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Abstract
This study to investigate the possibility of utilizing sand

of Shatt Al Hensher in the concrete industry, where the study
of the sands of the Sedi Al Sayha and Zlitan used in the work
of concrete locally for comparison with the sand targeted in
the study. The research included several tests conducted on
the three sand (Shatt Al Hensher and Zliten and Sedi Al
Sayha), its sieve analysis, Sand pollution analysis, chemical
and metallurgical analysis, fresh concrete landing test, The
results of the pressure resistance test for hardened concrete
after 28 days using Zliten sand was 79.10 MPa, the Sedi Al
Sayha was 67.39 MPa, Shatt Al Hensher was 79.33 MPa
rigid pressure resistance test and other relevant tests to
explore a new source of sand in Libya. The results were
satisfactory as the sand of Shatt Al Hensher were used for use
in normal concrete at a good level.

Keywords : Concrete, Sand, Sedi Al Sayha, Shatt Al
Hensher, Zliten.
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Abstract :

The purpose of this study is to determine the properties of
Nickel-Zeolites as a catalyst for the process of Methanol-
Toluene. This study describes the preparation of Mono-
Biodegradable Zeolite as a catalyst starting from Sodium
Zeolite and Ammonium Zeolite. The paper is focused
specifically on analyzed of Nickel-Zeolites. Different
methods have been used to diagnose catalysts such as
Infrared, X-ray and Atomic Absorption. The acidity of the
catalytic catalyst was found in infrared spectra, and the metal
phase and the resulting mineral mix were studied using X-
rays. Using the infrared spectrometer, soluble toluene was
studied on the surface of the catalyst to reduce the interaction.
The theoretical computation of the thermodynamic properties
(PM3) was calculated by calculating the thermodynamic
properties. By calculating the temperature of the formation
AH° (KJ / mol), it was found that the Isomer Ortho-Xylene is
unstable and the Meta-Xylene and Para-Xylene were stable
and almost the same. Calculation of Free Gebbes Energy AG°
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(KJ / mol) The smallest value of this energy is the Isomer
Para-Xylene which is the most stable.
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Abstract:

The issueof change in the guideline models has received great
attention from the political science theorists in general and
the field of international relations in particular, because of its
importance in the development of thought schools in this
field.The significance of paradigm shift was clearly
demonstrated by “Thomas Kun” in his book “The Structure
of Scientific Revolutions”, which it focuses on the basic
premise that existing scientific theories at a historical stage
are no longer capable to understand and analyse new
phenomena, so that the guiding model becomes (which these
theories are based) an epistemological obstacle to scientific
development. In turn, this leads tothe emergence of a new

scientific theory to intersect with this interpretive model and
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its theories and build a completely different way to
understand  scientific  phenomena and  problems.
Consequently, this study seeks primarily to focus on the
change, which took place on the models of both idealists and

realists in the traditional era and its beyond.
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Internal Audit’s performance from Senior Management’
perspective:
The Case of Libyan Oil Companies

Dr. Osama Algeru * Dr. Kamal Eljayash 2
! Accounting Department, Faculty of Management &Human resource,
Sabratha University. 2 Accounting, Department, Faculty of
Economics, Zawia. University.

ABSTRACT

Research problem and aim: The participants’ position in
the organizational structure of the company has a vital effect
in corporate policy decisions in general and senior
management success in particular. It has been commonly
suggested that companies operate in developing countries
give more attention to internal audit’s position, due to its
importance role, among other participants in improving
corporate policy decisions. A major issue, however, is that to
what extent internal audit’s performance in line with senior
management’s expectations. Therefore, we seek to contribute
to the extent audit and management literature by distinctively
examining how senior managements evaluate internal audit
performance in Libyan Oil Company.

Design/Methodology/Approach: A questionnaire was
distributed to the senior managements in considerable
number of Libyan oil companies, as well as, telephone
interviews were adopted.
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Result: This study finds, on average, internal auditing
practices significantly influence the quality of the internal
control systems.

Originality and Significance: To the best of our knowledge,
our study fills the gap in the literature regarding an evaluation
mechanism of the work performance of the internal audit
function from the perspective of senior management with
particular focus on Libyan oil companies.

Key words: internal audit, performance, senior
management, Libya

1. Introduction

Nowadays, the business environment in which companies
operate has become rapidly changing and competition
between companies has increased. Moreover, the size of
economic institutions has increased; and the proliferation of
international companies and the multiplicity of their branches
in many countries makeplanning more difficult. Therefore,
the success of companies in this environment is dependent on
departments working in a manner that ensures adaptation and
continuity with the business environment in order to achieve
the organizational goals of the company. However, financial
and administrative errors have occurredin many companies
and manipulation has increased in many operations. For
example, financial scandals have embroiledmany major
accounting firms such as Enron, WorldCom, Ahold and
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Parmalat in early 2000, as well as fraud cases involving major
companies such as ABB in South Korea of $100 million;
Konecranes in one of its subsidiaries of €17 million in 2015;
alleged bribery cases of Caverion in Germany; and of
Shindler in China and the internal audit scandal of Toshiba
(Lakis & Giriunas 2012) Re-vill, 2017; Business Insurance,
2015; Caverion.com, 2016; France-Presse, 2015;
Bhattacharyya, 2015), whichhave been contributed to the
change in fiscal policy, regulations and financial legislation
of many countries. As a result, it became necessary to give
great importance to the internal audit and place it within the
regulatory structure of companies in order to detect financial
errors and prevent manipulation of financial and
administrative operations. Internal audit is an important part
of the organizational structure of the company and works to
monitor the reports issued by senior management and audit
committees for the integrity and credibility of the reports (Al-
Matari et al. 2014).

However, the internal audit function has evolved rapidly, as
the traditional concept of error, manipulation and fraud has
shifted to the modern concept of expanding the scope of the
internal auditor to predict these errors, as well as evaluating
and improving the effectiveness of internal controls and
arbitrations, and contributing to management risk assessment
by providing objective assurance services and advisory
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services. The internal audit works to determine the reliability
and soundness of the financial and operational information of
the various organizational units within the economic
organization, on the basis of which decisions are taken
atdifferent administrative levels(Ljubisavljevi¢ & Jovanovié
2011; Al-Matari et al. 2014). Al-Matari et al. (2014 p.
34)statethat “The internal audit is considered as the backbone
of the business accounting as it is the section that records all
businesses related to the sector”. Moreover, Eighmeand
Cashell (2002) reported that internal audit has played a
significant role in increasing the reliability of the internal
control system where the financial and corporate strategy in
many organizations is underpinned by effective internal
systems. Internal audit provides an independent view about
organisational decisions toits various stakeholders including
theboard of directors, audit committee, CEO, and senior
management andisone of the key pillars for good governance
in organizations(Cox 2016).

The internal control system is one of the most important
actions taken by the institution in the face of risks and in
reducing such risks. The development of an efficient and
effective internal control system implemented by individuals
and management protects the organisation from risks and
reduces the presence of errors; and adopts manipulation and
proceduresto avoid them. The presence of an effective
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internal audit function significantly enhances the
organization's internal control systems and helps to track
gaps, inefficiencies and reduce risk.After financial collapses
and scandals involving many financial organizations, internal
auditing has currently become a necessity for scientific
bodies (European Commission 2010;(Asthana et al. 2010; Jin
et al. 2011; Lakis & Giriunas 2012).

There is no doubt about the strategic importance of oil and its
role in the economic development of producing countries
such as Saudi Arabia, Libya, the UAE and others. Therefore,
the producing countries must work in a profitable and
lucrative manner to meet the needs of the country and achieve
their country's strategic goals. The oil industry is a complex
industry with huge investment and requires experts in various
departments to achieve its strategic objectives and provide
economic benefit to the producing countries. In Libya, the
National Oil Corporation is working with its subsidiaries to
invest in oil production in order to achieve the economic
development of Libya by attracting managerial expertise for
senior positions in the departments.

However, public institutions in many developing countries,
including Libya, suffer from poor development compared
with those in developed countries, contributing to an increase
in the manipulation and financial and administrative
corruption within these institutions. In Libya, for example,
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there are many abandoned projects, poor facilities and other
useless projects that may be the result of erroneous strategic
decisions, or administrative and financial corruption.
Therefore, the main objective of thisstudy is to examine the
role of internal audit in enhancing accountability in oil and
gas companies operating in the Libyan oil sector through the
senior management's view towards the work performance of
internal audit. Most of the previous studies addressed the
work performance of auditing in industrial companies by
evaluating the work of the reviewers by the researchers. This
study sheds light on the work of the review by the owners of
strategic decisions in the senior management of the most
important economic sectors in Libya.

2. Research guestion

Much prior research has examined the accounting and
external auditing needed in order to understand the profession
(Moren, 2006). Sarens and Abdolmohammadi (2009) argued
that 1A is a profession that is less regulated compared with
the accounting and external auditing professions investigated
in prior research. Similarly, Sarens (2009) promotes
conducting further research on the quality of effectiveness of
IAF. This combination of lack of prior research and the
absence of direct regulation lends importance to the present
research. There are links between the rise of the IAF, issues
of corporate governance and the contributing problem of
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corporate failure. The recent failures within the different
economic sectors support this view: if IAF is effective, how
can failure continue to occur?

There are few previous and published studies related to the
perceptions of the IAF by top management and internal
auditors. Within the literature, there has been little research
conducted on the perceptions of internal auditors, Board of
Directors and senior management (SM), or of the I1AF as a
corporate governance mechanism. This lack of research is
particularly marked in developing economies. In this regard,
this study examines the perceptions and evaluations of Board
of Directors, SM (CEO and CFO) and heads of IAD, about
the nature and practice of IAF in terms of its work
performance.

Moreover, the study investigates whether or not there are
significant differences associated with the participants’
perceptions and evaluations in relation to the work
performance of IAF in terms of the participants’ position in
the organizational structure of the company. Therefore, the
following questions are formulated:

1.How do top managers perceive the nature work
performance of the IAF in Libyan oil and gas
companies?
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2.How do internal auditors perceive the nature work
performance of the IAF in Libyan oil and gas
companies?

3. Internal Audit in Libya

Libya is a country with a recent economic history and
background largely predicated on the discovery of oil in the
1950s and its elevation to being one of the world’s oil
suppliers. The nature of economic development in Libya is
almost entirely dependent on the oil sector, which represents
about 75% of the revenues of the state. Libya's oil sector is
therefore the vital nerve of the country. Regardless of the oil
sector in Libya, which places Libya among the rich countries,
it is still among the economically emerging countries.
Therefore, many of the professions such as auditing and
accounting are still in the stages of growth and
development—as with many countries in North Africa. Every
profession in the world has a set of characteristics that
distinguish it, so that it can be judged as a profession. Liody
(1956, cited in Mousa, 2005) noted that the three
characteristics of a profession are:

(1) Specialized intellectual training at higher education level
equal to, at least, a university degree,

(2) Standards for efficiency and success based on ideas and
ethics, rather than financial incentives;
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(3) Associations and professional bodies devoted to
maintaining and improving the quality of career services.

However, the internal audit profession in Libya does not meet
any of the above-mentioned characteristics of well-
established professions. Internal auditors do not have their
own IA organization. Also, they have no defined or formal
code of professional ethics and standards for professional
qualifications for admission. Moreover, there are no
professional examination requirements and there are no
professional training programmes for internal auditors.
Instead, they base their practices mainly on their accounting
training (Daruish, 1990; Almagory, 1998; Mousa, 2005).
This lack of professional standards has implications for the
Libyan economy as a whole.For example, the efficiency of
capital markets depends on the availability of reliable
information about the condition of the firms whose stock is
publicly traded. Furthermore, the efficiency of the
management of firms also depends on the availability of
reliable information related to the internal control condition,
corporate operation, and corporate governance; here, the
profession of internal audit (1A thereafter) should play a key
role in achieving that. The next section will introduce those
few studies that have focused on efforts to create an effective
internal audit function(IAF thereafter).
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4. Work Performance of the Internal Audit Function
(1AF)

In this section, issues linked to the work performance carried
out by 1A staff will be covered. According to the Professional
Guidance of SPPIA (2004), there are generally six main sub-
standards pertaining to the Performance Standard, including
supervision of 1A activity, work type, engagement
development, carrying out the engagement, communicating
outcomes and checking progress. In this section, work
performance of internal auditors as a whole will be discussed,
along with the internal audit charter, since it sets out the IAF's
aims and scope. A survey was carried out byBelay (2007) on
a number of public businesses in Ethiopia to identify and
estimate what the existing practices and desired practices of
the role of IAFs are, and to ascertain the gaps associated with
the checking and promotion of an effective public sector
governance system. The survey findings showed that the
present IAF in the public field has less satisfying participation
in evaluating the efficiency of governance structure because
of the absence of resources, inadequate leadership for IAF,
lack of suitable framework to assess the performance of 1AF,
and absence of skilled and experienced workforce. In terms
of the issue of internal auditors’ work performance,
Chambers (1992) stated that the audit scope should be tailor-
made in keeping with the IA unit’s resources. Thus, whenever
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a unit’s audit range is too wide, this may endanger its
independence. Another point made by Chambers is that
constraints upon the 1A scope can also jeopardise audit
objectivity. Brierley, Nafabi & Gwilliam (2001) studied the
problems that could have an effect on establishing IAF in the
Sudanese public sector. They found that shortage of staff
numbers in the IAD was the main reason behind poor audit
coverage in public sector organizations. This could be as a
result of alack of awareness by management of the
importance of 1AF.

The contribution of the internal auditors in control and
governance is explained in the Nature of Work Standard 2100
(1A, 2004), which points out that the IA practice should
assess and make a contribution toward enhancing risk
management, control, and governance procedures by
employing a systematic and disciplined strategy.. Pertinent to
work performance is the planning by internal auditors of their
audits, examination and evaluation of information, as well as
communication and monitoring of results. Internal auditors
are required by the Engagement Planning Standard 2200 (I1A
2004) to promote and make a plan for all engagements, which
include the scope, aims, timing and allocation of resources.
As suggested by the standard, it is important that internal
auditors are able to promote working programmes to attain
these aims (Standard 2240). Likewise, internal auditors are
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required by the same standard to establish processes for
recognising, examining, assessing, and recording data during
the audit engagement. Before being implemented, the work
programme  should be agreed. According to
Abdolmohammadi (2010), in terms of the work performance
of the IA practice, the most important advantages of the 1A
practice are related to the performance characteristics. There
were 43 attributes for CAEs, with 18 being acknowledged as
the most significant performance characteristics, including
confidentiality and interpersonal skills for internal auditors.
These 18 key characteristics were matched to
professionalism, in a process showing substantial changes.
More interestingly, the 18 characteristics were categorised
into two dynamics of leadership and technical capabilities.
Projected as it was from the external auditing literature,
leadership has grown in significance in professional circles,
while technical abilities have declined in worth within
professional ranks.

Practically, effective audit working papers can support work
programmes. According to Ratliff, Wallace, Leobbecke and
McFaem (1988, p. 195), there are a number of functions
performed by auditing papers which are crucial to effective
audits:
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- The accumulated evidence contributing to the preparation
of the audit are documented and organised by the report
working papers;

- They offer a reference during the process of the audit that
helps in organising data and contributes to formulating a
set of evidence;

- They can be utilised as a reference for monitoring audits;

- They can be utilised to assess the whole work of the audit
teams and individual internal auditors.

By stressing the significance of working papers, Haron,
Cambers, Rasmi and Ismail (2004) clarified that due
professional care is related to whether A is appropriately
organised, managed, deliberated and standardised. In their
opinion, there should be acceptable audit guides, work
schedules and working papers. As stated by Principle 11 of
the Basel Committee Recommendations (2000), “Internal
audit includes drawing up an audit plan, examining and
assessing the available information, communicating the
results, and following up recommendation and issues”. In
principle, various types of audits are highlighted, including
those related to finance, compliance, operations, and
management. On the other hand, with regards to audit tasks,
it was proposed that for every audit assignment an audit
programme should be organised. It is important that the
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objectives, as well as the outline of the audit work deemed
necessary to attain them, are defined by the audit programme,
while all audit processes and activities should be filed in
working papers to show the work carried out. Also important
IS the fact that the working papers are instructive in terms of
appropriate information and to monitor the way in which it
was achieved (Basel, 2000, Para. 42, 43).

The director of the IAD is required by the performance
standard to successfully supervise the IA activity to ascertain
that it gives more value to the company. In addition, the
adequacy and efficiency of an organization’s system of
control and the excellence of performance of allocated
responsibilities should be examined and evaluated by the
internal auditor. According to Mousa (2005), the audit work
not only involves the issuance of the audit report, but far
exceeds that. One duty of the director of the IAD is to perform
follow-up tasks. Thus, they have to ensure that suitable
measures are taken to work on IA recommendations, or
ensure that management has full awareness of the risk if
action is not taken. As such, the report should assign the time
and decide actions for the follow-up in order for the auditors
to identify what is expected of them and when it is possible.
One point worth mentioning here relates to the director of the
IAD—who has no right to enforce others to follow his/her
proposals. Nonetheless, she/he should confer and consult

188



October 2019 s sis) SJST

with  concerned parties about those suggestions
(recommendations) and the remedial procedures (corrective
actions) required.

The Internal Auditor Competence Framework has recently
been published by the 1A (2009, cited in Abdolmohammadi,
2010) to offer in-depth performance attributes. Additional
information was also requested to further enhance the
Framework’s Standards. There are four categories in which
the Framework attributes are classified; namely,
interpersonal skills, tools and techniques, areas of
knowledge, and IA standards. These broad categories are
further classified into subcategories, and then into very
exhaustive characteristics. In Figure 1, these framework
attributes will be further explained.

Inter-Persnnal Skillg | Tanls and Techniniies |

Framework Attributes

Areas of Knowledae Internal Auditing |

Figure 1: Performance Attributes
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5. The Relationship between Top Management and 1A

The board of directors, the audit committee, executive
managers, internal auditors and external auditors are the
cornerstones of effective corporate governance in
organizations  (Bishop, 2002). Effective corporate
governance should be based upon a strong relationship
between the board of directors, audit committee and the 1AF.
During the emerging phase of the 1A profession, the scope of
IA and the reporting lines were quite straightforward (Rupsys
& Staciokas, 2005). Sawyer (2003) described IA as the “eyes
and ears of management”. In this sense, Pass (2004)
expressed the view that the boards of directors are responsible
for the governance of organizations and have an important
monitoring role to play. Generally, the board of directors
consists of two types of directors: executive and non-
executive. The responsibilities of the executive directors
include: setting the organizations’ strategic objectives;
providing the leadership with the necessary information;
supervising the management and reporting to the
shareholders on their stewardship. The main responsibility of
non-executive directors is to monitor the executive decisions
and ensure that the organization is acting in a reasonable way
to assist management in achieving its functions. The board of
directors represents all shareholders in monitoring
management activities. However, non-executive members of
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the board of directors are not in a position to closely monitor
the management operations. As a result, they will not be able
to control management properly. Thus, many companies in
developed countries have established an audit committee to
help the board of directors to supervise management. This
study will assess the extent to which such supervision is
carried out by the IAF in Libya, and perceptions of the
competence of IA staff to provide reliable information on
such matters to boards of directors.

The main responsibility of audit committees is monitoring the
financial reporting procedures, the internal control system
and receiving reports for 1A and external audit (Cook 1993).
The board of directors is generally appointed by the
shareholders of organizations. Beasley and Salterio (2001)
state that this delegation of authority arises because of
shareholders do not have sufficient incentive to devote
resources to ensure that management works in their best
interests. This is consistent with the views of Fama and
Jensen (1983) in their famous research article “Separation of
ownership and control”, which described the board of
directors as the highest internal control mechanism that
monitors management. The revised Turnbull Guidance
Report (2005) stressed that the responsibility for reviewing
the effectiveness of internal controls lies with the board of
directors. The Report recognised that the board delegates this
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task to its audit committee. Blue Ribbon Committee (1999)
stressed the importance of audit committees as a monitoring
mechanism. Regarding this issue, the Committee suggested
that the board of directors should delegate their
responsibilities to supervise management’s financial
reporting to an audit committee. Additionally, it suggested
that audit committees increase the credibility of financial
reporting by monitoring the internal and external audit
function. In line with the Blue Ribbon Committee, the
Securities and Exchange Commission (SEC) stated that
“audit committees play a critical role in financial reporting
system by overseeing and monitoring management’s and the
external auditors’ participation in the financial reporting
process. Audit committees can, and should, be the corporate
participant best able to perform that oversight function”
(SEC, 1999, p. 1). Audit committees as a part of the board of
directors have an important role to play in improving the
quality of financial reporting.

Regarding the relationship between IA, board of directors
and audit committees, the revised definition of 1A expanded
the scope of the profession to include evaluating and
improving the organization’s governance process(Ghosh,
Marra et al. 2010). Accordingly, management and audit
committees are seeking assistance from internal auditors on
corporate governance issues (Steinberg &Pojunis, 2000;
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Ghosh, Marra et al. 2010, Zaman, Hudaib et al. 2011).
However, Rupsys and Staciokas (2005) pointed out the
presence of a variety of customers helps in increasing the 1A
services. This has happened because different customers will
gainbenefits from different 1A services. They add, referring
to such circumstances, that there may be potential threats and
conflicts related with reporting lines of the 1A. For example,
SM may be interested in activities which may directly affect
the bottom line in the profit and loss account, i.e. potentially
their bonuses. On the other hand, operational management
may be interested only in recommendations on improving the
efficiency or effectiveness of operations. The audit
committee may be more concerned with managing their own
risk, and request a greater focus on risk management and
control activities. It is therefore possible that 1A may be
pulled in several different directions at once, and this would
be reflected in differing perceptions of the purpose of 1A
among groups with an interest in their reporting within an
organization. IA standards have contributed to the literature
regarding the relationship between IA and the board of
directors. Standard 2130 issued by the 11A explained that the
[IA activity should contribute to the organization’s
governance process by evaluating and improving the process
(1A, 2003). Thus, operational management traditionally is
experiencing demand for consultation services from internal
auditors. The audit committee is interested in assurance
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services. Senior management is experiencing the need for
both consultations and assurance regarding risks and
controls. In addition, as depicted inFigure 2, the I1A explains
the inter-relation between customers of IA services:

Figure 0: Internal relation between customers of internal
audit service

Senior
Management

Operational Internal Audit
Management Audit Committees

]

Consultative Assurance

(Source: The 1A Research Foundation, 2003)
The Statement of Internal Auditing Standards (SIAS) No.7
encouraged the relationship between audit committees and
internal auditors, and provides guidelines to internal auditors
on communication with audit committees. The director of 1A
should have direct communication with the board via the
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audit committees. It is suggested by SIAS No.7 that regular
communications with the board will assist in ensuring
independence and provide a channel of communication to
keep each other informed on matters of mutual interest.

Moreover, the Treadway Commission (1987) considered the
board of directors and the audit committee as the cornerstone
of the firm’s control mechanism. The commission noted that
the IAF and the audit committee, together with internal
accounting controls, played an important role in the internal
controls that can help in preventing and detecting fraudulent
financial reporting. Consistent with the recommendations of
the Treadway Commission, the IlIA issued its document
“Improving audit committee performance: what works best”.
In this document, the 11A declared that the objectives of the
audit committees and internal auditors are close. Therefore,
the ability of the audit committee and IA to work together
may help the audit committee to conduct its responsibilities
towards the board of directors and the other parties. The
recommendations of the two bodies suggested that there is a
strong relationship between audit committees and IAF (cited
in Menon and Williams, 1994). In order to summarise, in the
area of internal controls, the board of directors is responsible
for the company’s system of internal control. The board sets
polices on internal controls and seeks regular assurance to
satisfy itself that the system is functioning effectively. The
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role of management is to implement board polices on risk and
control. In order to fulfil these responsibilities, management
should identify and evaluate the risks, and operate and
monitor a suitable system of internal controls which
implements the policies adopted by the board.

6. Research methodology

In this study, a questionnaire has been utilized to obtain data.
In all, 120 questionnaires were distributed to participants in
30 companies worked in Libyan oil sector. The respondents
are members of board of director, senior managers (CEO &
CFO) and internal auditors. Regarding the questionnaire
response rate, the overall response rate was 74% (see table 1).
Remenyi and Williams (1998) suggested that a response rate
above 60% is considered to be exemplary. The response rate
for companies’ board directors was 40%. This is considered
to be low when compared to that for internal auditors, CFOs
and CEOs at 96%, 76%, and 73% respectively. Based on that,
the researcher used personally administered questionnaires
with the survey population.
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Table 1: Response Rate for the questionnaire survey

Distributed | Unusable Usable Respon
Group | Questionnair|Questionnai| Questionnai se Rate
es res res
1-Board of * 9
directors %0 & - >
2- Senior
managers 30 (4)* 22 3%
C€Co p | ] |
3-Senior |
managers
(CFO)
Top | ]
management| o ., (9)* 60** | 66%**
together
(1+2+3)
4-|nt_erna| 30 - 29 96%
auditors
Total 120 (9)* 89 4%

*This means the number out of response rate.
* The collection of the above boxes. (Means 1, 2 and 3)

Considerable effort was given to avoid the problems of non-

response,

and

to ensure

the completeness of the

questionnaire. The questionnaire was designed with a
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majority of close-ended questions that enabled the
respondents to complete it easily. According to the results of
the pilot study, the questionnaire wording was simple, of
reasonable length, and brought no complaints regarding the
clarity and layout of the questionnaire. All the questionnaires
were personally administered; where 30 questionnaires were
administered to CFOs, 30 to CEOs, 30 to board directors, and
30 to internal auditors. However, as can be seen from table 1,
the response rate of internal auditors is high when compared
with CFOs and CEOs. These results refer to the fact that most
internal auditors realized the importance of this research
more than others, because internal auditors are the core of the
IA profession.

The questions included in this questionnaire are based on
previous literature, an approach recommended in the
methodological literature for studies of this nature (Bryman
& Bell 2015). This study sought to link most of the ideas in
the presentation of the questions in the previous studies in
order to provide questions that meet the objectives of the
study. The final version of the questionnaire was divided into
two sections. The first section gathered demographic data,
while the second was designed to test the main factor in the
study "work performance™.. The main purpose of the survey
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1.Collect the opinions of internal auditors, boards of
directors and senior management (CEO and CFO) in
Libyan oil and gas companies, regarding this factor.

2.Determine whether there are or not a significant
difference between opinions in regard to this factor.

The first section in the questionnaire serves to characterize
the respondent and gather demographic data. The data
collected includes classification of the respondents’
professional level, i.e. director, senior management (CEO or
CFO), or A, their experience in the areas of |A, management,
or both, and their qualifications. The section also gathers
other information related to the IAF in the companies; for
example, whether they have an audit committee, to whom the
IA report is directed, the number of internal auditors in the
company, and IAF carried out by members of staff inside or
outside the company.

The second part of the questionnaire attempted to test the
participants’ perceptions regarding the work performance of
the IAF by seeking the views of the board of directors, senior
management and internal auditors. The contemporary 1A
considers that the scope of its work takes in all aspects of
procedures in relation to all transactions within organizations
that are of a technical, accounting, financial or administrative
nature.
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7. Analysis and discussion of results

7.1 DISCRIPTIVE ANALYSIS OF QUESTIONNAIRE
DATA

Table 2 reflects the results of means test for work
performance scale; the overall mean score (over 3.40)
revealed that the respondents were satisfied with the work
performance of IADs in Libyan oil and gas companies, with
the exception of statement 2.

For the statement No.3 (table 2), 46% of the respondents
agreed that there were clear 1A schedules for auditing
companies’ branches and departments, as opposed to 27%
who disagreed, and 27% neutral (sample mean=3.20, table 2).
For statement No 5 (table 2), 83% of the respondents
indicated that they were satisfied with the role of company
internal auditors inexaminingthe reliability and integrity of
information. These results were supported by a high sample
mean score for the statement (3.85). The statement, No.9
(table 2) showed that 76% of the respondents supported the
statement that follow-up of corrective actions on the findings
of IADs was satisfactory; the sample mean score for this
statement was (3.73). Regarding IAD directors reviewing the
quality of working papers, 67% of the respondents agreed
that the director of the department usually checked the
working papers on a regular basis to ensure quality. However,
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this statement revealed a satisfactory attitude towards work
performance of IADs, with a sample mean score (3.59).

Statement 2 (table 2) examined whether or not the numbers
of internal audit in Libyan oil and gas companies was
sufficient for the number of branches covered by their
departments. Results revealed that 65% of the surveyed
respondents agreed that the number of internal auditors was
not sufficient when compared to the number of departments
and branches, (sample mean 3.46). This result was confirmed
in the first part of the questionnaire (table 6-7) in that 50% of
the internal auditors working in small size IADs did not
exceed more than 4 internal auditors. However, 74% of
surveyed respondents agreed (sample mean= 3.89) that oil
and gas companies in Libya maintain a well-defined system
of responsibilities within the 1ADs.

With regard to internal auditors’ performance reviewing and
evaluating operations, and the adequacy of their risk
management and operational controls, the majority of
respondents—ranging from 65% to 82% —agreed with
statements 6, 8 and 12, with sample mean scores of 3.46,
3.62, and 3.86 respectively. For statement 11, 37% of
respondents agreed as opposed to 35% who disagreed and
28% who remained neutral.
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Table 2: Distribution of the evaluations given by the
different statements regarding the work performance of
IAF

Disagree || Agree [ Neutral . Std.
No Statements Min | Max | Meanb
N % N % N % Dev

The director of
internal audit
department is

supervising

1- his/her staff 3 3 ||75: 74|11 : 12| 1.00 | 5.00 | 3.89 .640

through a

system of

defined
responsibilities.

The number of
internal auditors
in the company
is not sufficient
p. | whenitis o oy ls6 65|12 13] 100 500 | 346 | 1.000
compared with
the number of
departments or
branches they
audit.

There are audit

3- schedules to
audits the
company’s

departments or
branches.

24 1 27 |41 1 46| 24 1 27 | 1.00 | 5.00 | 3.20 | 1.002

The internal
audit department
4- develops 17 1 19 || 50 : 57 || 22 : 24 || 1.00 | 5.00 | 3.43 .916
appropriate audit

plans for
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established audit
objectives.

The company
internal auditors
examine the
reliability and
integrity of
information.

74

83

10

1.00

5.00

3.85

762

The internal
auditors review
the adequacy of

risk
management on
a regular basis.

22

23

56

65

11

12

1.00

5.00

3.46

1.023

The speed of
corrective action
on the findings
of the company
internal auditing
is satisfactory.

24

27

53

59

22

24

1.00

5.00

3.49

.906

The internal
auditors review
operations to
ascertain
whether results
are consistent
with established
objectives.

24

27

62

69

13

14

1.00

5.00

3.61

923

There are
follow-up to
corrective
actions on the
findings of the
internal auditors.

67

76

15

16

1.00

5.00

3.73

779

10-

The director of
the internal audit
department
regularly checks

10

11

58

67

21

22

1.00

5.00

3.59

.849

203




October 2019 s SJST

the quality of
working papers.

There isa
regular
evaluation of

11- risk 31 35 |33 : 37|25 28] 1.00 | 5.00 3.01 .982
management
procedures
The internal
auditing staff

1p. | underswndsthe o H o0 gl 13 14| 200 | 5.00 | 386 | 587
nature of
operational

controls.

7.2 STATISTICAL ANALYSIS OF THE DATA AND
DISCUSSION OF THE FINDINGS

In order to investigate the topic of this research, a
methodology was designed to answer the research questions
and achieve the study’s objectives on the basis of earlier
research, as well as theoretical analysis regarding the
perceived and evaluated nature and practice of IAF with
regard to its relationship with top management. According to
previous studies, the nature of the internal audit function
consists of five factors: independence; scope of work;
efficiency; work performance; and communication. This
study addressed the performance factor of IAF within the oil
companies.

The statistical test used was the Kruskal-Wallis (K-W) One-
way Analysis of VVariance, which was used to test and analyse
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the variance in the responses to statements for each
component of work performance.

In order to apply this arrangement, the K-W test was used
first. It is an alternative test to a one-way between-groups
analysis of variance, and is applicable when examining
multiple group variances (i.e. three or more groups) in
relation to continuous measures. This test applies a similar
analysis approach to the Mann-Whitney U test. This type of
non-parametric test is suitable for this research, because the
sample is based on a convenience sampling technique (census
sample), though the respondents met the criteria for the target
population. In addition, a normality test was done for the
study data; it detected that the data did not meet fundamental
assumptions concerning parametric tests, i.e. data normality.
Therefore, non-parametric tests were considered preferable.
Compared with parametric techniques, non-parametric tests
require less strict assumptions on whether the sample data is
randomly selected and normally distributed (Pallant, 2005).
The set of data in this research met these less strict and more
basic assumptions. The questionnaire was distributed at
‘certain points’ within each company, giving a convenience
sampling approach. This data contains some elements of
selection in that respondents were stratified within a small
overall population.
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In addition, ordinal data is suited to performing non-
parametric tests (Field, 2005). This research provided ordinal
data; and non-parametric testing was adopted. Thus, care has
to been taken when interpreting results, because non-
parametric tests have some disadvantages compared with
parametric tests. Non-parametric techniques are less
powerful or less sensitive in terms of statistical significance
(Pallant, 2005) when the assumptions of the (competitor or
equivalent) parametric test are met. Because of the non-
normal nature of the populations to which they may be
applied, non-parametric tests do not fully serve the
requirements for generalization of classical parametric tests
in relation to assertions of generalizability.

Therefore, the work performance of IAF in Libyan oil and
gas companies was examined by presenting some points
highlighting work performance. The first point addressed IA
programmes and their quality. The second point addressed
the ability of internal auditors to cover the companies’
branches and departments. The final point addressed
performing reviews and evaluating operations, and the
adequacy of risk management and operational controls. All
these issues had been found by prior research to be important
for evaluating IAF work performance; for example, see
Margheim (1986), Tiessen and Colson (1990), Maletta
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(1993), Haimon (1998), Krishnamoorthy (2002), Al-Twaijry
et al. (2004), and Obeid (2007).

Table 3: Inferential statistics of the perceptions and
evaluations given to the different statements regarding
the work performance of IAF

No

Meana

Statements

B of D

CEO Sig

CFO |[ IArs

The director of internal audit
department is supervising his/her
staff through a system of defined

responsibilities.

408 | 386 3.92( 3.82| .684

The number of internal auditors in
the company is not sufficient when
it is compared with the number of
departments or branches they
audit.

3.50 || 4.04| 3.30( 3.13 | .009*

There are audit schedules to audits
the company’s departments or
branches.

3.00 | 3.04| 3.00( 3.58 | .087

The internal audit department
develops appropriate audit plans
for established audit objectives.

3.00 | 3.13 | 3.38 || 3.89 | .006*

The company internal auditors
examine the reliability and
integrity of information.

391 | 3.86| 3.46 || 4.17 | .015*

The internal auditors review the
adequacy of risk management on a
regular basis.

275 3.50 || 3.26 || 3.89 | .006*

The speed of corrective action on
the findings of the company
internal auditing is satisfactory.

358 | 3.45| 3.34| 3.62 | .900

The internal auditors review
operations to ascertain whether
results are consistent with
established objectives.

341 | 3.54| 3.34 | 4.00 | .047*
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There are follow-up to corrective
9- actions on the findings of the 391 3.72| 342|393 | .217
internal auditors.

The director of the internal audit
10- department regularly checks the 3.83 | 3.63| 3.26 | 3.75 | .280
quality of working papers.
There is a regular evaluation of
risk management procedures
The internal auditing staff

12- understands the nature of 4.08 | 3.90| 3.57 || 4.00 | .023*
operational controls.

11- 283 | 281 284 | 3.37 | .125

In terms of the IA programmes being performed by internal
auditors and their quality, the result indicated that many IADs
maintained audit schedules to audit company departments
and other branches. These schedules were designed to
examine the reliability and integrity of information and
follow-up of corrective actions on the findings of IADs, in
ways that would further the objectives and purposes of the
IAF. In addition, the result of perceptions that the director of
the department usually checked the working papers on a
regular basis to ensure quality was satisfactory. It seems that
the IA programmes and their quality in Libyan oil and gas
companies were, to some extent, acceptable and reflected the
work performance of IADs. Confirmation of that, Al-Matari,
Al-Swidi and Fadzil (2014) pointed out that, the internal audit
is the essence of commercial accounting because it is the
department that tracks all companies associated with the
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sector, and this reinforces the importance of performing the
IAF in developing the company's business.

In terms of the ability of internal auditors to cover the
companies’ branches and departments, results revealed that
the number of internal auditors was not sufficient when
compared to the number of departments and branches. This,
in turn, illustrates the relative weakness in the ability of the
internal auditors to cover all branches and departments of
companies, which is in line with the results of Brierley et al.
(2001) who found that IADs of public sector organizations
suffered from poor audit coverage due to shortage of IA staff.
This was also in line with Obeid (2007), who also found IADs
in the Sudanese banking sector suffered from the small
number of internal auditors working within banks. This is due
to the very expensive cost of wide-ranging audit in terms of
transportation and expenses for allowances for work
conducted outside the main departments, and led to delays in
auditing branches—which in turn led to fraud and
embezzlement. In the researcher’s opinion, large branches
should be audited more than once in a year, and a snap check
should be conducted regularly inother branches. In addition,
in terms of the responsibility of IA directors insupervising
their staff through a well-defined system, the result indicated
that oil and gas companies in Libya maintained a well-
defined system of responsibilities within the 1ADs.
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According to this result, it seems that the IADs in the
companies were well supervised and the 1AD directors have
the power and ability to supervise and control their staff. This
result is consistent with previous literature, for example, the
Basel Committee (2002) and Ratliff et al. (1988).

With regard to the responsibility of internal auditors to
perform reviews and evaluate operations, and the adequacy
of risk management and operational controls, the result
revealed that the respondents considered the responsibility of
internal auditors in reviewing and evaluating operations,
adequacy of risk management and operational controls in
Libyan oil and gas companies was reasonable in terms of
objectivity, role and scope, and competence. However, from
the researcher’s point of view, due to a lack of training and
the lack of knowledge of internal auditors of new trends of
IA, including risk management procedures, most of the
employees in the IADs were not aware of the responsibility
of internal auditors regarding risk management.

In order to examine whether there were significant
differences between the four groups of research participants,
an analysis of variance was conducted. It revealed that there
were significant differences in most cases of the work
performance scales, as seen in table 7-4(p < 0, 05). These
differences were associated with different points. These
points related to the number of internal auditors in the
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company being insufficient, the company’s internal auditors
examining the reliability and integrity of information, the
internal auditors’ review of the adequacy of risk management
on a regular basis, the internal auditors’ review of operations
to ascertain whether results were consistent with established
objectives, and the internal auditing staff understanding the
nature of operational controls. Telephone interviews were
conducted with some survey participants to investigate the
reason behind the existence of these differences. The
interview results revealed that the reasons that may explain
the existence of these differences related to the degree of
perceiving and evaluating the IAD work performance by
participants. One of the interviewees from top management
emphasised that SM have a right to be involved mainly in
scheduling the audit plan and approving it. However, one of
the heads of IADs believed that scheduling the audit plan had
to be within the responsibility of IAD. He pointed out that the
existence of such interventions would affect the
independence of internal auditors, on one hand, and would
also affect the work performance of internal auditors on the
other. Furthermore, the number of internal auditors who
worked in the 1ADs also seemed to be the cause of such
differences; for top managers, the number of internal auditors
was quite enough to perform their tasks and meet their
responsibilities. However, the heads of IADs did not agree
with that assertion and considered that the number of internal
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auditors working in IAD, compared with their workload and
responsibilities, was not sufficient. Therefore, this created
significant differences between respondents. Moreover,
another head of IAD added that the attitudes and practices of
top management, the absence of regulations that organised
the control role of their departments, the problems caused by
the existing administrative titles, and the lack of experience
and efficiency among employees of the control field were
barriers to effective 1AD. This result was not in line with
other research, for example, (Soh & Martinov-Bennie 2011)
who evaluated the effectiveness of IA in terms of different
factors, including work performance, and measuring
differences in perceptions between the internal auditors and
other groups. However, he did not find significant
differences. Otherwise, this result was consistent with Obeid
(2007), who evaluated the strength of IADs in Sudanese
banks in terms of different factors, including work
performance. He conducted analysis into theattitudes of
internal auditors and external auditors, and also found
significant differences.

Regarding the distribution of the mean scores of all
statements for each group, as can be seen in figure 3 the
results show that the mean scores for most of the statements
were between 3.0 and almost 4.10 for all groups. According
to this result, figure 3 shows that there was a difference in the
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mean scores for each group with regard to the perceptions and
evaluations of 1AD work performance, especially between
the heads of IAD and CFOs; the perceptions and evaluations
of internal auditors group had the highest mean, while the
CFOs group had the lowest. The means of scores for
perceptions and evaluations of the other two groups, board of
directors and CEOs, were in between the other two groups. It
IS suggested that the position of participants belonging to top
management was of a less positive attitude towards the work
performance of IADs in Libyan oil and gas companies—
more so than the attitudes of the heads of IAD. However, for
one group, which was CFQOs, their perception and evaluation
did not indicate satisfaction with the work conducted by the
IAD of Libyan oil and gas companies, as indicated by the
lowest mean score (see figure 3).

213



October 2019 » s) SJST

Figure 3: Mean scores of work performance scales
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In keeping with the participants’ position in company
structure and their relationship regarding work performance
of IAF, internal auditors in Libyan oil and gas companies
showed higher evaluation of this factor than other groups.
This result is in line with other research, for example (Soh &
Martinov-Bennie 2011)who evaluated and compared the
effectiveness of IA between the internal auditors and other
groups by taking the same factor, and found the internal
auditors’ evaluations to be higher. in addition, Obeid (2007)
also evaluated the views and attitudes of internal and external
auditors in the Sudanese banking sector: he found that the
internal auditors gave higher evaluations than external
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auditors in relation to objectivity, competence and work
performance, and the monitoring of internal controls of IAD.

8. Conclusion

Libya is an oil country dependent on its economic
development on oil revenues. The National Petroleum
Corporation and its subsidiaries play an important role in the
oil industry in Libya. This study sheds light on the work
performance of internal audit within the oil companies in
order to show the vital role of auditing in the oil industry, as
well as the vision of senior management of the role of internal
audit in one of the most vital sectors. The results of the
questionnaire showed the vitality of the work of the internal
audit and its importance in this economic sector, despite the
differences in views between the various senior departments
on the work performance of internal audit within the oil
companies.

However, it can be said that the results in this study are by no
means conclusive. It is hoped that this study has contributed
to the research conducted in the domain of internal auditing
practices. This study has also provided some evidence on the
extent of the internal auditing practices and the influence it
has on the internal control system. And, additionally, the
results of this study can be used in other countries in the
region, especially those dependent on oil for its economy. an
additionally, most of prestigious scientific journals including
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Journal of Business Finance & Accounting lack research on
Libyan environment regards to the importance of internal
auditing in oil-dependent countries.

This study provides empirical evidence that the internal
auditing practices of the oil sector companies in Libya
influence the quality of the internal control systems.
However, this study has its limitations. Libyan oil and gas
listed companies included in this study are only a part those
Affiliates of the National Oil Corporation operating in the oil
sector, as other Libyan or foreign companies are also
operating in this sector. Consequently, the results may not be
general sable to the population of internal auditors and senior
management as a whole. In the oil companies in Libya there
are many consultants who work ona consulting team for
senior management. This study is limited, as only individuals
who are members of the Board of directors, senior managers
and senior managers were examined. Therefore, consultants
were excluded from the study despite the importance of their
role in higher management. Additionally, this study assumed
that those who occupy senior positions are of the same calibre
across firms for each designation. However, this study did not
pay attention to the experience factor among the respondents,
despite their overall role in many strategic decisions.
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Abstract— With the continuous increase in the
complexity of electronic circuits, there is increases demand
for effective methodologies for the design of such electronic
circuits.

Theses increases in complexity together with the increase
number of design objective (e.g. low power, high though put,
small area) provide the designer with very hard task.The
complexity of the electronic design search space has
encouraged the use of evolutionary computation in
Evolutionary Electronic Design (EED) procedures.
Evolvable Hardware (EHW) refers to the generation of
electronic circuits using evolutionary algorithms (in our case
genetic algorithms).

Genetic algorithms (GAs) are stochastic search methods that
have been successfully applied in many search, optimization,
and machine learning problems.

Therefore, the main idea behind this research filed is that each
possible electronic circuit can be represented as an individual
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or chromosome of an evolutionary process, which performs
standard genetic operations over the circuit.

These circuits have been evolved using different functional
sets of logic gates and GA parameters.
Keywords-component; Evolvable Hardware; Genetic
algorithm ; Evolutionary algorithms.

Introduction

The past few years have seen much progress in the
application of genetic algorithms (GAs) to evolve digital
circuits. There are many approaches to implementing such an
algorithm [1].

Design of any system consists of model creation and
simulation in order to create correct functional specification.
Simulation is always used to ensure that the design functional
specification is correct, and meets the design specification of
the design. Refinement process consists of adding more
details to the system sub-components, and inserting proper
delay elements to achieve the correct timing between
requirements. Simulation helps the designers to make all
proper refinements to the initial functional design modules.
During simulation phase designers might modify the
subcomponent functional specification in order to make it
scalable and readable [2].
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Circuit design problem and evolutionary algorithms

Evolutionary algorithms are employed in different
application problems. One of them is circuit design problem,
where traditionally circuit is implemented once the
representation of function is optimized.

There are two main approaches for the synthesis of

combinational logic circuits using evolutionary algorithms.

1. The first approach optimizes the formal representation
of function and designs the
Circuit based on the optimal function representation. In
this case a functionally complete basis is chosen and the
genetic algorithm is applied to optimize the form of the
function representation. For example, variable ordering
of binary decision diagrams for multi-level functions
using evolutionary algorithm has been discussed in [8],
[3], [4]. Using the obtained optimized representation
the circuit structure is synthesized. It is clear that the
circuit design is obtained by the application of algebraic
rules associated with the relevant algebra. Further, the
synthesized circuit can be tested using evolutionary
algorithms. Verification of circuits by means of
evolutionary algorithms has been reported in [5].

2. The second approach namely EHW begins from
randomly connected and randomly chosen gates and
gradually evolves the target functionality. So, there is
no specific knowledge about circuits generated in the
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initial population. The particular set of gates used is
fixed in advance, but whether or not any particular gate
IS used, or, how many times a gate is used, is entirely
free. The advantages of this approach are that it allows
us to synthesis the circuit using any set of logic gates.
Consequently, it permits the synthesis of compact and
unusual circuit structures. In this way we can abandon
the restrictions associated with conventional design [6].
The basic idea of this approach is demonstrated in
figure (1)

EHW process

1.Initialization: randomly generated initial population
2.Evaluation : chromosomes in initial population
3.Evolution : change the genotype of chromosomes

4 Evaluation : chromosomes in current population
5.1f terminate = no, then go to step3, Else go to step 6
6.Evaluation : chromosome in final population

Desired logic function

Ny Xy Xy [¥i Voo Va

a0 .1 1o ..o
a1 .1 01 .. 0

= comelry - 3x3 uipais
oa..0 10 58 ERLE] EERIEF] o1 ..
00..1 7 o1 ..
: Xk 1278 91317 -

: , !
THE I
4 1288 o

Figure 1. Circuit design problem in EHW.
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Main concept of Evolvable Hardware

EHW is technique to synthesis and optimizes circuits
using evolutionary algorithms. In the context of electronic
synthesis the configuration of evolved circuits as well as
connecting elements inside circuits are represented by
chromosomes. A circuit can be implemented in hardware or
simulated in software. An evolutionary process is employed
to the population of circuits in order to synthesis a target
circuit. An initial population is generated randomly. Any
genetic operators are applied to the chromosome and
obtained new circuits are compared with target logic
function. Connecting element can represent any electronic
element or device. Connecting elements are linked with each
other according to connectivity restrictions applied to the
target implementation technology. One of the main tasks of
evaluation process is to define how the functionality of
evolved circuit approaches the target function. Once the fully
functional circuit is evolved, a number of optimization
criteria can be applied in order to obtain the circuit with
desired efficiency, the process in usually ended after a given
number of generations or when the closeness to the target
response has been reached. If the connecting element is
represented by primitive logic function, a gate- level EHW
approach is applied. In the function-level EHW approach,
high level hardware functions such as adders, multipliers, etc.
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rather than simple logic functions are used as primitive
functions in evolution [7], [8]. Therefore, the connecting
element, or so called building block, implements the one-
output or multi-output logic function. Figure..2 depicts the
basic idea of EHW in electronics.

Taken as a design methodology evolvable hardware offers a
major advantage over classical methods; the designer is job
is reduced to the of specifying the circuit requirements and
the basic elements, whereupon evolution “takes over “to
“design “the circuit [12]. The Evolvable Hardware exploits
the search space that has been unreachable before by classical
design methodologies. EHW conquers new application areas,
and currently the future of EHW is considered as self-
adaptive, self-reconfigurable hardware, capable to adjust to
new problem without designer is help.

Convertion to
EA Chromosome — ; X
ccccccc t
4

{ i

Models of FReconfigurable
chromosomes hardware (HW)

L : ' L
SPICE

VHDL
etc.

Chip
hardware

— Evaluation

Figure 2. EHW in electronics
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Evolutionary Algorithms

Generally, all evolutionary algorithms methods follow the
same procedures as shown in Figure 3.

initialize population

evaluate t:=0
initialize(P(t))

select mating partners evaluate(P(t))
(terminate) while not terminate(P(t)) do
recombine(P(t))
mutate(P(t))
evaluate(P(t))
Pit+1):=select(P(t))
selact t=t+1

od

recombine

mutate
evaluate

Seeding the population with random values normally carries
out initialization of the population. The fitness of each
individual in the population is then evaluated. This fitness
value is proportional to the value of the function being
optimized. After that, selection is carried out to form a new
population. Individuals in the population are normally
selected for reproduction based on their fitness values. Those
with higher fitness values are more likely to be selected for
the new generation. Evolutionary operations (such as
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mutation and crossover) will then be applied on the
population to randomly vary the individuals. This is carried
out repeatedly as shown in the figure, until some terminating
criterion is met. The paradigms of evolutionary Algorithms
include genetic algorithm, genetic programming, and
evolution programming and evolution strategies. Genetic
programming applies the GA concept to the generation of
computer programs. Evolution programming uses mutations
to evolve populations. Evolution strategies incorporate many
features of the GA but use real-valued parameters in place of
binary-valued parameters. Their main different come from the
operators they use and in general way they implement the
three mentioned stages: selection, reproduction and
representation. A population of individual structures is
initialized and then evolved from generation to generation by
repeated applications of evaluation, selection, recombination,
and mutation. The population size N is generally constant in
an evolutionary algorithm, although there is no a priori reason
(other than convenience) to make this assumption. Table 1
outlines a typical evolutionary algorithm [10].
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Paradigm Created by
Genetic Algorithms J. H. Holland (1962)
Genetic Programming J. Koza (1989)
Evolution Strategies I. Rechenberg and H.P.

Schwefel (1965)

Evolutionary L.J. Fogel, A.J.Owens,
Programming M.J.Walsh (1962)
Genetic Algorithms

First, some terminologies used in genetic algorithms need
to be explained. Genetic algorithms start with an initial set of
randomly generated potential solutions called population.
Each potential solution in the population is called a
chromosome, and is normally represented as a string of
symbols (binary bit string in conventional GA). The
population of chromosomes evolves over successive
iterations called generations. In each generation,
chromosomes are evaluated using a fitness function. To form
the next generation, applying the crossover and mutation
genetic operators to the current population forms new
chromosomes, called offspring. The entire population (parent
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and offspring) then undergoes selection based on their fitness
value. Crossover, mutation and selection.

Genetic Operators

1. Crossover

The crossover operator allows new individuals to be
created by recombining portions of chromosomes from the
parents to form the offspring. The purpose of this operator is
to allow for new points in the search space to be tested.
Crossover is carried out by first probabilistically selecting two
parents from the population based on their fitness values. A
crossover point is then randomly chosen (using uniform
probability distribution), and the remainder portions of both
chromosomes are swapped. This produces two new offspring
with genetic material from both parents. Figure 4. shows more
clearly how the crossover operation is performed.

Crossover Fragrment  Remainder

—_—
.
Farent 1 |01101110|
Eefore
Farent 2 |lDDDJ_D_-|_l| Clrossowver
Offspring 1 |°11°1011| .
Off spring 2 | 1000 11 1 o | Crossover
e
K Crossorver

Foint

Figure 4. Crossover operator.
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2. Mutation
This is carried out by probabilistically selecting an
individual from the population, and randomly changing the
single character at a randomly chosen mutation point (if the
chromosome is a binary bit string, the bit at the mutation point
is flipped). The probability of mutation is normally set a
priori, and is usually very low. The purpose of mutation is to
replace the genes lost from the population during the selection
process so that they can be tested in a new context, or to
provide new genes that were not present in the initial

population [11].

3. Selection

The most commonly used method of selection is to use a
roulette wheel, where each individual in the population has a
slot on the wheel sized in proportion to its fitness value,
“Spinning" the roulette wheel is simulated by generating a
random number (greater than or equal to zero, and less than
or equal to the sum of all fitness values of individuals in the
population), and finding the first slot on the wheel where the
randomly generated number is less than or equal to the sum
of fitness values up to that slot. This method of selection is
called roulette-wheel selection and is illustrated in Figure 5.
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Figure 5. Roulette wheel selection
4. Execution of Genetic Algorithms
A genetic algorithm is executed as shown in the Figure 6,
which is adapted from Goldberg [1].

T SRy

e~ |—|n,loc.:;.n‘~l
e S 4 [feo:iascos ]
- s
L1 [eo:coase]
e ewewvea)

Figure 6. Execution of the genetic algorithms
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Experimental Results

Several parameters control the way the GA optimizes the
logic circuit, allowing the users to vary their value. The
parameters are:

The population size of the genetic algorithm.
The number of generations of the GA around the main

loop.
The initial number of runs of the GA to perform the

optimization.
The probabilities of crossover rate (P.) and mutation

rate (P,).

Benchmark Set

A subset of the PLA benchmark set given in Table 2 is used
in this evaluation. The table shows the benchmarks used,
together with their number of input/ output/products.
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Benchmark | # # Output | #p
Input
Addlc.pla |3 2 8
Add2_3c.pla|3 2 8
Mult2.pla 4 4 16
Examl.pla |3 1 8
Exam2.pla |4 1 16
Exam3.pla |4 1 16
Exam4.pla |4 3 16

Table 2. Statistics of benchmark examples

Crossover and mutation
Crossover and mutation probabilities are dealt with as a
single unit, as they are similar and each has a significant
effect on a good choice of the other.

Benchmark | P, | P, No. Gates

Examples

addl.pla 0.10{0.08 |5
0.20({0.01 |6
040|0.01 |4
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0.60

0.025

0.80

0.05

add2_3c.pla

0.10

0.08

0.20

0.01

0.40

0.01

0.60

0.025

0.80

0.05

mult2.pla

0.10

0.08

0.20

0.01

0.40

0.01

0.60

0.025

0.80

0.05

N N N oo N o o o1 o1 o o1 ol

Table 3. Compression
mutation.

crossover and

Table 3 shows the effect of P, and P, on the number of gates.

Figure 7 shows the plot of different probability of crossover
P. with the number of gates. The plot of probability of

mutation P, and the number of gates is shown in figure 8.
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However if P, or P, are too low, few changes are made from
generation to generation, leading to static population.

Crossover probability vs No.Gates

8

7 ]
85 - . ' o —e— Addlc.pla
84 \/ —=—Add2_3c.pla
23 Mult2.pla

2

1

0 T T

0.1 0.2 0.4 0.6 0.8
P (Crossover)

Figure 7. Effect of P (Crossover).

Mutation probability vs No.Gates

8

7

64
85 o —e—Addlc.pla
84 —=— Add2_3c.pla
23 Mult2.pla

2

1

0 T T T T

0.08 0.01 0.01 0.025 0.05
P (Mutation)

Figure 8. Effect of P (Mutation).

Population Size
The probability of crossover and mutation were then fixed at
the values given above, and attention was turned to
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discovering a good value for population size. Increasing in
the population size increase its diversity and reduces the
probability that the GA will prematurely converge to a local
optimum, but it also increases the time required for the
population to converge to the optimal regions in the search
space. The template is designed so that author affiliations are
not repeated each time for multiple authors of the same
affiliation. Please keep your affiliations as succinct as
possible (for example, do not differentiate among
departments of the same organization). This template was
designed for two affiliations.

The population size was varied from an initial setting (5)
by doubling and halving to explore the value around 15. As
shown in table 3.

The aggregation of results has been treated in the same way
as in the previous section. Also plotted are the numbers of
gates (No. Gates) Vs Population sizes in figure 9. The plots
shows that increasing the population size will, on average,
lead to decreased number of gates.

Benchmark Population_ | No.
Example size Gates
addl.pla 5 6

15 5

20 5

30 6
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50

Add2_3c.pla

5

15

20

30

50

mult2.pla

5

15

20

30

50

DN NO|O|~r~jOT|OT|OT|O1

Table 3. Population size numbers of gates and number

of literal

No.Gates vs population size

_/\ —e—Addlc.pla

—8— Add2_3c.pla

No.Gates

Mult2.pla

O R, N WM o N 0O
/>

20

population size

50

Figure 9. Effect of Population Size.
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GAs Generation
In this section, we compare the effect of the number of
generations on three benchmarks with the crossover and
mutation rate fixed. The results obtained are tabulated and
plotted as shown in figure 10. In the table 3, number of
generations was varied from 10 to 500. It was clear this range
is large enough to see the effect of this parameter on the GA.

Benchmark NO. No.
examples Generation | Gates
addl.pla 10

20

50
100
500
Add2 3c.pla 10
20

50
100
500
mult2.pla 10
20
50
100
500

N[N (N0 |O1O1|O1|0) |0 |01~

242



October 2019 s SJST

No.Generation vs No.Gates

—e— Addlc.pla

T~ —=— Add2_3c.pla

Mult2.pla

%

No.Gates

OFR NWMUIO N O

10 20 50 100 500

No.Generation

Figure 10. Effect of Generation Size.

From tabulated and graphical results it was decided to choose
the number of generation =100. This gave us better results in
less time.

Comparison of results

The second set of experiments aims to compare the GA
results with human design . These comparisons were based on
the number of the gates.

The genetic algorithm with population size of 20 was
demonstrated for the probability of crossover is 0.25 and the
probability of mutation is 0.01. The number of generations
over which GA was run was 100. The number of generations
required for GA to operate effectively was lower somewhere
between 50 and 100. The number of generations was over 100
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and it took less than 10 minutes of CPU time to run. The
results obtained from the GAs are compared with human
design and other methods in terms of two inputs gates
required in Table 5.

Genetic Other
Benchmarks | Number | algorithm | Human | approach
Examples of design
Product

Addlc 8 4 Gates |8 5 Gates[23]
Gates

Mult2 16 7 Gates 11 10
Gates | Gates[23]

Examl 8 5Gates |6 6 Gates[23]
Gates

Exam2 16 6 Gates 11 8 Gates[23]
Gates

Exam3 6 6 Gates |9 8Gates[23]
Gates

Exam4 16 9 Gates |14 10Gates[23]
Gates

The main observation to make from these tables is that, the
genetic algorithm produces superior solutions to the logic
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circuit problem compared with human designer. In all
benchmark tested in Table 5. the GA produce better results
compared to human designer Experimental results For the 7
benchmark tested showed that the GA could generate logic
circuit, which required on average 15.44% fewer gates. The
area is estimated as the sum of gates area.

Conclusion

EHW proposed as a new method for designing circuits
for complex real world applications.

One of the problems has been that only small and simple
circuits have been evolvable. This work highlights some of the
reasons that can explain why EHW has not yet been widely
applied. Further, to make EHW more application, an increased
complexity scheme is proposed, where evolving smaller sub-
circuits evolves a circuit. Extrinsic evolvable hardware still has
two useful features not provided by intrinsic evolvable
hardware. Extrinsic evolvable hardware can work with any
design paradigm, and so any bias towards a particular kind of
circuit behavior is limited only by the researcher’s imagination
and the quality of the simulation used for evaluation.
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ABSTRACT

The main goal of this paper is design a single layer
microstrip antenna to operate a 38 GHz in 5G
communication band of (37-40.5GHz).

The single layer antenna is designed on FR4 substrate
with dielectric constant of 4.4, thickness of 1.58 mm and
loss tangent of 0.02; and simulated by using High
Frequency Structure Simulator (HFSS) software. The
simulation results of antenna parameters such as
impedance bandwidth, directivity, gain, efficiency, and
radiated power are presented, and discussed to evaluate
the antenna performance at 38 GHz. Moreover, the
single layer antenna is covered with superstrate layer to
make a multilayer antenna. The influences of superstrate
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layer on the single layer antenna parameters are studied
based on changing the values of dielectric constant and
thickness of the superstrate layer.

Keywords:5G antenna, superstrate, 38 GHz, HFSS software.
1. Introduction

The fifth generation (5G) network is new technology for
next wireless communication networks.5G stand for the
next major phase of mobile telecommunications
standards beyond the current 4G/IMT-Advanced
standards. 5G has speeds further what the present 4G
can provide. From generation 1G to 2.5G and from 3G
to 5G this world of telecommunication has seen a
number of advancements along with improved
performance with every passing day [1].The main
features of the 5G wireless communication networks are
reliability, large capacity, high data rate and low latency
[2, 3]. The 5G technology is a vital factor to improve the
applications of daily life such as teaching and education,
manufacturing, economic and health care [4]. It
supports interactive multimedia, voice, video, Internet,
and other broadband services. To support increased
throughput requirements of 5G, new spectrum has been
assigned to 5G in mm-Wave bands [5]. The 5G
communication networks cover a frequency range of 20
to 60 GHz [6]. The suggested bands for 5G
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communication networks are 27.5-29.5 GHz, 33.4-36
GHz, 37-40.5GHz42-45 GHz, 47-50.2GHz, 50.4—
52.6 GHz and 59.3-71 GHz [2, 7].

In point view of miniature devices which is one of the
requirements of 5G technology, the microstrip antenna
is properly used compared to other types of
antennas.Also, microstrip patch antennas are widely
usedbecause of their several advantages such as light
weight, low volume, low fabrication cost and capability
of dual, triple and more frequency operations [8].
Feeding techniques are used to provide source to the
microstrip antennas. They are Microstrip feed line
technique, coaxial feed technique, aperture coupling
feeding and proximity coupling technique.

The selection of the feeding techniques varies
depending upon its ease of fabrication, its cost,
hardware implementation, impedance matching and
spurious radiations caused due to the feeding technique
incorporated [9]. Despite of these advantages,
microstrip antennas also have some limitations which
include narrow bandwidth and low gain.Research shows
that bandwidth can be improved using different methods
such as using slotted patch, thick substrates, substrate of
low effective permittivity, incorporating multiple
resonances, and optimizing impedance matching. Array
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configuration is implemented to improve the gain
limitations [2].

This paper aims to design and simulate a microstrip
antenna for 5G mobile communications operating at 38
GHz within the range of (37—40.5GHz). The antenna is
simulated using HFSS software on FR4 substrate with
4.4 dielectric constant, 1.58 mm thickness, and 0.02 loss
tangent. In additionally, the effects of adding a
superstrate material on the antenna parameters is
discussed depending on changing the values of
dielectric content and thickness of the superstrate
material.

2. Design procedure of microstrip antenna

The design process of microstrip antenna includes three
elements which are the radiator element, the microstrip
feed line, and the matching part. There are several
parameters that need to design a microstrip antenna,
which are the operating frequency (f,), the dielectric
constant (&,) and the thickness (h) of the substrate [10].
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A. Rectangular patch

Figure 1 shows the dimensions of rectangular patch.

e AL L < AL~

— ___lx

Figure 1. Dimensions of a rectangular patch

The following steps illustrate how to design of the
dimensions of the patch:-

1. For an efficient radiator, a practical width that leads to
good radiation efficiencies is

(1)

Where v, is the free-space velocity of light.
2. Determine the effective dielectric constant of the

microstrip antenna using
er+1 er—1 1

ereff = —t= \/7"(2)
1+12

3. Determine the extension of the length (AL ) usin

3)

W= |2

2 fral Ert+1

0.3 w 0.264
AL = 0.412 p ZTHODGH0260

(ereff—0.258) (5 +0.8)

253



October 2019 s SJST

4. The actual length of the patch can now be determined by

Vo
b e 24 @

B. Microstrip feed line

For a given characteristic impedance Z, and dielectric
constant, the W /h ratio can be found as

¥ = 5[3 —1-In(2B-1)+ Z2{In(B - 1) +0.39 — 0.6er}] for %> 2)
%:% for%>2
5)
Where:
Zo er—1 0.11 377w
A== [Ty (0.23+—), B= ——
60 2 er+1 er 27 \er

C. Quarter wave transformer

The quarter wave transformer is a microstrip line used as a
suitable matching technique when there is a possible
impedance mismatch. Therefore, the quarter wave
transformer i1s used between the microstrip line and centre
point along the width of rectangular patch element for
matching their impedances. The length of quarter wave
transformer is equal to

—
LT = Z2(6)
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Where A g is the guided wavelength(1g = \/%)

The impedance of quarter wave transformer is given by

Zr =2 Zp(7)

where Z,is the impedance of feed line that is equal to 50 Q,
and Zpimpedance obtainable by the patch at the center point
along the width of the patch.

At the resonant, the input impedance at the centre point along
the width 1s [10]

1
Zp = 5—(8)
Where
1 W2
_ ) 90 (/10) W<
Gl = 1w , 9
» (7) W > A

The width of the quarter-wave transformer (Wr) is found by
substitute the obtained impedance (Zt) in equation

2.Antenna geometry

The geometry of the conventional rectangular microstrip patch
antenna with quarter wave transformer is shown in Figure 2.
The dimensions of the antenna are listed in Table 1.
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2
i

Lg Wp
LPI
Ly
Lr ] W,
Figure2. Configuration o138 GHz Antenna (a) 3D view (b)
top view
Table 1:Dimensions of 38 GHz microstrip antenna
Parameter (mm)
Wg 9.000
Lg 7.048
Wp 2.402
Lp 0.996
Wr 0.5279
L 0.978
Wk 3.000
Lp 1.000
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2. Simulation results and discussion

The variations of return loss versus the frequency is shown in
Figure 3. Based on -10 dB return loss, Antenna has a return
loss of -20.1868 dB at 38 GHz, bandwidth of 3.0733 GHz,
with 8.11% impedance bandwidth, in the range of 36.3571
GHz to 39.4304 GHz.

400
6.00
8.00
o ]
g ]
$-10.00
g_ a Name X Y
@ ] ml | 38.0000]-20.1868
£-12.00
8 ] m2 36.3571 | -10.0000
£ ] m3 39.4304 | -10.0000
2-14.00
= ] Name | Delta(X)
$-16.00 -1 dm2m3)| 30733
o ]
he) .
-18.00
-20.00
B e
30.00 32.00 34.00 36.00 38.00 40.00 42.00

Freq [GHZ

Figure 3. Return loss versus the frequency
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Figure4 shows the changing of the VSWR values with
frequency. From the figure, it can be noted that the VSWR is
1.2170 at 38 GHz; and Antenna covers the frequency range
of 36.2135 to 39.5447 GHz.

X Y
38.0000 | 1.2170
36.2135 | 2.0000
39.5447 | 2.0000

alalz|B

1.00 T T T T T
30.00 32.00 34.00 36.00 38.00 40.00 42.00
Freq [GHZ]

Figure 4. VSWR versus frequency for Antenna
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The radiation pattern in 3D representation for Antenna at 38
GHz is shown figure 5.
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Figure 5. 3D radiation pattern of the proposed antenna at 38
GHz.

The 2D E-field pattern in (x-z) plane with ¢ = 0° and (y-z)
plane with ¢ = 90°is shown in Figure 6. From the figure, it
can be observed that the half power beamwidth (HPBW) of
Antenna is 68.66° at ¢ = 0°, and 48.78° at ¢ = 90°.
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Figure 6 E-Total field pattern at 38 GHz at (¢ = 0°)and (¢ = 90°)

Based on the obtained results, the radiation parameters of the
proposed antenna at 38 GHzare summarized in Table 2.

Table 2:Radiation parameters of 38 GHz antenna

Parameter Value Parameter Value
Radiated Power (dBm) /(W) | 29.3908 / 0.8691
Peak Directivity (dB) 6.8838
Peak Gain (dB) 6.3188
Radiation Efficiency (%) 87.80

68.66° (¢ = 0°
HPBW 48.78° Ei = 9o)°)
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3. Effects of superstrate’s thickness on antenna
performance

The superstrate material is added over the proposed antenna
to investigate it’s effect on the performance of 38 GHz
antenna. Figure 7 shows the 3D view of the suggested
antenna with superstrate material.

Superstrate

4

Figure 7.3D view of 38 GHz Antenna with superstrate
material
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With adding a superstrate layer with 4.4 dielectric constant
over a substrate of antenna; the effect of changing the
thickness of the superstrate on the return loss and impedance
bandwidth of the antenna is presented in Figure 8. The effects
of variation of superstrate thickness on the antenna
parameters are shown in Table 3.

-3.00 —

17 Name X Y Curve Info
28.00 ] m |38.0000|-20.1868 4 — dB(S(L,1)), Without Superstrate
2 |37.2000|-23.5088 —— dB(S(1,1)), Superstrate _thickness = 0.2 mm
i 3 |36.3000-28.2608 —— dB(S(1,1)), Superstrate _thickness = 0.5 mm
3300 [ [35.7000| 20,6781 — dB(S(L1)), Superstrate _thickness =0.76 mm
T 34.2000|-23.2458 —— dB(S(1,1)), Superstrate _thickness = 1.58 mm
B0 7 T T
30.00 32.00 34.00 36.00 38.00 40.00 42,00

Freq [GHZ]

Figure 8. Effect of superstrate thickness with dielectric
constant of 4.4 on the return loss and impedance bandwidth
of 38 GHz antenna
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Table 3:Effects of superstrate thickness on the antenna

parameters
Dielectric of the superstrate is 4.4
Superstrate
thickness - 0.2 0.5 0.76 1.58
(mm)
Resonant
frequency 38.00 37.2 36.3 35.7 34.2
(GHz)
Return Loss - - - - -
(dB) 20.1868 | 23.5988 | 28.2608 | 29.6781 | 23.2458
Bandwidth | o o | 333 | 394 | 497 | 589
(GHz)
Impedance
BW (%) 8.11 8.963 10.90 13.96 17.35
ng:;«t;d 29.3908/ | 29.1016/ | 28.67/ | 2858/ | 28.17/
(dBm/W) 0.8691 0.8131 0.7355 | 0.7205 | 0.6565
Pe?ﬁ;a'” 6.3188 | 51650 | 4.4903 | 57001 | 7.7158
Radiation
efficiency (%) 87.80 84.12 80.96 79.52 81.70
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From figure 8, it can be seen that the resonant frequency of
the layered antenna is shifted to left with increase the
thickness of the superstrate layer. And from table 3, it can be
noted that, with increase the thickness of superstrate layer the
bandwidth of layered antenna is increased and radiation
efficiency and radiated power are decreased.

4. Effects of superstrate’s dielectric constant on antenna
performance
A superstrate layer with 0.2 mm thickness is added over a
substrate of 38 GHz antenna; Figure 9 presents the effects of
changing the dielectric constant of the superstrate on the
return loss and impedance bandwidth of the antenna; and
table 4 displayed the effects of variation of superstrate
dielectric constant on the antenna parameters.

X
38.0000 | -20.1868

lame Y
ml
m2 37.6000 | -20.9629
m3
ma4
mS

Curve Info
dB(S(1.1)). Without Superstrate
dB(S(1.1)). Superstrate _dielectric constan

37.2000 | -23.5367
36.9000 | -27.0898
36.6000 | -36.4244

S|
dB(S(1.1)), Superstrate _dielectric constant = 6.15
dB(S(1.,1)), Superstrate _dielectric constant = 9.4

30.00 3200 34.00 36.00 38.00 40.00 42.00
Freq [GHZ]

Figure 9. Effect of superstrate dielectric constant with thickness of 0.2
mm on the return loss and impedance bandwidth of 38 GHz antenna
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Table 4:Effects of superstrate dielectric constant on the
antenna parameters

Superstrate thickness (mm) is 0.2 mm

Dielectric Arlon .
constant ;I;Snf;on FR4 epox ADB00 :[Alumlna_%pc
of  the - y (tm)

Z“pers"at 2.1 4.4 615 |94
Resonant

frequency | 38.00 | 37.6 37.2 36.9 36.6
(GHz2)

Return - - -

Loss (dB) | 20.1868 | 20.9629 235367 | 57 0898 | 304244
Bandwidt

h (GHz) 3.0732 | 3.0959 | 3.2297 3.2622 | 3.4228
Impedanc

e BW (%) 8.11 8.26 8.72 8.87 9.37
Eﬁfv'jf“ 29.3908 /29‘2864 29.0592/ /28'9335 28.6626/
(dBmW) / 0.8691 0gags | 0-8052 07823 | 0-7350
Zf:)( Gain |« 3188 | 6.9506 | 7.1058 7.1463 | 6.7527
Radiation

Efficiency | 87.80 | 86.17 83.56 83.04 | 80.20
(%)
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From figure9, it can be seen that the resonant frequency of
the layered antenna is shifted with bit values to left with
increase the dielectric constant of the superstrate layer. And
from table 4, it can be noted that, with increase the dielectric
constant of superstrate layer the bandwidth of layered
antenna is increased and radiation efficiency and radiated
power are decreased. Moreover, the peak gain of the layered
antenna is increased.
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5. Conclusions

In this paper, High Frequency Structure Simulator (HFSS)
was used to simulate a microstrip patch antenna for 5G
communications to operate at 38 GHz. The antenna was
simulated on FR4 substrate with 4.4 dielectric constant, 1.58
mm thickness, and 0.02 loss tangent. The simulated results
showed that the simulated single layer antennas can be
operate with good performance in the range of (37-40.5GHz)
band at 38 GHz, where the antenna parameters that obtained
are peak gain of 6.3188 dB, radiated power of 29.39 dBm,
and radiation efficiency of 87.80%. The simulated antenna is
covered with superstrate layer to study its effect on the
parameters of single layer antenna that operated at 38 GHz.
The antenna parameters such as impedance bandwidth, gain,
directivity, radiated power and radiation efficiency were
changed by variation of the thickness and dielectric constant
of the superstrate layer. In both cases, it can be observed that
the resonant frequency of the layered antenna is shifted to
left, the radiated power and radiation efficiency were
decreased, the impedance bandwidth was increased. The
layered antenna can be used to change the operating band of
antenna with good performance.

The simulated antenna has a compact size of 7.05 X
9.00 mm?, with simple in design, and easily in fabricated
and integrated with other circuits.
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