interface between manufacturer-consumer, 
BTO-SC is based on mass customisation and e-commerce 
to reduce planning cycles, shorten manufacturing lead 
times, and expedite delivery time whilst the type of 
inventory is raw materials, components, parts, sub 
assembly which are ready for assembly as end product. 

The vital characteristics of BTO-SC are agility where 
the system should be responsive and flexible with reducing 
the dependence on forecasts, inventory, and setup required 
to customise products or services. In this case, raw material 
and parts are supplied from several partnering suppliers. 
Mass customisation would be built based on a one-of-a 
kind paradigm and a pre-determined variety using a 
modular components and sub-assemblies [1]. 

BTO-SC has some distinguishes of traditional supply 
chain (TSCM) as depicted in Table I. The comparisons are 
based on major functional area such as Marketing,  
Production, and logistic and major operation factors such 
as customer relationship management, managing 
uncertainty, finished goods inventory, and supplier 
development. Based on the table, BTOS-SC strategic 
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marketing is triggered by pull system contrast to push 
system as marketing strategy of TSCM. TSCM required 
stable schedule of the product configuration whilst BTO-
SC focused on SC flexibility as one of agility 
characteristics and as a consequence, BTO-SC logistics 
should be fast and customised according to customer 
demand. Conversely, TSCM prefers mass production low 
variety. Related to form of inventories and how to control 
them, TSCM would reserve their stock in high level of 
finished good inventory compared to BTO-SC which 

focused on adjusted part or sub-assembly inventory. BTO-
SC emphasises on collaborative approach to their suppliers 
to accomplish responsiveness, whilst TSCM needs more 
time to receive materials supply from their suppliers. 
   However, the ordinary problem related to managing 
materials flows and inventory level in SCM still exists due 
to a delay at a point along the BTO-SC which requires a 
proactive approach to control them [2]. 

 

B. BE Phenomenon

 
Fig.1. Typical Supply Chain Dynamics [8]

The BE defined as the deviation and amplification of 
customer order level from a downstream stage to an 
upstream stage which  directly impact on fulfilment of the 
orders require to be delivered [6],[14]. BE indicates how 
small disturbance at the downstream end of a supply chain 
causes increasingly large disturbances, errors, inaccuracies 
and volatility as it works its way upstream [3],[8]. 

Fig.1. depicts the demand fluctuation across the supply 
chain pipeline would be greater from retail store to 
supplier. The main problem of bullwhip phenomenon is 
there are demand variances among the supply chain stages 
in which inventory waste or excessive inventory will be 
occurred in each member of supply chain stream. 

Many causes of this phenomenon, but generally there are 
four groups: [4], [6], [12] 
 Demand forecast principle 
This cause related to missed information and long lead 
times which may disturb up to the supply chain. Inventory 
decision was only made based on local information under 
uncertainty facts. Longer lead times can amplify this 

phenomenon in term of higher the target inventory level set 
in the replenishment model. 
 Order batching principle 
Order batching would be conducted by companies due to 
economies advantages such as large quantities discounts, 
full truck shipments and economic lot sizing. 
 Price variations or fluctuations principle 
Usually to face price fluctuations, upstream site might 
adjust and add their stock in particular periods, 
consequently in the following periods, there are no orders 
due to large amounts of inventory. 
 Rationing and shortage gaming principle 
Customers could take an opportunity related to a mismatch 
between production capacity and demand increasing. 
Manufacturer will adjust their production capacity to 
demand increasing. Customers could alter the orders size 
with inflating orders and by later cancelling the excessive 
orders to obtain the desired amount of products if they 
recognise the adjusting. As a consequence, the 

TABLE I 
COMPARISON BETWEEN TSCM AND BTO-SC 

Parameters TSCM BTO-SC 

Marketing Push approach based on stock Pull - build to customer order 

Production Focus on level and stable schedules Focus on customer order and flexibility 

Logistics Mass approach – without differentiation Fast and customised 

Customer relationship Dealer-owned Shared across the extended enterprise 

Managing uncertainty Finished goods inventory buffers Strategic part and sub-assembly buffers 
and information management 

Finished goods inventory High inventory control Low, condensed dealer stock levels 

Suppliers Long lead times Collaborative/responsive 

Source: Adaptation of [1],[2]   
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manufacturer does not have understanding obviously of the 
actual demand. 

To alleviate the inventory level amplification in the BE, 
several remedies might be attempted as explained in Table 
II.  

TABLE II 
POTENTIAL SOLUTION GROUP IN BULLWHIP 

Observed area 
Solution 

Value Stream 
Characteristics 

Group 
Solutions 

Material flow 
simplification 

 Customer oriented 
operations 

 Single piece material 
flow in place 

 Pull systems based on 
Kanbans 

 Use of the shortest path 
possible 

 Planning period 
 Active process time 

compression 

Operational 
Efficiency 
(OE) 

Supply chain 
relationships 

 Generic partnerships 
with key suppliers 

 Synchronisation and 
coordination of SC 

 Single point control 

Channel 
Alignment 
(CA) 

 Eliminate redundant 
stages and interfaces in 
SC stream 

Information 
system 
improvement 

 Integrated information 
systems 

 Reducing material and 
information processing 
lead times 

Information 
Sharing (IS) 

Source: Adaptation [4], [10], [12] 

C. Pull-based SC and Kanban system 

Pull based SC is a control mechanism for material, job, 
or production and information flow across the SC pipeline 
in which preceding SC partner only produce or supply 
material if the subsequent partner give a signal 
authorisation to work to the preceding partner. In short, 
production flow from upstream to downstream but 
information flow as a signal authorisation will be 
transmitted with reverse direction against the production 
flow. Reference [9] described Pull based SC as a multi-
echelon SC, which consists in the following activities: 
supply (S), manufacturing (M) or Original Equipment 
Manufacturer (OEM), distribution (D), retail (R), and 
consumer (C). Fig.2 Illustrates related to the pull-based SC. 

 

 

Manufacturer (M) 
(OEM)

Distributor (D) Retailer (R) Consumer (C) Supplier (S) 

KSM KMD KDR KRC 

Material/Production/Job Flow 

Information Flow 

Kij = Kanban between upstream i downstream j 

 
Fig.2. Pull Based SC System

 Kanban is Japanese term for card or signal as a simple 
controlling device that is used to authorise the release of 
materials in pull control systems such as those used in Just 
in Time (JIT) [8],[15]. Basically, Kanban is a production 
control tools which is used to conduct pull system 
production control to achieve JIT production. 

Kanban could be distinguished into two main groups:  
 Production-ordering Kanban (In-process Kanban). 
It specifies the kind and quantity of product which the 
preceding process must produce.  
 Withdrawal Kanban (Transportation Kanban). 
It determines the kind and quantity of product which the 
subsequent process should withdraw from the preceding 
process. There is two types Kanban, firstly, inter-process 
Withdraw Kanban and secondly, Supplier Kanban 
(subcontractor Kanban) that contains instructions which 
request the subcontracted supplier to deliver the parts [15]. 

Nowadays, in global market some companies have 
implemented electronic Kanban (e-Kanban) to keep flow 
material and information among their partners in global SC 
[7]. This Kanban type is suitable for BTO-SC where 
customers and suppliers are located any different countries.  

The production (material) and information flows 
between two adjacent agents such as S-M, M-D, D-R, or 
R-C establish a Kanban stage because a number of 
containers on which Kanbans are attached move materials 
downstream and signal authorisation flows upstream 
between these adjacent agents [13]. In BTO-SC the stage 
could be formed with two agents SC directly such as MC 
and this tie is a particular characteristic of such SC system. 

In this paper, Withdrawal and Supplier Kanban will be 
exploited to develop BTO-SC using Kanban System 
(BTO-SCK). 

III. METHODOLOGY 
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This paper explored the Kanban utilisation to alleviate 
bullwhip phenomenon in BTO-SC environment. 

The methodology utilised many literature studies and 
discovered some issues related to BTO-SC. Next step, 
some recommendations on previous research could be 
developed to solve the issues. Moreover, a potential 
solution would be generated to solve the issues and then, 
the proposed solution would be examined and analysed. 
Based on the result of previous step, some essential and 
important conclusions could be established. 

IV. PROPOSED MODEL FRAMEWORK 

A. Framework BTO-SCK 

To simplify the problem, the proposed model, BTOSC-
K, is perceived as two stages SC which consisted n-
consumers, one OEM, and one supplier. There are two kind 
flows exist, namely flow of material and information. Flow 
of material between S and M could be raw material, 
component, or part. OEM stored in form of sub-assembly 
or assembly module, and directly will send the output in 
form of finish good or complete assembly product. 
Information flow or authorisation signal might be e-
Kanban for KMC and Withdrawal Kanban for KSM. E-
Kanban might be suitable for this model because the 
consumers could come from many countries in the world 
and internet device would be utilised to make the 
transactions between consumer and OEM [1]. 

Consumers would generate an order based on their 
preferences (customisation) in term of predetermined 
product type and a number of demands. The request will be 
captured and identified as flow of e-Kanban and 
transmitted to OEM as authorisation signal to produce the 
order. OEM is going to process the demand based on e-
Kanban data and compare to their sub Assembly inventory. 
To determine sub-Assembly inventory level, OEM should 
conduct forecasting precisely because it might determine 
level of variances between consumer demand level and raw 
material inventory level which estimated by supplier. The 
variances determine and influence BE phenomenon. 
Suppliers could control their inventory level based on 
entering Kanban (KSM) to their system. 

The following notation is used to describe the proposed 
model (BTO-SCK): 

KMC(t) = inventory level or number of order between M 
and C at period t 
KSM(t) = inventory level or number of order between M 
and C at period t 
t = variance between KMC(t) and KSM(t) 

The performance BTO-SCK could be determined as: 
KMC(t) = Ft ± t    (1) 

Ft = KSM(t-1)    (2) 
If t = 0, it indicates that BE could be eliminated, otherwise 
if t ≠ 0, it shows that BE exists at this period. Further, If t 

> 0, so KMC(t) > Ft then OEM should released KSM(t) = t to 
the Supplier. Otherwise if t < 0, so KMC(t) < Ft then OEM 
should allocate the variance t as inventory or stock for 
consumer demand in next period. 

B. Numerical Example and Analysis 

A straightforward illustration of the proposed model is 
considered in the BTO-SCK system for seven periods 
demand. In Table III, Random number generator is utilised 
to generate forecasting data (D1-12) and KMC(t). Ft for seven 
periods can be obtained using some forecasting methods 
and finally, the variance of demand fluctuation and 
forecasting can be estimated as illustrated in Table IV. 

The results as depicted in Table IV and Fig. IV describe 
the variance (t) or amplification between sub assembly 
module forecasting results (Ft) and consumer order (Dt). 
On the period 4, 6 and 7, the variance magnitude is positive 
value; it means that OEM should release their Kanban to 
supplier as much as the variance value. Other periods, there 
are BE exist, therefore OEM has to calculate the stock 
which could be utilised to anticipate demand fluctuation in 
next periods but has an impact on increasing inventory 
cost.  

BE could be controlled with adjusting forecasting 
accuracy and number of Kanban both KMC and KSM for 
each period. This solution should match the potential 
solution group at simplified material flow-pull systems 
based on Kanbans, and operational efficiency as 
represented in Table II. Under the circumstances, the 
inaccuracy forecasting method is the primary cause of BE 
In the real world, OEM should integrate between their 
information system and supplier to update their material 
inventory level continuously and real time [10],[11]. In 
addition, the BE value might be determined by standard 
deviation (SD), in this case SD is just over 26.08 in that 
periods. 

The proposed model is still limited solution on 
deterministic number of consumer demand and without 
considering the total inventory cost and economic lot size 
to estimate container size in calculating number of Kanban. 
Moreover, the number of suppliers could be more than one 
supplier in real problem. Despite the limitations, however, 
as preliminary study of BTO-SC, the proposed model has 
given a solution method and framework related to BE 
reduction to achieve the agility and mass customisation in 
SCM. 
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Fig.3. Kanban-based BTO-SC (BTO-SCK) 
 

TABLE III 
FORECASTING DATA FOR THE NUMERICAL EXAMPLE 

Period (t) 1 2 3 4 5 6 7 8 9 10 11 12 

D1-12 71 39 20 84 28 85 79 33 83 83 47 95 

TABLE IV 
CALCULATION OF KANBAN INVENTORY LEVEL FOR THE NUMERICAL EXAMPLE 

 
 
 
 
 
 
 
 

 
Fig.4. Fluctuation of Kanban Inventory Level for the Numerical Example 
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KMCt = Dt
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Period (t) 1 2 3 4 5 6 7 

KMCt = Dt 47 31 44 73 14 67 90 

Ft 62.25 62.25 62.25 62.25 62.25 62.25 62.25 

t -15.25 -31.25 -18.25 10.75 -48.25 4.75 27.75 
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V. CONCLUSION AND REMARK 
BTO-SC system is a solution model to accommodate 

mass customisation paradigm which characterised agility 
performance and strategic alliance. To accomplish the 
performance, OEM should redefine and redesign their 
system related to SC with utilising pull-based SC control 
system. 

BE phenomenon is the crucial problem in SC system in 
which there is amplification and deviation of inventory 
level from downstream stage to upstream stage. This 
problem would become main cause of inventory waste, 
inaccuracy, and volatility. To cope with the phenomenon, 
the proposed model (BTO-SCK) was developed using 
Kanban as a tool of pull-based SC system. The proposed 
model could control flow of information from many 
consumers to manage raw material, sub-assembly and 
finished good inventory level although there are some 
limitations related to the spectrum wide of problem. 

In addition, the proposed model would be developed 
further with considering of the number of suppliers, 
inventory cost, and container lot-size. 
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Abstract- The 3rd April 2007 the French train company tried 
to beat the world record to the train the most speed on rail. 
This operation needed to create and used new Embedded 
System and lot company as National Instrument have been 
called for this event. Embedded System are able allow a new 
challenger. Today, the world of electronic and informatics 
have very near. 
He had to create new sensor to measure the temperature of 
engine or ball bearing axle indeed the record is 574.8 km/h or 
357.1 miles/s. All these measure and transfer in a laboratory 
in real time so that engineers can supervise this feat. Data 
were transported by wave wireless. For this operation 80 
channels have been used. 
To collect all data, National Instrument has created a wireless 
receiver where, a computer has been connected by an RS232 
link. The transfer capacity of this link is 19 bits/s and this 
equipment was adapted for this test. 
All these measures were imported on a computer but for this 
job, a HIM have been developed for this project for use 
dynamic control. And a connection between client and serve. 
If you want more information to learn the development on 
this project you can read this article pending a new record by 
the SNCF. 
Embedded system can allow making new thing even more 
impressive. 
Keywords: Embedded System, world record, sensors, 
national instrument, train. 

 
I.  INTRODUCTION 

 
Implementing of a Date Acquisition System is today very 
important, is present in all sectors of industry for example 
in nanotechnologies or heavy industry. Even, sensor and 
other measuring device are currently more complex and 
too how read. Her type of communication can be wireless 
or wired and for communicating all applications between 
them is very difficult. 
The information road is this one: 
The sensor takes the information and records a physical 
value. This physical information is converted with a 
transducer for having an electric signal. This one enters in 
a data gate for having a usable signal. Then, there is a 
transmission either by wireless either by wired. A receptor 
capture this signal for having data but this data can be used 
by a controller, they are treated by an application and now, 
user can work. This string be called measuring chain. At 
the figure.1, it is a schema that represents this chain. 

 
Figure.1. Measuring chain 

It is all this communication who can note information and 
her study. A sensor reacts to variations to physical what we 
want study, generally their deliver an electric signal who 
gives a representation of measurand same an LM335 at 
figure.2 who is a temperature sensor. (Measurand is a 
physical measure what we want to know). After the 
transducer is a fundamental element because it permit to 
pass from the physical signal to the electric signal. For 
LM335, it changes the degree to volt. 
The number of sensors on the market is very important; 
there are speed sensor, pressure sensor, temperature sensor 
and lots of others. 
This sensor comforts the work of researcher and increase 
the security. We will study her operation. 

 

 
Figure.2. LM355 

 
II. SENSOR 
 

For each measurand m a sensor is uniting and her goal is 
to translate this measurand in electric value. This value can 
be a tension, a current or impedance that for name E, is a 
function. In figure 3, this is an example of a graphic 
representation of E(m). 

 
Figure.3. E in according with m 

 
When we draw E we suppose: 
 -All points are possible to measure  
 -All others physicals measures are fixed 
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A Influence to another parameter 
 
The relation between electric signal and physical signal is 
write E=F(m). But is not true. In reality lot on event come 
and they can change E. The temperature, humidity can 
make a modification of the value. If temperature is t and 
humidity h, the function is not E=F(m) but E=F(m, t, h) 
where t and h change for modifying E. This interference 
can change between sensor because they from to the type 
of value. They have two types of interference: 

- Physical who are independent to the 
measurand for example temperature, 
humidity or magnetic. The temperature is 
very important because they can create 
dilatation of an object and change the electric 
property. Pressure can deform product. And 
the magnetic create an electromotive force 
parasite. 

- Alimentation, for electric circuit. 
For ease this interference several possibilities: 

- Take this interference when we use a sensor 
for measure m but must to measure this 
interference. 

- Isolate the sensor with armour, anti-vibration 
system… 

- Keep interference with thermostat for 
temperature or other. 

- Compensation with electric circuit or an 
electronic component. 

 
B Calibration of sensor 
For calibrate sensor we use a calibration graph Figure.4. 

 
Figure.4. Calibration 

 
Outside of this zone they are two values threshold 
saturation. Even if the measurand change, if m>mmax E 
don’t change. E=F(mmax) for all m>mmax. We cannot 
make a measurand for values superior at mmax and the 
same think for mmin. The origin of this restriction can be 
mechanic for example a buttress or a limitation of current. 
Something this limitation is here only for protecting the 
sensor. The slot of value is locked. We can make a measure 
between m1 and m2. This value change for different sensor 

is not the same between temperature sensors in the house 
or in an oven. 
 
C Linearity range 

 
This range of linearity is a range for which is a 
perpendicular. In this range, the variation of size is 
proportional at the variation to the measurand. If the sensor 
is perfectly linear, this characteristic is a perpendicular. In 
reality, a sensor has always a gap to this linearity. This 
linearity range is represented between m1 and m2 in a 
figure.5. 

 
Figure.5. Linearity Range 

 
D Precision 
 
It is a parameter who is not here directly on the answer 
graph but is a characteristic of the answer. It is the most 
little variation to the measurand who the sensor can detect. 
It is formulated in percentage same for the resistor. 
 
E Response time 
 
Previously we have seen the steady-state. But a transitional 
regime is here for the modification of state. We need to 
evaluate the time to answer who the sensor made for 
change suddenly of value. The time to respond at 5 per cent 
is used. Know the time to answer is essential for realise 
measure. It permits to determine how many times after a 
change of measurand the value thick of the sensor is good. 
This problem is too present for switch at figure.6. 
 

 
Figure.6. Response Time 

  
 
F Stability 
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Stability is written S(m). There have two types of stability: 
- Static stability who is S(m) = E/M. It is the 

linear portion of the characteristic. 
- Dynamic stability who the point of the static 

characteristic S(f) = E(f)/M(f). 
 

III. ACQUISITION SYSTEM 

 
A Definition 
 
A data acquisition is all packages that can transform 
information physical to a workable information by user. 
An acquisition system data would be capable to make 
measure or maybe all measure and send information for a 
human exploitation. This supposes what the measure 
translates really la physical aspect and his representation 
conserves this information. Human can be taken for 
example sensors are hand or eyes and the memory is the 
brain. 
 
B Equipment for acquisition data 
 
A sensor is used for converting a physical signal about 
electric signal. An acquisition card data for sending and 
convert an electric signal for the computer. An acquisition 
system computerise complete is made in two parts, a 
material part with sensors and a software part with a 
computer (or Smartphone, AOP…). 
 
Material part 

- Sensor: convert the physical signal about 
electric signal. 

- Encoder: convert an electric signal about 
numeric signal. 

- Storage: Save numeric data for a retrospect.  
 
Software part 

- Control: manage parameter, start and stop of 
acquisition data. 

- Acquisition: manage the process to 
information in an acquisition card for the 
computer 

- Back-up: save data. 
- Visualisation: it is an interface that permits at 

the user to use the data. 
 

Acquisition and time 
Use an acquisition system can made calls at the time. For 
example speed and time. This addition permits at the user 
to follow this work. 
 
C Quantity of information 
 
The number of values during a time can change. It is 
possible to take 1 value per hour for example a temperature 
in the house and take 100 values per second for airplane 
engine. 
 
D Informatics data 
 

The quantities of data are saved on a computer but a 
computer memory is limited. A computer is an electronic 
dispositive who treats the data. It can take a number finite 
of value. All values are coded with binary language, with 
0 and 1. The number of different values comes from the 
type of coding, if a computer work with 2 bits there is 4 
possibility 00, 01, 11 10. Therefore this system can receive 
4 types of information. But if it works with 8 bits, the 
number of possibility was 512. There the quantity of 
information what a computer work change about her mode 
of work. 
 
E Analogical to numeric 
 
For converting a signal we use a Fourier series. We sample 
a signal in point. And the encoder use function for creating 
a numeric signal. Figure.7 
 

 
Figure.7. Sampling. 

 
 

IV.EXAMPLE OF SYSTEM OF ACQUISITION 

 
In the abstract there is a first example with how sncf have 
made a world record. In this part we will comment how an 
embedded system can test a brake system of a train. 
National Instrument, the American company has worked 
on this subject and her objective is to improve the brake 
system. 
 
A The firm 
 
Freinrail a French company, an international leader of 
brake for train create, test and sold brake system in the 
world with Alstom or Bombardier for the client. 
A part of the work is to revise machine to command brake. 
After lot years of use, all trains are sending to Freinrail for 
revising brakes. One time operation finish, a test bench is 
use of see the performance of the distribution system. This 
test bench reproduces real condition of utilisation. The goal 
of National Instrument is automate this test bench.  
 
B Implementation 
 
Objective or this bench is to see if the brake system 
corresponds at the regulation of SNCF (French national 
company of train). A lot of tests are made same time of 
reaction between command and action, measure and 
verification to the level of pressure, test of the 
importability and characteristic of the comportment. 
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The bench is composed to two parts, a mechanic and 
pneumatic. Lot of sensor has added a system of acquisition, 
treatment and software. An industrial computer is used for 
is on the frame. The different modules of conditioning are 
used to measure pressure and activate a solenoid valve and 
control the pressure. These modules are connected at an 
acquisition card that is connected at the industrial 
computer. 
When a train arrived for a test, an operator place and start 
test. He enters her name, client name for verification in 
problem cases. These works of National Instrument all 
tests are automatics. If the software meets a problem a red 
led is on and the test is stopped. 
Once time test finishes, the machine gives an abstract and 
validate or not the brake system. 
Utilisation of the sensor and embedded system permit to 
win time and increase security in train. 
  

V.CONCLUSION 

 
Today, electronics and informatics system are present in a 
lot of system. They can increase the quantity of product in 
the industry, save life on car… We can imagine lots of 
property with this system. A new type of company is here 
for innovating. Carmat, a medical company has created an 
artificial heart autonomy who can replace heart for 
transplantation. This is a little opportunity but they can 
save lives. We don’t know the capacity of the embedded 
system a French researcher has said “If we make a 
challenge where 1000 students create projects with 
embedded system, the world innovation can accelerate 
very speed”. Tomorrow maybe, we will have an automatic 
car, airplane, and train… embedded systems are the future 
and only the time can ask at this question, what we actually 
happen?  
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Abstract- Embedded systems Technology has revolutionized 
the way health care systems are implemented in the last 
decade. This is evident in a wide range of applications ranging 
from early diagnosis, monitoring, control, curative solutions 
and the general management, structure and security of the 
health-care system. However developing Countries have 
continued to lag behind, this is evident when you step into 
most health facility and discover basic utilities and tools are 
insufficient 
This research investigated the gap in technology to enable 
proper implementation of innovative solutions to problems 
predominant to developing countries.  It also involved a 
comparative analysis to monitor the trend between developed 
and developing countries and eventually recommended 
solution on the way forward. 
To achieve this, Nigeria was used as a case study. Statistics of 
the healthcare status of the country was compared with that 
of the world. One key factor considered was the life 
expectancy of the Nation and other health indices. 
After analysis, it was discovered that there has been a serious 
disconnect between the technology and training level of the 
professional to implement these systems. Furthermore 
because of lack of basic training a lot of these tools are either 
left unused or under-utilized and in some cases non-existent 
or the presence of out dated versions. 
 
Keywords: Embedded systems technology, health care systems, 
Developing countries, Nigeria 
 

I. INTRODUCTION 
Most electronic products in use today are all based on 

embedded systems, which include house hold equipment 
and toys. They are sometimes designed to function without 
human intervention [2]. Embedded systems usually 
depend on sensors which capture, process and share 
information [3]. 

An Embedded System can be defined as simple as “It 
can accept some input, analyze and then it should give us 
the output that the system is meant for or it should drive 
the next piece of machine connected to it” [1]. 

According to Wayne Wolf “An embedded system is a 
computing system and other than desktop computers” [1]. 

An Embedded System is a system with hardware and 
software components designed to perform a specific task.  

The involvement of embedded systems technology has 
led to mind blowing innovations. Most of this can be seen 
portable home monitoring devices, advanced medical 
image devices and surgical equipment. The involvement of 
wireless technology with sensors led to Body Area 
Network (BAN), which gave rise to devices that can 
monitor the heart-ECG, blood pressure, temperature, 
oxygen etc. All the critical health parameters of a patient 
can be detected with just one device. There’s hardly any 

human organ and its characteristics that cannot be 
monitored. 
Moreover with the introduction of Radio Frequency 
Identification (RFID) technology we now have smart cards 
with patients information integrated into Hospital 
Information Systems (HIS). HIS has made record keeping, 
data security and the entire healthcare management a lot 
easier in the last decade. Wireless technology is a 
tremendous tool in medicine; which has given rise to 
mobile emergency response systems, remote patient 
monitoring and hospital management tools [19]. Micro-
electromechanical Systems (MEMS) have been used for 
total knee arthroplasty [19]. 
However it’s sad that despite all this latest trend in modern 
healthcare system in developing countries have totally 
under-utilized these systems. And even when implemented 
the existence is so scanty that there is no strong synergy for 
medical professionals to work together. The health care 
insurance policy of countries like Nigeria is still very much 
in its infancy. 
 

II. ADVANCEMENT OF EMBEDDED SYSTEMS IN HEALTH 
CARE 

Embedded System is the building block for most medical 
healthcare system being used today. This is seen in most 
medical health care applications ranging from diagnostic, 
monitoring and surgical equipment. Below are some of the 
remarkable advancement of embedded systems in 
healthcare:  

A. Hospital Information System 

   Hospital Information system (HIS) integrates 
information within and sometimes outside the hospital 
(central system) in a standardized way .It also provides 
tools that help the management of Electronic Medical 
Records (EMR), bed management, financial accounting, 
human resource, and all clinical tasks [4].  

Radio Frequency Identification (RFID) has been 
implemented in many applications of Hospital Information 
System. Each patient is given a unique identification (via 
a RFID tag), which houses relevant data of the patient. This 
can easily be verified by a Radio Frequency Identification 
reader which interfaces with a computer linked with the 
database. New patient and old patient’s data can be 
updated and written respectively through a Radio 
Frequency Identification reader. This system is usually 
ensures that the right person gets the right treatment at the 
right time [5]. Fig. 1 shows a cloud based service for secure 
Electronic Medical Record Exchange. It illustrates several 
hospitals sharing and exchanging information in a very 
organised and secured system. 
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B. Computer-aided Surgery (CAS) 

This is a guided form of surgical procedure. Surgeons are 
usually guided by a three dimensional (3D) medical 
imaging system, and surgical robots [6]. The three 
dimensional imaging system and robots are like the 
additional eyes and hands to the surgeon. Research have 
shown that Computer Aided Surgery has countless benefits 
[6]. They usually aim at reducing the physical damage any 
surgical operation has on a patient (minimal invasive 
therapy). Its application is common with liver cancer 
treatments, brain surgery, laparoscopy and orthopaedics 
[7]. FIG.2 shows an image device for Computer-aided 
open liver surgery. Without the traditional operating 
procedure the surgeon has a full picture of the diseased 
liver and starts his work without necessarily opening up 
the patient first. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Cloud based Service for Secure Electronic Medical 
Record Exchange [14] 

 

C. Telemedicine  

Telemedicine is a system where medical practice is done 
over a distance via telecommunication and multimedia 
technology [15].The rise of chronic diseases and the 
increase in the number of the elderly has made 
telemedicine more popular in the last two decades. Patients 
now have access to their test results at home and doctors 
give medical advice and treatment through online 
telemonitoring [16]. Telemonitoring is a practice that is 
believed to increase life expectancy and it is commonly 
practised in developed countries [17]. It is a system where 
patients are being monitored remotely while they are in the 
comfort of their homes. This is very convenient for the 
elderly. Telemonitoring is a lot cheaper than 
hospitalization [17].  This is an embedded system 
application where a patient’s health is being monitored 
right from their home. This is usually done with sensors 
placed on the patient. These sensors are connected to an 
embedded health monitoring device for signal acquisition 
[2]. Data is displayed by the system and hence patients get 

first hand feedback about their health. Monitoring of 
patients with movement disorders is also a good 
application of telemedicine , a good example of this is 
illustrated in Fig.3.This is a system used to remotely 
monitor patients with Parkinson’s disease right from their 
homes. Fig.4 shows a block diagram of a portable 
embedded system used in homes. While an easy to use 
hand mounted embedded medical device is shown in Fig.5. 
It basically has three modules: A biomedical sensor 
module, RFID based assistance module and  a Bluetooth 
communication module. 

 

 

Fig.2: An image Device for computer-aided open liver 
surgery [6]  

 

 

 

 

 

 

 

Fig. 3: Home based Parkinson’s disease (PD) 
patient wireless monitoring system [18] 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Block Diagram of a Portable Embedded System 
[13] 
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Fig. 5: A hand Mounted Embedded Device [21] 

 

D. Orthopaedic Medicine 

Embedded systems serve as diagnostic tools in 
Orthopaedics. A good example of this is shown in Fig. 7. 
This is a testing equipment used to get kinematic data from 
patients for diagnosis purposes. It does this by using 
wireless inertia measurement units (IMUs). An IMU 
consist of gyroscopes and accelerometer, which are 
sensors [19]. Consequently the relative skin to bone 
motion can also be calculated. Another application of 
embedded systems in orthopaedics is in the placement of 
implants. Implants are used to replace severely damaged 
joints to relive patients of their pain and give them their 
normal life [20]. This is illustrated in Fig. 6. 

 
Fig. 6: Radio Frequency Identification (RFID) tag on an 
Orthopaedic Implant [20] 

 

 
 

Fig. 7: Motion tracking knee brace using inertia 
measurement units (IMUs) [19] 

 

 

 

 

III. NIGERIAN HEALTHCARE SYSTEM 

The efficiency of any country’s health care system shows 
in its health care delivery. The more organized he health 
care system the more efficient and reliable the system 
becomes. In developed countries, embedded system 
software used in Hospital Information Systems has greatly 
helped in bringing organization to their health sector. In a 
developing country like Nigeria, even thou some of these 
systems are seen in very few health facilities, the entire 
country’s health sector is yet to have full benefit of this 
technology. 
The health sector of Nigeria is controlled by the Federal 
Government and it’s been divided in to three levels of 
delivery: The Federal level, the state level and the local 
government level. However there is no known database 
that has efficiently housed the activities of these groups 
especially where patients are involved. 
Although there is currently a National Health Insurance 
Scheme (NHIS) in the country, its presence is only felt in 
eight (8) out of the thirty six (36) states of the country [8]. 
Initially the scheme was set up to cater for Government 
public workers but it’s now being expanded to the private 
sector. However the total population of the country 
benefiting from this scheme is quite negligible. The growth 
of this scheme is still quite very slow. Hospitals have not 
yet been fully integrated from this scheme. The unification 
of data of this scheme is still very much in its infancy. 

Moreover there are so many factors that can contribute 
to the health care status of any country, but one of the very 
obvious is facilities in her hospitals and health centers, 
their collation of data and the level of synergy amongst 
professional. The Government of any country has a role to 
play in the unification and standardization of its health care 
system. Although the health care system of Nigeria has 
improved over time, the level of growth is still very slow 
compared to the rest of the world. Since health care directly 
related to human level, one way to score the health care 
system of any of any country is to look at the life 
expectancy of that country. Although there may be other 
indices that contribute to the life expectancy of any Nation, 
healthcare is definitely a major factor. World Bank data 
shows that the life expectancy in Nigeria is fifty two years 
(52) [9]. This very alarming, because it indicates that most 
of her citizens can only live up to their middle age. The 
paragraphs below also analysis other health statistics. 
The first ten countries in the world with the highest 
maternal mortality rate are African countries with Nigeria 
ranking as number ten with a maternal mortality rate of 630 
deaths per 100,000 live births[10]. .According the United 
Nations Children’s Fund (UNICEF) statistics Nigeria is 
the second in the world ranking with the highest number of 
the death of under –five year old and women of child 
bearing age. From this statistics Nigeria losses 2,300 
under-five year olds and 145 women of child bearing age. 
[11].The table below shows a section of the Nigerian 
health statistics given by World Health Organisation [12]. 
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Table1: World Health Organisation (WHO) Statistics for 
Nigeria [12] 

Total population  169,000,000

Gross national income per capita (PPP 
international $) 

2,450 

Life expectancy at birth male/female 
(years) 

52/54 

Probability of dying under five (per 1 000 
live births) 

124 

Probability of dying between 15 and 60 
years m/f (per 1 000 population) 

393/360 

Total expenditure on health per capita (Intl 
$, ) 

139 

Total expenditure on health as % of GDP 5.3 

  

From all the statistics so far it’s obvious that the health care 
situation in Nigeria is not good enough but there is room 
for improvement if some urgent measures are put in place. 

 

IV.CONCLUSION AND RECOMMENDATIONS 

The low life expectancy in developing countries like 
Nigeria can easily be traceable to her entire health care 
management systems, ranging from how information of 
patients are being stored and accessed to the availability of 
equipment in hospitals. Nigeria obviously has a long way 
to go in other to compete with developed countries in their 
health sector, but if the right is being embraced now it will 
a right step in the right direction. 
One advantage developed countries have is the 
involvement medical engineering  research in their health 
care facilities; this has not only made the work of medical 
professionals easy but has put smiles on the faces of 
patients. 
This is very evident in equipment’s that use embedded 
systems technology like well advanced scanners in 
gynecology, neurosurgery and treatments of internal 
diseases like cancer. These equipment has made early 
detection of abnormalities easy and therefore giving 
patients a great chance of life. The emergence of e-
medicine reduces the number of patients that visit the 
hospital, a very useful tool in countries like Nigeria that 
has very few doctors. 
It’s therefore imperative for life expectancy to increase 
the health care system must be restructured and the right 
technology implemented. 
Some of my recommendations include: 

1) More research in medicine should be sponsored 
by the government, which would include 
introduction of courses like Medical Engineering 
in school curriculum 

2) All hospitals in Nigeria must be connected to a 
central system that will enable them access the 
National Health Insurance Scheme (NHIS) 
database. This may require VSAT systems 
installed on all health facilities. 

3) All citizens of the country should be integrated 
into the health insurance scheme, this will not 

only help them have access the government 
subsidized health care system but also enable the 
government have a unified health information 
database. A unique identification should be 
assigned per person on RFID cards 

4) Embedded systems technology should be used by 
the government to network hospitals together, so 
doctors and other paramedical can work together 
and compare records. 

5) More training should be given to its medical 
profession 

6) Telemedicine should be greatly encouraged. This 
may mean the government sensitizing the citizens 
of its importance, the elderly people should be 
encouraged to use home based medical 
equipment. 

7) Government should invest more in the health 
sector and provide equipment for computer aided 
surgery. This will give patients more confidence 
in the system 

8) Due to poor roads the rate road accidents is quite 
high, hence the country need more equipped 
orthopedic centres. 
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Abstract - The automotive area uses a lot of embedded 
systems.  Indeed, cars have more and more built-in 
computers and software is omnipresent (motor, brakes, 
power steering, obstacle detection). A car can be made up of 
70 internal computers dedicated to a specific task to help the 
driver. So driving has been changed since the arrival of 
electronic into cars. 
Embedded systems are autonomous and must function 
continuously during many years, without error. In some 
cases, they must repair themselves their error. So, these are 
great tools which make thousands of instructions per second 
and require lots of processing power. They are used in high 
stress areas, so they could crash but have to respect their task 
and must not put the driver in jeopardy.  
Looking software and hardware used in an embedded system, 
this research paper shows how programs are typed and tested 
in order to comply with strong confines. The way these 
systems perform is very important, especially in case of error 
or emergency. In this way, this paper shows if drivers can rely 
upon such systems. What happens if they don’t function?   
Embedded systems may be developed and designed 
differently than a computer so they could be more expensive.  
Keywords: Embedded Systems, Electronic Reliability, 
Software developments, Automotive. 
 

I. INTRODUCTION 

An embedded system is defined as the combination of 
electronic and computer science. It is autonomous and 
specialized in a specific task interacting with the real-
world, often in real time. This means that the system must 
respect time constraints in the execution of the tasks. In 
this way, the restrictions as regards time are as important 
as the results of the tasks. That is why the specifications 
are very restrictive.  
 

 
Fig 1. Electronic in cars (%/year). 

 
 

 
Fig 2. Size of program in cars (Kbytes/year). 

 
The first embedded system has been the AGC (Apollo 
Guidance Computer), the guidance system for the Apollo 
mission in 1967. It was considered the less reliable element 
of the project but it allowed saving space and reducing 
weight.  
There are more and more of these systems in cars and they 
represent 30% of their price.  
Mechanical tools are being replaced with software 
solutions. The development of embedded systems requires 
computer and electronic skills.   
Nowadays, we can’t speak about cars without speak about 
embedded systems. Although comfort and entertainment 
are growing in importance in future vehicles, safety is the 
priority. More and more functions are embedded (GPS, 
warning, ABS, ESP, Engine Management).  To produce 
them with a high level of reliability, auto-makers demand 
efficient tools to combine quality and productivity. Cars 
turn towards software providers. 
  

II. ARCHITECTURE 
A. Microprocessors 

The microprocessor is the part of a computer which 
execute instructions and process data of the program. It is 
the collection of processor and all of its components on the 
same circuit. In this way, distances between components 
are reduced and operating speed of the processor is 
increased. By cutting connections between components of 
processor, the reliability is better and energy consumption 
is lower. 
The key features of a microprocessor are: 

‐ The number of instructions it can execute. It can 
execute several thousand different instructions.  

‐ The number of transistors in the microprocessor: 
the more transistors, the more complex 
instructions are realized. 
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‐ The clock speed. If the clock speed increases, the 
microprocessor will execute more instructions 
per second. 

 
1) Overheat Problem 

Microprocessors are synchronized with clock signal which 
frequency is nowadays 4GHz. But the increase of this 
frequency presents disadvantages. More it is higher, more 
the microprocessor use electricity and it overheat. It’s 
difficult to improve the frequency and insure the reliability.  
The power loss is given by (1) 

∗ ∗       (1) 
Where: 

‐  Adjusting coefficient. 
‐  Voltage. 
‐  Frequency. 

But the cooling of microprocessors is difficult for 
embedded systems. To execute a specific program, 
microprocessor needs microcontroller which can be 
programmed.  

B. Microcontroller 

Microcontroller is an integrated circuit which combines 
processor, memory (EPROM for the program and RAM 
for data) and input/output interface.  
They consume less electricity than microprocessors. So 
they are cheaper but the speed of working is lower.  

1) Programming Environment 

Program of a microcontroller is generally called firmware. 
Nowadays, firmwares are developed in a high level 
programming such as C or C++ if quantity of memory is 
available. When the program is compiled, the binary file 
has to be sent in microcontroller but this firmware may 
have bug. An in-circuit emulator (ICE) can detect that. 
Besides, basics languages have been proposed to insure 
strongly absence of bug in firmware: these are language on 
the basis of formal methods. 

2) In-Circuit Emulator 

It is a hardware system which allows debugging the 
firmware of an embedded system. Such a system like this 
is necessary because embedded systems may present 
problems. In-circuit emulators can also make the system 
works and debug it in the same time.  

III. FORMAL METHODS 

This language is currently successfully used in 
transportation industry and it allows insuring reliability 
properties. 
This tools reasons on programs or electronic equipment to 
approve them in relation to specifications.  

A. Example 

How verify ² ² 2 ∗  ? 

On the one hand, a naïve solution is to test this equation by 
testing all values of a and b. On the other hand, formal 
methods consist in using symbolic values and applying 
rules of “+” and “x”. 

∗
∗ ∗

∗ ∗ 	
∗ ∗ ∗ ∗

∗ ∗
2 ∗

2 ∗  
B. Method B 

B is a method which rigorously expresses clear properties 
of the system. So this method allows getting clear and 
coherent technical specifications. As conceptual stages, 
properties are respected. 
The first application is to build a formal model which 
describes indispensable properties of the system. It is a 
specification of what the system must realize.  
Then diagnoses are made comparing the real car’s 
performance with theses indispensable properties. This is 
the transformation of the B model into a concrete model. 
Finally, the concrete model is translated into C or C++. 

 
Fig 3. Process of the method B. 

So, specifications, conception and program are based on 
the realization of some mathematical evidences. When a 
model is mathematically proved, it is coherent and without 
default.  
Instead of using tests to discover errors, B methods avoid 
introducing errors during the development.  
This insures high reliability in programs. 
 

IV. UNIFIED MODELING LANGUAGE 

The Unified Modeling Language is a notation, that is a set 
of diagrams and diagram elements that may arrange to 
describe the design of a software system.   It covers all 
stages of development. So UML is an enhancement of 
program quality.  

 
Fig 4. Class diagram 
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It represents models which are defined using diagrams. So 
it is a graphical representation which interest in specific 
angle of the model. 

 
Fig 5. Object diagram. 

The firmware is now represented as several kinds of 
diagrams.  

 
Fig 6. Diagram structure. 

 
V. METROLOGY 

Metrology is the science of measurement. Generally, a 
measure is made to take a decision. But if the result is bad, 
the decision may be too and consequences can be serious.  
So metrology allows getting reliability measures. 

A. Hamstead Complexity Measures 

Complexity of programs has consequences on fault rate. A 
good control of this complexity allows developing better 
software.   
Hamstead measures are based on the interpretation of code 
as series of operators and operands.  

‐ U1: number of unique operators. 
‐ U2: number of unique operands. 
‐ N1: number of operators. 
‐ N2: number of operands. 

With these figures, length of the program and size of 
vocabulary can be calculated. 
Length of program N: (2) 

1 2      (2) 
Vocabulary size U: (3) 

1 2      (3) 
Program volume V: (4) 

∗ 2      (4) 

Volume of one line function and without parameters is 
about 20. If volume is higher than 1000, there are probably 
too much things. File volume is between 100 and 8000. 
Level difficulty D: (5) 

 ∗       (5) 

This represents the rate of errors. If same operands are used 
in several times, program may bug. 
Level programming L: (6) 

        (6) 

Low level programs may produce more errors than high 
level programs as C++. 
Implementation effort E: (7) 
 ∗       (7) 
Hamstead discovered that (8) gives the time T in second to 
implement.   

       (8) 

It is also possible to estimate the number of errors B (9) in 
the program when test will be made.  

      (9)  

VI. CONCLUSION 

Formal conception is more and more important depending 
to size and complexity of the project.  
This paper has shown that manufacturers have many 
specifications to correctly use components of embedded 
systems.  
Then, they have methods to develop software stage by 
stage.  
Finally, mechanical tools can be used by the time, whereas 
software last, especially when they are developed to insure 
security. Drivers can trust computer systems but maybe not 
manufacturers which are pushing the possibilities of 
embedded systems.  
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Abstract - Self-Balancing platform has been the crucial 
part of research for scientists over the three decades. 
This remarkable concept was introduced in 1975 and 
was awarded with PODC influential-paper award in 
2002,self-stabilization platform is a control system 
which minimizes the tilt and change in its position in 
case of any surface movement. Initially, this technology 
was less promising to provide practically acceleration 
free platform. Engineers presented new methods for 
the reduction of errors, but the time-delay to 
compensate makes it complex to prevent a sudden 
change in its current state. This platform has proven its 
importance through huge amount of applications in 
major sectors such as industrial, military and health. 
This paper gives an overview on evolution of self-
balancing platform. In addition it presents efficient 
methods in order to detect errors to repair them; it will 
focus on isolating the mechanisms and split them into 
few parts so the recovery time can be made short. The 
advanced components with minimum delay will be 
utilized to enable the platform to adjust its level against 
any disturbance; it will further suggest the systematic 
algorithms to transform the non-stabilized platform to 
stabilized platform.  
Keywords: Self-Balancing Platform, Accelerometer, 
Gyroscope, ArduinoUnit 
 

I. INTRODUCTION 
 

In the beginning the idea of Dijkstra was limited to the 
computer network and was prominent protocol. He 
introduced this concept in the context of a ‘token ring’ [1], 
in order to reduce the congestion to exchange the data 
between multiple computers. There were several rules in 
this protocol such as a computer which holds the token is 
only permitted to send and receive the data, the members 
of the network are constantly observed by the server to 
detect any error and the token is always circulating 
between the users. This method has given the privilege to 
every individual to share information with desired 
member, because the algorithm used to detect errors itself 
and then repair them so it was called self-stabilized system. 
 
When this discovery received PODC influential-paper 
award in 2002, researchers directed their attention to this 
elegant fault tolerance concept and used this concept in 
various sectors [2]. The background of this concept was 
linked with feedback system of control designs. In order to 
use this idea for developing practical electrical and 
electronics applications, tiny microcontroller was given 
instructions in the shape of programming code to detect, 
report and repair the errors. Variety of platforms has been 
proposed to write an efficient code. 

An extension of the concept of self-stabilization leaded to 
the platform which is capable of keeping itself level in 
horizontal position against changing ground profile. This 
remarkable technology spread all over the world and was 
highly utilized in wide areas. The platform was described 
as useful for moving sensitive ammunitions from one place 
to another, compensate for motion in ship caused by waves 
and keeping the building safe from the sudden movements 
caused by earthquake, it also provides comfortable 
stabilized bed for patients in ambulance [3]. However, the 
errors in the practical design have still not been 
successfully eliminated and sometimes their minor ratio 
leads to massive loss.  
 

II. SELF-BALANCING PLATFORM 

 
Platform which is levelled by two servo motors against the 
movement of surface. Arduino is the heart of this design 
which takes the feedback from IMU sensors (motion-
sensors) and sends the instructions to the respective motors 
to rotate by certain angles to balance the platform.  
The flow diagram below describes the working strategy n 
structure of design; it also reflects the importance of 
feedback system. The final action is always decided by the 
controller which is Arduino in this case. 

 
Fig. 1 Flow Diagram of Design 

 
A. Inertial Measurement Unit 

 
Movement sensing is the crux of this project and also the 
most challenging part [4]. 
Errors can be tackled effectively by deploying latest 
electronic components for the purpose of detecting the 
current position and adjusting it to the desired set point. 
IMU sensors used are:  

 Accelerometer (ADXL345) 

 Gyroscope (ITG3200) 

These two components together provide six degree-of-
freedom with accurate measurement of platform’s 
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orientation which enables the motors to set its position 
vertically and horizontally. 
1) Accelerometer: It is the electro-mechanical device 
which measures acceleration [5], in specific direction. 
These forces can be static or dynamic. It checks how far is 
the current position of platform from the reference point in 
horizontal direction and informs the Arduino. 
By sensing the amount of fixed acceleration due to gravity 
it adjusts its reference point and after that it is easier to find 
out the angle of tilt with respect to the reference point. The 
direction in which the device is moving can be analyzed by 
measuring dynamic acceleration.  
 
The Arduino board takes the voltage output from the 
accelerometer. The signal measured from the analog pins 
is converted to a digital form using a 10-bit analog to 
digital converter. Arduino analog pins read 0V to 5V in 
integer values between 0 and 1023 units [6]. 
 
Arduino follows the procedure given below to convert the 
analog signal into acceleration. 
 
The device operates with 3.3V input voltage and have the 
sensitivity of 420mV//g nominal. Arduino use analog to 
digital converter to read the output of accelerometer and 
gives the resolution of 4.88mV per count. 
 
420mV/g sensitivity shows that it is equal to the 1G of 
acceleration. When the accelerometer moves, the readings 
should be taken in positive or negative values due to 
gravity, depending on the assigned reference point. Only 
the absolute value of angle will be considered because of 
the limited range of accelerometer which is -1G to +1G for 
this application. It is essential to find the output voltage at 
zero G to identify the change in readings and digital count 
equivalent. That can be obtained by calculating the ration 
of the resolution of analog pin and accelerometer 
sensitivity [7], then subtracting the calculated from 
sensitivity.  
 
Accelerometer sensitivity / resolution of analog pin = 86 
counts 
Sensitivity – counts (86) = 334   
 
The central point is 334 counts between -1G and +1G. That 
is why digital value of 334 indicates 0G, 420 indicate -1G 
and 248 indicates +1G. This information derives a linear 
function which then enables the micro-controller code to 
change the analog readings of accelerometer and equate 
them with acceleration. 
 

 
 
Fig. 2 Acceleration with Digital Counts [8] 

 
Line equation represents this relation  
 
Y = - 0.016x + 3.8, where ‘Y’ is the acceleration. 
 
The Arduino detects the tilt of the lower platform using 
gravity computed by accelerometer as an input to decide 
the position of platform in space.  
 
The fig. 3 shows how the accelerometer determines the tilt.  
Point A is the initial axis and here the sensitivity of 
accelerometer is accurately parallel with the gravity, and 
here accelerometer measures the value G. Accelerometer 
is tilted at point B and sensitive axis is angle 	and	the	
acceleration	is		
	
G	x	cos 		
	
Reason	 of	 cosine	 angle	 is	 to	 reduce	 accelerometer’s	
normal	 force.	The	moment	accelerometer	changes	 its	
position,	the	acceleration	due	to	gravity	changes.	This	
logic	enables	the	program	to	decide	the	angle	of	tilt.	 
 

 
     

Fig. 3 Sensor Movements [9] 
 
For example, if the sensitive axis of accelerometer is 
perpendicular to the earth, the acceleration would be:  
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G x cos90 = 0. 
 
This illustrates that sensitive axis of accelerometer does 
not measures any acceleration due to gravity. So, when the 
accelerometer is parallel to the gravity then:  
 
G x cos0 = G. 
 
Which means acceleration is 1G.  
 
ADXL345 accelerometer is very sensitive when it is 
perpendicular to the gravity; the change in value of output 
is negligible. When it is parallel to the gravity, the output 
is 17.5 mg per degree. The output changes to 12.2 mg at 
45 degree. So the resolution of the measurement decreases 
as degree of tilt inclines. This is how accelerometer 
computes the values with the change in position. 

ADXL345 accelerometer is the latest electronic device 
manufactured by Arduino. It is the fastest component 
which detects and repairs the noise in the minimum time 
period; it was specifically designed for this purpose. It 
works simultaneously with Gyroscope and consumes little 
energy. It is respectively inexpensive sensor device with 
the great amount of sensitivity. 
2) Gyroscope: Gyroscope measures the rotation in vertical 
angle, it is the component used for measurement of angular 
velocity as well as rotational velocity [10]. Gyroscope 
measures the angle through integration of the angular-rate 
over finite time periods. While performing integration, 
errors can cause proportional angle drift which constantly 
increases with respect to time. That is why, performance of 
gyroscope relates to the sensitivity of a device’s bias to 
variety of environmental factors, such as supply and 
temperature variation and linear acceleration. 
Sophisticated gyroscope with the rejection of linear 
acceleration, allows these device to provide wideband 
angle information to support the information provided by 
accelerometer.  
Gyroscope operates together with accelerometer to detect 
any tilt in position. Designers prefer using this device 
because of its easy implementation and multiple functions. 
Once the device  
Gyroscope is integrated with accelerometer on one PCB 
board to provide fast feedback to the system; this helps the 
user to utilize this IC in any design easily. It offers accurate 
recognition of movement within a 3D space. Latest 
implementation of electronic gyroscope enhanced its 
application world-wide. Finest organizations such as HTC, 
Nokia, Apple and Sony employed this discovery to detect 
the change in position of device [11] 
 

B. Kalman Filter and Complementary filter 

Kalman filter is the process in which the errors are 
eliminated. They are utilized to improve the stability of 
platform. It is one method of suppressing noise and 
averaging data from the sensors, it works in two-steps: 

In beginning, it produces values of the current state, along 
with their variations. Once the next output is measured 
(containing random noise), these values are updated by a 
weighted average, with extra weight being given to 
measure with more certainty. Because the nature of this 
method is recursive, it can only run in real time using 
previously computed state and the present input values; no 
more past data is required.  

Fig. 4 Kalman noise reduction process [11] 
When using accelerometer and gyroscope, one math filter 
is required in order to merge the signals returned by the 
sensor. Gyroscope has a drift, sometimes returned values 
are completely wrong. Accelerometer from the other side 
returns the right values when the acceleration is under 
process. Because of this collapse, Kalman filter is the best 
choice to mix and merge the two conflicting values and to 
minimize the errors.   
Complementary filter is another option for this purpose. 
This filter uses both high pass and low pass filters 
simultaneously. Low pass filter blocks high frequency 
such as accelerometer in the case of vibration. High pass 
filter stops low frequency to disable the effect of gyroscope 
drift. Combination of these two signals produces one good 
signal. 
From theoretical point of view, both signals have the 
different complications and different privileges to offer the 
system, therefore any filter can be deployed to reduce the 
noise.   

C. Arduino  

Arduino is an open-source prototyping platform [12]. This 
device is very flexible and easy to use. Any designer 
willing to build interactive project would prefer Arduino 
for its user friendly environment and dynamic functioning. 
Arduino performs the role of controller in a system. It firsts 
take the input from variety of sensors and makes the 
decision independently and then instructs the concerned 
device or equipment to take actions respectively. It is 
capable of controlling lights, motors and other actuators. It 
can be programmed by any compiler which supports C 
language coding. 
 
Arduino is the heart of this design. The code was written 
in Arduino to accommodate the accelerometer and 
gyroscope inputs and servo control. The platform position 
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controlled by the coding has some error due to time delay 
in motors, noise in accelerometer and linkage slop. Delay 
in servo motors to respond always remains the highest 
error. 
 
The code sketch always starts with the administrative tasks 
such as initializing variables, calling servo library and 
assigning the board input and output pins. This process 
executes only once and is not the part of major program. 
The main body of the program contains the commands for 
reading accelerometer and gyroscope data, making 
decision according to the situation and sending the 
instructions to servos.  
 

D. Servo Motors  
 
Servo motors are self-contained electric device that rotates 
part of the machine with great precision [13]. Servos have 
been around for a long time and are used in many 
applications. They are sophisticated in obeying 
instructions and consumes very less energy. Because of 
their reliability they have got the huge industrial 
applications and also been used in radio-controlled toy car, 
airplane or helicopter.  
 
Servo motors are operated with electrical pulse of specific 
width, the phenomena is called pulse width modulation 
(PWM). Gears have been provided in servos to provide 
more torque for heavier work. Servos can only rotate in 
degrees and the length of the pulse determines how far the 
motor should turn.  For example a 1.5ms pulse will rotate 
the shaft to the 90-degree position. Shorter than 1.5ms 
moves it to 0 degrees and any longer pulse than 1.5ms will 
move the servo to 180 degrees. 
 

  
 

Fig. 5 Servo Motor Working Techniques [13] 

 
The servos are controlling the top platform in two 
directions(X and Y). The X axis servo is supported by the 
X axis data stream from the IMU sensors and Y axis is 
controlled by the Y axis information from the sensors. To 
implement servos on the platform they should be attached 

into aluminium ‘C’ brackets because of the flexibility and 
easy installation of ‘C’ brackets with platform. 
 

E. Mechanical Design 
 
Efficiency of the whole project highly depends on the 
mechanical design [14]. The most suitable material is 
‘aluminium’ which is capable of holding the heavy load 
and can be easily attached with motors. Aluminium is the 
right choice because of its small weight and solid material. 
Size of the aluminium sheet can make big difference that 
is why the measurements of the sheet should be taken 
carefully. The size of the both platforms upper and lower 
should be the same for proper balancing.  
 

 
 

Fig. 6 Platform Mechanical Structure [14] 
 

F. Electronic Hardware Assembly  
 
Normally, the Arduino board can be powered from the 
universal serial bus (USB) and the power supply. Servos 
used in this project require more power than any other 
component, even more than the power of 5V which 
Arduino cannot supply. Because of this servos are powered 
using an external 9V battery source. Most of the servos 
require 6V max to operate, so we use regulator to convert 
9 volts of battery to 6V. The regulator is capable of driving 
both servos at once with low loads. 
 
The potentiometers are used and are supplied with 5V from 
the Arduino board, they control the platform manually 
[15]. IMU device which is assembled with both 
accelerometer and gyroscope powered with Arduino board 
with 3.3V. 
 

III. TESTING AND RESULTS  
 
The testing is to determine the capability of platform to be 
stable and accurate when aligned opposite to the surface 
earth. Any delay caused by mechanical design or any 
component is negligible because they are in very small 
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amount. The functionality of platform is tested by holding 
the lower platform in hands and moving it in two different 
axis. The lower platform contains all the electronic 
circuitry on it and the IMU sensing device is also placed 
on it accurately. The testing process starts by setting the 
position of upper platform parallel to the lower platform 
which is placed on the surface. The lower platform then 
moves in two directions one by one(X and Y) and at this 
time any noise, errors, disturbance, delays has to be 
observed. 
 
Before performing any test, set the reference point which 
should be perpendicular to acceleration of earth. Inertial 
sensors can only detect the change from the same reference 
point. Initially it is zero when aligned parallel to the surface 
of earth.  
 
If these highly reliable components are used then it is more 
likely to get more than 90% accuracy. Putting the heavier 
object on the upper platform always increase the efficiency 
up to 95%. More precise results can be obtained by slowing 
down the speed to move lower platform. Accuracy of 
advanced electronic component allows the design to 
maintain consistent behavior. It can also be observed that 
if we replace the aluminium platform with wooden 
platform, there are more chances to collapse because of 
their heavy weight. Through tests it can be easily proved 
that the platform performs exactly as intended. 
 

IV. CONCLUSION 
 
This paper shows the practicability of the platform which 
can be designed using inexpensive hardware components 
also it reflects the flexibility of Arduino platform which 
plays the role of brain and can be easily programmed with 
any normal C compiler. Advancement in nano-technology 
offers multiple features in modern electronic devices such 
as IMU, Arduino. Software was sketched with the logic to 
transform the analog data from IMU sensors to 
acceleration magnitude. After comparing the magnitude 
with existing function to detect angle of tilt of the platform, 
the angle then becomes the energy to rotate the servo to fix 
the position of upper platform. Deploying the latest and 
few components also reduces the time delay between 
readings and the tilt correction. Speed at which it corrects 
the tilt also improves.  
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Abstract - The continuously increasing number of registered 
mobile phone users and introduction of smartphones with 
high need of bandwidth resulted in the design and 
development of the fourth generation wireless technology 
(4G).  In the context of 4G systems the widely known LTE 
(Long Term Evolution) aims to higher data rates and quality 
of service, by providing mobile ultra-broadband internet 
access. To reach these aims, LTE compared with the previous 
mobile networks generations, embodies new transmission 
schemes (OFDM Orthogonal frequency-division 
multiplexing) and new features such as multi antenna 
transmission, inter cell interference coordination and 
asymmetric spectrum utilization. 
Despite the important developments that brought in 
telecommunications, the first form of appearance of the 4G 
LTE did not satisfy the technical requirements, which were 
set by the International Telecommunication Union Radio 
communication Sector (ITU-R) in its International Mobile  
Telecommunications - Advanced (IMT-Advanced) 
specification. A major enhancement of the LTE called as 
LTE-Advanced meets the ITU-R requirements.  LTE-
Advanced extends the capabilities of LTE introducing carrier 
aggregation as the most efficient improvement, by supporting 
of relay nodes and enhanced use of multi-antenna techniques. 
This paper provides an overview of the LTE and description 
of its main features on how it differs from past generations 
networks. The paper will also look at the new functionalities 
introduced in LTE-Advanced. 
 
Keywords: 4G, LTE, LTE-Advanced 
 
I. INTRODUCTION 
 
Mobile broadband is a reality today and it is growing fast. 
The members of the internet generation grow accustomed 
to having broadband access wherever they go, with fast 
download/upload speed and low ping values. The fourth 
generation of wireless technology (4G) boosted 
significantly the internet access experience in 
telecommunications. The first release of the LTE (release 
8 in 2008) targets on high spectral efficiency, very low 
latency, support of variable bandwidth and backward 
compatibility/interworking with earlier 3GPP releases. 
The upgrade of the 4G network radio access did not stop 
with the release 8. Release 9 introduced enhancements and 
extensions about positioning and emergency call, while the 
release 10 (LTE-Advanced) met the requirements for the 
ITU-R IMT-Advanced process. The LTE-Advanced, 
through release 10 and release 11, improved the radio 
access with even lower latency, lower round-trip delay and 
better performance at cell edge. This paper illustrates an 
overview of the key-features of the LTE and the LTE-
Advanced, from the introduction of the LTE(release 8) 
until the release 11. List of features: 
LTE 

 Multi-carrier transmission schemes 

 Inter cell interference coordination 
 Multi-Antenna transmission 
 Spectrum flexibility 

LTE-Advanced 
 Carrier aggregation 
 Upgraded MIMO – spatial multiplexing 
 Relaying 
 Coordinated multipoint 

 
II. LTE FEATURES 
 
A. Multicarrier transmission schemes 
 
The LTE downlink transmission scheme and the LTE 
uplink are based on multi-carrier transmission, with 
modifications in order to be adapted to the hardware 
specifications of eNodeB and UE respectively. 
 
LTE Downlink – OFDM scheme: 

 the use of large number of relatively narrowband 
subcarriers  

 rectangular pulse with simple shaping, which is a 
sinc-square shaped per subcarrier spectrum in 
frequency domain. These subcarriers can be 
shared between multiple users. 

Due to the relatively long OFDM symbol time, combined 
with the insertion of cyclic prefix, the robustness, which is 
provided by OFDM, is increased against channel 
frequency selectivity. 
Regarding the main requirements of LTE, such as wide 
bandwidth and support for multi-antenna transmission, 
OFDM considered an attractive solution. Important 
benefits that can be provided are: 

 Accessibility to the frequency domain. 

 Flexible transmission bandwidth to support 
operation in spectrum allocations. 

 Broadcast/multicast transmission (transmission 
of information from more than one base station). 
 

 
Fig. 1. OFDMA Subcarriers and SC-FDMA Subcarriers 
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LTE Uplink – SC-FDMA  
 
The uplink of LTE needs a highly power-efficient 
transmission, because of the available transmission power 
which is lower than the power for the downlink. The use 
of a single carrier transmission based on discrete Fourier 
transform (DFT)- precoded OFDM is the solution for this 
challenge of efficiency and it referred as DFT-spread 
OFDM or single carrier frequency division multiple access 
(SC-FDMA). The use of SC-FDMA provides the 
orthogonal separation in the frequency domain which is a 
benefit as it avoids interference between uplink 
transmissions from different terminal in the same cell.[2] 
Basic feature for the LTE transmission scheme is the 
channel dependent scheduling, which provides dynamic 
sharing of the time and frequency resource, between users, 
achieving more efficient utilization of the available radio 
resources. 

 
Fig. 2. Channel dependent scheduling 

 
The scheduler determines to which users the ports of the 
shared resource should be assigned as well as the data rate 
to be used for each transmission. The scheduler is 
responsible for the overall system performance, especially 
in a highly loaded network, selecting the user with the best 
channel conditions.[2] 
 
B. Inter cell interference coordination 
 
LTE is designed to operate with one-cell frequency reuse. 
Inter cell interference coordination mechanism is based on 
scheduling restrictions in the frequency domain and aims 
to avoid simultaneously transmissions to and from 
terminals at the cell border between  neighbouring cells. 
LTE supports such interference coordination including 
several messages for the communication between the 
eNodeBs. The information about the experienced signal 
interference and applicable scheduling algorithm, are 
transferred through these messages and can be used by an 
eNodeB, receiving the messages as input to its scheduling 
process.  
Inter cell interference coordination has as target to limit the 
inter cell interference with a scheduling scheme. A 
common way for the improvement of the data rates in the 

cell edges is to minimize statically the usage of parts of the 
bandwidth. Most of the times, the bandwidth availability is 
reduced, creating larger loss than the corresponding gain 
with the result of an overall loss of efficiency. The solution 
for these situations providing by LTE’s mechanisms for 
dynamic inter cell interference coordination for the 
scheduling in neighbour cells. However, users in cell edges 
and in different cells are scheduled on supplementary part 
of the spectrum when required. [2][4] 
 
 
C. Multi-Antenna transmission 
 
In LTE the use of multiple antennas is a milestone 
technique to reach the high performance targets. 
 
Transmit antennas 
Multiple transmit antennas at the base station can be used 
for different types of beam-forming. Beam-forming aims 
to improve the received signal-to-interference and noise 
ratio, achieving more capacity and coverage for the 
system. Furthermore multiple transmit antennas can be 
used to transmit diversity, which is primarily intended for 
common downlink channels to provide additional diversity 
for transmissions  for which channel-dependent scheduling 
is not responsible. 
 
Receive antennas 
Multiple receive antennas can be used to improve the 
downlink and uplink performance, receiving diversity. 
They receive diversity to avoid fading and collect 
additional energy. Multiple receive antennas can also 
achieve gains in interference-limited scenarios if the 
antennas suppress interference. 
Spatial multiplexing is a feature of LTE that increases 
significantly the peak data rates that can be provided over 
the radio link. Sometimes referred as MIMO(multiple 
input – multiple output ) using multiple antennas at both 
transceiver and receiver sides. The target of this is to 
creating several parallel channels over a single radio link. 
MIMO can provide simultaneously transmission in 
bandwidth limited scenarios. Multiple terminals improve 
the overall cell capacity, transmitting on the same time and 
frequency resource.[2] 
The LTE supporting the multiple antennas techniques can 
use them beneficially in the following scenarios: 

 transmit diversity for improved system 
performance 

 beam-forming for improved coverage (less cells 
to cover a given area) 

 spatial-division multiple access (MU-MIMO) for 
improved capacity (more users per cell) 

 multi-layer transmission (SU-MIMO) for higher 
data rates in a given bandwidth 

 
D. Spectrum flexibility  
 
One of the key technology features of the LTE radio access 
is the high level of spectrum flexibility. Its target is to 
support the development of LTE radio access in different 
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frequency bands that have different characteristics. The 
introduction of a variety of duplex arrangements and 
different sizes of the available spectrum allow this 
beneficial deployment. LTE compared with previous 
3GPP releases allow the possibility of different downlink 
and uplink bandwidths, enabling asymmetric spectrum 
utilization. [4] 
 
Duplex arrangement 
 
Regarding spectrum flexibility, the LTE allows the 
potential development of radio access in both paired and 
unpaired spectrum allocations. This specification has been 
already used in the third generation telecommunication 
networks, the WCDMA (Wideband Code Division 
Multiple Access) for frequency division duplexing and 
TD-SCDMA (Time Division Synchronous Code Division 
Multiple Access) for time division duplexing. LTE 
provides a single radio access technology, supporting both 
FDD (frequency division duplex) and TDD (time division 
duplex). 
The frequency division duplex provides simultaneously 
uplink and downlink transmissions in two different carrier 
frequencies and  time division duplex implies that uplink 
and downlink transmissions are separated in time in a 
single carrier frequency. The main difference between 
FDD and TDD is in the frame structure. 
TDD systems include an important feature which is the 
provisioning of sufficiently large guard periods. During 
this period can be achieved switching between the 
reception or the transmission avoiding the overlap of the 
signal which are transmitted or received. Regarding the 
LTE, these guard periods are provided by the separation of 
one or two subframes, sometimes called as special 
subframes . Each of the radio frame is separated in three 
major fields which are the downlink part (DwPTS), the 
uplink part (UpPTS) and the guard period (GP).[2][4] 
 
LTE also supports half-duplex frequency division duplex 
at the terminal which reduces terminal complexity as no 
filter is needed in this. Transmission and reception at a 
terminal are separated in both frequency and time. 

 
 
Fig. 3. Spectrum flexibility (bandwidth, duplex and half duplex) 
Bandwidth flexibility 

 
LTE, compared with the second and third generation 
cellular systems, can provide different downlink and 
uplink bandwidths, enabling asymmetric spectrum 
utilization. As illustrated in Fig. 3 the physical layer and 

protocol specifications allow for an overall system 
bandwidth ranging from 1.4 MHz up to 20 MHz. LTE, 
achieving bandwidth flexibility, operates in a wide range 
of spectrum allocations. To provide high data rates a wide 
transmission bandwidth is necessary. In some cases where 
wide range of spectrum is not available, the LTE network 
can be operated with a narrow transmission bandwidth. 
The spectrum flexibility was introduced in release 8, but it 
is further improved in release 9 and release 10 of LTE in 
order to avoid the reduction of maximum achievable data 
rates for these cases.[2] 
 
 
III. LTE-ADVANCED FEATURES 
 
A. Carrier aggregation 
 

 
Fig. 4. Carrier aggregation  

 
Carrier aggregation is the key part for LTE-Advanced, 
which aims to achieve increased capacity, extending the 
maximum bandwidth in the downlink and uplink 
directions by aggregating multiple carriers. Up to five 
component carriers can be aggregated providing 
transmission bandwidths up to 100 MHz (1Gb/s downlink 
peak rate and 500Mb/s uplink peak rate). Both FDD and 
TDD support carrier aggregation.  An important 
characteristic about this situation is the backward 
compatibility with the previous 3GPP releases 8 and 9 in 
order allow an available network migration and increase 
the bandwidth through aggregation of release 8 or release 
9 carriers.[13] 
The aggregation achieved in different ways: 

 inter-band spectrum aggregation: used for 
multiple component carrier which belong to 
different bands. This type of aggregation can 
provide improvement about the mobility and 
robustness, utilizing the different radio 
propagation characteristics of the different 
bands. 

 intra-band contiguous spectrum aggregation : 
used for carrier aggregation as regards a 
spectrum scenario wider than 20 MHz . This 
would be available for new spectrum bands about 
3.5 GHz which are allocated in the future in 
different places of the world. For contiguously 
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aggregated component carriers the spacing 
between their centred frequencies is a multiple of 
300 kHz in order to be compatible with the 100 
kHz frequency of the previous LTE releases and 
allowing orthogonally of the subcarrier with a 
spacing of 15 kHz. 

 in release 11 is supported the intra-band non-
contiguous aggregation : used for a non-
contiguous manner, where multiple component 
carriers belong to the same band. This spectrum 
scenario can be available in countries, where the 
spectrum allocation is non-contiguous within a 
single band and the middle carriers are loaded 
with other users. 

 

 
Fig. 5. The three types of aggregation 

 
Regarding the signalling specification, symmetric (same 
downlink and uplink component carriers) and asymmetric 
(more downlink components carriers than uplink 
component carriers) link component carriers are 
supported. [13] 
 
B. Upgraded MIMO – Spatial Multiplexing 
 
A main improvement in LTE-Advanced is the 
introduction of 8x8 multiple input multiple output 
antennas in the downlink and 4x4 in the uplink. The 8x8 
MIMO combined with the carrier aggregation technology, 
with five component carriers, helps to achieve 3Gb/s 
downlink peak data rates. 
The advanced multi user MIMO techniques in the 
downlink that are supported by the LTE-Advanced are 
beneficial for the capacity of the network. The spatial 
multiplexing can achieve this, where each user terminal 
receive up to two spatial layers. LTE-Advanced using 
multi user MIMO satisfies the ITU-R requirement about 
the cell edge spectrum efficiency and cell spectrum 
efficiency for macro and micro urban cells. 
To adjust the type of MIMO transmission scheme, 
according to radio environment, there are  different 
transmission modes (TM) which differ in:[19] 

 antenna ports that used 

 number of layers 

 precoding type 

 Type of reference signal, Cell-specific Reference 
Signal (CRS) or Demodulation Reference Signal 
(DM-RS), introduced in release 10 

In the downlink there are nine different transmission 
modes, where transmission modes 1-7 were introduced in 
release 8, transmission mode 8 was introduced in release 
9 and transmission mode 9 was introduced in release 10. 

In the uplink there are transmission mode 1 and 
transmission mode 2, where transmission mode 1, the 
default, was introduced in release 8 and transmission 
mode 2 was introduced in release 10.[19] 
 
C. Relaying 
 

 
Fig. 6. Example of Relaying  

 
In LTE-Advanced the possibility for efficient 
heterogeneous network planning (combined large and 
small cells) is increased by the use of Relay nodes. The 
relay is a low power base station wirelessly connected to 
the remaining part of the network. Relays can provide 
throughput enhancement and coverage extension. Relay 
node appears as an ordinary cell and is wirelessly 
connected to a donor cell using the LTE radio interface 
technology. Main advantage of this is the simple terminal 
implementation and the backward compatibility with 
earlier 3GPP releases. The advantage of improved 
coverage is provided by the feature that called backhaul 
which is responsible to place relays at the locations with 
decreased coverage.[13][19] 
 
D. Coordinated multipoint 
 
Coordinated multipoint aims to improve the network 
performance at cell edges. Regarding the downlink, more 
than one base station transmits in a coordinated manner 
with the use of multiple antennas. Base stations are 
clustered. Coordinated scheduling is one of the main 
downlink coordinated multipoint technologies, which 
control all the scheduling functionalities of the base 
stations. Regarding downlink, the data is available for 
transmission from two transmission points.  
 

Fig. 7. Joint Transmission and Dynamic Point Selection 
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When two, or more, transmission points, transmit on the 
same frequency in the same subframe it is called Joint 
Transmission.  When data is available for transmission at 
two or more transmission points but only scheduled from 
one transmission point in each subframe it is called 
Dynamic Point Selection. For uplink coordinated 
multipoint there is Joint Reception, when a number of 
reception points receive the uplink data from one terminal, 
and the received data is combined to improve the quality. 
The two types for the received signal analysis are:[13] 

 coherent reception (combined received signals 
at a central receptor at the base stations) 

 non coherent reception (one centralised 
scheduler for all the uplink channels  receptions) 

 
IV. CONCLUSION 
 
In conclusion, this paper provides an overview about the 
key features of the LTE and the LTE-Advanced about 
their basic operation in the network and the aims which 
have been achieved regarding the 3GPP specifications. 
Due to the evolution in the physical layer, simplified 
system architecture and operation with maximum 
efficiency at the existing radio-frequency bands, LTE and 
LTE-A bring a new internet access experience in the field 
of the mobile phones and other portable devices with 
download and upload speeds comparable with the todays 
fixed internet connection technologies. Except of the 
higher data rates, the low latency and the capability to 
provide a flexible bandwidth makes the network friendly 
for the user especially for video streaming and voice over 
IP calls (VoIP). In addition the increased coverage, the 
reliability and the efficiency of the network makes the 
performance of the LTE to be clearly superior compared 
to the popular 3G and 2G networks.  With the introduction 
of all these main features LTE gives the opportunity for 
further evolution and a highly competitive expectation 
about the fifth generation of wireless technology. 
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 Abstract - The design of microstrip antennas is 
increasingly attracting research interest mainly due to 
the fact that these type of antennas can be printed 
directly into circuit boards and are finding widespread 
application within the mobile phone industry owing to 
their ease of fabrication. They are also portable due to 
their low profile and light weight. Antenna array refers 
to two or more antennas processed to actually improve 
performance of a single antenna; it basically helps to 
steer the array hence making it more directive and so 
increases its overall gain. The demand for high speed 
data rates increases with increasing technological 
advancement which forces researchers to look closely 
into the 60 GHz communication band for transmission 
of data.  
This paper presents an overview of the design steps or 
processes of a single microstrip antenna at 60 GHz 
resonance frequency, and further explains the array 
antenna. In addition it explains the feeding techniques 
methods like microstrip line feed, proximity, and 
corporate feed network and so on, antenna 
characteristics which include the radiation pattern, 
polarization, return losses, efficiency and directivity. 
The simulated results from other research materials 
are also shown and discussed. 
Keywords: Antenna array, 60 GHz communication, 
radiation pattern, beam steering 
 

I. INTRODUCTION 

Communication between human was first by sound 
through voice and in recent years the use of radio has led 
us to communication with the help of the electromagnetic 
spectrum. The electromagnetic spectrum is a natural 
resource and antennas are very useful in using this 
resource. In 1953 the first patch antenna was proposed by 
Deschamps and it was fabricated in the early 1970’s [1]. 
This type of antenna is very common and widely used 
particularly at frequencies where its size and performance 
are mostly useful. Airborne and spacecraft applications 
uses this type of antennas due to their flat profile and low 
weight, on the other hand the GPS receivers as well as 
handsets uses microstrip antennas due to their high 
dielectric constant materials[2]. 
The increase in the level of technology has affected the 
frequency range used over the previous years hence the 
demand for high speed and extremely large channel data 
rates is increasing and will soon be leading the world 
market, it is therefore useful for researchers to look closely 
into the 60 GHz frequency band for data transmission [3]. 
The 60 GHz communication are very advantageous since 
they are license free and they are also used for short 
distance communication since they are highly attenuated 
by the atmosphere due to oxygen absorption. The design 

of high gain antennas demand this type of communication 
and also the use of beam steerable antenna in the networks 
is very useful [3]. The individual countries are given 
unlicensed frequency band of 60 GHz usually estimated in 
the range of 54-64 GHz. The table below shows list of 
frequencies available worldwide [4]. 

TABLE 1  

TABLE OF UNLICENSED 60GHZ DISTRIBUTION 

COUNTRY/REGION FREQUENCY 
RANGE[GHz] 

PURPOSE 

Europe 62-63, 65-66 
 
59-62 
 

MBS(mobile 
broadband services) 
WLAN 

USA 59-64 General purpose 
Japan 59-66 Wireless 

communication 

 
The design of a single antenna cannot perform major 
aspects of antennas, they do not have beam scanning 
capabilities and a single antenna cannot produce very high 
gain. This leads us to build array antennas which has better 
performance than a single antenna. Array antenna is simply 
a group of antennas combined to work together as a unit. 
These are useful as they increase the directivity of antenna 
as well as the gain for better performances [5].  
 

II. MICROSTRIP PATCH ANTENNA 

The microstrip patch antenna is the layer which actually 
consist of a single coat design with four parts which are 
mainly the patch, ground plate, substrate and the feeding 
network. The microstrip antenna is basically the most 
important field in communication field, among these 
rectangular and circular patches are the most extensively 
used patches. These type of antennas depends upon the 
given frequency to determine the performance and the 
characteristics of the antenna which include radiation 
pattern, return losses, polarization etc. [2], [3]. 
 
                                       TABLE 1:  

ADVANTAGES AND DISADVANTAGES OF PATCH ANTENNA 
[6] 

NUMBER ADVANTAGE DISADVANTAGE 
1.  Low weight Low efficiency 
2.  Low profile Low gain 
3.  Circular and linear 

polarization 
Difficult to obtain 
polarization purity 

4.  Network matching 
and fabrication can be 
done simultaneously  

Feed structure 
complicated and 
requires high 
performance antennas 
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The figure below shows a patch antenna, the antenna 
consist of very thin metallic strip which is placed on the 
ground plane and it actually have parameter restriction on 
the height as well as the thickness. The patch also have the 
width and the length which are calculated from the 
resonance frequency. 

 
                     Figure. 2: Microstrip patch antenna 

                               TABLE 3 

COMPARING PATCH AND OTHER ANTENNAS [7] 

CHARACTERIST
ICS 

MICROSTR
IP PATCH 
ANTENNA 

MICROSTR
IP SLOT 
ANTENNA 

PRINTE
D 
DIPOLE 
ANTENN
A 

Profile Thin  Thin Thin 
Fabrication Very Easy Easy Easy 
Polarization Both linear 

and circular 
Both linear 
and circular 

Both 
linear  

 
A. substrates 

Substrates play an important role in the design of 
microstrip antennas, this thesis focused on the design of the 
rectangular patch antenna. The conducting objects which 
are the antenna and the ground separated by a dielectric 
actually makes an antenna behaves as a distributed 
capacitor. The determinant of the performance of an 
antenna depend upon the tangential losses which actually 
contribute to more reflections. This is the measure of the 
amount of electrical energy which is converted into heat in 
the dielectric, this heat is then preferably referred to as the 
power losses in the transmission line. To obtain a very 
good performance of an antenna the designers usually 
achieve it by the use of very low relative permeability on 
the substrate since it reduces tangential losses of the 
antenna. The mostly used substrates in design of microstrip 
antennas are semiconductor substrate which yields very 
low losses [8].  
 

III. ANTENNA PERFOMANCE 

After the design of antennas there are a number of 
parameters which determines the performance of antenna, 
these include Radiation pattern, Efficiency, Return losses, 
Operational bandwidth, directivity as well as polarization. 

A. Directivity 

 This is basically an antenna radiating power in a specified 
direction, most antennas are designed to work at a direction 
which is specified for it or basically directed towards its 
transmitter or receiver. Directivity can also be explained as 
how directional an antenna’s radiation pattern is. 
Normalised radiation pattern can also be represented in a 
spherical form coordinates 
F (θ, φ) [9]. 
The formula for determining the directivity of an antenna 
can be written as shown below [9] 

 (1) 
B.  Radiation pattern 
 The measuring and calculation of the strength of an 
electromagnetic wave at a distant point is known as the 
radiation pattern. This is split into two parts which are the 
field vector and the magnetic field vector 

 
Figure 3: Radiation pattern 

Radiation pattern include the main lobe, side lobes which 
should always be minimised to have good radiation pattern 
and also include back lobe as in the figure. 2 above. 
C.   efficiency 
This is simply the desire of an antenna to radiate most of 
its power delivered at the input and absorbed by the 
antenna. It is actually the ratio of the output power to the 
input power. The equation for determining efficiency can 
be seen as shown below; 

	
	

	
  (2) 

D.  return losses 

The effectiveness of power delivery from a transmission 
line to a load is referred to as return losses. It is the ratio 
of power reflected back to the source to the internal 
reflections of the antenna. The degree of impedance 
match is obtained by the ratio obtained, the higher the 
power ratio, the better the load and line matched. The 
return losses parameters can be obtained as shown 

10 log 	 		 (3) 

 
IV. MICROSTRIP ARRAY ANTENNAS 

The use of microstrip antennas is not only preferred on 
single element but also used in array antennas. Array 
antennas can be defined as types of antennas combined to 
work as a unit. They are useful as they synthesize a 
required pattern which cannot be achieved by a single 
element antenna. Scanning of the beam of an antenna 
system uses microstrip array antennas as they increase the 
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performance of an antenna, the beam scanning increases 
the directivity, gain and all other performances which are 
difficult to obtain with just a single element antenna. There 
is a feeding technique which is also applied to array 
antenna in order to determine the performance of the array, 
the classification of these methods are into contact and 
non- contact feeds. The contact method feeds the radio 
frequency (RF) power directly to the radiating patch with 
the use of feeding lines such as microstrip line while the 
non-contact method uses electromagnetic power to transfer 
power between the microstrip line and the radiating patch 
[10].  
Edge feed and pin feed are mostly used contact feeding 
methods while proximity coupling and aperture coupling 
are commonly used non-contact methods. There are a 
number of feeding methods in the design of microstrip 
antenna array. These methods are further explained and 
they include the following [2]. 

 Microstrip line feed 
 Corporate feed network 
 Proximity feed 
 Series feed network 
 Coaxial feed  
 Aperture feed 
A. Proximity coupling 

This feeding technique uses two different substrates of two 
different relative permittivity, the feeding is then placed 
between the patch and the ground plane. The method is a 
non-contact method hence it is fed electromagnetically 
between the feed and the patch. The bottom substrate uses 
a very high dielectric material and the top part uses a thick 
low dielectric constant. The performance of this type of 
array produces very high bandwidth. The main problem of 
this type of feeding technique is that it is very complicated 
to build it since the feed has to be inserted between the 
substrates and the matching need to be controlled by the 
length of the feed and the width to line ratio of the patch. 

 
      Figure. 4: Proximity coupling feed  

B. Microstrip line feed 

This feeding technique method connect a conducting strip 
directly to the edge of the microstrip patch. The feed can 
be edged on the same substrate to give a planar structure 
since the conducting strip is smaller in width compared to 
the patch. The impedance matching is done through the 
inset cut in the patch which is matched with the feed line. 

The method of microstrip line feed is easy to fabricate, it 
is therefore regarded as the best method of feeding scheme 
and also good at impedance matching. The only concern in 
this technique is the use of thick dielectric which increases 
surface waves hence giving spurious radiation feed and 
affecting antenna bandwidth. This can also affect the cross 
polarization of the array. 

C. microstrip series feed network 

 
        Figure. 5: Microstrip series feed network 

This method uses a high impedance transmission line and 
the power is fed at the first at the first element in an array. 
This method gives a large variation in impedance matching 
and the beam pointing direction. It is therefore not a good 
method for feeding techniques in array antennas compared 
to other methods [2], [7]. 

D. Corporate feed network 

This feeding method is too general and it is also common 
in microstrip feeding system. The phase shifters are used 
to control each element and attenuators controls the 
amplitude. The power split is actually done using this 
feeding technique and quarter wavelength method is 
usually used. 

E. Coaxial feed 

This method of feeding technique is also known as the 
probe. The feeding technique uses the inner and the outer 
conductor of the material. The outer conductor is 
connected to the ground plane while the inner conductor of 
the coaxial connector extends through the dielectric and it 
is therefore soldered to the radiating patch. The input 
impedance matching in this method is very easy, this is due 
to the fact that the feed can be placed in any area of the 
patch when dealing with the impedance matching. The 
other advantage of this method is that it has low spurious 
radiation and it’s also easy to fabricate. This microstrip 
feeding technique is basically useful in dealing with the 
applications with very broad bandwidth especially with the 
use of a thick substrates material. It is widely used in Wi-
Max applications which is used in mobile devices [2].  
 

V.  DESIGN CALCULATIONS FOR THE PATCH 
 

There are few parameters which are mostly important in 
the design of microstrip patch antenna. These include the 
Resonance frequency or simply the operating frequency. 
The thesis in this paper propose the design as 60 GHz. The 
other important parameter is the dielectric constant. When 
designing at high frequencies it is advisable that the 
dielectric needs to be kept as a small value in order to avoid 
reflections during impedance matching. The height of the 
dielectric is also useful as the antenna design should be 
light and of low profile. Having the most important design 
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parameters it is easier to determine different dimensions of 
the patch [11]. 

 The Width 

	                 (4) 

 Effective dielectric constant 
 

 	
	
	

	
	1 12

/
    (5) 

 
 Effective length 

 

	 	
	

	

                      (6) 

 
 Length Extension 

 

																 		 0.412 	
.

	
.

.
	

.
   (7) 

 Patch length 
 

	 	 2	 		     (8) 
 

VI. RESULTS AND ANALYSIS 
 

The antenna performance includes some certain 
parameters like the Scattering parameters. A simple patch 
antenna for the s -parameters is shown below in figure 5. 
The S-parameters describe the input to output relationship 
between the ports in an electrical system. The S11 
parameters basically shows the power reflected from the 
antenna and it’s also known as return losses [14].  

 
        Figure. 6: Return loss parameters graph 

 
       Figure. 7: Simulated radiation pattern 

The radiation pattern results from a patch antenna are also 
shown in figure. 6 above. This basically defines the 
variation of power radiated by the antenna and also the 
radiation is directed away from the antenna. The radiation 
pattern actually define the strength of the antenna power 
and it also visualize where the antenna receives or 
transmit power. The side lobes are always optimized to 
reduce more reflections. The design of antennas at very 
high frequencies are difficult to deal with especially on 
the radiation pattern as it tempt to have more side lobes 
which gives bad radiation [15]. 
 
VII. APPLICATIONS OF MICROSTRIP ANTENNAS 

 
The design of microstrip antennas is very easy in terms of 
fabrication, it is therefore used in certain applications due 
to its good characteristics performance [3]. 

 Mobile and Satellite communication:  The design 
requirements for mobile applications requires a 
low profile and low cost antennas hence the patch 
antenna is used. It is also useful in satellite 
communication. The satellite communication 
uses circularly polarized radiation patterns which 
can be obtained from the use of patch antennas. 
 

 Global position system application: Patch 
antennas design requires very high relative 
permittivity of the substrates hence they are used 
in global positioning systems. These are also 
useful in GPS receivers which can be used in 
moving vehicles, aircrafts etc. 
 

 Radar application: Basically this is to detect 
moving objects. The patch antennas due to their 
low weight, low profile makes them ideal choice 
for radar applications. 
 

 Patch antenna can be used in medicinal 
applications: Scientists recently discovered that 
the treatment of malignant tumours, the 
microwave energy is the most effective way of 
inducting hyperthermia, Due to their light weight, 
they can be used to build radiators which are 
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actually easy to handle. The patch antenna design 
is also easy to fabricate which makes it a better 
option for the design of radiators [3]. 

 
VII. CONCLUSION 

The 60 GHz communication is the future technology, the 
demand for high speed and very large capacity data rates 
is increasing, which leads the world to look closely into the 
60 GHz communication. The design of microstrip array 
antennas are also very important as they possess 
characteristics which make them suitable to fit into the new 
technology. The low weight, low profile and easy 
fabrication of microstrip antennas make them the best type 
of antennas to design as well as low cost and less 
complexity during the design. 
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Abstract:  Portable devices such as laptop, PDA and 
Smartphone have evolved at tremendous rate with many 
applications for streaming high- definition video and rich 
multimedia content that can be accessed and processed on 
these devices, fuelling the need for increase in data rate. The 
demand for higher data rate within the wireless networks has 
witnessed some great improvement through adaption of 
multi-antennas technology called multiple input multiple 
output (MIMO). This technique employs the concept where 
both transmitter and receiver uses multiple antennas to 
transfer and exchange more data at a time in a multipath 
channel resulting in a significant increases in data 
throughput. This multi-antenna technique is already being 
deployed in WiMAX 802.16e, IEEE 802.11n and long term 
evolution advanced (LTE-A) wireless communication 
systems. The deployment of MIMO in portable devices hold 
much promises for users of portable. Studies and results of 
different researches conducted on some compact antenna 
types for mobile terminals have shown great promise on the 
application of multi-antenna elements in the confined 
structure of portable devices, especially in handheld devices. 
This paper provides an overview of MIMO technology and 
the design consideration for compact antenna elements for 
small mobile terminals and its application in portable devices 
with challenges in the implementation. 
Keywords: Multiple-input Multiple-output, spatial diversity, 
antenna diversity, mutual coupling. 
 

I. INTRODUCTION   
   There has been an explosive growth in the demand and 
sales of small handheld terminals over the last few decades 
and this trend will continue to rise. These devices are no 
longer acquired for the sole purpose of making calls or 
sending traditional form of data as text messages or email 
but now being used as platform for providing personal 

entertainment. These mobile terminals are now fully 
equipped and loaded with multiple function applications 
for video streaming and online gaming. In addition, the 
data flows required for mobile communications are 
steeply increasing to satisfy the growing need in rich 
multimedia services such as high speed high definition 
television (HDTV) are now available on these small 
terminals. And all these are as a result of the evolution in 
wireless communications that have evolved from the first-
generation (1G) analogue systems and now fourth-
generation (4G) systems. In order to meet up with demand 
in increase in data rate, various telecommunication service 
providers have started upgrading their systems to the 4G 
technology, employing the use of WiMAX and LTE 
technologies.   
 
  Various antenna systems have been developed for these 
mobile systems and accordingly the antenna technology 
has made progress along with the deployment of these 
systems. Currently, multi-antennas technology is being 
implemented in different wireless equipment in the quest 
for better throughput and greater capability. MIMO 

technology is a worthwhile solution to meet this demand 
for higher data rate. Using multi-antennas at the 
transmitter and at the receiver side allows to linearly 
increasing the spectral efficiency of wireless system with 
numbers of antennas by taking advantage of the multipath 
propagation and antenna diversity between a transmitter 
and receiver.  
   However, these small mobile terminals need to be 
equipped with the capability to handle high peak data rate 
offers by the latest wireless communication technology [1]. 
Fig.1. Show the trend in the advancement in wireless 
communication technologies and Fig. 2. The peak data 
rate of various wireless technologies. These portable 
terminals require efficient antenna systems to maximize 
the data rate offered by these latest technologies. In order 
to achieve this throughput on compact mobile terminals, 
various researches are being conducted for the design of 
suitable compact MIMO system that can be integrated into 
portable devices.  In compact antenna design, two major 
trends are noticeable. Firstly, antennas for small terminals 
require small size, low profile, and to operate in 
multiband.  Secondly, antennas for small terminals need 
to satisfy required specifications, depending on the 
function and complexity of the portable terminal, its 
quality and efficiency of signal transmission [1], [2]. 
 
 
 

 
 
Fig.1. Advancement in wireless communication technologies [2] 
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Fig.2. Peak data rate of some wireless technologies [2]. 

 
II. ANTENNA DESIGN FOR MOBILE TERMINAL 

 
    Antennas are very important aspect of wireless 
communication. Wireless radios or wireless devices 
cannot transmit or receive electromagnetic waves 
without suitable antennas. Small antennas have 
continued to find use in portable devices such as PDAs, 
Global Positioning Systems (GPS) and mobile phones. 
The physical size, along with the environment in which 
the antenna will be used, is very important in the 
mechanical design of an antenna. In designing antennas 
for small mobile terminals, typically mobile phones, 
the following factors should be taken into 
consideration, the size, weight and compact structure of 
the handset [3]. Some specific applications might have 
other important requirements and parameters not 
peculiar to only antennas but also to the communication 
systems propagation characteristics for the overall 
performance of the antenna system. Compact terminal 
that required some particular specifications will have 
all these specifications satisfied in the design of an 
antenna that will operate with it.  
   In designing a mobile terminal antenna, the multiband 
operation and built-in structure has to be considered for 
these terminals to be able to operate with the old 2G, 
3G and the latest 4G wireless network systems    that 
operate at different frequency bands [4]. In addition, 
handheld user terminals are now designed with 
integrated antennas for Bluetooth, near-field 

communication (NFC) and Wi-Fi connections. This has 
to be put into consideration when designing antennas 
for mobile terminals with such features.  
 
A.    Design Concept of Antenna Systems for Small 

Mobile Terminals  
   The concept of designing antennas for portable terminals 
changed as mobile communication systems and wireless 
portable devices evolved.  The design concept of compact 
antennas required that it should operate in multiband, 
lightweight, low profile and inexpensive while 
maintaining good electrical properties such as good return 
loss and isolation. The pattern coverage for a mobile 
terminal should be as omni-directional as possible since 

the location of the base station is often unknown. However, 
the patterns need to direct energy away from the circuit 
board of the mobile terminal such as laptops, PDAs and 
mobile phones, so that electromagnetic interference (EMI) 
is reduced [5].  
When multiple frequencies bands antennas are used in 
small terminals, the antennas will need filtering to separate 
the bands and further filtering is necessary to separate the 
signals when such terminals are equipped Bluetooth, GPS, 

and Wi-Fi connections. These components are all collected 
together into a front end module of the terminal where they 
take up space and introduce losses in the device [6].  
Diplexing and antenna switching might also be required in 
such situation. 
.   
B. Antennas types for Mobile Terminals   
   The first set mobile terminals for GSM used a quarter-
wavelength monopole whip and helix antennas.  A 
monopole antenna was used in handheld mobile devices as 
external antenna and has unbalanced structure. Fig 3. 
Shows whip monopole antennas.  It produced same 
doughnut shaped radiation pattern and radiation resistance 

like half-wavelength dipole. When in operation, the whip 
can be regarded as half of the antenna as the remainder of 
it is the ground plane (GPL) or printed circuit board (PCB) 
[7]. This handset antenna type is saddled with high specific 
absorption ratio (SAR). High efficiency can be achieved in 
monopole antenna by making the ground and ohmic 
resistances of the antenna as small as possible with the 
greater proportion of the total power dissipated in the 
radiation resistance [8]. 
 

 
Fig.3. Whip monopole antennas. [7] 
 
   The external whip antennas are replaced by internally 
mounted antenna such as planar inverted-F antenna 
(PIFA), inverted-F antenna (IFA) can be considered as 
asymmetric dipole. Fig.4. PIFA internal antenna. The 
PIFA impedance matching is done by tapping the antenna 
at the appropriate point along its width. These antennas 
produces good omni-directional radiation pattern, reliable 
efficiency and can easily be miniaturised for use in small 
mobile devices [9].  
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Fig.3. Planar inverted F antennas (PIFA)  [7] 

 
   Portable devices have compacted structures and as such 

required miniaturised antennas. However, miniaturization 
of antenna result in reduced performance with low 
gain/efficiency, short range, smaller useful bandwidth and 
increased sensitivity to external factors among others. 
Reduction in antenna size is a function of actual 
requirement for bandwidth and range [10]. Some antenna 
types tolerate miniaturization better than others. Other 
small antenna types includes: folded loop, chip and patch 
antennas.  
 

 
III. AN OVERVIEW OF MIMO TECHNOLOGY 

 
    The technology of multi-antennas has been 
developed over many years. The initial work on MIMO 
systems was centred on basic spatial diversity where it 
was used to limit the effect of multipath propagation. 
And now MIMO technology has evolved by turning the 
multipath propagation to an advantage and using the 
multipath signals as additional channels to carry 
additional data. In contrast, a single-input single-output 
(SISO) system sees multipath as interference. Fig. 5. 
Illustration of a 2x2 MIMO configuration. A 2x2 multi 
antennas system will produce two spatial streams to 
effectively double the maximum data rate. In principle, 
it is possible to achieve same data rate in a standard 
SISO system by employing sufficiently high 
bandwidth along with coding and modulation that will 
achieves the required spectral efficiency. However, this 
not achievable based on the impossible bandwidth 
demand for such system [11]. 
 

  
Fig.5. Illustration of a 2x2 MIMO configuration [11]  

In MIMO, using multiple antennas at the transmitter and 
receiver can use the spatial diversity of the communication 
link to increase channel capacity thereby achieving 
significant higher data rate. A receiver in a MIMO system 
can apply the channel knowledge to recover independent 
streams from each of the transmitter’s antennas.  In MIMO 
antenna technology, three important features are use when 
in operation and are discussed.    
A.    Spatial Multiplexing 

 
Spatial multiplexing is a multi-antennas concept that is 

intended to provide additional data capacity by using the 
different signal paths as additional channel therefore 
increasing the data throughput capability of the system 
without need for additional bandwidth. And this is 
achieved for a MIMO system, using two antennas at the 
transmitter and same number of antennas at the receiver 
(2x2 MIMO), dividing the data into separate streams and 
with the streams transmitted independently through each 
antenna at the transmitter to maximize transmission rate. 
Whereas conventional SISO, transmit with a single antenna 
generating only one stream of data that is subjected to 
fading.  
 
B.    Beamforming 
     
   The Beamforming is used in MIMO system to create a 
certain required antenna directive pattern in order to 
achieve the required performance under a given condition.  
The antennas used for this task are referred to as smart 
antennas. And these smart antennas can either be phased 
array or adaptive array antennas. Fig.6. Illustration of 
beamforming.  The base station phased array antennas 
have predefined patterns which can be switched to the 
required direction, focusing the signal in the direction of 
the mobile terminals. In contrast, adaptive array antenna is 
capable of directing beam in the direction needed in real 
time and it has an infinite number of patterns in any 
required direction, making it more suitable for mobile 
communication. 
 

 
Fig.6. Illustration of beamforming   [11] 
 
 
C.    Antenna Diversity 
 
   A conventional SISO receiver faces degradation of 
received signal as a result of fading in signal along the 
communication path. Fading is being in MIMO by using 
Antenna diversity.  As the name implied, antenna diversity 
employ the principle of diversity to provide a receiver in a 
communication system with multiple versions of the same 
transmitted signal [12]. By using more than one antenna to 
transmit and receive signals along the different 
propagation paths to compensate for multipath 
interference.  Accordingly, diversity helps to stabilise a 
link and improves performance, reducing error rate. Multi-
antennas system with good diversity performance will 
produced radiation patterns that have low cross-
correlation. A reliable antenna diversity performance can 
be obtained in three ways in portable devices through: 
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Spatial diversity, beam diversity and polarisation diversity. 
Spatial diversity in portable devices such as handsets and 
PDAs is very little as their antennas are often less than a 
wavelength in size.  Compact antennas have low directivity 
therefore beam diversity is a weak effect contributing to 
diversity reception [3].  
   In [7], these three types diversity are available in most 
antenna types and no antenna   provides a perfect diversity 
solution. The best choice of diversity system is a function 
of the behaviour of the propagation path in a 
communication system, particularly the amount of 
polarisation scattering and the angular power spread of the 
components of the received signal. 
 

IV. IMPACT OF ANTENNAS ON MIMO PERFORMANCE 
 

   As discussed in section III, a 2x2 MIMO system will 
produce two spatial streams likewise a 4x4 MIMO 
configuration will produce four spatial stream exceeding 
Shannon limit at all data rate, making MIMO system ideal 
for wireless communication[13]. The MIMO channel 
transfer performance is not isolated to only propagation 
environment, but also on key parameters of the antenna 
arrays at the transmitter and receiver. And these parameters 
are array configuration, mutual coupling, radiation pattern 
and polarisation of the antennas, which have impact the 
correlation and mean received power of the MIMO system. 
The array configuration and mutual coupling are very 
features in MIMO system especially when putting it to use 
in small mobile terminals. These two features were 
discussed.  
 

A. Array Configuration 
 

   MIMO systems, employing array of antennas at both 
ends of the transmission link, provide significant increase 
in the achievable capacity. The ability of achieving this 
high capacity is greatly influenced by the geometry of 
antenna array used and the correlation between the channel 
gains on each antenna element in the array. However, array 
configurations do not provide any significant change in 
achievable capacity without the use of beamforming in 
MIMO system [11]. 
 
B.    Mutual Coupling 
 
  Mutual coupling occurs in MIMO system when the 
antenna elements are closely spaced therefore causing 
degradation in the capacity offered by multiple antennas. 
It introduces mutual impedance that changes the radiation 
property of each antenna and accordingly, modified the 
spatial correlation of the MIMO system [14]. This is a 
major challenge in the application of MIMO in small 
devices due to limited space in some of these portable 
devices. 
 

V. APPLICATION OF MIMO SYSTEM IN SMALL 
TERMINALS 

       
    The multiple input multiple output system has created 
the enabling environment for the current evolution of 
mobile broadband. The application of the MIMO 

technique is one of the major key factors that have brought 
about the advancement in wireless mobile communication 
from the 3G era to 4G communication systems, which is 
currently being deployed worldwide. Its capacity to 
provide throughput without additional bandwidth has 
made it an integral part of LTE-A, WLAN 802.11n and 
WiMAX 802.16m systems. Multi-antennas system is used 
in portable devices such as access point and wireless 
routers. Its application can also be find laptops and tablets 
where it offers better throughputs. These devices are able 
to accommodate the multi-antennas system with little or no 
challenge due to bigger structural dimension compared to 
handheld devices such as mobile phones. Though MIMO 
seems an attractive option from the standpoint of diversity 
gain and multiplexing gain, there are drawbacks which 
hinder or hamper its effective utilization in mobile 
handheld terminals. 
 
VI. DESIGN CHALLENGES AND FEATURES OF HANDHELD 

MIMO 
 

    In[1], the design impediment of integrating multiple 
antennas into mobile user equipment include, the need for 
miniaturisation, ability to operate in wide range of 
frequency (multiband as it relates to interoperability across 
the mobile communication technologies), health concern 
with respect to absorption among others. Furthermore, in 
designing MIMO antennas for handhelds, consideration of 
the materials and manufacturing process are invaluable. 
This owes to the fact that compact handheld device with 
plastic casing gives better efficiency (an average of 17%) 
over metal casing (which has an efficiency of 0%), the 
latter offers minimum SAR compared to the plastic casing 
[15]. With these design considerations factored in, MIMO 
can be very beneficial in mobile communication systems  
apart from the traditional diversity and spatial multiplexing 
gain, channel capacity can also be improved using MIMO 
[16]. Furthermore, handheld devices operate on battery 
and powering a multi-antennas system will have impact on 
the power efficiency of such device. 
  

VII. CONCLUSION 
 
    Advancement in electrically small antennas design has 
offered the inherent benefit of MIMO to portable devices. 
Multi-antennas system is already being employed in some 
small wireless devices to provide higher data rate that is 
essential for multimedia applications. However, the 
physical dimensions of smaller devices introduce 
challenges on practical implementation of multi-antennas 
system in some of these portable devices. 
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Abstract - Health they say is wealth. The importance of 
effective healthcare delivery cannot be overstated and this 
becomes apparent when the cumulative effects of the 
projected aging of global population, and the increasing costs 
of healthcare are considered. Enter e-health. Advancements 
in ICT that gave rise to terms such as e-commerce and e-
business have been channelled into the health sector creating 
unprecedented improvements in consumer and provider 
access to relevant health information, cheaper and enhanced 
quality of care, reduced healthcare errors and increased 
collaboration.  Be it through telemedicine, consumer health 
informatics or other e-health disciplines, diagnosis is now 
more timely and accurate and millions of lives are being 
saved. 
 This paper aims to promote an understanding of e-health 
concepts. Although the term has seen prevalent use as a 
general buzzword, standardization remains a concern. There 
has been no consensus or clear definition of the scope of this 
topic. The interpretation of what e-health encompasses is 
studied from different perspectives. Investigations are 
conducted to determine the various forms of e-health and 
how they are practiced in both developed and developing 
countries. Finally, issues like interoperability between 
different e-health systems and the future developments 
expected in this broad field are examined. 
Keywords: Information and Communications Technology, 
healthcare, e-health. 
 

I. INTRODUCTION 

In the past two decades, there has been a significant growth 
in the application of information and communications 
technology (ICT) in all aspects of life. The influence of 
ICT has been increasingly reflected in areas such as 
commerce, business, manufacturing, sports and 
entertainment. Likewise healthcare has benefited from 
integration with ICT and governments all over the world 
now recognize the promise of e-health to deliver quality, 
effective and efficient health care [1].  Numerous e-health 
applications and implementations now exist in Europe and 
even in developing countries in other continents. Over the 
past 20 years, the European union  has spent more than half 
a billion Euros to support research in e-health, medical 
informatics and other related fields [2]. 
According to the world health organisation (WHO), e-
health can be defined as the implementation of ICT to drive 
healthcare and other health-related fields like medical-care 
services, health surveillance, medical literature, and health 
education, medical knowledge and research [3].  e-health 
is a widely scoped field and although there are varying 
views by academics and health practitioners on what it 
should encompass, there is a general consensus about its 
benefits and the associated opportunities its provides. 
These include: 

 Improved health and medical information sharing 

 Improved diagnosis and treatment 

 Enhanced storage and retrieval of medical records 

 Reduced costs of providing and accessing 
healthcare 

 Reduction of replication and redundancy in the 
health system 

 Provision of tools to overcome cultural and 
linguistic barriers in delivering quality healthcare 
[4]. 

All these benefits and many more combine to make e-
health probably the most important innovation in 
healthcare since the discovery of genetic engineering, 
vaccines, and even public health initiatives like sanitation 
and pure water [2]. 
 

II. BACKGROUND AND DEFINITION OF E-

HEALTH SYSTEMS 

The prefix "e-" in e-health which means electronic is used 
to convey digitization of data such as seen in other 
applications like e-commerce and e-governance. Health is 
a word generally used to refer to hospitals, healthcare, 
medicine, diseases etc. No single entity can lay claim to 
coining the term "e-health". Its emergence can be traced to 
around the early part of the 20th century. Medical 
applications were quick to leverage on advancements 
made via the invention of analogue telephones. This 
technology allowed individuals to benefit from phone 
based consultations with doctors which translated to the 
early periods of telemedicine and remote medical care. 
However limitations on bandwidth and interference over 
copper wires used for transmission inhibited the growth of 
this practice at the time [5]. 
By the early 2000's, technological improvements like 
faster processors, higher bandwidth and storage capacity 
had ensured that the integration of ICT in healthcare 
evolved from just telemedicine to a broader range of e-
health practices including electronic health records and 
consumer health informatics. This constant evolution of 
technology  has led to differing views on the definition of 
e-health [6]. 
Some definitions appear to be very vague. For instance, 
Provost et al. defines e-health as the use of the Internet for 
health purposes [7].   However Gustafson and Wyatt state 
that "e-health includes use of the internet or other 
electronic media to disseminate health related information 
or services" [8].  NHS Wales describes e-Health as a 
common name for Telemedicine and Tele-care which are 
both categorized under the framework of health 
informatics, which deals with applying advanced 
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information and computer technologies to facilitate the 
provision of healthcare and medical knowledge [9]. 
Perhaps the most comprehensive description of the term e-
health was given by Eysenbach. He defines e-health as "an 
emerging field in the intersection of medical informatics, 
public health and business, referring to health services and 
information delivered or enhanced through the Internet and 
related technologies." [10] 
 

III. TYPES OF E-HEALTH TECHNOLOGIES. 

As discussed in the previous section, e-health encompasses 
a variety of systems that support the convergence of ICT 
and healthcare.  

a) Telemedicine 
 This is probably the earliest form of e-health dating as 
far back as the 1920s. It can be defined as the practice of 
using computers, telecommunication and information 
technologies to facilitate the provision of clinical 
healthcare services over remote locations [11].  From the 
early beginnings of using telephones, a wide range of 
audio, video and data transmission technologies are now 
used to support healthcare over a distance. Experimental 
innovations in telesurgery make it possible for a surgeon 
to use robots to perform surgeries remotely. Interactive 
video conferencing enables live medical consultations 
and diagnosis. Digital imaging technology facilitates 
low cost exchange of pictures and x-rays between 
medical consultants [12]. 
 Benefits of telemedicine include improved access to 
healthcare, improved quality of healthcare due to better 

collaborative decision making capabilities and also 
lesser costs of accessing healthcare because of a 
decreased need to travel [11].  
 

b) Health Information Systems (HIS) 

 Also known as medical informatics or health informatics, 
HIS refers to the range of systems in healthcare that 
collects, stores, manages, delivers and analyzes data 
related to individual and public healthcare. Importantly, a 
properly integrated HIS is expected report and use medical 
knowledge and information to shape healthcare policies. 
Numerous HIS systems pervade both public and private 
healthcare institutions today but for the purpose of this 
paper, three types of HIS systems will be analysed in some 
depth [13]. 

 
 Consumer Health Informatics: This is a more 

patient focused branch of medical informatics 
that is becoming increasingly significant in e-
health. Systems in this field are designed to 
interact with consumers and analyse and model 
their need for medical information. In the past, the 
broader field of medical informatics has been 
mainly about developing applications for health 
practitioners, but as shown in Fig. 1, the 
emergence of evidenced based healthcare in this 
new information age has shifted , the focus to the 
consumers [14].   
  

 
          Fig. 1. FOCUS OF MEDICAL INFORMATICS IS GRADUALLY SHIFTING TO CONSUMERS [14]. 

 m-Health: This can be defined as the emerging 
use of mobile systems, sensor technology and 
communications technology to support healthcare 
[15].  m-health represents a gradual focus shift in 
e-health applications from legacy telemedicine 
systems to new mobile and wireless technologies. 

Examples of the technologies that support m-
health include Bluetooth, WLAN, infrared 
sensors, barcodes, RFID etc. The impact of m-
health initiatives has helped to transform current 
healthcare delivery systems [16]. 
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Fig. 2. OPERATION OF M-HEALTH MONITORING SYSTEMS [16].  

 
As depicted in Fig. 2, other m-health applications 
include physical activity monitoring systems, 
gastrointestinal telemetry and mobile access to 
medical records [16]. 

 Electronic Health records (EHR): This is an 
electronically managed repository of information 
about an individual's health history and current 
health status. EHR systems intersect with related 
complementary technologies like ePrescribing 
systems, Computerised Physician Order Entry 
(CPOE) and Clinical Decision Support Systems 
(CDSS) to pull clinical reports from backend 
server systems, enhance clinical order and 
reporting mechanisms and generate healthcare 
models and decisions based on various indices. 
EHRs have gradually replaced traditionally paper 
based patient records mainly because of qualities 
such as high adaptability and flexibility.  Other 

benefits of EHRs include significant reduction in 
medical errors and lesser physical storage 
requirements [17]. However, the high costs of 
acquiring and implementing EMRs represents a 
barrier to increased adoption. Also the lack of 
standardization and interoperability hinders the 
effectiveness of EMR systems [18]. 
 
 
 
 
IV. E-HEALTH IMPLEMENTATION: CASE 

STUDIES 
 

E-health systems are highly dependent on ICT 
technology and supporting government infrastructure. 
Therefore, to enable an overview of issues related to e-
health implementation, two case studies are examined in 
Table.1. and Table. 2. 
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Table. 1. A case study of e-health systems implementation in Nigeria [19-21] . 
 

 
 
 

Table. 2. A case study of e-health systems implementation in England [22, 23] . 
 

   
 
 

V. STANDARDIZATION AND 

INTEROPERABILITY 

The complex nature of e-health systems technology has led 
to difficulties in defining industry wide standards. These 
systems currently lack a consistent range of preferences or 
parameters that can be set by consumers [24].  Since most 
e-health systems are built in isolation from a functional and 
technical point of view, it becomes difficult or even 
impossible to achieve interoperability between these 
systems. This situation coupled with other legal and socio-
political issues greatly hinders the effectiveness of e-health 
systems [25].  
 Potentially, there are immense benefits to be had from 
successful interoperability. For example, estimations in the 
United States have shown that an upwards of $75 Billion 
per year can be gained from achieving a standardized 
national system for health information exchange [26].  

Ensuring interoperability of systems and devices also 
guarantees improved user experience and satisfaction but 
the realisation of this goal is heavily dependent on 
actualising a standardized framework that can support this 
concept [24]. 

a) Interoperability Initiatives 
Recent advances in portable wearable devices integrating 
connection and sensor technology, increased e-health 
systems ubiquity, web based patient interactions and a 
culture of abiding by medical control practices has led to 
the emergence of new e-health ecosystems; one of which 
is the patient end to end information system. It is a 
personalised, patient and clinical scenario specific solution 
composed of three segments (medical devices, gateway 
and EHR remote server) interconnected with middleware 
technology and applications [27]. 
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Fig. 3. END TO END INFORMATION FLOW ILLUSTRATED WITH EMERGENT COMMUNICATION TECHNOLOGIES [28]  
 
The e-health network system represented in Fig. 3 
supports three application domains: 

 Body/Personal Domains: This domain involves 
the use of BAN/PAN technologies. It consists of 
small, intelligent devices with an external 
processor positioned within the user's gesture 
range [28]. 

 Single/Multiuser Domains: This domain is 
mostly populated by LAN/HAN technologies. It 
uses non-implantable devices to facilitate group 

logging functionalities between one and many 
users [28]. 

 Inter-Communication Domain: This enables both 
device to EHR remote server and gateway to EHR 
remote server connections [28]. 

As shown in Table. 3, some emerging transmission 
technologies differing in range, power consumption and 
data rates offer varying technical characteristics that are 
required by the domains [28].  
 

Table. 3. Comparative Specifications for major BAN/PAN and LAN/HAN technologies in e-health systems [28].  
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b) Standardization Initiatives 
Technological innovation has its numerous advantages 
but it also contributes added complexities to the 
interoperability of e-health systems in terms of different 
protocols and configurations. For this reason, 
international bodies like Continua Health Alliance, 
Health Care Information and Management Systems 
(HIMSS) and National Institute of Standards and 
Technologies have continued to conduct joint initiatives 
to solve interoperability issues and proffer a uniform e-
health environment. This has yielded the development of 
a standard for communications between personal health 
devices. The (ISO)/IEEE 11073 PHD (X73PHD). This 
standard demands that minimum requirements in 
technological and design specifications are met by e-
health devices. This in turn guarantees a reasonable level 
of interoperability for these devices [27]. 
 
 

VI. THE NEAR FUTURE. 

The future of e-health Systems holds a lot of promise. 
With the rapid evolution of technology, e-Health will 
continue to revolutionize healthcare practices 
worldwide. Automated systems will increasingly be 
used to dispense clinical care as well as management of 
payments and health insurance claims. Technological 
advancements in developing countries will see parallel 
increased adoption of e-health technology to drive 
improvements in their healthcare system. Patients will 
increasingly have access to  personalized  electronic 
medical information and records  from providers; new 
and innovative wearable m-health devices sporting the 
latest technological advancements will begin to 
proliferate [29] [30]. 

 
VII. CONCLUSION 

The general goal of this paper has been to present a 
comprehensive overview of e-health systems. Buoyed by 
the rapid evolution of technology, e-Health will continue 
to revolutionize healthcare practices worldwide. With a 
constant broadening of scope, evolving from merely 
encompassing the application of computing in medical 
practices, the term now refers to a range of applications 
and systems which are constantly contributing streams of 
important data.  
The challenge to integrate these complex systems and 
varying data types offers significant promise but it has 
been stressed that the full potential of e-Health will only be 
realized through solving existing interoperability and 
standardization issues. E-health initiatives and projects 
must be guided by good project management and 
deployment plans.  Greater investments will also need to 
be made in terms of research, telecommunications 
equipments and supporting IT infrastructure in order to 
harness the potential of e-health. As already shown in this 
paper, e-health is the key to improving the quality of life. 
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Abstract-Advent of nanotechnology brought leaps of 
advancements in almost every field of science because of 
materials’ unique behaviour at Nano level. Materials and 
Biomedical Sciences gave birth to Biomaterials, which have 
immense significance in Biomedical applications. 
Superparamagnetic Iron Oxide Nanoparticles (SIONPs) are 
paramagnetic and are potential candidates as contrast agents 
in Magnetic Resonance Imaging for cancer diagnostics.  
SIONPs are already smart and can be made smarter by 
coating with specific polymer and organic molecules. SIONPs 
have true potential in Biomedical applications and can be 
used in diagnosis and therapeutics. Their key applications 
recently being investigated are in cancer diagnosis and in 
therapeutics including Imaging techniques, hyperthermia 
and Targeted-Drug delivery. However, certain issues arise 
when dealing with these materials because of their size. At 
Nano scale particles have high surface energy, which lead to 
particles agglomeration and reduction in 
Superparamagnetism, small size and inorganic nature leads 
to lower retention time and increased toxicity. 

This paper will aim to explore the potentials of these smart 
materials as MRI contrast agent and to manipulate thin films 
fabrication of such materials for advance biomedical 
applications such as Lab on a chip. In addition, surface 
modifications of nanoparticles rendering them colloidal 
stability, water solubility and drug encapsulation ability will 
be discussed. In addition thin films of coated and uncoated 
particles were fabricated to provide a mean of combinational 
and cooperative studies of SIONPs in molecular imaging.  

 

Keywords: Nanoparticles, Superparamagnetism, Super-
Paramagnetic Iron Oxide Nanoparticles (SIONPs), Biomedical, 
Diagnosis and therapeutics. 

I. INTRODUCTION 
Nano-Materials are emerging as new potential material 

for several Biomedical applications and is becoming 
dominant area of interest for researchers. The key potential 
areas under current research are applications of Super 
Paramagnetic Iron Oxide Nanoparticles (SIONPs) in 
Cancer diagnostics and therapeutics, which include 
Imaging Techniques, Hyperthermia and Targeted Drug 
Delivery [1]. Pristine SIONPs behave differently at Nano 
level and tailoring them for a specific application needs 
surface modification to avoid agglomeration and loss of 
paramagnetism. Surface modification renders 
nanoparticles with colloidal stability, [2] water solubility, 
biodegradability [4] and imaging agent encapsulation 
ability [3]. SIONPs can be used as magnetic resonance 
contrast agents as they affect proton relaxation time, 
especially T2 relaxation time of certain tissues leading to 
enhanced contrast on MR images [5]. As cancer malignant 
tissues are porous and SIONPs accumulate inside them, 
enhancing the contrast and detection efficiency. 

This paper focuses on exploring imaging potentials of 
SIONPs in both uncoated and Polycaprolactone coated 
form. Uncoated particles were synthesized by 
coprecipitation method and coated particles were prepared 
by modified double emulsion method in which aqueous 
and organic ferrofluids were entrapped inside a PCL shell. 

II. SUPER-PARAMAGNETIC IRON OXIDE IN BIOMEDICAL 

APPLICATIONS 
Biomaterials i.e. combination of Materials and 

Biomedical Sciences have immense significance in 
medical and research field. One member of this family is 
Iron oxide, which exhibit paramagnetism when fashioned 
into nanoparticles and this property makes it a potential 
contrast agent for Bio-imaging in cancer diagnosis. These 
particles have a unique property of displaying zero 
remnant magnetization once an external field is removed 
[6].  

SIONPs have the ability to lower T2 relaxation time in 
MR imaging and have been employed for in-vivo 
phagocytic and molecular targeting. The ideal contrast 
agent is supposed to have better accumulation on target, 
lower toxicity, and least interaction with body cells and 
tissues. Optimum toxicity is desired i.e. higher enough to 
deteriorate the malignant cells and lower enough to spare 
healthy body tissues and cells inside the body. SIONPs 
themselves can be used to generate hyperthermia in 
selected organs of the body and polymer-coated SIONPs 
can be used as theranostic tool, providing both diagnosis 
and therapy of cancer cells via innate magnetic properties 
and drug encapsulation [7, 8].  

III. ISSUES AND SOLUTIONS- SIGNIFICANCE OF COATINGS 

WATER SOLUBILITY AND COLLOIDAL STABILITY 

The foremost problem that SIONPs faced is their 
inability to produce stable suspensions and colloids. The 
root cause for this behaviour is high surface area, which 
corresponds to high surface energy [9]. As every system 
tends to lower its energy, therefore nanoparticles lower 
their energy by sticking together resulting into 
agglomerates.  

Zeta potential exists between layers of dispersion fluids 
absorbed on particles surface and the surrounding medium. 
Higher zeta potential indicates higher colloidal stability 
and it displays that repulsive forces between the particles 
dominate the short range Van der Waals forces. Particles 
coated with PLA displays reduced changes in Zeta 
potential with respect to changing PH and rendering high 
zeta potential to nanoparticles (NPs) in alkaline 
environments [10].  

Polymeric ligands work by providing a steric barrier to 
magnetic nanoparticles, which in turn keep individual 
nanoparticles from coming in contact with each other. 
Some of the polymers tested for desired results are: 
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Polyvinylpyrrolidone (PVP), amide gives water solubility; 
Polyvinyl Alcohol (PVA), -OH provides steric hindrances; 
Polyacrylic Acid (PAA),  -COOH gives water adjustable 
water solubility and stability for alkaline environments 
[11].It has been reported that uncoated SIONPs were 
highly unstable as compared to NPs coated with PAA and 
HA polyelectrolytes [12]. In addition to steric stabilization, 
PH changes manipulated the electrostatic properties of 
these coatings resulting into greater stability for higher PH 
environments [12].  However, these coating effects the 
hydrodynamic size of NPs which can either be limitation 
or beneficial [13]. 

IV. MAGNETIC PROPERTIES 

Super-paramagnetic particles, due to their high surface 
area to volume ratio, have higher magnetic susceptibilities 
as compared to Gadolinium and Manganese. They 
generate larger charges in local magnetic fields; increasing 
the T2 weighted contrast images for a set value of magnetic 
field resulting into lower doses of SIONPs based contrast 
agents [14].  

Coating affects the magnetic properties of NPs so T1 and 
T2 time i.e. longitudinal and transverse relaxivities are 
strongly affected. It has been shown that proton relaxivity 
of NPs is a function of particles size [15-17], size and 
volume of agglomerates [15-19], and type of polymer 
coatings [16-19]. 

Obtained results showed a strong correlation between 
intensity-weighted average diameter of particles and 
proton relaxivities. Furthermore, effects such as water 
exclusion from magnetic cores and decreased proton 
diffusion rate were mentioned to be either minimal or 
counteractive of each other.  

Several others have studied the effect of aggregation or 
more specifically, particle size on relaxivity and their 
results concur to above results [16-22]. It was shown that 
polymers having shorter chains have higher relaxivity and 
vice-versa [18]. As T1 and T2 times are required for visible 
MR scanning, therefore higher relaxivities are favourable. 
However, the extent to which the size of aggregates or 
particles can be increased is also dependent on the uptake 
of large size particles by RES when performing in-vivo 
tests. So an optimum trade-off is required for achieving 
appropriate circulation time and MR image contrast.  

V. BIODISTRIBUTION 

Biodistribution indicates the traversing of a 
diagnostic/theranostic agent through a system including its 
route, accumulation and excretion in that system. 

To understand biodistribution of NPs, it is necessary to 
understand basics of our immune system. Our immune 
system consists of interconnected defensive cells and 
tissues which combat any foreign entity entering the body 
premises. A process called “phagocytosis” is activated 
when a foreign particle enters the body. First, host protiens 
or “opsonins” coat the particle and in a way mark it for 
leukocytosis. The pattern marked by opsonins decide the 
fate of foreign particles, for instance, Dextran coated 
particles are eliminated in urine [23]. Therefore long blood 
circulation times in-vivo and specifity of MNPs for 

accurate imaging were problems needed to be addressed. 
Several other factors effect biodistribution of MNPs, 
coating’s charge is also identified as stakeholder in this 
scenario and Dextran coated particles have smaller 
circulation times [24,25]. Optimum particle size is 
necessary as too large particles will become victims of 
macrophages and too small particles will be excreted in 
urine therefore coated particles with size distribution 
between 10-100nm are desired [26].  

In contrast accumulation of particles having 20nm size 
depends upon size as well as blood residence half-life [27]. 
So we can say that larger particles can stay at tumour site 
longer than small particles but they reach the tumour site 
later than small particles.  

Proper biodistribution is necessary for drug delivery, 
MR imaging and hyperthermia treatments. Tunning 
biodistribution of MNPs will enable practioneers to limit 
drug exposure at non-targeted organs by avoiding uptake 
by them. It is a cost effective solution in MR imaging 
because of increased utilization of injected MNPs dose in 
the body. The process is shown in Figure 1.  

    
Fig.1. Uncoated NP’s uptake by macrophages; B: PEG coated NP’s effect 
on the retention of Nanoparticles. 

 

VI. CHARACTERIZATION OF PCL ENCAPSULATED 

SUPERPARAMAGNETIC IRON OXIDE NANOPARTICLES 
Magnetic polymer latexes were studied as MRI contrast 

agents. In-vitro MRI scans of polycaprolactone (PCL) 
coated superparamagnetic iron oxide nanoparticles 
(SIONPs) showed variation in T2 intensity with variation 
in sample’s concentration. Magnetic nanoparticles (MNPs) 
may be suspended in aqueous medium, entrapped within a 
polymer shell. Such particles are termed as magnetic 
polymer latexes and can be used for in-vitro MRI imaging 
[29]. Fast and reliable in-vitro testing of biological 
samples, such as blood sample testing is challenging in 
modern diagnostics, whereas use of disposable microslides 
for evaluation of a specific parameter is very attractive, 
therefore self-assembled multi-layer (SAMU) thin films 
have been fabricated [31].  

 

VII. EXPERIMENTATION 

A. Synthesis of Iron Oxide Encapsulated PCL Particles 
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Precursors used were, PDAC as positive electrolyte and 
PCL-SPIO, zeta-potential -1.5mV as negative electrolyte. 
Microglass slide with dimensions 
25.48mmx76.2mmx1mm was used as substrate. 
Chromerge solution with 80% potassium dichromate and 
20% sulphuric acid was used to clean all glass apparatus. 
The samples provided were synthesized by modified 
double emulsion process, water in oil in water (w/o/w), 
which resulted in polycaprolactone single particle 
encapsulating organic and aqueous ferrofluids [30]. The 
synthesis techniques for both types are illustrated below in 
the Figure 2 and Figure 3.  

 
Fig. 2. Emulsification process based on the modified double emulsion 
evaporation method using aqueous ferrofluids.[33] 

 
Fig. 3. Emulsification process based on the modified double 
emulsionevaporation method using organic ferrofluids.[33] 

 

B. MRI testing of PCL-SPIO Nanoparticles 

To study the behaviour of PCL coated iron oxide 
particles, in-vitro MRI scans were conducted using blood 
as a carrier liquid. Two concentrations i.e. C1 and C2 were 
prepared with C2 being higher concentration in 10ml glass 
bottle. The samples varied on the basis of iron content, type 
of ferrofluid encapsulated and encapsulating polymer. 
MRI was performed on fresh blood samples using clinical 
1.5T superconducting magnet. The MRI field sequences 
with varying TR and TE times were used for imaging. The 

samples were tested under ambient conditions and were 
put directly on multichannel body coil. A reference blood 
sample was also scanned for comparative data analysis. 
The MRI scans were analyzed by Round off Intensity of 
each sample’s image [31]. 

VIII. CHARACTERIZATION 

A. Analysis of PCL-SPIO Nanoparticles 

The hydrodynamic size measurement before and after 
emulsion method was carried out resulting PIO particles 
with size distribution from 200-300nm. Magnetic 
behaviour of the sample was tested to check their final 
feasibility of being detected by MRI machine. In Figure 4, 
the saturation magnetization of these samples is above 2 
emu/g, which is successful detection by MRI machine 
[31].  

 
Fig.4. Superparamagnetic behavior of Fe3O4 nanoparticles 

The samples were further characterized by Fourier 
Transform Infrared Spectrums shown in Figure 5. 

 
Fig.5. FTIR spectrum of sample containing aqueous ferrofluid consisting 
of 1% by weight of Iron Oxide. The peaks labelled correspond to 
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functional groups of the polymer coating as well as the Iron Oxide 
intermolecular bonding. 

The labelled peaks correspond to functional groups of 
polymer coatings as well as iron oxide intermolecular 
bonding.  

 

B. MRI Study 

The core theme of this thesis is to determine the extent 
to which these particles would enhance the contrast of MR 
images. Scans were conducted at different TR and TE 
conditions. The obtained results are compiled below.  

 

The immediate conclusion from these results validates 
my hypothesis of increasing contrast intensity. In this case 
the brightness of image observed to be increased with 
increasing sample’s concentration. This is true for most of 
the samples with few anomalies. Some samples exhibit 
irregular bright points, which corresponds to particles 
agglomeration in the blood.   

C. Analysis of SAMU Thin Films 

The thin film substrates were characterized by Optical, 
Scanning Electron and Atomic Force microscopy. The first 
test was conducted by optical microscope showing a 
particular trend of increasing coated area as the number of 
bi-layers is increasing. Minimal substrate coverage is 
depicted at 5 bi-layer area which increases to above 90% 
as seen in the 20 bi-layer micrograph at 200X 
magnification shown at Figure 6. 

 
Fig.6. Optical Microscope images of the substrate at 20x, a-d: 5BL, 

10BL, 15BL, 20BL 

Furthermore, SEM images were obtained using 
Scanning Electron Microscope, which mirrored the 
progressive cover pattern observed under optical 
microscope. It is evident that the number of particles 
adsorbed on substrate increased with increasing bi-layers 
as shown in Figure 7. Till 5BL PIO particles were not 
visible due to minimal coverage but at 10BL, PIO particles 
appeared. As the reported PIO particle size was 200-
300nm, it can be correlated with magnification scale in 
order to validate the particle deposition. In addition EDX 
analysis showed iron content in the particles to boost the 
former validation [31].  

 
Fig.7. Scanning Electron Microscope images, a-d: 5BL, 10BL, 15BL, 
20BL 

Atomic Force Microscopy (AFM) revealed that 
coating’s thickness and agglomeration increases with 
increasing number of bi-layers.  
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Fig.8. Atomic Force Microscopy 3D images of the substrates, from a-d: 
5BL, 10BL, 15BL, 20BL 

The number of PIO particles increases with increasing 
number of bi-layers, this is non-linear behaviour and is 
discussed in LBL techniques [32]. Increase in number of 
particles deposited with increasing bi-layers is witnessed 
by AFM in the form of increased surface roughness shown 
in Figure 8.  

It is clear that iron oxide concentration gradient has been 
generated along the length of substrate as the number of 
particles corresponds to iron content in that area [31]. A 
proposed MRI contrast behaviour shown in Figure 9. 

 
Fig. 9. Proposed model for intensity variation along length of glass 
substrate in MR image 

IX. CONCLUSION 

Iron oxide encapsulating PCL coated nanoparticles have 
been characterized for imaging in MRI machine. Contrast 
of the image increased with increasing iron content in the 
blood sample and maximum contrast was observed at TE 
45. The thin films of the particles are fabricated through 
layer-by-layer technique, using E7 (having 2% Iron 
content) and PDAC as electrolytes. Nanoparticles 
concentration gradient was developed via manipulation of 
the dipping solution level. 

The gradient was confirmed by Optical, Scanning 
Electron and Atomic Force microscopy. A hypothetical 

MRI scan T2 intensity of these gradient thin films was 
proposed.  

This paper mainly addressed the fundamental 
understanding of function and uses of polymer coated 
SIONPs. In addition, manipulation methods that can be 
adopted for controlling their deposition behaviour at 
atomic layer level via layer-by-layer deposition.   
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Abstract 
Google glass is a pimped out pair of glasses whereby 

these glasses worn over one eye function as a wearable 
computer with an optical head mounted display 
(OHMD). It is developed by Google co-founder Sergey 
Brin who invented the idea of using these glasses to 
project images so that the wearer able to do apps likes 
smartphone through the projected images. Google 
glass able to do all sort of functions as smartphone such 
as making calls, take pictures or videos, messaging, 
GPS navigation, internet surfing and etc. Google glass 
had brought the smart technology to a whole new level 
in which the society is started to concern about it. [1] 
There are lots of debates regarding about Google glass.  

Google glass certainly is cool in terms of technology 
whereby these wearable computing brought us out 
from sci-fi films into real life. However, this new 
technology carries a lots more concern to the society 
than its potential benefits. When it comes to legal and 
social implication, Google Glass does threaten the 
society privacy, security and health. Besides that, 
Google leading the society closer into the world of 
cyborgs whereby everyone is talking to the gadgets and 
therefore lost of human contact. Nevertheless, Google 
Glass is one of the most wonderful and innovative 
technology in 2014. Will Google Glass be the next big 
assistive technology in 2014? In complete with Apple 
iWatch which is going to be launch in 2014 too, Google 
Glass certainly unbeatable to it in terms of price, design 
and social ethnic issue. 
 
Keywords: Google Glass, concern, legal and social 
implication, 2014.  

 
I. INTRODUCTION 

Development technology nowadays has come to an urge 
for new innovative technology devices. Google Inc, has 
come to an idea of innovating a new technology that could 
be the next assistive technology in upgrading the society 
lifestyle. It is Google Glass whereby it is a project carried 
out by various Google project team in order to create an 
augmented reality glasses. [2] This is the first step in 
introducing “wearable gadgets” to the world. This is also 
the first computer that users are able to wear. Google Glass 
is proud of being the very compact and innovative 
computer.  

On April 2013, Google launch an Explorer Edition of 
Google Glass to testers and Google I/O developers in 
United State. Many developers started to test this new 
technology for months; however, there are more negative 
feedbacks instead of positive feedbacks towards it. The 
comments from the public as well as the explorer are 
mostly concern about their privacy and security issue. It is 

like a pair of eye that keeps on watching on them and 
uploading into the internet. Besides that, the price and 
design of Google Glass is not satisfaction. The price for an 
Explorer Glass is cost about $1500 which is extortionate 
and dorky looking. It is a certainly not favourable to the 
buyer. This causes Google Glass to face a huge hindrance 
in overcoming these concerns. However, Google Glass is 
going to release in this year. Will Google Glass going to be 
next big hit technology in 2014? It is harsh but true that 
Google Glass is not going to be popularizing in 2014 or in 
other words “Google Glass is doomed” stated by Robert 
Scoble [3]. 

 
II. BACKGROUND 

 
Figure 1: New design of Google Glass 

Google Glass as known as a wearable computer in which 
it is a device that projects out images from a pair of glasses. 
It has an optical head mounted display (OHMD) together 
with a camera and microphone. The main purpose of this 
project is to perform smartphone like hand free format 
through the projected images and intents to bring closer to 
ubiquitous computing. This project was developed by 
Google and the first stage of the device is able to take 
photos, videos and audio recording. As Robert Scoble 
writes about Google Glass camera, “Where Google's big 
idea impresses most is as a camera. Because it captures 
exactly what you see, you get the kind of pictures you often 
miss with a camera you have to ready for action. And when 
it comes to video, the footage is much steadier than what 
you often see from a shaky camera phone”. [4] The built in 
camera of Google Glass is 5 Megapixel and able to capture 
video of 720 pixels. The display of Google Glass is 
640x360 pixel resolution. The resolution might a bit low 
compare to smartphones display resolution but it is pretty 
high for a compact, tiny piece of glass. Besides, the display 
from Glass is equivalent to a 25 inch HD display picture 
when see from eight feet away. Next, the audio is 
controlled by a bone conduction transducer which means 
that it transmits audio vibrations to the small bones of the 
user ear and it convert to as sound.  
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The total storage in Glass is 16GB whereby 12GB is 
usable and 4 GB is for operating system software. The 
current operating system is running on Android 4.0.4, Ice 
Cream Sandwich and it will be updated to Android 4.4, Kit 
Kat for the upcoming Google Glass. It comes with Open 
Multimedia applications Platform (OMAP) 4430 SoC, 
dual core CPU. Google is going to launch an app called 
‘My Glass’ app which it could enable set up contacts, 
Glassware, GPS location tracking and navigation and SMS 
text messaging capabilities. Phone calls and send text 
messages can be made through wearer’s voice command 
through microphone, or touchpad. Besides that, developers 
can create Glass apps for extra functions into the ‘My 
Glass’ app. Google Glass also equip with  accelerometer, 
gyroscope, magnetometer, ambient light sensor, proximity 
sensor, Wi-Fi 802.11b/g and Bluetooth. It weight about 
50g which is light for user to wear it and the Glass frame 
will fit to any kind of face along with three sets of 
adjustable nose pads. The battery life could last for one day 
for typical use but no precise measurement on it. Google 
claims that video capture and video calls could use up more 
battery life. Google Glass is charging with standard Micro 
USB cable. All user information and data recorded by 
Glass are fully synced and saved in the Google’s server 
cloud. [5] 

 
III. POTENTIAL BENEFITS 

Explorer had use Google Glass to do lots of applications 
and brings it to its fullest potential. Developers in UC 
Berkeley’s CITRIS lab had created an intelligent home 
applications using Google Glass. They added an extra IR 
emitter to the Google Glass to control the home appliances. 
The pair device is equipped with Xbee 802.15.4 Wi-Fi 
radio and microcontroller. The user simply needs to look 
at the pair device, establish connection to it and control it 
by Glass. Besides that, Virgin Atlantic had proved that 
Google Glass had help their staff in improving their 
customer service such as update passengers about latest 
flight information, weather situation and also translate any 
foreign language to them. Google Glass also able to assists 
in hospital. A hospital in Boston had uses Google Glass for 
healthcare system in the past three months. Doctors used 
the Glass to scan the patients QR code from emergency 
department room or outside their room and get to know the 
patients current health information.  

 
Figure 2: Google Glass assists in hospital 

Google even announce that Google Glass will have a 
major update to Google Glass explorer which provides a 
lot more functionality to it. The updates have wink 
functionality in imaging and photography which means 
that taking photo is much easier by winking towards the 
Glass. Secondly, MyGlass had features for connecting to 
iOS device such as iPhone and iPad. User does not 
necessary need an android system to connect to Glass. 
Third, Google Play Music had introduced into Glass. User 
just needs to use voice command “listen to” and the Glass 
will look up into the music album and play the music. 
Lastly, Hangouts apps will add into the Glass. It provides 
ability to share photos, perform video calls and messaging 
through Google’s IM app. The updates are truly intriguing 
and hope that the respond and exploration from the 
Explorer goes well. [5] 

 
IV. EXPECTATION, DESIGN AND COST 

First of all, it is too hard to purchase and acquire. It is a 
wearable technology hence it needs to be custom fitted and 
design according to the customer’s face shape. [3] It just 
likes how people purchase their glasses from optical store. 
Wearer who is farsighted or near-sighted needs to have 
their eye test before choosing lenses or frames. It takes a 
long process and time just to purchase a pair of glasses so 
do Google Glass. Although Google had released 4 new 
styles of Glass which are “thin”, “split”, “bold” and 
“curve” which turns the geeky Google Glass Explorer into 
more stylish Glass, however, the dumpy translucent prism 
(OHMD) still hang out on the right lens. Google Glass is 
still unable to escape from the geeky look of the OHMD. 
The glasses frame is cost about $225 and the Glass is cost 
about $1500 which it is highly expensive than most of the 
flagship smartphones. [6] The total cost for a pair of Glass 
is excessively expensive. Besides that, wearers need 
training to this new user interface and not to mention that 
the cost to deliver services and training are going to add 
into the Glass cost. Price matters a lot for Google Glass. 
Even though, Google said that the consumer Glass is lesser 
than explorer Glass. However, it won’t be able to go lower 
than $500 which it means it’s doomed in 2014 as stated by 
Robert Scoble. [3] 

 
Figure 3: Google Glass "thin", "split", "bold" and "curve" 

style 

The current explorer edition does not have enough apps 
for explorer to use. Users keeps question about the missing 
apps in Google Glass such as Uber, Foursquare, and etc. 
User also frustrated that Glass unable to handle Facebook 
app properly which their main social media apps not 
Google+. Next, developers also put a hold into creating 
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apps for Glass as many users do not see Glass as potential 
market in the coming years. Google does not provide an 
official store for developers to upload their apps to it. [3] 
Besides that, the battery life for Glass is too weak. 
Apparently, a user called Taylor Hatmaker had claimed 
that the battery life went down too fast from 27% to 15% 
after playing music for 20 minutes, approximately 5 songs 
had played. The device gets very hot when streaming 
video. [5] If the battery life is not being upgrade, there 
would not be a market to the buyers who seeks for long 
battery life. Next, the photo workflow in Glass had lots of 
limitations. The user needs connect to Wi-Fi or plug the 
device to computer in order to share the picture to their 
iPhone. Photo editing and sharing is more convenient and 
nicer using smartphones instead of Glass as stated by 
Robert Scoble. Lastly, the voice recognition is not accurate 
effective in noisy area whereby the user needs the Glass 
the most for photo taking and video shooting when in the 
concert. [3] 

 
V. PRIVACY 

Google Glass creates a lot of privacy issues especially 
the camera and video functions. Most of people had gone 
into the worst place possible when they first heard about 
this new product. For instance, perverts or spies who wear 
Google Glass could stealthily take pictures or videos of us. 
Even though the Glass is not doing any recording or 
capturing pictures, third parties would might think and 
afraid of being recorded. Thus, Google Glass gives the first 
impression to the society of being “always on 
surveillance”. [7] This threatens the privacy of the 
individuals and their social interactions. Due to the 
intrusiveness of Glass, a bar in Seattle banned them from 
entering. Dave Meinert, the bar owner, claimed that people 
go to his bar to be not known by anyone and definitely no 
to secret record or capture picture and instantly upload into 
the internet. [8] 

 
Figure 4: Ban sign for Google Glass 

Besides that, women’s privacy and rights are at higher 
risk too. Stalkers or harassers are at most advantage on 
taking invasive photos of women secretly. They also could 
know the women location whenever the victim had caught 
on location tagging. [7] Furthermore, a recent case that 
happens in Massachusetts Supreme Judicial Court on 5th 
March 2014 ruled that the act of upskirt photos is legal 
since there was no law against it. It is not because the court 
sanctioning this behaviour but the law was not enforced. 
Google Glass had exacerbates these risks towards woman. 
[7, 9] 

Due to high privacy risks of Google Glass, more than 
thirty privacy officials, along with the Privacy 

Commissioner of Canada and the Chairman of the Article 
29 Working Party, had sent letter to Google in order to seek 
answers of it. "We would strongly urge Google to engage 
in a real dialogue with data protection authorities about 
Glass," they wrote, and also listed out eight more questions 
regarding about how Google deals with privacy laws and 
information collected by Glass. On 19th Jun 2013, Google 
announced no facial recognition apps for Glass but nothing 
on private policy. [7] 

 
VI. SECURITY 

Google Glass not only raises a serious issue on personal 
privacy but also their security. The main issues of Glass is 
how vulnerable of the Glass to hackers. Anybody could be 
able to see and hear everything that the wearer does. 
Hackers able to unlock the wearer’s screen lock by 
observing their gesture. Besides that, the device still does 
not have a strong authentication or security system. 
Furthermore, expert hackers are able to gain access to 
user’s information by typing certain command when the 
Glass had attached to PC or laptop. Once hacker had break 
through user’s security pin, the user’s privacy and 
information such as username and password will be leaked 
out without being aware by the user. In addition, if the 
Glass had stolen or lost, third parties could easily gain 
information from the Glass due to low security of it. 
Google had forbidden any face recognition apps but there 
are hackers who violate Google policies and develop face 
recognition apps. Stephen Balaban, founder of Lambda 
Labs in San Francisco, is able to create a face recognition 
app by rooting the Google Glass operating system into his 
own operating system. Balaban had proven that Google 
Glass is vulnerable to hackers attack and thus it has weak 
security system. Google had reassured that Google would 
completely control over Glass by restraining apps and 
automatic software updates before it launch to the market. 
[10, 11] 

 
Figure 5: Face recognition app created by Balaban 

Next, Google Glass had cause violence in the 
community recently by recording video without the 
passerby’s knowledge. On 26 Feb 2014, a tech writer 
called Sarah Slocum was assaulted by two women and a 
man for being recorded by Glass in Molotov’s bar, San 
Francisco. Her Glass was stolen by a male patron and by 
the time she chased after him, her wallet and phone were 
stolen by two other men. Although, she does not deserve 
to being assaulted for bring a high tech device to a bar, but 
the major issue arise when invade third parties privacy. 
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[12] Besides that, another security issue arise when the 
Department Homeland Security suspect an Ohio man who 
was wearing Google Glass illegally record video in movie 
theatre. Although the man did not record any video but it 
is suspicious to the act of copyright infringement. [13] This 
is a problem whereby there is no clear sight on how crime 
rate will increase after Glass is released to the market but 
it is part of the concern to the society security.  

 
VII. HEALTH AND LIFESTYLE 

People pay thousands of dollars to do laser shot on their 
eyes or wear contact lenses in order to get rid of glasses. 
Nowadays, people do wanted to be appealing in the public 
instead of wearing a pair of glasses that looks like a nerd. 
People do hate glasses because it restricts the wearer 
peripheral vision and always feel them on the face. Not to 
mention that if a person who is wearing Google Glass is 
talking or playing with himself, other people certainly 
thinks he is a freak. Besides looking dorky with glasses, 
glasses do restrict the wearer to do lots of activities such as 
bull riding, water sports or any kind of extreme sports 
which could damage or drop the glasses. It also applies to 
Google Glass but with much higher pay off. [14, 15] 

Secondly, augmented reality lifestyle is cool technology. 
It could tell or control anything such as there is an obstacle 
in front of the user when the user is driving or control any 
device to turn them on or off. However at certain point, it 
is kind of creepy technology too. It basically tells the user 
anything he sees or he does. For example, Google Glass 
able to tell the user that he or she is drunk or sober. This 
could lead the user to a greater danger to satyr. Google 
Glass also able to tell the user what he sees. If his girlfriend 
or wife gets to know who he is stalking off, he is doomed. 
Nobody would gamble with a person who wears Google 
Glass for example pool game. Google Glass is able to tell 
the user how to hit the ball in this angle and power. It also 
grabs away all the fun playing it. [3, 14] 

Next, Google Glass does affect our health in certain 
point. Google Glass can performs almost all sorts of 
application does in smartphones including making calls, 
surfing internet, location tracking and much more. These 
all sorts of applications do emit signals in the form of radio 
waves and it will cause radiation to the user.  Studies had 
found out that the amount of RF radiation that a user can 
absorbed is calculated in Specific Absorption Rate (SAR). 
The unit for SAR is the power value per mass. The SAR 
value for Google Glass is 1.110W/kg which is below the 
United States safety limit SAR value, 1.6W/kg. However, 
the exposure is based on short-term exposure, 
approximately 30 to 60 minutes. Likewise, Google Glass 
is mean to wear it all day long; hence the radiation 
exposure to the user is all day long. This would definitely 
increase the severity of brain tumours occurring to that 
particular user. [16] 

 
VIII. CONCLUSION 

In conclusion, Google Glass is not a product for 2014 
but for 2020 and hence it will not be popular in this year. 

First of all, the price that matters a lot to the buyers. A 
Google Glass cost about $1500 and the frame is cost about 
$225 are too heavy for the consumers to buy it. 
Furthermore, nobody wants to be a freak who keeps talking 
to their Glass, or also known as glasshole. It makes the 
community looks like a cyborg and probably starts to lose 
humanness even further. Besides that, it is creepy to stare 
or stalk at people which invade people privacy and scare 
them off. In terms of security, Google Glass does not 
provide strong security which makes room for hackers to 
hack others people privacy. The addictions to smartphones 
clearly shows that people would rather to play their 
smartphones instead of Google Glass right now. It is 
because it terms of specification, apps, design, and 
functionality, smartphone is still in the upper hand of 
Google Glass. In addition, Apple iWatch is going to launch 
in this year as well. To be honest, Apple device fans is 
much more than Google device, therefore Google Glass 
will not be able to beat Apple iWatch in this year market. 
Last but not least, consumers start to look it as a toy instead 
of future product. Thus, Google Glass is doomed in 2014. 
[3, 15] 
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Abstract – Artificial Intelligence (AI) is a vast research area 
and crucial for the development of multiple technologies 
including automation and robotics.  Founded in the 20th 
century, it has grown rapidly over the past few decades to fit 
into various applications of our century. It is widely used and 
a key technology to build voice recognition systems, artificial 
eyes, artificial robots, and search engine systems among 
others. AI may use techniques such as genetic algorithm, 
neural networks, fuzzy logic, Dempster-shafer, and rule 
based reasoning and expert systems.  
This paper explains how artificial neural networks (ANN) 
and fuzzy logic techniques work and how they may be used to 
build an artificial intelligence system. For the neural network, 
the design of an Optical Character Recognition (OCR) using 
the ANN technique with Matlab is presented while an 
intelligent system to control watering of a garden is also 
discussed as an example of a fuzzy logic based system. 
Additionally, the paper also explains the importance of 
combining these two techniques for designing more robust 
systems. Furthermore, few applications of the neuro-fuzzy 
hybrid system are listed. The adaptive neuro-Fuzzy Inference 
System (ANFIS) and sugeno fuzzy inference model are used 
to explain the hybrid system’s architecture. 
 

Keywords – Artificial Intelligence, Artificial neural networks, 
Fuzzy logic, Optical Character Recognition, Neuro-Fuzzy 
system   

I. INTRODUCTION 

  “The goal of artificial intelligence as a science is to make 
machines do things that would require intelligence if done 
by humans” [1]. However, building a ‘complete’ 
intelligent system that will exhibit most characteristics 
associated with intelligence in human behaviour is not as 
easy as suggested in early AI papers. With the 
development of various branches of AI, such as learning, 
problem solving, vision, natural language processing 
among others, it then became feasible to build systems 
called ‘intelligent agents’ [2] which exhibit multiple 
cognitive functions associated with human intelligence [2].   
  The first work recognised in this field was presented by 
Warren McCulloch and Walter Pitts in 1943 [1]. With the 
development of computer science and software, it is now 
fairly easy to build more complex systems.  
  Different approaches are used to build artificial agents, 
and they each have their advantages depending on the 
application. For instance, Artificial Neural Network 
technique is best suited to build systems with the ability of 
‘remembering’. Another technique used is Fuzzy logic, 

and it is best suited for designing systems that can 
represent information like humans do, and manipulate that 
information in the way that humans think [3]. An 
additional famous technique utilised is the genetic 
algorithms. These are stochastic global searching 
algorithm based on computational models of natural 
selection and genetics [4]. They are famous for machine 
learning and they may be combined with a fuzzy logic 
system to make it more efficient [3]. Other techniques 
include Dempster-shafer technique and rule based 
reasoning and expert systems.  
  The next section explains how ANN can be used to build 
an AI system, followed by an explanation on how to 
construct Fuzzy logic intelligent systems. Both techniques 
are then compared with each other and the hybrid of the 
two is discussed.  

II. ARTIFICIAL NEURAL NETWORKS 

A. Background Theories  
  There are more than 20 neural network software tools 

available [5]. Depending on the application, the designer 

will choose the best tool suitable for the design [15]. Few 

of these tools are listed below: 

1. Matlab neural network toolbox 

2. Propagator  [15] 

3. NeuroSolutions 6.31 [6]  

4. Genesis  

5. Cortex etc.  

  The common purpose of all neural networks tools is to 
train the weighted links (analogous to synapses in human’s 
neural network) of the network. By doing so, the system 
will have the ability to learn. Figure 1 is a very simple 
architecture to summarise a neural network system [15].  
 
 

 

 

 
 
 

  The network is presented with some data (e.g. characters, 
distances, images etc.) at the inputs. Based on the 
similarity of the inputs, they are classified to appropriate 

Figure 1: System’s Block diagram [15] 

Results 

Input

Neural Networks  
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output vectors. So, the neural network will match similar 
inputs to appropriate output vectors.  

B. Neural network architecture 
  “The architecture of a neural network determines how a 
neural network transforms its input into an output” [7]. It 
may have a single neuron or multiples. The most common 
architecture used is the back-propagation neural network 
shown in figure 2.   

 
Figure 2: back-propagation neural network architecture [15] 

 

  A back-propagation network has an input, an output and 
one or more hidden layers. Each layer has processing units 
called neurons. Training the network to recognise different 
inputs is done by adjusting the weights connecting 
different neurons. The training is done in 4 steps i.e. 
initialisation, activation, weight training and iteration. 
Initialisation means setting a threshold value and the 
weights to random values distributed uniformly within a 
specified interval. The actual outputs are then found by 
activating the network. This means an appropriate 
activation function is used to compute the actual outputs.   
  The above architecture is also referred as the feedforward 
network. This means that there is no signal feedback from 
the output to the input. However, there is an error signal 
which propagates from the output layer to the input layer 
to correct the weights. This process is known as weight 
training. The process is repeated until there is convergence.  
C. Building an OCR using the Matlab neural network 
toolbox  
  Optical Character Recognition (OCR) is one of the 
greatest applications of AI. Simply, it can be defined as the 
identification of printed characters. It used in healthcare 
and banking services for processing characters. Software 
or photoelectric devices may be used for the recognition 
[8].  It was designed last semester in the Intelligent Sensor 
Fusion module. Hence, this design will be used as an 
example to explain how to build an intelligent system using 
the ANN technique.  
  The Matlab neural network toolbox was used to design 
the system. The Matlab script appcr1 is the code to design 

a fairly simple OCR system using the ANN technique. This 
script was modified a little bit to get better results.  
  Like in any ANN system, the design is done in 4 steps, 
i.e. Initialisation, activation, training and iteration. The 
sigmoid activation function was used. The training is done 
in 3 phases below:  

 Training without noise 

 Training with noise 

 Training without noise again [15], this phase is to 
make sure that the system always recognises a 
non-noisy character.  

 

  The Matlab script prprob defines each character by a 5 x 
7 bit map. Letters Z and M are represented as shown 
below:  

  
  A noisy letter is when a bit is corrupted. This may happen 
during bit processing in the system, e.g. during scanning of 
a document. To get a better result, the number of hidden 
neurons was chosen to be 35 as there are 35 inputs. This is 
because, “as a rule of thumb, the number of hidden layer 
nodes should be equal to the input nodes to ensure 
convergence”[7]. An additional modification to the 
appcr1 was to increase the noise density of the characters 
being trained. This helped to detect very noisy characters. 
Figure 3 represents the system’s software flowchart.  
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Figure 3: system’s flowchart [15] 

  The result achieved was excellent and every letter was 
recognised accurately by the system.  

III. FUZZY LOGIC TECHNIQUE  

A. Background Theories  
A.1 Fuzzy Sets and Membership Functions  
  Fuzzy sets were introduced by Lofti Zadeh [9] so that 
imprecise data or vague concepts can be manipulated or 

represented. In non-fuzzy systems, an input or output can 
only have two possible values 0 or 1. But, Lofti proposed 
the idea of membership functions which cover range of 
values from 0 to 1 to represent data or concepts in fuzzy 
systems. Hence, fuzzy systems are multi-valued logic. 
Membership functions map each element in the input space 
(referred as universe of discourse) to its membership value 
[10] called degree of membership.   
  Figure 4 and 5 are graphs plotted last semester during the 
intelligent sensor fusion module to describe if a day can be 
considered as a weekend day or not in fuzzy and non-fuzzy 
systems. These graphs represent their membership 
functions. In non-fuzzy systems, Friday is not considered 
as a weekend day and Sunday is a weekend day. However, 
in a fuzzy system, Friday has a degree of membership of 
about 80 % to be a weekend day and it is 100 % for Sunday. 
Arguably, Fuzzy systems are suited to describe vague 
concepts like this as it is weekend on a Friday evening!  

        
Figure 4: Days of the weekend two-valued function 

            
Figure 5: Days of the weekend multi-valued function  

A.2 Fuzzy operations and if-then rules 
  Fuzzy logic uses Boolean operations NOT, AND, OR to 
perform complement, intersect (or minimum) and union 
(or maximum) operations [11] respectively. Table 1 is a 
typical truth table of a fuzzy system.  
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Table 2: Fuzzy logic truth table [11] 

 
  The “if-then rule” is an important concept in fuzzy logic 
systems. It is constituted with 2 parts, i.e. the antecedent 
and consequent.  
Example:  
               If service is good: antecedent 
               Then tip is average: consequent  

Based on the above rule, a good service implies that the tip 
will be average.  
B. Design of a Fuzzy inference system  

  A fuzzy inference system is an additional application of 
AI. Highly complex intelligent systems can be built based 
on fuzzy logic theories. It is used in numerous areas such 
as agriculture, stock market, medicine, diagnostics, 
process control, and power electronics [12] among others. 
A simple fuzzy logic system was designed last semester at 
the intelligent sensor fusion to control the watering of a 
garden in a warm climate. This is taken as an example in 
this paper to explain how fuzzy logic systems are designed. 
Based on the sensor readings from air temperature and soil 
moisture content, the system switches the sprinkler on and 
off for a certain amount of time. Figure 6 was the diagram 
used to show the system.  

 

 

 

 

 

  
  As mentioned earlier, input and output’s values of a fuzzy 
system are defined using membership functions. Also, “if-
then rule” statements match the inputs values to output 
results. Both the membership functions and the “if-then 
rule” statements are chosen by the designer who may also 

be assisted by experts. Below are the 5 processes involved 
in the design of a fuzzy logic system 

1. Fuzzify inputs  
2. Apply fuzzy operators  
3. Apply implication method  
4. Aggregate all outputs 
5. Defuzzy  

Figure 7 and 8 are the inputs’ membership air temperature 
and moisture respectively.   

 

Figure 7: Air temperature input’s membership 
 

 

Figure 8: Soil moisture content inputs' membership 
 
  Suppose the input conditions are 26 °C for the 
temperature and 20 % moisture. From the graph, this will 
have zero membership for cold, cool, normal and hot and 
non-zero (0.86) for warm. Similarly, for 20 % moisture, 
the memberships of moist, wet and dry are 0.25, 0.43 and 
0 respectively. This process of matching input conditions 
to numbers is called fuzzification. Applying fuzzy 
operators is the second step after fuzzifying the inputs. For 
this example, the two sensors are being fused using the 
logical AND operator. Hence, the minimum values are the 
results of the fusion. So, the output values when fusing 
0.86 AND 0.25 and 0.86 AND 0.43 are 0.25 and 0.43 
respectively. Figure 9 below is the outputs’ membership.  
 

Air 

Soil 
M i

Water

Fuzzy 

Controller 

Figure 6: Fuzzy logic watering system 
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Figure 9: outputs’ membership 

  Table 2 is the “if-then rule” statements for the system. For 
instance, if the input membership functions are cold and 
wet, the output membership will be short. Hot and moist 
gives a medium output membership function and so on. 
For our example, two rules will fire. I.e. warm and moist 
gives medium output membership and warm and wet gives 
a short output membership function. Based on the results 
of the “if-then rule” statements and the output membership 
functions, new functions are plotted to characterise 
particular input conditions, and this process is called 
Applying implication method.  
  Aggregating outputs means that all outputs are unified.  
The last step (defuzzifying) can be done by finding the 
centroid of all relevant functions. This is summarised in 
figure 10.   

 

 
 

 
Figure 10: Fuzzy logic results when the temperature and moisture 

are 26 °C and 20 % respectively. 

Using the centroid formula, the overall centroid value may 
be calculated  

                                            
Where,  
Xi and Ai are the centroid and area of the ith membership 
function respectively. And n is the number of relevant 
output functions.  

The overall centroid 
.

. .
  

                           = 11 minutes. 
Therefore, water will be on for 11 minutes per hour.  
  For any sensor readings, water will be on and off 
accordingly as explained using the 26 °C temperature and 
20 % moisture readings. This example was used to show 
how fuzzy logic systems find their outputs. However, this 
is done using software design tools such as Matlab and 
Xfuzzy [13].  

IV. NEURO-FUZZY SYSTEMS  

  So far, the design of two intelligent systems are 
explained. The first one involved neural networks 
technique whereby the system had the ability to learn. 
Secondly, fuzzy logic technique which involved the fusion 
of two different types of sensors to control an output. Both 
techniques are useful, but the fuzzy system lacks the 
learning ability and the neural network based system 
cannot incorporate different types of input sensors as it is 
low level. Now the question is what happens when both 
techniques are combined?  
  The answer to the above question is fairly obvious that 
the robust intelligent system will be high level computation 
with the ability to learn or adapt to new circumstances. 
These hybrid systems are mainly used in areas such as 
consumer electronics, robotics, material processing, 
automobiles, telecommunications, aerospace, target 
detection [10] etc.  
A. Neuro-Fuzzy Architectures  
  In fact, this hybrid technique is a result of fuzzy logic 
being incorporated into the neural network. This has a 
great advantage as the machine may then deal with 
cognitive uncertainties in manner that humans do [10]. A 
neuro-fuzzy systems can be trained to produce the fuzzy 
“if-then rule” statements. This is another great application 
of this hybrid system as the need of domain experts to 
design fuzzy systems is reduced, but also redundant and 
mistaken statements which can be caused by the experts 
are eliminated. The two well-known architectures used are 
the Sugeno fuzzy inference model and the Adaptive 
Neuro-Fuzzy Inference System (proposed by Roger Jang 
[1]).  
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  The Sugeno architecture is similar to the multi-layer 
back-propagation architecture with 5 layers. Layer 1 and 5 
are the input and output layers respectively. Layer 1 
receives the crisp inputs and matches them to appropriate 
outputs. Layer 5 is also called defuzzification layer. The 
other 3 layers are hidden layers of the neural network. 
Layer 2 is the fuzzyfication layer, neurons in this layer 
receive crisp of inputs from first layer and determine the 
degree to which inputs belong to neuron’s fuzzy set. Layer 
3 receives its inputs from layer 2, depending on the inputs 
received fuzzy rules are created in this layer. The last 
hidden layer (layer 4) is the output membership functions, 
fuzzy rules receive in this layer are combined using the 
union fuzzy operation. The system learn exactly like 
neural networks do.  
  The Adaptive Neuro-Fuzzy Inference System on the 
hand, has a similar architecture to the Sugeno but with 6 
layers. Inputs are transmitted on layer to layer basis and an 
error signal is propagated backwards from the output to the 
input layer to correct the weights like in the Sugeno 
architecture or any back-propagation neural network. 
Layer 1 is the input layer and layer 6 is a single summation 
neuron [1]. Layer 2 and 3 have the same functions as in the 
previous architecture. Each outputs from layer 3 are 
normalised at layer 4 and the normalised data are 
defuzzified at layer 5. Each crisp inputs at the first layer 
are also fed into each neuron at layer 5 to compensate for 
the normalisation. Figure 11 represents the diagram of this 
architecture.  

 
Figure 11: ANFIS Architecture [14] 

V. CONCLUSION AND FURTHER WORK 
SUGGESTIONS  

  The paper explained briefly how the AI goal as a science 
is not very easy to achieve. But, by building artificial 
agents using intelligent techniques, it then became 
achievable. Fuzzy Logic and ANN techniques, and their 
combination were used to explain how AI systems can be 
designed. 
  Further work suggestions may include one of the 
recommendations below:  

1. An investigation of how to improve fuzzy systems by 
combining it with genetic algorithm technique  

2. Design using a software a neuro-fuzzy system 
3. Appreciate different ways of combining the genetic 

and ANN techniques to improve machine learning.   
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Abstract- Autonomous exploration system is mainly 
developed to explore unknown cluttered environment 
without putting human being at risk, such as collapsed 
building, hazardous environment (exposed with radiation or 
poisonous gases) etc. In earlier design of autonomous robot, 
it is developed based on ground platform. However, the task 
has been recently replaced with using Micro Aerial Vehicle 
(MAV) due to its ability of elevating to the height that is 
unreachable by ground platform. Besides that, MAV can 
easily pass through obstacles such stairwell, windows or any 
opening area for multi-floor mapping and these obstacles can 
be a barrier for ground platform during exploration. With 
these reasons, MAV has become a handy research tools 
especially in autonomous exploration. 
This paper provides an overview of using MAV’s as the 
platform for autonomous exploration and 3D mapping. 
Considering the payload constraint of MAV, only light weight 
sensors (e.g. camera) will be used for exploration. Therefore, 
the exploration and mapping approaches are based on vision 
sensing. We discuss in detail about the hardware platform 
and system architecture in this paper. In addition, the 
localisation and exploration planning approach will also be 
covered in this paper.  
Keywords: 3D mapping, autonomous exploration, Micro Aerial 
Vehicle 

I. INTRODUCTION 
In recent years, Micro Aerial Vehicle (MAV) has been 

widely used in developing different exploration 
techniques. In contrast with ground platform, MAV (Fig. 
1) not only offers outstanding ability to fly in challenging 
environments, it also provides perspective advantages that 
relax the problem of multi-floor exploration.  

However, there are also some challenges of using MAV 
as an exploration tool. The main challenge in MAV is 
payload constraints. Due to stringent payload and power 
available, limited sets of sensor can be used for performing 
tasks. Besides that, limited on-board processing power is a 
concern since it has to deal large amount of data such as 
camera data and complex algorithm during exploration. 
The constant motion of MAV also makes the task more 
challenging because it produces high uncertainty in sensor 
measurement and pose estimation.  

This paper mainly discuss about the exploration 
approach that uses stereo camera as the main sensor. A 
fully autonomous MAV should have the intelligences of 
mapping the environment, estimating its current position 
and also planning a pathway to an unexplored area. In this 
paper, the MAV platform and system architecture are 
discussed in detail in Sect. II. The pose estimation 
algorithm and autonomous exploration and mapping 
approach also covered in Sect. III and Sect. IV. Finally, the 
off-board visual SLAM and loop detection are discussed in 
Sect. V of this paper. 

 
II. PLATFORM 

The MAV that commonly used for exploration is a four 
rotors driven helicopter. This type of MAV has two pairs 
of rotors rotating in clockwise and counter-clockwise that 
generate an up-lifting torque to make the vehicle hover. 
The movement of MAV is controlled by changes rotational 
speed of the rotors and is discussed in more detail in [1, 2]. 
The PXHAWK platform shown in Fig. 1 has a maximum 
dimension of 55cm and is capable to carry a payload up 
600g. This MAV can fly up to 20 minutes depending on its 
payload and battery capacity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For exploration purposes, this MAV is equipped with a 

low-level controller, a high-level Linux based flight 
computer and four sets of sensing devices. The sensing 
devices include a pair of front-facing stereo camera, a 
downward-facing camera, an ultrasonic distance sensor 
and an inertial measurement unit (pxIMU). 

During exploration, the flight computer processes image 
pairs collected from front facing camera to generate a 
disparity and depth map. Then, the Artificial Intelligence 
(AI) Planner and visual odometry use these information for 
localization and navigation. The downward-facing camera 
is integrated with an ARM microcontroller unit and it can 
be used to run an optical flow algorithm. The partial state 
estimator uses the readings from optical flow, pxIMU and 
ultrasonic sensor for partial state estimates. Outputs from 
partial state estimator are then fused with visual odometry 
data to acquire full state pose estimates. The low-level 
controller is a hard real-time system that powered by an 
ARM7 microcontroller and is responsible for all 
estimation and control algorithm execution. For higher 
computational requirements processes, they run on the 
flight-computer with Intel® CoreTM2 Duo SL9400, 1.86 
GHz processor and 2 GB DDR3 RAM. Since the 
Simultaneous-Localisation-And-Mapping (SLAM) and 
loop-closure algorithms are beyond on-board processing 
capability, the data are transmitted to off-board computer 
for execution [3, 4]. 

 

Fig. 1.   PIXHAWK platform 

Fig. 2.   System architecture. [3] 



13th Research Seminar Series Workshop Emerging Technologies 
 

 

School of Electrical Engineering and Computer Science  
University of Bradford 

-139-

 
 
 

III. POSE ESTIMATION 
A. Partial State Estimation 

In partial state estimation, the velocities of MAV in x 
and y axes are estimated using optical flow algorithm. The 
two velocities are assumed no coupling effect with each 
other and can be estimated with 1-dimensional Kalman 
filter (KF). 

The MAV is modelled using system identification by 
assuming the MAV is a point of mass and velocities in x 
and y axes ( , ) are decoupled from each other, the  
and  are calculated using a linearized state equation 
given by [3]: 

1

1
   (1) 

where  and  are the pitch and roll angles readings from 
pxIMU in inertial frame I. The remaining parameters 
( , , , ) are determined using ARX model in 
Matlab’s System Identification Toolbox by loading in the 
roll and pitch readings from pxIMU and the ground truth 
values captured under Vicon motion capture system [3, 5]. 

KF uses the x and y velocities obtained from optical flow 
for partial state estimation. Since the velocities obtained 
from optical flow ( , ) is in pixel space, it has to 
convert into metric space ( , ) before it can be used in 
KF. The conversion formula is expressed as 

∆

∆
    (2) 

 
Fig. 3.   Comparison of Kalman filter estimated velocities with ground 
truth values. [3] 

where h is the altitude reading obtained from the ultrasonic 
sensor, ∆ and ∆ 	are the instantaneous pitch and roll 
angles. The performance of KF is verified using Vicon 

motion capture system. The result shown in Fig. 3 
suggested that the KF estimated velocity (green line) is 
reasonably close to ground truth values (blue line). [3] 
B. Full State Estimation 

In full state estimation, the readings from KF is 
transformed into the inertial frame before it is fused with 
visual odometry. The visual odometry is carried out by 
matching the features in subsequent frames with a 
reference frame. This method performs the best because it 
is less susceptible to drift compared to conventional 
method that uses consecutive frame-to-frame matching. 
For more convincing result, the subsequent frames and 
reference frame are taken from the same camera (either left 
or right camera). 

The features in both current and reference frames are 
extracted using FAST corner detection [6] and BRIEF 
descriptors [7] algorithm. Then, the 2D-3D 
correspondences of current frame to reference frame are 
obtained based on their 2D-2D features matching. Lastly, 
the MAV full state pose is determined using RANSAC [8] 
and refined using non-linear refinement with robust cost 
function [3, 9]. A detailed discussion about this technique 
can be found in [10]. 

In certain situations where MAV makes a turn or moves 
far away from the reference frame, a new frame is needed 
to replace current reference frame. Sometimes, a current 
frame has insufficient features in the image and is not 
suitable to use as reference frame. In this case, IMU 
readings and partial state estimates will be used as short-
term solution. 

IV. AUTONOMOUS MAPPING AND EXPLORATION 
In order to achieve fully autonomy, the MAV must be 

able to map the environment and perform path planning. In 
here, a 3D grid map is constructed based on the 
information collected in current and previous states. The 
exploration strategies planning is performed on top of a 2D 
map extracted from the 3D grid map at fixed altitude. (Fig. 
4) 
A. 3D Mapping 

 
Fig. 4.   Process flow diagram of AI planner [3] 

3D mapping can be divided into obtain range data, 
virtual scan and 3D occupancy map three key steps. In first 
step, the image pair obtained from front-facing stereo 
camera is pre-processed using sum of absolute differences  

(SAD) block matching approach [11] to build a disparity 
map. The depth information of each pixel is then calculated 
using disparity-to-depth matrix which is given by [12]:  

1 0 0
0 1 0
0 0 0
0 0 0 1

   (3)  

where ,  are the principal point coordinates, ,  are 
the image pixel coordinates,  is the focal length,  is the 

Fig. 2.   System architecture. [3] 
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disparity, and  is the baseline. From (3), the world 
coordinates of each point are calculated using the formula 

	 	 .   (4) 

As the range data may contain large amount of outliers 
and is not computational feasible to process every single 
point, a 3D virtual scan is used to downsample the point 
cloud and the median of range readings in each spherical 
cell is taken to remove the outliers [10]. The virtual rays 
can be visualised as a set of lines that connecting camera 
coordinate and the median points as shown in Fig. 5 [12].  

Lastly, the 3D occupancy map is constructed using 
octree-based 3D mapping framework introduced in [13, 
14].  This approach uses the method of dividing a cubic 
volume into eight sub-volume a couple of times until the 
predefined minimum voxel size is obtained (Fig. 6(a)). 
Each of these voxel is then transformed into hierarchy data 
structure (Fig. 6(b)). The octree framework offers a 
compact 3D map through lossless compression. The 
example in Fig. 6 explains how a complete volumetric 
model (Fig. 6(a)) can be stored using only 6 bytes data. As 
the 3D map is stored using hierarchical data structure, 
different resolution of map can be obtained by simply 
limiting the depth of query (Fig. 7).   

Given the sensor measurement	 : , the log-odds of 
occupancy probability of each cell can be estimated using 

, , : log , , :

, , :
  (5) 

where , ,  is the binary indication of whether the cell at 
coordinate , ,  is occupied. The cell which intersected 
with the each ray in virtual scan is updated using 

, , : , , : , , . (6) 
 

 
 
Fig. 5.   A sample image with corresponding 3D virtual scan. [12] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
B. Exploration 

In this paper, a frontier-based exploration algorithm [15] 
is selected as the exploration strategy. Since that the MAV 
is set to fly at a fixed altitude, a 2D slice at the same altitude 
is extracted from existing 3D grid map and used for 
exploration strategies planning (Fig. 8).  

 

 
 

Fig. 8.   A 2D sliced map, where blue cells represent home frontier, black 
cells represent occupied, grey cells represent unknown and green cells 
represent frontier region. [3] 

During exploration, the MAV is randomly placed in an 
unknown environment and it is expected to explore and 
map the environment autonomously. In order for MAV to 
identify the starting point, the frontier behind MAV in 
initial occupancy map is set as home frontier. The cells in 
2D slice are either labelled as unknown, free or occupied 
depending on its occupancy probability. A free cell is 
labelled as frontier cell if it has minimum one unknown 
neighbouring cell. These frontier cells are then grouped 
into frontier regions. Any frontier region that are having a 
cell count below pre-defined threshold (approximately the 
size of MAV) are ignored from the frontier set. In addition, 
if a frontier is verified not accessible using flood-fill 
algorithm, it will also be removed from frontier. The 
centroid ,  of remaining frontier regions are 
calculated using [3] 

∑

∑
     (7) 

where  is the numbering of frontier. The MAV then selects 
the nearest centroid as its next exploration waypoint and 
travel to the destination using Vector Field Histogram+ 
(VFH+) algorithm. Exploration process continues until 
MAV visited all frontiers other than home frontier. 
C. Local Planning 

In order for MAV to navigate from current position to 
desired frontier region, it has to plan an obstacle free and 
preferably shortest pathway to the destination. To do so, 
we use VFH+ algorithm introduced in [16]. The concept of 
VFH+ is to construct a polar histogram centred at the 

Fig. 6.   Octree structure: (a) A volumetric model that store free (white)
and occupied (black) cell with correspondence (b) tree representation
and (c) binary representation. [14] 

Fig. 7.   Different resolution of same map by varying the depth of query. 
The resolutions of map from left to right are 0.08 m, 0.64 m and 1.28 m. 
[13] 
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MAV’s momentary position and use a scoring method to 
decide the pathway. The radius of polar histogram is set 
based on safe clearance distance of MAV. Whenever an 
obstacle falls within a histogram sector or the obstacle get 
closer to the MAV, a higher score is added into that 
histogram sector. A threshold is then applied to the 
histogram score to find possible candidate vector 
directions. For a smooth trajectory, the computation of 
vector score has to takes into account the angular 
difference between the vector direction and 

 desired frontier region;  
 MAV current yaw angle; 
 previously chosen direction. 

The lowest score vector direction will be chosen as MAV 
travelling direction. The VFH+ planning is visualised in 
Fig. 9. The polar histogram is a circle around MAV. The 
green and red coloured sectors respectively represent 
feasible and infeasible vector directions. The lines that 
extended from centre represent vectors’ score. The red and 
blue lines extended from centre respectively represents 
high and low vector scores. 
 

 
 

Fig. 9.   Visualisation of VFH+ planning in a 3D obstacle map. [3] 

 
V. OFF-BOARD VISUAL SLAM AND LOOP DETECTION 
In autonomous navigation, pose drifting between real 

and estimated poses is the essential problem of SLAM 
(Fig. 10). The main factor of this problem is because of 
imprecise pose estimation and sensor noise. The common 
solution for this problem is to implement loop detection 
and perform graph optimisation. Loop detection has the 
function of identifying whether a same place is being 
revisited (loop) after certain period of time. Whenever a 
loop is detected, a relation is added to the graph to link the 
current pose with previously visited pose. The graph 
optimisation will then try to compensate the accumulated 
error by adjusting the map. Using this method, a more 
consistent map can be obtained especially after MAV has 
flown through a long way and returned to a visited place. 
One commonly used graph optimisation framework is the 
g2o framework [17]. Fig. 11 shows a hypergraph (taken 
from [3]) that illustrated the pose-graph SLAM. In the 
graph, the position of MAV  at time t is represented as a 

node. The	 , , ,  and 	 ,  respectively represent 
the overflow constraint, visual odometry constraint and 
loop-closure constraint between two poses. The	  
represent the constraints from ultrasonic sensor that being 
used for pre-estimate the pose-graph SLAM. 

 
Fig. 10.   Essential SLAM problem: the estimated positions are different 
from actual positions and the errors are accumulate over time and motion. 

 
 

Fig. 11.   g2o hypergraph representation of SLAM problem. [3] 

 
 

 
 

Fig. 12.   3D map constructed using vision-based MAV. 

 
VI. CONCLUSION AND FUTURE WORK 
In this paper, we have discussed the concept of using a 

MAV for autonomous exploration and 3D mapping. Using 
a cost effective and light weight stereo camera as the main 
sensor, the MAV is able to construct a 3D map without a 
priori knowledge about the environment. To improve 
result accuracy, the output from optical flow is fused with 
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visual odometry to obtain full state estimates. A complete 
3D map is constructed on off-board computer using SLAM 
and loop detection. 

For future work, the exploration and mapping 
algorithms can be further extended to perform multi-floor 
and outdoor exploration. Other than that, using multiple 
MAVs for cooperative exploration provides a great 
opportunity to speed up the exploration time especially in 
a large environment. 
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Abstract--In the 20th century, electric robot emerged and 
then from the late 20th century robots have been used in 
industrial, military, research and even space. An intelligent 
robot uses a variety of sensors as its sensory organs. Vision as 
an important sense is applied to the intelligent robot. The 
vision system contains the process of receiving images and 
processing them. Robot with vision can avoid the obstacles 
using the image it receives and track an object by identifying 
it. Image processing can be done in two ways. One is detecting 
the image on robot and transmits it to PC to do the image 
processing. Another method is to process the image on the 
robot directly. Different type of robot uses different 
controller, it leads to the result that the methods of image 
processing are various.  
This paper focuses on how the robot detects the colour objects 
using camera and the algorithms of image processing in 
tracking a colour block. This paper also discusses the 
advantages and disadvantages of the algorithms and other 
kinds of techniques used in the tracking system. 

Keywords:  image processing, object tracking, intelligent robot 

 

I. Introduction 

Intelligent robot has become in great demand in recent 
decades of years. Basically, the procedure of robot action 
should be in two stages. Firstly, robot uses the sensors on 
it to collect the data of the environment, and the second 
stage is to respond these data. Therefore, intelligent robot 
can realise many functions, such as de-mining, navigation, 
and rescuing.   

Robotic navigation can be realised in many methods, one 
of them is using objective tracking. The basic function of 
robotic object tracking is to ‘find’ the target. Usually, 
ultrasonic range finder is used for detect the object, like 
LEGO NXT robot. But ultrasonic sensors have lots of 
limitations, such as ultrasonic sensors have a minimum 
sensing distance, when the target is low density, sound 
energy would be absorbed [1]. So comparing with using 
ultrasonic sensors, vision system is a more direct way of 
detect the target.  

In robotic object tracking, the target is a moving colour 
would be the basic stage. In this robot system, a camera is 
used for collect the image of the target, a powerful 
controller is used for image processing and control the 
robot. The selection of controller is depend on the 
complexity of the image processing. If the process is not 
very complex, an Arduino board is powerful enough for 
this project. Otherwise, a more powerful unit such as 
ARM, DSP and FPGA would be required for the image 
processing. Sometimes, a robot system also combing a 
basic single chip controller which is used for robot control 

with a more powerful unit process the image is doable. 
Image which the robot collects, being transferred in 
wireless way to PC to process and then send the control 
command back to the robot as well, because PC has more 
powerful computing ability and more professional image 
processing software.  

II. Colour recognition arithmetic 

Colour recognition is matching the colour which the robot 
detects with the colour defined as target. The feature of 
colour usually described in two methods: RGB and HSV. 

A. RGB colour arithmetic 

Basically, the output for most digital cameras are in RGB 
mode, which means each pixel in the output image has 
three components: red green and blue. When tracking an 
object which has a unique colour, it is easily to get the RGB 
feature of the target. The chromaticity of a colour is 
determined by its chromaticity coordinates. Each pixel in 
the image has its own chromaticity coordinate, usually, 
which is the sum of the three primary colours. In colour-
matching, the limitation is that, when choosing primary 
colours, none of the primary colours can be matched by an 
additive mixture of the other two. [1] 

 

Figure.1 RGB colour space 

The chromaticity coordinates, r, g, b are defined by the 
equations. [2] 

  

  

  

In the equations above, R G and B are the tristimulus 
values used for matching the three primary colour: red 
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green and blue respectively. In describing a colour, only 
two of the three coordinates are needed, because the sum 
of the chromaticity coordinates is 1. The normalised colour 
components values is called NCC, and usually, r and g are 
used for define the chromaticity coordinates as follows: 

̂   

  

  

The function of Q is a linear quantizer which is used for 

converting a floating point value  to an n-bit value. 

With a larger value of n, the parameter of r, g, and ,  
would be one-to-one variables. Therefore, ̂  and  are 
scaled approximations of the chromaticity r and g 
respectively. In practice, the NCC values are calculated for 
each pixel in each image frame. R, G and B are 8-bit 
values, H can be achieved by mapping (R+G+B), a 10-bit 
value, to 8-bit value using a lookup table. 

When comparing a pair of target NCC values  and    
with the NCC values of every pixel in the image defined 
are using the range listed below: 

,

1, 	 1 ̂ , 1 	

1 , 1 ;
0,

	 

In a binary image ,  is the value of a pixel, which 
coordinate is , . A value of 1 means that the match is 
positive and a value of 0 indicates otherwise. In the 
formula above, ̂ , 	and  ,  present the NCC values of the 
pixel at location , . In ideal circumstances,  and  are 
chosen such that 	 1 ̂ , 1 	  and 

1 , 1  together define a 
rectangular NCC region corresponding to a group of 
colours that are visually indistinguishable from the colour 
defined by   and . In the experiment MacAdam did on 
just-noticeable colour differences shows that when using 
chromatic coordinate to describe the region of 
undistinguishable colours the shape is not rectangular, but 
ellipse.([3] ,[4]) Therefore,   and  could be better to 
selected to use the equivalent rectangular region to match 
the ellipse of colour mentioned in the MacAdam’s 
experiment. In practice, the choice of   and  depend on 
the requirement of application.  

B. HSV colour arithmetic 

However, the RGB colour system is not suitable for 
identifying the colour as seen by human eye. Here to 
introduce a much better system to display colours called 
HSV colour system, which was developed in 1970s for 
computer graphics applications.[5] HSV is cylindrical-
coordinate representations of points in an RGB colour 
model, it rearrange the geometry of RGB in an attempt to 
be more intuitive and perceptually relevant than the 
Cartesian representation. HSV stands for hue, saturation, 

and value respectively.  In this system, the first value (Hue) 
can to some extent be identified with colour. The Hue 
parameter ranged from 0 to 360, Saturation from 0 to 
100%, and Value from 0 to 100%, which avoids the 
floating point computation. RGB image can be convert 
into HSV use formulas.[6] 

 

Figure.2 HSV colour space 

The colour of an object may not been concluded on the 
basis of one pixel only. That is the reason of the basic 
elements of the colour recognition are not selected pixels 
but selected cell. The cell is a square of size 9x9 pixels in 
which a centre is the selected pixel. In this way, the image 
is preformatted on 54x72 cells that is significantly smaller 
number of elements compared with the VGA image. The 
cell size is constant, but it would be better to vary its size. 
Larger cells would provide less noise, but also rougher 
recognition with greater uncertainty in recognition of 
individual cells. Smaller cells tell the better details, but 
increase noise and processing time. 

For each pixel in the cell HSV parameters are calculated, 
and then for the entire cell average values of H*, S* and 
V* are calculated: [7]  

	 ∗ ∑ ∑  

∗ ∑ ∑   

∗ ∑ ∑   

As the value of H has not Euclidean properties (ranging 
from 0 to 360), for computing its average value, non-
Euclidean procedure should be applied. Average values of 
HSV parameters would not give enough information for 
colour identification. Additional necessary information is 
deviations from the average value as:  

∑ ∑ | ∗ | 

∑ ∑ | ∗ |  

∑ ∑ | ∗ |  

If the deviation of the cell from the average value of any 
HSV parameter is too high, such cell is not suitable for 
recognition. This happens at the edge of the colour 
transitions. Also, if the value of the cell S is too low, it 
means that the colour change is insufficient for colour 
identification. If the value of V is too small, it indicates that 
there is not enough light for recognition. 
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Hue value is divided into segments, with meaning of 
assigned colour (table 1). Each colour has assigned centre 
and range. If the colour range is greater, then the colour 
will be recognized with greater accuracy. For the case S < 

 a cell colour is declared as white (no colour), and for 
the case V <  a cell colour is black (no light). From 
table 1 it can be seen that it is easier to recognize colours 
such as red (purple), green, and blue colour, while the 
colour yellow is difficult to identify.  

Num Hue colour range centre 

1 
320 - 

20 red 60 350 

2 20 - 40 purple 20 30 

3 40 - 70 yellow 30 55 

4 
70 - 
170 green 100 120 

5 
170 - 
190 turquoise 20 180 

6 
190 - 
260 blue 70 255 

7 
260 - 
320 purple 60 290 

8 
S 

 white - - 

9  black - - 

Table.1 Colours of the HSV system 

Recognition process begins by applying the reference 
sample. It is done by the mouse click on the colour that 
wants to be recognized within the live image. Selected 
point becomes the centre of the cell that will calculate HSV 
parameters. If the selected cell has sufficient flux dye (S > 
Smin), sufficient light (V > Vmin), and dissipations are 
within the defined limits, according to table 1 colour is 
assigned and this colour becomes a reference colour.  

Search process starts with calculation of the HSV 
parameters and their deviations for each cell in the image. 
If all of the requirements for recognition (comparison) with 
the reference sample are fulfilled, the cell is declared as 
recognized, i.e. similar to the reference, otherwise it is not 
recognized.  

After identifying the individual cells, recognized cells 
must be linked into groups (clusters). Algorithm for 
clustering starts with searching first recognized cell and 
put it in the cluster array. This cell also becomes central 
cell. By the eight directions searching around the central 
cell, cluster algorithm is looking for all those cells that are 
recognized and connected with the central one. When it 
finds a recognized cell, cluster algorithm put that cell in the 
cluster array (if it is not already there). When all eight 

directions are examined, the next central cell from cluster 
array is selected. When searching around central cell is no 
longer possible to find any new cell which corresponds to 
the sample, a cluster array with coordinates of 
corresponding cells is obtained. If the number of cells in 
the cluster array is less than the specified minimum, the 
cluster is rejected. To identify the cluster boundary, edges 
of the cluster and centre of gravity are calculated. Then the 
algorithm proceeds to search for the next cluster.  

 When the algorithm searched the whole picture a certain 
number of clusters with a defined size and focus are 
obtained. It is necessary to identify the cluster that 
corresponds to the desired object that was clicked by the 
mouse. The first will be to identify the cluster that is closest 
to position where the reference sample is taken. After the 
cluster (or an object) has been identified, the following 
searches no longer have to count and recognize all of the 
cells in the image, but only those found in the 
neighbourhood of the cluster recognized as object. This 
greatly speeds image processing and the object finding. For 
the case that an object unexpectedly disappears from the 
image, the scope of the search expands to the entire image. 
The scope of the search can be further improved by taking 
into account the motion of the robot (e.g., the robot turns 
to the right, then an object will move in the picture to the 
left). 

III. Colour tracking 

In general, colour tracking can be applied in: colour blob 
tracking and colour histogram tracking. [8]  

Basically, colour blob tracking is the simplest one. It is to 
tracking the colour using segmentation algorithm by 
detecting the colour RGB features. [9]Taking RGB24 for 
example, each component can be expressed in 8bits, value 
from 0 to 255. The easiest method of image recognition is 
firstly take a picture of the target colour block, and open 
the picture in any PC image processing software to 
measure the RGB value of the block.  Then when 
programming, set threshold of each component, when 
robot running the program, it could compare the detecting 
colour with the threshold to judge the detecting colour 
block is the target or not. 

 

Figure.3 colour tracking with robot control 

Colour histogram can be used for tracking is because the 
surfaces of objects are made up of regions of colour. The 
shading and noise of camera blur these colour regions and 
span more than one bin in a histogram. For one object, if 
the image and model histograms of it are matched well, a 
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high match value will be obtained. [10] In the colour 
histogram tracking, the image taken by camera will be 
separated into rectangular regions and the histogram of 
each region has to be calculated. Then measure the 
similarity between the target and the detected image, and 
choose the highest matched one as the one which probably 
contain the target object. This procedure would be repeated 
periodically.    

 

Figure.4 tracking map 

When tracking the moving object, firstly, define the 
original point which is shown in the figure4. In figure4, T 
( , ) and R ( , ) represent the position of target and 
robot, OT and OR are the line of sight from the original 
point O to target and robot receptively. The angles between 
x-axis and   and  are defined as  and  named 
orientation angles. Therefore, for T and R, their 
coordinates can be expressed as: 

  

  

  

  

The principle of tracking is basically matching the rates of 
turns of the line of sight angles. [11] 

∗ sin	   

∗ sin	   

In the formulas above  and  are defined as the rate of 
turn of the line of sight angles. Hence, the principle is to 
match these two rate: , which means the 
orientation angle of robot would follow the equation: 

sin	   

When the velocity of robot larger than the velocity of 
target, the robot can intercept the target. But in practical, 
the movement status of the target are in two conditions. 
The first one is the target moves without accelerating, 
which presents in figure5, 

 

Figure.5 target without accelerating 

Another one is tracking an accelerating target, which 
shows in figure6, 

 

Figure.6 target with accelerating 

IV. Conclusion 

This paper described the basic colour recognition 
arithmetic using both RGB and HSV. Including how to 
transfer a colour into RGB value, how to describe the 
colour using two parameters r and g, using HSV to describe 
a colour and discuss the advantage and disadvantage of this 
two colour representation methods. This paper also 
described two methods of colour tracking by tracking 
colour blobs and tracking colour histogram. There are also 
other colour tracking methods like mean-shift tracking 
[12], which is based on statistical method.  Finally, this 
paper presented a method of interception of a moving 
target. For future work, tracking the target would not only 
using the camera, but also with other sensor fusion to 
increase accuracy, for example, robot would calculate the 
distance from the target, it could even get more 
geographical information about the target and find the best 
path of moving follow the  target. 
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