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Abstract

Games are one of the most important means of entertainment for children. These
games have quickly evolvedin their formand content until we have reached the era
of electronic games and people's interaction with them, treating them as a means
of both entertainment and learning.

The research problem lies in the fact that for every action, there is a reaction. In
the absence of parental oversight resulting from immersion in modern work life and
its complexities, itis necessary to consider the educational roles of electronic games,
their legitimacy, and their drawbacks. These games have positive aspects but also
significant risks to health and ethics. This paper aimed to study the effects of

electronic games on children, mentally, intellectually, and emotionally, utilizing a
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descriptive approach to address this issue, and highlighting the legal and moral
regulations. The study concluded that electronic games are essential in the lives of

children, provided they are monitored and guided, with the potential to develop their

capabilities, while acknowledging their negative aspects and ways to mitigate them.
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Abstract

This study aims to explore the impact of Al-powered digital marketing on Saudi
consumer behaviour, focusing on the use of social media .

A questionnaire was used to collect data from a sample of Saudi consumers .

The results showed important differences in consumer behaviour based on factors
such as age and geographical region .

The results also indicated that social media 1s Saudi consumers' most influential
digital marketing tool, with an average account score of 4.2.

In addition, the study showed that the availability of technology significantly
impacted purchasing decisions, receiving a relative weight of 84% .

The level of consumer satisfaction with the services provided also weighed at a
relative weight of 72% .

These results have important implications for marketers and companies targeting the
Saudi market, which calls for developing marketing strategies based on artificial
intelligence technologies to enhance customer experience and increase interaction.
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Abstract

This study aimed to highlight the role of digital technology by employing it to
enhance effective strategies for managing crises and risks in the economic and
financial sector in Arab countries. The researcher soughtto identify the applications
of digital financial technology through technical innovations used in the economic,
financial and banking fields in order to improve and simplify operations, provide
effective and fast services, save time and money, reduce operating costs and
increase competitiveness, with a focus on the field of Economic and financial crisis
and risk management, and to know the advantages of each digital technology and
explain the disadvantages and the extent of scientific progress that accompanied the
technology of digital transformation, digital revolution and artificial intelligence by
innovating effective solutions that contribute to and enhance strategies for
managing crises and financial risks.
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The study presented several conclusions and recommendations, most notably the
adoption of Arab countries represented by leaders of the economic and financial

sector to use the latest and best digital technology through a shared vision and
effective strategies for managing crises and risks facing the economic and financial
sector, and the adoption of the joint digital currency project for Arab and Islamic
countries, in order to becomes an effective and strong economic entity in the global
arena.

Keywords: Digital technology, crises and risks, economic and financial sector in
Arab countries.
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Abstract

This exploration aims to dissect the part of artificial intelligence in enhancing
business operation effectiveness by studying the impact of espousing this technology
on functional processes, decision- timber, and cost reduction. The exploration
focuses on the significance of artificial intelligence in perfecting functional
effectiveness and adding invention within companies. The exploration reckoned on
the descriptive logical approach, and data was collected using a questionnaire
directed to 34 elderly operation situations in companies from different sectors and
several countries in the Middle East. The results showed that artificial intelligence
contributes to perfecting functional effectiveness and the quality of decision- timber,
which enhances the capability to dissect data intelligently and supports invention and
sustainable growth. still, companies face major challenges when espousing artificial
intelligence tools, most specially hand resistance to change and the difficulty of
integration with heritage systems, in addition to the need to ameliorate hand chops
to keep pace with new technology. To overcome these challenges and fete the
benefits of artificial intelligence, the exploration recommends developing strategies
to integrate technology more effectively, including perfecting companies'
technological structure and training workers to use smart systems effectively. It also
suggests promoting a culture of invention and change to produce a probative terrain
for digital metamorphosis and technological inflexibility. This exploration
contributes to the academic understanding of the walls and openings related to
espousing artificial intelligence in business operation, and provides precious
perceptivity for companies seeking to achieve better performance in light of rapid-
fire technological metamorphoses.

Keywords: Artificial intelligence, functional effectiveness, business operation,
decision timber, invention.
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Chapter One: Introduction 1.1-
Introduction

In recent times, artificial intelligence (AI) has come one of the most prominent
transformative technologies in business operation and other fields, as companies
calculate machine literacy and big data analysis to enhance functional effectiveness
and make further accurate opinions (Zirar, et al.2023). Al has evolved from being a
theoretical conception in computer wisdom to an abercedarian technology used to
stimulate invention and achieve competitive advantage in colorful sectors, including
technology, finance, manufacturing, and healthcare (Rasheed,et al. 2024).

exploration indicates that Al is spreading in companies to understand challenges and
openings across sectors, leading to the emergence of new operations in business
analytics and digital invention. The comprehensive book addresses multiple inquiries
on ethics, organizational performance, and commercial governance, and explores the
part of Al in entrepreneurship and driving change in the ultramodern business terrain
(Schiavone et al., 2023)

Artificial intelligence is one of the advanced branches of computer wisdom,
characterized by its capability to handle and reuse huge quantities of data with speed
and delicacy that exceed mortal capabilities. This technology contributes to
perfecting the functional performance of companies by automating processes,
prognosticating unborn trends, and assaying client geste

, which enhances the effectiveness of operations and provides companies with lesser
openings for expansion and invention (Dwivedi et al., 2021). According to former
studies, Batarseh and Freeman (2021) indicated that companies that calculate on
artificial intelligence achieve a clear competitive advantage in global requests, as
they record advanced situations of productivity and a significant reduction in
operating costs.

Also, artificial intelligence is characterized by its inflexibility in its operation across
multiple fields, ranging from force chain operation and perfecting functional
effectiveness, to making strategic opinions and assaying complex data with delicacy
and speed (Maslej et al., 2023). Companies that have espoused artificial intelligence
have been suitable to snappily reply to request changes and achieve a better balance
between quality and cost. In addition, the capability of artificial intelligence to learn
from data and develop systems
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grounded on former results enhances the nonstop enhancement of functional
effectiveness, which contributes to achieving sustainable growth for companies that
calculate on i1t (Kunduru, 2023).

Despite the great benefits that artificial intelligence offers, we must bear in mind that
its operation isn't without challenges. These include organizational and technological
challenges, similar as the difficulty of integrating new systems with heritage systems,
and hand resistance to conforming to technological inventions (Del Castillo, 2024).
Still, companies that invest in digital structure and develop training programs to
ameliorate their workers’ chops in dealing with this technology will be better
suitable to overcome these challenges and take full advantage of the eventuality
of AI ( Schwartz et al., 2020). Thanks to the rapid-fire development of Al, this field
has become a decisive factor in the digital metamorphosis of companies. It directly
enhances the effectiveness of business operation, by adding product speed, perfecting
internal processes, and developing smarter strategies(Perifanis and Kitsios, 2023). At
the moment, Al is a necessary tool in the competitive business terrain, contributing
to the development of new products and services and furnishing innovative results to
the adding challenges in ultramodern requests (Toti, J et al, 2021).

2.1- Research Problem

Despite the multitudinous benefits that artificial intelligence (AI) offers in
enhancing business operation effectiveness, multitudinous companies face
significant challenges when trying to adopt and apply this technology in their
quotidian operations. Al is an important tool for perfecting functional effectiveness,
adding the speed and delicacy of decision- timber, and reducing costs. Still, the
factual operation of this technology is n't without obstacles that may hinder the
success of the process (Wilson and Daugherty, 2023).

One of the most prominent challenges is hand resistance to change. Multitudinous
workers are hysterical of Al, especially when it's associated with changing the
nature of jobs or replacing the traditional pool with technology (Bessen, 2023). This
resistance constantly stems from fear of losing jobs or the need to learn new chops,
in addition to a lack of full understanding of the technology (Acemoglu, Johnson,
2023). According to a study conducted by (Dwivedi et al., 2021), resistance to
change hinders the operation of Al in multitudinous companies, as the study
showed companies that tried to apply Al faced resistance from workers, which led
to a detention or failure to apply this technology completely.
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In addition, companies face technical challenges related to the integration of Al with
being systems. Multitudinous companies, especially those that calculate on

traditional operating systems, find it delicate to integrate Al results with their being
structured (Rasheed et al., 2024). This type of challenge requires fresh investments
to develop structure and update heritage systems, which leads to increased costs in
the short term. Batarseh and Freeman 2021, also point out that small and medium-
sized enterprises face lower challenges in this terrain due to their limited technical
and financial resources.

Despite the great prospects regarding the transformative eventuality of Al, there are
still gaps in the full understanding ofthe impact of this technology on the functional
effectiveness of companies (Brynjolfsson et al., 2023). The study by Makarius et al.,
2020 indicates that important disquisition focuses on the short- term operations of
Al while long- term logical studies are demanded to understand the full impact of
this technology on the functional performance of companies.

predicated on the below, the problem of this disquisition is to try to fill these gaps by
assaying the impact of Al on the functional effectiveness of companies.

This analysis will examine the factors that impact the successful handover of Al, with
a focus on relating possible results to overcome the challenges related to
technological integration and resistance to change.

3.1- Research Motivations

The study of artificial intelligence ( Al) in the field of business operation is gaining
increasing significance, as artificial intelligence is one of the main factors that bring
about a radical transformation in operation styles, which improves the functional
effectiveness of companies in various sectors (Zuo, 2024). In light of the rapid-fire-
fire technological developments, companies have come increasingly dependent on
artificial intelligence as an innovative tool for assaying data, perfecting the force
chain, and making more accurate and effective strategic opinions. Artificial
intelligence supports the capability to adapt to rapid-fire- fire request changes, which
enhances invention, and gives companies that adopt it a strong competitive
advantage.

The significance of artificial intelligence comes as a strategic tool to enhance
functional effectiveness and achieve a competitive advantage in the modern business
terrain (Kemp, 2024). These studies addressed multiple confines of artificial
intelligence, including data analysis, automation, perfecting decision- timber, and
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managing organizational change, which providesa strong background that supports
the disquisition objects aimed at studying the impact of artificial intelligence in

enhancing business operation effectiveness and relating the challenges facing
companies when espousing this technology.

4.1- Research Objectives

Analyze the impact of artificial intelligence in enhancing business management
efficiency. Identify the challenges facing companies when adopting artificial
intelligence. Propose solutions to overcome challenges and maximize the benefit of
artificial intelligence in the business environment.

Chapter Two: Previous Studies (Literature Review) 1.2- Literature Review

Numerous former studies have addressed the content of artificial intelligence and its
impact on business operation, as these studies showed how artificial intelligence can
contribute to perfecting functional effectiveness and developing business strategies.
Beth’s study (2021) concentrated on the profound impact of artificial intelligence on
job chops and the significance of changing leadership strategies to acclimatize to the
metamorphoses brought about by artificial intelligence in the work terrain. This study
vindicated that artificial intelligence is n't just a tool for automating processes, but
rather a force of change that affects how tasks are performed and the nature of chops
demanded for the success of unborn jobs. These findings support the critical need to
develop training and exposure programs to prepare the pool for the anticipated
metamorphoses, a point that aligns with our exploration objects in furnishing results
to overcome organizational challenges and grease the handover of artificial
intelligence in the plant. On the other hand, Hung and Sun’s study (2020) showed
that artificial intelligence contributes significantly to perfecting the functional
effectiveness of companies, which enhances their performance and productivity. The
study showed that companies that invest in artificial intelligence technologies achieve
advanced returns compared to companies that calculate on traditional styles, which
reinforces our thesis that artificial intelligence is a vital motorist of invention and
growth. These findings are in line with our exploration ideal of exploring how Al can
be used to achieve effective digital metamorphosis.

On the other hand, Kaplan and Haenlein (2019) stressed the complexity and
nebulosity that still surrounds the generality of Al, and emphasized the significance
of understanding the gradual elaboration of this technology through its different
stages of narrow Al, general Al, and superintelligence. This in- depth understanding
provides companies and directors with a clearer perspective on how to acclimatize

different Al technologies to achieve the Voguish results, which is in line with our
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exploration ideal of relating the artistic and organizational factors that impact the
effective handover of this technology.

A study by Smith and Jones (2023) focuses on the challenges that companies face
when adopting AL particularly in integrating Al into business-oriented operating
systems. This study is relevant to my research content because it addresses a critical
aspect of the role of Al in business operations, demonstrating that AI can be
seamlessly integrated to achieve maximum effectiveness. The research provides
insight into the strong resistance to change and specialized difficulties that are central
to realizing the potential of Al in business operations.

Patel and Verma (2022) delved into the impact of Al on reducing functional costs, an
important factor in perfecting the effectiveness of business processes. They delved
how AT helps companies streamline processes, reduce crime, and significantly reduce
costs. This focus on cost- effectiveness in Al is linked to enhancing the effectiveness
of business process practices.

Eventually, Davenport and Ronanki (2018) examined the part of Al in perfecting
decision- making by furnishing accurate perceptivity deduced from the analysis of
large quantities of data, leading to better operations and reduced functional costs. The
study also directed to organizational challenges similar to resistance to change,
pressing the need for integrated strategies to successfully guide technological
metamorphosis, which is one of the main objects of our exploration.

based on these studies, we find that Al plays an additional part in perfecting
functional effectiveness and developing business strategies through data analysis and
smart decision timber. Still, challenges similar as resistance to change, performance
costs, and the complexity of integration with being systems stand out as major
obstacles. Our study aims to bridge this gap by furnishing an intertwined frame that
helps companies overcome nonsupervisory and specialized hurdles and completely
work the eventuality that Al offers.

2.2- Linking Literature Review to the Research Problem

From previous studies, it appears that Al plays an important role in developing
business strategies through data analysis and accurate decision making. However, the
problem that our study seeks to address are the challenges that companies face when
trying to use Al. These challenges include resistance to change by some employees,
the complexity of integrating Al with legacy systems, and high implementation costs.
Previous studies, such as Beth (2021) and Davenport and Ronanki (2018), have
refocused on these obstacles, emphasizing the need for integrated strategies to
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address these challenges. Therefore, the current exploration concerns the problem of
guiding companies on how to overcome these challenges to achieve full digital

transformation and get the most out of Al

3.3- Research Gap Although there are a number of studies that have examined the
impact of Al on improving operational efficiency and strategic decision-making,
there is a large gap related to the lack of integrated strategies to overcome the
organizational and technological challenges associated with adopting AI. Many
studies have focused largely on technical aspects, such as resistance to change among
some employees or integration with existing systems in companies, but they have not
provided a comprehensive framework that helps companies address these challenges
in an integrated manner. Accordingly, this study aims to bridge this gap by providing
an integrated framework that includes cultural and organizational factors, in addition
to technical aspects, to enable companies to successfully adopt Al and achieve
optimal use of Al in corporate business.

Chapter Three: Research Methodology

The current research relied on the descriptive analytical approach, as this approach is
based on studying the phenomenon as it exists in reality and expressing it as an
accurate qualitative description and clarifying its characteristics by giving it a
numerical description by collecting data and converting it into numbers and tables
that show the amount of this phenomenon, its size, or the degree of its association
with other phenomena and variables (Darwish, 2018, 118).

1.3- Research Population

The research targets a diverse community of companies and organizations that have
adopted Al in their operational processes, with the aim of enhancing functional
effectiveness and achieving better results in various aspects of business. The
exploration community includes managing directors and managers in advanced
operations positions who play a vital role in shaping opinions related to the ado ption
of cutting-edge technologies similar to AI. This community was selected due to the
importance of these leaders’ role in guiding innovation strategies within their
organizations, and linking the factors that influence the abandonmentand use of Al

The exploration community covers multiple sectors, including technology, finance,
manufacturing, and healthcare, with the aim of bringing a diverse and comprehensive
understanding of the impact of Al across different fields. This diversity represents an
opportunity to study the common and unique challenges that companies in these
sectors face when trying to integrate Al into their daily operations. The exploration
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also focuses on companies of different sizes, from small and medium-sized
companies to large enterprises, enhancing understanding of the impact of Al in
different business situations.

2.3- Research Sample

The sample was selected randomly. The following table shows the distribution of
the sample according to the research variables, according to the following table:

Table (1) Distribution of the sample according to research variables

variable N| % Variable N (%
Company Iraq 4 11.8 | Industry | E-commerce 6 | 17.6
Location Jordan 5 14.7 Sector Finance 6 | 17.6
(City,
(Country KSA 5 14.7 Healthcare 8 | 23.6
Morocco 1 2.9 Manufacturing | 3 8.8
Oman 2 59 Technology 11 | 324
Turkey 10| 294 total 34 | 100.0
UAE 6 | 17.6 |YourRolein CEO 12| 353
the
Yemen 1 2.9 CFO 6 17.6
Company
total 34 | 100.0 COO 1 2.9
Company | Lessthan | 19| 55.9 CTO 1 2.9
Size 50

(Number of | employees

(Employees 50-249 15| 44.1 IT Manager 5 14.7
employees
total 34 | 100.0 Operations 8 | 235
Manager
Support 1 2.9
Manager
total 34 | 100.0
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The previous table shows that, as for the geographical location, most of the answers
came from (Turkey) with a percentage of (29.4%), followed by (UAE) with a
percentage of (17.6%), then (Jordan) and (KSA) with a percentage of (14.7%) each,
then (Iraq) with a percentage of (11.8%), and in the last place were (Morocco) and
(Yemen) with a percentage of (2.9%) each.

As for the company size variable, we find that the most answers were (Less than 50
employees) with a percentage of (55.9%), then (50-249 employees) with a percentage
of (44.1%).

As for the industrial sector variable, we find that the largest percentage was for
(Technology) with a percentage of (32.4%), followed by (Healthcare) with a
percentage of (23.6%), then (E-commerce) and (Finance) with a percentage of
(17.6%) each, and in the last place was (Manufacturing) with a percentage of (8.8%).

Regarding the role of the respondents, we find that the sample was distributed as
follows: in first place (CEO) with a percentage of (35.3%), followed by (Operations
Manager) with a percentage of (23.5%), then (CFO) with a percentage of (17.6%),
then (IT Manager) with a percentage of (14.7%), then each of (COO), (CTO) and

(Support Manager) with a percentage of (2.9%) for each of them.
3.3- Data Collection Tools

The researcher relied on the questionnaire as a tool for the current research, and
prepared the questionnaire by referring to theoretical literature and a number of
previous studies related to the research content. The questionnaire in its original form
contained (18) paragraphs. The validity of the questionnaire for use was verified by
presenting it to arbitrators with experience and specialization in the subject of the
questionnaire, in order to express their opinion clearly on the paragraphs of the
questionnaire and the extent of their compatibility with the subject, the soundness of
its wording, and the extent to which the questionnaire is far from what it was designed
to measure, and to delete, modify or add what they see fit. Modifications were also
made to the verbal expression of some paragraphs of the questionnaire to make it
ready for use in its final form.

Chapter Four: Research Results

The research questions were answered through frequencies and percentages as
follows:
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1.4- How long has your company been using Al technologies?

Table (2) Duration of use of artificial intelligence

Answers Lessthana | years 1-3 | More than 3 We have not
year years adopted Al yet
N 26 6 1 1 34
% 76.5 17.6 2.9 2.9 100%
Ranks 1 2 3 3

From the previous table, we find that (76.5%) of companies have used artificial
intelligence technologies for less than a year, while (17.6%) have used it for (1-3
years), (2.9%)haveused it for more than 3 years, and (We have not adopted Al yet).

The results show that the majority of companies have recently started adopting Al,
indicating a growing interest in this technology, but also highlighting the need for
continued support and guidance for companies to increase their understanding and
effective integration of these technologies to maximize their benefits in enhancing
business efficiency. Companies that have not yet adopted Al may need to study and
learn from the experiences of other companies to start adopting this technology to
ensure they do not fall behind in the market (Westerman, 2023).

2.4- In which areas does your company use AI?

Table (3) Areas of use of artificial intelligence

Answers Data Digital Financial | Customer | Supply chain |Strategic decision-
analysis | marketing | forecasting | service | management making
N 20 22 19 11 17 19
% 58.8 64.7 55.9 324 50.0 55.9
Ranks 2 1 3 5 4 3

The previous table shows that the largest percentage of the company's areas of use
of artificial intelligence was (Digital marketing) with a percentage of (64.7%),
followed by (Data analysis) with a percentage of (58.8%), then each of (Strategic
decision-making) and (Financial forecasting) with a percentage of (55.9%), then
(Supply chain management) with a percentage of (50%), and in last place
(Customer service) with a percentage of (32.4%)).
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The findings indicate that Al has become a vital tool for enhancing business
efficiency in companies, with a clear focus on value-added areas such as digital

marketing and data analytics. However, companies face challenges in integrating
these technologies with existing systems and overcoming employee resistance to
change. Therefore, it is imperative for companies to develop effective strategies
for adopting Al including improving technological infrastructure and enhancing
employee skills, to ensure that the great potential of Al is fully realized
(Ransbotham et al., 2020).

3.4- How would you describe the level of technological maturity in your
company regarding AI?

Table (4) Technological maturity level

Answers Basic Intermediate
N 12 22 34
% 353 64.7 100
Ranks 2 1

It is clear from the previous table that the level of technological maturity was the
largest percentage (Intermediate) with a percentage of (64.7%), followed by (Basic)
with a percentage of (35.3%)).

The research shows that Al plays a vital role in enhancing business management
efficiency by improving operational processes, decision-making, and reducing
costs. However, companies face challenges related to resistance to change and
difficulty integrating with existing systems (Chui et al., 2022). The findings reveal
that most companies are still in the intermediate stages of technological maturity in
terms of using Al, which calls for developing support and development strategies to
raise the level of technological integration and enable companies to make the most
of AL This requires enhancing training and building technical capabilities to keep
pace with digital transformations and continuous innovation in the changing
business environment (El Naqa, Murphy, 2022).

4.4- What are the main reasons your company adopted Al technologies?

Table (5) Main reasons for adopting artificial intelligence
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Answers | Enhancing |Reducing costs| Boosting Improving Improving
decision- innovation customer operational
making . .
experience efficiency
quality
N 18 19 12 10 18
% 52.9 55.9 35.3 294 52.9
Ranks 2 1 3 4 2

The previous table shows that the most common reasons for adopting artificial
intelligence were ((Reducing costs) at a percentage of (55.9%), followed by
(Enhancing decision-making quality) and (Improving operational efficiency) at a
percentage of (52.9%), then (Improving customer experience) at a percentage of

(35.3%), and in last place (Improving customer experience) at a percentage of
(29.4%).

Based on this table, it is clear that companies focus primarily on the direct
economic and operational benefits when adopting Al, while innovation and
customer experience are considered less important in comparison.

5.4- What are the biggest challenges your company faced when adopting AI?
Table (6) Challenges of adopting artificial intelligence

Answers Employee High costs | Integration | Regulatory | Lack ofskills
resistance to with existing | compliance | and expertise
change systems
N 21 16 14 3 22
% 61.8 47.1 41.2 8.8 64.7
Ranks 2 3 4 5 1

The previous table shows that the most significant challenges to adopting artificial
intelligence were (Lack of skills (and expertise) at a percentage of (64.7%),
followed by (Employee resistance to change) at a percentage of (61.8%), then (High
costs) at a percentage of (47.1%), then (Integration with existing systems) at a
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percentage of (41.2%), and in last place (Regulatory compliance) at a percentage of
(8.8%).

Based on this table, lack of skills and experience, and resistance to change from
employees are the most influential and challenging factors when adopting Al in
companies, while regulatory compliance is considered the least influential
challenge.

6.4- How has Al adoption impacted your company’s operational efficiency?

Table (7) The impact of artificial intelligence on operational efficiency

Answers Impactis |Moderate impa| Significant |Slight impac
difficult to impact
measure
N 1 17 3 13 34
% 2.9 50.0 8.8 38.2 100
Ranks 4 1 3 2

The previous table shows that the impact of artificial intelligence on operational
efficiency was (Moderate impact) with a percentage of (50%), followed by (Slight
impact) with a percentage of (38.2%), then (Significant impact) with a percentage
of (8.8%), and in last place (Impact is difficult to measure) with a percentage of
(2.9%).

It can be said that artificial intelligence has begun to show a positive impact on the
operational efficiency of companies, but this impact varies from one company to
another, and depends on several factors such as the nature of the work, the quality
of the application of artificial intelligence, and the investment in it (Bughin et al.,
2021).
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7.4- Has Al improved the quality of decision-making in your company? Table
(8) Improving the quality of decision-making

Answers | No noticeable Yes, Yes,
impact moderately significantly
N 1 14 19 34
% 2.9 41.2 55.9 100
Ranks 3 2 1

The previous table shows that improving the quality of decision-making was ((Yes,
significantly) with a percentage of (55.9%), followed by (Yes, moderately) with a
percentage of (41.2%), and 1n last place (No noticeable impact) with a percentage
of (2.9%).

Based on this table, it means that most companies that used Al noticed a significant
improvement in the quality of their decisions, whether this improvement was large
or medium.

8.4- How has Al affected your company’s operational costs?

Table (9) The impact of artificial intelligence on operating costs

Answers | No significant Moderately Significantly
effect on costs | reduced costs | reduced costs
N 2 19 13 34
% 5.9 55.9 38.2 100
Ranks 3 1 2

It is clear from the previous table that the impact of artificial intelligence on
operating costs ranked first with a percentage of (55.9%), followed by
(Significantly reduced costs) with a percentage of (38.2%), and in last place (No
significant effect on costs) with a percentage of (5.9%).

Based on this table, this means that most companies that have used Al have seen a
decrease in their operating costs, whether this decrease is moderate or large.
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9.4- Has Al contributed to enhancing innovation in your company?

Table (10) The impact of artificial intelligence in enhancing innovation

Answers | Yes, moderately | Yes, significantly

N 16 18 34
% 47.1 52.9 100
Ranks 2 1

The previous table shows that the impact of artificial intelligence in enhancing
innovation ranked first (Yes, significantly) with a percentage of (52.9%) and in last
place (Yes, moderately) with a percentage of (47.1%).

This means that most companies that have used Al have noticed a significant
improvement in their level of innovation, whether this improvement is large or
medium.

10.4- Has AI helped improve customer experience in your company?

Table (11) The impact of artificial intelligence in improving customer
experience

Answers | No noticeable | Yes, moderately | Yes, significantly
impact
N 2 10 22 34
Y% 5.9 29.4 64.7 100
Ranks 3 2 1

The previous table shows that the impact of artificial intelligence in improving
customer experience ranked first with (Yes, significantly) at a percentage of
(64.7%), then (Yes, moderately) at a percentage of (29.4%), and in last place (No
noticeable impact) at a percentage of (5.9%).

This means that most companies that used Al saw a significant improvement in
their level of innovation, whether this improvement was large or medium.
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11.4- How would you evaluate your company’s performance after adopting
Al?

Table (12) Performance evaluation after adopting artificial intelligence

Answers No noticeable Moderately Significantly
change improved improved
N 3 18 13 34
% 8.8 52.9 38.2 100
Ranks 3 1 2

The previous table shows that the performance evaluation after adopting artificial
intelligence came in first place (Moderately improved) with a percentage of
(52.9%), then (Significantly improved) with a percentage of (38.2%), and in last
place (No noticeable change) with a percentage of (8.8%).

From this, it can be concluded that most companies have improved their
performance after using Al, whether this improvement was medium or large.

12.4- What are your company’s future plans regarding the expansion of Al
usage?

Table (13) The company’s future plans

Answers |Maintain Moderately (Significantly
current level |expand usage expand usage
of usage
N 2 12 20 34
% 5.9 35.3 58.8 100
Ranks 3 2 1

The previous table shows that the company's future plans were ranked first
(Significantly expand usage) with a percentage of (58.8%), then (Moderately
expand usage) with a percentage of (35.3%), and in last place (Maintain current
level of usage) with a percentage of (5.9%).

This means that most companies see Al as having an important role in the future of
their business, and are planning to benefit from it more.
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13.4- Do you believe AI will play a greater role in the future of business
management in your company?

Table (14) The role of artificial intelligence in the future

Answers No, not Yes, moderately | Yes, significantly
significantly
N 2 17 15 34
% 5.9 50.0 44.1 100
Ranks 3 1 2

The previous table shows that the role of artificial intelligence in the future is (Yes,
moderately) at a percentage of (50%), which is the opinion of half of the sample,
then (Yes, significantly) at a percentage of (44.1%), and in last place (No, not
significantly) at a percentage of (5.9%).

This means that companies see Al as an essential part of business management in
the future, and that they expect this field to witness significant developments thanks
to Al

14.4- Which new areas does your company plan to explore using AI?

Table (15) New areas your company plans to explore using artificial intelligence

Answers | Boosting | Developing | Enhancing | No plansto | Improving
analytics and |[new products| customer |explore new| internal
forecasting experience areas operations
N 19 18 19 5 15
% 55.9 52.9 55.9 14.7 44.1
Ranks 1 2 1 4 3

The previous table shows that the most new areas that your company plans to

explore using artificial intelligence are (Boosting analytics and forecasting) and
(Enhancing customer experience) with a percentage of (55.9%), then (Developing
new products) with a percentage of (44.152.9%), then (Improving internal
operations) with a percentage of (44.1%), and in last place (No plans to explore new
areas) with a percentage of (14.7%).

137



“dalaiwl S| J18iwa” aSaall Jg2l Gualell 0gs)liw jaiga wliS -2024 @ulill alaall

Therefore, companies see Al as a powerful tool to improve their operations, develop
their products, and enhance their relationship with their customers.

In addition, companies are optimistic about the potential of Al and believe that this
technology will play a crucial role in the future of business(Accenture, 2023).

Chapter Five: Conclusion and Recommendations
1.5- Summary of Findings

The research showed several results that illustrate the importance and benefit of
artificial intelligence, as well as the challenges facing companies when adopting it.

Improving functional effectiveness The results revealed that 50% of companies
witnessed a significant improvement in functional effectiveness after adopting
artificial intelligence technologies, especially in the fields of data analysis and digital
marketing. These technologies contribute to reducing process time and enhancing its
accuracy, which leads to improving productivity and reducing functional costs.

Quality of decision-making Artificial intelligence played a major role in improving
the quality of decision-making within companies, as 55.9% ofrespondents reported
that artificial intelligence had significantly improved their ability to express accurate
strategic opinions. This is due to the advanced capabilities provided by artificial
intelligence in processing huge amounts of data and providing evidence-based
strategic insight.

Challenges of abandonment Companies faced multiple challenges when trying to
integrate artificial intelligence into their operations. These challenges were
significant resistance to change (61.8)and a lack of the skills and experience needed
to deal with this technology (64.7).

In addition, some companies faced difficulty in integrating artificial intelligence with
legacy operating systems, which led to advanced costs for specialized upgrades.

Impact of integration with legacy operating systems Companies with legacy systems
face difficulty integrating Al results, requiring significant investment in simplifying
the digital architecture and developing Al-compatible systems. This may increase
costs in the short term, but it is essential to ensure that this technology is fully
deployed. Internal resistance to change The results showed that internal resistance to
adopting Al technologies was a major challenge, with many workers expressing
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resentment that increased reliance on this technology would lead to job losses or a
change in the nature of their work. This resistance has been shown to delay or hinder

the successful abandonment of Al in some companies.
2.5- Conclusions

Atrtificial intelligence is the main driver of technological development and change at
the present time, and its role in the business world is emphasized through a set of
processes that contribute to enhancing the effectiveness of executive and functional
processes.

Research shows the importance of artificial intelligence in increasing efficiency and
achieving tangible results.

Al contributes to automating routine and repetitive tasks, which leads to reducing
deadly crimes and accelerating workflow. This in turn contributes to mastering
the accuracy appointments and data analysis, which enhances the ability to make
strategic opinions based on accurate and comprehensive awareness.

Al presents opportunities to streamline power chains, by predicting demand and
managing power more effectively. These developments are essential for companies
seeking to meet user requirements more efficiently and avoid excessive costs.

This awareness helps companies adapt their strategies and develop products and
services that better match the needs of demand.

However, the journey to adopting artificial mtelligence is not without challenges.
Companies face difficulties in providing the necessary infrastructure to implement
smart results, in addition to the need to train the team to use the new technology
effectively.

There 1s growing concern about the ethical and legal counter-accusations of the use
of artificial intelligence. Among these companies are Al goods based on labor
demand, such as the implicit loss of jobs due to robotics, as well as issues of liability
for opinions provided by intelligent systems, which bear the creation of clear legal
and ethical fabrics.

Al is easily a central element in the development and operation of businesses in the
very modern era, with great potential for mastering effectiveness and invention.
However, realizing these benefits requires a thoughtful approach to the challenges
associated with implementation and development, focusing on the balance between
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the benefits of technology and the protection of human rights and interests.
3.5- Recommendations

Based on the analysis conducted through this research, anumber of recommendations
can be made that will help companies make the most of Al technologies and
overcome the challenges they face. Below is a breakdown ofeach recommendation
Investing in skills development To ensure effective adoption of Al technologies,
companies should invest significantly in developing the skills of their workers. This
includes providing Al technology training programs that focus on specialized skills
such as machine learning and big data, as well as logical skills such as data analysis
and advanced analysis-based decision-making.

These programs should be designed to be practical and applicable to different
situations of expertise, helping to reduce workers’ fears about new technology and
facilitate the adaptation process.

Promoting a culture of invention and change Companies need to create a work
environment that encourages invention and supports positive change. This can be
achieved by creating an organization that encourages experimentation and invention,
such as giving workers time and money to explore new Al processes. In addition,
workers should be engaged in the digital transformation process through effective
communication about the benefits of Al and how it can improve their effectiveness
and performance in complex tasks. This will help reduce resistance to change and
promote acceptance of new technology.

Simplifying the technological architecture that adopts artificial intelligence requires
upgrading the current technological architecture to meet the requirements of this
technology. Companies must allocate reasonable budgets for the development of
technological systems, including mastering computing and storage capabilities, and
upgrading networks to facilitate faster and more secure data transfer. It is also
necessary to ensure that smart results integrate seamlessly and effectively with
existing systems to ensure maximum benefit from the new technology.

Encouraging the use of artificial intelligence in the long term Companies should view
artificial intelligence not only as a tool for achieving short-term benefits, but as part
of their long-term strategy. Strategic plans should be developed that include the use
of artificial intelligence in multiple areas such as data analysis, fortune-telling, and
the development of new products and services. This requires identifying unbom
ambitions and exploring how artificial intelligence can contribute to achieving them,
which enhances the company’s competitiveness in the long term.
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Conducting follow-up studies Since artificial intelligence is a rapidly evolving field,
more studies are needed to study its long-term impact. Companies that have started
to borrow artificial intelligence should conduct periodic logical studies to measure
the impact of this technology on their overall performance.

These studies can include periodic assessments of how well the desired goals are
being achieved, analysis of return on investment, and identification of areas that may
need further progress. This will help companies adapt to technological changes and
ensure that Al continues to benefit. Ultimately, this exploration enhances academic
and applied understanding of the impact of AI on business operations, and points to
the importance of an interconnected approach that includes skill development,
structural enhancement, and effective change management. By implementing these
recommendations, companies can realize significant benefits from Al and avoid
inherent challenges.
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Abstract:

The study aimed to identify the level of digital technology and the quality of
education among students at the Islamic University in light of the requirements of
sustainable development, and to reveal whether there are differences between the
average estimates of the sample members for this role, and to reveal the existence of
a statistically significant relationship between digital technology and the quality of
education, and to reveal significant differences. Statistical significance attributed to
the variables of the study (gender, academic level, specialization). To achieve the
objectives of the study, the researcher used the descriptive analytical method, where
she designed a questionnaire consisting of (20) items distributed on two axes, and the
questionnaire was applied to a sample consisting of (120) male and female students,
Among the most important findings of the study: the level of digital technology
among students at the Islamic University in light of development requirements, which
reached (68.2%), i.e. a high level, and the level of quality of education among
students at the Islamic University in light of development requirements, which
reached (70.9%), i.e. a high level. There is a direct relationship between digital
technology and the quality of education, meaning that the more digital technology
increases, the higher the quality of education. There are statistically significant
differences in digital technology according to the gender variable in favor of males.
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There are no statistically significant differences in digital technology according to the
variable of specialization and academic level, The study recommended the following:
holding training courses for students on e-mail and the importance and method of
using it, working to provide the necessary financial support to develop digital
technology in a way that is consistent with achieving sustainable development goals,
and working to overcome the difficulties of establishing partnerships with the local
community and international institutions to support university education to produce
the best outcomes.

Keywords: digital technology, quality education, sustainable development
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Résumé

Cette recherche met en exergue le rble de [Pintelligence artificielle sur
I’apprentissage de la langue arabe en République de Guinée, et ce pour montrer
les valeurs de I’intelligence artificielle pour les enseignants et les enleves, ainsi de
faire un diagnostic sur les problématiques qui empéchent [’utilisation de
I’intelligence artificielle dans le domaine de I’apprentissage en Guinée, car son

utilisation est considérée comme une obligation précisément a cette époque.

L’importance de cette recherche est d’outillerles chercheurs afin de maitriser les
moyens et les outilles utilisés dans le domaine de I’enseignement en République
de Guinée, elle apporte des informations nécessaires sur les écoles et les

institutions d’enseignement pour mieux maitriser ces outilles.

Et les deux chercheurs ont utilisé la méthode descriptive et analytique.
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Et larecherche a été divisée comme suit, une introduction générale, deux chapitres,

chacun de ces deux chapitres est subdivisé en sous chapitre, enfin la conclusion

et la bibliographie.

Les mots clés: les odutilles, I’intelligence artificielle, I’apprentissage
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Abstract

This study investigates how migration, adaptation, climate change, and sustainable
development are all related to one another from the perspective of Syrian refugees
living in Jordan. The study explores the adaptive methods Syrian refugees use to
negotiate the complicated environmental and socio-economic situation in Jordan
against the backdrop of growing environmental issues, notably in the Middle East.
Accordingto the analysis, while many Syrians have migrated primarily due to climate
change, their resettlement in Jordan has led to a variety of adaptive responses, such
as socioeconomic integration, community resilience, and environmental stewardship,
that go beyond simple survival. Syrian refugees have favorably impacted Jordan's
attempts at sustainable development through projects including waste management
plans, renewable energy projects, and sustainable agriculture. These efforts have also
fostered cross-border knowledge sharingand collaborations. Nevertheless, the study
also identifies ongoing challenges, such as resource limitations, legal impediments,
and societal tensions. According to the analysis, while many Syrians have migrated
primarily due to climate change, their resettlement in Jordan has led to a variety of
adaptive responses, such as socioeconomic integration, community resilience, and
environmental stewardship, that go beyond simple survival. Syrian refugees have
favorably impacted Jordan's attempts at sustainable development through projects
including waste management plans, renewable energy projects, and sustainable
agriculture. These efforts have also fostered cross-border cooperation and knowledge
exchange. The paper also highlights the reciprocal effects of adaptation to climate
change, highlighting how local communities and governmental policies in Jordan
have been impacted by the resilience methods and experiences of Syrian refugees,
leading to a more comprehensive approach to sustainable development. To address
the interlocking processes of climate change, migration, and sustainable
development, comprehensive and inclusive approaches are necessary. Nevertheless,

the study also identifies ongoing challenges, such as resource limitations, legal
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impediments, and societal tensions. This paper concludes by advocating for a
paradigm shift in policy and practice that emphasizes the necessity of global
solidarity and collective action in addressing the underlying causes and effects of
displacement caused by climate change, while also acknowledging the agency and
contributions of displaced populations in shaping sustainable development agendas.
Keywords:

Climate change, migration, adaptation, sustainable development.
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Introduction

The Syrian civil war started in March 2011 and continues to this day. The war has
been driven by a myriad of factors, with climate change and its resultant
consequences cited as a "threat multiplier" and exacerbating factor (Mamshai, 2023;
Flessa, 2021). This suggests thatit is not a direct cause, as the conflicts would have
likely occurred regardless of climatic shifts. The Middle Eastern region has been
historically marked by conflict. Because of the extreme drought that struck Syria's
northeastand east between 2007 and 2010, some parts of the war have been referred
to as "climatic refugees" (Linke & Ruether, 2021; Ash & Obradovich, 2020). This
drought has been described as the worst ever recorded in the region. Data suggests
that thedroughtwas two to three times more likely dueto climate change and that it
reduced the land available for farming by a third, killing off around 85% of livestock
and ruining over half the families reliant on agriculture (Yeboah et al., 2020). This
droveabout 1.5 million people affected to already poverty-stricken urban areas with
little support (Mpofu, 2022; Mambo & Grant, 2023).

Blizzards, heatwaves, cyclones, and floods: while weather itself is unpredictable,
climate change over the last few decades has led to an increase in the frequency and
severity of these extreme weather events, the implications of which have been felt
globally in myriad ways (Ebi et al., 2021). One implication is migration. Forced from
their homes by lands rendered unlivable, people have fled affected areas en masse in
search of new beginnings (Vince, 2022). This sustained migration from climatically
unstable regions is commonly referred to as 'climate-affected migration' and affects
both the origin countries and the countries where these migrants seek to settle
(Bekaertet al., 2021). A prime contemporary example is the mass exodus of Syrian
refugees into neighboring countries, precipitated by the Syrian civil war itself, likely
triggered by a complex mix of long-term environmental, economic, political, and
social factors. It can be difficult to isolate and attribute migration to purely

environmental causes given that climatic events often heighten pre-existing
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vulnerabilities, making it difficult for migrants to stay in their homeland (Erdogan &
Cantiirk, 2022; Giines, 2023).

This increase in temperature is coupled with changes in rainfall, with models
predicting a reduction in mean annual rainfall by 20% over the next 25-100 years
(Panagosetal., 2022). Changes in the locationand intensity of rain are also expected,
with a trend toward more erratic and sporadic rainfall characterized by heavy rain
events and fewer light rainy days. This changing climate is expected to bring an
increased frequency and duration of droughts as well as an increase in flood events
(Tabari, 2020). In early 2010, parts of Syria were affected by a severe drought that
lasted several months and hindered agricultural productivity, perhaps a taste of a
more forbidding future.

These predictions of increased heat and aridity are a cause for serious concern
regarding water resources, both rainfed and irrigated, which are at risk (Li et al.,
2022; Mohamed et al., 2020).

The first of two-climate change and environmental degradation-related push factors
to increased migration rates is the increased frequency and severity of natural
disasters. Thereis strong empirical evidence to suggest that there has been an increase
in the occurrence of natural disasters over the past 30 years and that this trend will
escalate furtherin the future (Joneset al., 2022). Thishasa direct impact on the lives
of many people who are often left with no choice but to abandon their homes and
seek new livelihoods. The economic losses suffered by natural disastersare a major
loss of capital for many poorer countries and can seriously hinder the development
process for these countries (AlQahtany & Abubakar, 2020). In Syria's case, the recent
prolonged drought (2007-09) was a significant factor in the internal migration of
people from rural areas to urban centers, with greater numbers deciding to move to
other countries. A study by the Environmental Change and Security Program (ECSP)
said, "More than 1.5 million people were affected by the drought, which led to
widespread crop failure and livestock reduction, loss of income, and rise in

193



ol il 18T Juizuso Jo3l ags)lins 1550 LUS -2024 Ll Alnall
e 0p»>—>— 2"« ——e - —se——— e

unemployment,” though figures of how many people moved to other countries are
not known (Ash & Obradovich, 2020).

The push and pull factors for migration have been well-documented throughout the
history of academic literature on migration. Push factors are those that compel an
individual to leave their country of origin, and pull factors are those that attract an
individual to a new location. When migrants feel exposed to very serious and
persistent risks to their lives and livelihoodsand no longer feel they have a viable or
sustainable future in their place of origin, the likelihood of migration is greatly
increased. Recently, the impacts of climate change have been viewed as a serious risk
to the livelihoods and lives of many, and it is predicted that environmental
degradation and climate change will lead to a significant increase in the number of
people choosing to move to new locations (Kaczan & Orgill-Meyer, 2020).
Post-displacement, the social and cultural differences between Syrian refugees and
Jordanians will affect social interaction, mobility, and access to resources. One
immediate concern is the potentially strained relations between refugees and host
communities. Jordanians and Syrian refugees have different

Migration is a complex phenomenon that cuts beyond national borders and affects
people'sideas and perspectives as well as the communities they become a part of.
With an emphasis on the transformational effects on both host communities and
migrants, this proposed study aims to explore the complex dynamics of how
migration alters viewpoints. Both the migrants and the communities they join,
migration can have a profound effect on how ideas and values change.
Perspectivesand ideas shift as a result of being exposed to different cultural, social,
and ideological circumstances during the migration process. The following are some
ways that migration might affect how ideas and beliefs change in the context of
climate change. Cultural Exposure and

Cultural Diversity are common for migrants to come across a variety of cultural

customs, languages, and behaviorsin their new surroundings. One's viewpoints may
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widen and beliefs may need to be reevaluated in light of various worldviews as a

result of exposure to this cultural diversity.

Cultural Adaptation and Integration, to blend in with their new environment,
migrants may modify some of their beliefs and customs. The process of adaptation
may entail a merging of aspects fromthe host culture and the culture of the migrants.
Identity Formation, to blend in with their new environment, migrants may modify
some of their beliefs and customs. The process of adaptation may entail a merging of
aspectsfrom the hostculture and the culture of the migrants. Hybrid Identities, when
people migrate, they may create hybrid identities in which they combine parts of their
new culture with those of their home culture. As a result, one's understanding of
oneself may become more intricate and subtle.

Social and Political Awareness and Global Perspectives, People are exposed to
diverse political and social systems through migration, which promotes a more
comprehensive understanding of global issues. Changes in political opinions and
attitudes toward social issues may result from this exposure.

Integration Challenges, Migration's effects on beliefs can differ from generation to
generation. There may be generational changes in views and attitudes as a result of
younger generations'exposure to diverse cultural influences and easier adaptation to
new concepts.

Social Integration, achieving social integration may require negotiating cultural
barriers. People may reevaluate and adjust their opinions when they interact with the
host society in order to promote social acceptance and integration.

It's crucial to remember that migration has very specific and context-dependent
consequences on beliefs. Some people might undergo profound changes in their
viewpoints, but others might continue to feel deeply rooted in their cultural and
religious convictions. Furthermore, how well the host community welcomes and
supports migrants can have a significant impact on how they experience this cultural
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shift. To result on finding which kind of migration we want to achieve flexible and
improve sustainable community and Development activities for the involved society.
Literature Review

Impacts of Climate Change on Forced Migration: Research on migration brought on
by climate change emphasizes the intricate interactions that exist between
environmental variables,

socioeconomic susceptibilities, and patterns of human mobility. Research conducted
by Myers (2002) and Stern (2007) has highlighted how climate change has the
potential to worsen displacement by causing droughts, floods, and sea level rise,
especially in areas where political unrest and resource scarcity are already major
problems. Additionally, studies by Adger et al. (2013) and Black et al. (2011) have
highlighted the distinct effects of climate change on marginalized and vulnerable
groups, such as refugees, who frequently face increased risks because of their poor
capacity for adaptation and social marginalization.

Studies by Foresight (2011) and Piguet (2010) have examined the adaptation
techniques of refugee groups and have brought attention to the ingenuity and
resilience of displaced populations in the face of environmental challenges. These
tactics include a variety of community-based programs, social networks, and
livelihood diversification measures that help refugees adjust to changing conditions
and start over in new settings. Furthermore, studies by Bloemertz et al. (2016) and
Bettini (2013) have highlighted the significance of acknowledging Indigenous
knowledge and cultural practices in promoting adaptive capacity among refugee
communities, highlighting the necessity of participatory and context-specific
approaches to adaptation planning.

The potential for refugee populations to positively contribute to environmental
conservationand community developmentactivities has been studied in the research
on sustainable development interventions in refugee environments. Research
conducted by Betts and Bloom (2014) and Felli (2018) has emphasized the
significance of projects related to renewable energy, sustainable agriculture, and
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refugee entrepreneurship in promoting social cohesion and self-sufficiency among

displaced people. Furthermore, studies by Castafieda et al. (2020) and Loescher and

Milner (2007) have highlighted the significance of incorporating refugee viewpoints
and experiences into more comprehensive sustainable development agendas,
acknowledgingthe agency of displaced populations in determining their own futures
and assisting in environmental stewardship.

Case Studies of Syrian Refugees in Jordan: The experiences of Syrian refugees in
Jordan and their climate change adaptation tactics have been the subject of an
expanding body of literature. Studies by Doocy et al. (2015) and Akreshet al. (2011)
have looked at the socioeconomic difficulties that Syrian refugees in Jordan face,
such as restricted access to jobs, healthcare, and educational opportunities.
Furthermore, studies by Sijapati et al. (2020) and Hamdouch et al. (2019) have
examined the tenacity of Syrian refugee communities in Jordan, emphasizing their
attempts to make use of social networks, local resources, and humanitarian aid in
order to reconstruct their lives and support sustainable development projects in the
receiving nation.

This study intends to provide a complete understanding of the adaptation techniques
and sustainable development outcomes of Syrian refugees in Jordan in the context of
climate change by integrating findings from these varied strands of literature.
Research question:

» \WWhat adaptation strategies have Syrianrefugees living in Jordanemployed to cope
with socio-economic challenges and integrate into the host society, and how have
these strategies evolved in the context of climate change?

= How have the adaptation strategies employed by Syrian refugees living in Jordan
contributed to sustainable development, particularly in the context of climate change

resilience in host country?
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Methodology

This research employs an analytical approach grounded in prior research and
available data to examine the adaptation strategies of Syrian refugees in Jordan
concerning climate change and its consequences for sustainable development.
The Review of the Literature: In the context of Syrian refugees in Jordan, a thorough
assessmentofthe body of literature is doneto find pertinent research, reports, and
statistics about the effects of climate change, migratory patterns, adaptation tactics,
and sustainable development projects. The study's analytical framework is informed
by the findings of prior research and is synthesized based on the literature review.
Data Compilation and Synthesis: To provide a thorough understanding of the
socioeconomicand environmental context facing Syrian refugees in Jordan, existing
data sources—such as quantitative surveys, qualitative interviews, and secondary
datasets from reputable organizations like the United Nations, World Bank, and
academic institutions—are compiled and synthesized. This data contains information
on livelihood options, environmental risks, community resilience, migratory trends,
and interventions for sustainable development.

Data Analysis: Both qualitative and quantitative methods are used to examine the
collected data analytically. Findings from thematic analysis and interview transcripts
arereexamined to uncover important themes, patterns, and insights about how Syrian
refugees in Jordan are adapting to climate change and developing sustainably.
Statistical techniques are applied to quantitative data analysis in order to identify
patterns, correlations, and discrepancies in socioeconomic outcomes and
environmental repercussions.

Cross-validation and triangulation: To improve the validity and reliability of the
analytical results, they are cross-validated and triangulated against several data
sources. The robustness of the analysis is ensured by closely examining and
comparing disparities or inconsistencies between various datasets.

Interpretation and Discussion: The analytical findings are discussed in the context of
the larger theoretical frameworks of sustainable development theory, migration
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studies, and climate change adaptation. Drawing on insights from the integration of
prior studies and data, the findings' implications for policy, practice, and future
research are examined. shortcomings and Cautions: The analytical approach's
shortcomings are acknowledged and examined, including possible biases in earlier
studies, data gaps, and methodological restrictions.

To help steer future research into the intricate dynamics of climate change,
migration, and sustainable development in refugee-hosting environments

such as Jordan, recommendations are made for resolving these limitations. This
analytical method offers important insights into the adaptive tactics and sustainable
development outcomes of Syrian refugees in Jordan amid the constraints of forced
displacement and climate change by utilizing prior research and available data.
Results

Despite the various obstacles brought about by displacement and climate change,
Syrian refugees in Jordan have proven to be remarkably resilient and adaptable. By
means of inventive water management strategies, sustainable farming methods,
energy conservation, community-driven endeavors, and technological application,
they have not only adapted to their present surroundings but also established the
foundation for a robust and sustainable future.

Water Conservation and Management: Rainwater harvesting, water-saving devices,
and public awareness campaigns are just a few of the water management strategies
that Syrian refugees have successfully put into practice. These initiatives have proven
vital in a nation like Jordan where a lack of water is a major problem. Through the
adoption of smart water usage methods and a decreased reliance on diminishing
groundwater resources, refugees have demonstrated the possibility of community-
driven solutions to environmental problems.

Sustainable Agriculture Practices: Syrian refugees have adapted to Jordan's dry
climate by adopting sustainable agriculture practices. They have started communal
gardens, switched to crops resistant to drought, and used permaculture methods to
improve soil health and water retention. In addition to ensuring food security, these
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measures have helped refugee groups develop social cohesiveness and group
learning.

Renewable Energy and Energy Efficiency: Syrianrefugees have made use of energy-
efficient technologies and renewable energy sources in response to electricity
constraints. In urbanand refugee camps, the installation of solar panels and solar
water heaters has produced a dependable and sustainable supply of electricity.
Furthermore, energy consumption has been greatly decreased and sustainable living

has been encouraged via the installation of small-scale biogas systems and the

distribution of energy-efficient appliances.

Community-Based Adaptation and Resilience Building: A key component of the
refugees' adaptation plans has been the development of resilient communities. In
many industries, collaborative networks have made it easier to share resources and
work together. Refugees now possess the necessary skills thanks to vocational
training programs in sustainable practices, and the provision of psychosocial support
networks has addressed mental health issues and increased community resilience.
Discussion

Adaptation Strategies of Syrian Refugees Living in Jordan Amidst Climate
Change

Many millions of people have been compelled to seek safety in neighboring countries
due to the Syrian refugee crisis, which is one of the biggest humanitarian issues of
the twenty-first century. Jordan has been under tremendous economic, social, and
environmental hardship while accommodating more than 650,000 officially
registered Syrian refugees in the UNHCR. The additional threat of climate change,
which manifests as severe temperatures, irregular weather patterns, and a shortage of
water, has made both the host communities and the refugees more vulnerable amid
thesedifficulties. On the other hand, because of the Syrian refugees' adaptability and
resilience, many beneficial adaptation measures have been developed and putinto
practice to help deal with and lessen the effects of climate change.
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First, Water Management and Conservation, Jordan is one of the water-poorest
countries in the world, and water scarcity is a serious problem there. To cope with
this difficulty, Syrian refugees have adopted several water management and
conservation strategies. Among the initiatives are:

Rainwater Harvesting, In an effort to lessen their dependency on diminishing
groundwater supplies, refugee homes and communities have begun to gather and
store rainwater for domestic use. Rainwater collection: The severe water scarcity in
Jordan, which has been made worse by the inflow of Syrian refugees and shifting
climate patterns, has led to an increasing promotion and adoption of rainwater
collection techniques. To lessen reliance on dwindling groundwater supplies,

the Jordanian Ministry of Water and Irrigation has stressed the value of collecting
rainfall from rooftops. Rainwater collection from a normal 150-square-meter home
can yield roughly 50 cubic meters of water per year, which can greatly augment household
water demands (Jordan Times, 2018).

(USAID, 2021).

Water-Saving Technologies: The adoption of low-flow faucets and water-saving
irrigation techniques, such as drip irrigation, has drastically decreased water usage.
These technologies are straightforward but highly effective. Water-saving solutions
have been made available to Syrian refugees and host communities through several
organizations and initiatives. For instance, loans and assistance have been made
available for the community- and household-level implementation of water-saving
devices through the USAID-funded Community-Based Initiatives for Water Demand
Management (CBIWDM) initiative. This includes utilizing drip irrigation systems
and low-flow faucets, which have improved water use efficiency and decreased water
consumption. (USAID, 2021).

Public Awareness Campaigns: Refugees are now more equipped to follow
sustainable water usage methods thanks to educational programs that emphasize
water conservation. Sustainable water usage practices among refugees have been
greatly aided by educational initiatives and community engagement programs.
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These initiatives, which are frequently carried out in collaboration with nearby
community-based organizations (CBOs), aim to increase public knowledge of water
conservation methods and the significance of water efficiency. For instance, the
CBIWDM project has carried out significant outreach and training initiatives to assist
communities in better managing their water resources and to lessen host community
and refugee tensions connected to water. (USAID, 2021).

Second, Sustainable Agriculture Practices, Syrian refugees' agricultural methods
have changed to fit Jordan's dry climate and scarce supplies.

Important tactics consist of: Crops Resistant to Drought: Food security has been
improved by switching to crop cultivars resistant to drought, which need less water
and can tolerate greater temperatures. To survive in Jordan's dry climate, Syrian
refugees have started growing crops resistant to drought. This entails cultivating crop
varieties that can tolerate higher temperatures and require less water, assuring food
security even in difficult circumstances. These methods are essential to preserving
food production in the face of growing climate change effects. Drought-resistant
crops are perfect for places like Jordan since they have demonstrated exceptional
resilience in arid and semi-arid settings. Examples ofthese crops are millet, sorghum,
and maize. (The Farming Insider) (World Permaculture Association).

Techniques of Permaculture: Using natural mulches and establishing food forests are
two examples of how using permaculture principles has enhanced soil health and
water retention. The principles of ermaculture have proven invaluable for Syrian
refugees residing in Jordan. These methods for developing sustainable agricultural
systems include mulching, companion planting, and the use of drought-resistant
species. Reducing water use, enhancing soil health, and fostering biodiversity are all
aided by permaculture. In order to preserve productive agricultural landscapes and
use water wisely, strategies like drip irrigation and greywater recycling are used.
(World Permaculture Association).

Community Gardens: In addition to offering a fresh product supply, community
gardens have promoted social solidarity and shared knowledge about sustainable
farming practices. In order to promote social cohesiveness among refugees and
supply fresh vegetables, community gardens have been formed. In addition to
providing food, these gardens offer forums for the exchange of knowledge about
sustainable agricultural practices. Community agriculture can boost biodiversity,
improve environmental connectivity, and make use of abandoned land to stop urban
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deterioration. These gardens include communities in collaborative crop production
and education, which promotes food security.

(Utah State University Extension, 2024).

These sources give a thorough overview of the ways in which Syrian refugees
residing in Jordan are implementing sustainable agricultural techniques to
manage scarce resources and guarantee food security in the face of climate
change.

Third, Energy Efficiency and Renewable Energy, Syrian refugees in Jordan have
embraced a number of energy efficiency and renewable energy initiatives in an
effort

to overcome energy shortages and lessen dependency on non-renewable energy
sources:

Solar Energy: Solar panels have been erected in urban areas and refugee camps to
provide a dependable and sustainable source of electricity. Another way to lessen the
demand for conventional heating techniques is through the use of solar water heaters.
Solar energy: As a dependable and sustainable source of electricity, solar panel
installation 1s becoming more common in urban areas and refugee camps.
Additionally, solar water heaters are used to reduce the reliance on traditional heating
methods. The Renewable Energy for Refugees (RE4R) project, supported by the
IKEA Foundation, has been instrumental in these efforts, installing solar water
heating systems and energy-efficient upgrades in shelters and public schools in

Jordan (BEAM Exchange, 2022) (Practical Action,2022).

Energy-Efficient Appliances: By making energy-efficient appliances more widely
available and encouraging energy-saving practices, total energy consumption has
dropped. To reduce overall energy use, energy -efficient equipment has been given to
refugee households together with education on energy-saving techniques. These
improvements have been made possible by the RE4R project, which has raised living
standards for refugee families and significantly decreased electricity expenditures.
(BEAM Exchange, 2022) (Practical Action, 2022 ).

Biogas Production: As an alternative to traditional fuels and a waste reduction
measure, small-scale biogas systems that transform organic waste into useful energy
have been introduced. In several refugee groups, small-scale biogas systems have
been installed to turn organic waste into useable energy. This not only offers a
substitute for traditional fuels butalso facilitates efficient waste management. These

203



ol il yiST Judiuno Jo3l posyliaw yaigo LS -2024 il Alall

kinds of projects provide a sustainable energy source for cooking and other purposes
while also lessening the impact on the environment. (ECOMENA, 2024). These
initiatives not only improve the quality of life for refugees but also promote
sustainable energy practices that can be replicated in other humanitarian settings.

Fourth, Community-Based Adaptation and Resilience Building, creating resilient
communities is essential for long-term climate change adaptation.

Syrian refugees have taken part in neighborhood-based tactics that build group
resilience:

Networks of Collaboration: In order to pool resources, expertise, and assistance,
refugees have established cooperative groupsand networks. These networks make it
easier to cooperate together on energy use, water management, and agricultural
productivity. In order to pool resources, expertise, and assistance, refugees have
established cooperative groups and networks. These networks make it easier to
cooperate together on energy use, water management, and agricultural productivity.
Oneexample of such cooperative work is the "Regional Refugee and Resilience Plan
(3RP)" developed by UNDP and UNHCR, which seeks to improve national and local
capacities to offer socioeconomic services and expand possibilities for affected
populations. (Global Compact for Refugees).

Education and Skill Development: Through vocational training programs in topics
like renewable energy, sustainable agriculture, and water management, refugees have
acquired the abilities required to put adaptive practices into effect. Programs for
vocational training in sustainable agriculture, renewable energy, and water
management, for example, have given migrants the tools they need to adopt adaptable
methods. Through training and better access to sustainable livelihoods,

CARE International's initiative "Building resilience among refugees and their
Jordanian hosts" helped to foster social cohesiveness between Syrian refugees and
host communities (Care Evaluations, 2023).

Psychosocial Support: Community resilience has been bolstered by addressing the

mental health effects of relocation and climate stresses through counseling services
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and support networks. The resilience of the community as a whole has been
increased by addressing the negative effects of relocation and climate stresses on
mental health through community support networks and counseling services.

In this sense, initiatives by groups like UN Volunteersand UNDP have been crucial.
For example, UNDP's social cohesion initiatives in Northern Jordan, which offer
psychosocial support and boost community engagement through volunteers, have
greatly improved relations between refugees and host communities(UNV, 2018).
These community-based adaptation and resilience strategies have played a critical
role in helping Syrian refugees in Jordan manage the challenges posed by climate
change and socio-economic pressures.

Fifth, Leveraging Technology and Innovation, Newly developed digital platforms
and technology have been essential to Syrian refugees' attempts to adapt:
Mobile Apps: Informational apps about water management, farming, and real-time
weather updates have assisted refugees in making well-informed decisions. Real-time
weather updates, agricultural guidance, and water managementadvice have all been
made possible thanks in large partto mobile apps. With the use of these resources,
refugees are better able to make decisions that will aid in their survival and
environmentadaption. A systematic review demonstrated how technology may close
educational gaps and benefit a range of social groups,

including refugees, and highlighted the efficacy of mobile learning apps in
improving educational prospects for refugees (MDPI, 2022).

Remote Education: Despite their circumstances, refugees are now able to acquire new
skills and information thanks to online learning platforms that provide access to
education and training.

Refugees can now access educationand training through online learning p latforms,
which has allowed them to acquire new skills and information in spite of their
displacement. Accordingto reports, using technology for distance learning has been

essential for maintaining learning continuity and averting the "lost generation" of
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young refugees (INEE, 2018) (MDPI, 2022).

Telemedicine: These services have made it easier for people to receive treatment,
which is especially crucial in areas with low resources and remote locations. Access
to healthcare for refugees has greatly increased thanks to telemedicine services,
especially in remote and resource-constrained areas. Telemedicine has met vital
healthcare demands and made sure that refugees receive care on time by offering
virtual medical consultations and health information (UNESCO Document
Repository, 2018). These technological interventions have not only facilitated
practical solutions for daily challenges but also contributed to the broader goals of

education, health, and overall resilience among Syrian refugees in Jordan.
Conclusion

The Syrian refugees residing in Jordan have exhibited exceptional flexibility and
resilience in the face of displacement brought on by climate change. They have not
only adapted to their new surroundings but also set the foundation for a sustainable
future through creative water management, sustainable farming, energy saving,

community activities, and technological use.

Water Conservation and Management: In order to solve Jordan's serious water
scarcity challenges and encourage wise water use, refugees have put in place

rainwater gathering, water-saving gadgets, and public awareness initiatives.

Sustainable Agriculture Practices: Refugees have protected food security and

promoted social cohesion in their communities by implementing permaculture
methods, drought-resistant crops, and communal gardens.

Renewable Energy and Energy Efficiency: Reliable and sustainable energy supplies

have been established in refugee settlements throughthe installation of solar panels,
solar water heaters, small-scale biogas systems, and energy-efficient appliances.

Community-Based Adaptation and Resilience Building: The resilience and mental
health of communities have been reinforced via collaborative networks,
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career training in sustainable practices, and psychosocial support.

Leveraging Innovation and Technology: The quality of life and adaptability of

refugees have been greatly enhanced by technological innovations including
smartphone applications, online learning environments, and telemedicine services.

These adaptable tactics highlight the need of assisting refugees in acquiring adaptable
abilities and provide insightful information for other communities dealing with
comparable issues. The inventiveness and tenacity of Syrian refugees in Jordan
demonstrate how locally driven solutions have the potential to significantly
contribute to sustainable development and global climate adaptation. All
disadvantaged populations will benefit from a more inclusive and resilient future if
these programs receive ongoing funding and support.

Recommendations for Future Studies:

1. Longitudinal Impact Analysis: Carry outextended research to assess the long-term
effects on Jordanian refugee groups and local ecosystems of water conservation,
sustainable agriculture, and renewable energy initiatives.

2. Comparative Studies: To find best practices and contextual variations in resilience-
building measures, compare the adaptation tactics of Syrian refugees in Jordan with
those of other host nations.

3. Scalability and Replicability: Examine the capacity for growth and replication of
effective community-led projects in various geographic and socioeconomic
circumstances, both inside and outside of refugee environments.

4. Technological Integration: Examine how cutting-edge technology like blockchain,
artificial intelligence, and sophisticated dataanalytics might improve the efficacy and
efficiency of adaptation plans for displaced people.

5. Gender and VVulnerable populations: To promote inclusive and equitable solutions,
research the unique effects of adaption techniques on vulnerable populations within
refugee communities, such as women, children, the elderly, and individuals with
disabilities.

6. Economist: Examine the financial gains and affordability of sustainable measures
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7.that refugees have implemented, taking into account possible cost savings as well
as long-term effects on the economies of both the host and refugee populations.

8.Policy and Governance: Analyze how governance frameworks and policy
frameworks help or impede the use of adaptive techniques, and pinpoint policy
proposals that promote long-term integration of refugees.

9. Psychosocial Dimensions: Examine the psychosocial facets of adaptation, with a
particular emphasis on the effects of community-led programs on refugees' general
well-being, social cohesiveness, and mental health.

10.Climate Change estimates: Make use of climate change estimates to foresee issues
down the road and create proactive plans for refugee communities living in
comparable environmental situations.

Partnership Models: To find efficient methods of cooperation that improve
resilience and sustainability, examine successful models of partnerships between
refugees, host communities, non-governmental organizations, and government
agencies.
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Abstract

The whole world is witnessing major climate changes and significant fluctuations in
the spatial and temporal distribution of climate elements and the abundance of water
resources. Iraq is one of the countries most affected by climate change, in addition to
being severely affected by the exploitation of the water resources of transboundary
rivers by upstream countries and the plans and programs prepared by these countries
(a large part of which has been implemented) to exploit and invest in river water. We
exemplified, the water resources system in Iraq is considered a very complex system
due to Natural variables are represented by: Hydrological variables and extreme
hydrological events including floods and droughts, variable topography and diverse
land cover, multiple river tributaries and tributary locations on major rivers and
reservoir locations on these rivers, the nature of consumption and pollution sources
that vary greatly in time and space. Also, human variables are represented by:
Multiple entities and locations of control and control over water resources entering
Iraq, Lack of sufficient time series that are consistent with the decision-making
requirements in managing the water resources system in Iraq. We suggesting in this
paper an idea to mange the water resources to realize a solution for the water issue in
Iraq.

I.Introduction

Water resources management is a critical focus area as the global population grows
and climate change intensifies pressures on water supplies. Effective management of
water resources is essential for sustainable development, ensuring water availability
for agricultural, industrial, and domestic use while maintaining ecosystem health [1].
The natural flow regime of water systems is central to maintaining biodiversity and
ecosystem services, which underscores the need for advanced management strategies
[2]. Recent advancements in sensor technology, coupled with Artificial Intelligence
(Al) and the Internet of Things (IoT), have significantly transformed water resources
management [3]. These technologies facilitate real-time monitoring of water quality
and quantity in various environments, including rivers, lakes, reservoirs, and
groundwater systems [4]. The integration of Al in water management systems allows
for the analysis of vast amounts of data generated by these sensors, enhancing
decision-making processes [5]. This integration also enables the early detection of
1ssues such as pollution, water scarcity, and floods, which is crucial for timely interventions [6].

Al-powered systems contribute to predictive analytics, optimizing water usage, and
ensuring efficient distribution [7]. For instance, machine learning models are
increasingly used to forecast water demand, detect anomalies, and manage irrigation
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systems in agriculture [8]. The deployment of smart water networks, which can significantly
reduce water loss through leakage detection and repair optimization, is another critical area where
Al is making a significant impact [9].

The development and deployment of multisensor arrays for environmental
monitoring have a long history, but recent advances have greatly enhanced their
capabilities [10]. Modern sensors, often Al-driven, can monitor water quality in real-
time, offering significant improvements over older methods [11]. Additionally, the
integration of remote sensing technologies and Al presents new opportunities and
challenges for sustainable water resources management [12].

The need for more accurate, efficient, and sustainable water management practices
drives the adoption of these advanced technologies [13]. Al with its ability to learn,
adapt, and optimize, plays a central role in the development of intelligent water
management systems [ 14 ]. As water scarcity becomes an increasingly pressing global
issue, the role of Al and advanced technologies in water resource management is
expected to grow, contributing to more resilient and sustainable water systems [15].
Il. Methodology

I11. Al-barrage systems operate using smart sensor networks technology [16]. It
works based on several sensors that are linked together with very complex Al-
algorithms[17]. These algorithmsarchive data to create theright decision [18]. The
proposedscenariois based Al-models that are featured by: Data integration, real-
time data processing, continues optimization, apply control strategies, adaptive
decision-maker, interpretability, feedback mechanisms, and regulatory compliance
[19]. This technology can be applied in Irag, see Fig. 1, based on the following:
v’ Establishment of three main stations on the Euphrates and Tigris rivers and
associated lakes.

v These stations collect data through a number of smart sensors that can be deployed
in riverbeds and lakes.

v These stations archive and document datato be ready for later processing and
automatically issue commands from the processing unit.

v’ The total archiving of the collected data will be in Rais Al-Bisha region, south of

Al-Basra, to be distributed later.
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Fig. 1; Data archiving system and data collection.

After reaching the data to the archiving system in Rais Al-Bisha region, see Fig. 2,
the water flow can be ordered to the rivers and lakes with a schedule according to the
necessary need for each rejoin according to the urban plane including the population
and agricultural irrigation needs. The percentage of water availability in the rivers
and lakes has to be fixed at a certain level from upstream to the lower stream. The
accuracy of the data is ensured by randomly instructing the sensors of each secondary
station to monitor all data in real-time. All data is processed within the archiving
system (OMC) in Qurna to be directed by the Al-system for decision-making. This
process is based on absolute coordination, using high-quality databases to exchange
information and communications systems that rely on strong protocols that are
difficult to attacked.
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Fig. 2; Monitoring station in Iraq.

After verifying the accuracy of the received data, the decision is issued using Al-
algorithms as shown in Fig. 3. The use of highly accurate algorithms requires
abundant data to ensure the strength of the algorithm and the correctness of its
decisions [20]. After issuing the decision, the validity of that decision is tested by
taking random samples and conducting tests on them, whether at main or sub-
stations. If the decision from Al-system in Rais Al-Bisha is unified with the decisions
issued by the main and sub-stations, implementation will take place.
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IV.  Sensor Antenna Design

The proposed sensoris based on a 3D antenna design as presented in Fig. 4. The 26G
high-frequency radar liquid (material) level gauge can be used for measuring
conditions in liquid storage tanks, reactors, or solid material silos. Application
industries include reservoirs, chemical industry, power plants, coal powder,
pharmaceutical tanks, cement, waste acid towers, printing and dyeing. It covers a
span from 0 to 30 meters. The outputis 40mA/HART (2 wires/4 wires), with and
accuracy of £5 mm. The power supply is 24Vpc or 85-265VA. The medium
temperature span:-40-150°C with process connection:G1-1/2" Thread or Flanges and
Explosion proof grade: Exib Il CT6 Gb. These specifications are applicale to
temperature resistant, pressure resistant slightly corrosive liquids.
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Fig. 4; The proposed sensor based on 3D antenna geometry: (a) Front view and (b) 3D view.

V. Results and Discussion

To monitor the output in a dynamic process in the real time, a dashboard is
constructed as shown in Fig. 5. The proposed system is found to show dynamically a
valid detection to the data variation of water resources in Iraq in terms of level,
quality and need. Therefore, these quantities can be recognized in the real time and
making an Al-decision with an optimized process.
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V1. Conclusion

The integration of advanced technologies and Artificial Intelligence (Al) into water
resources management represents a significant step forward in addressing the
challenges posed by population growth, climate change, and increasing demand for
water. The development and deployment of sophisticated water sensors, combined
with Al-driven data analysis, offer unprecedented capabilities in monitoring,
predicting, and optimizing water use. These technologies enable real-time assessment
of water quality and quantity, early detection of potential issues, and more efficient
resource distribution. Al's ability to analyze large datasets, predict trends, and
automate decision-making processes not only enhances the efficiency of water
management systems butalso contributes to the sustainability and resilience of water
resources. As the global water crisis deepens, the role of Al and IoT in developing
smart water management solutions will become increasingly critical. Future
advancements in this field will likely focus on further improving sensor accuracy,
expanding Al capabilities, and integrating these systems into broader environmental
management frameworks. In conclusion, the combination of water sensors, Al, and
IoT technologies presents a powerful toolset for transforming water resources
management. By continuing to innovate and refine these technologies, we can better
safeguard our water resources for future generations, ensuring that they remain
sustainable and accessible in the face of evolving global challenges.
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ABSTRACT:

The use of antennas in various fields and applications is gaining much importance
because of their growing advancements and numerous facilities. As the number of
functions and communication systems increases, it is necessary to integrate many
antennas onto one piece of equipment. In this regard, the recommended antenna's size
1s unable to accommodate the dimension restriction. That is to say, a lot of academics
have recently been interested in the design of a single antenna that can handle
numerous frequency bands in a wireless communication system. The latter raises a
number of issues that are directly related to the dimensions, weight, and volume of
the board. Therefore, an effective way to get around the issues with the previous
concepts is provided by the most recent one, which is based on reconfigurable
antennas that can function on different bands. In this paper, a comparison for the
recent reconfigurable antennas has been provided.

INDEX TERMS: Polarization Re-configurability, Frequency Re-configurability,
Varactor diodes, PIN diodes, Microstrip antenna.

I.LINTRODUCTION:

The low profile and low fabrication costs of microstrip antennas have led to their
recent use in numerous 5G systems and other wireless communication networks [1].
However, to improve their shortcomings, such as low gain bandwidth products, MTM
and particular composite right/lefthanded (CRLH) structures are added to the
microstrip antenna designs from various research groups [2]. As a result, numerous
researchers used their theoretical and scientific study to create a variety of microstrip
antennas for various uses. The MIMO antenna array is one of the most widely used
uses for CRLH-based microstrip antennas [3]. This technique attracted a lot of
attention because of its distinctive features, which included, among many other
things, a high channel capacity with low latency [3]. For MIMO applications at sub-
6 GHz, the authorsin [4] created an array of two printed transparent circuit antennas
with a low gain and constrained bandwidth. A design consisting of four parts was fed
and installed in a sequential manner on a substrate that was supported by an
electromagnetic bandgap structure spanning sub-6 GHzbands in [5]. The purpose of
the antenna's direction was to prevent skew waves from causing a strong coupling
effect. Nonetheless, the suggested MTM was put forth to reduce the impact of surface

waves coming from the antenna's rear panel. For instance, other researchers created
a low-profile antennain [2] that formed a 2D-rectangular array supplied by a coplanar
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waveguide feed line. This antenna was based on antenna elements of Hilbert-shaped

fractal metamaterials. A different design based on a wideband elliptically slotted
semi-circular patch element with a defective ground plane structure was put up for
sub-6 GHz applications [4]. For GSM and Wi-Fi applications, a dual band antenna
with a compact, flexible structure is used [6]. Antenna design banned MTM structure
for sub-6GHz bands reconfigurable systems [7]. Based on two transparent antenna
elements operating in sub-6 GHz frequency ranges, a MIMO antenna array system
was suggested [8]. To support 5G sub-6 GHz applications, a metasurface reflector
with a four-port wideband MIMO antenna array system was designed in [9].
Afterwards, a number ofresearch were used to create an antenna that can be used for
multiple applications. For example, in [10], an antenna was created for the Internet
of Things and 5G MIMO systems. For MIMO systems operating in sub-6GHz bands,
a dual-band antenna based on composite right- and left-handed transmission lines
was designed in [11]. Furthermore, a design for 5G MIMO antenna array applications
in smartphones operating at frequencies between 3.41 and 3.63 GHz and 4.82 and
5.23 GHz was shown in [12]. Two wideband PIFA elements were proposed in [13]
as a potential way to build a compact MIMO array that would work with 5G mobile
phones. To lessen mutual coupling between the antenna elements in MIMO systems
at 3.5GHz bands, a compact broadband bandstop filter design based on composite
right/left handed transmission line was presented [14]. Similarly, a split ring resonator
design was proposed in [15] to lower the mutual coupling between antenna at sub-6
GHz for 5G MIMO systems. For smart MIMO antenna arrays, a wide and narrow
frequency spectrum was provided using a reconfigurable antenna element [16]. To
create a MIMO array, an MTM-based ultra-wideband antenna design was created
[17]. In [18], a design for a 3D MIMO antenna array integrated with a solar panel
was put forth for 5G self-powered communication systems. A MIMO antenna array
featuring a partial ground plane was constructed for frequencies ranging from 3.4 to
3.8 GHZz[19].To coverthe frequency band in 5G systems, a wide-band antenna array
based on MTM was developed [20]. In order to create a MIMO antenna array that
can operate at sub-6 GHz, another design based on flexible transparent wideband
antenna elements was putforth [21]. To better serve the purposes of 5G systems, an
electromagnetic band gap structure was inserted between antenna elements to reduce
the impacts of mutual coupling among antennas in a single array form [22]. For
MIMO applications, a meander line-based antenna array was created by employing

an electromagnetic band gap structure to divide the antenna elements at sub-6 GHz
bands [23].
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Il. MICROSTRIP ANTENNA OPERATION AND THEORY:

A microstrip antenna consists of two thin metallic layers (t<< A_, where A is the
wavelength in the free space), one as a radiating patch and the other as a ground
plane, sandwiched between them as a dielectric substrate. As shown in Fig. 1, the
conductor patches are placed on the dielectric substrate and used as a radiating
element. A conductive layer serves as a ground plane on the other side of the
substrate. As a metallic coating, copper and gold are commonly employed. Radiating
patches could be of any shape, although simple designs are commonly utilized since
basic shapes are easy to analyse using theoretical models and forecast performance.
Basic forms are square, rectangular, dipole, triangular, elliptical, and circular.
Because of their ease of analysis and production, the most commonly utilized shapes
are circular, rectangular, and dipole. For the substrate, a variety of dielectric materials
with dielectric constants of 2.2<¢, <12 [2]are available. The antenna properties are
influenced by the height of the substrate, which is typically in the range 0o£0.003 <h
<0.05.

4

/ F N

{ £, Substrate
Ground plane

Fig. 1: A microstrip antenna structure.

The frequency bandwidth of a microstrip antenna is quite limited. Microstrip
antennas, on the other hand, are beneficial in some applications where restricted
bandwidth is required, such as government security systems. The height of the
substrate is directly proportional to the bandwidth of the microstrip antenna. Two
basic ways exist to increase bandwidth: one is circuit theory, and the other is
structural. The properties of an antenna are impacted not only by the antenna element,
but also by the TX-line and antenna combination. In general, a microstrip antenna's
input impedance is complex, but the TX-characteristic line's impedance is real
(usually 50 ohm). Impedance mismatching occurs, resulting in a voltage standing
wave pattern on the transmission line and poor impedance bandwidth. The use of
impedance matching networks between the antenna and the transmission line is one
technique to solve this problem. Impedance matching techniques are accessible in a
variety of forms, and circuit theory is concerned with them.
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The structural approach is used to change substrate parameters like height and
dielectric constant. It is possible to improve the bandwidth by raising the height.
However, it will introduce surface waves, which will increase power loss and degrade
performance and characteristics. Researchers have proposed a variety of approaches,
including parasitic patches, defective ground planes, stacking and improving the
bandwidth of microstrip antennas, which remains an intriguing issue for research. An
antenna with the desired resonant frequency radiation pattern and polarization can be
simply designed by selecting a particular shape. By adding loads such as PIN diodes
and Varactor diodes, it is simple to create a microstrip antenna with reconfigurable
resonance frequency, polarization and radiation patterns.

I1l. RADIATION MECHANISM:

Designers discovered in 1969 that if the microstrip line is left open ended on one end
and fed on the other, some of the power is radiated in space from both ends as
electromagnetic waves due to the discontinuity formed. Designers also discovered
that the quantity of power radiated in space is greatest when both discontinuities are
separated by halfa wavelength ora multiple of half a wavelength [22]. The designers
concluded that radiations occurred from the open end as a result of the discontinuity's
surrounding fields. Consider a rectangular antenna with a half wavelength long
radiating patch fed by a microstrip feed line to better understand the mechanics
underlying microstrip antenna radiation. A rectangular antenna can be thought of as
an open-ended microstrip line with energy fed from the opposite end. Because the
patch is half wavelength long and open ended on the other side, the current should be
zero at the patch's corners "at beginning and end" and maximal at the patch's center.
As seen in Fig. 2, current and voltage will be 90 degrees out of phase. At the start of

the patch, the voltage will be maximum positive, and at the end, it will be max imum
negative [4].

Fig. 2: Current and voltage variation.
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A. Advantages and Disadvantages:

Microstrip antennas are light-weight, low-profile and simple to install antennas that

are widely used in handheld wireless devices such as pagers and mobile phones, as
well as in high-performance communication systems such as spacecraft,

satellites, missiles, and airplanes. The following are some of the primary benefits of
microstrip antennas as stated by Randy Bancroft [8] and Garg [24]:

e Inexpensive and simple to make.

e Simply, can be planted at every surface.

e Reconfigurable characteristics are simple to obtain.

e |It's simple to create an antenna with the polarization you want.
e Suitable for microwave integrated circuits (MICs).

e Mechanically resistant, robust to vibration and shock.

e |t's simple to create an antenna array.

Microstrip antennas, on the other hand, have a number of drawbacks and restrictions
when compared to other antennas. The following are some of the primary drawbacks
of microstrip antennas:

e Factor of high quality.

e A Cross polarization.

e Thereis a lack of polarization efficiency.

e Experiencing spurious feed radiation.

e Narrowbandwidth impedance (5 percent to 10 percent withouteither technique)
e High conductor and dielectric losses.

e Sensitive to changes in the environment, such as humidity and temperature.
e \When a material with a high dielectric constantis utilized, it suffers from surface
waves.

e Low gain with a lot of power handling capacity.

There are several approaches to avoid this constraint; for example, "defective ground
plane" strategy, "stacked patches", "slotted patches", and "parasitic patch" can all be
used to increase the bandwidth of a microstrip antenna. Making an antenna array
helps to improve the antenna's gain and power handling ability. The use of a
metamaterial and Electromagnetic Band Gap "EBG" structure improves antenna

properties as well [16].
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B. Applications:

After overcoming a number of constraints, microstrip antennas have proven to be
quite effective in a variety of applications. Microstrip antennas are commonly utilized
in defense system such as missiles, satellites, aircraft and rockets. Microstrip
antennas are now widely utilized in commercial applications due to their low cost
and ease of fabrication, which is aided by modern printed circuit technology. Because
of the advancements and continuous research in the field of microstrip antennas, it is
projected that most "conventional antennas" will be replaced with "microstrip

antennas" in the future. Microstrip antennas are used in a variety of applications,
including:

o Satellite Communication.

e Mobile Communication.

¢ Global Positioning System.

¢ Direct Broadcast Satellite System.
¢ Antenna for Pedestrian.

¢ In Radar Applications.

e Application in Medical Science.

IV. ANTENNA TYPES FOR 5G AND MODERN APPLICATIONS:

In this section, a comparison study is discussed in Table 1. Therefore, for this
comparison a call is invoked to compare between the antenna types for the 5G and
modern applications. As well as, the comparison is extended to discuss the antenna
size in terms of wavelength, configuration whither it is single element or array, and
antenna performance in terms of: Frequency, gain, and bandwidth. Nevertheless, a
comparison between the ability of integration with small electronic devices and the
design complexity is included. Telecommunication providers have already been
investing in mobile networks to increase coverage, improve services, and attract more
users since the first mobile phones were introduced in the 1980s. Mobile phone calls
were supported on first-generation networks, although coverage and capacity were
limited. Providers built and deployed 2nd (2G) mobile networks, followed then third-
generation (3G) and fourth-generation (4G) networks to solve these restrictions [22].
Each generation brought faster speeds, more capacity, and newer features and
services. However, Telecommunications companies began installing fifth-generation
(5G) networks in 2018 to accommodate rising data demands from consumers and
businesses. 5G networks are expected to allow providers to expand consumer
services (such as video streaming and virtual reality applications),
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support the growing number of connected devices (such as medical devices, smart

homes, and the Internet of Things), support new industrial uses (such as industrial
sensors and monitoring systems), perform advanced data analytics, as well as allow
the use of technological advancements (e.g., smart city applications, autonomous
vehicles). Spectrum is another element driving 5G rollout. The electromagnetic
spectrum is used by all wireless technologies to communicate [24]. The radio
frequencies utilized to communicate across the airways are referred to as spectrum.
Multiple spectrum bands are used in 5G. Low-band (below 1 GHz), mid-band (1
GHz-6 GHz), and high-band (MMW) spectrum are all used in 5G. 5G requires the
deployment of 5G technology in the high band spectrum (MMW) to provide ultra-
fast services to densely populated areas. Existing consumers benefit from 5G
technologies implemented in the mid-band spectrum, which provide increased
capacity and coverage, faster service, and additional features. Many loT applications
require widespread coverage, which 5G technology deployed in alow-band spectrum
can deliver. Moreover, the most mobile devices (cell phones) are use frequencies
under sub (6 -GHz) because the frequencies within that sector of the spectrum are
very suitable in wireless communications. For example, frequencies inside this
segment of the spectrum might very well to travel long distances providing coverage
over large areas, and it can easily penetrate buildings and barriers However, as more
individuals use mobile devices for a wider range of applications [22], [8]. All parties
involved in developing of 5G technologies acknowledge that 5G requires spectrum
in 3 main key frequency ranges to function properly:

e Sub-1 GHz for comprehensive coverage in metropolitan, suburbia, and rural
settings, as well as in-building coverage for IoT devices and services.

¢ 1-6 GHz for increased bandwidth, including the 3.3-3.8 GHz band that is expected
to also be the foundation for many earliest 5G services.

e Above 6 GHz, which include MMW, to focus on providing Ultra-high wideband
speeds.

Table 1 shows a comparison between the antenna types that are used for 5G and
modern applications in advantages and disadvantages as listed below.
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modern applications in its advantages and disadvantages [21].

Antenna .
Type Advantages Disadvantages
+ Simple to design and fabricate Less gain
M ] + In multi-element monopole antenna design, it Requires large area of ground
onopole can be easily rotated in any direction. Gives poor response in bad weather condition
. . . Less gain
« Simple to design and fabricate £ ) I
Divol Receives balanced sienal Cannot be used for long range communication
1pole * i g Low bandwidth
Magne « High front to back ratio
El%nl:m- + Low side lobe and back lobe level Design and fabrication is complex
[\:Elm « Wide bandwidth Costly
:_), )I « Low cross polarization
ipole
As single element loop antenna cannot meet the
« Easy to design 5G requirements, multi-element loop antenna is
Loop « Provides good channel capacity required,
Low gain
i ; Enhances the gain .
Antipodal . ances the gam Requires more space
Vivaldi o Provides wider bandwidth . ) .
P P Low gain at lower frequencies
Antenna + Gives stable radiation pattern
(AVA)
« It helps to miniaturize antenna size.
« Provides wider bandwidth L
] ) . Design is complex
E 1 ¢ Good impedance matching Limitation on repetition of fractal design
racta « Provides consistent antenna performance over ’ P acial desig
the operating range.
erte + Smaller in size Narrow bandwidth
Inverted F « Good impedance matching due to intermediate s
Antenna feedine ” Low gain
(IFA) a
Planar + Low profile . Narrow bandwidth
Inverted F + Good impedance matching Low gain
Antenna « Enhances front to back ratio &
(PIFA)

V. ANTENNA RECONFIGURATION COMPARISON:

The researchers listed in table 2, a study to classify the type of reconfiguration
whether it is: frequency, gain, beam forming, or polarization. As well as, the applied
technique s listed in this work and the complexity ofthe realization. Reconfigurable
antennas can be classified into four categories that are based on the features of
reconfiguration methods as it is shown in Fig. (3).
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Reconfigurable
antenna type
Frequency Polarization Radiation pattern Compound Reconfigurable
Reconfigurable Reconfigurable Reconfigurable

Fig. 3; Classification of reconfigurable antennas.

Table 2; A comparison table between the reconfiguration techniques [23].

Reconfiguration Technique Advantages Disadvantages
. . e  Ease of implementation s Complex structure
Electrical Reconfiguration Low-cost s  Requires biasing systems
e Noneed the use of bias lines e Lossy behavior

Optical Reconfiguration No intermodulation distortion e Complex activation mechanism

) i e Noneed of active elements e Slow response
Mechanical Reconfiguration No need of biasing systems »  Requires power source
Smart-Materials-Based . Low-profile . Low efficiency
Reconfiguration e Lighter weight e Limited application

Obtaining the required reconfiguration functionality involves an easy choice of a
reconfiguration technique that always results in the desired functionality or
characteristic. Four global methodologies are employed with the reconfigurable
antenna to achieve reconfiguration, enabling the matching antenna to be used for a
practical wireless communication activity that needs an adaptive RF frontend these
four categories techniques are show in Fig. (4).
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‘ Reconfiguration Techniques ‘

|
| l | |
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Fig. 4; Reconfiguration techniques of reconfigurable antennas.

V1. USING OF PIN AND VARACTOR DIODES FOR
RECONFIGURABLE MICROSTRIP ANTENNA:

The field of antenna design has seen a revolution because to the use of varactor and
PIN diodes in reconfigurable microstrip antennas. These diodes allow for dynamic

control over antenna parameters like radiation pattern, polarization, and frequency
[25].

A. PIN Diodes:

e Frequency tuning: By adding PIN diodes to the antennastructure, frequency agility
is possible by adjusting the diodes' biasing, which changes the antenna's effective
electrical length.

e Beam Steering: PIN diodes allow directional antennas to be equipped with beam
steering capabilities by regulating the phase of various array parts.

o Pattern Reconfiguration: The radiation pattern of the antenna can be changed to
meet various communication needs by carefully switching PIN diodes.

B. Varactor Diodes:

e Agility in Frequency: Varactor diodes offer voltage-controlled capacitance, which
enables constant antenna resonance frequency tuning.

e Bandwidth Enhancement: By dynamically altering the resonance frequency,
varactor diodes can be used to increase the antenna's working bandwidth.

e Polarization Diversity: The antenna's polarization can be dynamically altered
between linear and circular polarization states by integrating varactor diodes.

C. Benefits of Using PIN and Varactor Diodes:

¢ Reconfigurability: The capacity to dynamically modify antenna specifications in
response to shifting operating needs.

e Compactness: Due to the comparatively small size of PIN and varactor diodes,
compact and multipurpose antennas can be designed.
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o Cost-Effectiveness: Diablo-based reconfiguration is less expensive and faster than
mechanical reconfiguration techniques.In conclusion, reconfigurability, improved
antenna performance, and meeting the changing requirements of wireless
communicationsystemsare all made possible by the integration of PIN and varactor
diodes in microstrip antennas.

The merit and demerit of the various antenna reconfigurability techniques described
in the public literature are shown in Table 3.

Table 3; An overview of the reconfigurability techniques found in the public

domain.
.Technique Merit/Demerit Ref.
Fast switching speed
Optical Merit | Eliminates biasing and
wires [26]
Reconfiguration High optical power [27]
Demerit required for activation | [28]
Resistive
semiconductor material
Low cost
. . Merit | No external biasing and 29
Physmal/MeChanlcal power requirements {3 O}
. Low switching speed (31]
Reconfiguration High voltage (32]
Demerit requirement
. [33]
Large size to adapt
actuator power supply
Merit ngher'pﬁwer helllndhng 134]
Smart Antennas Light weight [35]
Restrained applications
. . [36]
Demerit Higher cost
. . [37]
Toxic materials
Low cost
Electrical Easier implementation
Merit Allows for multi- 38]
Reconfiguration parameter [39]
reconfigurability
Compact
Demerit Requires biasing

247



ol ol i1 Judiuso Jo3l agayliw raigo OUS -2024 il slonall

Table 4 presents contemporary applications of polarization reconfigurability in the
5G bands, considering the key performance indicators associated with polarization

reconfigurability.

Table 4; A comparative analysis of the latest 5G polarization reconfigurable antenna
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technologies.
Polar
No. S11 B.W izati A(IE}I]?IZ\;V Aﬁ/S
Ref | Antenna Structure | Switch | (GHz) (%) (Fc| on | . Application
(%) Min | B.W.
es (GHz)) Statu AR (dB)) | (%)
S
LHCP: 3.25 - LHC
Square patch with 3.6 (10.3 %) P 3-3.7 100.0 3.5 GHz
[40] a semi ring slot 2 PIN | RHCP:3-3.5 RI—iC (20.5 %) O% WiMAX
(Simple) (14.7 %) P (2 dB)
(3.4 %)
Quadruple gap- LHC
coupled patches 4.61 -4.97 P 4.6 -4.95 94 .44 Radio
[41] with L-shaped 4 PIN (7.5 %) RH’C (7.1 %) % Astronom
driven dipole (4.8) PLP (2 dB) Y
(Complex) ’
Aperture-coupled 5.07-595 |LHE 5.07-
[42] | magnetoelectric 4 PIN (16 %) 5 3.9 100.0 S.GHZ
dipole (Complex) (5.5) RHC| (20.5 %) | 0% WIMAX
P,LP| (2dB)
LP:52-6.2
(18.18 %) 5564
3*4 array RHCP: 5.2 - | LHC| o/ | 75.00 5 GHz
[43] (complex) 9 PIN 6.4 P, LP ((116'53313/‘;) % |  WIMAX
(21.8%) '
(5.5 %)
Circular patch with CP:3.45-4.6
efi‘ght " 3 1(.5 %) LHC 36-49
reconfigurable LP:(3.35 - P, o | 92.20 3.5 GHz
[44] coupling loop stubs 64 PIN 3.44)(4.5 - | RHC E(1)67.4d]§))) % WIMAX
and wheel * shaped 4.75) P, LP '
radiator (Complex) (3.65 %)
Patch f];eld through 5 3.372 LHC| 3.433 -
tunable quasi- o P, 3.567 | 19.00 3.5 GHz
4311 tumped coupter | Y2210 (2(()_;)5 57)4’) RHC| 38%) | % | WiMAX
%
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VP,
HP
MIMO with 26.13 -29.46 VP Satellite
[46] | reconfigurable feed | 4 PIN (11.9%) HP’ N/A N/A | Communicatio
(Complex) (28) n
LP:27.6 -
Square patch with (269’-74‘!/8) LEC 20.27 Satellite
.17 y 0 . ..
[47] | 4 ground loop slots | 4 PIN CP:27-29.07 | RHC 1.50% o, Communicatio
(Complex) (7.4%) P Lp n
(28)
LHC| 27.2- :
gy | 22tliedamy | oo 2(68'59(;2)9 P, | 2835 |46.00 COri?ﬁﬂEaﬁo
(Complex) ('28)0 RHC| (4.1%) | % 0
P (0.7 dB)
MIMO with
emderine soo|
[49] jugate w 4 LDR (25%) N/A| NA 5 Generation
interdigital 3) 0 (5G)
capacitor
(Complex)
Cuboid 2920 o7 00|  Fifth
[50] structure 5 PIN ' ' N/A N/A N Generation
53-5.6 %o
(Complex) (18.3) (5G)
Table 5 presents the most advanced 5G frequency reconfigurable antennas, primarily
from recent work. The tables display the selected merit figure. Simple and complex
antenna configurations are distinguished based on the quantity of switches, layers,
and overall biasing circuitry needed for a particular design. Designs with more than
two PINs or Varactors are deemed more sophisticated according to this theory.
Table 5; A comparison of the most advanced reconfigurable antennas for 5G
frequencies.
Ref Antenna Fc S11 B.W (GHz) TR FBWC | Footprint Aopplicati
¢ Structure | Switches | (GHz) (FBW %) (%) | (%) (mm2) pplication
Two dipoles fed
through two (2.89 -4.07) 5G WLAN
coaxial cables (33%) o -
511 | ond Hoshaped | 4PN 3.5,5.5 (5.1-6.19) 44.44% | 4o 000 | 50 x50 %VSNCI}E;
slotted ground (19.8%) !
(Complex)
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Band 1:
) (3.21,3.5, 5G WLAN
Bow tie antenna 3.63) (3.04 - 5.89) o, | 159.47 Cognitive
B2l (Complex) | VA0S | Band 2: | (15.3%-39.7%) | 2100 S0X45 | Radio 5G
(4.76, WiFi
5.04,542)
Wideband
monopole and UBW:
narrowband 3 Q. 51 g é 550/4 7) Narrow 5G WLAN
[53] | microstrip patch | Varactors 4.33 N:flndwbag d: band: | 56.80% 75 x 35 5G WiFi
fed through a 2 PIN (34-5 32)' 44%
CPW structure o, ) > 10
(Complex) (5% - 7.84%)
Dual bands:
(17.85 -21.81),
(21.5%)
blgr‘fgl_ (31.08 - 39.7),
' (24.32%)
(3159 '47)’ (18.47 - 22.51), b];‘llgl_
Patch of merged (20' 5 (19.71%) Dual (- ' Satellite
half arc and S (30.0 - 35), bands: o 0 .
[54] right triangle 2 PIN 32.-55) (14.92%) (4% - 8.32% 7.5x5% Commumca
(Simple) Triple Triple bands: 8.38%) o tion
bands: 1638 - 18 04' ' 38.65%
a72. | ¢ o040 )- )
. 0
3255'785’) (24.73 - 26.86),
' (8.25%)
(32.95 - 38.55),
(15.66%)
Single layered 26.8 (25.(2823-2%/3)‘45) 235 x Satellite
[55] patch antenna 3 PIN 2 ) 4.41% | 6.37% o Communica
(Complex) 28.01 (26.(4:318—5%/8).89) 25.5% tion
. 0
MIMO with
meander line in Fifth
[49] | comugate with |y pp 5 55 353 N/A | N/A | 30x50 | Generation
an interdigital (41.66%) (5G)
capacitor
(Complex)
Cuboid 23-2.6 2.3-2.6,(5%) Fifth
[50] structure 5 PIN 36-4.1 3.6-4.1, (8.33%) N/A N/A 38 x 38 Generation
(Complex) 53-5.6 | 53-5.7,(6.66%) (5G)

VII. CONCLUSION:

In conclusion, there is a growing need for sophisticated and multipurpose antenna
solutions due to the growing need for antennas in a variety of industries and

applications. An increasing number of communication systems and capabilities have
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The construction of single antennas that can function in numerous frequency bands
for wireless communication systems is attracting more and more attention from
researchers. This endeavor presents issues with antenna volume, weight, and size,
which leads to the investigation of reconfigurable antennas as a possible remedy.
Reconfigurable antenna technology presents a strong solution to these design
limitations by allowing antennas to adjust and operate across many frequency bands.
In order to demonstrate how reconfigurable antennas may transform the field of
antenna design and adapt to the changing needs of contemporary communication
systems, this research has conducted acomparative analysis of current developments
in this sector.
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Abstract:

The rapid advancement in Vehicle-to-Everything (V2X) communication and the
emergence of 5G technology have driven the demand for high-performance, compact
antennas capable of handling the high data rates and low latency requirements of
modern networks. This paper presents the design and implementation of a
metamaterial-based antenna for V2X satellite communication operating in the Ku-
band, specifically tailored for the 5G segment. Metamaterials, with their unique
electromagnetic properties, offer enhanced performance characteristics such as
improved bandwidth, reduced antennasize, and increased gain, which are crucial for
the integration of satellite and 5G communication in vehicular networks. The
proposed antenna design leverages the subwavelength characteristics of
metamaterials to achieve superior radiation patterns and minimize signal losses,
addressing the challenges of mobility, interference, and high-frequency operation in
the Ku-band. Simulation and experimental results demonstrate the efficacy of the
metamaterial antennain maintaining reliable, high-speed V2X communication links,
enabling seamless connectivity for next-generation intelligent transportation
systems. This work contributes to the growing body of research on metamaterial
applications in satellite communication, particularly within the context of the
evolving 5G infrastructure.

Keywords: V2X, Ku-band, Metamaterials, 5G.

I. Introduction

In the modern era of the Internet of Things, the spectrum of communication between
objects is being diversified at a rapid pace. This mobility era has witnessed increased
communication demands manifolds along with emerging requirements for high
reliability and low latency rates. Vehicle to Everything (V2X) [1], [2] is a relatively
new rising concept that is seen as an important contour of making autonomous
vehicles ubiquitous and also making the conditions of traffic more secure. While
researchers in [3] acknowledge that Cellular Vehicle-to-everything (C-V2X) is
evolving from a communication technology primarily used for safety messages to a
platform that enables advanced V2X service. C-V2X will be one of the most
significant enabling technologies for developing Intelligent Transportation Systems
(ITS) and automated driving soon [4]. With its ability to provide low-latency and
high-reliability communication between vehicles, infrastructure, pedestrians, and
other connected devices, C-V2X hasthe potential to revolutionize the way we travel
and commute. By allowing vehicles to "see" beyond their immediate surroundings
and communicate with other road users and traffic management systems, C-V2X can
improve road safety, reduce traffic congestion, and enhance the overall driving
experience. Its integration with other technologies, such as 5G, Al, and edge
computing, can further enhance its capabilities and enable new use cases, such as
platooning, intersection management, and emergency services.
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Assuch, C-V2X s poisedto playa critical role in shaping the future of mobility and
transportation.

Such a mode involves establishing communication between vehicles, pedestrians,
road infrastructure, and

other ad-hoc networks. An increase in network resources is becoming inevitable to
cater to such rising demands of communication where objects communicate with
each other. The reliance on vehicular sensors or Direct Short-Range Communication
(DSRC)[5], [6] alone s insufficient for automated mobility where vehicles can work
autonomously with the driver’s intervention.

The inclusion of cellular bands and technologies is essential to maintain perceptibility
and enhanced capacity for staying abreast of the surroundings and ensuring highly
secure maneuvering. This renders a non-line of cooperative sight driving and
accurately detects the presence of objects in the surroundings. However, to ensure
these factors, the limited recourses of the cellular networks are causing many
challenges especially in terms of network resource allocation while keeping the
latency low and higher reliability [7].

Software Defined Networking (SDN) has been seen as a key enabling technology
and designed to sustain high data traffic in 5G communication networks [8], [9]. SDN
was created to avoid prevent congestion which can slow down or even halt network
traffic [10]. Centralized resource management enables the division of network
resources in an optimized manner while also ensuring accurate network monitoring
and control. Some Key Performance Indicators (KPIs) ensure that the network
conditions are kept at par with the service levels agreements developed with the
connecting objects. Nevertheless, the traditional approach involved in such networks
makes use of the network address information in the form of IP and leads to the
involvement oflarge overheads, which renders poor dynamics, especially during the
instances of Ultra Reliable and Low Latency Communications (URLLC)
requirements [11]. Thus, there is a need for a focus shift toward advanced tools
having lower reliance on such overheads and instead allocating resources directly
based on demand and network conditions.

Under the influence of such costs and least optimized performance resources, a focus
has been steered toward the network slicing concepts along with the inclusion of
Machine Learning [12-14]. Aspart of C-V2X, the service requirements have become
increasingly heterogeneous, encompassing enhanced mobile broadband (eMBB),
massive Machine Type Communication (mMTC), and URLLC [15], [16]. These
additions aim to fulfill diverse service demands, such as higher packet delivery rates,
lower re-transmission requirements, and bandwidth allocation, among others like
high data rates, high channel capacity, low latency rates, with high QoS. The
vehicular communication following this approach reaches the 5G networks through
different devices, including smartphones and IoT sensing devices,
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to exchange packets of information ranging from being less critical to more.
Thus, the one-size-fits-all architecture generally employed in LTE communication
does not meet such diverse requirements set and focuses on segmenting network
elements into slices [16]. Instead of relying on address-centered division, the
increased focus is on dynamic slice allocation with the aid of Machine Learning tools,
where resources for the slices are allocated depending upon the specific context or
network conditions in general. Such tools are trained with large datasets representing
the network conditions and correct sets of decisions and are later used for making
predictions on the incoming sets of requests. For instance, based on the Packet
Delivery Ratio requirements, a suitable slice is allocated to the device based on the
ML predictive analysis framework.
Although Machine Learning is the right tool for making predictive analyses on slice
types, bias control remains an important consideration. In modern networks, the main
demand is offering a singular slice category likely render overload in a certain
network area is an urgentrequirement. The use of ML for slice allocation ignores this
factor and relies on the trained set of conditions for resource allocation. Thus, a need
for predictive analysis of future network conditions emerges to re-route the traffic
toward another set of slices and retain overall high-performing networks.

Il. State of Art

The 5G Automotive Association (SGAA) gave a deep-dive into smarter and safer
transportation during a live demo event in Berlin, providing a preview of the soon-
to-be-deployed technology. Leading SGAA members showed C-V2X vehicle-to-
vehicle (V2V), vehicle-to-infrastructure (V2I), and vehicle-to-network (V2N)
applications, including BMW Group, Daimler, Deutsche Telekom, Fraunhofer
Institutes FOKUS and ESK, Ford, Huawei, Jaguar Land Rover, Nokia, Qualcomm,
and Vodafone [29]. Given that the sidelink is the most important component of 5G
(New Radio) NR V2X, this article provides an in-depth lesson of the third generation
(3G) to release 5G NR V2X communication standard. The majority of the paper is
devoted to a thorough discussion of the key components of 5G NR V2X, including
the physical layer, resource management, quality of service management,
improvements made to the unit to user backhaul link and access link (UU) interface,
mobility management for V2N (Vehicle to Network) communications, and
coexistence mechanisms between 5G NR V2X and LTE V2X [30]. This study
analyzes the system performance when services are provided from various Roadside
units (RSUs) and offers a communication system for vehicle networks based on a 5G
cellular network with RSUs made up of the base station (BS) and user equipment
(UE) [31]. For vehicle roof top shark-fin applications, a small multiband monopole
antennais suggested. The proposed multiband antenna spans the LTE bands from 617
MHz to 5000 MHz, the higher Global navigation satellite system (GNSS) band from
1559MHz to 1606MHz,
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and the V2X band at 5900 MHzin addition to the 5G sub-6 GHz band. The antenna
being shown is a three-dimensional monopole antenna with two branches to cover

the necessary bands and is small enough to fit into a shark-fin-shaped roof structure
[32].

This essay seeks to look into many angles on how V2X may assist vehicular
positioning (VP).

Before suggesting novel V2X-based VP situations, we first discuss V2X's significant

benefits over competing technologies (such as GPS, RADAR, LIDAR, and cameras)
[33]. For 5G millimeter-wave (mmWave) applications, a broadband coplanar feed
patch antenna is originally investigated. The single-patch antenna element design is
used to create a 1 4 antenna array with a gap distance (center-to-center) of 6 mm
(about 0.5GHzat 25GHz) between two adjacent antenna elements in order to obtain
good beam scanning/steering characteristics. The suggested 1 4 antenna array is
further loaded with four sets of 2 3 parasitic square array patches to improve
impedance matching (wide bandwidth) and isolation level [34]. With a focus on two
key application areas, 5G wireless communication and CubeSat use, several
implementation strategies for reconfigurable and multi-band antennas are studied
[35]. An antenna with 360° of coverage area is needed because the vehicle must be
able to connect with other objects in the region, such as other cars, passengers, control
systems, and mobile networks, in a variety of situations. An eight-element MIMO
antenna is created and used for this purposein this study. In a circular substrate that
1s positioned in the azimuth plane, four elements are dispersed uniformly. While this
1s happening, two orthogonal substrates that are fixed perpendicularly to the circular
substrate are printed with the other four pieces [36]. This article describes the design
and development of two Ku- and Ka-band 5G Silicon phased array antennas (PAA)
employing all-flat-panel phased array antennas [37]. For UWB, X, and Ku band
applications, a coplanar waveguide (CPW) fed flexible linked 4 -port MIMO antenna
with a dimension of 67x81x1.8 (at 3.58 GHz) is suggested [38]. The reduction of
mutual coupling between two closely spaced radiating components is proposed. A
fractal isolator is inserted in between the radiating pieces to accomplish this. The
fractal isolator is a metamaterial-based electromagnetic bandgap construction. This
method allows for a reduction in mutual coupling ofup to 37, 21,20, and 31 dB in
the X-, Ku-, K-, and Ka-bands, respectively [39]. The spacing between radiators is
decreased to 0.65 using this method. The study in [40] discusses the details of a new
microstrip antenna with the ability to reject signals for 5G wireless networks. The
tightly coupled dipole array (TCDA) for vehicle communication is described in this
letter as a millimeter-wave (mmWave) ultrawideband device. Eight dipole unit cells
are grouped in one dimension in the array antenna that was constructed. To achieve
the unbalance-to-balance transition and match the impedance, a unique Marchand
balun with a comb-type perforated structure is created [41]. For simultaneous
satellite, terrestrial, and in-car communications,
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this study introduces an ultra-compact dual-band vehicle antenna. A double layer
coding metasurface (CMS) and 16 dual-band units make up the antenna, which can
transmit and reflect electromagnetic (EM) waves in the X-band and sub-6 GHz,
respectively [42]. This work reports on a two-element linear array of hybrid-fractal
antennas. The center frequency of the suggested element is 12.50 GHz, which is
employed for the Ku-band DBS application [43].
I1l.  Related Work

The Authorsin [17] focus on the abstraction of network resources to render virtual
slices with the aid of SDN and Network Functional Virtualization (NFV) concepts. A
theoretical framework leading toward high-speed communication has been
developed under this frame of reference. Sohaib et al. [18] made virtualization in the
network slicing using machine learning tools in a smart seaport environment.
Although these articles serve as a good model for the employment of ML, the study's
scope is limited to the environment they have been tested in. The work presented in
[12] steps ahead by proposing deep learning tools for accurately classifying an
incoming request and allocating the correct network slice as mMTC, eMBB, or
URLLC. The predictions are based on the service requirements, including the packet
delay response and loss rate. The more effectively predicts the right slice for the
network; however, does not incorporate a future network conditional prospect and
thus can be subject to limitations. The authors in [19] devised network slicing
techniques based on operational, control, and constructional management. Later a set
of machine learning operations are applied to infer useful characteristics and
classifications. Having established some of the relevant approaches adopted in the
5G network slicing in general, these approaches are also based on CV2X
communication. Afaq etal. [20] have conducted the end-to-end approach in vehicular
communication across various applications and developed a resource-centric slicing
framework. [21] establishes a virtualized framework for network slicing in Vehicular
ad hoc networks (VANETs) by considering a guaranteed QoS framework. [22]
provides a detailed view of various machine learning and Al techniques that can be
employed in VANETs across various domains of applications and performance
architectures. For instance, the network requirements for infotainment and security
applications, etc. Other research such as [23] provide the general requirements for
SDN and virtualization in VANETSs in the context of LTE, 5G, and beyond. In article
[24], the concept of cross-network slicing has been introduced, which somehow
serves as a base framework for the idea proposed in this model. The cross-framing
has been proposed in the domains of the internet of vehicles.
The spectrum of machine learning in the domain of V2X is proposed to realize
solutions of different problems in modern communication networks. For instance,
[25] provides a novel terminology based on machine learning to serve multi-hop
searching and enhanced reachability in the domain of CV2X.
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The framework proposed loosely relates to the Channel State Information or
Network Slices future predictive analysis. The authors in [26] adopt another view of
predicting QoS based on the traffic and other conditions in the network using machine
learning. This study can directly relate to the proposed frame of work where future
classification and object request predictions have been made. Before delving into the
actual details of the proposed design parameters, the use of Long short-term memory
(LSTM) and its applicability to the current model shall be explored. Although the
spectrum is highly diverse, including the stock exchange predictive analysis or indoor
localization [27], etc., this method can be employed directly for the current problem
under review.

Atrticle [28] proposes a deep learning network slicing based on the dataset using the
data generated for a week where 7-8 different devices send communication requests
and are allocated network slices based on the predictive settings using Artificial
Neural Networks (ANN). The study further makes use of a master slice to avoid
network disbalance and congestion of slices. However, the consideration of network
optimization has been ignored. The slices having lower connection requests can be
configured for the devices biased towards a single type; thus, the overall network
conditions can be optimized. However, this demands a future predictive approach to
stay abreast of the expected network conditions to keep the overall approach
pragmatic.

IV. Antenna Array Design based MTM Structure for Ku Band

Fractal geometry refers to the design of self-regenerated structure based on certain
index. The fractal MTM geometry denotes to the use of self-similar patterns to create
complex shapes that repeat at different scales. The Minkowski fractal, for example,
1s a specific type of fractal that involvesrepeating a basic pattern in all directions to
create a shape with infinite complexity. Using a Minkowski fractal geometry in
microwave resonators was proposed to create novel designs with a larger surface area
but miniaturized size geometries. Such designs are improved the performance of the
resonators with reduced size to suit several modern applications. Nevertheless, the
use of Hilbert fractal geometry, another example, was proposed to create unique
properties to develop the antenna performance through increasing the surface current
and to accumulate electrical charge on the fractal structure. One of the target
applications are the Ku-band frequency ranges which is typically between 12GHz
and 18GHz to be used for satellite communication, radar systems, and many other
sensing and detection systems. Using fractal metamaterials in conjunction with
antennas for Ku-band applications can offer several advantages due to their unique
properties and design flexibility; which commonly can be used for satellite
communication, radar systems, and various wireless applications. The main
advantages of using fractal metamaterials with antennas in Ku-band applications are:
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v’ Miniaturization,

v Multiband and wideband operation,

v’ Frequency selectivity and bandwidth enhancement,

v Improved gain and directivity,

v'Reduced side lobes and interference,

v’ Steerable and beamforming antennas,

v Enhanced polarization control,

v Thinner and lightweight structures,

Therefore, it is a subject of this research to introduce the structure of printed antenna
circuitry to the fractal resonators that could behave as a matching coupling layer
between the electromagnetic aperture impedance of the antenna to the free space
impedance as well as satisfy the above mentioned advantages.

Designing an antenna array with MTM structures for Ku Band for V2X applications
involves several considerations. MTM are engineered materials that exhibit
properties not found in naturally occurring materials. They can be used to enhance
antenna performance, such as improving gain, directivity, and bandwidth. A general
outline steps would be considered during the design process:

v Requirements and specifications

v Antenna array type

v' MTM selection

v" Simulation tools

v Array geometry and layout

v" Feed network design

v MTM integration

V. Problem Statement

To design a printed antenna circuitry based on MTM resonator structures that is
operating at Ku-frequency bands. The proposed MTM resonator is structured as
fractal geometry to maintain excellent bandwidth. The antenna would provide beam
steering based on surface current phased progressive technology using active
semiconductor electronic devices. The antenna would be miniaturized enough with
excellent beam steering and enhanced beam width. The proposed antenna would be
suitable for V2X applications with excellent gain bandwidth products.

V1. Methodology

The proposed study would be developed to design the basic antenna using a
parametric study of numerical technology of different software packages. This
parametric study would be conducted to arrive to the optimal performance based on
the desired operating frequency band and gain. Next, to enhance the antenna
performance furthermore, the introduction of the MTM would be an attractive
solution for such project. However, using those structures must be preceded by

exploring the proposed MTM properties and how much they are applicable to the
P ———

269



dolaiawl ST Judizuno Jo3l pgliaw ra3ge LS -2024 il sl
e S T T e e e e e
antenna operating frequency band. This can be realized by using transmission line
technology and/or circuit analysis.

After that, locating the proposed MTM to the proposed antenna can be achieved
through a studying the surface current variation on the antenna structure. Later, apply
the use ofhigh-speed electronic devices based on Pin and Varactor diodes in order to
control the surface current phase progressive variation dynamically with changing
the switching status. After that, validating the antenna performance in terms of
bandwidth and gain using experimental measurements. The experimental
measurements can be obtained using vector network analyzer (VNA) and RF
chamber. The analysis work based on numerical study would be applied using CST
and HFSS technology.
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Fig. 1, the proposed methodology flowchart.
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VIl. Objectives

v" To design a high gain antenna with enhanced bandwidth for Ku-band applications.
This can be accomplished using fractal MTM structures,

v" To reduce the antennasize ultimately with improving the antenna performance by
using fractal design process,

v" To control the main lob antenna directivity by using active switching process and
minimize the effective side and back lobs,

v" To optimize the proposed antenna to achieve the best performance at the
frequency band of interest.

VIIl. Conclusions

In this paper, we presented a metamaterial-based antenna design tailored for Vehicle-
to-Everything (V2X) satellite communication within the 5G segment operating in the
Ku-band. The proposed design demonstrates the unique advantages offered by
metamaterials, including enhanced bandwidth, miniaturization, and improved
radiation efficiency, which are essential for meeting the stringent performance
demands of modern vehicular communication networks. Through simulation and
experimental validation, the metamaterial antenna exhibited superior gain, reduced
interference, and reliable high-frequency operation, making it a strong candidate for
integration in next-generation intelligent transportation systems. The integration of
this technology supports the evolution of V2X communication by enabling
continuous, high-speed satellite connectivity, even in challenging mobile
environments. As the convergence of 5G and satellite communication becomes more
critical for the future of connected vehicles, metamaterial antennas o ffer a promising
pathway toward achieving seamless, low-latency, and robust communication across
vast distances. This work paves the way for further exploration of metamaterial
applications in satellite communication, particularly in the Ku-band, and encourages
the continued development of advanced antenna designs that can address the dynamic
needs of 5G and beyond. Future research will focus on refining the antenna's
performance in real-world environments and optimizing it for mass production,
ensuring that the benefits of metamaterial technology can be realized in practical
vehicular applications.
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Abstract: The paper proposes the design of a reconfigurable microstrip antenna.
Defected ground structure (DGS) has been developed to improve characteristics of
many devices and enhanced bandwidth also DGS is adopted as an emerging
technique for improving the various parameters of microwave circuit therefore in this
paper, the antenna design of FR-4 with DGS. The designed antenna is expected to
work in four modes depend on PIN state. The antenna operates at resonant frequency
(2.6, 5.35,5.43,5.45) GHz. In addition, the VSWR value is between (1-1.4) at the
resonant frequency with increase of XXX % in the realized gain compares to the
antenna without DGS. DGS enhancement the gain, bandwidth and to improve the
characterizes of the microstrip antenna radiation. The bandwidth reached to
(540MHz) when PIN 1 and PIN 2 is on. This antenna design, simulation, and
performance analysis have been conducted using Computer Simulation Technology
(CST) software. This paper focus on use DGS to improve in the bandwidth, gain and
return loss to make it suitable for 5G.

Keywords: reconfigurable, 5G, adaptive modulation, DGS
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1. Introduction

Modern wireless communication introduces many day- to-day life communication
devices, which happen to be vital for human beings. All these devices operate in their
own frequency of operation. Hence the need for single antenna operates in various
frequency bands have been increased [1]. A reconfigurable antenna is an antenna
capable of modifying its frequency and radiation properties dynamically so it has the
ability to simultaneously operate in different frequency bands for different
communication services, in a controlled and reversible manner. Reconfiguring an
antennais achieved by rearranging the antenna currents or reconfiguring its radiating
edges. PIN diodes have been used as the switching elements in the reconfigurable
antennas for the purpose of multiple frequency bands operation [2].

Microstrip patch antennas are increasingly gaining popularity for usage in portable
wireless system applications dueto their light weight, low profile structure, low cost.
Reconfigurable antennas can support more than one wireless standard, and deliver
the same performance as that of multiple antennas. Hence, reconfigurable antennas
have the following advantages: (i) low cost, low volume, simple integration, and
good isolation between different wireless standards, (i1) low front-end processing that
means no need for front-end filtering and good out-of-band rejection, (iii) best
candidate for software-defined radios which can adapt to new surroundings, and (iv)
change functionality as per the mission changes, act as a single element or as an array,
providing narrow band or wideband as per the requirements. The reconfiguration

techniques are presented in Fig. 1 [3].
I Reconfignrable I

RFMEMS, PIN Photoconduetive Structure Metasvrfee, Liguid
Diods, Varactor Alternatio cryatals, Farrtes ete.

:

| Electrical ” Optical | | Mechani || Material |

Fig. 1; Antenna reconfiguration techniques.

Reconfiguration is achieved through the integration of switches such as PIN diode,
PIN diode, and MEMS switches. A PIN diode is a type of diode whose internal
capacity varies with respect to the reverse voltage. It always works in reverse bias
conditions and is a voltage dependent semiconductor device. PIN diodes possess the
ability to tune the operating frequency continuously and can reduce the circuit
complexity. But it provides limited usage due to its disadvantages such as
nonlinearity, low dynamic range, and high-power losses. In addition to this, the
integration of PIN diode varies the capacitance reactance of the whole antenna
structure. Micro- electro- mechanical system (MEMS) switches are a special type of
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micromachined switches that control radio frequency (RF) signal paths in microwave
and millimeter- wave circuits through mechanical motion and contact. RF MEMS
switches are small, micromechanical switches that have low power consumption and
can be produced using conventional fabrication technology but it requires high
control voltage and longer switching time. Thus, PIN diodes are most commonly
preferred due to its fast-switching speed, availability, and easy integration [4]. In [5]
designed a reconfigurable antenna that operates in two frequencies band:2.4 GHz the
frequency allocated to Wi-F1 application and the 28 GHz frequency band for 5G
applications. The total size of the antenna is 30 X 26.5mm?, it printed on the FR-4
substrate with a dielectric constant of 4.4 and thickness of 1.6 mm. A metal pad is
used to switch the antenna between two frequencies 2.4GHz correspond to Wi-Fi
application and 28 GHzband for 5G application. In [6] they design and fabricate two
proposed microstrip antenna covers multi-band microstrip patch antennas. These
proposed antennas cover the useful frequency band of modern wireless
communication systems. Antenna 1 covers tri-band frequency, for WiMAX band
2.53 GHz(2.51-2.55 GHz), WLAN/C-band band 3.86 GHz (3.80 —3.87 GHz), and
C-band 6.45 GHz(6.19 — 6.60 GHz) which has potential for C- band in 5G services.
Antenna_2 covers dual-band for C- band, and X-band 6.92/7.707 GHz (6.72 — 7.92
GHz, 1420 MHz) which is serving for C- band and suitable for mid-band 5G
application. The proposed design of microstrip patch antennas 1s characterized as

simple structures to be manufactured (94 x 76 x 3.18 mm3). Besides, Experimental
results verified good conformity with simulation results such as return loss, gain,
bandwidth, and radiation pattern of these antennas.

In paper [7] has described a numerical analysis on antenna performance of flexible

microstrip patch antenna for WBAN application whereas the primary approaches to
use rubber material as substrate and the center frequency is 2.45 GHz.
In this paper, a small microstrip patch antenna has been proposed for 5G wireless
standard. The stupendous increase in mobile data, technologies are approaching from
4G i.e., fourth generation to 5G, fifth generation. The antennaresonates at10.15 GHz
with a return loss of -18.27dB and can be used in future 5G wireless devices. The
proposed patch antenna shows good radiation pattern and good gain of 4.46dB. The
structure of the antenna is very low profile i.e., 20 mm x 20 mm % 1.6 mm and can
be easily integrated in devices where space is a major issue. Simulation results are
presented and described. In this work an increment of 7.5% of the realized gain was
observed using DGS method. DGS isatechnique that can reduce the VSWR, improve
the return loss, increase the surface current, so it can say the improvement of the
antenna performance. In this work,
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the enhancement of antenna performances was achieved by using DGS. The inset
fed microstrip patch antenna has designed in [8] with DGS structure for ISM band
application. The antenna was constructed using Taconic (TLX-8) substrate where the
material thickness was only 0.5 mm, the dielectric constant was 2.55 and the loss
tangent (Tan o) at 0.0019 (very few), respectively. In this paper, it has achieved very
good realized gain at 7.04 dBiand the VSWR at 1.06 only where the material was
very thick to use as substrate. With DGS, the reflection coefficient (S11)was around
-30 dB where the return loss at the designed antenna without DGS at -13.5dB only
with -10dB bandwidthof21 MHz[9]. In [10] Low Profile Frequency Reconfigurable
Tri-band antenna for WBAN application is presented. The percentage bandwidth
obtained is 3.17, 1.83, and 2.69% at the operating frequencies respectively. Good
agreement is observed between the simulated and measured results. A directional
radiation pattern obtained at the operating bands becomes more suitable for off-body
communication. The simulated SAR value is found within the FCC limit. Thus, the
proposed antenna achieves frequency switching alternatively between the application
bands individually or tri-band operation simultaneously with quintessential features
such as compact size, thin profile, and low SAR values more preferable for real-time
applications.

2. Proposed antenna design and configuration

The proposed antenna is designed and simulated using the Computer Simulation
Technology (CST) software. The general methodology to model a patch antenna in
CST is explained in the flow chart given below in Fig. 2 [4].
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Fig. 2; The antenna simulation flow chart in CST.

¥

The geometry of the proposed frequency reconfigurable antenna is depicted in Fig. 3.An FR-4
substrate is used with think (h=3mm), permittivity (&, = 4.3) and loss tangent tan 6=0.025. The
patch and the ground of the antenna constructed using a 0.035 mm thick copper with conductivity
of 5.7108 S/m. t substrate dimension is 50 X 50 mm?. The ground dimension is 50 X 25 mm?.
The patch dimension is 20 X 20 mm?. The feedline dimension is 10 X 2 mm?. The substrate
dimension is 50 X 50 mm? as shown in Fig. 3.

Www gg'52

01. ()
Fig. 3; Proposed Antenna Design: (a) Front view:consisting of patch dimension and (b) Back
view (ground plane): including the height of the ground plane with DGS.
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Dumbbell shape Defected Ground Structure is used as it improves the performance
parameter of antenna based on gain. It increases gain thereby making the antenna
more efficient. DGS gained popularity because of its simple structural design and
low cost. It suppresses higher harmonics and mutual coupling in the antenna
enhancing its bandwidth and gain []. A dumbbell shape DGS has been incorporated
on the ground as shown in Fig. 4.

5 mm
B - 30mm ht|*
A 7 mem
v

Fig. 4; Dumbbell shaped DGS with dimensions.

=1

mEn

3. Operation Process and Theory

Adaptive modulation has the potential to increase the system throughput significantly
by matching transmitter parameters to time-varying channel conditions. However,
adaptive modulation schemes that rely on perfect channel state information (CSI) are
sensitive to CSIimperfections induced by estimation errors and feedback delays [11].
The use of adaptive modulation allows a wireless system to choose the highest order
modulation depending on the SNR. Different order modulations allow to send more
bit per symbol and thus achieve higher data rate and better spectral efficiency [12].
For this cause, some form of adaptive modulation is projected. The adaptive
modulation system is based on the variation in the transmitted power or symbol rate
transmission or BER or coding rate/schemes, or any amalgamation of these
parameters [13]. The disadvantages ofthe adaptive modulation need an exact channel
estimate at the transmission, added hardware complexity to execute adaptive
transmission, and buffering/delay of the input data because the transmission rate vary
with channel condition. Fig. 5 shows the main units of (AM) system. The AM is based
on SNR measurement and depending on the value of SNR selected the type of
modulation [14].

Tt T T T T T T s e e FY o
1 Feceivey

Transmitter b Channel 1
. [
Adaptiv : | Demodulatio
—» |y Power n and
modulati control _r@ ° || decoding
on  and i T I 7
—— T ____________ : [ DR
I
AWGH Feedinly —*
Predictop 77" Estimator
redictor |
Feedback of SR

Fig.5; Typical adaptive modulation system.

When the authors connected between the outer stub using two diodes the response in terms of S1i
and gain spectra are change according as seen in Fig. 6 the obtain result are summarized in table 1.
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Table I: comparison between DSG and without DGS.

Case Name of experiment With DGS Without DGS
Frequency 2.6,5.35 3.35,5.1
Return loss S;; dB
Bandwidth MHz 65, 400 110
00 VSWR 1.14,1 1.88
Gain dBi -3.3,5 2.9,2.8
Directivity 2.7,6.22 3.6, 5.68
Frequency 5.43 4.7
Return loss S;; dB
Bandwidth MHz 400 430
01 VSWR 1.16 1.45
Gain dBi 4.57 1.3
Directivity 6.3 3.4
Frequency 5.35 4.8
Return loss S;; dB
10 Bandwidth MHz 386 600
VSWR 1 1.2
Gain dBi 4.334 0.5
Directivity 5.8 3.23
Frequency 5.4 4.6
Return loss S;; dB
11 Bandwidth MHz 600 500
VSWR 1.423 1.3
Gain dBi 3.086 1.7
Directivity 5.828 3.4
Table II: comparison between with DSG and without DGS and length of ground=25.
00 F1=2.6GHz S11=-20 BW=100MHZ GAIN=-3.254dBi D=2.964
dBi
F2=5.4GHz S11=-35 BW=400MHZ GAIN=4.82dBi D=6.197
dBi
01 F1=5.4GHz S11=-22 BW=400MHZ GAIN=6.29 dBi D=6.29 dBi
10 F1=5.4GHz S11=-32 BW=400MHZ GAIN=4.34 dBi D=5.801
11 F1=5.45GHz S11=-14 BW=600MHZ GAIN=3.086 dBi D=5.828

Table III: comparison between with DSG and
length of ground=50.
00 | F1=2.4GHz | S11=-41 | BW=40MHZ | GAIN=-4dBi | D=6dBi
01| F1=2.4GHz| S11=-13 | BW=70MHZ | GAIN=-6 dBi | D=5.5dBi
10 | F1=2.4GHz | S11=-11 | BW=600MHZ | GAIN=-6dBi | D=5 dBi
F2=5.4GHz | S11=-20 | BW=50MHZ | GAIN=6 dBi | D=7 dBi
11| F1=5GHz | S11=-14 | BW=60MHZ | GAIN=5dBi | D=7 dBi

4. Results and Discussions
This section displayed the simulation results of proposed Antenna design in S-
parameter. It is selected three frequency bands (5.35, 5.43 and 5.4 GHz) because they

have good results in S11 and gain.
P ———
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The simulation is done by CST microwave studio software.

A- Return losses

A mount of power reflected from the antenna due to termination mismatch determines

the performance of the designed antenna S, is represents the return losses or back
losses. S1 1s achieve matching on equal or less than -10. As S;; become, much smaller
antenna performance improves due to lower losses. From Fig. 6. We observed S, is
matching in 5.35, 5.43 and 5.4 GHz as operating frequencies in different PIN diode

states.

S-Parameters [Magntude in dB)

1 15 2 25 3 35 4 45 5 55 6
Frequency | GHz

Fig. 6; S11 parameter of the proposal design.

SParameters [Magntude n d6]

[

Fig. 7; S11 parameter of the proposal demgn w1th DGS and length of ground equal 25mm.
SParameters [M agniude n 8]

TS A ~ : I e

e ‘ : = ™M —;11.;-3,15:5n

1 15 2 25 3 35 4 45 5 55
Frequency | GHz

Fig. 8; S11 parameter of the proposal design with DGS and length of ground equal 50mm.
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Fig. 9; S11 parameter of the proposal design without DGS and length of ground equal 50mm.
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B- Gain spectra
Antenna gain of four cases results are shown in Fig. 10. the antenna gain is measured
3dBi, 2.8 dBi on 3.35GHz and 5.1 GHz respectively in casel. In case2 gain is
measured 1.3 dBion4.7GHz, case3 realized 0.5 dBion4.8GHzand in last case, the
gain is 1.7 dBi on 4.6GHz.

Gain (1EEE), 30;Max. Ve (Sakd Angk)

1 15 2 25 3 35 4 45 5 55 b
Frequency | GHz

Fig. 10; Antenna gain spectra with DGS and length of ground=25mm.

Gan ([EEE), 30, Max. Value (Sckd Angke)

1 15 2 25 3 15 4 43 5 55 6
Frequency | GHz

Fig. 11; Antenna gain spectra with DGS and length of ground=50mm.

(Gan (IFEE), 10, Max. Vaiue (Sold Ange)

Frequency | GHz

Fig. 12; Antenna gain spectra without DGS and length of ground=50mm.

B- Comparison with other studies

From Table 2, it can be observed analysis comparison between many references. The
design recorded in [11] antenna work in multi-band frequency, but have two
frequencies only but in this paper have four states to a chive five frequency.
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Table 2: Comparison with other published results.

No. of Re- . .
Ref. bands configurable Size/mm | Frequency/GHz BW gain
. 30
Multi- 32.5M
[1] Yes X 26.5 2.4,2.8 L
band % 1.6 257G
Single - 20 x 20
2] band No % 16 10.15 380M 4.46
TMo,,
Multi- ™y, | 0 6.5
3] band T™,, 249 9% 8.8
, TMg,
7.31,8.81,
. 10.6,
4 Multi- N 47 x 38 2.51,2.55, 70, 410 5 56
4] band ° x 3.18 6.7,7.9 M 2
6.22
Single - 30 x 30 3.35-3.77 11%
7] band es X 3.2 34-373 10% 4.8
Single - 62 X 43 108M 3.01
18] band es x 1.6 24 105M 211
110, 3, 2.8,
Proposed | Multi- Yes 50 x 50 3.35,5.14.7, 430, 1.3,
antenna band x 50 4.8,4.6 600, 0.5,
500M 1.7

4. Conclusion

In this paper, the proposed Reconfigurable antenna has been designed for 5G
applications The antenna shows matching S11 less than -10. The antenna gain is
found 3,2.8 dBion3.35and 5.1 GHzon casel. In case2 gain is measured 1.3 dBion
4.7GHz, case3 realized 0.5 dBion 4.8GHzand in last case, gainis 1.7 dBion 5.6GHz.
The simulation results are done by using CST microwave studio software.
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Abstract

The whole world is witnessing major climate changes and significant fluctuations in
the spatial and temporal distribution of climate elements and the abundance of water
resources. Iraq is one of the countries most affected by climate change, in addition to
being severely affected by the exploitation of the water resources of transboundary
rivers by upstream countries and the plans and programs prepared by these countries
(a large part of which has been implemented) to exploit and invest in river water. We
exemplified, the water resources system in Iraq is considered a very complex system
due to Natural variables are represented by: Hydrological variables and extreme
hydrological events including floods and droughts, variable topography and diverse
land cover, multiple river tributaries and tributary locations on major rivers and
reservoir locations on these rivers, the nature of consumption and pollution sources
that vary greatly in time and space. Also, human variables are represented by:
Multiple entities and locations of control and control over water resources entering
Iraq, Lack of sufficient time series that are consistent with the decision-making
requirements in managing the water resources system in Iraq. We suggesting in this
paper an idea to mange the water resources to realize a solution for the water issue in
Iraq.

VII. Introduction

Water resources management is a critical focus area as the global population grows
and climate change intensifies pressures on water supplies. Effective management of
water resources is essential for sustainable development, ensuring water availability
for agricultural, industrial, and domestic use while maintaining ecosystem health [1].
The natural flow regime of water systems is central to maintaining biodiversity and
ecosystem services, which underscores the need for advanced management strategies
[2].

Recent advancements in sensor technology, coupled with Artificial Intelligence (Al)
and the Internet of Things (IoT), have significantly transformed water resources
management [3]. These technologies facilitate real-time monitoring of water quality
and quantity in various environments, including rivers, lakes, reservoirs, and
groundwater systems [4]. The integration of Al in water management systems allows
for the analysis of vast amounts of data generated by these sensors, enhancing
decision-making processes [5]. This integration also enables the early detection of
issues such as pollution, water scarcity, and floods, which is crucial for timely
interventions [6].
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Al-powered systems contribute to predictive analytics, optimizing water usage, and
ensuring efficient distribution [7]. For instance, machine learning models are
increasingly used to forecast water demand, detect anomalies, and manage irrigation
systems in agriculture [8]. The deployment of smart water networks, which can
significantly reduce water loss through leakage detection and repair optimization, is
another critical area where Al is making a significant impact [9].

The development and deployment of multisensor arrays for environmental
monitoring have a long history, but recent advances have greatly enhanced their
capabilities [10]. Modern sensors, often Al-driven, can monitor water quality in real-
time, offering significant improvements over older methods [11]. Additionally, the
integration of remote sensing technologies and Al presents new opportunities and
challenges for sustainable water resources management [12].

The need for more accurate, efficient, and sustainable water management practices
drives the adoption of these advanced technologies [13]. Al with its ability to learn,
adapt, and optimize, plays a central role in the development of intelligent water
management systems [14]. As water scarcity becomes an increasingly pressing global
issue, the role of Al and advanced technologies in water resource management is

expected to grow, contributing to more resilient and sustainable water systems [15].
VIIl. Methodology

Al-barrage systems operate using smart sensor networks technology [16]. It works
based on several sensors that are linked together with very complex Al-algorithms
[17]. These algorithms archive data to create the right decision [18]. The proposed
scenario is based Al-models that are featured by: Data integration, real-time data
processing, continues optimization, apply control strategies, adaptive decision-
maker, interpretability, feedback mechanisms, and regulatory compliance [19]. This
technology can be applied in Iraq, see Fig. 1, based on the following:

v' Establishment of three main stations on the Euphrates and Tigris rivers and
associated lakes.

v' These stations collect data through a number of smart sensors that can be
deployed in riverbeds and lakes.

v' Thesestationsarchiveand document datato be ready for later processing and
automatically issue commands from the processing unit.

v' Thetotalarchiving ofthe collected data will be in Rais Al-Bisha region, south
of Al-Basra, to be distributed later.
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Fig. 1; Data archiving system and data collection.

After reaching the data to the archiving system in Rais Al-Bisha region, see Fig. 2,
the water flow can be ordered to the rivers and lakes with a schedule according to the
necessary need for each rejoin according to the urban plane including the population
and agricultural irrigation needs. The percentage of water availability in the rivers
and lakes has to be fixed at a certain level from upstream to the lower stream. The
accuracy of the data is ensured by randomly instructing the sensors of each secondary
station to monitor all data in real-time. All data is processed within the archiving
system (OMC) in Qurna to be directed by the Al-system for decision-making. This
process is based on absolute coordination, using high-quality databases to exchange
information and communications systems that rely on strong protocols that are
difficult to attacked.
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Fig. 2; Monitoring station in Iraq.

After verifying the accuracy of the received data, the decision is issued using Al-
algorithms as shown in Fig. 3. The use of highly accurate algorithms requires
abundant data to ensure the strength of the algorithm and the correctness of its
decisions [20]. After issuing the decision, the validity of that decision is tested by
taking random samples and conducting tests on them, whether at main or sub-
stations. If the decision from Al-system in Rais Al-Bisha is unified with the decisions
issued by the main and sub-stations, implementation will take place.
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IX.  Sensor Antenna Design

The proposed sensoris based on a 3D antenna design as presented in Fig. 4. The 26G
high-frequency radar liquid (material) level gauge can be used for measuring
conditions in liquid storage tanks, reactors, or solid material silos. Application
industries include reservoirs, chemical industry, power plants, coal powder,
pharmaceutical tanks, cement, waste acid towers, printing and dyeing. It covers a
span from 0 to 30 meters. The outputis 40mA/HART (2 wires/4 wires), with and
accuracy of £5 mm. The power supply is 24Vpc or 85-265VA. The medium
temperature span:-40-150°C with process connection:G1-1/2" Thread or Flanges and
Explosion proof grade: Exib Il CT6 Gb. These specifications are applicale to
temperature resistant, pressure resistant slightly corrosive liquids.
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Fig. 4; The proposed sensor based on 3D antenna geometry: (a) Front view and (b) 3D view.

X. Results and Discussion

To monitor the output in a dynamic process in the real time, a dashboard is
constructed as shown in Fig. 5. The proposed system is found to show dynamically a
valid detection to the data variation of water resources in Iraq in terms of level,
quality and need. Therefore, these quantities can be recognized in the real time and

making an Al-decision with an optimized process.
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Fig. 5; Output dashboard with optimized quantities.
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XI1. Conclusion

The integration of advanced technologies and Artificial Intelligence (Al) into water
resources management represents a significant step forward in addressing the
challenges posed by population growth, climate change, and increasing demand for
water. The development and deployment of sophisticated water sensors, combined
with Al-driven data analysis, offer unprecedented capabilities in monitoring,
predicting, and optimizing water use. These technologies enable real-time assessment
of water quality and quantity, early detection of potential issues, and more efficient
resource distribution. Al's ability to analyze large datasets, predict trends, and
automate decision-making processes not only enhances the efficiency of water
management systems butalso contributes to the sustainability and resilience of water
resources. As the global water crisis deepens, the role of Al and IoT in developing
smart water management solutions will become increasingly critical. Future
advancements in this field will likely focus on further improving sensor accuracy,
expanding Al capabilities, and integrating these systems into broader environmental
management frameworks. In conclusion, the combination of water sensors, Al, and
[oT technologies presents a powerful toolset for transforming water resources
management. By continuing to innovate and refine these technologies, we can better
safeguard our water resources for future generations, ensuring that they remain
sustainable and accessible in the face of evolving global challenges.
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