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 

Abstract—After the Paris agreement in 2015, a comprehensive 

initiative both from the developed and developing countries 

towards the adaptation to climate change is emerging. The Global 

Environmental Facility (GEF), which is financing a global 

portfolio of adaptation projects and programs in over 124 countries 

is playing a significant role to a new financing framework that 

included the concept of “climate-resilient development”. However, 

both the adaptation and sustainable development paradigms remain 

continuously contested, especially the role of the multilateral 

institutions with their technical and financial assistance to the 

developing world.  

Focusing on the adaptation initiatives of the GEF, this study 

aims to understand to what extent the global multilateral 

institutions, particularly the GEF is contributing to the climate-

resilient development? 

From the political ecology perspective, the argument of this 

study is that the global financial framework is highly politicized, 

and understanding the contribution of the global institutions of the 

global climate change needs to be related both from the response 

and causal perspectives. A holistic perspective, which includes the 

contribution of the GEF as a response to the climate change and as 

well the cause of global climate change, are needed to understand 

the broader environment- political economic relation. The study 

intends to make a critical analysis of the way in which the political 

economy structure and the environment are related along with the 

social and ecological implications. It does not provide a narrow 

description of institutional responses to climate change, rather it 

looks at how the global institutions are influencing the relationship 

of the global ecologies and economies. 

This study thus developed a framework combining the global 

governance and the political economy perspective. This framework 

includes environment-society relation, environment-political 

economy linkage, global institutions as the orchestra, and division 

between the North and the South.  Through the analysis of the GEF 

as the orchestra of the global governance, this study helps to 

understand how GEF is coordinating the interactions between the 

North and the South and responding the global climate resilient 

development. Through the other components of the framework, the 

study explains how the role of the global institutions is related to 

the cause of the human induced global climate change. 

The study employs a case study based on both the quantitative 

and qualitative data. Along with the GEF reports and data sets, this 

study it draws from an eclectic range of literatures from a range of 

disciplines to explain the broader relation of the environment and 

political economy. Based on a case study on GEF, the study found 

that the GEF has positive contributions in bringing developing 

countries’ capacity in terms of sustainable development goal, local 

institutional development. However, through a critical holistic 

analysis, this study found that this contribution to the resilient 

development helps the developing countries to conform the fossil 

fuel based capitalist political economy. The global governance 

institution contributing both to the pro market based environment 

society relation and, to the consequences of this relation. 
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 

Abstract—Global Competitiveness Index (GCI) prepared by 

World Economic Forum has become a benchmark in studying the 

competitiveness of countries and for understanding the factors that 

enable competitiveness. Innovation is a key pillar in 

competitiveness and has the unique property of enabling 

exponential economic growth. This paper attempts to analyze how 

the pillars comprising the Global Competitiveness Index affect 

innovation and whether GDP growth can directly affect innovation 

outcomes for a country. The key objective of the study is to 

identify areas on which governments of developing countries can 

focus policies and programs to improve their country’s 

innovativeness. We have compiled a panel data set for top 

innovating countries and large emerging economies called BRICS 

from 2007-08 to 2014-15 in order to find the significant factors 

that affect innovation. The results of the regression analysis 

suggest that government should make policies to improve labor 

market efficiency, establish sophisticated business networks, 

provide basic health and primary education to its people and 

strengthen the quality of higher education and training services in 

the economy. The achievements of smaller economies on 

innovation suggest that concerted efforts by governments can 

counter any size related disadvantage, and in fact can provide 

greater flexibility and speed in encouraging innovation. 
 

Keywords—Innovation, Global Competitiveness Index, 

BRICS, Economic growth 

I. INTRODUCTION 

LOBALIZATION has compelled firms and countries to 

explore different ways to cut down the competition. As 

a result, countries have realized the pressing need to 

innovate. Innovation is the only way for the countries to stay 

apart and be unique in the global competitive market. It has 

been found globally that science, technology and innovation 

are the major drivers for national development [1].The 

combination of science, technology and innovation leads to 

new value creation. Scientific research utilizes substantial 

quantity of funds for the creation of knowledge.  

  Innovation provides solution and thereby helps to convert 

scientific knowledge into wealth. Innovation thus implies 

Science and Technology based solutions that are 

successfully deployed in the economy. Innovation is being 

assumed to be the critical factor in the developmental goals 

of a country. In order to sustain in the global market, 

countries need to formulate their competitiveness strategies 

that are more focused towards science, technology and 

innovation. Innovation gives a country competitive edge 

over others and enhances its competitive position relative to 

other countries. Thus, realizing the importance of innovation 
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to growth of economy and to achieve global 

competitiveness, both high growth countries as well as 

developing economies are trying to adopt policies and 

mechanisms focused on innovation and innovation led 

growth. 

The current study focuses on studying the innovativeness 

of BRICS economies with respect to the top innovating 

countries in the world. An effort has been made to identify 

the critical enablers of innovation in these countries, so as to 

propose policy responses that can help to enhance 

innovation and in turn lead to greater competitiveness. Such 

policy prescriptions are especially important for a 

developing country like India, which has resource 

constraints but is keen to step up innovation and earn a 

position for its products in the global market place. The 

current policy focus on manufacturing led growth in India 

strengthens the need for pushing innovation in the country. 

We hope that our findings can throw up some policy 

prescriptions in this context for India and similarly 

positioned economies. 

During the past decade the World Economic Forum 

(WEF) has been publishing the Global Competitiveness 

Reports (GCRs) annually which rank countries on their 

competitiveness. The reports contain large and relevant 

datasets that can be helpful for countries to understand their 

competitive position with respect to other countries. These 

reports are used by policy makers as a benchmark to assess 

their relative performance in achieving competitiveness and 

in understanding its various components so that they can 

overcome existing limitations. Competitiveness of any 

country is viewed as a relative position of the country in the 

international market, specially comparing at similar 

economic development levels [2].  

The World Economic Forum has based its 

competitiveness analysis on the Global Competitiveness 

Index (GCI), which is a comprehensive tool that measures 

the microeconomic and macroeconomic foundations of 

national competitiveness. The components which measure 

the different determinants  of competitiveness are grouped 

into 12 pillars namely: Institutions, Infrastructure, 

Macroeconomic environment, Health and primary 

education, Higher education and training, Goods market 

efficiency, Labor market efficiency, Financial market 

development, Technology readiness, Market size, Business 

Sophistication and Innovation [2]. For our study, we have 

taken data from the Global Competitiveness Reports from 

2007-08 to 2014-15 for the 10 top performing countries on 

the index, along with the emerging economies called 

BRICS. These top performing countries have been selected 

as per their competitiveness in the year 2014-15. The GDP 

annual Growth rate is also taken as an explanatory factor in 

our study [3]. 

Understanding Innovation by Analyzing the Pillars 

of the Global Competitiveness Index 
Ujjwala Bhand, Mridula Goel 
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In the current era of globalization, competitiveness has 

become a key factor in the growth of both advanced and 

developing countries. Due to globalization there is an 

increase in competition among firms and among countries. 

To succeed in the globalized world firms and countries need 

to gain a competitive edge over others. The world has 

moved towards the knowledge economy and gaining a 

competitive edge in this scenario can be done by generating 

knowledge and through innovation. To withstand the 

competition countries need to innovate. Innovation acts as 

an important factor to acquire a competitive edge [4]. It has 

been observed in the Global Competitiveness Reports, that 

innovation plays a very important role in enhancing the 

competitiveness of a country [2]. 

  As per the Global Competitiveness Index rankings for the 

last several years, the competitiveness rank of India showed 

a decline. India falls far behind the top innovation 

performing countries as can be seen from TABLE I .The 

data clearly suggest that efforts are needed to work on 

improving the country’s competitiveness. We attempt to 

find the factors which can contribute to increasing the 

overall competitiveness of the country. The present work is 

an attempt to understand the key factors that can help India 

and other emerging economies to improve their 

competitiveness, especially through a focus on innovation 

led growth. 
 

TABLE I 

INDIA’S RANK IN THE GLOBAL COMPETITIVENESS INDEX (2007-15)  

Year Rank Year Rank 

2007-08 48 2011-12 56 

2008-09 50 2012-13 59 

2009-10 49 2013-14 60 

2010-11 51 2014-15 71 

Data Source: Global Competitiveness Reports, 2007-08 to 

2014-15. 

 

Innovation is found to be a key driver of competitiveness 

for both businesses and countries. The scores for Global 

Competitiveness Index (GCI) and Innovation from 2007-08 

to 2014-15 for the 15 selected countries are found to have a 

correlation of 0.93 [2], [5]-[11].  It suggests that if a country 

is able to step up its innovation outcomes it will also, be 

more competitive in the global market place. 

In order to study the influencers of innovation, we attempt to 

understand the role of each of the pillars of Global 

Competitiveness Index and how they affect innovation at a 

level. 

II.  LITERATURE REVIEW 

Globalization has brought a lot of change in the global 

economic scenario. In the past, when the markets were 

closed, firms were bound to carry out business within their 

own countries. There existed less competition among firms 

as there were few players in the market. Customers did not 

have a lot of product choices; there existed a monopoly of 

certain companies in producing specific goods. For example 

there was a kind of monopoly of ‘Fiat’ and ‘Ambassador’ 

cars in the Indian automobile industry or of Indian Airlines 

in domestic aviation industry.    

Due to globalization in the latter part of the 20th century, 

specifically in post-World War II era, many multinational 

companies entered the global market and people started 

getting better quality products at a lower price. Customers 

could get better value for their money. This led to increased 

competition among the companies. Companies started 

finding new ways to attract customers, here the concept of 

value added service also came into the picture. Companies 

not only started providing better quality products but also 

started providing good service to the customer to enhance 

customer satisfaction. Today consumers drive markets. 

Globalization has also, led to an increase in the quality of 

the products, it has made it possible to have quality products 

available at an affordable price as a virtue of increased 

competition among firms [12].  

  Globalization has helped to remove the trade barriers 

among the countries and resulted in formation of global 

markets for the firms [13]. The increase in cross border trade 

has resulted in more competition not only amongst firms but 

also among the countries. Globalization has not only 

resulted in the global expansion of multinational companies 

but has also, brought about the exchange and interplay of 

new developments in science, technology and products 

throughout the world. Globalization has enabled most 

nations of the world to have access to similar information, 

technology and markets. It depends on the ability of a 

country to make use of those available resources and 

innovative ways to gain an edge over others [14], [15].  

  Competition plays a very important role in economic 

growth of a country because it necessitates the need for 

innovation. Competition can be at various levels: 

competition among individuals, among the organizations, 

between different regions and between countries [15]. In 

order to succeed in the global economy a country needs to 

be highly competitive at all levels. As a result of 

globalization, competitiveness is critical to the growth of 

both advanced and developing countries. Countries 

continuously strive to gain competitive advantage over 

others. Globalization has created a need for countries to 

have a framework for analyzing the competitive position of 

the country in the international market rather than simply 

focusing on measures to improve internal productivity [16]. 

The improvement in the competitiveness of business firms 

and countries is a prior requirement for successful business 

development in the global market [15]. 

 

Need for innovation 

In the traditional economy framework competitive edge was 

gained through access to cheap labor, abundant natural 

resources, etc. However, today the world has moved towards 

a Knowledge economy. In knowledge based systems, the 

growth of the economy is based on the production and use 

of knowledge [17]. 

In today’s knowledge era and innovation driven global 

economy, scientific and technological knowledge are the 

key drivers of production and growth [18]. In order to 

succeed in the knowledge economy countries need to 

generate knowledge and thereby innovate different ways to 

cut down the competition. Countries which work towards 

knowledge production, its usage and adopt innovative ways 

by making use of science and technology to cut down the 

competition grow their economy well and have more 
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likelihood to become a global leader. For long term 

economic growth and sustainable competitiveness, countries 

need to develop global competitiveness strategies which are 

focused towards Science, Technology and Innovation [19]. 

Many researchers have found that technological change and 

innovation are the major drivers of economic growth and act 

as the important factors for achieving competitiveness [20]. 

Technology plays a vital role in enhancing national 

economy and international competitiveness; it is also a key 

source in increasing profitability and growth of the 

companies [21]. 

It has been found in many studies that technological 

developments help the firms of a country to improve their 

profitability, give them competitive edge over others and 

thus, contribute to the growth of the firms. This in turn helps 

to boost the economy and competitiveness of a country. On 

the basis of technological development; companies, 

industries and countries can foster their competitive 

capabilities and increase their competitive advantage [16]. It 

has been found that the firms that innovate have better 

productivity levels and economic growth as compared to the 

non- innovating firms [20]. 

According to a Boston Consulting Group (BCG) study 

(2015), innovative companies excel in the market and 

innovation remains as a top agenda for these companies. In 

this study, maximum respondents ranked innovation as the 

top-most priority for their company.  The results of the study 

reveal that the top officials of the companies around the 

world believe that innovation plays an important role for the 

organizations to acquire competitive advantage and 

profitability. Science and Technology act as an important 

basis for innovation.  The leading companies at the top of 

the list of innovation like: Apple, Google, Tesla Motors, 

Microsoft Corp., Samsung Group, Toyota, BMW and such 

are making use of science and technology and innovative 

methods such as: emphasis on speed, well run (very often 

lean) research and development processes, use of 

technological platforms and the systemic exploration of 

adjacent markets. [22]. The BCG study also specifies that 

out of the top 50 performing list of companies, 29 of these 

belong to United States of America, 11 of them belong to 

Europe and 10 belong to Asia. While most of the companies 

are from developed countries, companies from the emerging 

markets have also found a place in this list. In the case of the 

emerging markets 3 companies are from China and 1 is from 

India; companies from developing countries also use 

innovative ideas and techniques to compete in the global 

market. Thus, it can be concluded that by making use of 

science, technology and innovation companies can 

outperform in the market [22]. 

The Global Competitiveness Report 2013-14 also shows 

that the top performing countries like Switzerland, 

Singapore, Finland, Germany, United States of America, 

Sweden, Hong Kong SAR etc. are putting a lot of efforts 

into development  of high quality education, research and 

development and making use of highly sophisticated 

advanced technology. It appears that the use of innovative 

technologies by their companies helps to make them the top 

productive and competitive economies. [2]. A country can 

attain economic growth and prosperity by its competitive 

technologies and innovation [23]. Therefore, countries need 

to increasingly invest in generating scientific knowledge and 

try to be technologically advanced which will lead to 

innovation and thereby add to the competitiveness of their 

country. 

According to the Global Competitiveness Report of 2013-

14, due to the financial crisis of 2008-09, emerging 

economies have gained importance because of which a 

notable shift in the global economy has taken place. As a 

result of the financial crisis, growth across many economies 

had slowed down. To overcome the crisis countries tried to 

identify the critical areas that need investment and to 

develop a prosperous environment in the country. Countries 

have to identify and strengthen the forces that will make a 

marked change in driving their economic growth. It was 

recommended that countries should develop the ability to 

create value added products, processes and business models 

through innovation. Accordingly, instead of distinguishing 

countries as being developed or developing, countries will 

be distinguished on whether they are “innovation rich” or 

“innovation poor”. Thus, the report specifies the need for 

collaboration among business, government and civil society 

to create the enabling environment that will promote 

innovation. 

The Global Innovative Index (GII) is an annual ranking of 

countries with respect to capacity for innovation and success 

in innovation. It is published by Cornell University, 

INSEAD and the World Intellectual Property Organization 

in partnership with other organizations and institutions. The 

focus of Global Innovation Index (GII) is to improve the 

ways to measure innovation and to understand it. It also 

focuses on identifying targeted policies and various 

practices to increase innovation in a country. In Global 

innovation index four measures are calculated namely: 1. 

Over all Global Innovation Index, 2. Innovation Input Sub-

Index, 3. Innovation Output Sub-Index and 4. Innovation 

Efficiency Ratio. The overall Global Innovation score is 

calculated by taking the simple average of Input and Output 

Sub- Index scores. Innovation Input Sub-Index comprises 

five input pillars that calculate the elements of the national 

economy that enable innovation activities: 1. Institutions, 2. 

Human Capital and Research 3.  Infrastructure 4. Market 

Sophistication and 5. Business Sophistication .Whereas, the 

Innovation Output Sub-Index gives the information about 

the outputs that are the results of innovative activities within 

the economy. There are two output pillars 6. Knowledge and 

Technology outputs and 7. Creative outputs. Innovation 

Efficiency Ratio is the ratio of the Output Sub-Index score 

to Input-Sub Index score [24]. 

As per The ‘Global Innovation Index- 2015: Effective 

Innovation Policies for Development’, innovation is being 

considered as an important factor of all economic activities 

around the world.  Both advanced as well as developing 

economies have understood the importance of innovation 

and also, that it plays a key role in driving the economic 

growth of a country. So, the countries are trying to 

formulate policies that support innovation led growth. The 

developing countries are also, no longer falling behind the 

high-income-countries in formulating the policies that will 

increase their innovation capacity. The main findings of 

Global Innovation Index 2015 reports show that: Among the 

Top performers or High income groups the quality of 
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innovation plays a crucial role. Due to the world – class 

universities, countries like USA and United Kingdom stay 

ahead in their economic group. The middle-income-

countries such as China and Malaysia are the champions 

among their peers and are fast rising in innovation ranking 

and even have performed at par with the lower tier of high 

income countries. The Institution pillar is found to be the 

most important and a crucial factor to increase the 

innovation performance of a country. To have a good 

innovation policy there is a need to have good supporting 

institutions in the country. Among the poor economies 

business sophistication pillar is found to be the important 

factor that enhances the level of innovation in these 

countries. Among the top 10 middle-income-economies, 

BRICS economies are at the top in terms of innovation 

quality. Within BRICS countries, China has shown a lot of 

progress in terms of innovation quality and has left other 

countries in the group far behind [24]. 

An Australian study also supports the fact that innovation 

acts as a basic driver for sustainable productive growth and 

social wellbeing [25]. The increase in the level of 

competition in the global economy has become a driving 

force for businesses to become more innovative. In turn the 

capacity for innovation has become an important factor for 

the success of the individual firm and also for improving the 

competitiveness of the country in the current global 

economy. [15]. Capacity to innovate plays a very important 

role for countries to survive in the global market place. 

Also, countries can gain prosperity and growth by making 

use of their innovative capacity [26] , [24]. 

To be recognized in the global market place, countries need 

to identify and understand their competitive position among 

other countries and to strengthen their competitiveness by 

becoming more innovative. 

 

Competitiveness 

According to the Global Competitiveness Report (2014-

15) the competitiveness of a nation is defined as, “The set of 

institutions, policies and factors that determine the level of 

productivity of the country” or as per the OECD definition 

“the degree to which it can under free and fair market 

conditions, produce goods and services that meet the 

national standards of international markets while 

simultaneously expanding the real income of the citizens, 

thus improving their quality of life” [27]. The level of 

productivity sets the level of prosperity that can be reached 

by an economy. A more competitive economy tends to grow 

faster over time. 

Every year the World Economic Forum (WEF) publishes 

Global Competitiveness Reports which help the countries to 

understand their competitive position with respect to other 

countries in the world. These reports serve as benchmarks 

for national policymakers to assess the relative performance 

of each country in achieving competitiveness as represented 

by the accepted indices, so that countries can overcome the 

barriers to improve the competitiveness. The 

competitiveness of a country can be viewed as the position 

of the country in the international market as compared to the 

other countries especially in similar states of economic 

development. According to the Global Competitiveness 

reports there are many determinants that drive productivity 

and competitiveness like education and training, 

technological progress, macroeconomic stability, good 

governance, firm sophistication, market efficiency, etc. 

which are often mutually supportive.  

Description of the 12 pillars of Global Competitiveness 

Index  

   The twelve pillars are combined as a weighted average to 

calculate the Global Competitiveness Index. Innovation is a 

key pillar and as per review of existing studies a positive 

relationship is expected between innovation and the other 

eleven pillars of the Global Competitiveness Index. 

 

1. Institutions:  

According to the Global Competitiveness Report 2014-

15, the institutional environment is determined by the legal 

and administrative framework in a country, within which 

institutions, firms and government interact to generate 

wealth. The report specifies that it is important for the 

countries to have a sound and fair institutional environment. 

The quality of institutions is supposed to have a strong 

impact on competitiveness and the growth of a country [28], 

[29]. The quality of institutions not only influence the 

investment decision and organization of production but also 

play an important role in the manner in which societies 

distribute benefits and bear the cost of development 

strategies and policies. It also, includes government attitude 

towards markets and market efficiency. Stringent rules and 

regulations, corruption, lack of transparency, inability to 

provide appropriate services to the business sector, act as 

barriers and slow down innovation and the economic growth 

of a country. [11]. 

 

2. Infrastructure: 

Well-developed transport and communications network 

including effective modes of transportation like: good roads, 

railway tracks, port and air transport, adequate electricity 

supply and an efficient telecommunication system. These 

are useful for efficient conduct of business [11]. A 

developed infrastructure network has a significant effect on 

economic growth of a country; it also helps in reducing the 

inequality in income and poverty in several ways [30], [31]. 

 

3. Macroeconomic environment: 

A stable macroeconomic environment in the country is 

important for harboring business development [32]. While 

productivity cannot be increased by macroeconomic 

stability alone but instability can prove detrimental to 

business performance and economic growth [11]  

 

4. Health and primary education: 

A country having a strong and healthy work force is 

essential for achieving labor productivity and 

competitiveness. A less educated work force in a country 

will be a constraint for it to use more advanced and 

innovative technologies. Therefore, it is imperative for a 

country to take measures to impart quality basic education to 

its citizens [11]. 
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 5. Higher education and training:  

In today’s era of globalization it has become extremely 

important for countries to nurture a pool of well educated 

workers who can do complex jobs and are capable of 

adapting to the changing environment and needs of the 

production system. As per research, quality of higher 

education and training is most essential for the countries 

whose aim is to excel in innovations and complex 

technological process and products [33], [34]. Higher 

education and training includes secondary and tertiary 

enrolment rates of education. These along with extent of 

vocational and continuous-on-job training are important to 

ensure constant upgrading of the skills of the workers [11]. 

 

 6. Goods Market Efficiency:  

A healthy competition in the market is important to drive 

the market efficiency and business productivity. Minimum 

government intervention in the processes that affects the 

business activities is required for an efficient environment of 

exchange of goods. Countries which have efficient goods 

market are well positioned in the market. These companies 

produce the right mix of products and services as per the 

supply and demand of goods in the market. Market 

efficiency also depends on demand condition like customer 

orientation and buyer sophistication [11].  

 

7. Labor market efficiency:  

The efficiency and flexibility of the labor market is 

considered as an important factor in innovation and 

competitiveness. It should be ensured that workers are 

allocated to jobs where they can perform their best. There 

should be flexibility in the labor market so that workers can 

easily be shifted from one economic activity to another and 

the flexibility in wages can minimize the disruption in 

production process and systems. In an efficient labor 

market, clear and strong incentives must be provided to the 

workers, workers should be promoted on the basis of their 

meritorious performance, the business environment should 

be fair and non-discriminatory [11]. 

  

8. Financial market development: 

A sound and well-functioning financial sector is very 

important for carrying out the economic activities 

efficiently. An efficient financial sector allocates the 

resources saved by the citizens and those received from 

other countries to their most productive use, the financial 

resources are provided to the entrepreneurial and investment 

projects that have highest expected rate of return. A 

thorough assessment of risk is an essential and important 

part of sound financial markets .Since business investments 

are critical for enhancing productivity, economies need to 

have sophisticated financial markets that can make capital 

available for  investment by the private sector. The financial 

markets need to have appropriate rules and regulations to 

protect the interest of investors and others players in an 

economy [11]. 

 

9. Technology readiness: 

The technology readiness factors measure how fast an 

economy adopts the existing technologies to enhance the 

productivity of its firms. It also has a strong emphasis on the 

capacity of the economy to take full advantage of 

information and communication technology (ICT) in its day 

to day activity and in production processes in order to 

increase efficiency and enable innovations [35], [11]. 

 

10. Market size:  

The size of the market affects the productivity of a firm. 

If the size of the market is large, firms will produce and sell 

more quantity of goods that will result in reduced production 

cost; i.e. firms will be benefited due to economies of scale 

[11]. Globalization has made it possible for the firms to 

carry out their business operations not only within the 

geographical boundaries of their own nation but throughout 

the world. Studies have shown that the openness of trade has 

a positive relationship with the growth of an economy. It has 

also, been observed that trade has a positive relation with 

growth especially for the countries having small domestic 

markets [36] – [39]. For the countries having small size of 

domestic market, they can export the products in order to 

gain better market access. 

 

11. Business sophistication:  

 Business sophistication is thought to be mainly 

dependent on: quality of a country’s overall business 

networks, quality of individual firm operations and 

strategies and interplay between all these. The quality of 

business network is measured by the quality and quantity of 

local suppliers and the extent of interaction between 

business networks and local suppliers. Efficient networks 

enhance business performance and result in more 

opportunity for innovation of processes and products. They 

help in reducing the barriers to the entry of new firms. [11]. 

By increasing competition, business sophistication 

encourages firms to produce unique products and be 

innovative. 

 

12. Innovation:  

This factor in GCI focuses on technological innovations. 

Non technological innovations which arise from know-how, 

skills and working conditions and are embedded in the 

organization are largely covered under the factor of business 

sophistication. The Global Competitiveness Report, 2014-15 

discussed that although a large amount of progress can be 

made by a country through carrying out improvements in: 

institutions, infrastructure, macroeconomic stability etc. but 

these gains keep on diminishing over time. This is also true 

for gains from efficiency of labor, financial markets and 

goods market. It is technological innovation alone that leads 

to enhanced standard of living in the long run and does not 

exhibit diminishing gains. Innovation plays a very important 

role in the economic growth of a country. Countries must 

provide an environment that facilitates innovative activities 

carried out by companies so that their companies design and 

develop cutting edge products and processes to gain a global 

advantage. This requires the private and public sector to 

make sufficient investment in research and development 

(R&D) [11].  

 

III. METHODOLOGY 

In the present paper we have compiled the data on all the 

12 pillars, influencing factors, of Global Competitiveness 
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Index (GCI) as mentioned in the Global Competitiveness 

Report 2014-15 for the top 10 countries on the basis of their 

competitiveness for the period of 8 years i.e. (2007-08 to 

2014-15). These 10 top performing countries have been 

selected as per their rank in the 2014-15 competitiveness 

index. In order to identify the key factors that influence 

innovation the empirical analysis also, considers data from 

the big emerging economies called BRICS. The BRICS 

countries are not high on innovation performance but they 

have high GDP growth rate. We have included these 5 

nations as they are large, emerging economies and can help 

us to study if high income growth rates have an important 

effect on innovativeness. The value of GDP annual Growth 

rate for all countries for the period 2008 to 2015 is taken 

from the World Bank data [3]. The data is arranged in panel 

form and then analyzed to identify the significant variables 

that determine a country’s innovativeness. 

 

TABLE II provides variable and variable abbreviations used 

in the study for purpose of data analysis. 

 
TABLE II 

VARIABLE ABBREVIATIONS USED IN THE REGRESSION  

 

Variable          Variable Abbreviation 

Innovation          INNOV 

Business Sophistication     BUS SOP 

Market Size          MKTSIZE 

Technology Readiness      TECRED 

Financial Market Development  FINMKTDEV 

Labor Market Efficiency     LABMKTEFF 

Goods Market Efficiency       GODMKTEFF 

Health and Primary Education     HEA/PRIEDU 

Higher Education and Training     HIGEDU/TRA 

Macroeconomic environment         MACECOENV 

Infrastructure                               INFR 

Institutions                                   INSTI 

GDP growth rate                           GDPGRWRT 

 

 

   A regression model was fitted to the data in order to 

understand the determinants of innovation. Along with the 

twelve GCI pillars of competitiveness and GDP growth rate 

for the countries is being taken from World Data Bank [3]. 

GDP is an important explanatory factor of innovation [40]. 

 

Model and Findings:  

 

INNOV= f (BUS SOP, MKTSIZE, TECRED, 

FINMKTDEV, LABMKTEFF, GODMKTEFF, 

HEA/PRIEDU, HIGEDU/TRA, MACECOENV, INFR, 

INSTI, GDPGRWRT)                                                                       

 

 

 

 

 

 

 

 

 

TABLE III 

REGRESSION RESULTS 

Variables       Coefficient    T-Statistic    Significance 

(P>|t|) 

BUS SOP       0.46       2.92             0.004*** 

MKTSIZE     - 0.263     - 2.68          0.009*** 

TECRED             0.027          0.5               0.619 

FINMKTDEV    - 0.0009   - 0.02               0.986 

LABMKTEFF      0.386         3.87               0.00*** 

GODMKTEFF  0.043         0.27               0.791 

HEA/PRIEDU      0.184         1.77               0.08* 

HIGEDU/TRA   0.263         2.6               0.011** 

MACECOENV - 0.043       - 0.98               0.332 

INFR                   0.014          0.23               0.821 

INSTI                 - 0.149      - 1.21               0.229 

GDPGRWRT       0.003      - 0.66               0.511 

CONSTANT       0.005         0.01               0.996 

R2 = 0.7826; ***Significant at 0.01 level, **Significant at 

0.05 level, *Significant at 0.1 level 

 

The fitted regression model was a good fit and yielded the 

following results: of all the 12 explanatory variables 

considered in the model, only five variables were found to 

be significant. Out of these five variables; four variables 

have a direct effect on improving the innovative ability of 

the country viz. BUS SOP, LABMKTEFF, HIGEDU/TRA, 

HEA/PRIEDU. Among them two variables, namely: BUS 

SOP i.e. Business Sophistication ( coefficient= 0.46) which 

is a measure of Business Sophistication in a country and 

LABMKTEFF i.e. Labor market efficiency  (coefficient= 

0.386) which is a measure of efficiency and flexibility of 

Labor Market of a country were found to be significant at  

1% level of significance and were directly related to 

innovation.  HIGEDU/TRA i.e. Higher Education and 

Training which is a measure of the secondary and tertiary 

enrolment rate of students for higher education, the quality 

of education and extent of training in a country was 

significant at 5% level  (coefficient 0.263)  and 

HEA/PRIEDU (coefficient 0.184)   i.e. Health and Primary 

Education which is a measure of Health facilities provided 

to the workforce and the quality and quantity of basic 

education received by the population of a country was found 

to be  significant at  10% level of significance. Both these 

variables exercised a positive influence on innovation. 

 

The variable MKTSIZE i.e. Market Size (coefficient= -

0.263) which is a measure of the size of both domestic and 

international markets available to the firms of a country was 

significant at 1% level of significance. However, market 

size is inversely related to innovation in our model. This 

suggests that increases in the size of the market reduce the 

innovation by a country. 

 

IV. INTERPRETATION OF RESULTS 

 

Based on the results of the regression analysis, it can be 

concluded that the innovation ability of a country is 

significantly affected by the quality of the 5 significant 

explanatory variables:  

1. The quality of a country’s business networks, 
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supporting industries and quality of individual firm 

operations and strategies determine the level of Business 

Sophistication. In order to enhance the quality of business 

networks, a country needs to focus on enhancing the quality 

and quantity of local suppliers and increasing the interaction 

between suppliers and business entities. Companies need to 

have more than one local supplier, to obtain quality raw 

material which will lead to the production of quality 

products. The local suppliers should be located close to the 

production unit of the company to have timely supply of the 

raw material with low transportation costs. This will help in 

producing better quality products at lesser price and in less 

time. The geographical proximity between companies and 

local suppliers will help to increase the mutual interaction 

between both the parties that will result in increased 

operational efficiency. It will also help to create a greater 

opportunity for producing innovative products and processes 

and increase the level of innovation in the country. It will 

also reduce the barrier for the entry of new firms in the 

market. Thus, increasing the level of business sophistication 

in the country will enhance the innovative ability of the 

country.  

 

2. The efficiency and flexibility of labor market (Labor 

Market Efficiency): To enhance the labor market efficiency 

in the country, workers should be provided incentives in 

order to motivate them to perform their best. This will help 

to retain quality workers in the company and result in 

enhanced total factor productivity for the company. Workers 

should be skilled to perform more than one job so that the 

company will have a pool of skilled workers that will 

enhance the possibility of making innovative products and 

will support any changes required to innovate.  This can 

also, be enabled through job rotation. In some cases job 

rotation helps the company to shift the workers easily in less 

time and in less cost and makes it easy for a company to 

address the labor requirements of products or process 

innovation. Labor Market Efficiency has positive relation 

with innovation i.e. by increasing the level of labor market 

efficiency in a country the innovation ability of the country 

will also increase.  

 

3. Quality of higher education and training in a country 

(Higher education and training): Increasing the level of 

higher education and training in a country will help the labor 

force to come up with new ideas, develop innovative 

products and advance technologies. More emphasis can be 

given for vocational and on-the-job training to enhance the 

skills of the work force. This will help a country to have a 

pool of workers who will be able to carry out complex jobs 

and who can adapt easily to the changing environment and 

upcoming needs of the production system, thereby 

contributing to the overall growth of the economy. 

 

4. Adequate health facilities to the workforce and the 

quality and quantity of basic education received by the 

population of the country (Health and primary education): In 

order to increase the level of Health and Primary Education 

in the country, efforts need to be made to provide better 

health services to the citizens that will help to enhance the 

productivity and competitiveness of the country. Unhealthy 

workers cannot perform well and will be less productive, 

that will lead to loss of income and output for business and 

the economy. Better health services will decrease the rate of 

absenteeism and improve productivity and performance. 

 

5. Market size: The negative correlation observed between 

market size and innovation is significant. As a pillar in the 

Global Competitiveness Index market size offer advantages 

of economies of scale and resultant efficiency gains help to 

make products competitive. The inverse relation of market 

size and innovation in our study can be attributed in part to 

the nature of the data. The 5 BRICS economies are big 

markets but not high on innovation. However, the 

importance of downstream innovation, not just basic 

research; openness to the world, its ideas and opportunities; 

a sense of national mission; a government whose wider 

policies support innovation and technology; and strong but 

flexible institutions to back this up can enable small 

economies to innovate effectively [41]. 

V. CONCLUSION AND RECOMMENDATIONS 

   The paper attempts to study the factors that are important 

influencers of innovation at the macro level. Innovation 

appears to be a key driver of competitiveness and growth, 

with the unique feature that it can contribute to exponential 

growth of a country. 

Our findings suggest that government policies should focus 

on improving labor market efficiency and flexibility. In case 

of India inefficient and rigid labor markets have for long 

been attributed as a cause for poor productivity and business 

performance. They have been an impediment in attracting 

Foreign Direct Investment (FDI), curbing the advantages 

from being an emerging, fast growing market. In the current 

government budget for India (2017-18) mention is made that 

legislative reforms will be undertaken to simplify, 

rationalize and amalgamate the existing labor laws into four 

codes – wages, industrial relations, social security and 

welfare and working conditions. Such efforts in this regard 

would help to improve innovativeness for India [42]. 

Market needs and profit considerations guide the 

development of both firm and industry level operation and 

strategies. Businesses establish linkages, associations and 

networks that help to promote their business. However, 

governments can provide support by putting in place 

regulations and institutions that reduce the risk of creating 

business networks and enable grounds for interaction and 

discussion between businesses across industries and regions. 

Promotion of higher education has now become an 

important objective for all developing countries. Efforts to 

provide both quality and quantity in this regard are being 

implemented so as to create a ‘global workforce’. In India 

the present government’s Skill India Initiative is a step in 

this direction. This policy also, focuses on developing 

vocational skills which can directly contribute to supporting 

innovation in products and processes at the micro level. 

Benchmarking with international standards is also, a feature 

of the Skill India policy. 

 In fact, while higher education is generally available at 

lower costs in developing countries relative to the developed 

west, quality concerns have been a serious issue for long. 

Thus, adopting quality standards in this area would be 

essential to create a work force that is more productive and 

is able to benefit from global job opportunities. An added 
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advantage would accrue when members of a country’s work 

force gain experience globally and return to share and adopt 

‘best practices’ at home. 

 Basic needs of primary education and health have to be 

promoted as a necessary condition for a productive labor 

force. There are huge resource challenges in this context for 

economies like India and China, with the largest populations 

in the world, as also for other BRICS nations like Brazil. 

Nevertheless these are essential areas of focus to enable the 

other influencers to work on improving innovation in the 

country. Perhaps innovations in health products and service 

provision and progress in using technology to reach basic 

education to the masses can support government efforts to 

bring about more visible and quick outcomes.  

Large markets provide an opportunity to reach markets for 

innovations but we find that often the advantage to innovate 

rests with smaller economies. Recent examples of high 

innovations from Israel and Scandinavian countries suggests 

that concerted efforts towards R&D investment, flexibility 

to adopt new ideas and scope for quick commercialization 

can offset the advantages of market size. 
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 

Abstract—The hosting of 2014 FIFA World Cup was an ideal 

opportunity for Brazil to enhance its international image. The aim of 

this study is to investigate the impact on Brazil and on Rio de 

Janeiro (as a host city and major tourist destination) of mainstream 

media reporting on the hosting of the 2014 FIFA World Cup. It 

provides a picture of how Brazil and Rio de Janeiro were reported in 

selected newspapers at different stages of the event: pre-, lead-up, 

during, and post- the 2014 World Cup. The study also seeks to 

ascertain whether the major objectives of the Brazil World Cup bid 

were met in the hosting of this mega-event. A media content 

analysis was conducted in four key tourism markets: Argentina, 

USA, Germany and Portugal. These countries were chosen because 

they represent Brazil’s main tourism markets and reported 

significant numbers of ticket sales for the event. The methodology 

used was qualitative analysis, including content sourcing, content 

identification and the use of Leximancer, an analytic tool for large 

amounts of textual data. The study examined online newspapers 

with the largest readership and circulation numbers in the selected 

markets. In total, 1961 online newspaper articles relevant to Brazil’s 

hosting of the 2014 FIFA World Cup were analysed. The findings 

revealed both positive and negative sentiments associated with 

Brazil’s hosting of the event. A key finding from the analysis was 

that for all markets, there was a shift from relatively positive 

sentiment in the pre-World Cup period, to more negative sentiment 

in the lead-up, followed by a return to positive sentiment during and 

after the World Cup. Having shifted to a more negative view leading 

up to and during the event, the USA market was dominated by 

media attention to social unrest and corruption. The period 

immediately prior to the tournament recorded an increase in both 

positive and negative media coverage in the US, German and 

Portuguese markets, but became more positive in the Argentinian 

market. Thus the lead-up period was particularly significant in all 

markets. Safety and security concerns expressed in the lead-up 

period decreased significantly during the hosting and post- periods, 

and a positive image of the country was noticeable in the 

international media. Therefore, while the positive sentiments 

emerging during the event should be capitalised on, Brazil should 

also address the lurking concerns and negative perceptions that 

continue despite its successful hosting of the mega-event. By doing 

this, the nation can consolidate its brand’s position in a sustained 

and positive way. As different reporting tones were noticed in the 

different markets across the time periods, it becomes important to 

consider these changes in the future event marketing and positioning 

of Rio de Janeiro as the leading tourism destination and events 

capital for Brazil, especially in relation to Rio’s hosting of future 

events.  

 

Keywords—Content analysis; FIFA World Cup; mega-event; 

sport tourism. 
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 

Abstract—Lean manufacturing has developed from being a set 

of tools and methods to becoming a management philosophy which 

can be used to remove or reduce waste in manufacturing processes 

and so enhance the operational productivity of an enterprise. 

Several enterprises around the world have applied the lean 

manufacturing system and gained great improvements. This paper 

investigates the barriers and obstacles that face Libyan 

manufacturing companies to implement lean manufacturing. A 

mixed-method approach is suggested, starting with conducting a 

questionnaire to get quantitative data then using this to develop 

semi-structured interviews to collect qualitative data. The findings 

of the questionnaire results and how these can be used further 

develop the semi-structured interviews are then discussed.  The 

survey was distributed to 65 manufacturing companies in Libya 

and a response rate of 64.6% was obtained. The results showed that 

these are five main barriers to implementing lean in Libya, namely 

organizational culture, skills and expertise and training program, 

financial capability, top management and communication. These 

barriers were also identified from the literature as being significant 

obstacles to implementing Lean in other countries industries. 

Having an understanding of the difficulties that face the 

implementation of lean manufacturing systems, as a new and 

modern system and using this to develop a suitable framework will 

help to improve the manufacturing sector in Libya.  

 

Keywords—Lean manufacturing, barriers, questionnaires, 

Libyan manufacturing companies. 
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Abstract—Food deserts are a reality in some cities. These deserts 
can be described as a shortage of healthy food options within close 
proximity of consumers. The shortage in this case is typically 
facilitated by a lack of stores in an urban area that provide adequate 
fruit and vegetable choices. This study explores new avenues to 
better understand food deserts by examining modes of transportation 
that are available to shoppers or consumers, e.g. walking, automobile, 
or public transit. Further, this study is unique in that it not only 
explores the location of large grocery stores, but small grocery and 
convenience stores too. In this study, the relationship between some 
socio-economic indicators, such as personal income, are also 
explored to determine any possible association with food deserts. In 
addition, to help facilitate our understanding of food deserts, complex 
network spatial models that are built on adequate algorithms are used 
to investigate the possibility of food deserts in the city of Hamilton, 
Canada. It is found that Hamilton, Canada is adequate serviced by 
retailers who provide healthy food choices and that the food desert 
phenomena is almost absent.  

 
Keywords—Canada, desert, food, Hamilton, stores. 

I. INTRODUCTION 

OOD deserts are defined as areas of low food retail access 
and economic deprivation characterized by poor 

accessibility to healthy, affordable food [2]-[4], [10], [12], 
[21], [35], [55], [56]. Since the mid-1990’s, the term has 
become more widely used. In the policy debate, food deserts 
have been associated with a complexity of inter-linkages 
between increasing health inequalities, social marginalization, 
disparities in food retail accessibility, compromised nutrition 
and poor health outcomes [41], [43], [45], [54].  

The lack of access to affordable healthy food has been 
suggested to be a contributing factor to poor diet [25], [33]. 
Consequently, the concept of food deserts has been gaining 
attention, particularly in North America and Britain, where 
there has been the mass suburbanization of food retailers and 
residents [3], [4], [27], [54]. Large grocery stores and 
supermarkets have moved away from the city centres in 
preference for suburban and exurban locations leaving some 
residents of older inner-city neighbourhoods with few grocery 
shopping options. 

Food deserts are localized phenomena that are found 
throughout many cities, yet their existence and classification 
remains contested. Some researchers, government agencies 
and social agencies claim that food deserts are the result of 
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misguided social policy and local government. In actuality, 
food deserts can be linked to the historical shift of economic 
activity from centralized to more dispersed locations. Also, 
increasing automobile ownership facilitated the rapid 
expansion of urban areas and has allowed more distant grocery 
stores to be accessible. Automobile mobility became the 
primary determinant in network planning over public 
transportation or walking. Municipal planning focused on the 
automobile as the predominant mode of transportation and it 
has enabled growth of urban areas to develop at a much faster 
pace and larger scale. And it is this car-centric urban 
development that supports the theory that a lack of grocery 
store access for the socio-economically disadvantaged is the 
consequence of the government’s failure to consider the 
mobility constraints of disadvantaged individuals. In reality, 
the prevailing economic pressures of retailers and a growing 
suburban population necessitates supermarkets and grocery 
stores to locate in areas accessible by car to reach a large 
customer base and facilitate the distribution of goods. The 
oversight of these market pressures has led some to suggest 
that retailers and government are purposefully marginalizing 
segments of consumers. The distribution of stores may result 
in some neighbourhoods having lower accessibility to healthy 
foods than others. However, retailers and governments do not 
actively seek to marginalize any area.  

The exact cause of food deserts is difficult to identify. 
Several studies have concluded that the issue is multifaceted. 
The existence of food deserts can be attributed to market 
pressures and mass suburbanization that, in combination, 
effectively worsens the situation for the disadvantaged. A lack 
of supermarkets and grocery stores impacts food availability 
and overall health outcomes, particularly for economically-
deprived individuals, as good health is dependent on adequate 
nutrition [13], [14], [51]. Yet other less measurable factors 
may also be at play [11], [33], [40]. The failure of many 
people in the developed world to consume a healthy diet has, 
in part, been linked to the contested existence of food deserts 
[40]. Furthermore, the fact that the definition of what 
constitutes a food desert remains largely dependent on the 
focus of the research makes them difficult to understand.  

Much of the retail-related research has been focused on the 
demand-side. This study incorporates a supply-side approach 
by examining the spatial distribution of food stores and 
accessibility for local residents of the Hamilton CMA. Few 
food study papers explore the difference in distance between 
large chain grocery stores and smaller food stores. The 
Hamilton CMA was chosen as the area of study for this 
research as it is a mid-sized city with socioeconomically 
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contrasting areas, and as suggested by [44].  

II. RESEARCH STATEMENT 

The research conducted in this paper will focus on 
examining if disparities in access to food stores exist for 
individuals residing in different neighbourhoods 
(dissemination blocks) across the Hamilton CMA. This study 
uses the dimension of proximity (distance) to assess 
accessibility. First, by following the research by [24] to assess 
the distance that individuals living within different 
neighbourhoods of the Hamilton CMA must travel to access 
their closest grocery store. And second, by following the 
research by [7] to determine the level of accessibility for three 
modes of transportation: private automobile, walking and 
public transit (bus). Four tiers of food stores will be examined:  
1) Tier One – high end supermarket chains (e.g. Loblaws); 
2) Tier Two – discount supermarket chains (e.g. No Frills); 
3) Tier Three –small local independent food stores; 
4) Tier Four – neighbourhood convenience stores.  

The purpose of this major research paper is to detect spatial 
variation in food retail accessibility, establish the statistical 
relationship between locations of potential food deserts and 
low-income areas, and determine if potential food deserts exist 
at any of the four tiers of food stores. The focus of this paper 
is to explore the concept of food deserts and food store 
accessibility. For this reason, several accessibility measures 
will be used to identify areas of concern where potential food 
retail gaps may exist. The objectives of this study are: 
1) Calculate the distance to the closest grocery store by tier 

for each neighbourhood (Dissemination Block) in the 
Hamilton CMA. 

2) Assess change in grocery store accessibility between 2006 
and 2011. 

3) Define the relationship between the locations of potential 
food deserts and the locations of low-income areas.  

4) Calculate the service areas of food stores for each Tier for 
different modes of transportation and identify any 
potential food deserts.  

The service areas will be examined for three modes of 
transportation. To delineate service areas for private 
automobile a 5 km service area that represents an average 
travel time of 10-12 minutes will be created, and for walking 
a 1 km service area will be used that reflects a 15 minute walk. 
To analyze accessibility to food stores using public 
transportation an economic analysis of the population living 
within a 500 m walking distance of Hamilton Street Railway 
(HSR) bus routes will be performed. This method was chosen 
because most of the supermarkets and local food stores are 
located in the areas accessible by this mode of transportation. 
This will help determine the characteristics of the population 
that are within the accessible distance and beyond the 
accessible distance of food stores. As the cost of a good 
includes the effort it takes to get to a store, consumers weigh 
the perceived costs versus benefits. They are only willing to 
travel so far to purchase a particular product. This concept of 
distance decay refers to the consumers’ willingness to 
purchase a given product whereby fewer customers purchase a 

good as the cost (in time and distance) increases  

III. DEFINING FOOD DESERTS 

Food deserts, grocery gaps, and food poverty are terms all 
used to refer to the notion of food inaccessibility or 
unavailability related to the underservice of grocery retailing 
within certain places [15], [30], [36], [40], [55]. In the most 
literal sense, food deserts can refer to a lack of food retailers in 
a defined area - typically a neighbourhood or greater. More 
commonly, the concept links to the importance of quality, 
varied and affordable food offered by food stores. In 
neighbourhoods where food deserts have been found, for 
many residents, particularly those with low-income or limited 
mobility, the lack of nearby stores creates a significant barrier 
to proper nutrition and a healthy diet [49]. Food deserts are 
commonly identified in neighbourhoods of relative social 
deprivation, particularly low income. Consequently, access to 
food retail is examined in relation to local socioeconomic 
characteristics [3], [4], [27], [36], [55]. 

The definition of food deserts has remained fluid and 
largely conceptual. The lack of consensus amongst researchers 
as to which measures are relevant to identifying geographical 
areas of food deserts has contributed to the debate over their 
actual existence (particularly in the UK) [3], [11], [40]. Part of 
the difficulty is attributed to the numerous ways in which 
people access food; access to food is largely understood to be 
more than a function of geography or individual lifestyle 
factors alone [3], [36].  

Studies have been found to be based largely on measures to 
nearby supermarkets without the inclusion of small 
independent grocers and convenience stores [27], [31], [56]. 
Chain supermarkets are commonly understood to offer better 
quality foods, availability and selection in number and type of 
goods available at lower prices [6], [8], [26], [27], [56]. 

Chain supermarkets have the advantage of economies of 
scale, greater bargaining power with distributors and can 
negotiate lower rent that allow them to sell food products for 
cheaper prices on average than in small grocery and 
convenience stores [8], [22], [31], [36]. Discount chain 
grocery stores rely heavily on economies of scale and run 
larger stores to operate profitably; the physical need for more 
space makes them unsuitable for inner-city neighbourhoods 
[8]. In socially distressed areas, the absence of supermarkets in 
socially distressed areas means that residents without access to 
a car have few shopping choices; fresh fruits and vegetables 
have been found to be less available and more difficult to 
acquire [26], [27], [54]. 

Though much of the research on food deserts focuses on 
accessibility to supermarkets, partly because data can be easily 
attained on large food retailers, the role and location of the 
independent or small chain food provider often goes unseen. A 
study on food availability in Francisco [41] found that in areas 
without large chain supermarkets smaller retail chains and 
independent grocers offer residents healthy foods at affordable 
prices. Yet others have found that while small food and 
convenience stores offer opportunities for support of local 
economies, residents living in food deserts must pay more for 
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groceries [26], [27] and that healthy foods are more expensive 
in low-income areas compared to more affluent ones [37]. 

IV. HEALTH RISKS ASSOCIATED WITH FOOD DESERTS/FOOD 

INSECURITY 

It is well recognized that a healthy diet leads to better health 
and reduced healthcare costs, whereas an unhealthy diet leads 
to poor health [18], [28], [56]. In particular, a diet that 
includes fresh fruits and vegetables is linked to the reduced 
risk of obesity, diabetes, and cardiovascular disease [19], [56]. 
It has been found that individuals living in low-income areas 
do not consume the recommended amount of fruits and 
vegetables. Furthermore, the absence of these foods may be 
associated with a higher prevalence of morbidity and mortality 
rates observed in low-income populations [23]. Residents of 
some low-income areas must rely on convenience stores and 
gas stations that offer foods of lower quality, but are more 
filling [27], [29], [42]. 

Residents of food deserts who experience food insecurity 
are at risk of important physical, psychological, physiological 
and socio-familial consequences. Household food insecurity 
has been linked to high cholesterol, heart disease, diabetes and 
developmental deficiencies in children [17], [19], [48]. A 
study of elementary school children in US metropolitan areas 
showed a strong correlation between the cost of fruits and 
vegetables and gains in body mass index (BMI), and observed 
greater impact on those children living in poverty [46]. 

 Among socioeconomic determinants of health, low-income 
and relative deprivation is consistently linked to poor health 
outcomes [14], [19], [52]. In the examination of food deserts, 
a range of socioeconomic factors are used to measure 
neighbourhood deprivation including: income, home value, 
population density, level of education, family status, mobility 
(car ownership), age, social assistance and low-income cut-off 
[27], [31], [56]. Consequently, how neighbourhood status is 
defined is subjective, and to a certain degree, determined by 
the focus of research [7]. Nevertheless, where potential food 
deserts have been identified, low-income prevalence has been 
a common characteristic. In the UK, poor food retail provision 
has been found in areas with low-income and poor mobility 
[16], [36]. Whereas in the U.S., food deserts are more 
commonly related to poverty and race (African Americans and 
Hispanics) in inner-city neighbourhoods [38], [56]. Canada’s 
poorest neighbourhoods tend to have large concentrations of 
recent immigrants and visible minorities experiencing 
declining incomes [29], [49].  

Not everyone living in a food desert experience physical 
constraints, as those with access to a vehicle can drive to the 
closest grocery store. Yet for individuals who must leave their 
neighbourhood or travel further to shop for groceries, the lack 
of vehicle access further compounds the problem and thereby 
makes routine tasks task much more difficult; it is often 
inconvenient and time-consuming [9], [14]. Households with 
limited transportation, of which low-income individuals and 
the elderly are the most likely, must plan ahead and be flexible 
in their transportation options. Mobility strategies include 
lengthy bus commutes, expensive cab fares, the dependence 

on a family member, partner or friend for transportation, and 
walking [9], [34], [44].  

V. WHERE FOOD DESERTS HAVE BEEN FOUND 

Food deserts are a phenomenon of the industrialized world 
found in both rural and urban areas. A current review of the 
research by [4] summarizes the findings of studies that have 
identified food deserts in the US, UK, Canada, Australia and 
New Zealand. This review suggests that the degree of food 
desertification is worse in the US, where localized deprivation 
exacerbates individual disadvantage.  

In the US, studies regarding geographic accessibility have 
found that areas of low-income and a high proportion of 
African Americans had fewer supermarkets and chain grocery 
retailers per capita than socioeconomically advantaged areas 
[31], [39], [56]. In terms of distance, residents of low-income 
neighbourhoods [53], [56] and a high proportion of African 
Americans [20] and [56] had to travel greater distances to 
shop for groceries at supermarkets. And in rural America, [32] 
found that of all US counties, 418 were food deserts, nearly 
98% of which were located in counties with less than 10,000 
people. Counties where food deserts are commonplace are 
concentrated in North Dakota and Montana, and stretch along 
a band to the western portion of Texas. 

Spatial variations in urban and suburban neighbourhood (by 
census tracts) access to supermarkets in London, Ontario, as 
well as the changing levels of supermarket accessibility over 
time (1961-2005) were analyzed [27]. Similar to the methods 
used by [3], this study examined distance to the closest 
supermarket and number of supermarkets within 1 km, but 
unlike the Montreal study, measured accessibility in relation to 
walking and public transit. Furthermore, areas with the poorest 
access by walking were located in neighbourhoods with the 
greatest socioeconomic distress. Those supermarkets that had 
the best access by means of walking were typically located in 
less distressed neighbourhoods. And over time, access to 
supermarkets was found to have diminished with the average 
proportion of census tract population with easy access 
dropping from 45% in 1961 to 18% in 2005. 

VI. POLICY IMPLICATIONS 

Early accessibility research conducted in the 1990’s that 
identified some areas of Britain as food deserts. Consequently, 
the results influenced policy recommendations to promote 
adequate retail provision [1]. It has been argued that a lack of 
empirical evidence that food deserts exist and that policy 
responses aimed at retailers are misguided [11]. Studies 
suggest that it is the interplay of factors including income, 
access, transportation, availability, price, cooking skills and 
confidence that contribute to the formation of food and 
shopping behaviour [25]. A study conducted by [33] in an 
economically-deprived urban area in South Yorkshire, 
England found that neither the lack of supermarket access or 
food price influenced fruit and vegetable consumption, but 
that socio-cultural values towards diet held by individuals 
discouraged healthy food consumption. It has been found that 
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in Montreal, Canada, some of the most affluent residents had 
the poorest availability of fruits and vegetables [5]. These 
studies indicate that poor nutritional intake is not always a 
consequence of measurable factors such distance to food 
stores, healthy food availability, affordability or mode of 
transportation. They suggest that an individual’s socio-cultural 
values and attitudinal beliefs strongly influence dietary 
lifestyles. 

VII. DATA AND METHODS 

This study examines the differences in accessibility that 
residents of different areas have to purchase groceries in the 
Hamilton CMA. The metropolitan area, located approximately 
70 km west of the City of Toronto, includes the Cities of 
Hamilton, Burlington and Grimsby. The City of Hamilton was 
amalgamated in 2001 from previously separate administrative 
areas of the City of Hamilton, towns of Dundas, Ancaster, 
Flamborough, township of Glanbrook and Stoney Creek (Fig. 
1). The CMA’s total population in 2011 is $721,053, a 4% 
increase from 2006, and had a Median Total Income (all 

economic families) of $71,600 in 2006 [47]. 
To determine if potential food deserts exist in the Hamilton 

CMA at any of the four tiers of food stores, four analyses were 
conducted. The first was a minimum distance analysis 
utilizing ArcGIS Network Analyst to examine the spatial 
variation in grocery store accessibility based on distance to 
closest store, the results of which were used in a correlation 
analysis. These findings allowed for the identification of areas 
of relative economic disadvantage that may need to be 
monitored. The second was a service area analysis using 
Network Analyst that allowed the demarcation of the 
estimated extent of travel in distance to a grocery store by 
driving and walking for each tier of food stores and for the 
tiers combined. The third was a service area analysis of all 
food stores using the Hamilton Street Railway bus routes. The 
fourth was a hot-spot analysis of large chain supermarkets 
(tiers one and two combined) and smaller independent and 
convenience stores (tiers three and four combined). These 
findings identified areas where store clusters may be present. 

 

 

Fig. 1 The study Area: The Hamilton CMA [47], [56]
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Although this study uses the finest geographic level at 
which census data are available (dissemination blocks), some 
units span a larger distance than others. Depending on the 
spatial distribution of the population within a given 
dissemination block, the distance measured from the block’s 
centroid to the closest grocery store are estimates of the true 
distance residents must to travel for groceries, and the extent 
of the population serviced by the food providers are only 
estimates of the true service coverage for the different modes 
of transportation. 

The dataset containing all of the food stores that were open 
in the Hamilton CMA in 2007 and 2011 was provided by the 
CSCA at Ryerson University [57]. The stores have been 
selected based on the NAICS classification code, first three 
digits 445, relating to the category of food and beverage 
stores. This includes food stores (supermarkets, other grocery 
stores, and convenience stores), specialty food stores (meat 
markets, fish and seafood markets, fruit and vegetable 
markets, other specialty food stores, baked goods stores, 
confectionery and nut stores, and other specialty food stores), 
as well as beer, wine, and liquor stores [50]. Store data from 
2007 was used rather than 2006 because it was a more 
complete dataset (data collection of strip malls and power 
centres began in 2007). A minor difference (gap) exists 
between the time of collection of store data and census data. 
For the sake of simplicity, all discussion based on store data 
and results based on 2007 stores will be referred to as 2006 to 
correspond with the matching year of the census.  

 
TABLE I 

HAMILTON CMA TIER ONE AND TIER TWO CLASSIFICATIONS 

Tier Food Store Name 

Tier One 

A&P 
Ultra Mart & Drugs 
Ultra Mart & Drugs 

Sobeys 

Fortinos 

Tier Two Food Basics 

 Price Chopper 

 No Frills 

 Foodland 

 The Barn Fruit Markets 

 Longo's Fruit Markets 

Tier Three Ernie’s Meat Market 

 Vallentino’s Bakery 

 Fenworth Food Market 

Tier Four Hasty Market/Farah’s Foods 

 Fresh Variety Convenience 

 M&M Meat Shops 

VIII. DIVISION OF TIERS 

The food stores that were open in 2007 and 2011 have been 
separated into four tiers based on the average cost of goods 
they sell. It is also important to distinguish full-line 
supermarkets from smaller food stores as the former have been 
found to carry more healthy food items at lower prices. 
Supermarkets are defined as large corporate ‘chain’ grocers 
and are further classified based on pricing strategy. This 

classification was chosen to simulate consumer choice in store 
selection through product pricing. Tier One consists of high-
end large chain grocery stores whose target market includes 
customers of higher income households or individuals that 
have no choice but to shop there due to accessibility 
constraints (Table I). Tier Two consists of large chain discount 
grocery stores that use everyday low pricing. They offer 
value-brand products with generic labels and cater to 
consumers that are more conscious of price and less 
discriminate about brand and service (Table I). Tier Three 
includes small independent food stores, specialty food stores 
such as bakeries, fruit and vegetable markets and other stores 
that offer healthy food items that do not fit into Tier One or 
Two divisions. Tier Four consists of convenience and 
franchise stores.  

IX. SPATIAL AND TEMPORAL CONCORDANCE BETWEEN 2006 

AND 2011 DISSEMINATION BLOCKS 

The lowest level of geography that income data is available 
from Statistics Canada is at the dissemination area. To help 
calculate 2011 median household income values of residents 
living inside and outside of service areas, it was necessary to 
match the 2006 dissemination block polygons to those present 
in 2011. This was done by first applying the 2006 median 
household income information at the dissemination area to the 
dissemination block level, and then to the corresponding 2011 
dissemination blocks. This is possible because dissemination 
blocks are ‘nested’ within dissemination areas and boundary 
files include an attribute field with a unique identifier that 
describes which dissemination area each block belongs to.  

X. NETWORK ANALYSIS: SERVICE AREA DELINEATION 

The service areas for each of the tiers of food stores were 
delineated based on travel distances to estimate accessibility 
by multiple modes of transportation. These analyses were 
conducted in ArcGIS Network Analyst using the Service Area 
function and the same road network dataset as used in the 
minimum distance analysis. The service area for private 
transportation was defined based on 5 km travel distance that 
followed vehicle road restrictions (i.e. one-ways, turn 
restrictions), whereas the walking service area was based on a 
1 km travel distance without any restrictions. These values 
assume that it will take an individual approximately 10-12 
minutes to drive at 50 km/h, whereas a 1 km distance will take 
approximately 15 minutes to walk at a speed of 4 km/h. Each 
service area for the four tiers of stores were mapped separately 
and collapsed to identify potential food retail gaps by store 
type. The third service area analysis examined accessibility to 
all food stores for residents living within a 6-8 minute walk or 
500 m of bus routes in the City of Hamilton. Public 
transportation accessibility was not defined by network 
distance to stores as it was found that the majority of stores 
were located in close proximity to bus routes. The population 
residing within the defined service area was considered to 
have access to all stores.  

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1492



XI. FINDINGS 

Between 2006 and 2011, the total number of food stores at 
all tiers increased only very slightly (Table II). Over this five-
year period the Hamilton CMA gained seven Tier One high-
end chain grocery stores and eight Tier Three independently-
owned food stores accounting for a positive change of 33% 
and 18%, respectively. At the same time, there was a loss of 
eight Tier Two discount chain grocery stores as well as five 
Tier Four convenience and franchise stores, representing 
respectively a negative 23.5% and 2.6% change. While such a 
loss in the proportion of discount supermarkets may be cause 
for concern regarding affordability of healthy food for certain 
individuals living in affected neighbourhoods, the overall 
change in the number of large chain grocery stores (Tier One 
and Tier Two) together was insignificant with a loss of only 1 
or a 1.8% decrease. With relatively little change in the total 
number of large chain grocery stores, few food deserts are 
likely to be found, particularly once the independent grocery 
and convenience-type food stores are taken into consideration. 
It is likely that from 2006 to 2011, individuals will have a 
shorter distance to travel to the nearest grocery store (Figs. 2 
and 3). The minimum distance to the nearest grocery store was 
calculated from the centroids of 4,956 and 5,237 centroids of 
2006 and 2011 dissemination blocks, respectively. As Table 
III shows, between 2006 and 2011, the weighted average 
distance to the closest Tier One chain grocery store and Tier 
Three independent grocery store decreased respectively by 

approximately 10% and 4%, and increased for Tier Two chain 
grocery store and Tier Four food store by 23% and 21%, 
respectively. The most drastic change was the increase in 
distance to Tier Two discount chain stores, whereas the least 
change was found in the distance to Tier Three independent 
food stores. Another interesting observation that can be made 
is that the greatest average distance to travel to any tier of food 
retailer is for Tier Four convenience and franchise stores for 
both years (Figs. 2 and 3).  
 

TABLE II 
NUMBER OF STORES BY TIER CATEGORY AND YEAR 

Tier 2006 
% of 

TOTAL 
2011 

% of 
TOTAL 

Tier One (high-end chain) 21 7.1% 28 9.4% 

Tier Two (discount chain) 34 11.5% 26 8.7% 

Tier Three (independents) 44 14.9% 52 17.4% 

Tier Four (convenience) 197 66.5% 192 64.5% 

TOTAL STORES 296 100% 298 100% 

 
TABLE III 

WEIGHTED AVERAGE DISTANCE TO THE CLOSEST GROCERY STORE BY STORE 

TIERS (IN METERS) 

Tier 2006 2011 % Change 

Tier One (high-end chain) 3,166 2,839 -10.3% 

Tier Two (discount chain) 2,867 3,533 23.2% 

Tier Three (independents) 1,807 1,739 -3.8% 

Tier Four (convenience) 3,334 4,038 21% 

 

 

 

Fig. 2 Food stores by Tier in 2006 [47], [57] 

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1493



 

Fig. 3 Food stores by Tier in 2011 [47], [57] 
  
Figs. 4-7 show the changes in distance to the closest grocery 

store for individuals living in different areas of the Hamilton 
CMA in 2011. In general, the average distance is greater for 

individuals residing in the rural areas than for those living in 
suburban and urban neighbourhoods. The following 
observations relating to each of the tiers can be made: 

 

 

Fig. 4 Minimum Distance to the Closest Tier One Grocery Store in 2011 [47], [57] 
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Fig. 5 Minimum Distance to the Closest Tier Two Grocery Store in 2011 [47], [57] 
 

 

Fig. 6 Minimum Distance to the Closest Tier Three Store [47], [57]
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Tier One: Some Hamilton residents had shorter distances to 
travel in 2011, as the City of Hamilton gained 2 Tier One 
supermarkets downtown and three on the Hamilton Mountain. 
Similarly, residents of Dundas and nearby Ancaster gained a 
Tier One grocery store located in Dundas.  
Tier Two: Certain individuals living in Hamilton and 
Dundas had farther distances to shop to access a Tier Two 
supermarket. In West Hamilton and Downtown Hamilton as 
well as in Dundas, Tier Two discount chain stores have been 
replaced by Tier One high-end supermarkets. Overall, East 
Hamilton lost two Tier Two stores as did Downtown Hamilton 
and the Hamilton Mountain area which lost four.  
Tier Three: Although the overall number of Tier Three 
stores increased, particularly in the more densely populated 
areas, certain regions experienced an overall loss. Dundas lost 
1 and Grimsby lost both of its only independent food stores. 
The Hamilton Mountain showed an overall gain of 1 Tier 
Three store. Several new Tier Three stores located in the areas 
of Downtown and East Hamilton as well as in Burlington. 
Tier Four: In general, the distribution of Tier Four 
convenience and franchise stores are well dispersed. Little 
change occurred in the overall number of Tier Four stores in 
the City of Hamilton and Stoney Creek. The City of 
Burlington lost five and town of Dundas lost one; the towns of 
Flamborough and Ancaster both gained one Tier Four store 
each. 

XII. CORRELATION BETWEEN MINIMUM DISTANCE TO A 

GROCERY STORE AND INCOME 

Median family income by dissemination block for the year 
2006 has been mapped to determine if the pattern shows any 
similarities to that of the minimum distance for 2006 across 
each of the four tiers (Fig. 8). The incidence of low income 
after tax (all age groups) as defined by Statistics Canada is 

12.1% (11% male and 12.1% female) of the Hamilton CMA 
population. The map clearly illustrates the difference in 
household earnings between the various regions. No 
similarities between the spatial pattern of median household 
income and the minimum distance to the closest grocery store 
are identifiable for any of the tiers (Fig. 8). Although a 
positive relationship was expected between minimum distance 
and income, all correlation values showed a much weaker 
relationship than anticipated (Table IV). The strongest 
relationship was found between Tier Four convenience stores 
and minimum distance with an r-value of 0.188 that is 
statistically significant at the 0.01 confidence level. The 
correlation value of a single variable that explains 18% of the 
variation in a bivariate correlation is moderately notable. 
However, in an attempt to improve upon these results, 
correlation was performed using other variables related to 
household size. These variables have been chosen to represent 
the city-suburban differences identified in the patterns of 
minimum distance. Similar to the resulting correlation values 
between distance and income, the strongest correlation is that 
between the minimum distance to Tier Four stores and 6+ 
person households with an r-value of 0.371. All correlation 
values show a moderate-weak positive relationship between 
minimum distance and large household size (6+ persons) and 
are statistically significant at the 0.01 confidence level (Table 
V).  
 

TABLE IV 
CORRELATIONS BETWEEN MINIMUM DISTANCE AND MEDIAN HOUSEHOLD 

INCOME IN 2006 

Tier Sig. (P-value) Pearson Coefficient 

Tier One (high-end chain) 0.193 0.180 

Tier Two (discount chain) 0.000 0.142** 

Tier Three (independents) 0.000 0.118** 

Tier Four (convenience) 0.000 0.188** 

 

 

Fig. 7 Minimum Distance to the Closest Tier Four Grocery Store in 2011 [47], [57] 
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Fig. 8 Median Household Income in 2006 [47], [57] 
 

TABLE V 
CORRELATIONS BETWEEN MINIMUM DISTANCE AND 6+ PERSON HOUSEHOLDS 

IN 2006 

Tier Sig. (P-value) Pearson Coefficient 

Tier One (high-end chain) 0.000 0.292** 

Tier Two (discount chain) 0.000 0.338** 

Tier Three (independents) 0.000 0.353** 

Tier Four (convenience) 0.000 0.371** 

** Denotes values significant at the 0.01 Confidence Level 

XIII. PRIVATE TRANSPORTATION SERVICE AREA ANALYSIS 

The extent of the service areas for each of the four tiers of 
food stores using the proxy of private transportation (Figs. 12-
16) indicated that approximately 23% of the Hamilton CMA 
was serviced by Tier One stores, 17% and 18% by Tier Two 
and Tier Three stores, respectively, and 29% was serviced by 
Tier Four stores (Table VI). Nearly one third of the study area 
is serviced by food providers when all of the food retail stores 
are accounted for.  
 

TABLE VI 
DRIVE DISTANCE SERVICE AREA ANALYSIS 

Grocery 
Store Type 

Service Area 
Coverage (%) 

Area 
(km²) 

Tier One 22.59% 303 

Tier Two 16.85% 226 

Tier Three 17.67% 237 

Tier Four 28.70% 385 

All Tiers 28.93% 388 

 
Across all of the tiers, the greatest proportion (89%) of the 

population using private transportation is serviced by Tier 
Four convenience and franchise stores, while Tier Three 
independent food stores service the smallest proportion (72%). 
For Tier One, the population characteristics indicate that 
approximately 89% of the population residing in the Hamilton 
CMA is adequately serviced by high-end chain grocery stores 
(Table VII). Despite this, there are two densely populated 
areas where service area coverage was lacking and are 
classified as potential food gaps: (1) downtown Hamilton (2) 
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the western Hamilton ‘mountain’ (Fig. 9). The Tier Two 
findings show that approximately 78% of the population was 
serviced by discount chain grocery stores. Five smaller gaps in 
service coverage are classified as potential food deserts: (1) 
west Stoney Creek (2) west downtown Hamilton (3) Ancaster 
(near the Hamilton mountain) (4) Dundas (5) central 
Burlington (Fig. 10). The Tier Three independent grocery 
service areas cover approximately 72% of the population. Five 
small areas lack service and have been identified as potential 
food deserts: (1) Grimsby (2) central Hamilton ‘mountain’ (3) 
Ancaster (4) Dundas (5) central Burlington (Fig. 11). One 
finding of particular significance is that despite the loss of Tier 
Two stores from the downtown and east Hamilton 
neighbourhoods identified earlier, these areas did not reveal 
any potential food deserts and appear to be adequately 
serviced. For Tier Four, approximately 91% of the Hamilton 
CMA residents are serviced by convenience and franchise 
stores. No potential food deserts are identified as the Tier Four 
stores are well distributed and the only areas lacking coverage 
are located in sparsely populated areas (Fig. 12).  

When all fields/tiers are collapsed the notion of a food 
desert virtually disappears from analysis (Fig. 13). 

One interesting finding is that the level of income was 
higher for those individuals living outside of the service areas 
reflecting the typical city-suburban pattern of wealth, whereby 
the suburban and rural areas tend to have higher proportions of 
high income households compared to the central city (Tables 
VII and VIII).  
 

TABLE VII 
POPULATION CHARACTERISTICS OF RESIDENTS WITHIN THE PRIVATE 

TRANSPORTATION SERVICE AREA 
Walk 

Distance 
Total 
Pop. 

Pop. 
(%) 

Median 
Income ($) 

Density 
(persons per km²) 

Tier One 88,109 12.21% 69,420 3,879 

Tier Two 120,243 16.66% 62,661 4,860 

Tier Three 161,144 22.33% 59,588 6,119 

Tier Four 355,721 49.29% 68,722 4,881 

 
TABLE VIII 

POPULATION CHARACTERISTICS OF RESIDENTS OUTSIDE THE PRIVATE 

TRANSPORTATION SERVICE AREA 
Drive 

Distance 
Total 
Pop. 

Pop. 
(%) 

Median Household 
Income ($) 

Density  
(persons per km²)

Tier One 643,050 89.11 77,457 4,468 

Tier Two 564,788 78.26 76,095 4,647 

Tier Three 522,355 72.38 74,712 4,761 

Tier Four 659,789 91.43 77,860 4,391 

XIV. WALKING SERVICE AREA ANALYSIS 

The walking service area analysis for each tier of stores 
(Figs. 14-19) shows a much more distinct pattern concentrated 
around each store. Also, compared to private transportation 
the walking service areas have many more smaller gaps where 
service is lacking. Consequently, a much greater proportion of 
the population is underserviced by each of the store tiers. For 

example, approximately only 12% of residents of the 
Hamilton CMA are within a 1 km walking distance of Tier 
One supermarkets, 17% by Tier Two discount supermarkets, 
22% by Tier Three food stores and 49% by Tier Four 
convenience stores (Table IX). Given the spatial distribution 
of food stores and extent of underservice at each tier, it is not 
surprising that several areas are classified as potential food 
deserts at Tier One, Tier Two and Tier Three and one at Tier 
Four (Figs. 14-17). Interestingly, the areas that lost several 
Tier Two stores that correspond with lower income 
neighbourhoods did not reveal any potential food gaps (Fig. 
8).  

Tier Three stores had the highest population density of 
residents whereas Tier One stores had the lowest (Table IX). 
This reflects locational differences with Tier Three smaller 
food stores being located closer to city centres, whereas Tier 
One and Tier Two chain stores are located in more suburban 
areas (Figs. 14–17).  

Examination of the 500 m buffer created around the City of 
Hamilton’s public transportation bus routes indicates that the 
majority of individuals reside within close proximity to bus 
service (Table XI).  

TABLE IX 
POPULATION CHARACTERISTICS OF RESIDENTS WITHIN THE WALKING 

SERVICE AREA 
Drive 

Distance 
Total 
Pop. 

Pop. 
(%) 

Median Household 
Income 

Density 
(persons per km²)

Tier One 78,620 10.80 90,936 1,481 

Tier Two 156,882 21.72 89,045 2,170 

Tier Three 199,315 27.62 89,820 2,336 

Tier Four 61,881 8.57 90,045 1,175 

 
TABLE X 

POPULATION CHARACTERISTICS OF RESIDENTS OUTSIDE THE WALKING 

SERVICE AREA 
Walk 

Distance 
Total 
Pop. 

Pop (%) 
Median 

Income ($) 
Density 

(persons per km²)
Tier One 633,560 87.79% 80,112 4,131 

Tier Two 601,427 83.34% 81,811 3,982 

Tier Three 560,526 77.67% 84,330 3,446 

Tier Four 365,949 50.71% 90,594 3,114 

 
This accounts for approximately 62% of residents within 

the Hamilton CMA with an average density of 4,723 people 
per km². These findings are of significance because the 
majority of food stores within all four tiers are located along 
major roads and bus routes (Fig. 20).  

 
TABLE XI 

CHARACTERISTICS OF RESIDENTS WITHIN AND OUTSIDE PUBLIC 

TRANSPORTATION SERVICE AREA 

Bus Routes 
Total 
Pop 

Pop 
(%) 

Median 
Household 
Income ($) 

Density 
(persons 
per km²) 

Inside 500m 
Buffer 

446,194 61.83% 67,939 4,723 

Outside 500m 
Buffer 

275,476 38.17% 97,562 2,956 
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Fig. 9 Tier One Service Areas with Potential Food Deserts for Private Transportation [47], [57] 
 

 

Fig. 10 Tier Two Service Areas with Potential Food Deserts for Private Transportation [47], [57] 
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Fig. 11 Tier Three Service Areas with Potential Food Deserts for Private Transportation [47], [57] 
 

 

Fig. 12 Tier Four Service Areas with Potential Food Deserts for Private Transportation [47], [57] 
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Fig. 13 All Tiers Collapsed Service Areas with Potential Food Deserts for Private Transportation [47], [57] 
 

 

Fig. 14 Tier One Service Areas with Potential Food Deserts for Walking [47], [57] 
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Fig. 15 Tier Two Service Areas with Potential Food Deserts for Walking [47], [57] 
 

 

Fig. 16 Tier Three Service Areas with Potential Food Deserts for Walking [47], [57] 
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Fig. 17 Tier Four Service Areas with Potential Food Deserts for Walking [47], [57] 
 

 

Fig. 18 Tiers One, Two and Three Collapsed Service Areas with Potential Food Deserts for Walking [47], [57] 
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Fig. 19 All Tiers Collapsed Service Areas with Potential Food Deserts for Walking [47], [57] 
 

 

Fig. 20 All Tiers Service Areas with Potential Food Deserts for Public Transportation [47], [57] 
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XV. CONCLUSION 
The findings of this study have revealed three important 

conclusions: 1) that more food stores are found to be present 
in the Hamilton CMA than expected, 2) that the residents of 
the Hamilton CMA have adequate access to affordable, 
healthy food by multiple modes of transportation, and 3) very 
few potential food gaps are found at each of the tiers with no 
areas qualifying as food deserts when all four tiers of food 
stores are included. Other important findings of this paper can 
be summarized as follows: 

The Hamilton CMA experienced a negligible change in the 
total number of food stores between the years 2006 and 2011 
(Table II). Across the categories, the study area gained 33% of 
Tier One high-end chain grocery stores and 18% of Tier Three 
independent food stores and lost 2.6% of Tier Four 
convenience and franchise food stores. The most significant 
loss was 23.5% of Tier Two discount grocery stores, the 
majority of which are located in the lower income areas of 
Downtown and East Hamilton; 

The average distance that residents needed to travel to the 
closest grocery store decreased by 10% for Tier One stores 
and 4% for Tier Three stores over the five year period, while it 
increased 23% to reach Tier Two stores and 21% for Tier Four 
stores (Table III). The distance to the nearest grocery store 
showed very little correlation with the median household 
income, however a moderately-low positive relationship was 
found with large households of 6-plus persons. All of the tiers 
of food stores are accessible by at least one mode of affordable 
transportation.  

It was expected that the total number of food stores in the 
Hamilton CMA would be lower than what is present since, as 
discussed earlier, grocery retailers have become increasingly 
consolidated and many have a preference towards larger store 
formats. Moreover, fewer Tier Three independent food stores 
were expected. Contrary to expectations, it was found that the 
Hamilton CMA had essentially the same total number of food 
stores in 2011 as it did five years previous. And in actuality, 
the number of Tier Three and Tier One stores increased. The 
reason for this could be that less profitable Tier Two stores 
were closed and new Tier One stores opened operating under 
the same conglomerate. As well, the loss of Tier Two stores 
likely provided greater need and market opportunities for 
small independent grocery start-ups. For example, several 
independent grocers, deli’s, meat, and ethnic specialty food 
stores located in the areas of Downtown and East Hamilton 
where Tier Two stores had closed since 2006. To better 
understand the overall changes in grocery retail in the 
Hamilton CMA, future studies should include an analysis of 
floor space and average food basket cost as proxies for food 
availability and affordability. 

As expected, rural areas had a much greater distance to 
travel to reach a grocery store than urban and suburban 
neighbourhoods. This makes sense since stores require a 
certain population living within close proximity in order to be 
profitable. In order to better understand differences in 
accessibility related to distance, future research of the 
Hamilton CMA should divide the study area. However, the 

general trends of this study are still valid. The distance to the 
closest store was expected to be greater for large chain grocery 
stores (Tiers One and Two) than for independent (Tier Three) 
and convenience stores (Tier Four). The average distance to 
reach a Tier One or Tier Two supermarket was further than for 
Tier Three stores; however, it was shorter than the closest Tier 
Four store in both 2006 and 2011. This may be contrary to that 
which would be expected but is attributable to differences in 
urban form. The majority of Tier Four stores are located in the 
urban areas making it necessary for individuals living in 
suburban and rural areas to travel much further.  

While a positive relationship between income and distance 
was expected, no substantial relationship was found. The 
likely reason is that stores are locating in areas with sufficient 
population density. The linear distribution of stores that 
parallels the waterfront shows a clear relationship between 
store location and urban form. Since the correlation results for 
the median household income variable were not as strong as 
hoped, an attempt to rectify this shortcoming was made by 
using a variable representing household size. The variable of 
households with six or more people was found to be positively 
correlated with distance, but was moderately-weak. Once 
again, dividing the study area between urban/suburban and 
rural would likely provide a more accurate understanding of 
the relationship between income and distance that may exist. 

The service areas for private transportation indicated that 
over 91% of individuals residing in the Hamilton CMA have 
access to all tiers of food stores by automobile. Theoretically, 
assuming that all individuals have access to a vehicle, over 
91% of the population had adequate service when all four tiers 
of food stores combined. This finding is of significance 
because it indicates that the networks of transportation and 
grocery retail have been well-planned and food stores have 
been made accessible by the most predominant mode of 
transportation. The income levels of individuals living within 
the 5 km service areas across all Tiers are relatively similar to 
those residing outside. The findings also suggest that food 
stores locate based on population density rather than income. 
As expected, food stores are accessible to much fewer people 
for residents walking than for driving to shop for groceries 
since the distance a person is willing to walk to shop and carry 
groceries is quite short. More distinct differences in income 
and density are found in the walking distance service areas.  

The findings suggest that certain economic and population 
criteria may drive grocery store locational choices. As 
mentioned earlier, Tier One high-end chain grocery stores 
target individuals that will typically spend more for higher 
quality foods and service, whereas Tier Two discount chain 
grocery stores cater to more price conscious consumers. The 
findings are significant as they indicate that individuals living 
in areas of economic deprivation have access to all tiers of 
food stores by bus. Consequently, 62% is an underestimate of 
the actual proportion of individuals with access to public 
transit 

This study has shown that food deserts seem to be absent in 
the Hamilton CMA. A suggestion for further research would 
be to focus in on the areas identified as potential food deserts 
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to determine the demographic characteristics of the 
population. Furthermore, with the available data there was no 
way to determine if in actuality residents are making healthy 
food choices when purchasing groceries. One way to improve 
this analysis would be to conduct a qualitative ground-truthing 
analysis that surveys customers at food stores and the items 
purchased. This would help to better understand the non-
spatial dimensions of access to grocery retail and whether 
greater public education is needed to ensure healthy dietary 
lifestyles. 

Given that most of the areas in the Hamilton CMA have a 
relatively high level of accessibility to food stores by private 
automobile and public transportation no areas can be defined 
as food deserts. For any disadvantaged individuals that do not 
have access or cannot afford a vehicle, other feasible options 
for longer distance shopping trips include taking the bus, 
bicycling, carpooling, making larger shopping trips less 
frequently, taxicabs and short-term car rentals. The high level 
of accessibility can be attributed to Tier Three and Tier Four 
stores filling in the gaps where Tier One and Tier Two stores 
are lacking. If poor dietary choices are being made by 
individuals living in the Hamilton CMA, it is not attributable 
to accessibility. This study revealed the importance of local, 
independent neighbourhood stores as vital players in the 
grocery retail landscape of cities. If poor diet is a public policy 
concern, it may be that people are either choosing to shop at 
Tier One and Tier Two stores but not purchase healthy foods 
or they are choosing to purchase the majority of their food 
from convenience stores where few healthy food options are 
available. Therefore, more government action is necessary to 
better educate the public on the importance of healthy diet and 
lifestyle choices. Furthermore, cities should foster economic 
policies that encourage and support local independent 
providers of grocery retail.  
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 

Abstract—The vehicle routing problem (VRP) is a well-known 

problem in Operations Research and has been widely studied during 

the last fifty-five years. The context of the VRP is that of delivering 

or collecting  products to or from customers who are scattered in a 

geographical area and have placed orders for these products. A 

vehicle or a fleet of vehicles start their routes from a depot and visit 

the customers in order to satisfy their demands. Special attention has 

been given to the capacitated VRP in which the vehicles have 

limited carrying capacity for the goods that are delivered or 

collected. In the present work we present a specific capacitated 

stochastic vehicle routing problem which has many realistic 

applications.  

We develop and analyze a mathematical model for a specific 

vehicle routing problem in which a vehicle starts its route from a 

depot and visits N customers according to a particular sequence in 

order to collect from them two similar but not identical products. We 

name these products, product 1 and product 2. Each customer 

possesses items either of product 1 or product 2 with known 

probabilities. The number of the items of product 1 or product 2 that 

each customer possesses is a discrete random variable with known 

distribution. The actual quantity and the actual type of product that 

each customer possesses are revealed only when the vehicle arrives 

at the customer’s site. It is assumed that the vehicle has two 

compartments. We name these compartments, compartment 1 and 

compartment 2. It is assumed that compartment 1 is suitable for 

loading product 1 and compartment 2 is suitable for loading product 

2. However it is permitted to load items of product 1 into 

compartment 2 and items of product 2 into compartment 1. These 

actions cause costs that are due to extra labor. The vehicle is allowed 

during its route to return to the depot to unload the items of both 

products. The travel costs between consecutive customers and the 

travel costs between the customers and the depot are known. The 

objective is to find the optimal routing strategy, i.e. the routing 

strategy that minimizes the total expected cost among all possible 

strategies for servicing all customers.  

It is possible to develop a suitable dynamic programming 

algorithm for the determination of the optimal routing strategy. It is 

also possible to prove that the optimal routing strategy has a specific 

threshold-type strategy. Specifically, it is shown that for each 

customer the optimal actions are characterized by some critical 

integers. This structural result enables us to design a special-purpose 

dynamic programming algorithm that operates only over these 

strategies having this structural property. Extensive numerical 

results provide strong evidence that the special-purpose dynamic 

programming algorithm is considerably more efficient than the 

initial dynamic programming algorithm. Furthermore, if we 

consider the same problem without the assumption that the 

customers are ordered, numerical experiments indicate that the 
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optimal routing strategy can be computed if N is smaller or equal to 

eight. 
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Abstract  

Persistent sciatic artery is a rare anatomical vascular variation resulting from a lack of regression of the embryonic dorsal 

axial artery. The axial artery is the main artery supplying the lower limb during development in the first trimester. The 

current research includes 206 sciatic artery cases in 171 patients between 1864 and 2012. It aims to identify the risk factor of 

sciatic artery aneurysm in congenital limb anomalies. Sciatic artery aneurysm was diagnosed incidentally in amniotic band 

syndrome (ABS) existing with no congenital anomaly in 0.7% or with double knee in 0.7%, with the tibia in 0.7% and with 

hemihypertrophy or soft tissue hypertrophy in 1.4%. Therefore, the current study indicates a relationship the same gene 

responsible for the congenital limb deformities may be responsible for non-regression of the sciatic artery. Furthermore, 

pediatricians should refer cases of congenital limb anomalies for vascular evaluation prior to interventional corrective 

surgery.  

Keywords: Amniotic band syndrome, Congenital limb deformities, Double knee, Sciatic artery, Sciatic artery aneurysm, 

Soft tissue hypertrophy. 

Introduction 

The sciatic artery a very rare congenital anomaly resulting in lack of regression of the embryonic dorsal axial 

artery ranging from 0.04 to 0.06% (Ikezawa et al 1994). As the sciatic artery regresses, the femoral system 

develops (Sidway 2005). The variability of femoral systems is due to sciatic artery persistency modifying the 

surgical intervention of lower extremities. (Al Talalwah W 2015). Further, the coexistence of sciatic artery 

modifies the pelvic arteries origins which also need radiologic studies previous to surgery (Al Talalwah and 

Soames 2014) such as obturator artery arising from external iliac artery instead of internal iliac artery result in 

corona mortis as a source of bleeding  in case of hernia repair (Al Talalwah 2015) 

Based on Senior series (1919-1925), the sciatic artery development to involution process occurred in almost 6 

mm to 22 mm embryonic stage. Further, it is also controlled by stimulating factors which is a decrease of stretch 
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result in vascular injury leading to involution and disappearance partially or completely at the end of embryonic 

life e.g. umbilical ligament. 

Amniotic band syndrome a teratogenic syndrome may occur in between 6mm to 22mm embryonic length stages 

(Kennedy and Persaud 1977, Daya and Makakole 2009) is characterized by Bone abnormalities and nerve 

compression (Daya and Makakole 2009) and is associated with several vascular anomalies with incidence of 2% 

(Robertson et al 1990) or 60% (Daya and Makakole 2009) in population. The sciatic artery is associated with 

such as Hemi-hypertrophy leg in 1.3% (2 cases) (Ikezawa et al 1994).  

 

Method and objectives  

The presenting study is a revising study of 206 sciatic cases of 171 patients between 1864 and 2012. The search 

is based on electronic databases Pubmed, EMBASE, Scopus, ScienceDirect, Web of Science, SciELO, BIOSIS, 

and CNKI were performed to identify all articles reporting data on the sciatic artery cases. Moreover, a wide 

search of sciatic artery cases, article and their references without any language restriction. The Statistical 

Package for the Social Sciences (SPSS) Program has been used to analysis data and its interpretation. The 

present research study aim is to identify the risk factor of congenital lower limb associated with sciatic artery 

aneurysm to alert genetic scientist to clarify the responsible gene.  

Result 

The sciatic artery aneurysm diagnosed incidentally in Amniotic band syndrome with no coexisting of congenital 

anomaly. However, the sciatic artery aneurysm also found in case of lower limb deformities such as double knee 

and Tibia as well as Hemihypertrophy or Soft tissue hypertrophy (Table 1).  

 

Discussion 

Green (1832) was the first person described PSA on post-mortem. Sciatic artery has carried several names as the 

axial, ischiatic or persistent sciatic and axial artery or ischiopopliteal arterial trunk (Bardsley 1970, Papon et al 

1999) which has been first described Green (1832).  Sciatic artery has been observed in various congenital 

syndromes as amniotic band syndrome (Daya 2008), Pelvic infantile haemangioma (Kircher et al 2010), 

Mullerian agenesis (Madson et al 1995 , Hooft et al 2009), Renal agenesis (Madson et al 1995), Solitary pelvic 

kidney (Muller et al 1967; Hooft et al 2009), haemangioma (Kurtoglu & Haluk 2001). In addition, it is also have 

seen in group congenital disorders associated with vascular anomlies of the lower limb (Madson et al 1995; van 

Hooft et al 2009), bone or soft tissue hypertrophy/hypotroph leg deformities (van Hooft et al 2009) such as 

shortening (Mayschak and Flye1984; Williams et al 1983; Batchelor and Vowden 2000) and Hemihypertrophy 

(Mayschak and Flye1984; Williams et al 1983; Batchelor and Vowden 2000; Kurtoglu & Haluk 2001) of the leg 

(Mayschak and Flye1984; Williams et al 1983; Batchelor and Vowden 2000). A process of vascular 

development during embryo life referred as vasculogenesis is a process of vascular development during embryo 

life regulating by positive factors. The regulator factor has been identified in mammals such as Vascular 

Endothelial Growth Factor (VEGF), Angiopoietin-1, Transforming Growth Factor-b (TGF-b), Platelet-derived 

Growth Factor B (PDGF-B), Heparin-binding Epidermal Growth Factor (HB-EGF) and negative factors such as 
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angiopoietin-2 and Angiostatin (Funke and Kuhn 1988). The lung Kruppel-like factor is transcription factor 

(LKLF) is required for normal tunica media formation and blood vessel stabilization during murine 

embryogenesis (Kuo et al 1977). Therefore, the failure of regression result in persistent of sciatic artery is due of 

gene. The sciatic artery a rare congenital anomaly resulting from failure of regression of the dorsal axial artery 

during the 6 mm to 22 mm embryonic length stage: it has been observed in a number of congenital syndromes. 

Amniotic band syndrome, a teratogenic syndrome, may occur during the same embryonic stages (Kennedy and 

Persaud 1977; Daya and Makakole 2009) being characterized by bone abnormalities and nerve compression 

(Daya and Makakole 2009): it is associated with several vascular anomalies. A previous review (Ikezawa et al 

1994) of 159 sciatic artery cases in 122 patients between 1864 and 2007 estimated the incidence of the sciatic 

artery associated with hemihypertrophy leg in 1.3% (2 cases) and with amniotic band syndrome in 3.5%. A 

sciatic artery exists with amniotic band syndrome in 3.5%, suggesting that this vascular anomaly is linked with 

limb deformities. In present study, the coexistence of the sciatic artery aneurysm is less than one percent. 

Further, the sciatic artery aneurysm coexists in 4.2% in current study indicating the vascular anomaly links with 

limb deformities.  

Conclusion 

Based on current study findings, the sciatic artery may links with limb deformities. The sciatic artery associated 

with congenital limb deformities group disorders leading to Genetic scientists have to start to investigate the 

gene most responsible for sciatic artery. Furthermore, Pediatricians has to report any congenital anomalies case 

to radiologist for further vascular evaluation previous to any surgery should be aware. Orthopedics has to be 

careful and well prepared for any surgical correction in lower limb of amniotic band syndrome. 
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Figure legend 

Figure 1: the regular sciatic artery arising from the posterior trunk of the internal iliac artery inside the pelvic 

cavity. IIA. Internal iliac artery, AT. Anterior trunk. PT. Posterior trunk, UMA. Umbilical artery, OA. Obturator 

artery, ON. Obturator nerve, IPA. Internal pudendal artery, SA. Sciatic artery, LSA. Lateral sacral artery, ILA. 

Iliolumbar artery. 

 

Table 1: The coexistence of sciatic artery in different congenital limb deformities 

Congenital deformities   Frequency  Rate % 

Overlap syndrome 1 .7 

Double knee 1 .7 

Double tibia  1 .7 

Ameniotic band syndrome 1 .7 

Hemihypertrophy 1 .7 

Soft tissue hypertrophy 1 .7 
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 

Abstract—In Brazil, projections of population aging follow all 

world projections, the birth rate tends to be surpassed by the 

mortality rate around the year 2045 Historically, the population of 

Brazilian blacks suffered for several centuries from the oppression 

of dominant classes. A group especially of blacks stands out in 

relation to territorial, historical and social aspects, and for centuries 

they have isolated themselves in small communities, in order to 

maintain their freedom and culture. The isolation of the 

Quilombola communities generated socioeconomic effects as well 

as the health of these blacks. Thus, the objective of the present 

study is to verify the association of body composition parameters 

with lower and upper limb strength and functional capacity in 

Quilombola remnants. The research was approved by ethics 

committee (1,771,159). Anthropometric evaluations of hip and 

waist circumference, body mass and height were performed. In 

order to verify the body composition, the relationship between 

stature and body mass (BM) was performed, generating the body 

mass index (BMI), as well as the dual energy X-ray absorptiometry 

(DEXA) test. The Time Up and Go (TUG) test was used to 

evaluate the functional capacity, and a maximum repetition test 

(1MR) for knee extension and handgrip (HG) was applied for 

strength magnitude analysis. Statistical analysis was performed 

using the statistical package SPSS 22.0. Shapiro Wilk's normality 

test was performed. For the possible correlations, the suggestions 

of the Pearson or Spearman tests were adopted. The results 

obtained after the interpretation identified that the sample (n = 18) 

was composed of 66.7% of female individuals with mean age of 

66.07 ± 8.95 years. The sample’s body fat percentage (%BF) 

(35.65 ± 10.73) exceeds the recommendations for age group, as 

well as the anthropometric parameters of hip (90.91 ± 8.44cm) and 

waist circumference (80.37 ± 17.5cm). The relationship between 

height (1.55 ± 0.1m) and body mass (63.44 ± 11.25Kg) generated a 

BMI of 24.16 ± 7.09Kg/m2, that was considered normal. The TUG 

performance was 10.71 ± 1.85s. In the 1MR test, 46.67 ± 13.06Kg 

and in the HG 23.93±7.96Kgf were obtained, respectivetily. 

Correlation analyzes were characterized by the high frequency of 

significant correlations for height, dominant arm mass (DAM), 

%BF, 1MR and HG variables. In addition, correlations between 

HG and BM (r = 0.67, p = 0.005), height (r = 0.51, p = 0.004) and 

DAM (r = 0.55, p = 0.026) were also observed. The strength of the 

lower limbs correlates with BM (r = 0.69, p = 0.003), height (r = 

0.62, p = 0.01) and DAM (r = 0.772, p = 0.001). In this way, we 

can conclude that not only the simple spatial relationship of mass 

and height can influence in predictive parameters of strength or 

functionality, being important the verification of the conditions of 

the corporal composition. For this population, height seems to be a 

good predictor of strength and body composition. 
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 

Abstract—With the aging of the populatio, researchers have 

delved deeper into the effects of strength training (ST) on gaining 

muscle mass for the elderly in order to reduce sarcopenia [1], [2]. 

However, due to a large combinatorial variation among the various 

components that are attributable to training, little is discussed about 

the influence of the systematized prescription of ST frequency on 

the gain of muscle mass in the elderly. Thus, the objective of the 

study was to verify the influence of strength training with linear 

progressive periodization on the increase of the muscular thickness 

of the elderly. A total of 34 elderly subjects were randomly divided 

into two groups: control (CG) with body mass of 69.3 ± 15.03 kg 

and height of 1.57 ± 0.078 m (n = 17, 15 women and two men) and 

ST with body mass of 71.73 ± 9.14 kg and height 1.53 ± 0.065 m. 

The results presented indicate significant improvements in post-

intervention muscle mass for the ST group (20,84%), and in the 

comparison between groups (4,53%) with significance of p <0.05. 

Based on the results found in the present study, it was concluded 

that a training program with linear load control seems to optimize 

the hypertrophic responses of sedentary elders. 

 

Keywords—Elderly, Muscle Mass Gain, Resistance Training, 

Periodization.  
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 

Abstract—For this population, height seems to be a good 

predictor of strength and body composition. Abstract - This 

increase in life expectancy of the Brazilian's population is 

associated with sociodemographic variables, but also to more 

access to health services in the prevention and better living 

conditions. With the growth of elderly population, a problem that 

has been a concern to health's professionals and public health at all 

is the use of psychoactive substances. The purpose of this study 

was identify the sociodemographic profile of the elderly people 

who was attended at the Center of Psychosocial Care of alcohol 

and other drugs in the Federal District of Brazil. 408 medical 

records of people aged 60 years or over were evaluated, and it is 

possible to know that most of them were males (85.3%), with a 

mean age of 64 years (DP ± 4.16), 60 and 84 years and a mean age 

of 64 years (DP ± 4.42); 88.2% have some family ties, are married 

and have children, with relatives living in masonry housing. The 

educational level of drug users was considered low with more 

emphasis on those who had elementary education being the 

majority retired or unemployed. Regarding the street situation, 

there was no significance (p = 0.084) and the women (OR = 2.98) 

had few chances of street situations compared to men (OR = 0.89). 

As for substance consumption, the highest quantity of drug 

consumption bids in relation to the number of illicit. It did not 

present significant statistical value and there is a greater probability 

of consumption / abuse of legal and / or illicit drugs for both sexes 

(OR = 0.96) for men and (OR = 1.32) for women. In relation to the 

use of multiple drugs, there was no significant difference between 

the sexes, (OR = 1.1) male sex and (OR = 0.74) female sex. Based 

on the results found in the present study, it was concluded that 

alcohol consumption is the main agent that causes vulnerability in 

the elderly and predisposes the latter to the consumption of other 

associated drugs. 

 

Keywords—Centers of Attention Psychosocial alcohol and 

drugs, Elderly, Mental disorder due to drug use, street situations.    
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Abstract—Introduction: Functional capacity is one of the basic 

determinants of health in older age. Functional capacity may be 

influenced by multiple disorders, including cardiovascular and 

metabolic diseases. Nevertheless, there is relatively little evidence 

regarding the association of functional status and cardiometabolic 

risk factors. Aim: The aim of this research is to check possible 

association between functional capacity and cardiovascular risk 

factor in a group of younger seniors. Materials and Methods: The 

study group consisted of 300 participants aged 60-65 years (50% 

were women). Total cholesterol (TC), triglycerides (TG), high 

density lipoprotein cholesterol (HDL-C), low density lipoprotein 

cholesterol (LDL-C), glucose, uric acid, body mass index (BMI), 

waist-to-height ratio (WHtR) and blood pressure were measured. 

Smoking status and physical activity level (by Seven Day Physical 

Activity Recall Questionnaire) were analysed. Functional status 

was assessed with the Timed Up and Go (TUG) Test. The data 

were compared according to gender, and then separately for both 

sexes regarding prolonged TUG score (>7 s). The limit of 

significance was set at p≤0.05 for all analyses. Results: Women 

presented with higher serum lipids and longer TUG. Men had 

higher blood pressure, glucose, uric acid, prevalence of 

hypertension and history of heart infarct. In women group, those 

with prolonged TUG displayed significantly higher obesity rate 

(BMI, WHTR), uric acid, hypertension and ischemic heart disease 

(IHD), but lower physical activity level, TC or LDL-C. Men with 

prolonged TUG were heavier smokers, had higher TG, lower HDL 

and presented with higher prevalence of diabetes and IHD. 

Discussion: This study shows association between functional status 

and risk profile of cardiometabolic disorders. In women, the 

relationship of lower functional status to cardiometabolic diseases 

may be mediated by overweight/obesity. In men, locomotor 

problems may be related to smoking. Higher education level may 

be considered as a protective factor regardless of gender. 

 

Keywords—Seniors, functional capacity, TUG test, 

cardiovascular risk factors. 
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Abstract—Alzheimer is chronic disease which causes many 

symptoms such as sleep disorders and poor sleep quality. The light 

therapy is a non pharmacologic treatment and it may help to cope 

with symptoms like sleep problems. It should be used to cope sleep 

problems by health professionals. 

The aim of study is to analysis the effects of the light therapy on 

activities of daily living and sleep in patients with Alzheimer's 

disease. 

In this study, the actiwatches (light, sleep and daily activites 

recorder) sleep and light therapy forms, mini mental test forms, 

Cornell Demans Depresion Index forms and Barthel Daily Life 

Activities forms were used. This randomized clinical trial was 

carried out on patients with Alzheimer in a Alzheimer Care Center 

in Eskisehir, Turkey. The ethical approval and the necessary other 

permissions were obtained from care center and the patients. The 

data will be evaluated by using a statical program. The patients 

adhered to criterions, were observed for four weeks. This study was 

carried as follows: 

*At the first time, all forms were filled and the patients wore the 

actiwacties. Before light therapy, for first one week, the patients 

with actiwatches were watched. 

*During second weeks, the light therapy was applied to patients 

with actiwatches and the patients with actiwatches were watched. 

The sleep and light therapy forms were filled.  

*After than, during third and fourth weeks the patients with 

actiwatches were watched. The study has been conducted. The 

results will be disscused in session. 

 

Keywords—Alzheimer's disease, non pharmacologic therapy, 
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 

Abstract—Objectives: Malnutrition in hospitalized patients is 

related to increased morbidity and mortality. Purpose of our study 

was to assess nutritional status of hospitalized, elderly patients with 

various nutritional scores and to detect unfavorable prognostic 

factors, related to increased mortality and extended duration of 

admission. Methods: 150 patients (78 men, 72 women, mean age 

80±8.2) were included in this cross-sectional study. Nutritional 

status was assessed by Mini Nutritional Assessment (MNA full, 

short-form), Malnutrition Universal Screening Tool (MUST) and 

short Nutritional Appetite Questionnaire (sNAQ). The following 

data were incorporated in analysis: Anthropometric and laboratory 

data, physical activity (International Physical Activity 

Questionnaires, IPAQ), smoking status, dietary habits and 

mediterranean diet (assessed by MedDiet score), cause and duration 

of current admission, medical history (co-morbidities, previous 

admissions). Primary endpoints were the mortality (from admission 

until 6 months afterwards) and duration of admission, compared to 

national guidelines for closed consolidated medical expenses. 

Mann-Whitney two-sample statistics or t-test was used for group 

comparisons and Spearman or Pearson coefficients for testing 

correlation between variables. Results: Normal nutrition was 

assessed in 54/150 (36%), 92/150 (61.3%) and in 106/150 (70.7%) 

of patients, according to full MNA, MUST and sNAQ 

questionnaires respectively. Mortality rate was 20.7% (31/150 

patients). The patients who died until 6 months after admission had 

lower BMI (24±4.4 vs 26±4.8, p=0.04) and albumin levels (2.9±0.7 

vs 3.4±0.7, p=0.002), significantly lower full MNA (14.5±7.3 vs 

20.7±6, p<0.0001) and short-form MNA scores (7.3±4.2 vs 

10.5±3.4, p=0.0002) compared to non-dead one. In contrast, the 

aforementioned patients had higher MUST (2.5±1.8 vs 0.5±1.02, 

p=<0.0001) and sNAQ scores (2.9±2.4 vs 1.1±1.3, p<0.0001). 

Additionally, they showed significantly lower MedDiet (23.5±4.3 

vs 31.1±5.6, p<0.0001) and IPAQ scores (37.2±156.2 vs 

516.5±1241.7, p<0.0001) compared to remaining one. These 

patients had extended hospitalization [5 (0-13) days vs 0 (-1-3) days, 

p=0.001]. Patients who admitted due to cancer depicted higher 

mortality rate (10/13, 77%), compared to those who admitted due to 

infections (12/73, 18%), stroke (4/15, 27%) or other causes (4/49, 

8%) (p<0.0001). Extension of hospitalization was negatively 

correlated to both full (Spearman r=-0.35, p<0.0001) and short-form 

MNA (Spearman r=-0.33, p<0.0001) and positively correlated to 

MUST (Spearman r=0.34, p<0.0001) and sNAQ (Spearman r=0.3, 

p=0.0002). Additionally, the extension was inversely related to 

MedDiet score (Spearman r=-0.35, p<0.0001), IPAQ score 

(Spearman r=-0.34, p<0.0001), albumin levels (Pearson r=-0.36, 

p<0.0001), Ht (Pearson r=-0.2, p=0.02) and Hb (Pearson r=-0.18, 

p=0.02). Conclusion: A great proportion of elderly, hospitalized 

patients are malnourished or at risk of malnutrition. All nutritional 

scores, physical activity and albumin are significantly related to 

mortality and increased hospitalization.  

 

 
Christos Lampropoulos is with Department of Internal Medicine, 

Argolidos General Hospital, Argos, Greece (e-mail: 

christosnina@hotmail.com). 

Keywords—Dietary habits, duration of admission, malnutrition, 

prognostic factors for mortality. 

Prognostic Factors for Mortality and Duration of 

Admission in Malnourished Hospitalized, Elderly 

Patients: A Cross-Sectional Study 
Christos E. Lampropoulos, Maria Konsta, Vicky Dradaki, Irini Dri, Tamta Sirbilatze, Ifigenia 

Apostolou, Christina Kordali, Konstantina Panouria, Kostas Argyros, Georgios Mavras 

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1518



 

 

 

Abstract—Objectives: Full Mini Nutritional Assessment 

(MNA) questionnaire is one of the most useful tools in diagnosis of 

malnutrition in hospitalized patients, which is related to increased 

morbidity and mortality. The purpose of our study was to assess the 

nutritional status of elderly, hospitalized patients and examine the 

hypothesis that MNA may predict mortality and extension of 

hospitalization. 

Methods: One hundred fifty patients (78 men, 72 women, mean 

age 80±8.2) were included in this cross-sectional study. The 

following data were taken into account in analysis: anthropometric 

and laboratory data, physical activity (International Physical 

Activity Questionnaires, IPAQ), smoking status, dietary habits, 

cause and duration of current admission, medical history 

(co-morbidities, previous admissions). Primary endpoints were 

mortality (from admission until 6 months afterwards) and duration 

of admission. The latter was compared to national guidelines for 

closed consolidated medical expenses. Logistic regression and 

linear regression analysis were performed in order to identify 

independent predictors for mortality and extended hospitalization 

respectively. 

Results: According to MNA, nutrition was normal in 54/150 

(36%) of patients, 46/150 (30.7%) of them were at risk of 

malnutrition and the rest 50/150 (33.3%) were malnourished. 

After performing multivariate logistic regression analysis we 

found that the odds of death decreased 20% per each unit increase of 

full MNA score (OR=0.8, 95% CI 0.74-0.89, p<0.0001). Patients 

who admitted due to cancer were 23 times more likely to die, 

compared to those with infection (OR=23, 95% CI 3.8-141.6, 

p=0.001). Similarly, patients who admitted due to stroke were 7 

times more likely to die (OR=7, 95% CI 1.4-34.5, p=0.02), while 

these with all other causes of admission were less likely (OR=0.2, 

95% CI 0.06-0.8, p=0.03), compared to patients with infection.  

According to multivariate linear regression analysis, each 

increase of unit of full MNA, decreased the admission duration on 

average 0.3 days (b:-0.3, 95% CI -0.45 - -0.15, p<0.0001). Patients 

admitted due to cancer had on average 6.8 days higher extension of 

hospitalization, compared to those admitted for infection (b:6.8, 

95% CI 3.2-10.3, p<0.0001).  

Conclusion: Mortality and extension of hospitalization is 

significantly increased in elderly, malnourished patients. Full MNA 

score is a useful diagnostic tool of malnutrition.  

 

Keywords—Duration of admission, malnutrition, mini 

nutritional assessment score, prognostic factors for mortality. 
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Abstract—Objectives: Malnutrition in hospitalized patients is 

related to increased morbidity and mortality. Purpose of our study 

was to compare various nutritional scores in order to detect the most 

suitable one for assessing the nutritional status of elderly, 

hospitalized patients and correlate them with mortality and 

extension of admission duration, due to patients’ critical condition. 

Methods: Sample population included 150 patients (78 men, 72 

women, mean age 80±8.2). Nutritional status was assessed by Mini 

Nutritional Assessment (MNA full, short-form), Malnutrition 

Universal Screening Tool (MUST) and short Nutritional Appetite 

Questionnaire (sNAQ). Sensitivity, specificity, positive and 

negative predictive values and ROC curves were assessed after 

adjustment for the cause of current admission, a known prognostic 

factor according to previously applied multivariate models. Primary 

endpoints were mortality (from admission until 6 months 

afterwards) and duration of hospitalization, compared to national 

guidelines for closed consolidated medical expenses.  

Results: Concerning mortality, MNA (short-form and full) and 

SNAQ had similar, low sensitivity (25.8%, 25.8% and 35.5% 

respectively) while MUST had higher sensitivity (48.4%). In 

contrast, all the questionnaires had high specificity (94%-97.5%). 

Short-form MNA and sNAQ had the best positive predictive value 

(72.7% and 78.6% respectively) whereas all the questionnaires had 

similar negative predictive value (83.2%-87.5%). MUST had the 

highest ROC curve (0.83) in contrast to the rest questionnaires 

(0.73-0.77). 

With regard to extension of admission duration, all four scores 

had relatively low sensitivity (48.7%-56.7%), specificity 

(68.4%-77.6%), positive predictive value (63.1%-69.6%), negative 

predictive value (61%-63%) and ROC curve (0.67-0.69).  

Conclusion: MUST questionnaire is more advantageous in 

predicting mortality due to its higher sensitivity and ROC curve. 

None of the nutritional scores is suitable for prediction of extended 

hospitalization.  

 

Keywords—Duration of admission, malnutrition, nutritional 

assessment scores, prognostic factors for mortality. 
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Abstract—Objectives: Mediterranean diet has been associated 

with lower incidence of cardiovascular disease and cancer. Purpose 

of our study was to examine the hypothesis that mediterranean diet 

may protect against mortality and reduce admission duration in 

elderly, hospitalized patients. Methods: Sample population included 

150 patients (78 men, 72 women, mean age 80±8.2). The following 

data were taken into account in analysis: anthropometric and 

laboratory data, dietary habits (MedDiet score), patients’ nutritional 

status [Mini Nutritional Assessment (MNA) score], physical 

activity (International Physical Activity Questionnaires, IPAQ), 

smoking status, cause and duration of current admission, medical 

history (co-morbidities, previous admissions). Primary endpoints 

were mortality (from admission until 6 months afterwards) and 

duration of admission, compared to national guidelines for closed 

consolidated medical expenses. Logistic regression and linear 

regression analysis were performed in order to identify independent 

predictors for mortality and admission duration difference 

respectively. Results: According to MNA, nutrition was normal in 

54/150 (36%) of patients, 46/150 (30.7%) of them were at risk of 

malnutrition and the rest 50/150 (33.3%) were malnourished. After 

performing multivariate logistic regression analysis we found that 

the odds of death decreased 30% per each unit increase of MedDiet 

score (OR=0.7, 95% CI:0.6-0.8, p<0.0001). Patients with 

cancer-related admission were 37.7 times more likely to die, 

compared to those with infection (OR=37.7, 95% CI:4.4-325, 

p=0.001). According to multivariate linear regression analysis, 

admission duration was inversely related to mediterranean diet, 

since it is decreased 0.18 days on average for each unit increase of 

MedDiet score (b:-0.18, 95% CI:-0.33 - -0.035, p=0.02). 

Additionally, the duration of current admission increased on average 

0.83 days for each previous hospital admission (b:0.83, 95% 

CI:0.5-1.16, p<0.0001). The admission duration of patients with 

cancer was on average 4.5 days higher than the patients who 

admitted due to infection (b:4.5, 95% CI:0.9-8, p=0.015). 

Conclusion: Mediterranean diet adequately protects elderly, 

hospitalized patients against mortality and reduces the duration of 

hospitalization.  

 

Keywords—Mediterranean diet, malnutrition, nutritional status, 

prognostic factors for mortality. 
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Abstract—Orthorexia Nervosa is newly defined term that 

characterized with obsessions about healthy foods and dietary 

restrictions. Even though it is not defined in DSM 5, similarity with 

obsessive compulsive disorder is investigated. From this perspective 

mediation role of orthorexia nervosa between OCD and eating 

attitudes was tested with structural equation modeling. Although 

previous researches founded the relationship between OCD and 

eating disorders there is not any research about mediating role of 

orthorexia nervosa for this relationship. Present research is 

composed of non-clinical sample of 100 students which are from 

nutrition and dietetics program. Maudsley OCD scale, Eating 

Attitude Inventory and Ortho-15 scales were used to test the model. 

According to results the full mediation role of orthorexia nervosa 

was found over the relationship between OCD and eating disorder. 

Results will be expected to contribute to clinical area by 

understanding the possible mediation effects of orthorexia nervosa 

and future researchers may focus of the other possible mediators. 
 

Keywords—Eating disorders, orthorexia nervosa, OCD, 
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Abstract—Research Objectives: Hearing impaired individuals 

are more prone to experience psychopathology like depression, 

agression, post travmatic stress disorder because of language and 

communication problems. This study tested a structural equation 

model in which agression mediated the relationship between 

perception of gap between experience and language and depression 

in a hearing impaired sample. Although previous research gave clear 

evidence that language is closely related to depression, the resarch 

on intervening variables in the relationship has been limited. 

Methodology: The main aim of the present study was to provide 

additional knowledge about the mediatory processes through which 

language relates to depression. Two-hundred hearing impaired 

individual (99 female, 100 male, 1 other) participated in the study. 

The Beliefs about the Functions of Language Scale was used to 

measure personal perception of the gap between experience and 

language; Buss Perry Agression Questionnaire was used to measure 

aggression level and Beck Depression Inventory was used to 

measure depression levels of the participants. The model proposed 

by the current investigation was tested using structural equation 

modeling using LISREL 8.80. Findings: The results supported the 

model and showed that perception of the gap between language and 

experience predicted aggression, which in turn predicted the 

participants’ depression in hearing impaired sample. Research 

Outcomes: Under the light of previous research and current 

findings, suggestions for prevention and treatment strategies for 

depression will be provided, especially for the hearing impaired 

people. Future Scope: Future research should also focus on other 

potential mediator variables. 
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 

Abstract—Background: Testing Patency of Fallopian Tubes is 

among one of the several protocols for investigating Subfertile 

Couples. Both, Hysterosalpingogram (HSG) and Laparoscopy and 

dye test have been used as Tubal patency test for several years, with 

well-known limitation. Hysterosalpingo Contrast Sonography 

(HyCoSy) can be used as an alternative tool to HSG, to screen 

patency of Fallopian tubes, with an advantage of being non-ionising, 

and also, use of transvaginal scan to diagnose pelvic pathology. 

Aim: To determine the indication and analyse the performance of 

Trasnvaginal scan and HyCoSy in Broomfield Hospital. 

Methods: We retrospectively analysed fertility workup of 282 

women, who attended HyCoSy clinic at our institution from January 

2015 to June 2016. 

An Audit proforma was designed, to aid data collection. Data was 

collected from patient notes and electronic records, which included 

patient demographics; age, parity, type of subfertility (primary or 

secondary), duration of subfertility, past medical history and base 

line investigation (hormone profile and semen analysis). Findings of 

trasnvaginal scan, HyCoSy and Laparoscopy were also noted. 

Results: The most common indication for referral were as a part 

of primary fertility workup on couples who had failure to conceive 

despite intercourse for a year, other indication for referral were 

recurrent miscarriage, history of ectopic pregnancy, post reversal of 

sterilization(vasectomy and tuboplasty), Post Gynaecology 

surgery(Loop excision, cone biopsy) and amenorrhea. Basic 

Fertility workup showed 34% men had abnormal semen analysis. 

HyCoSy was successfully completed in 270 (95%) women using 

ExEm foam and Trasnvaginal Scan. Of the 270 patients, 535 tubes 

were examined in total. 495/535 (93%) tubes were reported as 

patent, 40/535 (7.5%) tubes were reported as blocked. A total of 17 

(6.3%) patients required laparoscopy and dye test after HyCoSy. In 

these 17 patients, 32 tubes were examined under laparoscopy, and 

21 tubes had finding similar to HyCoSy, with a concordance rate of 

65%. In addition to this, 41 patients had some form of pelvic 

pathology (endometrial polyp, fibroid, cervical polyp, fibroid, 

bicornuate uterus) detected during transvaginal scan, who referred 

to corrective surgeries after attending HyCoSy Clinic. 

Conclusion: Our audit shows that HyCoSy and Transvaginal scan 

can be a reliable screening test for low risk women. Furthermore, it 

has competitive diagnostic accuracy to HSG in identifying tubal 

patency, with an additional advantage of screening for pelvic 

pathology. With addition of 3D Scan, pulse Doppler and other 

non-invasive imaging modality, HyCoSy may potentially replace 

Laparoscopy and chromopertubation in near future. 

 

Keywords—HyCoSy, Transvaginal Scan, tubal infertility, tubal 

patency test. 
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 

Abstract—Background: Mitochondria are integral part of a cell 

known as “power house” of the cell, manifested by highly 

multifaceted and entirely organized intricate biological processes. 

Traditionally, it portrayed two essential physiological liabilities: 

periodic release of energy during the cell cycle and activation of 

specific integral proteins. Several studies predicted its manifold 

functions by producing heterogeneous proteins that are 

unequivocally involved in a plethora of phosphorylation pathways, 

calcium signaling, cellular respiration, embryonic development and 

sequential programmed cell death. However, in early oogenesis and 

embryogenesis mitochondria has a nexus of developmental 

regulations and overwhelming role in infertility treatments. The 

oocyte quality is directly related with ovarian aging and devastating 

mitochondrial function which is important for infertility and age 

related ovarian dysfunction. 

Objective: Nearly 23% patients visiting the infertility centers 

consulting for infertility depicted signs of premature ovarian 

senescence (POS) and quality compromise oocyte. This study 

emphasize on the role of mitochondria in ovarian aging and on the 

expected effects in the next generation. 

Subjects and Methods: PubMed was employed to search the 

MEDLINE database for peer-reviewed original research papers and 

reviews about mitochondria and ovarian ageing, in human species 

from 2002 to 2017. 

The patients are divided into two groups, premature ovarian 

senescence (POS) group and normal ovarian senescence group 

(NOPS). Statistically, we apply orthogonal partial least squares 

discriminant analysis (OPLS-DA). In order to compute the value of 

oocyte mtDNA content we used OPLS model. 

Results: Our data showed a correlative capability (Q2 = 0.769) 

when OPLS-DA has employed among two groups. The POS group 

showed three important variables by using projection matric i.e. 

oocyte mtDNA content (0.82), the cumulus cell mtDNA content 

(0.85) and peroxisome active receptor γ co activator factor (1.02) all 

are lower in POS group than NOPS groups of patients. While OPLS 

model predict oocyte mtDNA content only in the NOPS group (Q2 

= 0.634). Moreover, we found four new positively correlated 

variables that are directly linked with mitochondrial inner mass of 

quality compromised oocytes (0.56), the cumulus cell mtDNA 

contents (1.032), expression of polymerase gamma (1.85) and 

mitochondrial DNA transcription factor (1.50).  

 

Keywords—Mitochondrial DNA, infertility, in vitro 

Fertilization (IVF), egg rejuvenation. 
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 

Abstract—Nowadays, various traditional practices are used 

throughout the world with aim to improve fertility. Various 

traditional remedies, acupuncture, religious practices such as 

sacrifice are frequently used. Studies often evaluate the traditional 

practices used by the women. But the use of this non-medical 

practice by couples and specific application reasons of this methods 

has been less investigated. The aim of this study was to evaluate the 

common used non-medical practices and determine perceived 

benefits by couples with fertility problems in Turkey. 

This is a descriptive study. Research data were collected between 

May-July 2016, in Izmir Ege Birth Education and Research Hospital 

Assisted Reproduction Clinic, from 151 couples with fertility 

problem. Personal Information Form and Non-Medical Practices 

Used for Fertility Evaluation Form was used. Number "GOA 2649" 

permission letter from Dokuz Eylul University Non-Invasive 

Research Ethics Board, permission letter from the institution and the 

written consent from participants has been received to carry out the 

study. In the evaluation of the data, frequencies and proportions 

analysis were used. 

The average age of women participating in the study was 32.87, 

the 35.8% were high school graduates, 60.3% were housewife and 

the 58.9% lived in city. The 30.5% of husbands were high school 

graduates, the 96.7% were employed and the 60.9% lived in city. 

The 78.1% of couples lived as a nuclear family, the average 

marriage year was 7.58, in 33.8% the fertility problem stems from 

women, 42.4% of them received a diagnosis for 1-2 years, 35.1% 

were being treated for 1-2 years. 

The 35.8% of women reported use of non-medical applications. 

The 24.4% of women used figs, onion cure, hacemat, locust, 

bee-pollen milk, the 18.2% used herbs, the 13.1% vowed, the 12.1% 

went to the tomb, the 10.1% did not bath a few days after the embryo 

transfer, the 9.1% used thermal water baths, the 5.0% manually 

corrected the womb, the 5.0% printed amulets by hodja, the 3.0% 

went to the hodja/pilgrims. 

Among the perceived benefits for using non-medical practices; 

facilitate pregnancy and implantation, improve oocyte quality were 

the most recently expressed. Women said that they often used herbs 

to develop follicles, did not bath after embryo transfer with aim to 

provide implantation, and used thermal waters to get rid of the 

infection. 

Compared to women, only the 25.8% of men used the 

non-medical practice. The 52.1% reported that they used peanuts, 

hacemat, locust, bee-pollen milk, the 14.9% used herbs, the 12.8% 

vowed, the 10.1% went to the tomb, the 10.1% used thermal water 

baths. 
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Improve sperm number, motility and quality were the most 

expected benefits. Men said that they often used herbs to improve 

sperm number, used peanuts, hacemat, locust, bee-pollen milk to 

improve sperm motility and quality.  

Couples in Turkey often use non-medical practices to deal with 

fertility problems. Some of the practices considered as useful can 

adversely affect health. Healthcare providers should evaluate the use 

of non-medical practices and should inform if the application is 

known adverse effects on health. 

 

Keywords—Couples, fertility, non-medical practice, perceived 

benefit. 
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 

Abstract—The aim of the study is to determine the knowledge 

level of pregnant women with Gestational Diabetes Mellitus 

(GDM) about the disease and affecting factors. The data of this 

descriptive study were collected from 184 pregnant women who 

were followed up in Dokuz Eylul University Hospital (n=34), 

Izmir Ege Maternity Hospital, Gynecology Training and Research 

Hospital (n=133), and Egepol Private Hospital (n=17). Data 

collection forms were prepared by the researcher according to the 

literature. ANOVA test, Kruskal Wallis test, Mann Whitney U test, 

Student’s t-test, and Pearson correlation test were used for 

statistical analyses. Average GDM knowledge score of pregnant 

women was 40.10±19.56. The GDM knowledge scores were 

affected by factors such as age, educational level, working status, 

income status, educational level of the spouse, and the GDM 

background. It has been shown in our study that the GDM 

knowledge scores were negatively affected by factors such as 

young age, low educational level, low income level, 

unemployment, having a spouse with low educational level, 

absence of the GDM story. It has been identified that 86.4% of the 

pregnant women were trained about GDM. The education provided 

in the antenatal period significantly increased GDM knowledge 

scores of pregnant women (p=0.000, U=515.0). It has been 

determined that GDM knowledge of the pregnant women with 

GDM is affected by various factors. These factors must be 

considered in order to determine new strategies. 
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 

Abstract—The aim of study was to evaluate the quality of 

sexual life of women with diagnosed gynecological cancer and 

receive treatment. The study was a descriptive and cross-sectional 

type, and it was carried out with 276 women. Information Form and 

Sexual Quality of Life Scale-Female (SQOL) form was used in 

study. The data was evaluated using Mann Whitney U and 

Kruskal-Wallis test. In study, Sexual Quality of Life Scale-Female 

average score was 68.83 ± 21.17. The %43.1 of women was 

endometrial cancer, %30.8 was cervical cancer, %24.6 was ovarian 

cancer and %1.4 was vulvar cancer. The average time to diagnosis 

of patients is 41.80 ± 47.64 months. There was no significant 

difference mean SQOL according to individual/sociodemographic 

characteristics like age, education. Gynecological cancer related 

characteristics like gynaecological cancer type, treatment type, 

surgery type were found not to affect the mean score of SQOL. 

However, it was found that the difference was due to the higher 

SQOL score in the group with a diagnosis time of 25 months and 

over (X2KW= 6.356, p= 0.046). The reason of significant difference 

mean SQOL according to diagnosis over time might be that women 

adaptate to cancer diagnosis. While women with gynaecologic 

cancer are evaluating their sexual lives, it is necessary to evaluate 

them with good evaluation tools. 

 

Keywords—Gynecological cancers, sexuality, quality of sexual 

life, SQOL. 
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Pregnancy Outcomes in Women of Advanced Age
Mehrnaz Valadan, Fatemeh Davari, Azam Sepahi, Pouya Bandegi

   Abstract—Objective: The aim of this study was to investigate
prenatal and obstetrical outcome in mothers aged 40 years or older.
Materials  and  methods:  A  prospective  comparative  study  was
conducted for the women aged 40 years and over who delivered at
20 week's gestation or beyond from January 2004 to December 2005
at  four  Hospitals  of  Tehran  University  of  Medical  Sciences.  For
comparison, a control group of patients who were 20-29 years of age
was  considered.  Results:  There  were  statistically  significant
increases  in  the  rates  of  gestational  diabetes,  preeclampsia,
caesarean section, breech presentation and stillbirth in women 40
years of age or older. Conclusion: There is a need to offer older
women special counseling both before and after conception so that
they become informed of the increased risks involved.

  Keywords—advanced  maternal  age,  high  risk,  outcomes,
pregnancy
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Preoperative Gabapentin to Prevent Postoperative
Shoulder Pain after Laparoscopic Ovarian
Cystectomy: A Randomized Clinical Trial

Mehrnaz Valadan, Sakineh Banifatemi, Fardin Yousefshahi, Pouya Bandegi

   Abstract—Background:  Patients  undergoing  gynecology
laparoscopy  frequently  experience  shoulder  pain  as  a  common
postoperative complication. Considering diaphragm stimulation in its
pathophysiology, there are some advice to prevent or control this
special form of referral pain. Objectives: The current study aimed to
assess the prophylactic effect of preoperative administration of oral
gabapentin to prevent Post Laparoscopic Shoulder Pain (PLSP) after
laparoscopic  ovarian  cystectomy.  Patients  and  Methods:  In  a
randomized, double blind, placebo controlled trial 40 female patients
who  were  candidates  to  have  elective  laparoscopic  ovarian
cystectomy, received uniformed capsules containing gabapentin 600
mg or placebo 30 minutes before anesthesia induction. All patients
had the American Society of Anesthesiologists (ASA) Physical Status
of I-II  and none had pervious abdominal surgery. Thereafter,  the
presence of side effects and PLSP and its severity was assessed by
Visual Analog Scale (VAS) in the beginning of surgery and 2, 6, 12
hours after the surgery. Results: Comparing the gabapentin (n = 20)
and placebo (n = 20) groups, basic characteristics including age (P =
0.446), Body Mass Index (BMI) (P = 0.876), pregnancy history (P =
0.660), and surgery time (P = 0.232) were statistically similar. PLSP
occurrence  was  less  frequent  in  the  gabapentin  group  (45%)
compared  with  the  placebo  group  (75%)  (P  =  0.053),  while  In
gabapentin group the VAS scores were lower in 2(P = 0.004), 6 (P =
0.132),  and 12 (P = 0.036)  hours,  post  operatively.  Conclusions:
Prophylactic gabapentin administration could be considered as an
effective and safe intervention to reduce occurrence and severity of
PLSP after gynecologic laparoscopic cystectomy.

  Keywords—gabapentin,  shoulder  pain,  visual  analog  scale,
laparoscopy
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 
Abstract—The aim of this study is the review of the management 

practices of sickle cell disease patients during pregnancy, as well as 
the maternal and neonatal outcome at Ampang Hospital, Selangor. 
The study consisted of a review of pregnant patients with sickle cell 
disease under follow up at the Hematology Clinic, Ampang Hospital 
over the last seven years to assess their management and maternal-
fetal outcome. The results of the review show that Ampang Hospital 
is considered the public hematology centre for sickle cell disease and 
had successfully managed three pregnancies throughout the last seven 
years. Patients’ presentations, managements and maternal-fetal 
outcome were compared and reviewed for academic improvements. 
All three patients were seen very early in their pregnancy and had 
been given a regime of folic acid, antibiotics and thrombo-
prophylactic drugs. Close monitoring of maternal and fetal well being 
was done by the hematologists and obstetricians. Among the patients, 
there were multiple admissions during the pregnancy for either a 
painful sickle cell bone crisis, haemolysis following an infection and 
anemia requiring phenotype- matched blood and exchange 
transfusions. Broad spectrum antibiotics coverage during and 
infection, hydration, pain management and venous-thrombolism 
prophylaxis were mandatory. The pregnancies managed to reach near 
term in the third trimester but all required emergency caesarean 
section for obstetric indications. All pregnancies resulted in live 
births with good fetal outcome. During post partum all were nursed 
closely in the high dependency units for further complications and 
were discharged well. Post partum follow up and contraception 
counseling was comprehensively given for future pregnancies. Sickle 
cell disease is uncommonly seen in the East, especially in the South 
East Asian region, yet more cases are seen in the current decade due 
to improved medical expertise and advance medical laboratory 
technologies. Pregnancy itself is a risk factor for sickle cell patients 
as increased thrombosis event and risk of infections can lead to 
multiple crisis, haemolysis, anemia and vaso-occlusive complications 
including eclampsia, cerebrovasular accidents and acute bone pain. 
Patients mostly require multiple blood product transfusions thus 
phenotype-matched blood is required to reduce the risk of 
alloimmunozation. Emphasizing the risks and complications in 
preconception counseling and establishing an ultimate pregnancy 
plan would probably reduce the risk of morbidity and mortality to the 
mother and unborn child. Early management for risk of infection, 
thromboembolic events and adequate hydration is mandatory. A 
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holistic approach involving multidisciplinary team care between the 
hematologist, obstetricians, anesthetist, neonatologist and close 
nursing care for both mother and baby would ensure the best 
outcome. In conclusion, sickle cell disease by itself is a high risk 
medical condition and pregnancy would further amplify the risk. 
Thus, close monitoring with combine multidisciplinary care, 
counseling and educating the patients are crucial in achieving the safe 
outcome. 
 

Keywords—Anemia, haemoglobinopathies, pregnancy, sickle 
cell disease.  

I. INTRODUCTION 

ICKLE cell disease (SCD) is initially found in the Sub- 
Saharan African continent and the Middle East region. 

Yet, over the past decades with wide trading and slavery, the 
disease can be found among those of African descent, in the 
Caribbean and Middle East regions, India, Mediterranean, 
including South and Central America [1]. Nowadays, with 
easily accessible transportation worldwide, intercontinental 
migration and marriage, it is not uncommon for cases to exist 
around the globe in other regions with wide phenotypic 
variations which still need further observation and studies to 
improve the health care among these patients [2].  

SCD is single gene autosomal recessive inheritance 
disorders where sickled hemoglobin (Hb S) under low oxygen 
tension and certain stress conditions such as high altitude and 
ongoing infection, cause the Hb S intracellular molecules to 
polymerize, reducing its solubility and thus becomes stiff and 
rigid. The hemoglobin structure changes from disc-like to 
sickle shaped which exposes its surface membrane to 
molecules adhesion and adherence to vascular endothelium. 
This sickling conditions leads to vaso-occlusive events in 
micro vessels and premature disruption of hemoglobin which 
leads to chronic anemia. Further complications following 
vaso-occlusion in various organs especially if it involves vital 
organs includes acute chest syndrome, cerebrovascular 
accident, avascular necrosis of the bones, hemolytic anemia, 
sickle cell crisis, recurrent infection and pain which further 
contribute to higher morbidity and mortality [3].  

SCD is a general term referring to the sickle hemoglobin 
disorders. There are classifications depending on the 
genotypes of the patients and usually resemble the severity of 
clinical presentation. Sickle cell anemia (HbSS disease) is 
homozygote for beta S globin which commonly presents with 
a severe or moderate severe phenotype. While HbS/beta0 
thalassaemia is a severe double heterozygote for HbS and 
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beta0 thalassaemia, yet the clinical presentation is almost 
interchangeable from sickle cell anemia itself. Double 
heterozygote for HbS and HbC are known as HbSC disease 
where the clinical presentation may be intermediate in 
severity. HbS/beta+ thalassaemia is known to have between 
mild to moderate severity, but studies have shown that it 
varies between ethnic groups. The are other genotypes with 
very mild or subtle presentation include HbS/hereditary 
persistence of fetal Hb (S/HPHP), HbS/HbE syndrome and 
other rare combinations of HbS genotypes including HbD Los 
Angeles (Hb SD- Punjab), HbO Arab and G-Philadelphia [4]. 
Few case reviews reported wide variation among the major 
SCD due to the genotypic presentation and suggest looking at 
the detail phenotype presentation, while many focused on the 
adverse outcomes especially those pregnancy related [3]. Due 
to its uncommon presentation, most reports were retrospective 
over a period of years in which the management would differ 
from one case to another.  

The evolving medical technology and advancement in 
current decades allows early diagnosis, prophylactic treatment 
and prevention of further complications. Multidisciplinary 
approach and combined care of these patients’ results in better 
quality of life among SCD patients and longer life expectancy 
to the mid-50s [5]. Thus, allowing female patients to 
accomplish their obstetric carrier. Unfortunately, pregnancy 
itself is a risk factor for SCD patients due to its 
hypercoagulable state [4]. Physiological changes in pregnancy 
predisposes SCD patients to multiple maternal complication 
including recurrent miscarriages, preeclampsia, acute chest 
syndrome, deep vein thrombosis, recurrent pain crisis, 
recurrent infection and anemia with risk of blood transfusion 
[2]. The fetus is at risk of intrauterine growth restriction, 
intrauterine death, and prematurity which contributes to higher 
maternal and perinatal morbidity and mortality [1]-[3]. Thus, 
comprehensive care with multidisciplinary approach 
throughout gestation is required for reducing the risk to both 
mother and fetus. 

II.  OBJECTIVE 

The aim of this paper is to review the management practices 
of SCD patient during pregnancy and the maternal and 
neonatal outcome in Ampang Hospital, Malaysia over the last 
seven years. The discussion from this review is meant to 
improve the care between disciplines managing the patient 
throughout the gestation and post partum period. 

III. METHODS 

All Sickle cell patients’ records at the Hematology Clinic 
Ampang Hospital were reviewed retrospectively with their 
confidentiality preserved. Only pregnant patients with SCD 
under follow up over the last seven years (2009-2016) were 
reviewed for antenatal and post partum management practice. 
The maternal and fetal outcomes were compared and recorded. 

IV. REVIEWED RESULTS 

A. Case Reviews 

Ampang Hospital situated in the state of Selangor, which is 
just a few blocks away from the capital city of Malaysia, 
Kuala Lumpur. The distribution of sickle cell patients in 
Malaysia were sparse and only found in a certain state. 
Throughout the seven years under review, seven sickle 
patients were under follow up of the Hematology Clinic, 
Hospital Ampang with three male and four female patients 
between the reproductive ages. Only three of the patients were 
pregnant under our care for the last seven years. Their 
pregnancies were monitored closely and outcomes were 
recorded with combine care between hematologist and 
obstetricians. 

B. Genotype and Diagnosis 

The first two patients, Indian ethnic in origin, had sickle cell 
anemia (HbSS disease) which was homozygous. Their 
diagnoses were made when they were young as they were 
closely related. The third patient was a young Malay ethnic 
with compound heterozygous for sickle Beta (β) thalassaemia 
with heterozygous Constant Spring. All their spouses were 
screened for haemoglobinopathies and were negative.  

C.  Antenatal Care 

The first two patients were both in their third pregnancy and 
the third patient was a primigravidae. All three of them were 
seen early in the first trimester. The first and third patient were 
on oral hydroxyurea due to a recurrent bone crisis prior to the 
pregnancy, and the medication was stopped once the 
pregnancy was confirmed. All patients were given folic acid, 
penicillin V as prophylactic antibiotic, low dose aspirin and 
low molecular weight heparin for thromboprophylaxis. The 
third patient only received low dose aspirin, and they were 
counseled for adequate hydration and possible worsening pain 
crisis, risk of infections and worsening anemia throughout the 
pregnancy. All three of them were noted to be moderately 
anemic at antenatal booking visit yet clinically asymptomatic. 
The patients were referred early to the obstetric unit and they 
were seen frequently between 2 to 4 weekly alternating 
between obstetricians and hematologist. The maternal and 
fetal conditions were monitored closely for any possible 
complications. 

The pregnancy in the second trimester for the second and 
third patients, seem to have progressed well. All of them 
managed to keep hemoglobin level above 8mg/dL. However, 
the first patient had a few episodes of painful bone crisis 
requiring regular opioids during the second trimester and was 
managed as an outpatient. While only the second patient 
managed to benefit detail fetal morphological scan as part of a 
prenatal screening. Otherwise all fetal growth was satisfactory 
during this gestation without evidence of growth restriction. 

A stormier episode for these patients was recorded during 
the last trimester. The first patient was admitted for 
community acquired pneumonia with left parotitis at 31 weeks 
of gestation, followed with worsening haemolysis anemia. She 
recovered well with broad spectrum antibiotics and 
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phenotype-matched blood transfusion. Unfortunately, she was 
readmitted again at 37 weeks of gestation with another episode 
of worsening hemolytic anemia complicated with symptoms 
of obstructive jaundice. She was treated with exchange 
transfusion and subsequently went into labor. An emergency 
caesarean section was performed in view of two previous 
caesarean scars in labor and tubal ligation was performed as 
she completed her family. 

The second patient presented with severe bone crisis at 35 
weeks of gestation, whereby she was admitted, required an 
escalating dose of opioid drugs and managed by the anesthetic 
team. She was planned for exchange transfusion, yet there was 
no phenotypicly compatible blood available. Her 
thromboprophylaxis was continued together with good 
hydration. During this admission, fetal well-being was 
monitored and evidence of distress noted; thus, an emergency 
caesarean delivery was performed due to fetal compromise. 
The third patient was admitted at 33 weeks of gestation with a 
painful sickling bone crisis. During this admission, the patient 
was given opioid as analgesia, covered with low molecular 
weight heparin as thromboprophylaxis and broad spectrum 
antibiotics; she recovered well a few days later and her 
medications were continued. She presented again at 
completion of 37 weeks gestation with pre-labor rupture of the 
membrane, and was subsequently induced with 
prostaglandins. Unfortunately she did not progress, and 
therefore, caesarean section for obstetric indication was done. 
All surgeries were uncomplicated and there was no post 
partum hemorrhage.  

D. Post Partum Care and Outcome 

In view of the crisis events preceding the delivery, the first 
two patients were nursed closely in a high dependency unit for 
any possible worsening complication with combined care 
between the obstetricians, hematologist and anesthetic team. 
The hemoglobin was optimized with phenotype matched 
blood transfusion. Broad spectrum antibiotics and 
thromboprophylaxis were given. Adequate pain controls were 
ensured with opioids together with good hydration. The third 
patient recovered well post delivery and was discharged with 
antibiotics, thromboprophylaxis and adequate analgesia. Upon 
discharge, all patients were extensively counseled regarding 
contraception and planning for their future pregnancies and 
associated complications. 

All the babies had good weight upon delivery between 2.8 
kg to 3.3 kg and their APGAR scores in one minute were 9. 
The babies were nursed in the neonatal intensive care unit 
(NICU) as protocol for observation and discharged well. 
Subsequent hemoglobin screening of the babies revealed both 
HbSS disease patients had an HbS trait child, while the third 
patient with compound heterozygous for sickle Beta (β) 
thalassaemia with heterozygous Constant Spring child showed 
Beta (β) thalassaemia trait. 

V. DISCUSSION 

Despite SCD being commonly seen in some parts of the 
globe, it is still less common in South East Asian region. Yet 

more cases were reported and managed with growing 
expertise and advancement in medical technologies. Although 
there were few reported cases from Malaysia on sickle cell 
patients, growing expertise with interest and medical 
technologies has made the diagnosis possible, made it easily 
accessible and the management were up to date. Malaysia is 
unique in a way that it has large diversities and mixture of 
ethnical origin which may have different sets of inherited 
haemoglobinopathies [6]. A study by Lie-Injo LE et al. in 
1986 revealed that a small population of Indian estate workers 
in Negeri Sembilan, Malaysia, which originates from Orissa, 
India had a higher frequency of HbS yet with milder 
symptoms and had longer life span up to 60 years of age. 
Among the 12 sickle cell anemia patients screened, all had 
alpha-thalassemia2 (alpha-thal2), either in the homozygous or 
heterozygous condition [7].  

Pregnancy itself is a risk factor for sickle cell patients as 
increased thrombosis event and risk of infections due to the 
immunosuppressive state can lead to increased incidence of 
crisis, haemolysis, anemia and vaso-occlusive complications 
including eclampsia, cerebrovasular accidents, renal 
complications and acute bone pain [8]. The unborn fetus is at 
risk of recurrent miscarriages, second trimester loss, 
intrauterine growth restriction and even death due to severe 
placenta hypoxia following insufficient placenta blood flow. It 
is a vicious cycle where poor placental blood flow increases 
the risk of hypertensive disease in pregnancy and 
preeclampsia. Studies shows that on top of the above 
mentioned complication, there were increased risk of 
admission up to 60%, premature delivery, blood transfusions 
and operative delivery [3], [9].  

Good preconception counseling is required for couples, 
with emphasis on the increased risk of morbidity and mortality 
to the patient and unborn child. This will ensure good 
compliance to medication as well as to frequent hospital visits, 
where medications will be reviewed. Unintended pregnancies 
among these patients result in increased risks both to the 
mother and fetus. This is because the maternal health was not 
optimized and they were unable to benefit the preconception 
counseling and optimizing their health prior to embarking on a 
new pregnancy. This is the case for two of the patients in this 
review, who were having unplanned pregnancies. They only 
found that they were in early pregnancy while on hydroxyurea 
and medication, which was subsequently stopped. It is 
recommended that hydroxyurea treatment be stopped three 
months prior to conception, due to the teratogenicity found in 
animal studies, and that the patient be started on folic acid at 
the same time. A level 3 ultrasonography is recommended to 
rule out fetal abnormality if exposed, yet termination is not 
recommended [1], [10], [11]. These patients were 
subsequently started with a low dose aspirin by 12 weeks 
gestation as they were considered as in the high risk group for 
developing preeclampsia in view of the disease 
pathophysiology; although there was no specific evidence [1], 
[12].  

Yet, there were known increased risk associated with 
thromboembolic events which increases the risk of maternal 
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morbidity and mortality [3], [13]. Thus, adequate hydration, 
the use of appropriate graduated compression stockings and 
low molecular weight heparin, especially during admission are 
highly recommended [1], [14]. Pregnancy itself is an 
immunosuppressive condition and patients are more 
susceptible to infection then normal populations. Although 
infections were not the main cause of morbidity among 
pregnant SCD patients, evidence has shown that sepsis was 
among the cause of death of young children with SCD in 
Brazil [15]. For pregnant SCD women the risk of infection is 
higher and can easily deteriorate; consequently, further 
worsening the hemolytic anemia, as in our case review. Thus 
early and prompt management for risk of infection are crucial 
in reducing morbidity. 

All the patients reviewed were anemic from the outset of 
the pregnancy and required multiple blood product 
transfusions at the later trimester. Although iron 
supplementation is generally recommended during pregnancy 
to reduce the incidence of anemia, it is only recommended for 
pregnant SCD patients if there is evidence of iron deficiency 
[1]. SCD patients were usually anemic but the severity and 
clinical presentation varies depending on their genotypes. Up 
to 50% of sickle cell anemia patients have received blood 
transfusions at some stage in their life [16]. Thus, blood 
transfusion is common and at times requires exchange 
transfusion due to the severe haemolysis. SCD patients are 
exposed to various antigens due to multiple blood 
transfusions. This is the main reason that the use of 
phenotype-matched blood is mandatory to reduce the risk of 
alloimmunozation and hemolytic transfusion reaction which 
can increase morbidity and mortality. Studies have shown that 
a patient who has received more than 10 transfusions 
throughout their life-time has a higher risk of developing 
alloimmunozation (p=0.005) [16]. Although previous studies 
show a decrease in maternal and perinatal morbidity with 
prophylactic blood transfusion, but it is now debatable as 
evidence of alloimmunization, delayed transfusion reactions, 
and possible transmission of infection and the risk of iron 
overload were higher [3], [17]. It is recommended to assess 
the patient clinically together with their hemoglobin levels as a 
guide, phenotype matched blood for transfusions and 
cytomegalovirus free infection [1]. 

A painful crisis is one of the major causes for admission of 
all SCD patients, similarly with the patients of this study. 
Studies have revealed that some 27% to 50% of SCD present 
with a painful crisis [18], [19]. However, it is very important 
to assess and determine the cause of pain as it could be due to 
more serious complications such as acute chest syndrome, sign 
of sepsis or another sickling event. The use of milder analgesia 
such as paracetamol and weak opioids between 12 weeks and 
28 weeks of gestation is recommended on top of rest and 
adequate hydration [1]. However, in cases of more severe 
pain, the use morphines as stronger opioids are recommended 
with monitoring and combined care between the obstetrician, 
hematologist and anesthetist. The use of pethidine was 
strongly discouraged as evidence showed an increased risk of 
seizures [20].  

All three patients delivered via emergency caesarean 
section due to the obstetric indications with combined care 
between multidisciplinary team management. Although the 
findings seem to agree with those of other studies that show 
increased risk of operative delivery among SCD patients, all 
the subjects of this study had uncomplicated outcomes. The 
babies had good birth weight upon delivery and a good 
APGAR score. Considering the observation number of this 
study was small, larger multicentered observation is 
recommended to be conducted. Post partum care is very 
crucial as patient should be closely monitored for further 
complications including risk of thromboembolism. 
Furthermore, these patients underwent a caesarean delivery 
and were already at risk prior to the delivery itself, and 
therefore, the use of low molecular weight heparin should be 
continued till six weeks post partum. Good post natal 
counseling on adequate hydration, contraception and family 
planning, compliance to subsequent follow up and 
medications should be emphasized. Screening for the risk of 
inheritance of the newborn child should be counseled and 
conducted between the hematologist and pediatric team. Close 
monitoring of the maternal and fetal well being with 
hematologists, obstetricians, anesthetist and neonatologist 
throughout the antenatal period and continuing to post partum 
care, and including the patients’ family, should be conducted 
to ensure the best outcome for both mother and baby. 

VI. CONCLUSION 

Pregnancy with SCD is a high risk medical condition with 
increased risk of maternal and perinatal morbidity and 
mortality. However with growing expertise of the disease, 
good medical technology updates and healthcare services, 
SCD patients are able to reach live birth pregnancies. Yet, 
preconception counseling is very important, emphasizing on 
the increased risk of complications, the need of more frequent 
hospital visits and medications should be revised. 
Management throughout the gestation period includes 
adequate hydration, prompt treatment of infections with 
antibiotics, thromboprophylaxis coverage, adequate pain 
control, and phenotype-matched blood to reduce the risk of 
alloimmunization with combined multidisciplinary care 
between the hematologist, obstetricians, anesthetist, 
pediatricians and nursing staff is very crucial in achieving the 
best outcome. It is hoped that this multicenter review of SCD 
cases, the current management practices and maternal fetal 
outcomes will reflect a better picture of the management of 
this disease, which is uncommon in the region.  
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 

Abstract—Purpose: The umbilical cord pH is a well evaluated 

contributor for prediction of neonatal outcome.  

This study correlates nenonatal umbilical cord pH with the 

weekday of delivery, the time of birth as well as the staff hand over 

times (midwifes and doctors). 

Material and methods: This retrospective study included all 

deliveries of a 20 year period (1994-2014) at our primary obstetric 

center. All deliveries with a newborn cord pH under 7,20 were 

included in this analysis (6929 of 48974 deliveries (14,4%)). Further 

subgroups were formed according to the pH (< 7,05; 7,05 – 7,09; 

7,10 – 7,14; 7,15 – 7,19). The data were then separated in day- and 

night time (8am-8pm/8pm-8am) for a first analysis. Finally 

handover times were defined at 6am – 6.30 am, 2 pm -2.30 pm, 10 

pm- 10.30 pm (midwives) and for the doctors 8-8.30 am, 4 – 4.30 

pm (Monday- Thursday); 2pm -2.30 pm (Friday) and 9am – 9.30 am 

(weekend). Routinely a shift consists of at least three doctors as well 

as three midwives.  

Results: During the last 20 years, 6929 neonates were born with 

an umbilical cord ph < 7,20 ( < 7,05 : 7,1%; 7,05 – 7,09 : 10,9%; 

7,10 – 7,14 : 30,2%; 7,15 – 7,19:51,8%). There was no significant 

difference between either night/day delivery (p = 0.408), delivery on 

different weekdays (p = 0.253), delivery between Monday to 

Thursday, Friday and the weekend (p = 0.496) or delivery during the 

handover times of the doctors as well as the midwives (p = 0.221). 

Even the standard deviation showed no differences between the 

groups. 

Conclusion: Despite an increased workload over the last 20 years 

the standard of care remains high even during the hand over times 

and night shifts. This applies for midwives and doctors. As the 

neonatal outcome depends on various factors, further studies are 

necessary to take more factors influencing the fetal outcome into 

consideration. In order to maintain this high standard of care, an 

adaption of work-load and changing conditions is necessary.  

 

Keywords—Delivery, fetal umbilical cord pH, day time, hand 

over times. 
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 

Abstract—Most spontaneous miscarriage is believed to be a co

nsequence of embryo aneuploidies. Transferring eukaryotic embryo

s selected by PGS is expected to decrease the miscarriage rate. Curr

ent PGS indications include advanced maternal age, recurrent pregn

ancy loss, repeated implantation failure. Recently, use of PGS for h

ealthy women without above indications for the purpose of improvi

ng in vitro fertilization (IVF) outcomes is on the rise. However, it is 

still controversial about the beneficial effect of PGS in this populati

on, especially, in women with a history of no more than 2 miscarria

ges or miscarriage of eukaryotic abortus. This study aimed to 

investigate if karyotyping result of abortus is a good indicator of pr

eimplantation genetic screening (PGS) in subsequent IVF cycle in w

omen with a history of spontaneous abortion. A single-center retros

pective cohort study was performed. Women who had spontaneous 

abortion(s) (less than 3) and dilatation and evacuation, and subsequ

ent IVF from January 2016 to November 2016 were included. Their 

medical information was extracted from the charts. Clinical pregna

ncy was defined as presence of a gestational sac with fetal heart bea

t detected on ultrasound on week 7. Statistical analysis was perform

ed using SPSS software. Total 234 women were included. 121 out o

f 234 (51.7%) underwent karyotyping of the abortus and 113 did no

t have the abortus karyotyped. Embryo biopsy was performed on 3 o

r 5 days after oocyte retrieval, followed by embryo transfer (ET) on 

a fresh or frozen cycle. The biopsied materials were subjected to  m

icroarray comparative genomic hybridization. Clinical pregnancy ra

te per ET was compared between PGS and non-PGS group in each s

tudy group. Patients were grouped by two criteria: karyotype of the a

bortus from previous miscarriage (unknown fetal karyotype (n=89, 

Group 1), eukaryotic abortus (n=36, Group 2) or aneuploidy abortus 

(n=67, Group 3)), and pursuing PGS in subsequent IVF cycle (purs

uing PGS (PGS group, n=105) or not pursuing PGS (non-PGS grou

p, n=87)). The PGS group was significantly older and had higher nu

mber of retrieved oocytes and prior miscarriages compared to non-

PGS group. There were no differences in BMI and AMH level bet

ween those two groups. In PGS group, the mean number of transfer

rable embryos (eukaryotic embryo) was 1.3 0.7, 1.5 0.5 and 

1.4  0.5, respectively (p = 0.049). In 42 cases, ET was cancelled 

because all embryos biopsied turned out to be abnor In all thr

ee groups (group 1, 2, and 3), clinical pregnancy rates were not stati

stically different between PGS and non-PGS group (Group 1: 48.8

% vs. 52.2% (p=0.858), Group 2: 70% vs. 73.1% (p=0.730), Group 

3: 42.3% vs. 46.7% (p=0.640), in PGS and non-PGS group, respect

ively). In both group who had miscarriage with eukaryotic and 

aneuploidy abortus, the clinical pregnancy rate between IVF cycles 

with and without PGS was not different. When we compare 

miscarriage and ongoing pregnancy rate, there were no significant 

differences between PGS and non-PGS group in all three groups. 

Our results show that the routine application of PGS in women who 

had less than 3 miscarriages would not be beneficial, even in cases 

that previous miscarriage had been caused by fetal aneuploidy. 
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 

Abstract—This is a case of L.S.T., a 61 year old, G6P4 (3124) 

who presented with a one month history of intermittent, brownish, 

watery, non foul smelling vaginal discharge. There were no other 

accompanying symptoms. On rectovaginal examination, a palpable 

adnexal mass on the left was appreciated, with the lower border 

measuring 3 cm. The mass was non-tender, had irregular borders 

and solid areas. On transvaginal sonography, it revealed a left 

pelvic mass measuring 3 x 4 x 2 cm, with a Sassone score of 9. It 

had vascularization. The primary consideration was Ovarian 

Newgrowth, probably malignant in nature. CA-125 results were 

slightly elevated at 43.2 u/ml (NV: 0-35 u/ml). After intraoperative 

evaluation, the left fallopian tube was converted into a 9 x 4.5 x 3 

cm bulbous cystic mass with solid areas. On cut section, the 

ampullary portion of the fallopian tube contained necrotic and 

friable looking tissues. Specimen was sent for frozen section and 

results revealed adenocarcinoma of the left fallopian tube. Patient 

subsequently underwent complete surgical staging with 

unremarkable post-operative course. The surgicopathologic 

diagnosis was G6P4 (3124) Fallopian tube serous 

cystadenocarcinoma stage 1. 

The mean incidence of PFTC is 3.6 per million women yearly. 

This is associated with a generally low survival rate. The primary 

diagnosis is very difficult to establish because only 0–10% of 

patients suffering from PFTC are diagnosed pre-operatively. 

Symptoms play a very important role in the discovery of this 

disease, because there will be no presentation to the hospital 

without symptoms. The most common of which may be vaginal 

bleeding, abdominal pain, a palpable mass and ascites. A 

conglomerate of manifestations may be encountered, but not at all 

times. This is termed hydrops tubae profluens where there is 

presence of colicky pain with relief from intermittent passage of 

serosanguinous vaginal discharge. The significance of this report is 

to emphasize the rarity of the case and how the dilemma in the 

diagnosis is almost always present despite ancillary procedures.  

 

Keywords—Fallopian tube carcinoma, prognosis, rare, risk 

factors. 
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 

Abstract—Introduction: Gestational diabetes (GDM) is a 

common pregnancy complication with short and long-term health 

consequences for both mother and fetus. Factors such as family 

history of diabetes mellitus, maternal obesity, maternal age, 

ethnicity and parity have been reported to influence the risk of 

GDM. In a multi-racial country like Singapore, it is worthwhile to 

study the GDM prevalences of different ethnicities. We aim to 

investigate the influence of ethnicity on the racial prevalences of 

GDM in Singapore. This is important as it may help us to improve 

guidelines on GDM healthcare services according to significant 

risk factors unique to Singapore.  

Materials and Methods: Obstetric cohort data of 926 singleton 

deliveries in KK Women’s and Children’s Hospital (KKH) from 

2011 to 2013 was obtained. Only patients aged 18 and above and 

without complicated pregnancies or chronic illnesses were 

targeted. Factors such as ethnicity, maternal age, parity and 

maternal body mass index (BMI) at booking visit were studied. A 

multivariable logistic regression model, adjusted for confounders, 

was used to determine which of these factors are significantly 

associated with an increased risk of GDM.  

Results: The overall GDM prevalence rate based on WHO 1999 

criteria & at risk screening (race alone not a risk factor) was 

8.86%. GDM rates were higher among women above 35 years old 

(15.96%), obese (15.15%) and multiparous women (10.12%). 

Indians had a higher GDM rate (13.0 %) compared to the Chinese 

(9.57%) and Malays (5.20%). However, using multiple logistic 

regression model, variables that are significantly related to GDM 

rates were maternal age (p < 0.001) and maternal BMI at booking 

visit (p=0.006).  

Conclusion: Maternal age (p < 0.001) and maternal booking 

BMI (p=0.006) are the strongest risk factors for GDM. Ethnicity 

per se does not seem to have a significant influence on the 

prevalence of GDM in Singapore (p=0.064). Hence we should 

tailor guidelines on GDM healthcare services according to 

maternal age and booking BMI rather than ethnicity.  

 

Keywords—Ethnicity, gestational diabetes, healthcare, 
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 

Abstract—Nowadays, the bioceramic graft applications are 

very important due to the fact that especially European population is 

getting much older. Recent researches say that half of the population 

in Europe will be over 50-65 ages till the year 2050. Consequently, 

healing approaches for some health problems become more 

important in the near future. For instance, osteoporosis is one of the 

reasons for serious hip fractures. Beside these, the traffic accidents 

playing role increasing of various hip fractures and other bone 

fractures. Naturally all these are leading the importance developing 

new bioceramic graft materials. Hydroxyapatite (HA) is one of the 

leading bioceramics on the market. Beside the high biocompatibility 

HA bioceramics unfortunately are weak materials for loaded areas. 

For improvement mechanical properties of HA material, some 

oxides and metallic powders can be added. In the past studies, rare 

earth oxides like lanthanum oxide (La2O3) and cerium oxide (CeO2) 

are added as reinforcement material in the matrix of the 

bioceramics. In this study, some rare earth oxides like hafnium (IV) 

oxide (HfO2) and samarium (III) oxide (Sm2O3) are added to HA for 

improvement of their material characteristics. Thus, compression, 

microhardness and theoretical density tests are performed. X-ray 

diffraction patterns are also investigated corresponding x-ray 

diffraction equipment. At the end, studies of scanning electron 

microscope (SEM) and energy-dispersive x-ray spectroscopy 

(EDX) are completed. All values were compared with past BHA and 

various composites. 

 

Keywords—Biocomposite, hafnium oxide, hydroxyapatite, 

nanotechnology, samarium oxide. 
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 

Abstract—In recent years, protein, lipid or polysaccharide-

based polymers have been used in order to develop biodegradable 

materials and their chemical nature determines the physical 

properties of the resulting films. Among these polymers, proteins 

from different sources have been extensively employed because of 

their relative abundance, film forming ability and nutritional 

qualities. In this study, the biodegradable composite nanofiber 

films based on fish sarcoplasmic protein (FSP) were prepared via 

electrospinning technique. Biodegradable polycaprolactone (PCL) 

was blended with the FSP to obtain hybrid FSP/PCL nanofiber 

mats with desirable physical properties. Mixture solutions of FSP 

and PCL were produced at different concentrations and their 

density, viscosity, electrical conductivity and surface tension were 

measured. Mechanical properties of electrospun nanofibers were 

evaluated. Morphology of composite nanofibers were observed 

using scanning electron microscopy (SEM). Moreover, fourier 

transform infrared spectrometer (FTIR) studies were used for 

analysis chemical composition of composite nanofibers. This study 

revealed that the FSP based nanofibers have the potential to be 

used for different applications such as biodegradable packaging, 

drug delivery and wound dressing, etc 

 

Keywords—Biodegradable packaging, electrospinning, fish 

sarcoplasmic protein, nanofibers. 
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 

Abstract—Bismuth selenide (Bi2Se3) is known as a narrow band 

gap semiconductor with pronounced thermoelectric (TE) and 

topological insulator (TI) properties. Unique TI properties offer 

exciting possibilities for fundamental research as observing the 

exciton condensate and Majorana fermions, as well as practical 

application in spintronic and quantum information. In turn, TE 

properties of this material can be applied for wide range of 

thermoelectric applications, as well as for broadband photodetectors 

and near-infrared sensors. Nanostructuring of this material results in 

improvement of TI properties due to suppression of the bulk 

conductivity, and enhancement of TE properties because of 

increased phonon scattering at the nanoscale grains and interfaces. 

Regarding TE properties, crystallographic growth direction as well 

as orientation of the nanostructures relative to the growth substrate 

play significant role in improvement of TE performance of 

nanostructured material. For instance, Bi2Se3 layers consisting of 

randomly oriented nanostructures and/or of combination of them 

with planar nanostructures show significantly enhanced in 

comparison with bulk and only planar Bi2Se3 nanostructures TE 

properties. 

In this work, a catalyst-free vapour-solid deposition technique 

was applied for controlled obtaining of different types of Bi2Se3 

nanostructures and continuous nanostructured layers for targeted 

applications. For example, separated Bi2Se3 nanoplates, nanobelts 

and nanowires can be used for investigations of TI properties; 

consisting from merged planar and/or randomly oriented 

nanostructures Bi2Se3 layers are useful for applications in 

heat-to-power conversion devices and infrared detectors. 

The vapour-solid deposition was carried out using quartz tube 

furnace (MTI Corp), equipped with an inert gas supply and 

pressure/temperature control system. Bi2Se3 

nanostructures/nanostructured layers of desired type were obtained 

by adjustment of synthesis parameters (process temperature, 

deposition time, pressure, carrier gas flow) and selection of 

deposition substrate (glass, quartz, mica, indiumtin-oxide, graphene 

and carbon nanotubes). 

Morphology, structure and composition of obtained Bi2Se3 

nanostructures and nanostructured layers were inspected using 

SEM, AFM, EDX and HRTEM techniques, as well as homebuild 

experimental setup for thermoelectric measurements. 

It was found that introducing of temporary carrier gas flow into 

the process tube during the synthesis and deposition substrate choice 

significantly influence nanostructures formation mechanism. 

Electrical, thermoelectric and topological insulator properties of 

different types of deposited Bi2Se3 nanostructures and 

nanostructured coatings are characterized as function of thickness 

and discussed. 

 

 
J. Andzane, G, Kunakova, M. Baitimirova, M. Marnauza, D. Erts are with 

the Institute of Chemical Physics, University of Latvia, LV-1586, Riga, 

Latvia (e-mail: jana.andzane@lu.lv, donats.erts@lu.lv). 
F. Lombardi is with Department of Microtechnology and Nanoscience, 

Chalmers University of Technology, SE-41296, Göteborg,, Sweden (e-mail: 

floriana.lombardi@chalmers.se). 

Keywords—Bismuth selenide, nanostructures, topological 

insulator, vapour-solid deposition. 

Different Types of Bismuth Selenide 

Nanostructures for Targeted Applications: 

Synthesis and Properties 
Jana Andzane, Gunta Kunakova, Margarita Baitimirova, Mikelis Marnauza, Floriana Lombardi, Donats 

Erts 

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1542



 

 

  

Abstract— In this paper, the method of optimization algorithm for 

sensor network comprised of movable sensor nodes which can be used 

for odor source localization was proposed. A sensor node is composed 

of an odor sensor, an anemometer and a wireless communication 

module. The odor intensity measured from the sensor nodes are sent to 

the processor to perform the localization based on optimization 

algorithm by which the odor source localization map is obtained as a 

result. The map can represent the exact position of the odor source or 

show the direction toward it remotely. The proposed method was 

experimentally validated by creating the odor source localization map 

using three, four, and five sensor nodes in which the accuracy to 

predict the position of the odor source can be observed. 

 

Keywords— odor sensor, odor source localization, optimization, 

sensor network 

I. INTRODUCTION 

lfaction is one of the important means for creatures by 

which they live and experience the world. For example, 

animals use olfactory cues to find food and identify its 

freshness, recognize individuals or conspecifics, avoid danger, 

and trigger mating behavior for sexual reproduction [1], [2]. 

Those successful examples have encouraged the development 

of odor sensors which can be used to detect the presence of 

odors and measure their intensities.  

Due to the widespread of the study on odor sensing, the 

amount of researches in the field of odor source localization has 

also grown substantially [3]–[5]. The latter topic attracts 

research attention as it can be used for similar purposes to the 

examples in nature, for example, by realizing the accurate and 

reliable odor source localization system, it is possible to 

identify the position of the sources of fire [6], toxic gases leak 

[7], and pollutant gas emission [8]. It is also expected to be used 

for finding survivals under wreckages [9], explosive substances 

[10], and chemical weapons [11]. 

Existing method of odor source localization can be 

categorized into two main approaches: approach with mobile 
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sensors which is also called active olfaction [12]–[14] and 

approach with stationary sensors [15].  

The former utilizes one or more mobile robots equipped with 

odor and wind sensors to track down the odor plume with the 

moving direction based on the information of odor intensity 

gradient and wind direction obtained from the sensors until the 

robots reach the odor source. Due to the robot movement, this 

approach is robust against turbulence and complex odor 

intensity distribution. However, the result excessively relies on 

the movement of robot and environment. Moreover, it is 

particularly difficult to track down the instantaneous odor 

source [16]. 

The latter approach utilizes a network of the spatially 

distributed stationary sensors. Information of the odor 

intensities and wind direction obtained from each sensor are 

processed concurrently to identify the position the odor source. 

This approach can locate an instantaneous source remotely 

without the requirement to move the sensors. However, the 

drawback of this approach is that the emission rate of the odor 

source should be assumed to be unchanged and the result is 

strongly affected by the turbulence [16]. 

To overcome the limitations of the two main approaches, in 

this study, an optimization algorithm for the sensor network 

comprised of movable sensor nodes for odor source 

localization was proposed. While two and three sensor nodes 

were used in our previous work [17], three, four, and five 

sensor nodes were used in the experiment in this study.  The 

localization results obtained from different arrangements of the 

sensor nodes were evaluated to investigate the validity of the 

proposed concept.   

II. METHODOLOGY 

A. Movable Sensor Network 

The concept of using a movable sensor network proposed in 

this study is shown in Fig. 1. Each sensor node is comprised of 

an odor sensor, an anemometer, and a wireless communication 

module. The measurement data obtained from each sensor node 

are sent to the central processor via wireless communication by 

which the optimization algorithm is performed to determine the 

possibility to be the odor source position of each position 

throughout the area.  After the processing, the sensor nodes will 

move into the direction toward the area with a lot of positions 

with high possibilities to be the emission source in an 

appropriate alignment. The movement, measurement, data 

sending, and processing are performed repetitively until the 
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sensor nodes can localize the exact position of the odor source.  
 

 
Fig. 1 Concept of odor source localization using movable sensor 

network 

B. Odor Intensity Distribution Model 

In the processing stage, the obtained measurement data from 

the sensor nodes are then compared with the gas distribution 

model to form the odor plume structure. The gas distribution in 

the real environment is complicated as the gas concentration 

and wind speed and direction at each position largely fluctuates 

due to air turbulence. However, in this introductory study, the 

air flow was assumed to be unidirectional, the time-averaged 

wind speed was assumed to be constant, and the wind 

turbulence was assumed to be isotropic and homogeneous for 

simplicity. Under these conditions, the gas concentration at 

each position can be calculated by using a relatively simple 

turbulent diffusion equation. If the gas source is located on the 

floor, the time-averaged gas intensity in two dimensions, 
0

C , at 

the point ( , )x y  is given by (1) [18]:  

 

( )
( )

2
0

2
,

4

s

U
d x

K

s

q
C x y e

Kdp

- -D

=
 (1) 

where 

( ) ( )
2 2

s s sd x x y y= - + -  (2) 

and 

( ) ( )cos sins sx x x y yq qD = - + -  (3) 

where q  is the gas emission rate, K is the turbulent diffusion 

coefficient, U is the wind speed, q  is the angle from the x–axis 

to the upwind direction. 

C. Odor Source Localization Technique Using Optimization 

The optimization approach proposed in this study can be 

expected to identify the position of the odor source remotely 

based on the information obtained from sensor nodes. In this 

approach, an unconstrained nonlinear optimization technique 

[19] was used to adopt (1) so that the calculated result of the 

odor source position ˆ ˆ( , )
s s

x y , at which sum of the absolute 

value of intensity error between 
0

C  and 
i

C  shown in (4) is 

minimum, when the sensor nodes were placed at ( , )
i i

x y , can 

be identified.  
 

( ) 0
, 1

ˆ ˆ, argmin ( , : , ) ( , : , )
sa sa

N

s s s s sa sai i i i i
x y i

x y C x y x y C x y x y
=

= -å  (4) 

 

where N  is the number of sensor nodes, 
0

C  is the odor 

intensity at point ( , )
i i

x y  as a consequent of the actual odor 

source located at point ( , )
s s

x y , and 
i

C  is the odor intensity at 

point ( , )
i i

x y  as a consequent of the assumed odor source 

located at point ( , )
sa sa

x y . 

III. EXPERIMENTS AND RESULTS 

A. Odor Intensity Distribution Measurement 

Even though robots were used to move the sensors [20] as 

the proposed concept is expected to be used for online 

measurement, the sensor nodes were moved manually in this 

study so that the alignment of the sensor nodes and its 

corresponding result can be focused. The sensor node used in 

this study comprises of a PID detector (ppbRAE3000, RAE 

System) and a thermal anemometer (ISA-12, Sibata). Even 

though the sensor nodes should work cooperatively via wireless 

communication, in this experiment the measured data was 

stored into a memory and they were sent to the processor 

manually. All processing in this study was performed using 

MATLAB 2015b on windows 10 platform. 

In the experiment, an odor intensity and wind speed and 

direction at  specific positions in a closed room were 

measured by a PID detector and an anemometer. The 

dimension and actual appearance of the experimental area are 

shown in Fig. 2(a) and 2(b), respectively. The measurement 

points were demonstrated by the blue crosses.  The odor source 

used in the experiment was situated on the floor. It was 

composed of a bubbler filled with 99.5% ethanol connected 

with an air pump and a flow meter. The flow rate was set to 9 

L/min. A fan was used to create wind. The odor had been 

emitted for 2 minutes before the measurement started. The 

intensity measurement at each position was performed for 10 s. 

The time-averaged measured intensities from all  positions 

were then used to plot an odor intensity distribution. The plot 

was then processed by using linear interpolation to increase the 

data resolution from 71 cm to 1 cm. The obtained result is 

shown in Fig. 3.   

As various parameters in the odor distribution model used in 

this study were assumed for simplicity, the evaluation of the 

validity of the simplified distribution model is required. The 

actual parameters in the experiment were substituted into (1) - 

(3) to form a plume model. The result of the calculation is 

shown in Fig. 4. Since the conformity of the measurement and 

calculation results can be observed, the validity of the 

simplified odor distribution model was confirmed. 
 

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1544



 

 

 
(a) 

 
(b) 

Fig. 2 (a) Dimension of the experimental area and (b) actual 

appearance of the experimental area 

B. Odor Source Localization 

Since the validity of the simplified odor distribution model 

used in this study was confirmed in the previous section, from 

this step, the spatial odor intensity distribution obtained from 

(1) was used as a raw data in the localization process. In this 

step, two sensor nodes were used and the odor source was 

placed at position ( , )
s s

x y  indicated by the red sphere in Fig. 

2(a). A sensor node was fixed at position 1 1( 142, 0)A x y= =

indicated in Fig. 2(b) while another node was moved through 

all other position.   

 
Fig. 3 Time-averaged spatial odor intensity distribution obtained from 

the measurement 
 

 
Fig. 4 Spatial odor intensity distribution obtained from (1)–(3) 

 

Euclidean distance between the position of the actual odor 

source ( , )
s s

x y  and the calculated result of the odor source  

position ˆ ˆ( , )
s s

x y  in when the position of the second sensor 

node is varied was calculated. The summarized result is shown 

in Table I. Each row and column in the table corresponds with 

all positions indicated by blue spheres in Fig. 2. 

According to the result, when the second sensor node was 

moved to some position, the zero Euclidean distance of the 

error can be observed. Therefore, it can be concluded that the 

proposed optimization technique can localize the position of 

the odor source accurately and remotely before reaching it if the 

sensor nodes in the network are situated at the proper positions. 
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TABLE I 

EUCLIDEAN DISTANCE BETWEEN POSITION OF ACTUAL ODOR SOURCE AND 

CALCULATED RESULT OF ODOR SOURCE POSITION AT EACH POSITION OF 

SECOND SENSOR NODE WHEN FIRST SENSOR NODE IS FIXED AT POINT A (UNIT 

: %) 

 X2 

Y2 

17.556 17.556 17.556 15.720 17.556 17.556 17.556 

17.556 17.556 0 7.408 0 17.556 17.556 
17.556 17.556 0 0.001 0 17.556 17.556 

17.556 17.556 0 0 0 17.556 17.556 

17.556 17.556 0 0 0.01 17.509 17.556 
17.556 16.980 A 0 0 16.714 - 

C. Investigation of Sensor Node Alignment 

The previous section shows that the proposed optimization 

technique can be used to localize the position of the odor source 

accurately and remotely if the sensor nodes are situated at the 

proper positions. Therefore, suitable alignment of the sensor 

nodes was investigated in this section. 

 

 
 

 
Fig. 5 The odor source localization maps obtained from optimization 

technique using three sensors with various alignments 

In the experiment, (1) was used to calculate a spatial odor 

intensity distribution at  positions in the 10 x 20 m area. 

The calculated intensity distribution was used as a raw data in 

this step. The data resolution was 5 cm. The odor source was 

located at position ( 209, 520)
ssx y= = . Data obtained from 

the sensor nodes were then fitted into the equation using an 

unconstrained nonlinear optimization technique to reach for 

optimal K  and q . 

Sum of the absolute value of intensity error between the intensity at 

the sensor node position   as a consequent of the actual odor source 

located at point   and the intensity at the sensor node position   as a 

consequent of the calculated result of the odor source position   while 

the position of   was varied through all 80,000 positions in the area 

were calculated as in (5)–(6) to create an odor source localization map 

which shows the possibility to be the odor source of any positions in 

the whole area. 

 

( ) 0
, 1

: , : ,ˆˆ ˆ ˆ, argmin ( , : , ) ( , : , )
a a

a a

N

i i s s i i i s s
q K i

q K q Kq K C x y x y C x y x y
=

= -å  (5) 

 

0
1

: , : ,ˆ ˆ( , : , ) ( , : , )
a a

N

i i s s i i i s s
i

q K q KC C x y x y C x y x y
=

D = -å  (6) 

  

 
 

 
Fig. 6 The odor source localization maps obtained from optimization 

technique using four sensors with various alignments 
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Fig. 7 The odor source localization maps obtained from optimization 

technique using five sensors with various alignments 

 

In the experiment, three, four, and five sensor nodes were 

used and their placement were varied. The result of odor source 

localization maps in various alignment are shown in Fig. 5–7 in 

which the wind travels in opposite direction with y–axis, the 

position of the actual odor source is demonstrated by the red 

sphere, and positions of the sensor nodes are demonstrated by 

the green spheres, respectively.  

In the map, the positions with high possibility to be the odor 

source are colored dark blue. The positions with lower 

possibility to be the odor source are colored light blue, green, 

light green, yellow, orange, and red, respectively. The 

positions with highest possibility to be the odor source are 

colored white. 

According to the result, the odor source localization map 

which shows the possibility to be the odor source of any 

positions in the whole area can be realized. The white area 

becomes smaller when the number of sensor node is increased. 

Thus, it can be concluded that using four sensor nodes can 

obtain more accurate result than using three nodes and the 

accuracy can be more slightly increased if the number of 

sensor nodes is increased to five. The accuracy of the obtained 

results was improved from our previous work [17] in which 

two and three sensor nodes were used two and three sensor 

nodes were used 

Moreover, it can be observed that the more sensor nodes are 

in the exact downwind direction from the odor source, the 

more accurate result can be obtained. However, even though 

the sensor nodes are slipped from the exact downwind 

direction from the odor source, the odor source localization 

map still shows the roughly direction to which the sensor 

nodes should be moved. Thus, by repetitively perform the 

movement, measurement, data sending, and optimization 

process, the sensor nodes are expected to be able to eventually 

localize the exact position of the odor source.  

IV. CONCLUSIONS 

The approach of using optimization technique for sensor 

network composed of movable sensor nodes which can be used 

for remote odor source localization was proposed. The 

information of odor intensity obtained from the sensor nodes 

are processed by optimization algorithm to create the odor 

source localization map which shows the possibility to be the 

odor source of the position throughout the area so that the exact 

position of the odor source can be localized or the direction 

toward the odor source can be demonstrated. In the latter case, 

the process will be performed repetitively until the exact 

position of the odor source can be identified. The effectiveness 

of the proposed method in 10 x 20 m area was verified. 

The experimental result shows that the accuracy of the 

proposed concept can be improved by increasing the number of 

sensor nodes. However, since the processing time also 

considerably increases in accordance with the added number of 

sensor nodes, the optimized number of the nodes is required to 

be investigated further for practical usage. Furthermore, even 

though an aim of this study is to overcome the drawbacks of the 

conventional methodologies, the emission rate of the odor 

source and wind related parameters in this study was still 

assumed to be unchanged as it is still in introductory stage.  

 In the next study, the odor source localization under plume 

fluctuation and the algorithm to determine the movement 

procedure based on the obtained odor source localization map 

will be investigated.  
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 
Abstract—By the development of IT systems, human-computer 

interaction is also developing even faster and newer communication 
methods become available in human-machine interaction. In this 
article, the application of a hand gesture controlled human-computer 
interface is being introduced through the example of a mobile robot. 
The control of the mobile robot is implemented in a realistic virtual 
environment that is advantageous regarding the aspect of different 
tests, parallel examinations, so the purchase of expensive equipment 
is unnecessary. The usability of the implemented hand gesture control 
has been evaluated by test subjects. According to the opinion of the 
testing subjects, the system can be well used, and its application 
would be recommended on other application fields too. 

 
Keywords—Human-machine interface, hand control, mobile 

robot, virtual environment.  

I. INTRODUCTION 

UMAN-machine relationships mean the interaction 
between users and different devices, most likely 

computers, where the tool of connection between human and 
computer is the User Interface (UI), which contain both the 
software and the hardware. The human-machine interaction 
examines the human and the computer together.  

The usability of devices used nowadays is more important 
than features available in them, furthermore, the creation of 
such control panels, like human-computer interfaces (HCI) are 
getting more and more important, overshadowing features 
more emphasized in the past. 

The proper design of human-machine interaction may still 
have its limits, even unwanted misunderstandings might occur, 
so interface designers need to create such multimodality 
computer systems and interfaces that help minimizing these 
misunderstandings, and that are easier-to-use, their usage can 
be learnt without professional knowledge, achieving the 
smooth handling of interfaces. As a summary, in the future, 
the design of such an interface would be important, such that 
can be integrated into devices and enable good handling; 
nowadays, we still do not have a universal solution. 

In order to solve the problem, human-machine interface 
based solutions are at the centre of researches on such crucial 
areas like modernization of nuclear power plants and 
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improvement of their security [1]-[3], supporting the everyday 
life of disabled people by the remote control of equipment [4]-
[7], control of vehicles even in real-time by remote control 
[8]-[10], and solving simulation tasks [11]. Besides that, we 
can also meet that on such fields, like the Internet of Things 
[12], or virtual reality [13], [15]. 

The reason for the research is to create such a human-
machine interface based test system, which is able to move a 
mobile robot by gesture control. For achieving the goals of the 
research, the so-called Leap Motion gesture controller unit, 
having been developed by Leap Motion Inc. since 2010, was 
applied, and an interactive ‘native’ graphic programming 
environment, the Robotino View, the Robotino Sim Demo 
simulation software, that realistically models the motion of a 
mobile robot in a virtual 3D environment [16], [17], a self-
developed software that processes, evaluates and transforms 
data arriving from the gesture controller unit into the 
information required to move the mobile robot. The developed 
virtual test environment also has many opportunities for 
educational aspects [18], [19]. At the end of the article, the 
evaluation of the usability of the designed test environment, 
and conclusions made from the results are published. 

The article presents an attempt to integrate independently 
implemented software artifacts into one system, using existing 
parts: Leap Motion controller and Festo Robotino mobile 
robot device. Data from Leap Motion is used to navigate the 
Festo Robotino mobile robot. 

II. APPLIED DEVICES AND TECHNOLOGIES 

In order to comply with the requirements of the research, 
modern architecture devices and technologies have been 
applied and introduced in detail below. 

A. Leap Motion 

There are several working analogical motion sensing 
solutions such as the Kinect, and the Xtion Pro gesture 
recognition could be comfortable, but these devices focus 
more on body action. 

The Leap Motion Inc. has been developing the so-called 
Leap Motion controller since 2010, whose goal is to reform 
human-computer interaction; moreover, the Leap Motion is 
small, and has low power dissipation and high precision [14]. 

The Leap Motion can serve as an excellent replacement of 
Kinect as a fast development opportunity for desktop 
applications of motion sensing technology. 

B. System’s Design 

The control unit’s design is a rounded aluminum cuboid, 
equipped with glossy black cover and rubber sole, its size is 
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smaller than an average computer mouse, it is approximately 
eight centimeters long. (Fig. 1) Thanks to the rubber sole, it 
sticks well on the table, and thus, there is no need to be 
concerned that the detector’s own cable grabs it from its 
position. 

 

 

Fig. 1 The 3-inch Leap Motion Controller with a glossy black face 
complimented by a smooth silver bezel 

C. Communication from Leap Motion to Computer 

The device connects to the computer via a USB 3.0 port, 
which provides its power supply and data exchange. The 
control unit’s minimum system requirements contain AMD 
Phenom II or Nehalem architecture Intel processor and 2 
gigabytes of RAM. 

D. Operation Principle 

The system applies three infrared LEDs and two 
monochrome infrared cameras to detect infrared light reflected 
from the hands, at 300 fps speed, they cover an approximately 
1 meter diameter, almost semi-sphere shaped area, and the 
device can record not only the motion of our hand, but also the 
motion of each finger separately, so a computer can be 
controlled by smooth motoric motion. 

The Leap Motion examines the environment on a much 
smaller area, but at a much higher resolution, thus enabling the 
separate tracking of fingers. If we perform hand and finger 
motions on the covered area, the system will recognize that as 
some kind of spatial position data, and execute the orders 
rendered to the gesture. The detector forwards the taken 
images to the computer, where the Leap Motion software 
processes the images of the two cameras by mathematical 
algorithms, so from the 2D sources, it can calculate 3D values 
regarding image position, this way managing the control. The 
program related to the device can be downloaded from the 
manufacturer’s website, and following installation, Leap 
Motion can be used within minutes. Following the first switch 
on, the program guides through the basics of control, holding 
our hand above the detector, we can see its wireframe on the 
display, or we may draw by moving our fingers in the air (Fig. 
2). 

 

 

Fig. 2 Motion-controlled 

E. Festo Robotino 

Festo Robotino is a mobile robot system manufactured by 
Festo, which plays a major role in several researches. In Fig. 
3, the Robotino itself is shown. 

 

  

Fig. 3 Festo Robotino mobile robot 
 

The completely functional mobile robot’s central control 
unit is an embedded PC and a CompactFlash card, on which 
the Linux operation system specialized for the robot and the 
controller programs can be found. The control unit can be 
reached via Wireless LAN. The basics of controlling to all 
directions is enabled by the so-called omnidrive, which 
consists of three separate omni wheels placed into 120° 
angles, driven by a DC motor controlled by the omnidrive 
unit. Its advantage is that the robot is able to move from a 
specific starting point on any tracks, even rotating around 
itself. The omnidrive has got three inputs: 
1) Vx [mm/s] (float) velocity; 
2) Vy [mm/s] (float) velocity; 
3) angle rotation velocity – omega [deg/s] (float), and three 

outputs, that define the velocity of each motor. 
The block controlling the velocity of the motors controls the 

acceleration and brake of each motor using PID control. 
The Robotino is equipped with several sensors, such as 

rubberized collision detector, infrared distance detector, 
encoder, VGA resolution camera, but it can be upgraded with 
any kind of sensors via the digital and analog I/O interface, or 
any other peripheries. The Robotino can be programmed in 
C++-ban, JAVA, .Net, MATLAB, but can be controlled in 
LabVIEW, or Robotino View programs. If properly 
programmed, it can autonomously perform the tasks. 

F. Robotino View 

The Robotino View (Fig. 5) is an interactive ‘native’ 
graphic programming environment, which is provided by 
Festo for the robot; it has got a user-friendly GUI and can be 
easily learnt through pre-defined examples. 

The program can be downloaded for free from Festo’s 
Didactic website. In the function block development 
environment control, image processing, logic, vector-algebra 
etc. objects are available, enabling complex control. In the 
Robotino View program, both blocks supporting image 
processing, oscilloscope and objects required for monitoring 
and controlling the change of detected signals in time are 
available. Instruction blocks may be executed sequentially 
(after each other) or iterated (repeatedly), and the execution of 
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the instruction depending on selection condition is also 
possible. 

 

 

 

Fig. 4 Robotino View 
 

 

Fig. 5 Robotino Sim Demo 
 
The program has two view options; the first one is the so-

called “Subprogram view”. Here we have to work with such 
components that control each task of the robot (e.g. motion, 
reception of built-in detectors, camera image processing etc.). 
The second view is the so-called “Main program view”, where 
we can provide the quit conditions and execution sequences of 
different sub-programs. The development environment 
enables creating a data connection from external program via 
TCP/IP and UDP connection. 

G. Robotino Sim Demo 

The Robotino® Sim (Fig. 5) is a robot simulation software 
that realistically models the robot’s motion in virtual 3D 
environment, which can be very useful during several 
developments. The Robotino simulation model contains 

everything as the real robot. In order to properly use the 
software, we need a video card with at least 128 MB RAM, 
supporting OpenGL. 

III. IMPLEMENTATION THE MOBILE ROBOT CONTROL SOFTWARE 

Among the goals described in the introduction, 
development of such an application can be found that enables 
the navigation of the Festo Robotino mobile robot by Leap 
Motion based hand gesture control. The implementation of 
data processing application has been made by C# high-level 
program language, while the application enabling the motion 
of the mobile robot in virtual environment according to 
evaluated data has been implemented in the Robotino View 
development environment. 

The Leap Motion SDK specifies how and under what 
conditions they have received the data coming from the Leap 
Motion control unit. Using the official SDK and the driver of 
Leap Motion we were able to specify how process data 
provided by device control unit. The device sends hand action 
information periodically while it is turned on. Packages 
information is called a frame. With sensor information ID for 
instance Frame::hand() and Frame:finger() functions can be 
used or override if necessary. UDP server was used to forward 
the data to Robotino View for further processing. 
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A. Design 

Following requirement definition, we created the software 
structures, data structures and algorithm descriptions to be 
implemented. The planning was not performed sequentially, 
so step-by-step, but in an iterative way, several versions were 
developed, and we were making continuous backsteps to 
correct former plans. To design the logic plan, we chose an 
easy-to-read and follow flow chart, while the UML (Unified 
Modelling Language) supporting object-oriented paradigm 
was applied in planning static and dynamic components in 
time. As the end-result of the planning process, such 
algorithms and data structures to be implemented became 
available - whose application enabled the effective production 
of application code. 

B. The Application’s Logic Plan at a Glance 

As the first step of the planning, the system’s logic plan was 
made using flow chart, as shown in Fig. 6. 

C. The Application’s Static UML Class Chart (Detail) 

To create the static model, we applied the most commonly 
used chart type in UML, the class chart, where we showed the 
system components static items, and thus, we could easily 
examine static items during running the application. The 
simplified class chart of the application can be read in Fig. 7. 

D. Implementation 

The application’s implementation performed during 
implementation and integration according to formerly created 
plans, in C# program language, in the Microsoft Visual Studio 
software development environment. The application runs in 
the background, for its current functionality, no control panel 
is necessary. 

Integration is one of the important phases of development, 
when independently implemented and tested program parts are 
assembled into a complete system. 

 

 

Fig. 6 The system’s logic plan at glance 
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Fig. 7 The application’s static UML class chart (part) 
 

The now implemented application is built up from seven 
classes that are placed in one project. In the project, the 
addition of the so-called LeapCSharp.NET.3.5 DLL file as a 
reference was inevitable to manage data provided by the Leap 
Motion hardware. Furthermore, the DLL file embedded into 
the code base as a name space contains such class and function 
libraries already written by the manufacturer of the Leap 
Motion device that strongly support development. Following 
making the code base, the test environment was being tested. 

IV. RESULTS 

The students were asked to fill in a questionnaire about the 
system. An eight-question survey was administered to students 
to elicit their opinion of the system, using a five-point Likert-
type scale of “A”: Strongly Agree; “B”: Agree; “C”: Unsure; 
“D”: Disagree; and “E”: Strongly Disagree). 

In the examination of the implemented test environment, 14 
test subjects participated, who were university students 
between the age of 18 years and 25 years. 

Fig. 8 gives the mean of the results for each question, as 
asked of the university students. The students were asked 
about their experiences regarding the implemented system. 
Based on the answers given for the questions, it can be stated 
that the opinion of students about the implemented system and 
the gesture handle technology was very positive. In their 
opinion, the system was interesting, it helped them to use and 
learn the basics of Leap Motion to navigate a mobile robot. 
The system topic was interesting to 85% of the asked students 
and 100% strongly recommended that the grasping gesture 
should be adapted to different applications. 

In the beginning of the testing, we asked the students to rate 
the system’s usability on a scale ranging from 1 to 5, then 
repeat that after practicing for about 10-15 minutes. The result 
is shown on Table I. 

      

(a)                                                (b) 
 

  

(c)                                                             (d) 
 

  

(e)                                                             (f) 
 

  

(g)                                                                (h) 

Fig. 8 Responses to the system questionnaire. (a) Q1: Did you find 
the implemented system interesting? (b) Q2: Was it difficult to learn 

the usage of Leap Motion? (c) Q3: Was mobile robot navigation 
system practical and efficient by using Leap Motion? (d) Q4: Is it 
possible to use Leap Motion instead of Kinetic to play games? (e) 
Q5: Can gesture handle adaptable in the daily life area? (f) Q6: Do 
you suggest that the grasping gesture should be adapted to different 

applications? (g) Q7: Were you satisfied with the system? (h) Q8: Do 
you think the gesture based control system can be more popular and 

attractive than traditional ways in the future? 

Listener

FrameHandlerOfListener

- CObject: Controller = new Controller()

~ FrameHandler(Controller): void
+ OnConnect(Controller): void
+ OnDisconnect(Controller): void
+ OnExit(Controller): void
+ OnFrame(Controller): void
+ OnInit(Controller): void

«property»
+ ControllerObject(): Controller

«event»
~ FrameReady(): FrameHandler

RobotAssistant

+ ExternMovementEvent(long, long, long, long, long): void
- GetMovementPos(RobotPoint*): bool
+ GetMovementPosition(): RobotPoint
+ MovementEvent(RobotEventFlags): void
+ MovementEvent(RobotEventFlags, long): void
- SetRobotPos(int, int): bool
+ SetRobotPosition(int, int): void
+ SetRobotPosition(RobotPoint): void

«struct»
RobotAssistant::

RobotPoint

+ X: int
+ Y: int

+ RobotPoint(int, int)
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TABLE I 
MOBIL ROBOT MOVEMENT USABILITY TEST 

Evaluation at the beginning Evaluation after practice 

Test subjects Usability1 Test subjects Usability1 

1. 4 1. 5 

2. 3 2. 4 

3. 3 3. 4 

4. 2 4. 3 

5. 5 5. 5 

6. 3 6. 4 

7. 4 7. 4 

Average 3.502 Average 4.142 
1The maximum mark was 5. 1 = unusable, 2 = hardly usable, 3 = usable, 4 

= well-usable, 5 = excellent usable 
2Average of the complete sample 
 

We can get the conclusion from the results that according to 
the seven questioned test subjects, the test environment is 
usable, with a bit better result than average. There were such 
test subjects, who had difficulties in moving the mobile robot 
in the beginning, but others could easily move the mobile 
robot right at the beginning. Following 10-15 minutes of 
practice, according to the opinion of the test subjects, the 
system’s usability improved by 0.72 points, so the ‘usable’ 
rating changed to ‘well-usable’. Of course, the use of the 
system was not perfect though, the systems needs further fine 
tuning. 

V.  CONCLUSION 

The application of a hand gesture controlled HCI was 
introduced in the article regarding the control of a mobile 
robot. The control of the mobile robot was implemented by the 
Leap Motion hand position detection system. The mobile 
robot’s control was tested in realistic virtual environment. The 
implemented manual gesture control, as the usability of HCI 
based control, was examined by test subjects. According to the 
feedback given by the test subjects, the system can be handled 
well following a little practice. After performing the 
examination, according to the feedback given by the test 
subjects, the system’s application also on other application 
fields would be useful. As a summary, by the development of 
IT systems, human-computer interaction is being developed to 
an even greater extent, and in the future, new communication 
methods will be available in human-computer interaction. 
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 
Abstract—Dynamic analysis of composite doubly curved panels 

with variable thickness subjected to different pulse types using 
Differential Quadrature method (DQM) is presented in this study. 
Panels with variable thickness are used in the construction of 
aerospace and marine industry. Giving variable thickness to panels 
can allow the designer to get optimum structural efficiency. For this 
reason, estimating the response of variable thickness panels is very 
important to design more reliable structures under dynamic loads. 
Dynamic equations for composite panels with variable thickness are 
obtained using virtual work principle. Partial derivatives in the 
equation of motion are expressed with DQM and Newmark average 
acceleration scheme is used for temporal discretization. Several 
examples are used to highlight the effectiveness of the proposed 
method. Results are compared with finite element method. Effects of 
taper ratios, boundary conditions and loading type on the response of 
composite panel are investigated.  
 

Keywords—Differential quadrature method, doubly curved 
panels, laminated composite materials, small displacement. 

I. INTRODUCTION 

HE usage of fiber reinforced composite shells is highly 
demanded for structural applications especially in the field 

of aircraft structures, space stations, automobiles, ships, 
submarines. Composite materials have attracted significant 
attentions due to their specific properties such as high 
strength-to-weight and stiffness-to-weight ratios, corrosion 
resistance, longer fatigue life, stealth characteristics and most 
importantly tailoring of these structures for desired usage area. 
The anisotropic behavior and bending-stretching coupling of 
composite structures create difficulties for the analysis of 
composite shells. Therefore, understanding the behavior of 
these structures under different type of loading is very 

important to enable safe and economical designs.  
Most of the studies on the literature about tapered plate and 

panels have been limited to static, free vibration and buckling 
analysis. Ganesan and Rasul [1] studied buckling analysis of 
tapered laminated shells considering uniaxial compression 
using Ritz method based on different first order shell theories. 
A comprehensive parametric study including boundary 
conditions, stacking sequence, taper configurations, radius and 
geometric parameters of the shells has been done in this 
research. Ashaur [2] applied finite strip technique in 
conjunction with the transition matrix to examine the vibration 
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of orthotropic tapered plates for different taper ratio, aspect 
ratio and different combinations of boundary conditions. 
Turvey [3] examined large deflection static analysis of thin 
tapered square plates with simply supported boundary 
conditions by using dynamic relaxation method. Javed et al. 
[4] carried out free vibration of anti-symmetric angle-ply 
composite plates with variable thickness using spline function 
approximation by taking parameter of material properties, ply 
orientation, number of lay ups, aspect ratio and coefficients of 
thickness variations. Bert and Malik [5] presented the free 
vibration analysis of rectangular tapered plates having simply 
supported conditions at two opposite edges and general 
boundary conditions at the other two edges by DQM which is 
firstly introduced by Bert as a tool for structural analysis. 
Babu et al. [6] investigated dynamic analysis of various 
configurations thickness tapered laminated composite plate by 
experimental study and validation of the developed finite 
element formulations. Kobayashi et al. [7] surveyed buckling 
problem of uniaxially compressed rectangular tapered plates 
by a power series method. The influences of thickness 
variation, plate aspect ratios, and boundary conditions on the 
buckling load have been taken as parameters in the survey. 
Civalek [8] solved free vibration problems of isotropic and 
orthotropic rectangular tapered plates by coupling discrete 
singular convolution (DSC). Torbabene et al. [9] studied 
natural frequencies of doubly curved shells with variable 
thickness taking into account various higher order Equivalent 
Single Layer theories using Generalized DQM.  

As it can be seen from the literature survey, there are many 
studies about the static, free vibration and buckling analysis of 
moderately thick laminated composite plates. However, there 
is very limited study for the dynamic behavior of laminated 
composite panel with variable thickness in the literature. The 
purpose of this study is to examine the dynamic analysis of 
composite doubly curved panels with variable thickness 
subjected to different pulse types using DQM. Numerical 
results are presented to understand the behavior of the panels 
by changing taper ratios, boundary conditions and loading 
type and are compared with the commercial finite element 
program ANSYS. Virtual work principle is used to derive the 
governing differential equations. Partial derivatives in the 
equation of motion are expressed with Lagrange polynomials 
and time integration is carried out using Newmark average 
acceleration method for dynamic analysis. First-order shear 
deformation theory in association with an extension of linear 
strain-displacement relationships is used to consider the 
transverse shear effect through thickness direction.  

İ. Algul, G. Akgun, H. Kurtaran 

Dynamic Analysis of Composite Doubly Curved 
Panels with Variable Thickness  

T
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II. STATEMENT OF THE PROBLEM 

A doubly curved composite panel composed of orthotropic 
layers with varying thickness h(x), length a and width b is 
given in Fig. 1. The x, y and z stated the orthogonal curvilinear 
coordinate system attached to the middle surface of the shell 
(z=0). Rx and Ry are denoted the principal radius of the middle 
surface of the panel curvature. h(x) indicates thickness 
function varying through the x direction and is linearly 
expressed as shown in (1): 

 

݄ሺݔሻ ൌ ݄଴. ሺ1 ൅ ߚ
௫

௔
ሻ  (1) 

 

 

Fig. 1 Doubly curved panel with varying thickness  
 

The displacement field at general point (x, y and z) of the 
panel at t time based on first-order shear deformation theory 
may be written as: 
 
,ݔሺݑ ,ݕ ,ݖ ሻݐ ൌ ,ݔ଴ሺݑ ,ݕ ሻݐ ൅ .ݖ ,ݔ௫ሺߠ ,ݕ   ሻݐ
,ݔሺݒ ,ݕ ,ݖ ሻݐ ൌ ,ݔ଴ሺݒ ,ݕ ሻݐ ൅ .ݖ ,ݔ௬ሺߠ ,ݕ  ሻݐ
,ݔሺݓ ,ݕ ,ݖ ሻݐ ൌ ,ݔ଴ሺݓ ,ݕ  ሻݐ

 (2) 

 
where u0, v0, w0 are the displacement field of a point on the 
middle surface of the shell along the x, y and z axes, 
respectively. θx and θy are the rotations around the y and x 
axes, respectively and come from the rotations of the shell. 

The strain-displacement relations for the doubly curved 
panels using the displacement fields in (2) from the theory of 
elasticity in curvilinear coordinates are given below [10]: 
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Virtual work principle to obtain the dynamic equilibrium 

equations of tapered panel in curvilinear coordinate system is 
written as: 

 

ܷߜ ൅ ܶߜ െ ܹߜ ൌ 0  (4) 
 
 specify respectively the virtual potential work ܹߜ and ܶߜ ,ܷߜ
of internal forces caused by internal stress, the virtual work 
done by the inertia forces caused by accelerations and the 
work done by the distributed load. The governing equilibrium 
equations are obtained as: 
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Here, Nx, Ny, Nxy are the in-plane force resultants, Mx, My, Mxy 
are the in-plane moment resultants and Qxy, Qyz are the 
transverse shear resultants, ܫ଴	, ,ଵܫ  are the mass moments of	ଶܫ
inertia and can be calculated as: 
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௡
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     (6) 

 
The governing differential equations in (5) are written in 

terms of displacement and rotations. Equation of motion for 
doubly curved panel can be shortly written in matrix form as  

 

ܯ ሷܷ ൅ ܷܭ ൌ  (7) ܨ
 
where M and K denote mass and stiffness matrix respectively. 
ሷܷ  and ܷ denote the acceleration and displacement vectors, 

respectively. Transient response can be calculated by using 
implicit Newmark constant average acceleration time 
integration scheme. 
 
ሷܷ ௡ାଵ ൌ ܿ଴ሺܷ௡ାଵ െ ܷ௡ሻ െ ܿଵ ሶܷ௡ െ ሷܷ௡  
ሶܷ ௡ାଵ ൌ ሶܷ௡ ൅ ሺ1 െ ሻ∆௧ߛ ሷܷ௡ ൅ ௧∆ߛ ሷܷ௡ାଵ 

(8) 

 
Expressing (6) in terms of displacement, velocity and 

acceleration and substituting (8) into (6) leads to the following 
algebraic equation  

 
ሾܿ଴ܯ ൅ ሿܷ௡ାଵܭ ൌ ௡ାଵܨ ൅ ሾܿ଴ܷ௡ܯ ൅ ܿଵ ሶܷ௡ ൅ ሷܷ௡ሿ (9) 

 

where c0=4/∆௧
ଶ, c1=4/∆௧, 0.5=ߛ is chosen for constant average 

acceleration method. The entire number of unknown 
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coefficients in terms of displacements for each time step in (7) 
is 5(M+1)(N+1). The governing differential equations are 
written for internal grid points and gives us 5(M-1)(N-1) 
equations. The boundary conditions give 10(M+1)+10(N-1) 
equations. It can be seen that total number of equations is 
equal to the total number of unknown coefficients and can be 
easily solved. Equation (7) is solved successively to find 
displacements at other time steps until final time is reached. 

III. NUMERICAL RESULTS AND DISCUSSIONS 

Equilibrium equations of composite doubly curved panels 
(Rx = Ry = R) of square plan-form are obtained using virtual 
work principle. A MATLAB code is written to solve derived 
equations by using DQM. Firstly, the written code accuracy is 
validated with finite element and different transient numerical 
examples are studied to analyze the effect of boundary 
conditions, thickness variation ratios and loading type. For all 
the transient examples, each lamina has the same thickness 
and composite panel dimensions are: a=b=0.24, h0=0.006 m, 
R/a=10. The stacking sequence is [0°/90°/0°]. Composite 
material properties are: E1=204 GPa, E2=18.5 GPa, G12=G13= 
G23=5.59 GPa, ρ=2100 kg/m3, ν12=0.23. Boundary condition 
types are prescribed as below: 
a) For simply supported type: 
x=0,a  ݑ଴ ൌ ଴ݒ ൌ ଴ݓ ൌ ௫ߠ ൌ  ௬ܯ
y=0,b  ݑ଴ ൌ ଴ݒ ൌ ଴ݓ ൌ ௬ߠ ൌ               ௫ܯ
b) For clamped type 
x=0,a  ݑ଴ ൌ ଴ݒ ൌ ଴ݓ ൌ ௫ߠ ൌ ௬ߠ ൌ 0 
y=0,b  ݑ଴ ൌ ଴ݒ ൌ ଴ݓ ൌ ௫ߠ ൌ ௬ߠ ൌ 0 

The numerical results presented for dynamic response of 
composite panel subjected to following different dynamic 
loading: 
a) Uniform step load:	ݍሺݐሻ ൌ ܳ 

b) Sine pulse: ݍሺݐሻ ൌ ቐ
݊݅ݏܳ ൬

ଶగ௧

௧೑
൰ 	for	ݐ ൑ ௙ݐ

0	for	ݐ ൒ ௙ݐ
 

c) Blast pulse: ݍሺݐሻ ൌ ቐ
ܳ ൬1 െ

௧

௧೑
൰ 	for	ݐ ൑ ௙ݐ

0	for	ݐ ൒ ௙ݐ
 

In all cases, maximum pressure value Q=106 Pa, time 
duration tf=0.004 s and time step t=0.0004 s are taken. For 
all the numerical results presented here, the displacement w, 
are computed at the middle of the panel and stress σx, are 
computed at the top of the composite panel (x=0, y=b/2). 
Nondimensional transverse displacement (w/h) and stress 
response of composite panel for thickness variation 0.7 ,0=ߚ, 
1.2 for both clamped and simply supported boundary 
conditions subjected to blast pulse are shown in Figs. 2-5. The 
results for simply supported boundary conditions under blast 
load with DQM are compared with the finite element results in 
Figs. 2 and 3 and similar results are achieved with the 
proposed method using 9x9 grid points. It is observed that 
amplitude of displacements in Figs. 2, 4 and stresses in Figs. 
3, 5 decreases and frequency of motion increases with the 
increasing taper ratios for simply support and clamped 
boundary conditions. The displacement values of the 

composite panel are much higher for simply supported 
boundary conditions than those for clamped boundary 
conditions under blast load. However, stress values occurred 
in composite panel structures are much higher for clamped 
boundary conditions than those for simply supported boundary 
conditions under blast load due to the constraints of clamped 
edges. Nondimensional transverse displacements and stress 
responses of composite panel subjected to sinus pulse and step 
pulse are shown in Figs. 6-9 and Figs. 10-13, respectively for 
thickness variation 1.2 ,0.7 ,0=ߚ with clamped and simply 
supported boundary conditions. It is observed that amplitude 
of displacements and stresses decreases and frequency of 
motion, as shown in Figs. 6-13, increases with the increasing 
taper ratios for simply support and clamped boundary 
conditions under sinus and step pulses. The displacement 
values of the composite panel are much higher for simply 
supported boundary conditions than those for clamped 
boundary conditions under sinus and step pulses like blast 
load. However, stress values occurred in composite panel 
structures are much higher for clamped boundary conditions 
than those for simply supported boundary conditions under 
sinus and step pulses due to the constraints of clamped edges 
as occurred under blast load.  

 

 

Fig. 2 Non-dimensional transverse displacement comparison of linear 
increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of simply supported 

composite panel under blast load with finite element method (a/h=40, 
R/a=10) 
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Fig. 3 Stress distribution comparison of linear increasing taper ratios 
ߚ) ൌ 0, 0.7, 1.2ሻ of simply supported composite panel under blast 

load (a/h=40, R/a=10) 
 

 

Fig. 4 Non-dimensional transverse displacement comparison of linear 
increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of clamped composite panel 

under blast load (a/h=40, R/a=10) 
 

 
Fig. 5 Stress distribution comparison of linear increasing taper ratios 

ߚ) ൌ 0, 0.7, 1.2ሻ of clamped composite panel under blast load 
(a/h=40, R/a=10)

 

Fig. 6 Non-dimensional transverse displacement comparison of linear 
increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of simply supported 

composite panel under sinus load (a/h=40, R/a=10) 
 

 

Fig. 7 Stress distribution comparison of linear increasing taper ratios 
ߚ) ൌ 0, 0.7, 1.2ሻ of simply supported composite panel under sinus 

load (a/h=40, R/a=10) 
 

 

Fig. 8 Non-dimensional transverse displacement comparison of linear 
increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of clamped composite panel 

under sinus load (a/h=40, R/a=10) 
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Fig. 9 Stress distribution comparison of linear increasing taper ratios 
ߚ) ൌ 0, 0.7, 1.2ሻ of clamped composite panel under sinus load 

(a/h=40, R/a=10) 
 

 

Fig. 10 Non-dimensional transverse displacement comparison of 
linear increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of simply supported 

composite panel under step load (a/h=40, R/a=10) 
 

 

Fig. 11 Stress distribution comparison of linear increasing taper ratios 
ߚ) ൌ 0, 0.7, 1.2ሻ of simply supported composite panel under step load 

(a/h=40, R/a=10) 

 

Fig. 12 Non-dimensional transverse displacement comparison of 
linear increasing taper ratios (ߚ ൌ 0, 0.7, 1.2ሻ of clamped composite 

panel under step load (a/h=40, R/a=10) 
 

 

Fig. 13 Stress distribution comparison of linear increasing taper ratios 
ߚ) ൌ 0, 0.7, 1.2ሻ of clamped composite panel under step load 

(a/h=40, R/a=10) 

IV. CONCLUSIONS 

In this study, dynamic analysis of composite doubly curved 
panels with variable thickness subjected to different pulse 
types is investigated using DQM. The numerical results are 
obtained to understand the displacement and stress characters 
of the doubly curved panels for different boundary conditions, 
loading types and taper ratios and compared with ANSYS. It 
is seen that the numerical results with DQM are good 
agreement with ANSYS. Generally, 9x9 grid points give 
accurate results with proposed method. The method can be 
applied to the efficient solution of other engineering problems 
and can serve as a bench work for forthcoming surveys. 

It is observed that amplitude of displacements and stresses 
decreases and frequency of motion increases with the 
increasing taper ratios for all boundary conditions and load 
types. The displacement values of the composite panel are 
much higher for simply supported boundary conditions than 
those for clamped boundary conditions under all type of load 

Conference Proceedings, Barcelona Spain Aug 17-18,  2017, 19 (8) Part X

1559



 

 

pulses. However, stress values occurred in composite panel 
structures are much higher for clamped boundary conditions 
than those for simply supported boundary conditions under all 
type of load pulses. 
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 

Abstract—There are several technologically-important flow 

situations in which there is a need to control the outcome of the fluid 

flow. This could include flow separation, drag, noise, as well as 

particulate separations, to list only few. One possible approach is the 

passive control, in which the design geometry is changed. An 

alternative approach is the Active Flow Control (AFC) technology 

in which an actuator is embedded in the flow field to change the 

outcome. Examples of AFC are pulsed jets, synthetic jets, plasma 

actuators, heating and cooling, … etc. In this work will present an 

overview of the development of this field. Some examples will 

include: Airfoil Noise Suppression: Large-Eddy Simulations (LES) 

is used to simulate the effect of synthetic jet actuator on controlling 

the far field sound of a transitional airfoil. The results show 

considerable suppression of the noise if the synthetic jet is operated 

at frequencies. Mixing Enhancement and suppression: Results will 

be presented to show that imposing acoustic excitations at the nozzle 

exit can lead to enhancement or reduction of the jet plume mixing. 

In vertical takeoff of Aircrafts or in Space Launch, we will present 

results on the effects of water injection on reducing noise, and on 

protect the structure and payload from fatigue damage. Other 

applications will include airfoil-gust interaction and propulsion 

systems optimizations.  

 

Keywords—Aeroacoustics, flow control, aerodynamics, large 

eddy simulations. 
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 
Abstract—Automotive interior material consisting of several 

material layers has the sound-absorbing function. It is difficult to 
predict sound absorbing coefficient because of several material layers. 
So, many experimental tunings are required to achieve the target of 
sound absorption. Therefore, while the car interior materials are 
developed, so much time and money is spent. In this study, we present 
a method to predict the sound absorbing performance of the material 
with multi-layer using physical properties of each material. The 
properties are predicted by Foam-X software using the sound 
absorption coefficient data measured by impedance tube. Then, we 
will compare and analyze the predicted sound absorption coefficient 
with the data measured by scaled reverberation chamber and 
impedance tubes for a prototype. If the method is used instead of 
experimental tuning in the development of car interior material, the 
time and money can be saved, and then, the development effort can be 
reduced because it can be optimized by simulation.  

 
Keywords—Multi-layer nonwoven, sound absorption coefficient, 

scaled reverberation chamber, impedance tubes. 

I. INTRODUCTION 

ONWOVEN fabric is widely used as industrial fibers in 
automotive interior part. It has usually multi-layer with 

various materials. For easy recycling, it is studied to develop a 
single material too. But, it is not easy to meet the required 
performance by single material because automotive interior has 
many targets. Specially, it must have a sound-absorbing 
performance to reduce the noise. Because automotive interior is 
composed of multi-layer material, it is difficult to meet the 
required performance. So, we have many experimental tunings 
to meet the required performance for sound absorption in the 
development. It is disadvantageous in terms of cost and time 
aspects.  

In this paper, we will present the method to predict the sound 
absorption coefficient for nonwoven material with multi-layer 
using physical properties for each nonwoven. 

First of all, the sound absorption coefficient is measured by 
using acoustic impedance tube. And we calculate the physical 
properties of the material with it [1]-[3]. We predicted it using 
Foam-X software with inverse algorithm. We predict the sound 
absorption coefficient of multi-layer using commercial analysis 
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tool. Also, we verify the sound absorption coefficient 
calculated by commercial analysis tool with a prototype. And 
we do correlation analysis of the calculated and measured 
values. For measuring the physical properties, expensive 
measuring equipment is needed. So, we predict it by using a 
software. Fig. 1 shows the process of the analysis and test. 

II. THE CALCULATION OF THE PROPERTY FOR ACOUSTIC 

MATERIAL 

We measure the sound absorption coefficient with 
impedance tubes to predict the properties of nonwoven. The 
predicted properties are porosity, resistivity, tortuosity, viscous 
length, thermal length, and so on. It is calculated with the 
absorbed amount that is not reflected about the input sound in 
the tubes. The materials for the experiment are PET felt and 
mixed felt. Because the materials have high performance for 
sound absorption, those are widely used as automotive interior. 
The more experiments are conducted for prediction, the more it 
is accurate. First of all, the thickness of the materials for the 
experiment should be determined. It is 10 mm in thickness. The 
experiments for 1, 2, and 3-layer of the same material were 
conducted several times. Fig. 2 shows the result of the 
experiment for the sound absorbing coefficient. The physical 
properties are calculated with the measured sound absorbing 
coefficient. The used commercial software is Foam-X [2].  

As shown in Fig. 3, the calculated properties are open 
porosity, resistivity, pore tortuosity, viscous length, thermal 
length, and so forth. For measuring the properties, expensive 
measurement system is required. But if it is calculated using the 
data of acoustic impedance, the cost and the time can be 
reduced. 

III. THE CALCULATION OF THE SOUND ABSORBING 

COEFFICIENT FOR MULTI-LAYER 

We predict the sound absorbing coefficient of compositing 
multi-layer using the commercial software NOVA as shown 
Fig. 4. The properties such as open porosity, resistivity, pore 
tortuosity, viscous length, thermal length and bulk density are 
required for the calculation [4], [5]. But, bulk density cannot be 
calculated using Foam-X. So, we measured it with Phi-X 
measurement system as shown Fig. 5. Table I shows the 
calculated and measured data for the prediction of the sound 
absorbing coefficient [6]. The data are the calculated value in 
the Foam-X software. 
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Fig. 1 The process for the prediction of sound absorption coefficient for automotive interior material with multi-layer 

 

 

Fig. 2 The measured sound absorption coefficient by impedance tubes 
 

 

Fig. 3 The prediction by Foam-X with the measured sound coefficient  
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Fig. 4 The calculated sound absorbing coefficient 
 

 

Fig. 5 The measurement of bulk density 
 

TABLE I 
MATERIAL PROPERTIES 

material property PET Felt Mix Felt 

open porosity 0.884 0.896 

resistivity(Ns/m4) 23557.6 138721.1 

pore tortuosity 1 1 

viscous length(μm) 50.1 70.2 

thermal length(μm) 102.7 143.1 

bulk density (kg/m3) 140.68 135.21 

 
Fig. 6 shows the test samples for scaled reverberation 

chamber and impedance tubes. The compositing multi-layer is 
2-layer and 3-layer. The composition for 2-layer is PET felt and 
mixed felt. And the three layers are PET felt, mix felt, and PET 
felt. For the comparison and verification, we fabricated the 
prototypes for 2-layer and 3-layer. These are for the impedance 

tubes and the scaled reverberation chamber. We compared the 
data for two cases. 
 

 

Fig. 6 The test sample with multi-layer 
 

Fig. 7 shows the curves of the sound absorbing coefficient 
calculated by using NOVA and conducted by using impedance 
tubes. As shown in Fig. 7, the curves are similar because the 
error is in 10%. It shows that the sound absorbing coefficient 
for multi-layer with the calculated properties can be predicted. 
So, we can use the method for the sound absorption design of 
automotive interior with multi-layer for impedance tube. Fig. 8 
shows the curves of the sound absorption coefficient calculated 
by using NOVA and conducted with the scaled reverberation 
chamber. As shown in Fig. 8, there is some error in the curves. 
For the impedance tubes, the direction of sound progress is 
perpendicular to the side of nonwoven. It is different from the 
scaled reverberation chamber. So, we need to identify it. 
Additionally, we will find correlation coefficient in the future. 
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Fig. 7 The comparison of the calculated and measured data with impedance tubes  
 

 

Fig. 8 The comparison of the calculated and measured data with scaled reverberation chamber 
 

IV. CONCLUSION 

We measured the sound absorption coefficient for several 
materials using impedance tube. With the data, we calculated 
the physical properties by using commercial software Foam-X. 
And using the data, we predicted the sound absorption 
coefficient for materials with multi-layer. And then it was 
compared with the measured value with the prototypes for the 
impedance tubes and the scaled reverberation chamber. The 
sound absorption coefficient curves predicted by software and 
measured by impedance tubes are nearly the same. But, for 
scaled reverberation chamber, it has some difference. We will 
investigate the reason and find the correlation coefficient for it 
in the future.  

In this paper, it was verified that this method can be used for 
sound absorption design for automotive interior with 
multi-layer for impedance tubes. It is not easy to meet the target 
for the sound absorption since the material consists of 

multi-layer. While the automotive interior with multi-layer is 
developed, the tuning test is conducted so many times in 
practice. If sound absorption is predicted, it can be developed 
without many tuning tests. So, it can save money and time. 
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 

Abstract—Insulator Covering Shelf Trim is one of automotive 

interior parts located in the rear seat of a car. And it is a component 

that is the most strongly demanded for impact resistance, strength, 

and heat resistance. Such an Insulator Covering Shelf Trim is 

composed of a polyethyleneterephthalate(PET) nonwoven fabric 

which is a surface material appearing externally and a substrate 

layer which exerts shape and mechanical strength. In this paper, we 

develop a lightweight Insulator Covering Shelf Trim using the 

nonwoven fabric material with a high strength honeycomb structure 

and evaluate sound absorption and insulation performance by using 

acoustic impedance tubes . 

 

Keywords—Sound Absorption and Insulation, Insulator 

Covering Shelf Trim, Nonwoven fabric, Honeycomb. 

I. INTRODUCTION 

Y the time the driver remains in the car is increased, such 

as the material and upgrading quality of automobile 

interior materials are increasingly important. 

In particular there is a growing demand for quiet due to 

noise blocking occurring inside and outside the vehicle. 

We develop nonwoven fabric materials including 

honeycomb structure to develop high strength, lightweight 

Insulator Covering Shelf trim. And we will evaluate the 

physical properties and sound absorption performance of the 

developed nonwoven fabric material and compare the 

performance with the existing material. 

In order to improve the shape maintenance and impact 

resistance of the nonwoven fabric material, it is necessary to 

increase the weight to increase the thickness. 

 

However, if a honeycomb structure is used, it is possible to 

develop Insulator Covering Shelf trim which does not 

increase in weight even if it has a certain thickness, does not 

increase in weight, and has high strength and impact 

resistance[1]. 
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Fig. 1 Nonwoven material composition of integral type Covering 

Shelf Trim including honeycomb structure 

 

 

Fig. 2 Composite material composition of car interior material with 

honeycomb integral structure 

 

 

Fig. 3 Paper honeycomb structure 

 

Fig. 1 and Fig. 2 above show the composition of composite 

automotive interior material including honeycomb structure. 

And fig. 3 shows paper honeycomb structure. 

II. LIGHTWEIGHT MATERIAL COMPOSITION 

A. Material composition for lightweight 

 

Table 1 Unit weight by material 

Material of layer 
Unit 

Weight 
Material composition 

Surface nonwoven 

fabric layer 
250 

PET 3d : 6d : 10D 

 = 20% : 20% : 60% 

PP extruded sheet 600 LDPE : PP = 20:80 

Paper Honeycomb 100 paper 100% 

PP extruded sheet 600 LDPE : PP = 20:80 

Backside nonwoven 
fabric layer 

150 
PET 3d : 6d : 10D  

 = 20% : 20% : 60% 

Sum 1,700 
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Table 1 shows the material composition and unit weight of 

each layer for light weight of the honeycomb integrated type 

nonwoven fabric material[2]. It indicates the weight of the 

material which achieved 30% or more weight reduction 

compared to the existing material. 

III. EVALUATION OF SOUND ABSORPTION AND 

INSULATION PERFORMANCE OF NONWOVEN 

FABRIC MATERIAL 

 

Sound absorption coefficient is measured with acoustic 

impedance tubes. It is calculated with the absorbed amount 

that is not reflected about the input sound[3].  

Transmission loss uses the transmittance τ as a value 

indicating the sound insulation effect of the sound insulation 

material. And as for the transmission loss, TL is used as the 

symbol as the common logarithm of the reciprocal of τ 

multiplied by 10. It is displayed as TL = 10 log101 / τ [dB], 

and the higher the frequency, the higher the value the heavier 

the material[3]-[5]. 

 

 

Fig. 4  Experimental test sample 

In the photograph of the test sample of Fig. 4, the two on 

the left are the samples for the sound absorption test and the 

two on the right are the samples for the sound insulation test. 

The diameter of the sound absorption test sample is 100 

mm (low frequency tube) and 30 mm (high frequency tube), 

the test sample of the sound insulation test has a diameter of 

108 mm (low frequency tube) and 35 mm (high frequency 

tube). 

 

1) Sound absorption coefficient (Vertical incidence, Low 

frequency tube) 
 

Table 2 Sound absorption coefficient (Vertical incidence, 

Low frequency tube) 

1/3 Octave 

Center Freq. [Hz] 
S1 

125 0.05 

160 0.10 

200 0.15 

250 0.22 

315 0.25 

400 0.21 

500 0.20 

630 0.16 

800 0.18 

1000 0.28 

1250 0.22 

1600 0.17 

 

 
Fig. 5  Sound Absorption Performance (Low frequency tube) 

 

2) Sound absorption coefficient (Vertical incidence, High 

frequency tube) 

 

Table 3 Sound absorption coefficient (Vertical incidence, 

High frequency tube) 

1/3 Octave 

Center Freq. [Hz] 
S1 

500 0.23 

630 0.37 

800 0.59 

1000 0.78 

1250 0.77 

1600 0.61 

2000 0.48 

2500 0.46 

3150 0.41 

4000 0.38 

5000 0.32 

6300 0.30 
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Fig. 6  Sound Absorption Performance (High frequency tube) 

 

 
Fig. 7 Transmission Loss (Low Frequency tube) 

 

 
Fig. 8 Transmission Loss (High Frequency tube) 
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3) Transmission loss (Low frequency tube) 

 

Table 4 Transmission loss (Low frequency tube)  

1/3 Octave 

Center Freq. [Hz] 
S1 

125 10.08 

160 11.92 

200 12.68 

250 12.12 

315 9.47 

400 7.87 

500 11.60 

630 10.90 

800 10.86 

1000 12.15 

1250 14.01 

1600 13.90 

 

4) Transmission loss (High frequency tube) 

 

Table 5 Transmission loss (High frequency tube) 

1/3 Octave 

Center Freq. [Hz] 
S1 

500 5.48 

630 4.78 

800 5.13 

1000 6.30 

1250 7.88 

1600 7.35 

2000 8.04 

2500 9.77 

3150 10.43 

4000 12.52 

5000 15.49 

6300 16.36 

IV. CONCLUSION 

Weight reduction can be realized while increasing the 

strength by applying the honeycomb structure for the first 

time to the material of automotive interior materials. 

Therefore, in order to improve shape retention and impact 

resistance for weight reduction and environment-friendly 

application which is a problem of all current products, the 

weight has to be increased if the wall thickness is increased. 

However, the honeycomb structure could develop Insulator 

Covering Shelf Trim, which does not increase in weight even 

if it has a certain thickness but does not increase in weight 

and has high strength and impact resistance. 

It is possible to develop interior materials that can reduce 

the interior noises of the vehicle by adding sound absorption 

and insulation performance. In addition, since it has a 

honeycomb structure, shock and twisting can be prevented. 

Finally, the weight of the entire Insulator Covering Shelf 

Trim product could be reduced by 30%. 
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 
Abstract—The influence of inhomogeneities of plasma and 

statistical characteristics on the propagation of signal is very actual in 
wireless communication systems. While propagating in the media, 
the deformation and evaluation of the signal in time and space take 
place and on the receiver we get a deformed signal. The present 
article is dedicated to studying the space-time evolution of 
rectangular, sinusoidal, exponential and bi-exponential impulses via 
numerical experiment in the collisional, cold plasma. The presented 
method is not based on the Fourier-presentation of the signal. 
Analytically, we have received the general image depicting the space-
time evolution of the radio impulse amplitude that gives an 
opportunity to analyze the concrete results in the case of primary 
impulse. 
 

Keywords—Collisional, cold plasma, rectangular pulse signal, 
impulse envelope.  

I. INTRODUCTION 

HE study of the distortion of radio impulses in a 
dispersing plasma began a long time ago [1], [2], although 

the issue is still authentic due to its practical value. The 
objectives on the distribution of radio impulses through the 
ionosphere are also very important. In this direction, studies 
take into account the analysis of the frequency spectrum data 
of the scattered signal, which can be obtained through the 
analytical or numerical Fourier transformation [3]-[6]. In 
many of them, narrow band linear approximation of the signal 
is used, which greatly simplifies the analysis of distortion or 
Gaussian rectangular impulse analysis. Usually, there are 
many works that are devoted to the impulse propagation in 
non-collisional plasma, but in the communications, broadband 
linear impulses are mostly used during locating and sounding 
the surrounding environment, and therefore, the approximate 
assumptions made for the narrowband linear signals are 
unacceptable and unused. Fourier reversal transformation for 
wideband linear impulses can be done only with numerical 
methods. The results are partially presented in works [7]-[11]. 

II. PROBLEM STATEMENT: RECEIVE A GENERAL IMAGE FOR THE 

IMPULSE ENVELOPE 

Let us say we have an impulse, the propagation of which is 
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described as a wave equation [12]: 
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where E


 is tension of electric field, c  is the speed of light 
propagation in the media, z  is the direction of the radio 
impulse propagation, t  is the time of propagation, and P


 is 

the polarization of the unit volume in the media. Let us 
assume that media contains free charges, then the polarization 
vector P


 satisfies the equation [12]: 
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where e  and n  are the charge of the electron and mass, N  is 
the electronic concentration, and v  is the effective frequency 
of collision, which envisages the loss of energy during the 
collision with the ions of electrons and neutral molecules. 

On the boarder of 0z  half-plane, on which an impulse is 
propagated, a field is created, the tension of which can be 
represented in the following way: 

 
     titAtE exp,0,0  , 0t                       (3) 

 
where f 2 ; f  is a carrier signal of the impulse.  tA ;0  is 

an impulse envelope, when 0z . It is obvious that the 
impulse is propagated by c speed, so it is advisable to look for 
the  tzE ,  field in the following form. 
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Consider in (1) and (2) that:  
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Insert (4) in (1) and (2) and we receive:  
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Let us say the duration of impulse it - satisfies the 

inequality: 
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and the impulse z  takes an interval on the axis: 
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The (10) condition allows to ignore the first member in the 

image (6). Since the location and speed of the electron cannot 
be changed immediately, at the time of transmitting impulse in 
the cold plasma, the following equation is fulfilled in the z
point: 
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By the strength of (11), the solution of (7) can be written as 

the following: 
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Insert the solution of (12) in (6) and take into consideration 

(10), then for the impulse envelope, the equation becomes: 
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For (13), let us use the Laplace transformation towards the 

t  variable, we get [13]: 
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where the following indications are introduced: 
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where,  cp 2/2  , mNep /)4( 22    [5]; when 0t impulse 

still is not in the media, and therefore   0/0;  zzA . Now, 
let us make Laplace's Reverse Transformation: 
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where,  xJ k  is Bessel function [13].  

III. SPATIAL-TIME AND SPATIAL-FREQUENCY EVOLUTION 

FOR BI-EXPONENTIAL, SINUSOIDAL AND RECTANGULAR PULSE 

SIGNALS IN DISPERSIVE PLASMA  

Let us write down the solution of (15) for the initial 
envelopes which have bi-exponential form:  
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Fig. 1 The spatial-frequency evolution of the real and imaginary parts 

of the impulse envelope in collisional isotropic plasma when 710   

Hz, 4000  z m, 81040  sec-1 
 

 

Fig. 2 (a) )(A  attitude for different values of distance 100z  m 

(red line) and 1000z m (dotted line), when 710  Hz; (b) )(zA

attitude for different values of collision frequency 
710   Hz (red 

line) and 7102  Hz (dotted line) 

 
Here, ,,0A numbers determine the curvature of the front 

and rear fronts of the impulse. Let us introduce a new variable 

ݔ ൌ ඥτ/t and insert (16) in (15). We get:  
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Consider the occasion when the initial impulse is of a 

sinusoidal form, then its initial envelope can be written down 
as following: 
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Let us introduce (19) as follows:  
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Let us put (21) in (15) and do the same operations as above, 

then for the envelope of a deformed sinusoid impulse we get: 
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Now, go to the case of rectangular impulse envelope: 
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After the distortion, such impulse can be described as: 
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In the case of finding  tzg ,  function, we should pay 

attention to the fact that, at the same time, when 0  and 
 , the bi-exponential impulse is transformed into a step-

function signal with the height of 0A , at the same time 0A , 

when 0t . In (18) and (19) expressions after performing the 
corresponding transformations, when we get 0t , and we get 
the envelope of the step-function signal  10 A : 
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It should be noted that each of the above solutions can be 

presented as a combination of Lomel’s function [14]. With t 
growing, the task on the fall of the step-function signal on the 
semi-infinite boundary of homogeneous media is simplified 
and transfers onto the task of propagating the flat wave in a 
homogeneous media. Let us show that the obtained result 
satisfies this requirement. Apply (15) that takes the following 
image for the step-function signal: 
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It is easy to notice that in (26) and (27) the correlations are 

equal. In the last equation t ; then the integral on the 
right side will be reduced to a tabular form. According to its 
calculations, we get: 
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where, )/()( 22 cp   - is plasma absorption coefficient and 

)( - is the optical depth on the z distance the wave passes 

through. 
In Fig. 1, the space-frequency evolution of the impulse 

envelope is represented as a three-dimensional schedule. The 
real part indicates at the change of impulse amplitude, and the 
imaginary - at the reduction, which is caused by relaxation 

processes. In this case, 4000  z m, 81040  sec-1. For 

better observation on the picture, the value 710 Hz has 
been chosen for frequency of the collision. Fig. 2 shows )(A  

and )(zA   attitudes on the plane in the section. In Fig. 2 (a), it 
is possible to see the frequency dispersion effect, in particular, 

during value of 100z m (unbroken line), the envelope 
aspires towards saturation along with the frequency increase 
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or when  , then 1)( A , and when 1000z m (dotted 
line), additional oscillations generate the amplitude of which 
increases slowly along with the frequency increase. From Fig. 
2 (b) it is clear that the increase of the frequency of collisions 
causes the rapid reduction of oscillations of impulse; with the 
purpose of good visualization, we have brought here the 

values of the frequencies of 710 Hz (dotted line) and 
7102  Hz (red line) collisions.  

IV. EVALUATION OF THE IMPULSE PROPAGATION RATE IN THE 

DISPERSIVE PLASMA 

Let us find the analytical expression for the speed of the 
radio impulse propagation. Let us use (26) and calculate the 
integral applying Bessel’s well- known ratio: 

 

  
)(11

1

xJx
x

xJx
k

kk
k








                (29) 

 
As a result we receive:  
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The following equality will always be on the ionospheric 

track:
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Let us apply the asymptotic representation of the Bessel’s 
function, for the greater value of the argument [14]: 
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Insert (31) in (30), then for  tzA , to get the expression: 
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From (32), we can see that on z  axis, the impulse is 

concentrated near the point the coordinate of which satisfies 
the condition: 
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From here, we receive that the front of the rectangular 

impulse propagates with the speed: 
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Equation (34) shows that the effects of collision effect on 

the speed of the impulse speed, when   , i.e. while the 
impulse is strongly absorbed during propagation from the 
plasma media.  

With the minimum losses for the impulse propagation, it is 
necessary to fulfill the following condition v , therefore:  
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Equation (35) shows that the time required to overcome the 

distance by the impulse on a fixed length increases as a result 
of the frequency decrease and the increase of electronic 
concentration.  

Fig. 3 shows the change of impulse speed in collisional 
plasma according to a frequency for different number of 
collisions. The wave propagates if the condition f   is 

fulfilled, when f   the speed of the signal propagation is 
minimal, as the absorption processes are important. 

 

 

Fig. 3 Change of impulse speed according to a wave frequency 
during different frequencies of collisions 710   Hz (red line); 

82 10    Hz (blue dotted line); 84 10    Hz (black dotted line) 

V.  OUTCOMES OF NUMERICAL EXPERIMENT 

Image (15) gives an opportunity to evaluate the change of 
the shape of the envelope of pulse signals of different shapes 
and durations in time at different altitudes from the Earth's 
surface. Numerical experiments are for the impulses of 410 , 
and 510 seconds when the frequency of the carrier signal 

10f   MHz has been studied in [8]. The case of the 

numerical experiment when the frequency of the carrier signal 
is close to the plasma frequency, i.e. when: 0 2.84f   MHz (

3f  MHz) is represented [14], [15], it is obvious that the 

condition 0f f  must be fulfilled, otherwise the impulse 

cannot be propagated in the plasma layer. 
Suppose the impulse signal emits from the source of the 

Earth's surface. The objective of the current research is to 
determine the change of the impulse shape (distortion) in the 
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lower layers of the ionosphere at the altitude of 100 1000z    

km. Numerical calculations were carried out for the following 
parameters of the plasma media: Number of collisions 

3 410 , 10  sec-1, concentration - 510N  . 

We have studied the relationship of the radiation power 
2

A

on the time at different distances from the source, for different 
forms of impulse. It has been established that an increase in 
the number of collisions causes the distortion of the shape of 
the impulse, which is naturally explained by the emergence of 
dissipation processes. 

Fig. 4 shows the change of the sinusoidal impulse envelope 
in the dispersive plasma layer at different altitudes. The 
impulse of 310it

 sec of the duration at the altitude of 

200z   km still maintains the sinusoidal shape, and by the 

increase of the height ( 700z   km), the cyclical oscillations 
will be created in the impulse envelope. The back front of the 
impulse is basically distorted. And by shortening the impulse, 
on the contrary, the oscillations disappear and the 
displacement of the maximum can be noticed. Together with 
the rise of collisions, these oscillations disappear, but the 
impulse is sharply narrowed and the amplitude falls. 

It should be noted that among the discussed impulses, the 
bi-exponential impulse can be distinguished by its steady 
shape, which is different from others with less oscillations 
than rectangular or sinusoidal impulses. In this case, the 
dissipative processes caused by the collisional effects are 
manifested primarily in a decrease in the intensity of the pulse 
signal. 

 

 

(a)                                                                                        (b) 

Fig. 4 Evaluation of envelope of sinusoidal pulse signal in collisional, isotropic cold plasma at the altitude 200z  km (dot line) and 700z 

km (solid line), when 410  sec-1, 710f  Hz, for impulse durations (a) 310it
 sec and (b) 410it

  sec 
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Abstract—The increasing demand for accurate and reliable 

magnetic measurements over the past decades has paved the way for 

the development of different types of magnetic sensing systems as 

well as of more advanced measurement techniques. Anisotropic 

Magneto Resistance (AMR) sensors have emerged as a promising 

solution for applications requiring high resolution, providing an 

ideal balance between performance and cost. However, certain 

issues of AMR sensors such as non-linear response and 

measurement noise are rarely discussed in the relevant literature. In 

this work, an analog closed loop compensation system is proposed, 

developed and tested as a means to eliminate the non-linearity of 

AMR response, reduce the 1/f noise and enhance the sensitivity of 

magnetic sensor. Additional performance aspects, such as cross-axis 

and hysteresis effects are also examined. This system was analyzed 

using an analytical model and a P-Spice model, considering both the 

sensor itself as well as the accompanying electronic circuitry. In 

addition, a commercial closed loop architecture Flux-Gate sensor 

(calibrated and certified), has been used for comparison purposes. 

Three different experimental setups have been constructed for the 

purposes of this work, each one utilized for DC magnetic field 

measurements, AC magnetic field measurements and Noise density 

measurements respectively. The DC magnetic field measurements 

have been conducted in laboratory environment employing a cubic 

Helmholtz coil setup in order to calibrate and characterize the 

system under consideration. A high-accuracy DC power supply has 

been used for providing the operating current to the Helmholtz coils. 

The results were recorded by a multichannel voltmeter The AC 

magnetic field measurements have been conducted in laboratory 

environment employing a cubic Helmholtz coil setup in order to 

examine the effective bandwidth not only of the proposed system 

but also for the Flux-Gate sensor. A voltage controlled current 

source driven by a function generator has been utilized for the 

Helmholtz coil excitation. The result was observed by the 

oscilloscope. The third experimental apparatus incorporated an AC 

magnetic shielding construction composed of several layers of 

electric steel that had been demagnetized prior to the experimental 

process. Each sensor was place alone and the response was capture 

by the oscilloscope. The preliminary experimental results indicate 

that closed loop AMR response presented a maximum deviation of 

0.36% with respect to the ideal linear response, while the 

corresponding values for the open loop AMR system and the 

Fluxgate sensor reached 2% and 0.01% respectively. Moreover, the 

noise density of the proposed close loop AMR sensor system 

remained almost as low as the noise density of the AMR sensor 
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itself, yet considerably higher than that of the Flux-Gate sensor. All 

relevant numerical data are presented in the paper. 

 

Keywords—AMR sensor, chopper, closed loop, electronic 

noise, magnetic noise, Flux-Gate sensor, linearity improvement, 

sensitivity improvement. 
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 

Abstract—Recently, the iridate double perovskite Sr2YIrO6 has 

attracted considerable attention due to the report of unexpected 

magnetism in this Ir5+ material, in which according to the Jeff 

model, a non-magnetic ground state is expected. Structural, 

magnetic and thermodynamic investigations of Sr2YIrO6 and 

Ba2YIrO6 single crystals, with emphasis on the temperature and 

magnetic field dependence of the specific heat will be presented. 

The single crystals were grown by using SrCl2 and BaCl2 as flux. 

Single-crystal X-ray diffraction measurements performed on 

several crystals from different preparation batches showed a high 

quality of the crystals, proven by the good internal consistency of 

the data collected using the full-sphere mode and an extremely low 

R factor. In agreement with the expected non-magnetic ground 

state of Ir5+ (5d4) in these iridates, no magnetic transition is 

observed down to 430 mK. Moreover, our results suggest that the 

low temperature anomaly observed in the specific heat is not 

related to the onset of long-range magnetic order. Instead, it is 

identified as a Schottky anomaly caused by paramagnetic 

impurities present in the sample, of the order of 𝑛 ∼ 0.5(2) %. 

These impurities lead to non-negligible spin correlations, which 

nonetheless, are not associated with long-range magnetic ordering. 

 

Keywords—Double perovskite, iridates, self-flux grown 

synthesis, spin-orbit coupling. 
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 

Abstract—The scope of this study, to investigate the magnetic 

properties and microstructure of Nd2Fe14B1 by alloying with 

Nd33.4Fe62.6Al4, and heat treating it at different temperatures. The 

stoichiometric Nd2Fe14B hard magnetic alloy and Nd33.4Fe62.6Al4 

composition were produced by arc melting under argon atmosphere. 

The Nd33.4Fe62.6Al4 alloy has added to the 2:14:1 hard magnetic 

alloy with 48% by weight, and melted again by arc melting. Then, it 

was heat treated at 600, 700 and 800˚C for 3h under vacuum. In AC 

magnetic susceptibility measurements, for the as-cast sample, the 

signals decreased sharply at 101 ˚C and 313˚C corresponding to the 

Curie temperatures of the two ferromagnetic phases in addition to Fe 

phase. For the sample annealed at 600 ˚C, two Curie points were 

observed at about 257˚C and at 313˚C. However, the phase 

corresponding to the Curie temperature of 101 ˚C was disappeared. 

According to the magnetization measurements, the saturation 

magnetization has the highest value of 99.8 emu/g for the sample 

annealed at 600 ˚C, and decreased to 57.66 and 28.6 emu/g for the 

samples annealed at 700˚ and 800 ˚C respectively. Heat treatment 

resulted in an evolution of the new phase that caused changes in 

magnetic properties of the alloys. In order to have clear picture, the 

identification of these phases are being under the investigation by 

XRD and SEM – EDX analysis. 

 

Keywords—Arc melting, Bulk Magnetic Materials, Curie 

Temperature, NdFeB Hard Magnets, Heat treatment. 
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Abstract—Among the different cancer treatments that are 
currently used, hyperthermia has a promising potential due to the 
multiple benefits that are obtained by this technique. In general terms, 
hyperthermia is a method that takes advantage of the sensitivity of 
cancer cells to heat, in order to damage or destroy them. Within the 
different ways of supplying heat to cancer cells and achieve their 
destruction or damage, the use of magnetic nanoparticles has 
attracted attention due to the capability of these particles to generate 
heat under the influence of an external magnetic field. In addition, 
these nanoparticles have a high surface area and sizes similar or even 
lower than biological entities, which allow their approaching and 
interaction with a specific region of interest. The most used magnetic 
nanoparticles for hyperthermia treatment are those based on iron 
oxides, mainly magnetite and maghemite, due to their 
biocompatibility, good magnetic properties and chemical stability. 
However, in order to fulfill more efficiently the requirements that 
demand the treatment of magnetic hyperthermia, there have been 
investigations using ferrites that incorporate different metallic ions, 
such as Mg, Mn, Co, Ca, Ni, Cu, Li, Gd, etc., in their structure. This 
paper reports the synthesis of nanosized MgxMn1-xFe2O4 (x = 0.3 and 
0.4) ferrites by sol-gel method and their evaluation in terms of 
heating capability and in vitro hemolysis to determine the potential 
use of these nanoparticles as thermoseeds for the treatment of cancer 
by magnetic hyperthermia. It was possible to obtain ferrites with 
nanometric sizes, a single crystalline phase with an inverse spinel 
structure and a behavior near to that of superparamagnetic materials. 
Additionally, at concentrations of 10 mg of magnetic material per mL 
of water, it was possible to reach a temperature of approximately 
45°C, which is within the range of temperatures used for the 
treatment of hyperthermia. The results of the in vitro hemolysis assay 
showed that, at the concentrations tested, these nanoparticles are non-
hemolytic, as their percentage of hemolysis is close to zero. 
Therefore, these materials can be used as thermoseeds for the 
treatment of cancer by magnetic hyperthermia. 
 

Keywords—Ferrites, heating capability, hemolysis, 
nanoparticles, sol-gel.  

I. INTRODUCTION 

HE search for a better quality of life has led to the 
development of more efficient treatments for diseases that 

affect a significant percentage of the population worldwide. In 
the specific case of cancer, one treatment that has attracted 
attention is hyperthermia, mainly due to the overcoming of 
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some of the disadvantages that are present in the conventional 
approaches for treating this disease (surgery, radiation and 
chemotherapy). Generally, hyperthermia is a technique that 
utilizes heat to destroy or damage cancer cells. This procedure 
involves a moderate increase of temperature in the body or a 
specific region of it, above the normal value that is established 
by the thermoregulation system of an organism in a particular 
moment [1], [2]. The aim of increasing the temperature is 
achieving the eradication of cancer cells or provoke a higher 
sensitization of them to the effects of radiation and 
chemotherapy [1]–[3]. The range of temperatures used in this 
procedure varies between 41°C and 46°C, and these are 
maintained for periods of one hour or more for the majority of 
the tissues without causing damage to normal cells [1], [4], 
[5]. The increase of temperature in the tissues can be 
accomplished by several means, depending on the location, 
depth and staging of the tumor [1]. One approach that is being 
highly studied nowadays is the use of magnetic nanoparticles, 
mainly due to several attractive characteristics, which include 
dimensions smaller than or comparable to cells, viruses, 
proteins and gens, the possibility of coating them to interact 
with biological entities and the capability of these to produce 
heat under the action of an external magnetic field [6]. This 
technique is specifically termed magnetic hyperthermia and 
consists in the supply of the magnetic nanoparticles to a target 
tissue and then the application of an external magnetic field 
that results in the heating of the nanoparticles. Within the 
magnetic nanoparticles that are used for medical applications, 
the most used is magnetite [6]–[8]. However, recent research 
explores the possibility of incorporating different cations in 
the crystalline structure of ferrites [4], [9]; this is in order to 
improve either their magnetic properties or biocompatibility. 
The synthesis of mixed ferrites can be accomplished by 
several chemical methods, and among these sol-gel method 
offers the possibility of obtaining high purity and 
homogeneous nanoparticles [10], [11]. In this study, the 
synthesis of MgxMn1-xFe2O4 (x = 0.3 and 0.4) ferrites was 
carried out by sol-gel method, and then the obtained products 
were evaluated in terms of heating capability and in vitro 
hemolysis to determine their potential use as thermoseeds for 
the treatment of cancer by magnetic hyperthermia.  

II. MATERIALS AND METHODS 

A. Materials 

Nanosized MgxMn1-xFe2O4 (x = 0-1) particles were 
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synthesized by sol-gel method, using ferric nitrate (Fe(NO3)3 · 
9H2O), magnesium nitrate (Mg(NO3)2 · 6H2O), manganese 
nitrate (Mn(NO3)2 · 4H2O) and ethylene glycol (C2H6O2) as 
precursors.  

B. Synthesis of the Magnetic Nanoparticles by Sol-Gel 
Method 

Stoichiometric amounts of ferric nitrate, magnesium nitrate 
and manganese nitrate were dissolved into 5 mL of ethylene 
glycol in a 100 mL beaker. This solution was stirred for 2 h at 
40 °C, and the obtained sol was then heated up to 80°C and 
kept at this temperature until a brown gel was formed. The gel 
was aged for 2 h at room temperature and then dried at 95°C 
for 72 h. Subsequently, the dry gel was heat treated at 50°C in 
air for 60 min. The obtained products were milled and washed 
several times with ethanol, in order to remove the ethylene 
glycol excess. Finally, the powders were dried at room 
temperature. 

C. Sample Characterization 

The characterization of the products was carried out by X-
ray diffraction (XRD), vibrating sample magnetometry (VSM) 
and transmission electron microscopy (TEM). The phase 
structures of magnetic nanoparticles were characterized by 
XRD, using a X’Pert Philips diffractometer, with Cu Kα 
radiation (λ= 1.5418 Å) at a scanning rate of 0.02° s-1 (2θ 
scale) into the 20-80° interval. The magnetic properties were 
evaluated using a vibrating sample magnetometer PPMS 
(Physical Property Measurement System) of Quantum Design 
model 6000, with an option to measure the hysteresis loop in a 
measurement time of 60 min. TEM images were acquired 
using a Titan 80-300 microscope. For the evaluation of the 
heating capability of the nanoparticles an AMBRELL 
magnetic induction equipment model EasyHeat was used, with 
a power input of 200.2 A and a magnetic field of 10.2 KA/m 
with a frequency of operation of 354 KHz. The hemolysis 
assay was carried out according to the procedure described in 
the Standard Test Method for Analysis of Hemolytic 
Properties of Nanoparticles E2524 – 08. 

III. RESULTS AND DISCUSSION 

A. XRD Analysis 

Fig. 1 shows the XRD patterns of MgxMn1-xFe2O4 (x = 0, 
0.3, 0.4 and 1) nanoparticles synthesized by sol-gel method 
and heat treated at 500°C for 1 h. In these, it can be observed 
for all the cases the presence of a single crystalline phase, 
which reflections correspond to a cubic inverse spinel 
structure and are similar to those of MgFe2O4 (JCPDS 88-
1935). 

 

Fig. 1 XRD patterns of MgxMn1-xFe2O4 (x = 0, 0.3, 0.4 and 1) 
nanoparticles synthesized by sol-gel method and heat treated at 

500°C for 60 minutes 

B. VSM Analysis 

Table I shows the magnetic properties and crystallite size 
(calculated by the Scherrer equation) of the MgxMn1-xFe2O4 (x 
= 0, 0.3, 0.4 and 1) nanoparticles. These results show that the 
manganese ferrite (MnFe2O4) and magnesium ferrite 
(MgFe2O4) show the highest and lowest values of saturation 
magnetization (Ms) respectively, and the mixed ferrites 
(MgxMn1-xFe2O4, x = 0.3 and 0.4) have values of Ms between 
these two. The value of Ms decreases when the content of Mn 
also decreases, this due to the fact that Mn has a higher 
magnetic moment (μB=5) than Mg (μB=0) [12], and their 
distribution in the interstitial sites of the spinel structure has a 
major influence on the values of this property [13]. In 
addition, in all cases the values of remanence (Mr) and 
coercivity (Hc) are close to zero, which results in a behavior 
near to the superparamagnetic regime. This can be observed 
also in Fig. 2, where the hysteresis loops of the ferrites show 
that these materials have a soft ferrimagnetic behavior that 
tends to the superparamagnetism, as the typical sigmoidal 
curve shape occurs. 

 
TABLE I 

MAGNETIC PROPERTIES (SATURATION, REMANENCE AND COERCIVITY) AND CRYSTALLITE SIZES (CALCULATED BY THE SCHERRER EQUATION) OF MGXMN1-

XFE2O4 (X= 0, 0.3, 0.4 AND 1) NANOPARTICLES SYNTHESIZED BY SOL-GEL METHOD AND HEAT TREATED AT 500°C FOR 60 MINUTES.  

MgxMn1-xFe2O4 (x = 0, 0.3, 0.4 and 1) Saturation Ms (emu/g) Remanence Mr (emu/g) Coercivity Hc (Oe) Crystallite Size Scherrer equation (nm)

MnFe2O4 49.7117 1.0156 10 18 

Mg0.3Mn0.7Fe2O4 41.2598 0.7843 10 15 

Mg0.4Mn0.6Fe2O4 38.6570 0 0 15 

MgFe2O4 24.3022 0.5681 10 21 
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Fig. 2 Hysteresis loops of MgxMn1-xFe2O4 (x = 0, 0.3, 0.4 and 1) 
nanoparticles synthesized by sol-gel method and heat treated at 

500°C for 60 minutes 

C. TEM Analysis 

Fig. 3 shows the TEM images of the Mg0.3Mn0.7Fe2O4 and 
Mg0.4Mn0.6Fe2O4 nanoparticles. It can be observed for both 
samples a spherical-like morphology and sizes in accordance 
to those calculated by the Scherrer equation. Furthermore, due 
to the soft ferrimagnetic behavior of the particles and their 
nanometric size, agglomerates can be observed. This also as a 
result of the permanent magnetic moments that experience 
small particles with single domains, which causes them to be 
permanently magnetized and agglomerate, as reported by 
Iftikhar et al. [14]. 

 
 
 
 
 

 

 

Fig. 3 TEM images of (a, b) Mg0.3Mn0.7Fe2O4 and (c, d) Mg0.4Mn0.6Fe2O4 nanoparticles synthesized by sol-gel method and heat treated at 
500°C for 60 minutes 
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Fig. 4 Magnetic induction heating curves of the Mg0.3Mn0.7Fe2O4 
nanoparticles dispersed in water at concentrations of 2,4,6,8 and 10 

mg/mL 

D. Heating Capability Test 

Figs. 4 and 5 present the magnetic induction heating curves 
of the Mg0.3Mn0.7Fe2O4 and Mg0.4Mn0.6Fe2O4 nanoparticles 
dispersed in water at different concentrations (2, 4, 6, 8 and 10 
mg/mL), respectively. For both samples, the initial 
temperature was established in 36.5°C and the evaluation of 
the heating capability was carried out for a time of 10 minutes. 
It can be observed that as the concentration of the particles 
increases, a higher temperature is reached. This corroborates 
the potential of the particles to generate heat under the action 
of an external magnetic field. Additionally, at the 
concentration of 10 mg/mL it was possible to accomplish, in 
both cases, a temperature of approximately 45 °C. In fact, at 
lower concentrations and times it was possible to obtain a 
temperature of 39 °C, which according to Bettaieb et al. [2], 
between temperature range 39 °C and 45 °C it is possible to 
cause damage or even the death of cancer cells without 
causing any significant damage to healthy tissues. 

E. Hemolysis Assay 

The toxicity in vitro generated by the materials when they 
are in contact with the erythrocytes (red blood cells) was 
measured according to the hemolysis assay described in the 
Standard Test Method for Analysis of Hemolytic Properties of 
Nanoparticles E2524 – 08. Generally, this procedure is based 
in the determination of the hemoglobin that is released when 
the erythrocytes are in contact with nanomaterials. 
Concentrations of 2 mg/mL, 4 mg/mL, 6 mg/mL, 8 mg/mL 
and 10 mg/mL were tested accordingly with what is reported 
for Pankhurst et al. [6], who found that concentrations 
between 5 mg and 10 mg per cm3 of tumor tissue are adequate 
for magnetic hyperthermia in human patients. The results of 
this test showed that at all concentrations, for both samples, 
the degree of hemolysis is non-significant with values below 
1%. 

 

 

Fig. 5 Magnetic induction heating curves of the Mg0.4Mn0.6Fe2O4 
nanoparticles dispersed in water at concentrations of 2,4,6,8 and 10 

mg/mL 

IV. CONCLUSION 

Nanoparticles of MgxMn1-xFe2O4 (x = 0.3 and 0.4) with a 
single cubic spinel structure and a soft ferrimagnetic behavior 
near to the superparamagnetic regime were successfully 
synthesized by sol-gel method. In addition, these nanoparticles 
exhibited a spherical-like morphology and nanometric sizes (≈ 
15 nm). Both samples, at concentrations of 10 mg of magnetic 
material per mL of water reached in 10 minutes a temperature 
of approximately 45 °C, which is within the range of 
temperatures used for the treatment of hyperthermia. 
Moreover, at the concentrations tested (2, 4, 6, 8 and 10 
mg/mL), the materials show a non-significant hemolytic 
degree. Therefore, taking into account the obtained results, 
these nanoparticles have a promising potential to be used as 
thermoseeds in the treatment of cancer by magnetic 
hyperthermia. 
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 
Abstract—Magnetic spinel ferrites are materials that possess size, 

magnetic properties and heating ability adequate for their potential 
use in biomedical applications. The Mn0.5Ga0.5Fe2O4 magnetic 
nanoparticles (MNPs) were synthesized by sol-gel method using 
citric acid as chelating agent of metallic precursors. The synthesized 
samples were identified by X-Ray Diffraction (XRD) as an inverse 
spinel structure with no secondary phases. Saturation magnetization 
(Ms) of crystalline powders was 45.9 emu/g, which was higher than 
those corresponding to GaFe2O4 (14.2 emu/g) and MnFe2O4 (40.2 
emu/g) synthesized under similar conditions, while the coercivity 
field (Hc) was 27.9 Oe. The average particle size was 18 ± 7 nm. The 
heating ability of the MNPs was enough to increase the surrounding 
temperature up to 43.5 °C in 7 min when a quantity of 4.5 mg of 
MNPs per mL of liquid medium was tested. Cytotoxic effect 
(hemolysis assay) of MNPs was determined and the results showed 
hemolytic values below 1% in all tested cases. According to the 
results obtained, these synthesized nanoparticles can be potentially 
used as thermoseeds for hyperthermia therapy. 
 

Keywords—Cytotoxicity, heating ability, manganese-gallium 
ferrite, magnetic hyperthermia. 

I. INTRODUCTION 

AGNETIC nanoferrites are materials that have been 
extensively studied for the last decade due to their 

potential as contrast agents for magnetic resonance imaging 
and thermoseeds for hyperthermia treatment [1]-[4]. A great 
quantity of synthesis routes, such as microwave [5]-[9], co-
precipitation [10]-[17], thermal decomposition [18]-[22], 
mechano-chemical synthesis [23]-[26], among others [27]-
[41], has been developed for obtaining MNPs with desirable 
magnetic properties for biomedical and technological 
applications. Among all these synthesis methods, sol-gel is 
one of the best ways to synthesize pure and mixed magnetic 
ferrites with appropriate crystalline structure and magnetic 
properties for their use in biomedical areas [42]-[48]. The sol-
gel auto-combustion technique combines the gelification step 
and the combustion process to obtain crystalline, magnetic and 
nano-sized simple and mixed ferrites [49]-[61]. Citric acid is 
one of the three most popular fuels used for the synthesis of 
fine ceramics such as ferrites by combustion process. This 
chelating agent can initiate the combustion reaction due to its 
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high negative combustion heat (-2.76 kcal g-1), and at the same 
time prevents particle agglomeration and undesired 
spontaneous condensation reactions [62]. However, in this 
method, important reaction conditions may be considered, 
such as the type and quantity of organic fuel, pH, combustion 
source, auto-combustion temperature, etc., which may 
influence the crystalline structure and properties of 
synthesized samples [54].  

This work reports the synthesis of Mn0.5Ga0.5Fe2O4 MNPs 
by the citrate sol-gel method, evaluating the magnetic 
properties and crystalline structure of the synthesized samples 
for their potential use on biomedical applications, without 
considering the auto-combustion step and the pre-heating of 
the powder precursor. The heating ability of samples and the 
hemolytic damage to red blood cells were also studied, taking 
into account the chemical composition of the magnetic core 
with the aim to determine the potential utilization of the 
synthesized particles as thermoseeds in hyperthermia 
treatment. Paramagnetic gallium was selected as part of 
magnetic core due to its biological properties and its 
antineoplastic effect on cancer cells [63]-[65]. In recent years, 
manganese has been extensively investigated as a component 
of magnetic ferrites [5], [10], [66]-[69] due to its contribution 
to the net magnetic moment and the heating capacity of 
samples. Manganese can also be used in ferrites for magnetic 
resonance imaging due to its higher relaxivity when it is part 
of paramagnetic organic molecules and MNPs [41], [70] 
containing paramagnetic cations such as gallium ions [71]. 
Gallium ferrites with orthorhombic structure have been 
extensively studied due to their magnetoelectric properties. 
However, for the spinel structure, which is necessary for 
biomedical applications, there is no much research performed.  

II. MATERIALS AND METHODS 

MNPs of Mn0.5Ga0.5Fe2O4 were synthesized by the citrate 
sol-gel method using iron [Fe(NO3)3·9H2O], gallium 
[Ga(NO3)3·H2O] and manganese [Mn(NO3)2·4H2O] nitrates 
and citric acid (C6H8O7) as raw materials. For comparison 
purposes, samples of GaFe2O4 and MnFe2O4 were also 
synthesized under similar conditions. Stoichiometric amounts 
of metallic nitrates and citric acid, in a molar ratio of 2:1 
(Fe2:Ga1, Fe2:Ga0.5-Mn0.5, Fe2:Mn1) and 3:1 (C6H8O7:metals), 
were placed into a 250 mL glass beaker that already contained 
20 mL of deionized water. The mixture was magnetically 
stirred for 2 h at room temperature until a homogenous 
solution was obtained. The temperature of the solution was 
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slowly increased to promote the formation of a viscous gel and 
the elimination of both nitric acid and water molecules. The 
viscous gel was aged for 2 h at room temperature and dried at 
95°C for 72 h in a stove obtaining a soluble and brittle gel that 
was used as magnetic precursor. In accordance to previous 
results [64], the precursor was heat treated for 1 h at 500°C in 
air and the powders obtained were characterized by XRD, 
Vibration Sample Magnetometry (VSM), Infrared 
Spectroscopy (FT-IR), Transmission Electronic Microscopy 
and Energy Dispersive Spectroscopy (TEM-EDS). This deep 
characterization was performed in the aim to identify the 
crystalline structure and determine the magnetic parameters 
(magnetization saturation, Ms; remanent magnetization, Mr; 
coercive field, Hc), the chemical composition and the average 
core size of synthesized powders. The evaluation of the 
magnetic properties was carried out at an applied field within 
a range of -12000 to 12000 Oe. The cell parameter (a) of the 
synthesized samples was calculated using (1), in which the 
interplanar distance (d) and hkl planes were acquired from the 
diffraction patterns. The crystallite size (D) and the magnetic 
moment per molecule (nB) was also calculated from the most 
intense diffraction peak and (2), respectively. 

 

ܽ ൌ ݀√݄ଶ ൅ ݇ଶ ൅ ݈ଶ                            (1) 
 

݊஻ ൌ 	
ெೢ೟	∙ெ௦

ହହ଼ହ
                                     (2) 

 
where Mwt is molecular weight, Ms is saturation magnetization 
and 5585 is a magnetic factor. Heating ability of magnetic 
suspensions (3.0 mg, 4.5 mg, 6.0 mg and 10.0 mg of MNPs 
per mL of water) was measured by solid state magnetic 
induction using a field of 10.2 kA/m and a frequency of 354 
kHz to determine the potential application of synthesized 
powders as thermoseeds for hyperthermia treatment. These 
magnetic conditions are within the range specified for 
biomedical applications. From these heating curves, the 
specific absorption rate, SAR [72] (3) was calculated taking 
into account the mass of MNPs (mMNPs) and carrier liquid 
(mLIQ), the specific heat of carrier liquid (CLIQ) and the initial 
slope of the time-dependent temperature curve (ΔT/Δt) [73].  
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The hemolytic degree of magnetic powders was measured 

following the experimental procedure described in ASTM 
E2524-08 (Standard Test Method for Analysis of Hemolytic 
Properties of Nanoparticles). For these tests, suspensions of 
3.0 mg, 4.5 mg, 6.0 mg and 10.0 mg of material per mL of 
liquid medium and human whole blood were used. Six 
samples were tested for each suspension and the hemolytic 
degree was calculated by the quantitative determination of 
hemoglobin released due to the in vitro damage to red blood 
cells caused by their exposure to nanoparticles. 

III. RESULTS AND DISCUSSION 

The XRD patterns of synthesized samples are presented in 

Fig. 1. All samples show the characteristic reflections of a 
cubic spinel structure and the XRD patterns were indexed 
using the JCPDS card 74-2228 (Fe1.4Ga1.4O4) with good 
agreement for all hkl planes. A reflection displacement was 
observed in some hkl planes (220, 422, 511, 440) for both 
Mn0.5Ga0.5Fe2O4 and MnFe2O4 samples, in comparison to 
GaFe2O4, which indicates the correct substitution of Ga3+ 
(ionic radius of 0.62 Ȧ) by Mn2+ cations that have a longer 
ionic radius (0.89 Ȧ). The lattice parameters (a) of the samples 
are presented in Table I. This parameter increases as Mn2+ ions 
are introduced into the oxygen framework, which has high 
flexibility and tends to modify itself to accept cations with 
different ionic radii [74]. This may indicate the formation of 
the mixed ferrite. An increase from 5 nm to 20 nm in the 
crystallite size was also observed from the XRD diffraction 
patterns, as an effect of the lattice expansion and the 
crystallinity of the samples. Unlike both pure GaFe2O4 and 
MnFe2O4 samples synthesized under similar conditions, a 
cubic spinel phase and a high crystalline structure without 
secondary products was developed when the magnetic 
precursor of Mn0.5Ga0.5Fe2O4 was heat treated at 500°C for 1 
h.  

 

 

Fig. 1 XRD patterns of GaFe2O4, Mn0.5Ga0.5Fe2O4 and MnFe2O4 
samples synthesized by the citrate sol-gel method 

 
The identified crystalline powders showed an Ms value of 

45.9 emu/g, which was higher than those corresponding to 
GaFe2O4 (14.2 emu/g) and MnFe2O4 (40.2 emu/g), while the 
Mr and Hc values were 2.0 emu/g and 27.9 Oe, respectively. 
This increase in Ms has been attributed to the formation of 
strong exchange interactions among Fe and Mn ions located 
into both tetrahedral (A) and octahedral (B) sites of the spinel 
structure [75]. The shape of the hysteresis loop (Fig. 2) 
indicate a ferrimagnetic behavior, thus the obtained powders 
can be classified as soft ferrites (high Ms, lower Hc) [76].  The 
magnetic moment per molecule increases and it is consistent 
with the increase of the magnetization values due to the 
element distribution into the structure, their preferential 
occupation site and the increase in the Fe-Mn sublattices 
exchange interactions [50]. 
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TABLE I 
MAGNETIC AND CRYSTALLOGRAPHIC PARAMETERS OF GA AND MN FERRITES 

SYNTHESIZED SAMPLES 

Sample GaFe2O4 Mn0.5Ga0.5Fe2O4 MnFe2O4 

Ms (emu/g) 14.2 45.9 40.2 

Mr (emu/g) 1.0 2.0 2.4 

Hc (Oe) 64.7 27.9 29.0 

D, (nm) 5.0 18.0 20.0 

a, (Å) 8.3290 8.3602 8.3943 

nB (µB) 0.62 1.96 1.66 

 

 

Fig. 2 Hysteresis loop of Mn0.5Ga0.5Fe2O4 sample at an applied field 
of 12 KOe 

 
The FT-IR spectrum of synthesized powders is shown in 

Fig. 3. It was possible to identify the characteristic absorption 
band (≈550 cm-1) of metal-oxygen bond (Fe-O, Ga-O and Mn-

O) due to the intrinsic vibration stretch of A and B sites of the 
spinel structure. According to Briceño et al. [77], this 
absorption band indicates the correct formation of the 
magnetic oxide. Additional absorption bands corresponding to 
–OH groups (≈3300 cm-1) and C-H bonds (≈2800 and ≈1500 
cm-1) were identified as part of the synthesized powders and 
correspond to water molecules and organic residues from 
citric acid, not completely burned during heat treatment, 
respectively. The CO2 molecules (≈2350 cm-1) may be 
attributed to the atmospheric conditions at which the analyses 
were performed. 

 

 

Fig. 3 FT-IR spectra of synthesized powders 
 

 

 

Fig. 4 TEM and SAED images, EDS spectrum and calculated size of Mn0.5Ga0.5Fe2O4 MNPs 
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The average size, morphology and the semi-quantitative 
chemical composition of particles were determined by TEM 
analysis (Fig. 4). The corresponding EDS spectrum, SAED 
and histogram are also shown in Fig. 4. Synthesized MNPs 
showed an average particle size of 18 ± 7 nm. The observed 
agglomeration is due to magnetic interactions among particles 
(Van der Waals forces and dipole-dipole interactions) [78]. 
According to the EDS spectrum, Ga, Fe, O and Mn were the 
only elements present in the powders, while Au and Ag 
elements correspond to the conductive metallic layer applied 
on the samples for their semi-quantitative characterization. 
NPMs have a non-spherical morphology as an effect of the 
reaction medium used (citric acid) and the heat treatment 
conditions, which was not observed for synthesized MNPs 
under different conditions [63]-[65]. 

The heating ability of Mn0.5Ga0.5Fe2O4 is shown in Fig. 5. 
As expected, temperature increases as the suspension 
concentration is increased. From these results, it is possible to 
demonstrate that, under these testing conditions (10.2 kA/m 
and 354 kHz), the suspensions of 4.5 mg, 6.0 mg and 10.0 mg 
of MNPs per mL of water are able to increase their medium 
temperature up to 43.5°C in less than 10 min.  

The SAR values are shown in Table II; these are lower than 
those reported by other authors [10], [70], [79]. This 
difference is mainly due to the calculations, which involve 
only the overall weight fraction of magnetic elements (Fe, 
Mn) without considering the mass of oxygen and 
paramagnetic gallium present in the mixed ferrites. 

 

 

Fig. 5 Heating ability of Mn0.5Ga0.5Fe2O4 under an AC magnetic field 
of 10.2 kA/m and 354 kHz 

 
TABLE II 

HEMOLYTIC DEGREE AND SAR VALUES OF MN0.5GA0.5FE2O4 MNPS 

SYNTHESIZED BY THE CITRATE SOL-GEL METHOD 

Sample 
Quantity of 

MNPs (mg/mL) 
Hemolytic value 

(%) 
SAR Values 

(W/g) 
1 3.0 0.01 7.5 

2 4.5 0.27 14.3 

3 6.0 0.10 14.4 

4 10.0 0.66 13.8 

 
The results of the red blood cells damage caused by MNPs 

are shown in Table II. In all cases, the hemolysis values were 
lower than 1% and according to ASTM E2524-08; the tested 
MNPs are nonhemolytic materials.  

IV. CONCLUSION 

MNPs of Mn0.5Ga0.5Fe2O4 were successfully synthesized by 
the citrate sol-gel method. Powders showed an inverse spinel 
crystalline structure with no other secondary phases. 
Saturation magnetization increases as gallium ions are 
replaced by manganese ions due to the net magnetic moment 
between A and B sublattices, while Mr and Hc values decrease 
as an effect of the super-exchange interactions among Mn 
cations. The synthesized MNPs showed an average size of 18 
± 7nm and a homogeneous chemical composition. A quantity 
of 4.5 mg of MNPs per mL of deionized water was enough to 
increase the medium temperature at the required range for 
hyperthermia treatment (43.5 °C) in less than 10 min. In all the 
cases, the hemolysis percentage was below 1%. According to 
the results obtained, Mn0.5Ga0.5Fe2O4 has adequate properties 
for its potential use in hyperthermia therapy. 
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 
Abstract—During the last few decades, the continuously 

increasing demand for accurate and reliable magnetic measurements 
has paved the way for the development of different types of magnetic 
sensing systems as well as different measurement techniques. Sensor 
sensitivity and linearity, signal-to-noise ratio, measurement range, 
cross-talk between sensors in multi-sensor applications are only some 
of the aspects that have been examined in the past. In this paper, a 
fully analog closed loop system in order to optimize the performance 
of AMR sensors has been developed. The operation of the proposed 
system has been tested using a Helmholtz coil calibration setup in 
order to control both the amplitude and direction of magnetic field in 
the vicinity of the AMR sensor. Experimental testing indicated that 
improved linearity of sensor response, as well as low noise levels can 
be achieved, when the system is employed. 
 

Keywords—AMR sensor, closed loop, memory effects, chopper, 
linearity improvement, sensitivity improvement, magnetic noise, 
electronic noise.  

I. INTRODUCTION 

AGNETIC sensors are preferred types of sensors in 
industry for many applications. They can easily operate 

under severe environmental conditions, they are very reliable 
due to the absence of moving parts, they can be imbedded 
inside building materials, and they can operate at elevated 
temperatures. 

Magnetic sensors are categorized primarily based on their 
sensing principle which impacts directly their operating 
characteristics like measurement range, obtained resolution, 
frequency response, working temperature, and manufacturing 
cost. For example, Hall effect and pick-up-coils based sensors 
have been proven to be quite practical and cost effective 
solutions in most common applications. Nevertheless, pick up 
coils are not appropriate for measuring low frequency 
magnetic fields, while Hall-effect devices cannot provide the 
resolution levels needed in demanding applications. On the 
other hand, Anisotropic Magnetoresistance (AMR), Giant 
Magnetoresistance (GMR), Giant Magneto-Impedance (GMI), 
Magnetostrictive and Flux-Gate sensors, although available at 
an increased cost, are frequently employed when higher 
resolution is required [1].  
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AMR sensors have emerged as a promising alternative, 
when higher resolution is required, providing an ideal balance 
between performance and cost. They offer considerably 
improved frequency response compared to more expensive 
solutions, like Flux-Gates, and have been used successfully in 
a wide variety of applications ranging from navigation, 
detection of ferromagnetic elements and monitoring purposes 
to EMF and sensitive current measurements [2]-[4].  

AMR sensors are typically formed in a Wheatstone bridge 
structure with bridge elements commonly manufactured by 
thin-film permalloy materials of magnetoresistive nature. The 
size of the bridge is often in tens of μm allowing for higher 
spatial resolution compared to more traditional solutions. 
Despite their advantages, contemporary AMR sensors still 
have certain deficiencies like non-linear response, DC offset, 
magnetic hysteresis, cross-axis effects and they need periodic 
re-polarization of permalloy film magnetic domains, which 
gives room for considerable improvement [5]. 

Several techniques have been proposed to enhance the 
performance of AMR sensors, e.g. elimination of DC offset 
using digital feedback and/or implementation of a current 
pulsing circuit to accomplish the re-polarization of permalloy 
thin-film magnetic domains are some of the most common 
approaches that have been adopted [3]-[5]. Hysteresis issues 
can also be controlled with the current pulsing circuit 
architecture. In addition, different numerical as well as 
experimental techniques have been proposed as a means of 
reducing cross-axis measurement effects regarding the 
response of the Wheatstone bridge elements [6]-[8]. However, 
certain issues such as non-linear response and measurement 
noise of AMR sensors are rarely discussed in architectures 
proposed in the literature. Moreover, while in most cases open 
loop feedback architectures are employed to improve the 
sensitivity of the magnetic measurement, this can lead to an 
increase in the uncertainty of measurement due to the 
corresponding increase of magnetic noise. In addition, the 
digital closed loop compensation systems proposed up to date 
tend to reduce the bandwidth of the closed loop. 

In this work, an analog closed loop compensation system is 
proposed, developed, and tested as a means to eliminate the 
non-linearity of AMR response, considerably reduce the 1/f 
noise, and enhance the sensitivity of magnetic measurement. 
The experimental results indicate that AMR response 
presented a maximum deviation of 0.36% with respect to the 
ideal linear response. Furthermore, the proposed closed loop 
system is able to maintain the measured noise density levels as 
low as the corresponding intrinsic noise density values of the 
AMR sensing element provided by the manufacturer [9].  

Highly Linear and Low Noise AMR Sensor Using 
Closed Loop and Signal-Chopped Architecture 
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II. PROPOSED CLOSED LOOP ARCHITECTURE 

For the purposes of this work, the HMC-1001 and 1002 
AMR sensor elements, manufactured by Honeywell Inc., have 
been used. The structure of the proposed closed loop system is 

illustrated in Fig. 1. 
The system is composed of the AMR Wheatstone bridge 

sensor elements and the accompanying electronic circuitry, all 
of which are discussed in detail in the subsections “AMR 
Sensor Mathematical and SPICE Model”.  

 

 

Fig. 1 The proposed closed loop architecture 
 

There are two (integrated) coils in the AMR sensor. The 
bottom one, Loffset is used for feedback purposes to improve 
linearity and reduce memory effects. The top-left one, LS/R, is 
the set-reset coil used for the re-polarization of permalloy thin-
film magnetic domains with short but strong current pulses. 
Those pulses are generated by the H-Bridge switches using a 
capacitor in series. When a set pulse is given, the voltage 
output of the sensor is F(B) switching to -F(B) when a reset 
pulse is given. The chopper cell between the two amplifying 
stages reverses the polarity according to the set-reset pulses.  

A. AMR Sensor Mathematical and SPICE Model 

The simplified linear analytical model of the HMC-1001/2 
sensor elements in Fig. 2 has been developed to obtain a first 
order approximation of sensors system frequency response and 
closed loop stability.  

 

 

Fig. 2 Simplified analytic HMC-1001/2 sensor diagram 
 

The model includes two paths: 1) The forward one, 
 , representing the transfer function of the conversion	ሻݏ௦௘௡ሺܪ
of the magnetic field intensity to voltage; it captures the 

inherent bandwidth of the sensing element using a simplified 

dominant-pole model, i.e. ܪ௦௘௡ሺݏሻ ൌ
ଶగ௙ೞ೐೙షయ೏ಳ	

௦	ା	ଶగ௙ೞ೐೙షయ೏ಳ
. 2) The 

feedback path ܪ௙௕ሺݏሻ capturing the voltage to magnetic field 
intensity conversion via the offset coil 	ܪ௙௕ሺݏሻ ൌ
1 ൫ݏ ∙ ௢௙௙௦௘௧ܮ ൅ ܴ௢௙௙௦௘௧൯⁄ . Constants K1 and K2 stand for the 
conversion gain ratios.  

The non-linear behavior (at high magnetic field) of the 
magnetoresistive Wheatstone bridge of both HMC-1001/2 
sensor elements was taken into account using the detailed 
SPICE model in Fig. 3. 

With the model in Fig. 3, the behavior of the complete 
system in terms of frequency response, non-linearity and 
closed loop stability can be captured. The Voltage-Controlled 
Voltage Sources (VCVS) E are used as ideal buffers. The 
VCVS EK1 and the Current Controlled Voltage Source 
(CCVS) HK2 are the conversion parameters of the forward and 
feedback paths respectively as provided by the manufacture of 
the sensor. The offset strap that creates the offset magnetic 
field was modeled by the inductor Loffset with a resistor Roffset 
in series. In order to create the non-linear behavior of the 
sensor, a careful selection of the Zener ZD and the resistor RZ 
has been done by simulation and curve fitting. The low pass 
filter RLP-CLP was used to simulate the bandwidth of the 
sensor. The DC bias and the output resistance of the sensor 
were simulated by using the voltage source VB and the resistor 
RBr, respectively. Finally, the manufacturer’s operating 
parameters [9] have been taken into account in the linear (Fig. 
2) and non-linear (Fig. 3) models.  
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Fig. 3 Spice model for HMC-1001/2 
 

B. System Model of the Closed Loop Architecture 

The model of the additional circuitry, implementing the 
signal conditioning and closed loop operation, was developed. 
The circuit is divided into two stages: 1) The chopper voltage 
amplification (LMP2021 chopper opamp); in this stage the 
sensor’s output voltage is amplified, while maintaining the 1/f 

noise level as low as possible. 2) High current output voltage 
amplification (OPA2674 opamp); this stage provides the high 
output current needed to drive the internal compensation coil 

offsetL  of the sensor element and implement the closed loop 
architecture. 

 

 

Fig. 4 Simplified analytic system diagram 
 
Fig. 4 shows the complete system model of the sensor 

element and electronic circuit. The transfer function of the 
amplifying stages ܪ௜ሺݏሻ, ݅ ൌ 1,2 are given by 

 

ሻݏ௜ሺܪ ൌ
஺೔∙ோ೒೔∙ቀ௦∙ோ೑೔∙஼೑೔ାଵቁ

ቀ஺೔∙ோ೒೔∙ோ೑೔∙஼೑೔ቁ∙௦ା஺೔∙ோ೒೔ାோ೑೔
                       (1) 

 
and the remaining feedback loop behavior is captured by 

 

ሻݏ௙௘௘ௗሺܪ ൌ
ோ೑೐೐೏

ோ೑೐೐೏ାோ೛ೌೝభାோ೛ೌೝమାோ೚೑೑ೞ೐೟ା௦∙௅೚೑೑ೞ೐೟
      (2) 

 
The output voltage noise power spectral density of ܪଵሺݏሻ 

and ܪଶሺݏሻ are ܧுଵ ൌ 7,7 ܸߤ ⁄ݖܪ√  and ܧுଶ ൌ 69ܸ݊ ⁄ݖܪ√  
respectively. Finally, (3) gives the complete transfer function 

 

ሻݏሺ்ܪ ൌ
௄భ∙ுೞ೐೙∙ுభ∙ுమ∙ு೑೐೐೏∙ோ೑೐೐೏

ଵା௄భ∙௄మ∙ுೞ೐೙∙ுభ∙ுమ∙ு೑೐೐೏∙ு೑್

ൎ ଵହ଺ଽ଻.ଶ∙గ∙ହ.଺௄

௦ାଶ∙గ∙ହ.଺௄
ቀ ௏௢௟௧
்௘௦௟௔

ቁ
                 (3) 

 
and the close loop noise is 

 

௢௧௔௟்ܧ ൌ 28.77 ܸߤ ⁄ݖܪ√  @ 10Hz               (4) 
 

Considering (4), it should be mentioned that, according to 
the theoretical analysis of (3), the total close loop noise 
density referred to the input is 1.9݊ܶ ⁄ݖܪ√  @ 10Hz. 

C. Measurement Setup 

The experimental setup consists of two different setups 
which are presented in Fig. 5. DC magnetic field 
measurements have been conducted in laboratory environment 
employing a cubic Helmholtz coil setup (Fig. 5 (a)) in order to 
calibrate/characterize the system under consideration. The 
effective bandwidth of the system was identified by AC field 
measurements using the same setup. Finally, the setup used for 
magnetic noise characterization is displayed in Fig. 5 (b). 

In the former case, a high accuracy DC power supply 
(Yokogawa 7651) has been used for providing the operating 
current to the Helmholtz coils. On the other hand, a voltage 
controlled current source driven by a function generator 
(Agilent 33220A) has been utilized for AC measurements. The 
results were recorded by a multichannel voltmeter (Keithley 
2000) and by an oscilloscope (Agilent MSO9404A). 
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(a)                                             (b) 

Fig. 5 Experimental setup, (a) cubic Helmholtz Coils (b) Magnetic 
Shield 

 

 

Fig. 6 DC measurements 

III. MEASUREMENTS AND DISCUSSION 

Every sensor system needs to be calibrated and 
characterized. This process is presented in the next section. 
First the “DC Measurements and Calibration” presents the 
result for the identification of the sensor as well as relationship 
between the magnetic field and the voltage output. 
Consequently, it presents the deviation from linearity both for 
the system and the sensor. The bandwidth of the sensor is 
presented in the section “Frequency Response”. Finally, the 
section “Magnetic Noise Characterization” corresponds to the 
noise level at each frequency. The latter is very important due 
to the fact that is the main reason which reduces the resolution 
capability of a sensor. 

A. DC Measurements and Calibration 

Using a high precision current source and the Helmholtz 
coils of Fig. 5 (a), a controlled linear magnetic field was 
generated. Both the proposed closed loop sensor system and 
the sensor alone were tested in this chamber. 

Utilizing the method of the least squares, a first order 
correlation between the magnetic field and the voltage output 
of the closed loop system (VCL) as well as the voltage output 
of the sensor (VS) was obtained (Fig. 6 and Table I). It can be 
seen that the closed loop system demonstrates lower diversion 
in the slope and the constant coefficients than the sensor 
elements.  

To observe the (DC) nonlinearity of the system and the 
sensor element, the linear components were subtracted from 
their curves, and the remaining nonlinear components were 
normalized. The results are shown in Fig 7. 

The superiority of the proposed close loop sensor system 

can be clearly identified in Fig. 7. The experimental results 
indicate that this close loop AMR sensor has a maximum 
deviation of 0.36% with respect to the ideal linear response. 

 
TABLE I 

EQUATIONS CORRELATING THE MEASURED MAGNETIC FIELD AND THE 

VOLTAGE OUTPUT 

Axis Equation 

X ஼ܸ௅೉ ൌ 14,89 ቀ
௠௏

ఓ்
ቁ ∙ ܤ ൅ 12,4ሺܸ݉ሻ  

Y ஼ܸ௅ೊ ൌ 14,86 ቀ
௠௏

ఓ்
ቁ ∙ ܤ ൅ 10,5ሺܸ݉ሻ  

Z ஼ܸ௅ೋ ൌ 14,84 ቀ
௠௏

ఓ்
ቁ ∙ ܤ ൅ 7,6ሺܸ݉ሻ  

X ௌܸ೉ ൌ 0,155 ቀ
௠௏

ఓ்
ቁ ∙ ܤ ൅ 7,04ሺܸ݉ሻ  

Y ௌܸೊ ൌ 0,156 ቀ
௠௏

ఓ்
ቁ ∙ ܤ െ 6,5ሺܸ݉ሻ  

Z ௌܸೋ ൌ 0,154 ቀ
௠௏

ఓ்
ቁ ∙ ܤ ൅ 13ሺܸ݉ሻ  

 

 

Fig. 7 Nonlinearity of the close loop system and the sensor element 
 

 

Fig. 8 AC bandwidth measurements 
 

 

Fig. 9 Magnetic noise measurements 
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B. Frequency Response 

The frequency response was derived by stimulating the 
Helmholtz coils with AC current. The provided current was 
generated by a (voltage-output) function generator driving a 
high precision voltage controlled current source (VCCS). Fig. 
8 displays the frequency response of one axis (the response of 
the other two is similar). The experimental and the theoretical 
data are in good agreement. 

C. Magnetic Noise Characterization 

In order to obtain the noise figure, the closed loop system 
was placed inside the magnetic shield as shown in Fig. 5 (b). 
The experimental results with respect to the noise of the 
sensor and the closed loop system, stimulated by a 100-Hz 
magnetic field, are presented in Fig. 9. The theoretical data 
extracted through the datasheet of the sensor have also been 
included for comparison. 

IV. CONCLUSION 

The experimental and the theoretical results of the closed 
loop AMR sensor system indicate that the proposed 
architecture can provide an alternative and cost effective 
solution for high precision measurements compared to more 
expensive sensors types like Flux-Gate. The system 
demonstrated very good linearity, while maintaining the 
magnetic noise levels as low as possible. Moreover, the 
effective bandwidth of the close loop system is wider 
compared to the other closed loop architectures of other AMR 
sensor systems found in the literature.  
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 
Abstract—In this paper geometrically nonlinear static behavior 

of laminated composite hollow super-elliptic beams is investigated 
using generalized differential quadrature method. Super-elliptic beam 
can have both oval and elliptic cross-sections by adjusting parameters 
in super-ellipse formulation (also known as Lamé curves). 
Equilibrium equations of super-elliptic beam are obtained using the 
virtual work principle. Geometric nonlinearity is taken into account 
using von-Kármán nonlinear strain-displacement relations. Spatial 
derivatives in strains are expressed with the generalized differential 
quadrature method. Transverse shear effect is considered through the 
first-order shear deformation theory. Static equilibrium equations are 
solved using Newton-Raphson method. Several composite super-
elliptic beam problems are solved with the proposed method. Effects 
of layer orientations of composite material, boundary conditions, 
ovality and ellipticity on bending behavior are investigated. 
 

Keywords—Generalized differential quadrature, geometric 
nonlinearity, laminated composite, super-elliptic cross-section. 

I. INTRODUCTION 

OMPOSITE beams with various cross-sectional shapes 
such as circular, rectangular or elliptic in solid or hollow 

form are used in many engineering fields like civil 
engineering, aeronautics, military, automotive and marine 
industry as reinforcement elements or load carrying structures. 
Hence, understanding the mechanical behavior of these 
structures is very essential to enable safe and economical 
designs. Following studies from literature are related to the 
beams with various cross-sectional shapes such as circular, 
rectangular or elliptic in solid or hollow form. Guo et al. [1] 
conducted an experimental study on the bending behavior of 
thin-walled circular hollow section tube structures. 
Karagiozova et al. [2] ,[3] studied on the dynamic response of 
circular and square metallic hollow cross-section beams 
subjected to an impulsive loading in order to investigate the 
deformation and energy absorption characteristics of such 
structures. Zheng et al. [4] investigated the bending capacity 
of cold-formed stainless steel beams with rectangular and 
circular cross-section both experimentally and numerically. Li 
and Yang [5] studied on thermal post-buckling behavior of 
anisotropic laminated beams with tubular cross-sections 
resting on elastic foundation under a variety of temperature 
distributions through the thickness. Asadi and Aghdam [6] 
performed large amplitude free vibration and post-buckling 
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analysis of laminated composite beam with non-uniform 
cross-section resting on a nonlinear elastic foundation using 
Euler–Bernoulli beam theory and GDQ method. Zhao et al. [7] 
used Chebyshev polynomials theory to investigate the free 
vibration behavior of functionally graded Euler–Bernoulli and 
Timoshenko beams with non-uniform cross-sections. Ghafari 
and Rezaeepazhand [8] employed dimensional reduction 
method in order to perform an isogeometric analysis on 
composite beams with arbitrary cross-section. Jiao et al. [9] 
conducted both theoretical and experimental studies on the 
buckling and post-buckling behavior of bilaterally constrained 
beams with non-uniform cross-sections. Law and Gardner [10] 
investigated the lateral instability of beams with elliptical 
hollow cross-section. Murin et al. [11] conducted 
experimental, numerical and semi-analytical studies on 
torsional warping free vibration behavior of rectangular 
hollow beams. 

As it can be seen from the literature, there are studies about 
beams with various cross-sections. In this study circular, 
elliptical or oval cross-sections can be expressed through 
super-ellipse formulation. Thus, in this study, geometrically 
nonlinear static behavior of laminated composite hollow 
beams with super-elliptic cross sections is investigated using 
generalized differential quadrature (GDQ) method. Static 
equilibrium equations are obtained through virtual work 
principle and von-Kármán nonlinear strain-displacement 
relations are utilized to represent the geometric nonlinearity. 
Transverse shear effect is taken into account according to the 
first-order shear deformation theory. Newton-Raphson method 
is used to solve equilibrium equations. Several laminated 
composite super-elliptic beam problems are solved using GDQ 
method to investigate bending behavior under different 
boundary conditions considering different layer orientation 
angle, ovality and ellipticity values. 

II. STATEMENT OF THE PROBLEM 

Cross-section of a super-elliptical beam is formed with 
Lamé curves defined by  

 

1
nn

b

z

a

y
  (1) 

 
where a and b are the major and minor radius at a cross-
section. a/b ratio defines the ellipticity of the cross-section. n 
is a positive number determining the ovality of the cross-
section. The curve is called as ellipse for n = 2, hypo-ellipse 
for n < 2 and hyper-ellipse for n > 2. The ovality of the cross-
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section increases with increasing value of n as it is shown in 
Fig. 1. Dimensional properties of super-elliptic beam are 
shown in Fig. 2 where t is the wall thickness, h and L are the 
height and length of the beam, respectively. 

 

 

Fig. 1 Cross section of a beam with different Lamé curves 
 

In a moderately thick beam, based on first-order shear 
deformation theory (FSDT) displacement field can be written 
in terms of mid-plane displacements and rotation as 
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where u0, w0 denote longitudinal and transverse displacements 
at reference mid-plane (x-y) and θx represents the rotation 
about y axis. 

 

 

Fig. 2 Hollow cross section parameters and fiber orientation for 
laminated composite 

 
Nonlinear strain components for moderately thick beam can 

be expressed as [12] 
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The constitutive equation for a laminated composite beam 

can be expressed in terms of in-plane force and moment 
resultants as 
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Laminate constitutive equation for transverse shear in terms 

of shear force resultant can be stated as 
 

ssAQ   (6) 
 
A, B, D, and As are laminate stiffness coefficients representing 
in-plane, bending-stretching coupling, bending and transverse 
shear stiffnesses respectively. They are obtained as: 
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where ks = 1/2 is the shear correction factor for hollow circular 

cross-sections [13]. )(k
xE  is the equivalent elastic modulus for 

composite layer and it is given as [14] 
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kQ  is the shear modulus of composite layer calculation of 

which can be found in composite mechanics books. 
 Static equilibrium equations of a beam can be derived 

through the virtual work principle. In this context, virtual work 
principle can be stated as the virtual work of internal forces is 
equal to the virtual work of external forces. 

For a beam in the absence of damping it can be written as 
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where q(x) is the distributed load on the beam and Fi is the 
concentrated load on the corresponding node. In (9), the terms 
on the left-hand side denote the virtual work of internal forces 
due to stresses. First term on the right hand side denotes the 
virtual work of external forces due to distributed load and 
second term indicates the virtual work of concentrated forces. 
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Equation (9) can be written in terms of force and moment 
resultants as  
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Using virtual work equation (10), equation of motion can be 

obtained in matrix form as: 
 

FP   (11) 
 
where P and F denote internal force and external force 
vectors, respectively. Nonlinear static equation of equilibrium 
in (11) can be solved by using iterative Newton Raphson 
method. In the implicit solution procedure, equation of 
equilibrium is written in residual form where displacements 
are to be calculated as: 
 

FPR   (12) 
 

Residual equation is linearized leading to the incremental 
equilibrium equation as  
 

RUK   (13) 
 

Solution of (13) iteratively leads to displacement 
increments. Displacement increments are added to the 
previous values to yield final displacement values. 

K matrix in (13) is often referred to as tangent stiffness 
matrix and for thick straight beam it is given as 
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where Bb, Bs, Np, Nd are given as  
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Tangent stiffness matrix is calculated using numerical 

integration. Nd matrix in the tangent stiffness matrix for the i-

th integration point (
i
dN ) is given as 
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where Cij are weighting coefficients used in GDQ method. 

III. NUMERICAL RESULTS 

GDQ method is used in the solution of super-elliptic 
composite beam equilibrium equations in this study. In order 
to employ the GDQ method, a computer program was 
developed. GDQ code was validated with analysis results from 
the literature.  

For validation, a circular hollow isotropic beam made of 
stainless steel (SUS304) from the literature is considered [15]. 
Material properties are: E=201.04 GPa, G=75.8 GPa and ν= 
0.3262. Dimensional properties are: t=0.005 m, a=b=0.01 m, 
h=0.02 m, L=1 m. Both ends of the beam are clamped. 
Comparisons of load-displacement curves under uniformly 
distributed load with literature and GDQ method are shown in 
Fig. 3. Good agreement is obtained with the results of the 
given reference. 

 

 

Fig. 3 Comparisons of load-displacement curves for SUS304 beam 
subjected to uniformly distributed load (q). (a/b=1, a/t=2, L/h=50) 

 
In this study, several super-elliptic composite beam 

problems are solved with the GDQ method. In the solved 
examples, different ovality and ellipticity values, layer 
orientations and boundary conditions are used. 

Composite material properties used are: E11=525.38 GPa, 
E22= E33=21.015 GPa, G12= G13=G23=10.508 GPa, ρ=775.523 
kg/m3 and ν12=0.25. Two different composite layer angle 
orientations are used in the analyses: [0o/90o/0o/90o/0o] and 
[0o

5]. Wall thickness of the hollow cross-section (t) is taken as 
t=0.0025 m. Major radius (a) is taken as a=0.025 m. The 
length of the beam is L=1 m. a/t=10 and h/b=2 are utilized in 
analyses. In all cases, concentrated transverse force is applied 
(F=1 kN) on the free end of the beam for cantilever beam (CF) 
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and in the middle of the beam for both clamped (CC) and both 
simply supported (SS) boundary conditions as shown in Fig. 4. 
Analysis results are obtained using 11 grids with GDQ 
method. 

 

 

Fig. 4 Loading conditions for (a) cantilever beam (b) beam with CC 
and SS boundary condition 

 
Transverse displacement values of laminated composite 

super-elliptic beam with different ovality values for 
[0o/90o/0o/90o/0o] composite layer orientation under CF, CC 
and SS boundary condition are given in Figs. 5-7, respectively 
(a/b=2). Transverse displacement values of laminated 
composite super-elliptic beam with different ovality values for 
[0o

5] composite layer orientation under CF, CC and SS 
boundary condition are given in Figs. 8-10, respectively 
(a/b=2). As seen in Figs. 5-10, transverse displacement values 
decrease with increasing ovality values under CF, CC and SS 
boundary conditions for [0o/90o/0o/90o/0o] and [0o

5] composite 
layer orientations. CF boundary condition has led higher 
displacement values than those for CC and SS boundary 
conditions. Bending stiffness of [0o

5] composite layer 
orientation is higher than [0o/90o/0o/90o/0o] layer orientation 
under CF, CC and SS boundary conditions. 

 

 

Fig. 5 Transverse displacement values of super-elliptic beam with 
different ovality values for CF boundary condition (a/b=2, 

[0o/90o/0o/90o/0o]) 
 

 

Fig. 6 Transverse displacement values of super-elliptic beam with 
different ovality values for CC boundary condition (a/b=2, 

[0o/90o/0o/90o/0o]) 
 

 

Fig. 7 Transverse displacement values of super-elliptic beam with 
different ovality values for SS boundary condition (a/b=2, 

[0o/90o/0o/90o/0o]) 
 

Maximum transverse displacement values of laminated 
composite super-elliptic beam with different ellipticity (a/b) 
and ovality values under CF, CC and SS boundary condition 
for [0o/90o/0o/90o/0o] layer orientation are shown in Figs. 11-
13. As seen in Figs. 11-13, maximum transverse displacement 
values increase with increasing ellipticity values. However, 
increase in ovality decreases the displacement values for all 
ellipticity values (0.5 ≤ a/b ≤ 2.5) and boundary conditions 
(CF, CC and SS). 
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Fig. 8 Transverse displacement values of super-elliptic beam with 
different ovality values for CF boundary condition (a/b=2, [0o

5]) 
 

 

Fig. 9 Transverse displacement values of super-elliptic beam with 
different ovality values for CC boundary condition (a/b=2, [0o

5]) 
 

 

Fig. 10 Transverse displacement values of super-elliptic beam with 
different ovality values for SS boundary condition (a/b=2, [0o

5]) 

 

Fig. 11 Maximum transverse displacement values of super-elliptic 
beam with different ellipticity (a/b) and ovality values for CF 
boundary condition (For [0o/90o/0o/90o/0o] layer orientation) 

 

 

Fig. 12 Maximum transverse displacement values of super-elliptic 
beam with different ellipticity (a/b) and ovality values for CC 
boundary condition (For [0o/90o/0o/90o/0o] layer orientation) 

 

 

Fig. 13 Maximum transverse displacement values of super-elliptic 
beam with different ellipticity (a/b) and ovality values for SS 
boundary condition (For [0o/90o/0o/90o/0o] layer orientation) 
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IV. CONCLUSIONS 

In this study, geometrically nonlinear static behavior of 
laminated composite hollow super-elliptic beams is 
investigated using GDQ method. Super-ellipse formulation is 
used to represent the oval, elliptic and circular cross-sections. 
Virtual work principle is used to obtain equilibrium equations 
of super-elliptic beam and von-Kármán nonlinear strain-
displacement relations are utilized. FSDT is considered to 
represent transverse shear effect. GDQ method is used to 
calculate the spatial derivatives in strains and Newton-
Raphson method is utilized to solve static equilibrium 
equations. 

Regarding the examples solved in this study, outlines of the 
study can be summarized as below: 
 Transverse displacement values decrease with increasing 

ovality values under CF, CC and SS boundary conditions 
for [0o/90o/0o/90o/0o] and [0o

5] composite layer 
orientations. 

 Bending stiffness of [0o
5] composite layer orientation is 

higher than [0o/90o/0o/90o/0o] layer orientation under CF, 
CC and SS boundary conditions. 

 CF boundary condition has led higher displacement 
values than those for CC and SS boundary conditions. 

 Maximum transverse displacement values increase with 
increasing ellipticity values for CF, CC and SS boundary 
conditions. 

 GDQ method is an efficient and effective method to 
analyze such systems like in this study. 
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 

Abstract—In the field of environmental protection in the EU 

and also in Romania, strict and clear rules are imposed that are 

respected. Among those, mandatory municipal wastewater 

treatment is included. Our study involved Municipal Wastewater 

Treatment Plant (MWWTP) of Galati. MWWTP began its activity 

by the end of 2011 and technology is one of the most modern used 

in the EU. Moreover, to our knowledge, it is the first technology of 

this kind used in the region. Until commissioning, municipal 

wastewater was discharged directly into the Danube without any 

treatment. Besides the benefits of depollution, a new problem has 

arisen: the accumulation of increasingly large sewage sludge. 

Therefore, it is extremely important to find economically feasible 

and environmentally friendly solutions. One of the most feasible 

methods of disposing of sewage sludge is their use on agricultural 

land. 

Sewage sludge can be used in agriculture if monitored in terms 

of physicochemical properties (pH, nutrients, heavy metals, etc.), 

in order not to contribute to pollution in soils and not to affect 

chemical and biological balances, which are relatively fragile. In 

this paper, 16 physico-chemical parameters were monitored. 

Experimental testings were realised on waste water samples, 

sewage sludge results and treated water samples. Testing was 

conducted with electrochemichal methods (pH, conductivity, 

TDS); parameters N-total (mg/L), P-total (mg/L), N-NH4 (mg/L), 

N-NO2 (mg/L), N-NO3 (mg/L), Fe-total (mg/L), Cr-total (mg/L), 

Cu (mg/L), Zn (mg/L), Cd (mg/L), Pb (mg/L), Ni (mg/L) were 

determined by spectrophotometric methods using a 

spectrophotometer NOVA 60 and specific kits. 

Analyzing the results, we concluded that Sewage sludges, 

although containing heavy metals, are in small quantities and will 

not affect the land on which they will be deposited. Also, the 

amount of nutrients contained are appreciable. These features 

indicate that the sludge can be safely used in agriculture, with the 

advantage that they represent a cheap fertilizer. 

 

Keywords—Municipal wastwater, physico-chemical 

properties, sewage sludge, technology.  
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 

Abstract—Over the last decades, biosorption has been an 

alternative to costly wastewaters treatment for metal removal. Most 

of the literature on metal biosorption was devoted to studying of 

single metal ions but nowadays studies on multi-components 

biosorption are booming. Hexavalent chromium is usually found in 

mixtures with divalent metal ions in industries wastewaters. 

However, studies on the simultaneous removal of Cr(VI) and 

divalent metals are hardly found and the cooperative or competitive 

mechanism governing each metal ions sorption is still unclear. In 

this work, simultaneous sorption of Cr(VI) and Cu(II) from their 

binary mixtures by using sweet potato vine (SPV) was investigated. 

Sweet potato is one of the four major grain crops in China. Each year 

about 2000 tons of SPV are generated as by-products. SPV could be 

a low-cost biosorbent for metal ions due to its rich in cellulose and 

lignin. In this work, the sorption of Cr(VI) and Cu(II) from their 

binary mixtures solutions was studied by using SPV sorbent. 

Equilibrium studies were carried out in binary mixtures in which 

Cr(VI) and Cu(II) concentration was both varied between 0.1 mM 

and 0.3 mM, Cr(VI) and Cu(II) single solutions were also prepared 

as comparison. All the experiments were performed at pH 3±0.05 

under 30±2oC for 7 days to make sure sorption achieved 

equilibrium. Results showed that (i) chromium was partially 

(10.93%-42.04%) eliminated under studied conditions through 

reduction and sorption of hexavalent and trivalent forms. The 

presence of Cu(II) exerts a synergistic effect on the overall sorption 

process in all the cases of the 0.1-0.3 mM binary mixtures 

concentration range. (ii) Cr(VI) removal by SPV is favoured by the 

presence of Cu(II) in solution, because more protons needed for 

Cr(VI) reduction are available due to Cu(II)-proton competition; 

however sorption of the formed Cr(III) is unfavoured as a result of 

the competition between Cr(III) and Cu(II) for protons and sorbent 

active sites. (iii) Copper was partially (9.26%-13.91%) sorbed onto 

SPV under studied conditions. The presence of Cr(VI) in binary 

mixtures also exerts a synergistic effect on the Cu(II) removal in all 

the cases of the 0.1-0.3 mM binary mixtures concentration range. 

The results of the present work indicate that sweet potato vine can be 

successfully employed for the simultaneously removal of Cr(VI) 

and Cu(II) in binary mixtures, taking advantage of the synergistic 

effect provoked by one of the metal ion to each other, even though 

the acquisition of higher removal yields has to be further 

investigated.  

 

Keywords—Sweet potato vine, chromium reduction, divalent 

metal, synergistic sorption. 
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 

Abstract—As an alternative way to compensate the INS 

(inertial navigation system) error in non-GNSS (Global Navigation 

Satellite System) environment, geophysical database referenced 

navigation is being studied. In this study, both gravity gradient and 

terrain data were combined to complement the weakness of sole 

geophysical data as well as to improve the stability of the 

positioning. The main process to compensate the INS error using 

geophysical database was constructed on the basis of the EKF 

(extended Kalman filter). In detail, two type of combination method, 

centralized and decentralized filter, were applied to check the pros 

and cons of its algorithm and to find more robust results. The 

performance of each navigation algorithm was evaluated based on 

the simulation by supposing that the aircraft flies with precise 

geophysical DB and sensors above nine different trajectories. 

Especially, the results were compared to the ones from sole 

geophysical database referenced navigation to check the 

improvement due to a combination of the heterogeneous 

geophysical database. It was found that the overall navigation 

performance was improved but not all trajectories generated better 

navigation result by the combination of gravity gradient with terrain 

data. Also, it was found that the centralized filter generally showed 

more stable results. It is because that the way to allocate the weight 

for the decentralized filter could not be optimized due to the local 

inconsistency of geophysical data. In the future, switching of 

geophysical data or combining different navigation algorithm are 

necessary to obtain more robust navigation results. 

 

Keywords—Extended Kalman Filter, Geophysical Database 

Referenced Navigation, Gravity Gradient, Terrain.  
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1 
Abstract—Landslide of Ain El Hammam (AEH) has been an old 

slip since 1969; it was reactivated after an intense rainfall period in 
2008 where it presents a complex shape and affects broad areas. The 
schist of AEH is more or less altered; the alteration is facilitated by 
the fracturing of the rock in its upper part, the presence of flowing 
water as well as physical and chemical mechanisms of desegregation 
in joint of altered schist. The factors following these instabilities are 
mostly related to the geological formation, the hydro-climatic 
conditions and the topography of the region. The city of AEH is 
located on the top of a steep slope at 50 km from the city of 
TiziOuzou (Algeria). AEH’s topographic monitoring of unstable 
slope allows analyzing the structure and the different deformation 
mechanism and the gradual change in the geometry, the direction of 
change of slip. It also allows us to delimit the area affected by the 
movement. This work aims to study the behavior of AEH landslide 
with topographic monitoring and to validate the results with 
numerical modeling of the slip site, when the hydraulic factors are 
identified as the most important factors for the reactivation of this 
landslide. With the help of the numerical code PLAXIS 2D and 
PlaxFlow, the precipitations and the steady state flow are modeled. 
To identify the mechanism of deformation and to predict the spread 
of the AEH landslide numerically, we used the equivalent deviatory 
strain, and these results were visualized by MATLAB software. 

 
Keywords—Equivalent deviatory strain, landslide, numerical 

modeling, topographic monitoring. 

I. INTRODUCTION 

HE AEH landslide movement is an interesting case study 
to model. As the slide’s reactivation appears to have been 

triggered by local water conditions after a strong rainfall 
treated by [1], we modeled the problem with a hydro-
mechanical finite element formulation. 

The several reactivations compel us to look closely at its 
triggers in order to better understand the mechanisms of its 
evolution in mass. For that, we used two approaches: 
topographic surveying, and the equivalent deviatory strain, to 
predict and to identify the deep of slip surface and to 
understand the sliding direction and velocity. Furthermore, 
[2]-[4] demonstrate that topographic surveying allows us to 
discover and to predict the future evolution of the landslide for 
taking the safety measures.  

II. STUDY AREA 

AEH is a mountainous town, situated at 1500 m altitude; 
the climate of the area is Mediterranean, continental, relatively 
cold, rainy in winter, hot and dry in summer. Temperatures 
vary from year to year, from -5 °C to 35 °C with occasional 
 

Hizia Zerarka is with the University of Sciences and Technology Houari 
Boumediene, Algeria (e-mail: zerarkahizia@yahoo.fr). 

peaks of 40 °C in July and August; the rains are spread over a 
period of five to six months with heavy rain and snow between 
November and March. The geology of the study area is 
characterized essentially by dark gray satin schist’s belonging 
to the metamorphic crystallophyllian base of the massif of the 
Great Kabylia. Satiny schist has a mean direction of 
schistosity oriented ENE-WSW with a dip that varies from 40 
to 60° to the southeast [5]. 

The landslide of the city of AEH is important and old 
landslide in Algeria, which affected urbanized part of the AEH 
city (Fig. 1). The perpetual reactivation of AEH landslide after 
each rainfall, we require to research and predict its 
manifestation and its evolution in future. 

 

 

Fig. 1 Satellite view of the location of AEH landslide 
 
The alteration product is reddish clay silt which contains 

fragments of shale and makes up the layer of the embankment. 
The rate of schist alteration depends on the depth of the layer, 
exposure to climate hazards, and the circulation of 
groundwater. 

The city of AEH is characterized by the existence of 
numerous water sources in the catchment leaking. This means 
that there is a substantial aquifer because the shale formations 
are a priori permeable in one direction of the cleavage. 

From the geotechnical point of view, the presence of water 
in abundance in this region promotes a physical and chemical 
alteration of the rock (shale satin which is an indication of old 
compression clay). Schist of metamorphic origin presents 
multiple structures which have been exposed to the air. The 
rock has poor resistance to physical and chemical stresses, and 
easily deteriorates under the action of frost or rainwater [6]. 

The presence of water in the soil acts directly on its 
geotechnical characteristics [7]. It greatly reduces its strength 
when saturated and affects its stability with the fluctuation of 

Study of Landslide Behavior with Topographic 
Monitoring and Numerical Modeling 
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the groundwater. This could be a trigger factor of land 
movements. 

III. TOPOGRAPHIC MONITORING 

The topographic monitoring followed by implantation of 
the target, is indicated on the map in Fig. 2. The target 
baseline measurement was conducted in October 2009. The 
surveys were then carried out on monthly basis. The last 
measurement was in May 2012 with six-month of interruption. 
The movements of the targets are plotted along the Z axis for 
each section in the graphs to better monitor and study the 
movements of the slope. 

Measurements are carried out from the AEH area, and allow 
having indications of the existence of ground movement in the 
basement. The measurements which are based on measuring 
the relative position of the point in question by providing a 
stable reference point, displacement in time of the five cuts 
made in the field are given by Figs. 3-7. 

Based on topographic monitoring, it is notable that the 
downstream ground movement is relatively more active than 
upstream. There are also significant peak values over all cuts 
during the months of April 2011, December2011, April 2012, 
and May 2012. Finally, it is assumed that heavy rainfall during 
the months of September 2011(45.3mm / day and 162.5 to 
181.6 mm/day source [8]) has caused the notable shifts 
recorded. 

By studying the different graphs, we see that the 
displacements are largest on-DT DT cuts and ET-ET. The 
vertical displacements Δz range from -0.5 to 0.5 m can also be 
seen and point downstream moves differently compared to the 

upstream side. This explains that the landslide will expand on 
the upstream side of the slope and also causes movement to 
the beat of the slope by generating sags and bulges at ground 
level. 

 

 

Fig. 2 Satellite photos with the topography monitoring sections 

 

 

Fig. 3 Displacement of topographic point according to cut AT-AT 
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Fig. 4 Displacement of topographic point according to cut BT-BT 
 

 

Fig. 5 Displacement of topographic point according to cut CT-CT 
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Fig. 6 Displacement of topographic point according to cut DT-DT 
 

 

Fig. 7 Displacement of topographic point according to cut ET-ET 
 

IV. EQUIVALENT PLASTIC DEVIATORY STRAIN  

The purpose of the modeling is to determine the stress and 
strain fields through hydro-mechanical finite element coupled 
formulation. 

The hydro-mechanical finite element coupled formulation 
takes into account with high precision the factors affecting this 
area: such as mechanical actions, climate, and water. For the 
adequate numerical modeling of the behavior of AEH slip, 
five cuts are made on the unstable zone, through the 

constructions presented at actual state. 
The results of numerical modeling under the effect of 

hydro-mechanical conditions, introducing the fluctuation of 
the groundwater effect and a strong precipitation in the 
transitional flow regime, enabled to study of the evolution of 
the rupture slope of AEH. The morphology of the equivalent 
plastic deviatory deformation  obtained by modeling 
facilitates the determination of deformation mechanisms 
within the slope. The analysis shows the shape of the sliding 
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surface which are not similar in all the sections, in the sections 
AA and BB, we notice a linear sliding and deformation which 
reaches to the foot of the slope, explained by the strong 
urbanization along this section. However, the circular sliding 
surface for the sections C - C, D – D, and EE was observed, 
which is explained by the heterogeneous geology, and the 
horizontal permeability of altered schist layers, causing planes 
of weakness and voids filled with schist alteration product 
(clay silt of low geotechnical characteristics).  gives good 
representations of the state of deformation of the ground, and 
the results are given in Figs. 8-12. Based from these results, 
we can consider that the slip of AEH is complex and extended 
under the influence of the new surface evolution. The sliding 
surface found by modeling reaches the embankment layer; 
destructed schist on all the sections with a depth between 20 
and 30 m, while on the CC and EE sections the sliding surface 
even reaches the layer of altered schist and its depth varies 
between 30 m and 50 m. 

 

 

Fig. 8 Equivalent deviatory strain of the section A-A 
 

 

Fig. 9 Equivalent deviatory strain of the section B-B 

 

Fig. 10 Equivalent deviatory strain of the section C-C 
 

 

Fig. 11Equivalent deviatory strain of the section D-D 
 

 

Fig. 12 Equivalent deviatory strain of the section E-E 

V. CONCLUSION 

The AEH landslide is still active and characterized by a 
complex structure. That is why we embarked on a numerical 
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modeling to refine the analysis of the behavior of the slope 
and its long-term response mode, using in one hand the 
equivalent deviatory strain and compared them with area 
measurements in the other hand. These results show that the 
slope is unstable and confirms the existing of a new slip 
surface in the southern part of the city. These results are also 
validated by the topographic monitoring which followed 
important cinematic on that part of the city. Given the site 
geology and numerical results, we can also confirm that the 
propagation direction of the slide is along the natural 
stratification of shale. 
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