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ePublishing Rules

The Journal publishes authentic studies and researches according to the
principles of true Islamic religion, as well as to the Libyan state laws for the
issuance and publishing and also according to the vision, mission and goals
of Azzaytuna University, which follow systematic and objective methods
and generally accepted rules in writing scientific researches and studies,
provided that the research should not have been published in any other place
and that the researcher undertakes to do so in writing.
1- To write on the research the triple name of the researcher, as well as his
work affiliation, address and e-mail.
2- Researchers are accepted in Arabic, English and French. Researches,
studies and articles are written in Arabic (including a summary of the
abstract in Arabic) or in English or in French (including a summary of the
abstract in Arabic), provided that every summary ( abstract) shall not be less
than (200 words ) and not more than (250 words).
3- The submitted researches shall not exceed 25 pages of normal size (A4),
unless the editorial board decides otherwise. It is required that the research
Is characterized by accurate language and documentation.
4- The journal has the right to publish researches and take advantage of
them in the scientific fields without reference to their owners, provided that
pointing to owners is made according to generally accepted rules.
5- Researches sent to the journal shall not be returned to their respective
owners, whether or not have been accepted for publication. The applicant is
not entitled to claim them.
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6- Upon acceptance of the research for publication in the journal, the
researcher receives two copies of the issue in accordance with the financial
procedures of the journal.

7- The editorial board of the journal shall have the legal rights to reject any
scientific participation, unless it has been prepared in accordance with the
above-mentioned conditions or not related to the competence of the journal.
8- Research or parts of it may not be published in another place after being
approved for publication in Azzaytuna University journal, only after
obtaining a written permission from the editor.

9- Order of the appearance of the researches in the journal shall be subject to
technical considerations.

10- The journal does not pay rewards for published researches, book
reviews or any intellectual work unless commissioned by them.

e Specifications of Written Researches

Researches submitted for publication shall be sent in three paper based
copies and a copy on Compact Disk (CD) according to the following:
1- The research shall be printed on ( A4) bright white paper with the
following dimensions ( 13 cm x 22 ¢cm ) and page margins from top 4.85
cm, bottom 3.5 cm and sides 4.5 cm in order to be valid for publication
directly, written using the editor ( M.S. Word) and shall be accepted in any
other programs.
2- A copy of the research shall be submitted on Compact Disk and the 2
copies printed on paper not containing the author's name or address.
3- In documenting references inside the text, the (APA )style shall be taken
into account as follows:
- Documenting of sources shall be referred to at the end of paragraph where
to be written: last name , year of publication, and page number in
parentheses. As for the list of references shall be at the end of the research
or study according to the following: statement of the author's name — book
title — edition if any — place of publication — publishing house — publishing
year.
4- A research in Arabic language uses simplified Arabic font (AL-
Mohanad Bold ) , as for the research in English language uses the font
(Times New Roman ).
5- The research must contain the following basic components: (research
abstract, introduction, research steps, results, references).
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eMethods of Research Preparation

o Titles

1- A research title shall be written in the middle of the page using font size
13 Dark Black.

2- Names of authors shall be written using 12 Dark Black font, immediately
below the title at a distance of one line, starting with author(s)' name and
ends with the name of grandfather of surname, authors' addresses shall be
written using 13 normal font size immediately under authors' names.

e Tables, Figures and Mathematical Equations

1- Dimensions of tables and figures shall not exceed the dimensions of the
written text ( 13 cm x 22 cm), tables must not be divided into two pages.
The minimum limit of font size inside the table is (8) and the maximum is
(10), written using the same programme (M.S. WORD ), not separated or
entered by a photo scanner. Each table shall be preceded by a serial number
and a title for it at size ( 11) normal, and be original and clear.

2- Mathematical equations shall be written using equations writer (3) found
in Microsoft electronic beam.

e Methods of Research Evaluation

1- All researches submitted to the journal shall be subject to preliminary
examination by the editorial board to decide their eligibility for evaluation
and compliance with publication rules for arbitration and evaluation
according to accepted practices. The board shall have the right to refrain to
accept any research without giving reasons. If approved for publication,
such researches shall be sent to two reputable reviewers in the field of
competence who are experienced and efficient in the field of scientific
search inside and outside Libya to evaluate them. The researches shall not
be published in the journal except after their approval.

2- According to proposal of evaluation committee, the journal may request
the author to do formal or objective — total or partial amendments to the
research or study prior to be permitted to publication in the journal.

3- The researcher shall comply with carrying out the reviewers' amendments
to his research or give his opinion in respect of such amendments according
to reports sent to him, and submit the amended copy to the journal within a
period not exceeding (15 ) days.
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Abstract
Urbanization is a global phenomenon it's one of the most influence human activities
over the world both today and by future generations, impacting the elements of quality
of urban life and its sustainable development performance. Urbanization in the
developing and emerging world, particularly in Africa is appearing at an extraordinary
rate and it threatens the attainment of the goals of sustainable development. Urban
sprawl has led to unsustainable rapid urban expansion patterns from socio-economic
and environmental issues. This original study examines the Driving Forces (hereafter
referred to as DFs) and circumstances of the rapid urbanization process, discussing the
main reasons and impacts of the urban explosion, serious damage environment, city
patterns, and demographic transformation. The main concern of this paper therefore
was to determine how urbanization and urban sprawl issues have direct or indirect
impacts on the structure and lifestyle of the city of Tripoli Libya. The implications of
this urbanization challenge in many developing countries are diverse socio-economic,
cultural, and environmental issues. To address this aim, a qualitative approach is used
through in-depth face-to-face interviews with the local authority, ordinary people,
planning and agricultural experts, and university professors as well as decision-makers.

A mixed-method approach was adopted for the analysis of archival documents to
present different opportunities for obtaining as much information as possible on urban
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growth. The findings and discussion indicate the ineffectiveness and/ or non-
implementation of planning strategies, political conflict, and economic prosperity that
are rising with the rapid urbanization process. The study finds that the majority of
developing world cities are in urgent need of practical policy and strategic urban
development plans that could address and control the uncontrolled growth of urban
settlements and unplanned urban expansion.

Keywords: (DFs); urbanization; population explosion; environmental deterioration;
structure of the city

Introduction

Urbanization sprawl symbolizes the pattern of dominant growth in urban areas Abubrig
(2012). Therefore, it is one of the global and common phenomena in urban areas
undergoing rapid urban expansion. Many studies on the reasons for urban sprawl reveal
deep insights into sustainable management of the urban alterations that change the
patterns and structure of the cities. However, due to the very rapid population growth
and economic prosperity that have taken place in recent decades, cities all over the
world particularly in the developing countries have expanded very rapidly Sahana,
(2018). In this regard, this highlights that with the rising population and urbanization,
the pattern of urban land use/cover and peri-urban have significantly changed and such
has driven many environmental challenges. Therefore, the urban sprawl processes and
consequences have become an issue of growing concern as a result of the continuous
trend of worldwide urban expansion. In several places, peri-urban land use is changing
rapidly from agriculture to housing and other services as a result of multiple (DFs)
Rizzo, (2014). Therefore, the (DFs) are involved provision of infrastructure, industry
development, and construction of settlement, while the natural factors, policies,
population, economy, and technology are associated with the potential factors (Fan et
al. 2014).

The rapid alterations of land use/cover than ever before, particularly in developing
nations, are often characterized by rampant urban sprawling, consumption of farmland,
and a rise in the rate of deforestation, leading to the loss of farming land, and the
degradation of green areas (Hisham et al. 2019). According to Yasin et al. (2021),
urbanization sprawl has a nasty pattern of development spreading further from the
urban centers, it occurs in the peri-urban areas in the form of radial line development,
leapfrogging, ribbon and the grid patterns of nearby feeder streets, as is the case with
some commercial and informal settlements in Tripoli, which are widely spread.
Abubrig (2016) elaborated that the urban fringes are constantly experiencing
unauthorized changes in land uses, which are officially supposed to follow a planning
scheme that is weak in content and implementation. Consequently, areas impacted by
the urban sprawl that suffer from a lack of access to basic infrastructure, utilities, and
services such as proactive urban planning have poor public health, poor road access, a
shortage of water, and an unstable electricity supply. Liu et al. (2017) argued that rapid
urbanization occurs when cities attract dwellers migrants from rural areas who come in
search of education or work due to economic growth and urban job creation is absent in
the rural area. As a consequence of this, since 1990 many newcomers from rural to the
city of Tripoli disproportionately settle down in slums or informal and random
settlements in the peri-urban areas to get a better life. Accordingly, uncontrolled and
inefficient urban dispersion occurs in the peripheral areas, so the difference between
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rural and urban areas is increasingly blurred, and the resulting reclassification of rural
areas to peri-urban or urban. A large share of the new urban inhabitants is expected to
live in peripheral areas, as well as in interconnected towns. Gradually, rural-urban areas
are less separate spaces in their own right (FAO UN, 2023).

The intricate structure of cities around the world has resulted in complicated patterns of
land use/cover. Before the 1950s, rapid urbanization had occurred in developed
countries, which increased urban development and a significant reduction in arable
lands (Firman, 1997). The occurrence and impacts of urban sprawl have been the
subject of numerous academic research mainly due to the challenges posed by the
continued and tremendous rise in urbanization, particularly in developing countries. In
fact, in recent years, urbanization in developing countries has been faster than that in
developed countries (Youssef, 2007). Sprawl is usually considered to be one of the
effects of urbanization, although an accurate analysis needs to be conducted as to what
is legitimate urbanization in developing nations and the undesirable expansion of cities.
Thus, controlling the urbanization process and making sustainable development need
accurate information about urban growth patterns processes, and drivers (Jiang et al,
2010). Cities and Metropolitan areas are growing rapidly urbanization all over the
world due to the rapid population growth in developing nations. Unfortunately, this
rapid growth has resulted in decaying infrastructure, poor planning uncontrollable
urban expansion (urban-sprawl) of highly informal ad-hoc settlements, negative
socioeconomic and environmental impacts, global climate and ecosystem changes as
well as consumption of arable land (Angotti 1993; Ldpez et al. 2001; Huang et al.
2009). As Abubrig (2012) stated the growing volume of urban migrants upset the
equilibrium of both rural and urban life.

Hence, the urban demographic transformation influences and is influenced by many
trends such as economic development worldwide where globalization is tying cities to
each other through international networks. While it may not be possible to distinguish
between the space of population growth and economic growth, technology has had a
strong influence on urban growth. In Arabic cities, the principal cause for increasing
built-up environments is the inhabitants. Social and economic factors as well as cultural
diversity play decisive roles in ordering and forming urban areas (Mubarak, 2004).
Most cities in Libya are inspecting to raise the exchange values of urban land use/cover
by stimulating and sustaining urban growth. Urban expansion in Libya generally is not
based on a clear strategy and comprehensive policies are absent. From the 14th century
to the beginning of the 20th century, Libya was controlled by several civilizations:
Islamic, Italian, and, in even earlier history, Phoenician, Carthaginian, Greek, Roman,
Spanish, Vandal, and Byzantine civilizations (Shawesh 2000). As a result, urban
planning and the form of most Libyan cities are deeply influenced by external
ideologies and planning methods from foreign countries. In the opinion of Abubrig
(2016), the expansion and proliferation of the modern city belong to the commercial
cultures that shape public life; therefore, arcades and department stores are consumer
activities that are significant developments of the modern city and many other retail
places.

The rapid rate of urban population growth is due to demographic factors such as natural
increases and high levels of international migration, which is fuelled by the exploitation
of the country’s oil revenues. Cities of Libya have received migrants from foreign
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countries; mostly those within the continent of Africa. EBB (2011), describes Libya as
a nation of cities: "For all its recent history, dating back to the end of World War Il and
the period of independence which followed at the outset of the second half of the 20™
century, the Libyan society has been steadfastly shaped into a flourishing urban system,
perhaps reaching a stage of maturity, though by developing countries standards, at the
turn of the 21stcentury when the great majority of the population lived in urban
settlements (EBB, 2011)". The demographic characteristics symbolize immigration
(rural-urban, internal/external - international) of the population towards adjacent areas
of the cities, and this helped to raise population growth, thus increasing their needs for
services and infrastructure to meet sustainable growth. For instance, sanitation,
transport, water, land costs, and deterioration of the urban environment (Al-Tellawy,
1995). It may not be possible to differentiate between the space of population growth
and the space of economic growth; this means that they complement each other. Indeed,
the socio-economic and cultural transformation has taken place under the veil of
globalization (Graham, 2001).

Urbanization sprawl is a consequence of cheap open and public space available outside
the city. For example, ownership of an automobile, the ability to own a house, the wish
for a single family to possess a home, and overcapacity within urban areas are some of
the major reasons identified as reasons for the sprawl of urban areas. Consequently,
uncontrolled and unplanned urban expansion and population growth including a shift
from rural to urban areas have been the main reason driving the growth or sprawl of the
city. During the outward expansion of Tripoli, city agencies provided poor planning
and individuals neglected planning policies. The rate of urbanizing Tripoli has led to
the spread of sprawls into areas that were originally for agricultural land and natural
habitats. The following literature examines the urban sprawl (DFs), reasons, the effects
of rapid expansion, and city's structure transformation to address the main powers that
derived from the city's rapid urbanization, and additionally to understand the
consequences of these alterations on the city structure and its patterns.

Study Area

This paper is a case study conducted in Tripoli, which is the largest city in Libya. It is
known for it’s the capital and primary hub of the state's cultural identity is a colored
mosaic, a harmonious and intertwined blend of African, Moroccan, Amaziggh, Islamic
Arabian cultures, and those of the Mediterranean. Uncontrolled and unplanned urban
growth or sprawl is resulting in haphazard development towards the outskirts areas,
which is affecting green areas. Thus, the solution will be expansion at the expense of
the formation of suburbs, which allow people to live in a reasonably pleasant location
away from the pollution and poverty of the inner city, although continuing to work in
economically flourishing urban areas. This period of urban evolution represented the
start of the decentralization growth that characterizes cities today (Gillham, 2002). This
study, as no previous study has done right now, contributes to finding solutions in
order to address unplanned urban expansion and how to sustain them considering the
rising population of the city. While the population of the city increased from one
million and four hundred thousand to two million people between 2011 and 2020.
Urban landscape, ecological, and environmental problems have been the main
challenges because the urbanization process increases air and water pollution from
residential activities, waste management, and transportation, which regularly exceeds
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environmental quality standards or the target for sustainability. Thus, cities should
balance the socio-economic and environmental needs of present and future generations.
Recently, the growth in Tripoli city has led to an incredible increase in urbanization in
the form of new districts, towns and housing, but it is generally influenced by Western
planning principles. The rapid urbanization process in Libya, as in many places, has
culminated in many socio-economic and demographic problems. Libya’s urbanization
process, like other developing countries, has caused dire physical problems, as well as,
acute socio-economic challenges. Urban sprawl in the city of Tripoli is a consequence
of the widespread unplanned building development in the suburbs. As a result, the road
infrastructure in and around the city is fostering urbanisation in the suburban areas;
besides, new buildings are being massively constructed in all directions across the ring
roads sides. As a consequence of this mass influx, a massive alteration in the residential
complex style has been spotted. Additionally, the size of the city has been increased
considerably.

Methodology

This section has presented the methodology of the study; the qualitative method was
adopted to formulate a more in-depth analysis to collect as much information as
required for the study. The qualitative study allows us to build a holistic, detailed
description and analysis of the factors associated with human behavior in its natural
environment, such as social, cultural, and political moods in which they exist (Smith
And Short 2001). This investigation could be accomplished by using a diversity of
techniques, including interviews, observations, and analysis of archival documents. In
the qualitative method, interviews face-to-face can give relevant data about the subject
under investigation by asking interviewees to converse about their lives, and
experiences and, most importantly, to understand the insights of the respondents as
used in this study. In this respect, | have invited more than 30 participants from various
backgrounds. The selection of interviewees was carefully planned, particularly those
working in government departments. The people were selected based on being experts,
residents and/or decision-makers. In around 25 in-depth interview cases consents to
conduct interviews were received, which could be adequate to obtain the desired level
of precision in the informants. Respondents were interviewed on the subject through the
exchange of views between the researcher and the interviewees. This method gauged
the opinions of respondents towards changes in the areas of study and their suggestions
for alternatives to the proposal if they had a somewhat negative opinion. Discussions
with the residents also concentrated on whether intensification in Tripoli is likely to be
a long-term success or failure and how that could affect their livelihood. Issues
surrounding their satisfaction with housing, infrastructure, the current governance
structure, and the state of the environment were also discussed. The snowball sampling
method was used to identify individuals for interviews in the study. In this regard, the
selection of respondents was based on choosing one respondent as a starting point and
then asking him or her to recommend other suitable respondents. This method has
proven useful especially when interviewing government officials, decision-makers, and
local planners. Applying this sampling frame enabled me to focus on those who had
considerable experience or a close interest in the research topic, as demonstrated by the
staff of Tripoli University. In the snowball sample outlined above, a diversity of ages
and level of education of the participants was taken into consideration. This plays an
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important role in ensuring that the aspirations of the study are achieved.

The qualitative data was analyzed by content analysis, which involves collating a
number of textual data together to identify emerging issues and generate different
Issues contained in the dataset. A semi-structured technique was used to achieve the
aims of the study and to make the interviews successful. Before carrying out the
interviews, participants were fully informed about the nature and purpose of the study.
Consequently, it has presented the clarifications of (DFs), impacts of urban growth
(sprawl), patterns, and socio-economic and political influences. The checklist of related
questions and aims designed in an interview guide is also added. The aim is to realize
how these concepts can be used in the interpretation of respondents interviewed.

This paper argues that the imbalances in the rapid urbanization of Libya (as
Developing Country / Middle East and North Africa MENA) can be remedied by
developing and applying Holistic Planning Urbanism (HPU) for the sustainability of
Libyan cities” urban environment. Recently, several voices demanded the adoption of
planning and growth theories that are both compatible with (Developing Country
Societies) and in line with modernity. Thus, a holistic and planning approach to
urbanism is advocated, by examining contemporary, post-industrial, and post-colonial
physical growth together with the socio-economic, political, and cultural developments
shaping sub-urban city growth. The main task of this theory is to select a methodology
with a literature review to combine them (Teddlie and Tashakkori, 2011). To conduct
this study, comprehensive data were collected through face-to-face interviews with
planning and agricultural experts, ordinary people, the official of office urban planning,
and other participants associated with urban development. As well as the decisive role
that is played by professors and experts in the academic institutions as respondents in
the interviews. The appointments of participants have been arranged through making
calls. The participants were informed that their participation was voluntary and that
they could terminate it at any time, also, anonymity and confidentiality. Since the
interviews were conducted in Libya where Arabic is the native language (local dialect),
translation of the recorded audio data to English was an issue that was given serious
attention. In terms of recording the interview permission was taken from some
participants, whilst it was unacceptable in other some cases, owing to personal and
cultural circumstances. The keywords and points have been highlighted in different
colors. Classify and discuss the data collection and analysis process it would follow
according to the study questions provided to achieve the objectives of the study, and
then, the data created by the coding process to categorize the variables in the study.

In this study by Snowball, 25 volunteers participated in the interview session. The
highest-educated participant was a doctoral degree holder (PhD). This indicates that
some of the participants have full knowledge of this field of study. I believe that the
participants have provided realistic and honest answers to the questions asked.
Moreover, they frequently shared their experience because most of them were relevant
to the study area which is under investigation. The interview meetings began in June
2019, and it procedure was conducted at a time and place that was convenient for the
participants; the interview was conducted in a very professional and friendly process.
Farther the maximum interview session was between 30m/1h.

Data Analysis

As previously indicated, the analysis of interviews and documents that are not
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quantitative was organized around content analysis. Each interview was first translated,
transcribed, and then analyzed manually. Kohlbacher (2005) noticed that content
analysis was one of the earliest approaches to the analysis of documentary materials.
Thus, the ideas, opinions, and experiences of the interviewees are extracted from the
interview transcript. To achieve this, certain steps were taken: such as translating the
interviews into English from Arabic, preparing a clear text transcription from the
translated interviews, and the analysis of the text transcriptions by which the keywords,
phrases, and paragraphs relevant to the inquiry are marked and highlighted in different
colors. Therefore, the purpose of content analysis is a grouping strategy to get insights
concerning the frequency and patterns of factors that affect urbanization which is the
scenario under consideration in this paper. In this study, the approach of interview
technique was selected to be effective in collecting data and to obtain a response to
research questions to achieve the objectives of the study. The main objective was to
reinforce an understanding of how urbanization (urban sprawl) issues affect city
structure in Tripoli.

The scheme embraces many-phase processes (grouping large chunks) of data into
logical classifications. The information in the form of transcribed interviews was coded
using content analysis procedures. The coding procedures adhere to the guidelines
recommended by Hisham et al. (2019) this method is divided into group data, which is
grounded in responses to similar questions, in fact (the open-ended questions were
mostly the same for all respondents, and then, the responses were similar enough).
Moreover, through the process of frequently comparing the data and classifications
during and after the collection process of data, significant themes appeared from the
data collection. The appeared themes were discussed in this study. The topics are based
on each other to establish a holistic understanding of urbanization sprawl issues on
Tripoli’s city structure from the perspective of professors and experts in the academic
field of urban planning. Generally, the content and thematic analysis strategy was
embraced to examine associated research variables, based on information collected via
semi-structured interviews. Driving Forces (DFs) for urbanization (urban sprawl) were
a pattern of the city development, causes of urban sprawl, the impact of urban sprawl,
and the political and economic long-term influence of urban sprawl on Tripoli’s city
structure.

Driving Forces (DFs) For Urban Sprawl

This part mainly attempts to find out the (DFs) for urbanization expansion (urban
sprawl beyond its original and previous boundaries) that has led to extraordinary
alteration of Tripoli city structure. Founded on a thorough review of the relevant
literature. The drivers have been classified into three categories socio-economic, and
environmental (physical) dimensions. Whereas the drivers behind urban sprawl are
several, it is so hard to determine which forces are the most influential. This is so
because drivers are context-dependent and could differ from place to place. However, it
can be argued that point is socio-economic and environmental factors may contribute to
a virtual reduction in the demand for space in the urban area, while demand may
increase in the peripheries. Thus urban sprawl can be understood as the process by
which this expansion takes place. The (DFs) of the dynamics of land "use/cover",
therefore bio-physical drivers include characteristics and processes of the natural
environment, for example, weather and climate variations, landforms, topography,
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spatial configuration, natural disasters, vegetation succession, soil type, drainage
patterns, and availability of natural resources. The social and economic (DFs) can be
determined by land resource employment to cater the human needs. This type can be
classified into four types: economic, political, technological, and cultural. Thus, these
(DFs) are closely related, and interact with each other, such as economic and political.
Nonetheless, many studies have distinguished the (DFs) in diverse manners based on
different case studies, such as the decentralization process after economic reform,
demographic transformation and population explosion, types of direct investments,
increase in urban resident incomes, the lack of urban governance and limited power of
municipal governments; weak law enforcement, rise in demand of housing units, very
rapid economic development, and alteration in land use regulation (Bdrgi, et al. 2004).
Concerning the main study aim, the research questions posed by the author: What
extent is the city of Tripoli sprawled? “And” What are the main drivers and causes of
sprawl that have led to a significant alteration in the city structure of Tripoli? For the
first question, more than 75% of participants reported that the common type of urban
sprawl is unplanned sprawl as a result of prevalent commercial development along
major roads and widespread housing for low-income households, among others. Most
of the developing countries cities, including the MENA cities, are characterized by low
densities, peripheral sprawl, and economies dominated by informal activities and
squatter settlements with limited services, as in the case of Tripoli, which has led to the
consumption of agricultural land for urbanization purpose. While 25% of participants
have no idea about the answer to the first question. There may be other less obvious
urbanization (sprawl) types that deserve to be studied in the future.

In the context of the second question, the fieldwork respondents reported that a total of
25 participants were surveyed for this study. Among them, 40% believe that due to
political conflict, corrupt power structures, powerless administrations, and the looting
of public finances causes seem to have heavier weight behind the urban explosion. A
conversation with planning officials, and academic professionals exposed the lack of
adequate compensation and provision of alternative accommodation to people whose
houses have been sequestered by the government for re-development and were forced
to live outside Tripoli. Whereas 35%, believe that the economic drivers include issues
like the low price of farmlands, low commuting, and the low price of fuel, while 25%
reported that the social drivers such as the increasing rate of urban population and the
influx of Internal and transnational migration are responsible part for urbanization
sprawl and that has significantly resulted to the unprecedented changes of the city
structure of Tripoli.

To explore the current pattern of progress and historical development of the city,
around 40% out of the total 25 participants were of the view that the sub-urban pattern
is dominant in structure in the city development. While 35%, 15%, and 10% were of
the view that disordered patterns, organic patterns, and geometric patterns separately
are the main pattern in the city of Tripoli. Given this, the new road networks could be
perceived as among the reasons for the distinct transformation in the current city
pattern.

There were progressively fewer fragmented urban areas in an earlier stage of
urbanization in the 1990s, as conceptualized in Figure (1), where the city area in
different stages was presented by different colors, liters, and numbers. As illustrated in
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Figure (2) the urban area of the city increased substantially during 1970" to 2012'", thus
urbanisation (sprawl) mainly took place along sides of the main entrance road in the
most of open directions of the city of Tripoli particularly after the year of 2005 since
the lifting of the United Nations (UN) sanctions upon the country. The results found in
this part show that un-regulated and unplanned development has been spread out in
different access of the urban areas, particularly in the urban peripheral areas of the city.
The lack of a clearly defined land policy, poor law enforcement, and insufficient and
ineffective planning control tools are considered the main reasons that prompted the
sprawl in the capital city of Libya. Hence, the city has suffered from uncontrolled, and
unbalanced development, from too rapid growth and the continuing alteration. On the
one hand, urban sprawl can be perceived, as usually happening when urban planning is
not well controlled, turns open spaces into built spaces, and degrades the environment,
on the other hand, sprawl tends to occur where property values are lower on the edge of
urban centers. The development and expansion of urban patterns are the main drivers of
land use/cover sprawling. The dense road network of the city has impelled accessibility
from the rural to urban areas, which in the researcher’s view has resulted in the
urbanisation of Tripoli and other cities. The road network supports the expansion of
housing and makes it easy for many businesses to operate in remote office parks far
from conventional places of work (Behan et al., 2008). Consequently, buildings are
erected without planning permits or recourse to master plans, a situation similar to the
pre-independence period when master plans did not exist.

In brief, urban sprawl has a nasty pattern of development spreading further from the
city, it occurs in the peri-urban areas in the form of radial line development,
leapfrogging, ribbon, and the grid patterns of nearby feeder streets, as is the case with
some commercial and informal settlements in Tripoli, which are widely spread.
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Figure (1) Sketch map of the development of the city structure of Tripoli. Source: Urban Planning
(1988). Modified by Abubrig (2013)

Urban growth or sprawl refers to the development and expansion of urbanization
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beyond its original and prior boundaries. It also involves the conversion of adjacent
areas that have previously been used for other purposes into urban areas. In Libya, one
of the negative effects is the lack of vegetation areas that are based on the highest
quality land. These areas are often very scarce since, in total, the percent of arable land
in Libya does not exceed 3% (Polservice, 1980). This defines the research, whose focus
is the phenomenon that is horizontal and random expansion (sprawl). Horizontal urban
expansion is considered to be the main reason for the degradation of green areas. For
instance, before 1911, the population of Tripoli living in the ancient city (after the
period of city walls) did not exceed 30,000, whereas the population in1973 reached
approximately 663,000 (Almabrok, 1990). In many parts, Tripoli has experienced
unplanned and informal rapid expansion of urbanization sprawl. For example,
according to the analysis of Landsat Image Thematic Mapper, Tripoli’s built-up area
has increased from 10,536.7 ha in 1976 to 18,064.4 ha in 1989, and once again to 26,
229.7 ha in 2001(Abubrig 2012). The rise in the settlement area has accelerated and has
led to the loss of farming land in the areas surrounding the city (EI-Tantawi, 2005).
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Figure (2) Phases of planned and unplanned growth in Tripoli during the period 1975 — 2012
Source: Prepared by Intisar Al-Zanan based on maps of the city, Urban Planning Authority.

Between (1975 — 2012) urban areas grew largely toward the east, west, and south and
along main roads in suburban areas, whereas the new urbanization sprawl has been
occurring especially rapidly over the green belt including the limited forest, arable, and
grasslands. When most of the lands surrounding the city already suffered from both
human and physical effects, particularly the dominance of the desert that makes up
roughly 90% of the total Libyan area (Attwairi, 2015). Regarding the factors that
control unplanned growth or sprawl, it is clear that the quality of the land, its location,
and the surrounding areas are at the forefront. It is noticeable that the most important
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factors that determine the trends of growth and unplanned expansion in the greater
Tripoli city are primarily due to the use of land in neighboring areas. For the city, the
trends of growth and expansion of the city paralleled with the planning lines of
transportation and roads, especially in the areas of the uncultivated lands and the
margins of forests surrounding the city. Viana, et al. (2019) have argued urbanization
sprawl is not only unplanned and uncontrolled urban expansion, but it is also regarded
with negative connotations associated with complicated resource consumption and
depletion like land, water, air, health, and the like. In context, the expansion of the
urbanization process is closely linked to the economic development of Libya. Urban
growth or sprawl was enhanced due to oil wealth and the country’s development
agenda of modernization and competitiveness. This phenomenon, especially oil
production, gave rise to urban growth by people from within and outside the country.
At the same time, living standards are falling in particularly neglected areas in the
country, as the population is increasing and urban areas are expanding (Abubrig 2012).

Thus, the causes of urban sprawl are quite similar to (DFs). Both the causes and drivers
of urban sprawl are exceedingly interrelated, compatible, and reinforce each other.
However, it is important to understand that (DFs) enhance urban growth whether
sprawl occurs or not, while the cause for urban sprawl must induce unexpected and
uncontrolled growth. Given the causes, a total of 25 participants were interviewed for
this study. Half of them were of the view that poor decision-making and
unimplementation problems of master plan. Half of the rest participants were of the
view that the high rate of urban population growth is due to migration and natural
increase, while the rest of them reported the sudden withdrawal of the state from
affordable and adequate housing provision and horizontal urban growth patterns are all
considered to be the main significant causes for urban sprawl in Tripoli city.

According to some of the responses gathered during interviews, the gap between public
awareness of urban regulations and rules in Libya and the citizens has led to an
imbalance in policies and plans of urban management, while some of the participants
reported that the look for living space and economic conditions, combined with
people’s strong desire to escape from urban life for a more comfortable life, are some
of the pulling factors for sprawl on the outskirts of the city. From the above mentioned
all are the underlying causes of urban sprawl and the presence of some or a
combination of all will lead to haphazard development of urban centers that manifests
in development patterns to form urban sprawil.

As a result of this study, the rapid urbanization of the city is adding to massive
pressures on housing, services, public facilities, infrastructure, and jobs to cater to the
increasing demands and needs of the residents. Thus, due to substantial changes in the
demography and a huge increase in population (internal-external migrants) statistics
who were looking for job opportunities, well-being, and better services that can be
founded in Tripoli. Moreover, the fact that the city has become an attractive place is
highlighted by the migrants. The considerable alteration in the structure and pattern of
the city has been reflected by population dynamics, predominantly in the housing
sector. However, the housing sector should be transforming from focusing on housing
provision to a more holistic approach incorporating sustainable urban development. The
rapid development due to the fast urbanization and urban expansion, population
explosion, modern lifestyle, and rapid growth of the economy of the city of Tripoli are
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essential factors that resulted in the considerable alteration in the structure of the city
and model of residential patterns, and social structure in urban areas. These factors
contribute to the challenges that local authorities are facing especially in housing areas.
Therefore the pressures of the continuous increase in population growth and rapid
urbanisation of Tripoli city are gradually altering the surrounding environment and
neighborhoods. To accommodate the growing population and infrastructure, the city is
expanding towards the fringes to accommodate the growth, a phenomenon known as
urban sprawl. That's because usually sprawls occur on the surrounding urban fringe,
along major highways, or at the edge of urban areas (Abubrig 2012).

As already indicated above, migration from other internal areas of the country has come
in knowledge to be among the causes of urbanization sprawl in the city. Therefore,
objective factors of expulsion from rural areas characterized by low standards of living
have forced residents to flee to the cities in proportions much larger than existing
possibilities, and it is driven by other factors such as job opportunities, unemployment,
wealth prospects, the rising income of the people, and demand of more residences. The
shift of population from small cities and adjacent rural areas to large cities in the
developing world is a consequence of the bias of government planning and policies
towards large cities. Hence, rapid urbanization happens when economic growth and
urban job creation are absent in rural areas, it seems perplexing that so many rural
inhabitants choose to become urban residents, and end up in slums, which do not
necessarily offer better living conditions than rural areas, that can be occurred by a
variety of different which including that the salary of unskilled employees in rural areas
is very low when compared to the wages of city workers, high living standard and
improved infrastructure. The city is thus a center of attraction for people, but is
furthermore a place of expulsion, as a result of factors such as congestion, expensive
cost of living, overcrowding, and others. Therefore the consequence of this repulsion
from the metropolitan areas is that people quest for alternative places, which are usually
the peri-urban areas to accommodate the growth, a phenomenon known as sprawl. This
scenario is now occurring in the city of Tripoli just like occurring in many of the
developing world’s cities.

Urban Sprawl Effects

The results of this study are similar to reported trends in other peri-urban areas in
MENA, where dwellers are poor, new arrivals to the city, or searching for more space
for their families. Thus urbanization sprawl is a consequence of very cheap open and
public space available outside the city. For instance, ownership of an automobile, the
ability to own a house, the wish for a single family to possess a home, and overcapacity
within urban areas are some of the major causes identified as reasons for the sprawl of
urban areas. Burchell et al., (2002) stressed that both the operating and capital costs of
urban sprawl development are more costly than compact city development. For
example, urban sprawl in the United States is a form of urban growth producing
unrestricted outward urban expansion into the periphery. It may also be due to
uncontrolled planning by a local authority or as a result of prevalent commercial
development along major roads and widespread housing for low-income households,
among others. Most of the African and Asian cities, including the MENA cities, are
characterized by low densities, peripheral sprawl, and economies dominated by
informal activities and squatter settlements with limited services, as in the case of
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Tripoli (United Nations Habitat, 2009).

There are many negative consequences of urban sprawl; it is considered uneconomical,
inequitable environmentally inefficient, and insensitive (Carruthers, 2002). There is a
high cost of providing infrastructure because it promotes segregation and social
division through housing markets. The consumption of natural resources such as
forestry and farmlands keeps rising as the sprawl continues to expand, thereby adding
pressure to available resources (Brueckner, 2000; Carruthers, 2002; Smart Growth,
2001; Whitehead et al., 2006). An urban development strategy that seeks to direct
growth in a coordinated manner with distinct policy targets appears to be the road to
sustained urban growth. An urban growth strategy should include many options like
urban containment techniques, infrastructure sufficiency requirements, population caps,
and so forth that will shift from growth to contraction. An obvious example of how to
manage an urban development pattern can be seen in Portland, Oregon’s urban growth
boundary, which limits growth to protected lands outside the border. So successful was
this at one time that Richardson and Gordon (2001) claimed, “Portland has the
reputation of being the municipal pioneer of sustainable development”. During the
outward expansion of Tripoli, city agencies provided poor planning and individuals
neglected planning policies. The rate of urbanizing Tripoli has led to the spread of
sprawls into areas that were originally for agricultural land and natural habitats.

Urban sprawl is an economic, spatial, and social phenomenon affecting many cities
across the globe. Fact from the literature indicates that the influences of sprawl have
both “positive and negative externalities” (Chiguvi and Kgathi-Thite 2022). Hence, the
negative influences of sprawl are classified into four dimensions: Economic such as
severe shortage of affordable housing, household mortgage debt, rising unemployment,
low income, transportation commuting issues, price of land impaired, insufficient
investment, higher infrastructure, and public service costs. Social such as poverty, lack
of opportunities, psychological problems, drugs, crime, violence, and others, and higher
costs for transport associated with commuting for families, mobility issues such as
traffic congestion, reduction in social interaction, car dependency instead of public
transport, reduction in food production and self-sufficiency. Planning (laws and policy)
such as lack of public transport, poorer connectivity, traffic congestion, unplanned
growth and un-coordinated development, unequal distribution of public amenities, and
formation of dormitory towns (isolated or leapfrogging towns). Environmental such as
loss of vegetation, increased (air, noise, light, water) pollution, loss of productive
agricultural land, energy and climate change, environmental impacts through
transformation, degradation, and fragmentation of urban areas.

On the counter, urban sprawl may have positive benefits on the sense of economic
growth, such as buildings constructed in locations in which land is inexpensive,
affordable housing or store rentals, increase in value of the property, taxes accrual and
urban expansion, and employment in housing and infrastructure construction generates
economic activity, also lower land values are considered the main driver of
development patterns, and road network improvement and easier accessibility which
facilitate the movement of local people to meet their daily needs, as well as the move of
various types of entrepreneurial activity outside the urban area borders brings economic
interest. Given this, a total of 25 participants were surveyed for this study. Among
them, 35% reported that economic dimensions such as severe shortage of affordable,
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increasing unemployment, loss of income, and inadequate investment. While 28%,
20%, and 17% of the participants were of the view that social dimensions such as
poverty, lack of opportunities, missing cultural identity, psychological problems also
environmental dimensions such as impacts through transformation, degradation, and
fragmentation of urban areas and planning dimension such as unplanned growth and
un-coordinated development, unequal distribution of public amenities, formation of
dormitory towns separately are included in the influences of urban sprawl in the city.
There are equally other important factors mentioned among the above reasons that
influence the city structure in Tripoli.

Another interpretation from the above findings is that emerging as fast-growing and
unplanned cities dominated by overcrowded informal settlements haphazardly situated
close to urban growth centers, such as the central business district and commercial and
industrial areas. Consequently, the cities have a complex mix of urban land use/cover
types (e.g., residential, industrial, commercial, public, etc), usually displaying
disordered spatial patterns (Simwanda & Murayama, 2017). Similarly, even though
urban centers cover only a small proportion of the world’s land surface (Revi et al
2014) the random and sporadic expansion has considerably altered the natural
landscape and created massive environmental and social influences. Hence, the
inescapable repercussions of this occurrence are the spatial urban expansion and
development beyond the boundaries of the city to cater to the growing urban
inhabitants.

Conclusion

In this study, we examined real (1975 - 2012) and simulated future scenarios of
experiencing considerable expansion in the rapidly urbanizing city of Tripoli, Libya.
Evidence from the findings reveals that as fast-growing and unplanned cities dominated
by overcrowded informal settlements haphazardly situated close to urban growth
centers rapid urbanization threatened urban sustainability in the city and also that the
growing volume of urban migrants upset the equilibrium of both rural and urban. There
is a consensus that urbanization is an irrepressible and unstoppable process; thus the
explicit impacts of rapid urbanization are undesirable processes of urban land use.
Therefore, searching amongst the actual (DFs) for urban growth or sprawl is critical for
understanding the dynamic urbanization process. Emphasizing the factors, causes and
consequences behind the sprawl delivers profound insights in proposing new guidelines
to enable sustainable development based on urban planning for the future.

The conclusion drawn from the above findings is that the reasons for the rapid,
unwanted, and uncontrolled urbanization are multiplied and mutually connected,
particularly after the year 2005 since the lifting of the (UN) sanctions upon the country.
And also sprawl tends to occur where property values are lower on the edge of urban
centers. Hence, urban area increased about four-fold in the past few, decades, during
this period, Tripoli city has witnessed considerable change in its structure. In general,
expansion urbanization has sustained to be promoted by its own dynamics processes.
Urbanization sprawl has a nasty pattern of development spreading further from the city,
it occurs in the peri-urban areas in the form of radial line development, leapfrogging,
ribbon, and the grid patterns of nearby feeder streets, as is the case with some
commercial and informal settlements in Tripoli, which are widely spread. However,
rapid growth and urban expansion of informal / un-planning settlements and
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neighborhoods have resulted in negative socioeconomic and environmental impacts,
such as low quality of urban life global climate and ecosystem changes, transportation
issues, poor housing as well as consumption of arable land. To obtain the optimum
results of the study, the qualitative approach was adopted to formulate a more in-depth
analysis to collect multiple sources of evidence. The qualitative method allows
investigating the human behavior of their natural surroundings, such as social, cultural,
and political dimensions. In the qualitative method, interviews face-to-face can give
relevant data about the subject under investigation by asking interviewees to converse
about their lives, and experiences and, most importantly, to understand the insights of
the respondents as used in this study.

This study is, therefore, a substantive investigation that enriches the study of urbanism

and urban sprawl and how it influences the developing world's city structure, and most

importantly in proposing new guidelines and recommendations. This paper makes a

significant contribution to existing knowledge in the wider literature on urban

geography in general and MENA city's urbanization sprawl in particular. It can provide
important guidelines for decision-makers, planners, and experts in planning and urban
development processes in Libya, and the developing countries in general.

Recommendations

e Developing world cities are in urgent need of practical policy and strategic urban
development plans that could address and control the uncontrolled expansion of
urban settlement and unplanned urban growth.

e Reviewing the master plan and consulting experts, academic university professors,
developers, and community groups and organizations to update the strategies and
policies to meet the community needs according to residents.

e Creating and adopting new policies that have a positive influence on agricultural
incomes on urban fringes may have a direct effect on reducing the outward sprawl
of cities.

e New mechanisms are needed to monitor urban sprawl, measuring the land
use/cover characteristics and their distribution, and the extent of urbanization.

e The local authorities have also to be able to formulate specific policies to
encourage high-rise buildings (choosing to build apartments instead of single
houses), which do not require big plots like single-type building house that
spatially covers a larger area.

e Strengthening the role of the local authorities in urban settlements is vital in
planning development to accomplish the desired sustainable future of urban
development instead of just providing public services.

e In light of the study outcomes, the urban management in the city of Tripoli was
suffering from weakness in content and implementation due to institutional
weakness.

e Planners and decision-makers must continuously monitor the implementation of
the villages' development to ensure adherence to the master plan and review the
plans in a cycle of every five years is a legal requirement for all local plans.
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Abstract

The aim of this paper is to introduce and study totally closed functions in
topological spaces. Some weak and strong forms of this kind of functions
are introduced and studied. Several results and properties are investigated
and proven.

1l

Liond .Lgin Loud 28MMat) Liwysg LS AA1AL Jlgatl (o Aalisne ¢190Y Zulys Laad ol taa 2

Ol A (pe danall A s g S9! INg olgs Bue Aulys I ABLLOYL Jlgatl (e £193Y1 olkgh Loy yas
1. Introduction

N. Levine [8] in 1963 introduced the concept of semi-open sets, he defined
a subset A of a topological space X to be semi-open if there exists an open
set U in X such that U € A@ < U. The complement of a semi-open set is
semi-closed. He also introduced the concept of semi-continuous functions.
Biswas [2] defined and studied the notion of semi-open functions.
Irresolute functions and semi-homeomorphisms were introduced and
investigated by Crossly and Hildebrand [5]. Nour [11] defined totally semi-
continuous functions. Benchalli and Neeli in [1] introduced and studied
semi-totally continuous and semi-totally open functions. Pre semi-closed
mapping concept was introduced by Garg and Shivaraj in [7].

The purpose of this paper is to introduce and investigate new types of
closed functions; we define totally closed functions and define weak and
strong forms of this type of functions. We prove some results in this
connection.

2. Preliminaries
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Definition 1. Let X and Y be topological spaces. A function f: X — Y'is
said to be:

1) semi-continuous [8] if the inverse image of each open subset of Y is
semi-open in X.

2) semi-open [2] if £(U) is semi- open in Y for each open set U in X.
3) semi-closed [3] if f(U) is semi- closed in Y for each closed set U in X.

4) totally semi-continuous [11] if the inverse image of every open subset of
Y is semi- clopen in X .

5) pre semi-open [5] if the image of every semi-open set in X is semi-open
inY.

6) pre semi-closed [5] if the image of every semi-closed set in X is semi-
closed in Y.

7) semi-totally open [1] if the image of every semi-open set in X is clopen
in Y.

8) irresolute [5] if the inverse image of every semi- open set in Y is semi-
openin X.

Definition 2. [5] The semi-closure of a set A in X is the intersection of all
semi-closed sets that contains A; this set is denoted by A.

Definition 3. [5] The semi-interior of a set A in X is the union of all semi-
open sets of X contained in A; this set is denoted by A-.

Definition 4. A topological space X is said to be

1) semi-T,[9] if for each pair of distinct points in X, there exists a semi-
open set containing one point but not the other.

2) semi-T; [9] if for each pair of distinct points x and y of X, there exist
semi-open sets U and V suchthatx € U,y ¢ Uandx ¢ V,y € V.

3) semi-T, [9] if for each pair of distinct points x and y of X, there exist
semi-open sets U and V suchthatx € U,y € V andU NV = @.
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4) s-normal [10] if each pair of non-empty disjoint closed sets can be
separated by disjoint semi-open sets.

5) s-regular [9] if for each closed set F of X and each x ¢ F, there exist
disjoint semi-open sets U and VV suchthat F € Uandx € V.

3. Main Results

In this section, new types of totally closed functions are introduced. Also,
some relations between these types of functions are obtained. Several
results and properties are investigated and proven.

Definition 5. A function f : X — Y is said to be totally closed if the image
of every closed set in X is clopenin Y.

Definition 6. A function f : X — Y is said to be totally semi-closed if the
image of every closed set in X is semi-clopenin Y.

Definition 7. A function f : X — Y is said to be semi-totally closed if the
image of every semi-closed set in X is clopenin Y.

Definition 8. A function f : X — Y is said to be totally pre semi-closed if
the image of every semi-closed set in X is semi-clopenin Y.

Theorem 1. (1) Every semi-totally closed function is totally closed and
every totally closed function is totally semi-closed.

(2) Every semi-totally closed function is totally pre semi-closed and every
totally pre semi-closed function is totally semi-closed.

Proof. The proof of (1) and (2) follows directly from the fact that every
clopen set is also semi-clopen and every closed set is also semi-closed.

Observation 1. The converse of Theorem 1 is not true as shown by the
following examples.

Example 1. Let X ={1,2,3} and 7= {¢,X,{1},{3H{1,3}}. Let Y =
{1,2,3,4} and t* = {¢,Y,{1},{1,3},{3}}. The function f:(X,7) - (Y, 7%)
defined by f(1) =2,f(2) =1,f(3) =4 is totally semi-closed but not
totally pre semi-closed nor totally closed.
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Example 2. Let X ={123}, ={¢ X {2,3}} and
= {¢,X,{1},{1,3}, {3}}. Let f: (X,T) = (X,Tt*) be the function defined
by f(x) =x.f is a totally pre semi-closed function, but f is not semi-
totally closed because {1} is a semi-closed set in X and f({1}) is not clopen
in X.

Example 3. Let X = {1,2,3,4}and 7 = {¢, X, {1},{1,3}}. Let ¥ ={1,2,3}
and = {¢,Y,{1},{1,3},{3},{1,2}}. The function f:(X,7) - (Y,7%)

defined by f(1) = f(2) =1, f(3) = 3,f(4) = 2 is totally closed but not
semi- totally closed.

The following diagram illustrates the relation between the different forms
of totally closed functions and also other types of closed functions.

semi-fotally closed . totally pre semi-closed ——p  pre semi-closed —,  semi-closed

|

fofally closed ___  fofally semi-closed

Theorem 2. (1) The composition of two totally closed functions is totally
closed.

(2) The composition of two semi-totally closed functions is semi-totally
closed.

(3) The composition of two totally pre semi-closed functions is totally pre
semi-closed.

Proof. (1) Letf: X - Yandg: Y — Z be totally closed functions. Let
F be closed in X, then f(F) is clopen (and hence is closed) in Y since f is
totally closed. Hence, g(f(U)) = (ge° f)(U) is clopen in Z since g is
totally closed. The proof of (2) and (3) follows in the same way.

Observation 2. The composition of two totally semi-closed functions do
not need to be totally semi-closed as shown by:
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Example 4, Let X ={a,b,c},7={p,X,{b,c}} and
T ={¢,X,{a},{c},{a,c}}. Let Y ={a,b,cd} and
v ={¢,Y,{a},{a,c},{c}}. The function g:(X,7) - (X,7") defined by
g(x) = x is totally semi-closed. Also, the function f:(X,7") —» (Y,1%)
defined by f(a) =b,f(b) =a,f(c) =d is totally semi-closed. But the
composition f o g:(X,7) —» (Y,t*) is not a totally semi-closed function
because (f o g)({a}) = {b} and {b} is not semi-clopen in Y although {a} is
closed in X.

Similarly to Theorem 2, we can prove the following.
Theorem3. Letf: X - Yandg: Y — Z be functions then:

(1) if f is totally closed and g is semi-totally closed (resp. totally semi-
closed, totally pre semi-closed) then g o f is totally closed ( resp. totally
semi-closed, totally semi-closed).

(2) if f is semi-totally closed and g is totally closed (resp. totally semi-
closed, totally pre semi-closed) then go f is semi-totally closed (resp.
totally pre semi-closed, totally pre semi-closed).

(3) if f is totally semi-closed and g is semi-totally closed (resp. totally pre
semi-closed) then g o f is totally closed (resp. totally semi-closed).

(4) if f is totally pre semi-closed and g is semi-totally closed then g o f is
semi-totally closed.

The proof of the following theorem is obvious and hence omitted.

Theorem 4. If f: X — Y is totally closed (resp. totally semi-closed)
function and A is a closed subset of X, then the restriction function f|A :
A — Y isalso totally closed (resp. totally semi-closed).

Theorem 5. A function f: X — Y is totally closed (resp. totally pre
semi-closed) if and only if for all AcX, f(A) € f(4) and f(A) S

(F(D)" (resp. f(A) € f(4) and f(4) € (f(A))).
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Proof. Let f: X — Y be a totally closed function and A € X. Since
A <€ A,then f(A) € f(A). Since f(A) is clopen in Y then we have

FACSf@A = f(Aand f(A) € f(A) = (f(A)".

Conversely, suppose that for all AcS X, f(A) <€ f(Ad) and f(4A) <
(f(A))". Let B be a closed subset of X, then f(B) € f(B) = f(B), so

£(B) is closed in Y. Also, f(B) € (f(B)) = (f(B))", so f(B) is also
open. Therefore B is clopeninY.

Definition 9. A function f : X — Y is said to be totally open (resp. totally
semi-open, totally pre semi-open) if the image of every open (resp. open,
semi-open) set in X is clopen (resp. semi-clopen, semi-clopen) in Y.

The proof of the following theorem is obvious.

Theorem 6. A bijection f: X — Y is totally closed (resp. totally semi-
closed, semi-totally closed, totally pre semi-closed) if and only if it is
totally open (resp. totally semi-open, semi-totally open, totally pre semi-
open).

Theorem 7. If f: X — Y is a totally closed (resp. totally semi-closed,
semi-totally closed, totally pre semi-closed) bijection and X is a T, space
(resp. T, space, semi-T, space, semi-T,space) then Y is a T, space (resp.
semi- T, space, T,space, semi-T,space).

Proof. Let f: X — Y be a totally closed bijection and let x,y € Y be
distinct points, so  f~1(x) # f~!(y). Since X is a T,-space, there exist
disjoint open sets U and V such that f~*(x) € Uand f~1(y) € V. Since
f is a totally closed bijection and From Theorem 6, f(U),f(V) are
disjointopensetsand x € f(U),y € f(V).

Corollary 1. If f: X — Y is a totally closed (resp. totally semi-closed,
semi-totally closed, totally pre semi-closed) bijection and X is a T; space
(resp. T; space, semi-T;space, semi-T;space), i = 0,1 , then Y is a T; space
(resp. semi- T; space, T; space, semi-T;space).

Theorem 8. Let f : X — Y be a continuous injection, if f is totally closed
or semi-totally closed then X is a normal space.
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Proof. Let F; and F, be disjoint closed sets in X. If f is a totally closed (or
semi-totally closed) injection, then f(F;), f(F,) are disjoint clopen sets in
Yand F, = f7Y(f(F)), F, = f~Y(f(F,)). Since f is continuous, F; and
F, are open sets, hence the proof is complete.

Similarly, we can prove the following theorem.

Theorem 9. Let f : X — Y be an irresolute injection, if f is totally semi-
closed or totally pre semi-closed then X is an s-normal space.

Theorem 10. Let X be a T; space and f: X — Y Dbe a continuous
injection. If f is totally closed or semi-totally closed then X is also regular.

Proof. Let F be a closed setin X and x € F. Since X is a T, space, {x}is
closed in X. The rest of the proof is similar to that of Theorem 8.

Theorem 11. Let X be a T; space and f: X — Y be an irresolute
injection. If f is totally semi-closed or totally pre semi-closed then X is
also s-regular.
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Abstract:

Background and objective: Chronic Kidney Disease (CKD) is a
progressive and irreversible illness resulting in renal failure that mostly
caused by diabetes mellitus complications. It is worth mentioning that
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prevalence of CKD in Libya is still unknown. Therefore this study aimed to
compare the results of some physiological variables cohort of diabetic and
non-diabetic renal failure patients, who are receiving dialysis sessions at Al-
Zawia Center for the treatment of kidney diseases. Methods: The medical
analyses results for 120 patients (70 males & 50 females) were reviewed
from the Center records. The average results for each patient were taken
separately for the following parameters: (Hbg), (Na), (K) and (CI). Results:
The results showed that 98.33% of cases had a low Hbg rate. Also 33.33%
of studied cases had low Na levels. High level of K at 16.66% of diabetic
cases and in 28.33% of non-diabetics. Finally, 38.34% of diabetics and
20.00% of non-diabetics had low Cl values. Conclusions: In this study, the
results showed that there were differences in many physiological
parameters in patients with renal failure, the changes was more pronounced
in patients who are diabetics in combination with renal failure.

Keywords: Chronic Kidney Disease, chronic Kidney or Renal failure,
Diabetes mellitus, and Al-Zawia center for the treatment of renal diseases.

Introduction:

Chronic Kidney Disease (CKD), also known as chronic Kidney or Renal
failure, is a progressive and irreversible disease which is characterized by
kidney damage and decreased in renal functions, it can be a temporary
(often acute) or a chronic condition. CKD is considered as a serious health
problem throughout the world, decreased renal function refers to
abnormality of detoxification, often assessed as creatinine clearance or
glomerular filtration rate (Levey et al 2007; Hsu and Chertow 2000).

The common risk factors for CKD in Arabian countries are hypertension,
diabetes mellitus, and obesity (Farag et al 2012). Renal disease is a
common finding in diabetics (Canadian Institute for Health Information
2011). Diabetes mellitus is a growing epidemic, and it is the most common
cause of CKD as well as renal failure. In diabetics, the diabetic nephropathy
affects approximately 20-40 % of cases, making it one of the most common
complications related to diabetes (ADA 2015). The classic description of
diabetic nephropathy is defined as a progressive increase in proteinuria in
people with longstanding diabetes followed by declining in renal function
that eventually can lead to end stage renal disease (ESRD) (Lemley et al
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2000). Key risk factors for diabetic nephropathy include having diabetes for
long time, poor glycemic control, hypertension, obesity and cigarette
smoking (Philip et al 2013).

Renal diseases can be a particularly life devastating complications, as it is
associated with significant reductions in both length and quality of life (Bell
et al 2001). A variety of kidney diseases can be seen in people with
diabetes, including diabetic nephropathy, ischemic damage associated with
vascular disease and high blood pressure. (Mazzucco et al 2002). The total
number of patients suffering from chronic renal failure in the Middle East is
about 100000, with a prevalence rate of 430 patients per million population
(Najafi 2009). The overall prevalence of diabetes in 200 Egyptians with
chronic kidney disease was 69% (Alghaythi et al 2018).

DM can lead to a myriad of long-term health complications such as
coronary heart disease, renal failure and stroke (Health Promotion Board,
Singapore 2011). DM is estimated by the World Health Organization
(WHO) that 3% of the world’s population (194 million) have diabetes and
the prevalence is expected to double by the year 2025 to 6.3% (Wild et al
2004). In Libya, according to the World Health Organization (WHO), it is
estimated that there were 88,000 diabetics in 2000, and this ratio is
expected to reach 245,000 by 2030, and according to local epidemiological
studies, the prevalence of known diabetes patients over the age of 20 years
is 3.8%. (Kadiki et al 1999). As of 50% of type 2 diabetic patients were
unaware of their diabetes “undiagnosed”, the actual prevalence is probably
higher, for instance, in the town of Tajoura, the west part of Libya; 7.9% of
all adult members of 1094 randomly selected families (2996 persons aged
between 20 and 75 years) had diabetes (The National Board for Scientific
Re-search 2001). In Benghazi, in the eastern part of Libya, screening of
randomly selected group of 868 subjects revealed that about 23% above the
age of 20 years were glucose intolerant, two-thirds had diabetes and the rest
had impaired glucose tolerance Kadiki et al 2001).

There is a rising trend of ESRD due to DM. The proportion of diabetics
among new ESRD patients increased from 48.2% in 1999 to 63.5% in 2011
(Health Promotion Board, Singapore 2013).
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In Surman and Subrata, the results of biochemical tests showed a significant
increase in the levels of triglycerides, cholesterol, urea, creatinine,
potassium and sodium ions, while the rise in the blood uric acid level was
mild (Sukinah and Asma 2019).

The exact prevalence of CKD in Libya is unknown, the ESRD in Libya is a
major health problem where the incidence rate is one of the highest in the
world, the total adult cases was reached 2417 in 2016, where 624/million of
population undergoing dialysis as a result of ESRD, and it is expected that
the number of dialysis patients will increase to 7667 in 2024 (Alashek
2016).

Aim of the study:

The present study aimed to compare the results of some physiological
variables (parameters) among a sample of diabetic and non-diabetic renal
failure patients, who are having dialysis sessions at Al-Zawia Center for the
treatment of kidney diseases.

Subject and methods:

Study population: The study was conducted on 120 patients with renal
failure who are receiving dialysis sessions at Al-Zawia center for the
treatment of renal diseases. The number of male cases in this study was 70
patients (35 suffering from renal failure with diabetes mellitus; and 35
suffering from renal failure alone). While the number of female cases was
50 (25 of them suffering from renal failure with diabetes; 25 suffering from
renal failure only). So equally 60 cases for those suffering from renal failure
and diabetes, and who are suffering from renal failure without diabetes.

The cases were divided into two age groups: the first group included the
patients who are aged of 40 years or older, which represent 81 cases (56
males and 25 females), while the second group included patients who are
less than 40 years, that represent 39 cases (14 male and 25 female) as
shown in table 1.
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Table 1- Distribution of patients suffering from renal failure accompanied with diabetes
mellitus and patients suffering from renal failure with no diabetes mellitus according to
age groups and gender.

Sex Diabetics Non-diabetics
>40 <40 Total >40 <40 Total

Male 33 02 35 23 12 35
(55.00%) | (03.33%) | (58.33%) | (38.33%) | (20.00%) | (58.33%)

Fomale 23 02 25 02 23 25
(38.33%) | (03.33%) | (41.66%) | (03.33%) | (38.33%) | (41.66%)

56 04 25 35

Total | 533306) | (06.66%) | O0 007 | (416606) | (58.3306) | 8O (100%)

Data collection: The results of the medical analyses for patients were
collected from the records of Al-Zawia Center for the treatment of renal
diseases during the period from 01/07/2017 to 31/12/2017. The average
results for each patient were taken separately for the following parameters:
hemoglobin (Hbg), Urea, creatinine, sodium (Na), Potassium (K) and
chloride (CI).

Statistical analysis: The Statistical Package for Social Science version 10
(SPSS) software for biostatic analysis was used to achieve valid and reliable
results obtained in this study. Data were then presented in tables and
figures. P value of less than 0.05 was considered significant.

Results:

The results of the current study showed that hemoglobin (Hbg) levels were
low in all diabetics included in this study (males and females). While
among non-diabetic patients, the results showed that all males and 23
(92.00%) females had a reduction in Hbg. Meanwhile, 2 females (less than
40 years) had a normal level of Hbg as described in table 2.

Table 2- describes the hemoglobin levels among non-diabetes according to age groups

and gender.
Age group
> 40 <40

— Total
Normal Low Normal Low ota

Male 0 (0%) 23 (65.71%) 0 (0%) 12 (34.29%) 35

Sex Female 0 (0%) 02 (08.00%) 02 (08.00%) 21 (84.00%0) 25

Total 0 (0%0) 25 (41.67%) 02 (03.33%) 33 (55.00%) 60

As depicted in table 3, the results of sodium (Na) in diabetics were low in
11 (31.43%) out 35 males who belong to the first age group, but the number
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of cases that had normal Na level were 24. In regard to females Na levels
were low in 6 (24.00%) out of 25 cases, (4 in first age group and 2 in

second age group), while the normal Na levels found in 19 cases.

Table 3- elucidate the distribution of sodium levels among diabetics according to age
groups and gender.

Age group
> 40 <40
— Total
Normal Low Normal Low ota
Male 22 (62.86%0) 11 (31.43%) 02 (05.71%) 00 35
Sex | Female 19 (76.00%) 04 (16.00%) 0 (0%) 02 (08.00%) 25
Total 41 (68.34%) 15 (25.00%0) 02 (03.33%) 02 (03.33%) 60

As described in table 4, in non-diabetic males 10 (28.57%) out of 35 had
low Na rates (6 cases in first age group and 4 in second age group),
however 25 had normal Na levels. Conversely, 13 (52.00%) out of 25
females recorded low levels (2 cases in first age group and 11 in second age

group), while 12 cases had normal Na levels.
Table 4- explains the distribution of sodium levels among non-diabetics according to age
groups and gender.

Age group
>40 <40
— Total
Normal Low Normal Low
Male 17 (48.57%) | 06 (17.14%) | 08 (22.86%) | 04 (11.43%) 35
Sex | Female 0 (0%0) 02 (08.00%) | 12 (48.00%) | 11 (44.00%) 25
Total 17 (28.33%) | 08 (13.33%) | 20(33.34%) | 15 (25.00%) 60

The results of Potassium (K) levels in diabetic patients were high in 4
(11.43%) out of 35 males, all of them belong to first age group, whereas 31
cases had normal K levels. In females, the K levels were high in 6 (24.00%)
out of 25, (4 of whom belong to first age group and 2 to the second age
group) and there were 19 cases had normal K levels. All of these results

were shown in table 5.
Table 5- illustrates the results of potassium in diabetics according to patient’s age groups

and gender.
Age group

>40 <40
— Total
Normal High Normal High ota
Male | 29 (82.86%) | 04 (11.43%) | 02 (05.71%6) 0 (0%) 35
Sex | Female | 19 (76.00%) | 04 (16.00%b) 0 (0%) 02 (08.00%) 25
Total | 48 (80.00%) | 08 (13.34%) | 02 (03.33%) | 02 (03.33%) 60

182

Azzaytuna University Journal (37) March 2021




A comparative study between some physiological parame......(177 -188)

Table 6 shows that the levels of K in non-diabetics were high in 8 (22.86%)
out of 35 males (7 of them belongs to the first age group and 1 to the second
age group) in compare to females, 9 (36.00%) out of 25 had high K levels

(2 of whom belongs to first age group and 7 to the second age group.
Table 6- shows the distribution of potassium levels among non-diabetics according to age
groups and gender.

Age group
240 <40 Total
Normal High Normal High
Male 16 (45.71%) 07 (20.00%0) 11 (31.43%) 01 (02.86%0) 35
Sex | Female 0 (0%) 02 (08.00%) 16 (64.00%0) 07 (28.00%0) 25
Total 16 (26.67%) 09 (15.00%0) 27 (45.00%0) 08 (13.33%) 60

Table 7 shows the results of both diabetic males and females in relation to
their CL levels. There were 14 (40.00%) out 35 males (13 of them belongs
to first age group and 1 to second age group) with low levels, while there
were 1 (02.86%) patient had high CI level. According to the same table 9
(36.00%) out of 25 of females had low Cl levels (all of them belongs to first
age group) while only 4 (16.00%) patients had high CI levels (3 in first age
group and 1 in second age group).

Table 7- illustrates the chloride levels among diabetics according to patient’s age groups

and gender.
Age group
=40 <40 Total
Low Normal High Low Normal High
13 19 01 01 01

[0)
Male 1 37 1406) | (54.28%) | (02.86%) | (02.86%) | (02.8696) | 0 (C%) | 35

09 11 03 ) 01 01
Sex [ Female | 25 1006 | (44.00%) | (12.009%) | © @7 | (04.000) | (0a.000) | 2°
Total 22 30 04 01 02 01 60

(36.67%) | (50.00%) | (06.66%) | (01.67%) | (03.33%) | (01.67%)

Table 8 explains the results of CI for patients who are suffering from renal
failure only. In terms of males, the ClI levels were low in10 (28.57%) out of
35 (6 cases in age group 1 and 4 in age group 2). In females, 11 (44.00%)
out of 25, (2 cases in first age group, and 9 in second age group) had low CI
levels.
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Table 8- describes the chloride levels among non-diabetics according to patient’s age
groups and gender.

Age group
=40 <40 Total

Low Normal High Low Normal High
Male 06 17 0 04 08 0 35

(17.14%) | (48.57%) | (0%) | (11.43%) | (22.86%) | (0%)

02 14 0 09 0
[0)

sex | EMa | 08.0006) | (56.00%) | 0%6) | °©%) | (36.00%) | 0%) | ®
Total 08 31 0 04 17 0 60

(13.33%) | (51.68%) | (0%) | (06.66%) | (28.33%) | (0%)

Discussion:

Diabetes is the leading cause of kidney disease in Canada (Canadian
Institute for Health Information 2011). The results of the Sukinah and
Asma study in Surman and Subrata showed that there is a noticeable
significant decrease in the level of hemoglobin in patients with chronic
renal failure. The results of biochemical tests showed a significant increase
in cholesterol, urea, creatinine, potassium and sodium ions (Sukinah and
Asma 2019).

The study showed that 98.33% of cases had low Hbg rate (without
significant differences in sex, age, or diabetic status) meanly due to the
dialysis process. This is consistent with results of Azab and Mohammed
2015 at Zahra Hospital for Kidney Diseases and Surgery. Anemia and low
blood cell counts among patients with renal failure may be due to an
insufficient production of the hormone erythropoietin by the kidneys, or as
a result of both iron and folate deficiency, increased red blood cell
breakdown, and accumulation of nitrogenous waste materials; all of these
disturbances can lead to decrease RBCs production and shorten their live-
span (Suresh et al 2012; Al-Abachi et al 2012).

The kidneys play a decisive role in regulating the levels of sodium and
potassium ions, therefore, the disturbance of their levels in the blood are
connected with renal functions. It is evident from the results of the current
study that 33.33% of cases had low Na levels with no significant
differences in regard to diabetes as well as to age and gender. The lack of
sodium ions in the blood serum among patients with renal failure may be
due to deficiency of the aldosterone hormone which increases the loss of
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sodium ions in the urine. These results are similar to the results that were
recorded among patients with chronic kidney failure in Iragq in 2012 (Al-
Abachi et al 2012).

The results of this study also showed a high level of potassium in 16.66% of
cases with CRF accompanied with diabetes as well as in 28.33% of CRF
cases without diabetes, with significant differences (P value 0.04), the
reason for this may be due to the dietary style variation between the two
groups, it was also found that age had no effect on the levels of serum
potassium, while the high levels were more among females than males
without any significant differences. These findings appear to be in
accordance with the results recorded in chronic renal failure patients in lIraq
(Al-Abachi et al 2012).

With regard to the Cl values, the results indicated that there were none of
non-diabetics had high CI levels, while 08.33% of diabetic patients had a
high level of Cl. On contrary, 38.34% of diabetics with CRF and 20.00% of
non-diabetics with CRF had low CI levels, (no significant differences were
found with respect to gender or age).

Conclusion:

In the present study which was conducted on patients with renal failure who
were receiving dialysis sessions at Al-Zawia Center for the treatment of
kidney diseases showed that there were differences in the results of the
analyzes for many physiological variables (parameters) in patients with
renal failure. The changes was more pronounced in diabetic patients, and
this requires special and increased periodic evaluation of changeable
parameters in diabetic with renal failure.

Recommendations:

It is highly recommended to maintain physical fitness, exercise and
maintain normal blood pressure and blood sugar by eating healthy diets.
Furthermore, doing a periodic blood tests that can help to detect any kidney
injuries at an early stages.

Eventually, further researches are advised regarding diabetes and its
relationship to renal failure as well as the effects of diabetes on the kidneys.
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Abstract- investigation of the use of continues wavelet transform (CWT)

method to late time response analysis for detecting on body concealed threat
objects proposed in this paper. The transient backscattered mechanisms of on
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body concealed weapons target signatures are studied using the wavelet analysis
technique in which signal processing algorithm is developed and the Morlet
wavelet applied to extract and analyses the re-radiated transient response of
concealed targets. Experimental work was done by using simple and complex
objects such as wire and handgun, Wavelet analyses of backscattered data from
various objects are presented, the results show that the Continues wavelet
transform (CWT) has the ability to detect and discriminate between the hidden-
on body objects.

INTRODUCTION

The transient scattering returns of a radar target in free space was first studied by
singularity expansion method (SEM), by which the late-time phenomena of the
target response were obtained as a sum of damped exponentials convolved with
resonant frequencies and noise. This beneficial characteristic allows the
resonances to be used for target identification. Extensive discussions took place
in the mid-1980s to develop a model of the transient scattering behaviour and
modelling for early time response, (Dudly,1985),(Felsen, 1985) SEM model has
neither been a true reflective nor their a nearby solution to this problem due to
the intricate nature of the process itself, Prony’s method suggests target
resonance extraction to be directed upon the interval of late time response, if the
nearby objects are included in the extraction, fairly accurate CNR extraction is
achieved. Prony’s method thus needs accurate starting late time commencement
evaluation is critical for the overall accuracy of target resonance extraction. Late
time responses are target dependent and theoretically independent of polarization
state and target orientations. However, practically the late time period cannot
correctly extract in some cases. Knowledge of the model order is critical in the
extraction process and in the subsequent calculations for poles and residues
algorithms. If the model order is underestimated this can cause loss of poles in
the calculations. Similarly, resonant modes are unlikely to be excited or weakly
excited in all incident aspects and states of polarization due to a dependency on
residues. It is apparent from the complexity of the methods and algorithms
involved that another method is required for the extraction of the resonant
modes. To increase further the physical insight of the problems connected to the
authentic transient electromagnetic scattering procedure, one feasible approach is
to examine the scattering phenomena analytically using electromagnetic theory.
This has been extensively studied by (Heyman& Felsen, 1985), (Heyman, 2002),
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(Shirai & Felsen, 2002). It is well recognized fact that analytical solutions to
transient electromagnetic problem involve huge mathematical calculations and
they are imperfect for some canonical problems. An alternative, stemming from
a signal processing perspective is to apply Joint TF analysis. The joint time-
frequency analysis has been commonly applied in many engineering applications
such as signal processing in bio-medical data, speech processing, wireless
communication, radar imaging and sonar applications, with radar applications
substantial work has been carried out on stationary targets using frequencies in
the low GHz frequency region i.e. up to 2 GHz. For UWB radar a substantial
amount work on feature extraction has been done by (Ling 1992, pp 140-142),
on TF analysis of backscattered signals including the range of the profiles for the
stationary targets, this later applications frequency of operation is in the quasi-
optional regions. GTD in the electromagnetic context describes that quasi-
optional regions lie outside the essential resonant modes and high frequency
scattering portents such as edges and corners diffraction, (Balanis, 19890. The
focusing in this paper is on the late-time resonant that are observed in the SEM
and to study the scattering phenomena of the objects using TFDs. The Wavelet
transform is introduced as alterative approach to overcome the STFT resolution
limitation, a detailed explanation of the wavelet theory could be found in
(Rioul&Vetterli, 1991, pp. 14-38). Particularly, the wavelet transform utilizes
the wavelet as a ‘window’ and also as a fundamental for the analysis of multi
resolution (Kaiser, 1994, pp. 60-64). To provide good time resolution (small
scales) at high frequencies the ‘mother’ wavelet is compressed so that the
wavelet of the time response provides effective resolution in detecting the
presence of high frequencies. To have a good frequency resolution at low
frequencies the mother wavelet is expanded (large scales), by which the wavelet
transform has effective resolution in frequency domain in detecting the
appearance of the low frequencies. In fact, in this research the CWT approach is
proposed to extract the target signature and represent the LTR in time frequency
domain. A Morlet wavelet is used as the mother wavelet within the CWT
algorithm because it is simple and well suited for time frequency localization
and resolution for concealed weapon application. The CWT provides
coefficients in which the degree of correlation is proportional to the peaks or
amplitude. Another perspective is that the analysed signal decomposes into a
superposition of scaled mother wavelets by the wavelet transform. The aim of
this study is to examine TFDs to represents electromagnetic scattering though
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extracting the LTR which is very useful for object identification and
classification. Different simple and complex targets signatures are studied.
Instead of new approaches of extracting resonance parameters directly or
development of existing methods, the role of the study is for novel development
of object recognition algorithms using the CWT.

THEORY

In the application of detecting the response of concealed on body weapons,
powerful signal processing algorithms that accurately extract the target signature
Is needed. In this section CWT time frequency analysis method is used for
analysis and extracts the target signature from the backscattering response.
Hence the wavelet transform is a powerful TF analysis and it has a multi
resolution capability which is not available in WVD and STFT. The basic
variable of Fourier Transforms, the frequency, is not possible directly with
wavelet transforms instead a new term called “scale” is used and the wavelet
transform introduces time-scale representation (Young, 1992, pp. 13-20). Many
mother-wavelets are utilized for varies implementation and applications. The
best known are Morlet, Daubechies and Haar wavelets. Also, of great
importance are the coiflet, symlet, Mexican Hat and biorthogonal wavelets. It is
very common to use Fourier transform characteristics for analysis applications
when the time domain transformation has no time-frequency localization
features. The theory of wavelet transformation has been considered for the first
time in the field of multiple resolution analysis, it has been applied to the
processing of images and signals. A CWT can analyse a signal in a set of limited
basic functions that can reveal transient characteristics in the signal. Wavelet
analysis is the violation of a signal in an extended and translated version of the
original wavelet. The wavelets must be oscillating, have amplitudes that quickly
reduce their decay and have at least one moment of disappearance. In wavelet
theory, many of the principal functions of wavelets have been considered, each
of which has its proper application. In this work, the selected mother, Morlet-
Wavelet, because of its advantages and characteristics, (Fine tuning of the
desired frequency band, good resolution and location in the time and frequency
domain, recognition capability and extraction-oriented characteristics). Morlet
wavelet is a sinusoidal signal modulated by a Gaussian wave. Its offers higher
spectral resolution compared with Mexican Hat, this is because of the narrow
frequency response. This wavelet is particularly useful for filtering out the
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background noise of the target response. The CWT is the member of the linear
class of TFDs. The prime definition of the CWT is,

CWT,(t o h) = = [~ x(Dh (%) dr (1)

h(t) is the mother wavelet, a is variable scaling parameter. The CWT can be
known as a member of Time-Scale distribution (TSD) series. If we compare the
STFT with the CWT, then CWT is different from STFT as it can longer be
adapted to modulation or frequency shifts as it now created by scaling factor a
though the price paid is that the CWT gives a time-scale representation of the

[}

signal rather than a time- frequency representation. if « =f? where f, centre

frequency of h(t), for the TF analysis application, the consequent distribution
can be given as, [11][12]

CWT,(t f, h) = \/fE /” x(Oh (tf;) dr )

Scalogram (SC) is known as the magnitude of the CWT.
|CWTx (T, F, H)|?

The mother wavelet requests to achieve certain mathematical principles. A
complex or real- value function h(t) is defined as a wavelet if,

[ h@®dt =0 (3)

Which means that a wavelet should has a zero-dc component (zero average value
in the time domain), which also specifies that signal must be oscillatory in the
frequency domain. It can be shown that the signal x(t) can be recovered from
the following equation (Rioul & Flandrin, 2002, pp. 1746-1757).

x(t) = [7 [ CWT(t,a, h)h (=5) dr 3 @)

Many wavelets meet the Admission Condition, only if h(t) satisfies the
Admission Condition. The Morlet wavelet is one of the most frequent used
wavelets that does this and is given by (Sadiku & Garcia, 2005, pp. 21-67) as

h(t) = elWote=t*/2 (5)
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It must be appreciated that individual wavelets have different characteristics, so
they are appropriate for different applications. To discover whether the multi-
resolution property of the CWT is appropriate for investigating transient
scattering consequently, it is necessary to decide which mother wavelet is
selected. Expecting the result somewhat, in this paper the multi-resolutions
characteristics of the Morlet CWT that are examined to determine whether the
CWT is a convenient method extracting the LTR of concealed weapons. TSD in
the signal processing literature was first introduces with respect to the CWT and
then later applied to TF analysis by [11]. CWT produces a fixed time and
frequency resolution throughout the 2-D plot The CWT gives a good time
resolution but poor frequency resolution when a is small (high frequency as
a = f, /f), but good frequency and poor time resolution when a is large i.e. low
frequency (Debanth, 2003). successful work on TF analysis for electromagnetic
scattering using the SP and CWT has been reported in (Ling & Kim, 1992, pp.
140-142). In the following sections, practical experiments will be carried out by
using two types of targets. Initially, we will test a simple target of a wire with
20cm length and 5mm width, followed by another experiment using a hand gun,
which is more complicated than the simple wire. The purpose of this study is to
know the limits and determine the ability of the CWT technology to analyse the
LTR backscattering target response signal.

METHOD

Two identical transmitting and receiving tapered slot antennas, designed and
fabricated as part of this research, with cut off frequency around 0.25 -3.0 GHz,
the transmitting antenna was oriented in the direction of the illuminating
radiation and the receiving antenna at 900 (cro ss-polarized) to give better
discrimination between the early and late frequency time response. a sweep
frequency of bandwidth 0.25-3.0 GHz generated by the vector network analyser
VNA E8363B to excite the target. A Gaussian shaped window was used
throughout, and the frequency target response were subjected to signal
processing to subtract the background signal and antenna response
deconvolutions followed by time domain transformer by using the Inverse
Fourier Transform. The start of the LTR was determined using the Equation (6),
(Baum, 1976, pp. 129-179).

Y(t) = Z'IcvilAm COS((nmt + (pm) exp(—amt), t> TL (6)
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SIMPLE WIRE

A huge amount of research was done to analyse the LTR backscattering response
using simple wire in order to understand its behaviour in time domain.
Moreover, the wire backscattering response were studied deeply in the SEM
context (Baum, 1976, pp. 129-179). a wire with length L = 21 cm and diameter
d = 4 mm with incident target orientation angle o= 45° is considered. Firstly,
the Target response is subject to the mentioned signal processing. Beginning of
late time response (LTR) signal is measured by using the equation (6), (Baum,
1976, pp. 129-179). In this experiment the forced ETR target response starting at
3 nsand thus Tb = 3 ns with Tp = 14 ns, ¢ = 45°.

L sin
T = L 0.59 ns
C

This means LTR life time to be around 10ns. The resonance of LTR modes are
extracted by using the GPOF,[16]. Figure 1 illustrate the scattering poles of this
target; model order was estimated M = 6. GPOF is very sensitive to the target
model order, any falls or wrong estimation of target model will lead to fake poles
and increase the error of target detection and identification.
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Figure -1 Poles of wire of length 21cm Figure 2 complex resonance frequency CNR

it is quite clear that the dominant mode resonates frequency is near to the
theoretical value f..s = % = 0.71GHz where c is speed of light and | is the

target length, (Ksienski, 1985, pp. 13-19). The lowest pole of the scattering has a
similar resonant frequency of the LTR and can be used to reconstruct it by,
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f((n — DAL) = BN_; ¢y eSmB=DAL (7)

Where s, = o, +iwy, are the poles and c, are the residues, o, is the
damping factor and wy, is the resonant frequency [20]. the first three resonances
values are for the 21cm wire are

1.5 —i2.2500,3.0000 - i1.5000 and - 4.5000 + i2.2500 (imaginary parts in
GHz and real parts inns™1). The results of the GPOF will be considered as
reference reanalysis results for determining the efficiency of CWT in detection
of frequency dominate modes of the target related to its geometry. The frequency
bands of interest of the particular target wire determined from the results of
GPOF are considered as points of reference for the initial dominant modes of
resonance. In this subsection a simple case of an idealized target response using
the resonant modes is considered. The construction of these artificial responses
Is based on. From figure 2 the dominant resonant frequency can be calculated
from consecutive peaks — these are about 1.5 ns corresponding to the dominant
frequency mode of about 0.7 GHz. The target dominate frequency is presented
in figure 3. Results of the CWT analysis of the target response are presented in
figure 4, which most of the target signature resonant modes are obvious
Crosseponding to their energy levels.

Amplitude (au)
[—

Figure 3 Simple wire Frequency response Figure 4 CWT of simple wire

The results of TFDs obtained through the use of CWT indicate the ability of this
technique to extract the frequency target signature through the frequency
dominate modes related to their energy levels, red colure means high energy
level and the blue colour means the lowest energy level (end of late time
response life time). These results ensure that the CWT technique is suitable and
convenient to extract the LTR target signature as it has good frequency
resolution in the LTR period and good time resolution in the ETR period. The
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observed energy levels indicates the amplitude of each dominate frequency, this
leads to general conclusion in the situation where o < w the relevant energy E

2
of a single mode signal would be given by E=Z; where Z is target
impedance, ¢ is the target permittivity properties.

CWT performance of on body concealed weapons

In this section on body concealed objects will be analgised. Firstly, human body
response will be investigated followed by the investigation of the backscattering
response related to on body concealed weapon. The purpose of that is to verify
the interference between the human body backscattering response and the back-
scattering response of on body

concealed weapon in order to understand the ability of CWT to detect concealed
threat objects. The back-scattering response from the human body show how
weak these signals which is due to the human body tissues dielectric properties
figure (5). The refraction angle @,° and the transmitted pulse phase velocity is
frequency dependent and varied subsequently,[17]. The weakness in the
backscattering response of the human body since the transmitted pulse suffers
from the attenuation as its propagated within the lossy dielectric of the human
body as its illustrated in figure 5and figure 6.
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Figure -5 Frequency response of body only. Figure -6 CWT of human body only.

In this subsection the backscattering response of the human body carrying a
hidden threat object will be investigated, in comparison with previous section
results, it is clear how the target signature is overlapped with the human body
response. The CWT results of the on body concealed weapon are given in
figures 7, and 8. Throughout these experiments, it is observed backscattered high
energy levels corresponding to the signature of the on body concealed objects
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compared to the low levels when there is no target. These results confirm that the
use of the CWT technique could detect the existence or absence of any threat
objects concealed on body and it’s also capable to discriminate between different
objects.

-
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Noise
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Figure -7 LTR of on body gun Figure- 8 CWT performance of on body gun.

However further investigation is required. The big difference in the levels of
energy emitted, as it was observed that the levels of energy are low when the
detection of the human body alone and on the contrary, the levels of energy are
high When the detection of the human body carries dangerous objects.

CONCLUSION

CWT performance could detect concealed target signature on both simple and
complex objects, the LTR was accurately extracted and illustrated in time
frequency domain TF. The promising results confirmed that the CWT
performance is directly identifies the response of the unknown concealed target
and could be a very powerful tool in the detection of any on body concealed
object, however, further research should be done to distinguish between the
concealed objects throughout a strong database or and adaptive technology.
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