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Publication Rules and Procedures

General Rules:

Research papers sent for publication in the Journal of Science and Technology at the University of Science
and Technology - Aden, Yemen, should meet the following requirements:

1. The journal publishes research papers in Arabic and English, in the following categories (but not limited
to): Physics, Chemistry, Mathematics, s Engineering, and Computer Science. if they comply with the following
conditions:

a. Title:

Atitle should summarize the main idea of the manuscript. It should identify the variables under investigation
and the relationship between them. It should be concise and fully explanatory for readers when standing
alone. It is recommended to be no more than 12 words and with no abbreviations. It should be typed in
uppercase and lowercase letters, centered in the upper half of the page.

b. Author's name and institutional affiliation:

Every manuscript should include the name of the author and the institutional affiliation of the author when
the research was conducted.

Author's name:

The preferred form of an author's name is first name, middle initial(s), and last name, with no titles (e.g., Dr.,
Professor) or degrees (e.g., PhD, PsyD, EdD). If the manuscript is done by more than one author, the names
of the authors should be in the order of their contributions, centered between the side margins.
Institutional affiliation:

The affiliation (i.e. institution) should be centered under the author’'s name on the next line. If an author has
no institutional affiliation, list the city and state of residence below the author's name. The emails for all
authors should be provided.

c. Abstract:

An abstract in both Arabic and English must be included, with the former version in the language of the
manuscript. It should be in a form of a brief, comprehensive summary of the contents of the manuscript
written in a single paragraph with no paragraph indentation. It must not exceed 200 words.

The abstract should clearly describe the problem under investigation, in one sentence if possible; identify
the purpose of the research, the essential features of study method; the participants’ relevant characteristics
such as age, sex, and ethnic and/or racial group; the basic findings including statistical significance levels;
and the conclusions and the implications or applications. Keywords (3 - 5) should follow the abstract to
increase user's ability to find useful information in the manuscript.

Introduction:

The body of a manuscript starts with an introduction that frames the problem under study and explores the
importance of the problem (why the problem deserves new research). The statement about importance
might involve the need to resolve any inconsistency in results of past work and/or extend the reach of a
theoretical formulation and/ or investigate a practical problem that people suffer. The introduction ends in
concluding the statement of the problem with a brief but formal statement of the purpose of the research
that summarizes the material preceding it.

The author needs to discuss the relevant related literature in the introduction. A scholarly description of the
earlier work will provide a summary of the most recent directly related work and recognize the priority of the
work of others. The description of relevant literature will present what other aspects of this study have been
investigated in the previous studies and how the current study differs from the earlier ones. For summarizing
earlier works, focus should be on the topic (research syntheses of the topic), methodological issues, relevant
findings, and main conclusions.

The discussion of related literature should demonstrate the logical continuity between previous and present
work (demonstration of gaps); and the development of the problem should have enough breadth and
clarity that make it easy to understand by a wide range of professionals.

After developing the theoretical background and the problem of the study, the author has to state the
objectives and the hypotheses or specific questions. The introduction should be 10 to 15% of the manuscript.
It starts on a separate page (i.e. p. 3).
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d. Method:

This section describes in detail how the study was conducted, including conceptual and operational
definitions of the variables used in the study. A comprehensive description of the methods used enables the
reader to evaluate the appropriateness of the methods and the reliability and the validity of the results. It may
include participant characteristics, sampling procedures, sample size, measures and research design.

e. Results:

Results section summarizes the collected data and the analysis done on those data. It should provide
sufficient detail about the data to justify the study conclusions. The results should also include details that
may not match the study expectation; or even small effect sizes (or statistically non-significant findings)
particularly when theory predicts large (or statistically significant) ones. Uncomfortable results should not be
omitted. The data can be presented in tables or figures (data presented in tables should not be represented
in figures). Tables should be numbered in order of mention in the text. Tables can be single-spaced and
should not contain any lines. Asterisks may be used to indicate significant findings. Symbols, acronyms or
abbreviations should be used sparingly. Explanatory footnotes should be used whenever possible rather
than overlong titles. Images should be submitted as high-resolution files (300 dpi or higher) in TIFF format
(LZW compression) or JPEGs.

f. Discussion:

After presenting the results, their implications should be evaluated and interpreted, especially with respect
to the original hypotheses. The author needs to examine, interpret, and draw inferences and conclusions
from the results emphasize any theoretical or practical consequences of the results (Results and discussion
can be combined in one section). Similarities and differences between the results and the work of others
should be used to contextualize, confirm, and clarify the conclusions. Each new statement should contribute
to the interpretation and to the reader's understanding of the problem.

The interpretation of the results should discuss the limitations or weaknesses of the study, and address
alternative explanations of the results. It also discusses the generalizability of the findings. This critical analysis
should take into account differences between the target population and the accessed sample.

g. Conclusion:

This concluding section presents a brief, reasoned and justifiable commentary on the importance of the
findings. It is tightly reasoned, self-contained, and not overstated. In this section, the importance of the
problem (as stated in the introduction) should be discussed; what larger issues might depend on the
findings; and what propositions are confirmed or disconfirmed.

Acknowledgements:

This section refers to the aid received by the author from other relevant parties. Reference should also be
made to any financial assistance received to conduct the research. Any extraordinary assistance received by
the author in word processing, data collection, data analysis, and so on, should be acknowledged. The
acknowledgements should not exceed 60 words.

References:

References start on a separate page.

Authors should acknowledge the work of previous scholars by citing references to document statements in
their manuscripts. JST uses IEEE standard format. For accurate, complete, and useful citations, authors can
use a reference management tool.

Publication Procedures:

Manuscript acceptance, rejection, or acceptance with revision:

The editor decides whether the manuscript is accepted, rejected or needs to be revised based on the
reviewers' reports.

Manuscript acceptance: Accepted manuscripts will undergo copy-editing and production phases of
publication process. The authors will not be allowed to make further changes to the manuscript except for
those recommended by the copyeditors. The authors remain responsible for the completion of any
amendments required by the journal.
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Manuscript Rejection: A manuscript is rejected if it falls outside the domain of the journal, has serious
defects in design, methodology, analysis or interpretations, lack of contribution to the field, or has a low-
quality.

Manuscript acceptance with revision:

A manuscript may be conditionally accepted. This takes place when the manuscript has a high potential for
final acceptance and publication in the journal, and the author adheres to all the essential modifications
required by the journal (e.g. gathering essential data, conducting new experiments, reanalyzing the data,
etc.). The author has to attend to the editor's recommendations for revision. The revised manuscript should
be resubmitted with an enclosed cover letter that contains a table explaining in detail how and where (in the
manuscript) amendments have been done based on the reviewers’' comments.

Publication Ethics:

The JST complies with the recommendations of the Committee on Publication Ethics (COPE) to promote the
integrity of its published articles. The JST considers the following topics during the publishing process:

e Originality & Source Acknowledgement: The JST scans all submitted manuscripts before the peer-
reviewing process using Turnitin®. The JSTis zero-tolerant to plagiarism, self-plagiarism, copyright
infringement, dual publication, text recycling and salami slicing. When any of these is identified after
publishing, an announcement of retraction of the published material is highlighted in the journal's website.
The authors are asked to provide appropriate references for published/unpublished cited texts. The
corresponding author should confirm that the submission has not been previously published and is not being
considered for publication elsewhere.

¢ Research Misconduct: The JST editorial team struggles to counter any possibility for data fabrication,
manipulation and falsification. In case of suspected misconduct, the JST editors act in accordance to the
COPE guidelines with this respect.

e Conflicts of interest: Authors should disclose potential conflicts of interest and indicate financial
agreements or affiliations with any product or services used in the manuscript (as well as any potential bias
against another product or service).

e Authors: Authors should disclose (in an author note) activities and relationships that if known to others
might be viewed as a conflict of interest, even if the authors do not believe that any conflict or bias exists (
e.g. an author has his stock in a company that manufactures a drug used in his study).

¢ Reviewers: Reviewers should also reveal their potential conflicts of interest (if any) to the action editor.
They have an ethical obligation to be open and fair in assessing a manuscript without bias. They should not
review a manuscript from a colleague or collaborator, a close personal friend, or a recent student. Reviewers
should maintain the confidentiality of a manuscript. They should not discuss the manuscript with other
individuals.

¢ Using materials under copyrights: The author should obtain letters of permission from copyright
holders to reproduce (or adapt) copyrighted material and enclose copies of these letters with the accepted
manuscript. Examples of material that require permission include reprinted figures and tables, tests and scale
items, questionnaires, vignettes, etc.

Correction notices: If an error is detected in the published manuscript, the author can submit a proposed
correction notice to the journal’s editor. The notice should indicate the full title of the journal, the year of
publication, the volume no., issue no., and the page nos. of the article, the precise location of the error(s)
(e.g. page, line, column, exact quotation of the error, or paraphrasing of lengthy errors).

Publication Fees:
JST does not require any article processing charges or any article submission charges

Sponsorship:
JST is sponsored by the University of Science and Technology.

|
#  Google

Crossref '

Opinions expressed in the journal are merely those of their authors and do not reflect those of the journal
or the University.

https://doi.org/10.20428/jst.v30i10



Content:

Evaluating the Effectiveness of Digital Forensic Investigations in Combating Cybercrime

Fatimah Anwar Askar, Ayah Ali Al-Habshi, Nasr Al-Saqgaf, Wed Saeed Mohammed Mohammed,
Ghadir Mohsen Ahmed, Marwa Mohammed lbrahim, Maimonah Nasser Mohammed, Nouf
Yaqoub Ahmed, Hajar Essam Mohammed

DESIGN OF SOLAR PHOTOVOLTAIC SYSTEM FOR UNDERGROUND IRRIGATION PUMP-
ING WATER FOR THE AGRICULTURAL FARMLAND IN NATIONAL ROOT CROPS
RESEARCH INSTITUTE, UMUDIKE (NRCRI), ABIA STATE, NIGERIA.

Igwe E. Johnson, Hyginus Obinna Ozioko, Igwe C. Harryson, Nwankwojike B. Nduka,
Emmanuel Ebube Eze

Ml

A Comparative Study of Distance Measures for 2DPCA-Based Face Recognition

Waled Hussein Al-Arashi

J1

Identifying and Classifying the Key Factors Influencing the Implementation of Cloud
Computing in eHealth (A Case Study of Al-Thawra and Al-Jumhuri Hospitals in Sana'a)
Khalid Ahmed Almswary

40

Fintech-Driven Risk and Return Analysis of Shariah-Compliant Mutual Funds: Evidence
from Oman
Abdulaziz Aborujilah, Waled H. Al-Arashi, Rawad Abdulghafor

52

Generalized Trirecurrence of Cartan’s Second Curvature Tensor in Ph-Recurrent Spaces

Adel M. Al-Qashbari, Wafa'a H. A. Hadi

59

Al in E-Learning: Exploring Challenges and LimitationsA Literature Review

Ryad Ali Gbr, Nabil Mohammed Ali Munassar

66

An Optimized Hybrid Intelligent System for High-Accuracy Dewpoint Pressure Estimation

Ibrahim Ali Farea, Abdelrigeeb Al-Gathe,

13

The Role of Developing 5G Networks in Accelerating Digital Transformation: A Case
Study of Ericsson

Sufyan Khloufi

84

DELINEATION OF GEOLOGICAL BOUNDARY IN IDI-EMI AND ENVIRONS, SOUTHWESTERN
NIGERIA USING ELECTRICAL RESISTIVITY METHOD

94

© https://doi.org/10.20428/jst.v30i10

Journal of Science

and Technology



dasee (59 po Lol Cputmd il demo w39 BN pad Ghuett Gle Tal Saue 560l alald
dos slac 0 Ao gl Lagh Hoxa poll Aiges audi)
£2025 (10) dalt (g dloadt

Uodl-g)ljl duaio uo Auladl Ll oVl pulalig Wielpal o s

M yemiue 543 ralold
.=
Q)
Ay daxe (59 40 ) s -
2025/ 531/03 s AN ¥ o o (iedt e Tl
2025/ pubawd | /15 + auaci! Hos pall Wigaie () aEudt puad
2025/ pubaws /16 1 guummidl () yaani Dgany B

) dome w39

M) faxs slas ;b ) ( TS

© 2025 University of Science and Technology, Aden, Yemen. This article can
be distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.
e B ) geidall Balall aladicd) Bale) (iSay . Cradl) (a8 Gl S sall b gl 5K g o glall drala 2025 ©
Aol g Ciligally gdiad) dday pd o)) g lial) dssse duad

Sttt Gue L g¥9issTy aglal faela -Olwlontl aud *
ust.edu@n.alsaggaf : Huuwl rett Sl *

Journal of Science
https://doi.org/10.20428/jst.v30i10.2911 and Technology




dasxe (59 p0 KPSV VSN TS desxs w9

QLWL el Gl Gle gl S 553 (nebald

doxe slac Ly Ao gl Lagh Hoxa poll Aiges audi)

£2025 (10) dalt (g dloadt

Crall- gk Aaia B el 1 s (Y1 i g e o) ands

‘)S“.: J}.’\ POSAT
Lin o) 5iS5 5 2 glell drala-clsslal) acid
el e

fatimaaskar005(@gmail.com

Qo L J}
Lis ol 5iS575 o slel) dralaColanlall anid
el e

wisoline5656(@gmail.com

daaa )..414' a4 ) gata
Lis 5155575 o sl Lol -l s
ol e
maymonanaser9@gmail.com

e &
L ol 51555 o el ol sl
ol e

ayah.ali2@jicloud.com

KVEN IWEDREIRTS
L o505 o sl Al ol o
el ae
deergh002002@gmail.com

deal o giny i g
L o/ 5iCi g o glel) drala-oluilad) anid
el e
noofalyafei7@gmail.com

il yuad
Ui 4155 o sl Gl ilpsll]
ol e
ust.edu@n.alsaqqgaf

a ) dasa (55
Lo o) 5iS75 o sl dralaeCillal] anid
el e

marwahsmanymail@gmail.com

dena pbac jala
L o 51555 o sl ol sl
ol ae
hageresam040@gmail.com

its advanced security systems, has successfully
withstood daily attacks. Have you ever wondered
how banks protect your money and data from
internet pirates? This research takes you on an
exploratory journey inside Aden First Bank's
cybersecurity systems, revealing the strategies it
employs to counter increasing threats. You will
learn how best security practices are applied in a
challenging environment, and how other banks in
developing countries can benefit from this
experience. Keywords: Cybersecurity, Information
Security, First Aden Bank, Cyber Risks in
Developing Countries, Financial Banking Sector,
Bazari Platform.

Keywords—  digital  forensic  investigations,
cybercrime  countermeasures,  digital  evidence
recovery, perpetrator identification, digital forensic
tools
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Evaluating the Effectiveness of Digital Forensic
Investigations in Combating Cybercrime

Abstract—  Assessing Current Cybersecurity
Procedures and Measures in the Bazzarry
Platform - Yemen In a world where digital
transformation is accelerating, banks have become
a primary target for cyberattacks, especially in
developing countries with fragile infrastructure.
This research reveals the challenges facing the
banking sector in Yemen. It highlights the inspiring
success story of Aden First Bank, which, thanks to
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Abstract— This study addresses the critical challenge of water
scarcity and high energy costs impacting agricultural productivity in
regions like Abia State, Nigeria, by proposing a sustainable solar
photovoltaic (SPV) irrigation pumping system. The objective was to
design and evaluate an SPV system for underground irrigation at the
National Root Crops Research Institute (NRCRI), Umudike, and
ensure a reliable water supply for its S5-hectare farmland. The
methodology involved determining pump energy demand (36.3
kWh/day), applying three distinct SPV component sizing methods
for cross-validation, and performing a robust stochastic reliability
and temperature-adjusted performance analysis using Monte Carlo
simulation. Key results indicate that a system with 36 solar panels,
24 batteries, and a 6.0 kVA inverter can consistently meet the daily
energy demand. The stochastic analysis demonstrated that while
monthly solar deficits can be high in certain periods (e.g., 99.9% in
August), even minimal (e.g., 1 day) battery autonomy drastically
reduces the probability of energy shortfall. This research provides a
practical and resilient framework for off-grid agricultural irrigation
in sun-rich developing regions.

Keywords— solar photovoltaic design, submerged irrigation
pump, Agricultural farmland, Performance ratio, Monte Carlo
simulation, Economic feasibility.

I. INTRODUCTION

Water scarcity and the high cost of traditional energy
sources like diesel and grid electricity present significant
challenges to agricultural productivity, particularly in regions
with high solar irradiance like Nigeria. In response, solar
photovoltaic (PV) systems have emerged as a sustainable and
cost-effective solution for powering irrigation systems,
addressing the dual issues of energy and water resource
management (Hilarydoss, 2023; Jibril et al., 2022). The
integration of solar PV technology in agriculture is crucial for
achieving food security, enhancing resource efficiency, and
minimizing environmental impact (Umaru et al., 2024).
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Recent research has focused on the design,
performance evaluation, and optimization of solar-powered
water pumping systems (SPWPS) for various agricultural
applications. Studies have highlighted the importance of
proper system design and component selection to ensure
efficiency and reliability. For instance, Jibril et al. (2022)
focused on determining the best pump capacity for a solar-
powered drip irrigation system for tomato crops in Mokwa,
Nigeria, calculating water requirements and selecting an
appropriate commercial pump. Similarly, Maka et al. (2023)
utilized simulation software to analyze the performance of
SPWPS under real environmental conditions, identifying
significant performance losses due to temperature and
soiling. Other studies have evaluated the operational
effectiveness and reliability of these systems by examining
factors like solar irradiance and panel temperature, with
findings indicating a direct correlation between irradiance
and pump flow rate (Ahmed et al., 2023).

The advancement of these systems has also involved
integrating  sophisticated  technologies to  enhance
performance and management. Researchers have developed
innovative algorithms for water and soil monitoring using a
combination of Unmanned Aerial Vehicles (UAVs), Internet
of Things (IoT) devices, and solar PV systems to optimize
resource use in precision agriculture (Umaru et al., 2024).
Additionally, software tools have been created to simulate
and manage solar-powered pumping systems, aiding
decision-makers in designing efficient setups and optimizing
operation plans based on real-time data (Mohamed et al.,
2025; Hadole et al., 2022). A spatial multi-criteria decision
analysis using Geographic Information System (GIS) and the
Analytical Hierarchy Process (AHP) has also been proposed
to identify optimal locations for PVWPS, highlighting the
potential for these systems in arid regions with high
groundwater dependency (Mahjoob et al., 2025).
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While the benefits of SPWPS are evident, research also points
to challenges and opportunities for improvement. Studies
have demonstrated that communal SPWPS can be a cost-
effective approach by sharing upfront costs, making the
technology more accessible for farmers (Kyeyune &
Wanyama, 2023). Furthermore, innovative designs like solar-
pumped hydro storage systems have been proposed to ensure
uninterrupted water supply, even during dry seasons or
periods of low solar irradiance (Tanvir et al., 2021). The
feasibility and cost-effectiveness of these systems have been
confirmed through life-cycle cost analyses, showing
significant long-term financial gains for farmers compared to
conventional pumping methods (Ashok Kumar et al., 2022;
Hilarydoss, 2023). These studies collectively underscore the
growing global and local interest in leveraging solar energy
for agricultural irrigation.

A. Problem Statement

Despite the clear advantages and increasing
adoption of solar photovoltaic water pumping systems
(SPWPS), significant challenges persist in the reliable and

optimal design of these systems for specific agricultural
contexts in regions like Abia State, Nigeria. While general
sizing methodologies exist, they often fail to account for the
inherent stochastic (random) variability of daily solar
irradiance and its impact on system reliability and potential
energy deficits. Furthermore, the precise effect of local
ambient temperatures on PV module performance, and the
crucial role of battery autonomy in mitigating seasonal
energy shortfalls are often overlooked or simplified in
deterministic design approaches. There is a critical need for a
robust design and evaluation framework that integrates
advanced simulation techniques, such as Monte Carlo
analysis, to quantify system reliability under real-world
varying conditions, thereby providing more practical insights
for decision-makers and ensuring a consistent water supply
for agricultural farmlands. This study aims to bridge this gap
by developing and applying such a comprehensive design and
analysis methodology for the NRCRI farmland.

II. MATERIALS AND METHODS

Data Collection

+ Solar Insolation

| + Ambient Temperature
+ Electricity Consumption

.,

[
h J

.

* Purnp Capacity Calculation

Pump and Energy Demand Design |

* Daily Energy Demand Calculation |

Y,

'

r Solar PV System Component Sizing Stochastic Performance
g 1 1 Analysis (MATLAB)
PV Array Sizing Charge Controller Sizing Inverter and * Monte Carlo Simulation
T Battery Sizing . Analvs
Multiple Sizing Methods Used |Multiple Sizing Methods Used | Multiple Sizing Methods Used emperature-Corrected Analysis )

I

I

System Performance Evaluation I

* Energy Output (E,,, )

* Solar Performance Ratio (SPR%)

Results and Conclusion

Figure 1 presents the methodology flowchart highlighting the necessary steps takin to achieve the study’s objectives and draw
conclusion.

A. Study Area and Data Collection
The study was conducted at the National Root Crops
Research Institute (NRCRI), Umudike, Abia State, Nigeria,
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located at approximately 5.53°N latitude and 7.49°E
longitude (Figure 2). This region falls within the tropical
rainforest climate zone, characterized by abundant rainfall,
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consistent solar radiation due to its proximity to the equator,
and high relative humidity often exceeding 80%. The average
annual temperature in Umuahia, near Umudike, ranges
between 26°C and 28°C, providing generally favorable
conditions for solar photovoltaic (PV) applications, although
high ambient temperatures and humidity must be factored
into system design and efficiency assessments.

The NRCRI is a leading agricultural research institute in
Southeastern Nigeria, occupying extensive farmland
dedicated to crop improvement and seed technology. Its
activities include the cultivation and performance evaluation
of crossbred and hybrid crop varieties, contributing
significantly to national agricultural productivity. The
specific farmland targeted for the proposed irrigation project

Volume 30, Issue (10), 2025

covers 5 hectares within the institute’s total 240-hectare
expanse, located in close proximity to the main research
complex.

Data for this study were obtained from the NRCRI’s
meteorology unit for the 2023 calendar year. Key weather
parameters recorded included daily solar insolation (G;) and
daily ambient temperature ( T,). In addition, electricity
consumption records of the existing submerged irrigation
pump were collected to facilitate accurate estimation of the
SPV  system’s  capacity  requirements.  Technical
specifications for the selected 435 Wp SunPower solar panel
were sourced directly from the manufacturer’s datasheet
(Appendix A).

© National Root Crops Re... T
I =3
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> Amaeke
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Umuah‘%\‘._\O Ahiaeke market
27 min NRCRI BIOSCIENCES
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Umuakwu

L
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Figure 2: Map showing NRCRI.

B. Design of Submerged Pump Capacity and Energy
Demand
The proposed system aims to supply underground water to
the agricultural farmland, facilitating an irrigation system
with a 5-meter storage tank reservoir for adequate water
circulation. The irrigation pump is designed to service 5
hectares of crops at the NRCRI. The power required is to
deliver a volumetric flow rate (Q) of 0.0075 m®/s of water
from a maximum well depth (h,,) of 13 m to a 5 m storage
tank (hg), resulting in a total static head. The system is
designed for an operational period of eight (8) hours per day.
Nigeria's Food and Agriculture Organization guidelines for
rice cultivation necessitate a flow rate of 1.5 1/s per hectare of
farmland. The total head h; for the pumping system is the

https://doi.org/10.20428/jst.v30i10.3176

sum of the well depth, the height of the storage tank, and the
head loss due to friction and other factors (hf) in the PVC
pipe (Mulugeta & Chernet, 2020).
hy = hy, + hg + hs )
Where:
h,,=13 m (well depth)
hs=5 m (storage tank height)
The head loss due to friction and other components, including
submerged exit losses, is calculated using the Darcy-
Weisbach relation (Mulugeta & Chernet, 2020):
h L k v 2
r=f Y tk3 7 (2)
Where:
—  hs = head loss (calculated as 20.82 m)
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— f = Darcy-Weisbach friction factor (calculated
using Equation 6)
— L =total length of pipe (estimated 18 m)
— dp=diameter of pipe (0.03 m)
— k= friction loss coefficient for pipe parts (0.5 for
sharp edge entrance, 1.06 for submerged exit)
— V= flow velocity (m/s)
— g = acceleration due to gravity (9.81 m/s2)
The total volumetric discharge (Q) of water from the pump is
derived from the irrigation requirement for 5 hectares:
1.51 751 0.0075m3 3
~ sperha s s ®
The average flow velocity (V) is then calculated from the
discharge and pipe cross-sectional area (A):

Q
V'=u

A=m/4 xd? ()
Darcy friction constant for turbulent as well as transition flow
with a smooth or rough pipe is calculated in Eqn. 6 as
presented by Muluken et al., (2014).

4)

0.0791
f= i (6)
Re(Z)
Where:
Re = Reynolds number, calculated as Re
=p XV xXdp/uy (7)

p = density of water (approx.1000 kg/m3)
Hw

= dynamic viscosity of water (at normal temperature u,,

= 0.001 Ns/m?)
Calculated Re = 3.2 x 105, indicating turbulent flow.
Calculated f = 0.00333.

Substituting the calculated h into Equation 1, the total head
(hy) is:

hr=13m+5m+20.82m =3882m
The capacity of the pump (F,) is determined by the total head,
volumetric flow rate, water density, gravity, and pump
efficiency (17,=0.63) (Raghad et al., 2019):

pXg XQX hy

P =
p T

®
P, = 4533

The total daily pumping power demand (E,) for the eight-

hour workday is:
E, = 4533 W X 8 hours = 36,280 Wh = 36.3 kWh

The Solar Photovoltaic System Methodology.

This section outlines the technical overview of the system
components and delineates the design methodologies and
mathematical computations for scaling these components
(Bakheet, 2023). The mean daily solar insolation (G,) for the
study area is 5 kWh/m?/day (Table 2). All calculations for PV
array sizing are based on Standard Testing Conditions (STC),
which typically include an irradiation level of 1 1 kW/m? and
a PV cell temperature of 250C. The principal components of
the solar photovoltaic system are: (1) Solar photovoltaic
panel array, (2) Batteries, (3) Solar charge controllers, and (4)
Inverter. The system design calculations follow these
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sequential steps, as illustrated in the design flowchart (Figure
3):

i Estimating the Overall Load: Computing the
total daily energy requirement of the hydraulic
pump.

il. Determining the Dimensions of the Solar
Photovoltaic System: This encompasses the
selection of PV panel type, quantity, array
configuration, and orientation (tilt angle).

iil. Determining the Dimensions of the Battery
Bank.

iv. Calculating the Specifications of the Inverters.

v. Assessing the Requirements of the Solar Charge
Controller.

Vi. Evaluating System Performance: Calculating

theoretical and actual energy outputs and the
solar performance ratio.

a. Rationale for Multiple Sizing Methods

While a single, robust sizing method could suffice,
employing multiple methods (Methods 1, 2, and 3) serves
several crucial purposes in this study:

i Verification and Cross-Validation: Comparing
results from different established
methodologies provides a cross-validation
mechanism, increasing confidence in the final
design's robustness.

il. Conservative Design Approach: Discrepancies
between methods can highlight uncertainties.
By selecting the most conservative (e.g.,
highest number of panels, highest capacity
components) result among validated methods,
the design prioritizes safety, reliability, and
future load expansion.

1. Parameter Sensitivity Analysis (Implicit):
Differences in the parameters or assumptions
used by each method (e.g., explicit
consideration of temperature coefficients,
different loss factors) can implicitly reveal the
sensitivity of the overall design to these
variables. This offers a more comprehensive
understanding of the design space.

iv. Adherence to Diverse Standards: Different
methods might align with practices or
recommendations from various international
standards or guidelines, broadening the
applicability and acceptability of the design.

b. PV Array Sizing: Method 1 (Exact Design Method)
The average efficiency of the solar panel, 1, by Bakheet
(2023), is presented in Eqn. (9).

Np = Nr (1 - .Bp (Tp - Tr)) €)
Where:
— 1, =20% (panel efficiency at reference temperature,
from Appendix A)

- Bp=0.38%/K (temperature coefficient for module
efficiency, from Appendix A)
—  T,=250C (reference temperature)

https://journals.ust.edu/index.php/JST
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The panel operating temperature (T},) is a function of the

ambient temperature (T,) and Nominal Operating Cell
Temperature (NOCT) (Bakheet, 2023):

—_, (NOCT - 20
T, =T, + (219 + 832k ) (T)
For this study:
—  T,=30°C (ambient temperature of the solar panel)
— NOCT = 45 °C (Nominal Operating Cell
Temperature)
— Calculated T,=57.6 °C (using ambient T, , Gq4
=1 kW/m2, Gyocr=0.8 kKW/m2, Tyocr==20°C)
- Calculated 1,=20%
The total area(S,) of the PV panel array required can be
calculated considering system efficiencies (Chen et al.,
2022):

(10)

E!
SA =_p_ P

Mpe  TcMollp G an
Where:
— E,=36.3 kWh (total daily SPV energy demand)
—  G4=5 kWh/m2/day (daily irradiance from Table 2)
- (M:=95% (controller efficiency)
- 1np=90% (battery efficiency)
- 1;=96% (inverter efficiency)
The area of a SunPower 435W single solar panel S, is

2.067m x1.046m =2.16 m2 (Appendix A).

Charge Controller

?@#q: ’+

Inverter
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The number of SPV panels, as stated by Bakheet (2023), is
given in Eqn. (12)

Npl = SA/Sp (12)

c. PV Array Sizing: Method 2 (Module Peak Wattage
Estimation)
This method sizes the PV system (in W;) based on the total
electricity demand from the irrigation pump (Table 1) and
peak sun hours (PSH) (Bhatia, 2008). The SPV Module Peak
Wattage Estimation (Wp) according to Bhatia (2008) is
presented in Eqn. (13).
Module Peak wattage, Wp
%(Daily Energy Demand Wh)

PSHan

(13)

Where:
PSH is peak sunshine hours (derived from daily irradiance
data in Table 2). The average daily solar insolation of
5 kWh/m2/day (Table 2) implies an average PSH of 5
hours/day, assuming 1 kW/m? standard irradiance.
1,=90% (battery efficiency).
The number of modules or panels (Np,) is then:
SPV Module Wattage Estimation

Pz ™ Value of Each Panel (14
The SunPower panel of 435 W was selected for the solar
design.

Battery
Bank

Pipe

., Low-pressure

V/‘.

* Drip Irrigation
o

Bore Pump

Fig. 3: Solar PV system Irrigation pumping design
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d. PV Array Sizing: Method 3 (Total Panel Energy Needed)
This method calculates the total PV panel energy needed
(TPEN) and then divides it by the panel generation factor
(PGF) and single panel wattage (Diyoke et al., 2023). Total
appliances energy consumed per day (ECPD) =
36.3 kWh/day Total PV panel energy needed (TPEN):

TPEN = ECPD x ELS (15)
Where:
ELS = Energy Loss in the System (a factor of 1.3 is used)
The total number of solar panels (NP3) according to [8] is
given in Eqn. (16).

Np3
Energy watt hour per day x Energy loss in the system

—  PGF = Panel generation factor (3.596 for Nigeria)
—  WSP = Wattage of single panel (435 W)

e. Clearance between Collector Rows
The minimum clearance (distance d) required between each
row of panels is crucial to avoid self-shading. This distance is
calculated using the equation (Bakheet, 2023):
3 o
Q= h[51n(180. B—vs) a7
sinys
Where:
—  h=1.8 m (collector height)
—  B=150 (tilt angle)
— ys = 60.270 (angle of the sun at midday in the

~ Panel generation factor (PGF) x Wattage of single panel(WSP)

_ TPEN

~ PWSP (16)
Where:

shortest day of 2023, i.e., 2Ist December, for
Umuabhia area, derived from Omni calculator, Figure
4).

— Calculatedd = 2 m.

Elewation at given time of day

80

e L

e

—go -

1:20 4:05 6:50 9:25 12:40 16:05 19:20 24:00

- Elewaticon ()

Figure 4: The angle ys of the sun at midday in the shortest day of the year 2023.

[ Battery Sizing: Method 1
Battery sizing for Method 1 is determined by the total energy
demand, depth of discharge, and system voltage (Diyoke et
al., 2023) as given by Eq. 18
The actual battery capacity, B,

_ Total Energy (Wh) 18
" Depth of Discharge x System Volt (18)
Where:

— System voltage =12V

—  Depth of Discharge = 0.5

. Actual Battery Capacit
Number of batteries = Np; = ———— P2V
Value of Each Piece

g. Battery Sizing: Method 2
Battery sizing for Method 2 incorporates days of autonomy
and battery losses (Chetan, 2014):

Journal of Science
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The actual battery capacity
_ Total Energy (Wh) x Days of autonomy 19
~ Battery loss x Depth of Discharge x System Volt (19)
Where:

— Nominal battery voltage =12 V

— Battery loss = 0.85

—  Depth of Discharge = 0.6

— Battery days of autonomy = 3

Number of batteries , Ng,
Actual Battery Capacity

Value of Each Piece
h. Charge Controller Sizing: Method 1
To obtain the needed charge controller as given by Chen et

al. (2008) is represented in equation (21)
Solar Charge Controller (SCClcu) is given below

(20)

https://journals.ust.edu/index.php/JST
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Total Wattage

SCCicy =
teu Voltage

Where:
—  System voltage =24 V

(2D

i. Charge Controller Sizing: Method 2
According to standard practice, SCC sizing for Method 2
expressed by equation 22 involves the short circuit current
(Isc) of the PV array and an energy panel loss factor
(Bakheet, 2023). Here, for 36 panels, six (6) panels will be
placed in series connection as a single string, while six (6)
strings will be arranged in parallel. Isc = 6.43 A from
Appendix A.

SCC Rating (SCCy.y)
Panels in Series Array
Total Short Circuit Current of PV Array
1.3 (22)

j.- Charge Controller Sizing: Method 3
This method ensures the charge controller's rated power is
greater than the maximum power the PV array could produce,
using a safety factor of 1.3 (Bakheet, 2023).
Wattage of the PV array

= (Number of PV Panels)

X (PV Panel Rated Power) (23)
Rated Voltage of SCC (SCCsy)

= (Number of Panels in Series)

X (Voc of Panel) (24)

Rated Current of SCC (SCCs,)

(Number of Strings of Panels)
(Isc of PV Panel)
(Safety Factor of 1.3) (25)

k. Inverter Capacity Selection: Method 1
The inverter capacity for Method 1 is based on the input
power and inverter efficiency (Bhatia, 2008):
Therefore, Input Power
Output Power
(26)

X X |l

X X |

- Efficiency of inverter (i)

. Inverter Sizing: Method 2
For safety, the inverter should be considered 25-30% bigger
than the total wattage of all appliances (Mulugeta & Chernet,
2020):

Inverter Input Power

= (0.30 X Total Wattage)

+ Total Wattage 27

C. System Performance Evaluation

a. Energy Output from the SPV System
The total energy output (E,,,; ) from the SPV system is given
by (Bhatia, 2008) and expressed in Equation 28:
Eoue = G X Stp X Nsys (28)

Where:

— G =solar radiation (kWh/m?*day)
— St = area of the SPV panel array (m?)
—  Tsys = panel system efficiency

https://doi.org/10.20428/jst.v30i10.3176
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b. Maximum Direct/Alternating Current and Voltage of
Wiring
The maximum direct current (DC) and voltage and alternating
current (AC) and voltage for the wiring of the SPV system
are crucial for safety and efficiency (Chetan, 2014):
The maximum direct current (DC)

Max DC WattageL wattage estimation
_ module (29)

DC system voltage (V)
Where the maximum DC voltage and current are 24V and
711.6A.
The maximum alternating current (AC)

w
_ Max AC wattagem wattage

AC system voltage (V)
Where the maximum AC voltage and current are 230V and
44.7 A.

c. Solar Performance Ratio (SPR%)
The Solar Performance Ratio (SPR%) assesses the overall
efficiency of the SPV system in converting sunlight into
usable electricity (Bhatia, 2008):
Actual Energy Output
SPR(%) = 9y P

(30)

Theoretical Maximum Energy Output
x 10 (31)
SPR(%) =
Daily Energy Demand (Wh)

.. . kwh X
total solar area (m2)xpanel ef ficiency(ny)xInsolation G (W)

100 (32)

Where:
— G = Solar insolation on tilted panel (kWh/m?/day)
— nr = Total solar panel efficiency (%)
— SA =Total solar area (m?)

d. Methodology for Stochastic Reliability and Temperature-

Adjusted Performance Analysis (MATLAB-Based)
To complement the deterministic sizing methods presented in
this study, a stochastic performance and reliability
assessment of the proposed Solar Photovoltaic (SPV)
pumping system was carried out. This approach accounts for
the inherent variability in solar irradiance and its influence on
system reliability, while also quantifying the effect of module
temperature on energy output. The analysis further evaluates
the role of battery autonomy in reducing load deficit risk. The
methodology is described as follows:

e. Input Parameters

The analysis utilized the same dataset as the system design,
comprising monthly average daily solar radiation
((GdGg,Wh/m?)/day) for NRCRI, Umudike (2023), and
monthly average ambient temperature ( TaT,,°C ).
Photovoltaic module specifications for the selected
SunPower 435 Wp panel included a Nominal Operating Cell
Temperature (NOCT) of 45 °C, a temperature coefficient of
power () of —0.38 %/K, and a performance ratio (SPR) of
0.81 derived from the deterministic analysis. The system
configuration considered in the analysis was set at 36 panels
(NP = 36N, = 36) with a daily load requirement of 36.28
kWh/day.
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f. Monte Carlo Reliability Analysis
The analysis begins by assessing the system's reliability under
the inherent variability of daily solar radiation. Instead of
using a single average value for each month, a Monte Carlo
simulation is employed to model daily solar radiation as a
random variable. The daily solar radiation for each month
(Ggm) 1s assumed to follow a normal distribution, with the
mean (uGy) and standard deviation (0Gy) derived from the
historical monthly average data.
The random daily solar radiation values (G, 4) are generated
as follows:
Grana ~ N(uGg,0Gy) (33)

Where the standard deviation is calculated based on a user-
defined coefficient of variation (CV,yinin):

0Gq = uGq X CVyitnin (34)
The total theoretical daily energy produced by the solar array
(E¢p) 1s then calculated for each simulated day:

Grand

E,.. =
th 1000

x (PW, x Np) (35)

Where
PW, is the single panel peak wattage and
Np is the number of panels.
The actual energy yield (E,.;) is determined by accounting
for system losses via a performance ratio (SPR):

E,ct = Eth X SPR (36)
For each month, the simulation is run thousands of times. The
probability of an energy deficit is then determined by
calculating the percentage of simulations where the actual
energy output is less than the daily load (daily;,qq):

Deficit Probability (%)

N samples

1
= N E Il (Eact,i
samples =1

< dailypeq) % 100 (37)
Where II () is the indicator function. The 50th and 10th
percentiles of the actual energy output (P50 and P90) are also
computed to represent typical and worst-case daily energy
production values.

g. Temperature-Corrected Performance Analysis

To provide a more accurate estimation of the system's output,
the methodology incorporates the effect of ambient
temperature on the solar panels' performance. The cell
temperature (T,y) is first estimated using the Nominal
Operating Cell Temperature (NOCT) model:

H
Teeu = Ta + (NOCT — 20) X gs (38)

Where

Ta is average ambient temperature and

H; is the average daily sun hours, assumed to be proportional
to the monthly average solar radiation (Gy).

The panel's maximum power output is then corrected for
temperature variations using its temperature coefficient (8,):
Proa, T = PVVp X (1 + fp X (Tcell - 25)) (39)
The temperature-corrected daily energy output (E,, T) is
subsequently calculated and compared to the uncorrected
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value to quantify the percentage of energy loss due to
temperature.

h. Battery Autonomy Analysis

This section analyzes the impact of battery storage on
mitigating energy deficits. A Monte Carlo simulation is run
for the critical month (August, due to its low solar radiation)
to determine the probability of an energy shortfall for a given
number of battery autonomy days. A daily energy deficit is
defined as the amount by which the actual energy output falls
short of the daily load:

Dailyegicie = max (dailyioaa,,,0)  (40)
The total storage capacity of the battery bank is then
calculated based on the number of autonomy days (a):
Storagecapacitiy = @ X dailyl,qq (41)

A shortfall occurs if the daily deficit exceeds the battery
storage capacity. The analysis determines the minimum
number of autonomy days required to keep the probability of
a shortfall below a predefined target.

i.  Visualization

The results are presented through several figures, including a
bar chart illustrating the monthly deficit probabilities, a bar
chart quantifying the monthly temperature-induced energy
losses, and a plot showing the relationship between battery
autonomy and deficit probability for the worst-case month.
These visualizations provide a clear, intuitive summary of the
system's reliability and resilience.

J. Novelty and Relevance

Unlike the deterministic sizing methods in the original
design, this stochastic methodology quantifies reliability
risk due to daily solar variability, identifies critical low-sun
months, and demonstrates that minimal battery storage can
drastically improve system reliability. This provides practical
insights for real-world operational planning, beyond simply
meeting average monthly energy demands.

II1. 3.0. RESULTS AND DISCUSSION

A. System Load and Meteorological Data

Table 1 details the daily energy requirement for the
submerged irrigation pump. The irrigation machine, with a
power rating of 4533 W and an operational duration of §
hours per day, results in a total daily energy consumption of
36,280 Wh, or 36.3 kWh. This value represents the critical
energy load that the designed solar photovoltaic system must
reliably meet. Table 4.2 presents the monthly average solar
radiation and ambient temperatures recorded at NRCRI
Umudike throughout 2023. Solar radiation ( Gy) varied
significantly throughout the year, ranging from a minimum of
1780 Wh/m?/day in August to a maximum of 6508
Wh/m?/day in February. This variability is critical for
determining the required number of solar panels on a monthly
basis to ensure a consistent energy supply, especially during
periods of lower insolation. Ambient temperatures (T,)
remained relatively stable, averaging 27.95°C, typical for a
tropical rainforest climate. These meteorological data directly
influenced the efficiency calculations and sizing of the SPV
system components.
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Table 1: Energy Consumption Data of the Submerged Pump

S/N Appliances Watts (W) Quantity Total Watt (W) Hours (h) Energy (Wh)
1 Irrigation pumping machine 4533 1 4533 8 36280
Total 4533 36280

Table 2: Monthly Average Solar Radiation and Ambient Temperature at NRCRI (2023)

S/N Monthly Average Solar Radiation (G;) (Wh/m?*/day) Monthly Average Ambient Temperature (Ta) (°C)
1 5192 27.61
2 6508 29.76
3 4588 28.94
4 4384 28.38
5 3536 28.74
6 2512 2741
7 2432 27.11
8 1780 27.24
9 2300 27.00
10 2528 27.76
11 4120 27.32
12 4980 29.11

Average 3898.3 27.95

B. Solar Panel Technical Specification

Table 3 summarizes the technical specifications of the chosen
solar panel (SunPower 435 W), along with other assumed and
derived parameters for the system components. The selection
of a high-efficiency 435 W, panel (20% efficiency) aims to
minimize the required physical footprint and maximize
energy harvesting. Key parameters like NOCT and

temperature coefficient ( Bp) are directly from the
manufacturer's datasheet and are crucial for accurate
performance calculations under real operating conditions.
Efficiencies for the balance of system components (inverter,
charge controller, battery) and design factors (ELS, PGF,
DoD, days of autonomy) are also outlined, providing a clear
basis for the subsequent sizing calculations across the
different methodologies.

Table 2: Characteristics of the Selected SPV System Components

Parameter Value Unit Manufacturer/Model
Solar Photovoltaic Panel Capacity 435 W SunPower SPR-435NE-WHT-D
Type E 20/435 Solar Panel SunPower
Efficiency (nr) 20 % SunPower
Nominal Operating Cell Temperature (NOCT) 45 °C SunPower
Temperature Coefficient (Bp) -0.38 %/K SunPower
Solar Collector Area (Sp) 2.16 m? SunPower
Battery Capacity (Single) 250 Ah Lithium-ion
System Voltage (DC) 24 \Y Designed
Inverter Efficiency (ni) 96 % Assumed
Charge Controller Efficiency (nc) 95 % Assumed
Battery Efficiency (nb) 90 % Assumed
Depth of Discharge (Method 1) 0.5 Assumed
Depth of Discharge (Method 2) 0.6 Assumed
Battery Days of Autonomy 3 Days Assumed
Energy Loss in System (ELS) 1.3 Factor Assumed
Panel Generation Factor (PGF) 3.596 Derived for Nigeria

C. Results of SPV System Component Sizing

Table 4 provides a comprehensive summary of the calculated
design results for the proposed SPV pumping system. The
analysis of the three distinct sizing methods yielded slightly
varying results for the number of solar panels, with Method 1
(34.01 panels) giving the highest, followed closely by
Method 2 (33.7 panels) and Method 3 (32.11 panels). For
safety factors and future system improvements, the highest
calculated value was rounded up, leading to a final selection

@
: https://doi.org/10.20428/jst.v30i10.3176

of 36 solar panels. This approach ensures the system can
handle potential increases in load or periods of lower-than-
average insolation. For the solar charge controller, Method 1's
calculation of 189 A (compared to 50.2 A from Methods 2
and 3) was selected. This choice prioritizes robust current
handling capacity, ensuring the charge controller can safely
manage the maximum current generated by the solar array
under all conditions.
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Regarding battery sizing, Method 2 yielded 24 batteries,
which was selected over Method 1's 21 batteries. This
provides a greater margin of autonomy (3 days, as per Method
2's assumption) and storage capacity, critical for ensuring
continuous water supply during extended cloudy periods or
nighttime operation. A 250 Ah single lithium-ion battery was
chosen based on market availability and good storage
characteristics. For the inverter, Method 2's calculation of 6.0
kVA was chosen over Method 1's 5.0 kVA. This higher
capacity ensures the inverter can safely handle peak power

demands from the pump and provides a necessary safety
margin (25-30% larger than total wattage, as per Method 2's
principle).

The proposed SPV system's maximum direct current (DC)
and voltage were determined to be 336 A and 24 V,
respectively, based on the selected panel configuration. The
maximum alternating current (AC) and voltage for the
system's output were 20 A and 230 V, respectively, aligning
with standard electrical specifications for farm equipment.

Table 3: Summary of Calculated SPV System Design Results (Component Sizing)

Component Parameter Method 1 Method 2 Method 3 Final Justification for Selection
Value Value Value Selected
Design
Value
Solar Panels Number of 34.01 33.7 32.11 36 Most conservative/safest
Panels (NP) (rounded up from highest
method for future resilience).
Charge Amperage (A) 189 50.2 50.2 189 Highest value selected to ensure
Controller adequate handling capacity.
Batteries Number of 21 24 N/A 24 Higher value from Method 2
Batteries (NB) ensures greater
autonomy/storage.
Inverter Input Power 5 6 N/A 6.0 Higher value from Method 2
(kVA) provides safety margin for peak
loads.
System Max. DC N/A N/A N/A 24 Determined by series panel
Output Voltage (V) configuration.
Max. DC N/A N/A N/A 336 Calculated based on total panel
Current (A) capacity and system voltage.
Max. AC N/A N/A N/A 230 Standard AC voltage.
Voltage (V)
Max. AC N/A N/A N/A 20 Calculated based on inverter
Current (A) output.
Overall Daily Energy 36.3 36.3 36.3 36.3 From pump load analysis.
Requirement
(kWh)
Total Wattage 4.5 4.5 4.5 4.5 From pump load analysis.
(kW)

D. System Performance Analysis

Table 4 provides a detailed breakdown of the system's
monthly energy performance and solar performance ratio.
The average hourly energy output(Eh) of the system is
21361 Wh, and the average monthly theoretical energy output
(Ethm) is 4360 kWh. The average monthly actual estimated
output energy (E4cen) 1S 1104 kWh. The overall theoretical
energy generated by the system annually is 52325 kWh.
Crucially, the daily actual estimated energy output of the
pumping machine is 36.3 kWh (from Table 4.1). When
compared against the minimum theoretical monthly output
energy of 2076 kWh and maximum of 7591 kWh, it is evident
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that the proposed SPV pumping system is designed to
consistently meet the daily water supply needs of the
agricultural farmland throughout the year. The higher
theoretical output capacity provides a significant safety
margin, ensuring reliability even under less ideal conditions.
The average solar performance ratio (SPR) of the system was
determined to be 81.6% over the year. This high SPR value
signifies that the SPV system efficiently converts solar
irradiance into electrical power, indicating a well-designed
and optimized system with minimal energy losses. SPR
values above 75% are generally considered very good for
grid-independent PV systems.
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Table 4: Monthly Energy Output and Solar Performance Ratio (SPR)
Month Hourly Solar Hourly Theoretical Monthly Actual Monthly  Solar Performance
(S/N) Radiation (IT) Output Output Energy Output Energy Ratio (SPR) (%)
(Wh/m?/h) Energy (Eh) (Ethm) (kWh) (E gcem) (KWh)
(Wh)
1 295.9 13800 6056 1125 46.3
2 594.1 27720 7591 1016 36.3
3 769.6 35910 5351 1125 56.7
4 879.5 41040 5113 1088 76.7
5 967.1 45120 4124 1125 83.9
6 860.3 40140 2930 1088 108.9
7 748.6 34930 2837 1125 105.7
8 579.2 27020 2076 1125 138.5
9 3134 14620 2683 1088 111.4
10 204.3 9534 2949 1125 100.9
11 178.8 8340 4806 1088 58.0
12 133.4 6222 5809 1125 46.4
Average 456.2 21361 4360 1104 81.6
Summation 54744 256330 52325 13243
Minimum 133.4 6222 2076 1016 36.3
Maximum 967.1 45120 7591 1125 138.5
. . then descending towards 6:00 PM. The hourly output ener
E. Graphical Analysis of System Performance rises from 13,800 Wh at 7.00 AM fo 2 peak o 45.120 Wh at
a. Hourly Output Energy and the Corresponding Solar 11:00 AM before falling to 622 Wh by 6:00 PM. Similarly,
Radiation hourly solar radiation increases from 295.9 W/m?/h at 7:00

Figure 5 illustrates the hourly output energy (Eh) of the SPV ~ AM to a peak of 967.1 W/m?/h at 11:00 AM, then decreases
system and the corresponding hourly solar radiation (IT) over ~ to 133.4 W/m?h by 6:00 PM. This strong correlation between
atypical day (January 1st, 2023). Both curves exhibita classic ~ solar radiation and energy output confirms the direct
bell shape, characteristic of solar energy profiles, increasing  dependence of the system's performance on available solar
from 7:00 AM, peaking around 11:00 AM to 12:00 PM, and insolation. The system is designed to provide sufficient
energy during the peak sun hours to meet the daily load.
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Fig. 5 The hourly output energy and solar radiation.
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b. Monthly Variations in the Number of Panels

Figure 6 presents the monthly variations in the number of
solar panels calculated using the three different design
methodologies. Method 1 shows an average of 34.01 panels,
Method 2 an average of 33.7 panels, and Method 3 an average
of 32.11 panels. The highest number of panels across methods
(e.g., 58.29 panels in August for Methods 1 and 2) occurs
during months with lower solar radiation (such as August,

which is typically a rainy month in Nigeria). This highlights
the crucial need to size the PV array for the month with the
least solar insolation to ensure year-round reliability. The
decision to approximate the final design to 36 panels (higher
than any average) accounts for a safety factor and potential
future improvements, ensuring robustness even during
periods of suboptimal solar irradiance.
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Fig. 6: The Number of solar panels of the solar photovoltaic system.

c. Theoretical and actual monthly output energy of the SPV
system
Figure 7 compares the theoretical and actual monthly output
energy of the SPV system. The theoretical monthly output
energy (Eipm,) ranges from a minimum of 2076 kWh (in
August) to a maximum of 7591 kWh (in February), with an
annual total of 52325 kWh. In contrast, the actual estimated
monthly energy consumption (E4.¢p) for the pump remains
relatively constant at around 1104 kWh (daily average 36.3
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kWh). This visualization clearly demonstrates that the
theoretical energy generation capacity of the designed SPV
system consistently and significantly surpasses the actual
energy demand of the irrigation pump across all months of
the year. This overdesign provides a substantial safety
margin, guaranteeing that the system can meet the daily water
supply needs of the agricultural farmland even during periods
of lowest solar radiation.
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Fig.7: The output energy from the solar photovoltaic system

year. This consistently high performance ratio demonstrates
the system's effectiveness in converting available sunlight

into electrical power, irrespective of seasonal variations in

d. Monthly variation of daily solar radiation (Gg) and the

corresponding SPR (%)
Figure 8 illustrates the monthly variation of daily solar

radiation (Gy) and the corresponding Solar Performance

Ratio (SPR (%)) of the photovoltaic system. Daily solar

radiation fluctuates throughout the year

months (e.g.
August)

insolation. A high SPR confirms the design's efficiency in

minimizing energy losses within the system components,
ensuring that a significant portion of the harvested solar
energy is converted into usable electricity for the irrigation
pump, aligning with findings from similar studies (Diyoke et

al.

with peaks in dryer

5

February) and lows in rainy months (e.g.,

>

's theoretical output. The

influencing the system

>

2019).

Raghad et al.

2023;

b
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over the

SPR, however, maintains a high average of 81.6%
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Fig.8: Daily solar radiation and Performance ratio of the solar pumping system

F. Monte Carlo Reliability Analysis

The Monte Carlo simulation results (Table 5) show the
monthly solar resource (G; in Wh/m?/day), probability of
energy deficit, and expected daily energy yields at P50 and
P90 confidence levels. The results indicate that the system
experiences high reliability during the months of January to
April and November to December, with deficit probabilities
not exceeding 6%. In contrast, the period from June to

September represents the most critical deficit months,
particularly August, which records a deficit probability of
99.9%, highlighting the risk of severe energy shortfalls in the
absence of adequate storage or backup systems. Across all
months, P50 values remain consistently higher than P90
values, as expected, with the largest performance gaps
occurring in months of low solar irradiance. Fig. 9 presents
the monthly deficit probability across all 12 months of the
year.

Table 5 Monte Carlo Reliability Results

Month G, (Wh/m?/day) Deficit Probability (%) P50 (Wh) P90 (Wh)

Jan 5192 1.03 65,972 48,972
Feb 6508 0.15 82,670 61,533
Mar 4588 2.96 58,112 43,255
Apr 4384 3.76 55,655 41,379
May 3536 17.54 44,748 33,130
Jun 2512 75.82 31,777 23,542
Jul 2432 81.02 30,850 22,751
Aug 1780 99.90 22,659 16,918
Sep 2300 88.71 29,161 21,715
Oct 2528 73.45 32,085 23,888
Nov 4120 6.20 52,400 38,852
Dec 4980 1.53 63,167 46,509
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temperatures. The lowest losses are recorded in August
(2.96%); however, this month also experiences the lowest
solar irradiance, which further compounds the reduction in
energy output. Overall, seasonal temperature variations have
a smaller impact on performance compared to irradiance
fluctuations but still contribute to a 3—10% reduction in yield.

G. Temperature-Corrected Performance

This section accounts for PV output losses due to high
ambient temperatures (Table 6). Figure 10 illustrates that the
highest temperature-related losses occur in February (9.54%)
and December (7.48%) due to slightly higher ambient

Table 6 Temperature-Corrected Daily Energy and Losses
Month  Ambient Temp (°C) Temp-Corrected Daily Energy (Wh) Temp Loss (%)

Jan 27.61 61,145 7.16
Feb 29.76 74,678 9.54
Mar 28.94 54,155 6.95
Apr 28.38 52,000 6.49
May 28.74 42332 5.62
Jun 27.41 30,621 3.90
Jul 27.11 29,711 3.69
Aug 27.24 21,909 2.96
Sep 27.00 28,156 3.49
Oct 27.76 30,768 4.05
Nov 27.32 49,243 5.77
Dec 29.11 58,447 7.48
® Journal of Science
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autonomy is required. This storage buffer can significantly

H. Battery Autonomy Requirement reduce outages during low-solar months.

Fig. 11 indicates that to limit deficit probability to <10% in
the worst month (August), at least 1 day of battery

Effect of Battery Autonomy on August Deficit
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Deficit Probability (%) - August

* © ‘ © . o .
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Fig. 11 Effect of Battery Autonomy
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IV. CONCLUSION

This study successfully designed and comprehensively
evaluated a solar photovoltaic (SPV) irrigation pumping
system for the NRCRI farmland in Umudike, Nigeria,
demonstrating its technical viability and resilience. The core
findings confirm that a robust system, configured with 36
solar panels, 24 batteries, and a 6.0 KV A inverter, can reliably
meet the daily 36.3 kWh energy demand for the submerged
irrigation pump. The multi-method sizing approach provided
cross-validated and conservative design parameters, ensuring
system robustness. Crucially, the stochastic reliability
analysis via Monte Carlo simulation revealed the impact of
daily solar variability, identifying periods of higher deficit
probability (e.g., August at 99.9%) but also demonstrating
that even minimal battery autonomy (e.g., 1 day) effectively
mitigates these risks, enhancing year-round reliability. The
temperature-corrected performance analysis quantified
seasonal energy losses due to ambient temperatures, further
refining efficiency estimates.

Limitations of the Study

This study's primary limitation is its reliance on simulated
data for the stochastic analysis rather than real-time, long-
term field performance data. While meteorological data from
NRCRI was used, the system performance was modeled
based on theoretical efficiencies and probabilistic
distributions, not continuous empirical measurements from
an installed system. Furthermore, a detailed economic
analysis was not within the scope of this study, and thus,
specific financial metrics like Net Present Value (NPV) or
Levelized Cost of Energy (LCOE) were not calculated.

Future Work

Future research should prioritize the experimental validation
of the designed SPV system through the construction and
monitoring of a pilot installation at the NRCRI farmland. This
would allow for the collection of real-world performance data
to verify the accuracy of the stochastic and temperature-
corrected models. A comprehensive life-cycle cost analysis
(LCCA) and environmental impact assessment (EIA) specific
to the local context are strongly recommended to provide a
more definitive understanding of the system's long-term
economic and ecological benefits. Further optimization
studies could explore the integration of smart irrigation
technologies (e.g., IoT-based soil moisture sensors) to
dynamically adjust pump operation based on real-time needs,
potentially enhancing efficiency and reducing system size
requirements.
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Abstract— Face recognition is considered a primary
technology in biometric systems. Despite its merits, the systems
suffer because of the various facial variations. Two-Dimensional
Principal Component Analysis (2DPCA) limits these variations by
preserving facial spatial information and, at the same time,
improves the computational efficiency. Those features give it an
advantage in different applications, not only in face recognition but
also in artificial intelligence (AI) applications. However, the
distance methods used for classifications associated with 2DPCA
are a significant issue. This paper explores and modifies various
distance measures defined in the literature of the PCA approach for
face recognition. These fourteen-distance metrics are modified and
compared to the standard Euclidean distance on well-known face
databases, namely the ORL, AR, and LFW databases. The
experiments on these databases, which have diverse variations in
facial images, manifest the superiority of the correlation
coefficient-based distance method. Additionally, the results also
show remarkable performance of angle-based and Canberra
distance methods. These results clarify the importance of this work
in enhancing distance metrics within 2DPCA algorithms to enhance
the accuracy and robustness of both traditional and Al-driven
recognition systems.

Keywords—Two-dimensional
Classification Methods.

PCA, Face recognition,

I. INTRODUCTION
Face recognition has become a cornerstone of
modern biometric systems. This is primarily because of its
natural, non-intrusive, and easily deployable attributes in a

variety of real-world contexts—from security and
surveillance to access control and human-computer
interaction [1]. Nevertheless, despite these strengths,

achieving high levels of accuracy poses significant challenges
due to substantial variations in facial appearance arising from
illumination, expression, aging, pose, occlusion, and image
quality [1], [23].

Face recognition algorithms are divided into three groups:
appearance-based methods, feature-based methods, and
hybrid methods. Appearance-based approaches examine
holistic pixel intensity data and encompass famous and well-
known techniques such as Principal Component Analysis
(PCA), Linear Discriminant Analysis (LDA), and
Independent Component Analysis (ICA) [2-7]. Feature-based
methods focus on extracting local or geometric face
characteristics, such as facial landmarks, whereas hybrid
methods merge both global and local approaches to enhance
robustness.

Among these various techniques, PCA has been widely
adopted due to its effectiveness in minimizing dimensionality
while preserving essential key variability in facial data [3-4].

https://doi.org/10.20428/jst.v30i10.3195

PCA transforms high-dimensional face images into a
compact set of uncorrelated features, referred to as principal
components, which can be utilized for efficient classification.
Nevertheless, PCA requires vectorizing two-dimensional
images, which leads to the loss of crucial spatial information,
potentially impairing recognition performance [8-10].
Following the PCA projection, selecting an appropriate
distance measure for comparing feature vectors plays a
crucial role in recognition performance. The Euclidean
distance is the most frequently employed metric due to its
simplicity; nevertheless, other distances, such as
Mahalanobis, cosine-based, and correlation-based distances,
have proven to offer greater accuracy concerning PCA-based
systems [13, 20].

To mitigate the loss of spatial information, Two-Dimensional
PCA (2DPCA) is introduced, operating directly on image
matrices without the requirement for vectorization [9].
2DPCA effectively preserves spatial structure and offers
superior computational efficiency compared with PCA [9,
10]. Extensions and variants of 2DPCA, including Diagonal
PCA (DiaPCA) [10], Selected Coefficient 2DPCA [11],
Variation 2DPCA [12], Relaxed 2DPCA [21], and Joint-norm
2DPCA [22], have been developed to further improve both
discrimination and robustness.

Recently, the integration of 2DPCA and its variants into
artificial intelligence (AI) pipelines has gained significant
interest [21-33]. Shallow subspace representations, such as
2DPCA, are frequently utilized as feature extraction stages
before feeding data into deep learning models, facilitating
hybrid systems that combine traditional statistical methods
and neural networks [26, 27]. The implementation of
effective distance measures in these intermediate stages can
enhance performance in various tasks such as identity
verification, clustering, and few-shot learning [28].
Furthermore, they play a critical role in privacy-preserving
face systems [29]. Beyond the realm of face recognition,
2DPCA has also been employed as an effective shallow
feature extraction technique in Al-driven applications, such
as texture classification [26], where it contributes to the
enhancement of convolutional neural networks (CNNs)
performance when combined in hybrid architectures [30]. In
medical image analysis, 2DPCA has also been used to
enhance feature representations before feeding them into
deep classifiers for tasks such as disease diagnosis and lesion
detection [27, 31]. For hyperspectral image classification,
2DPCA aids in dimensionality reduction while preserving
spatial-spectral information, yielding better results when
integrated with deep learning frameworks [28, 32]. Likewise,
in handwriting recognition, 2DPCA-based features have been
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combined with deep neural networks to improve accuracy in
multilingual character recognition systems [29, 33]. As Al-
driven recognition systems continue to evolve, understanding
and optimizing these distance measures within 2DPCA
frameworks has become increasingly crucial for developing
robust, efficient, and interpretable solutions.

Thus, studying and optimizing distance measures in 2DPCA-
based algorithms is essential not only for enhancing
traditional face recognition accuracy but also for advancing
Al applications that depend on robust similarity measurement
[21-22, 24-25]. In systems powered by Al, feature extraction
techniques such as 2DPCA often serve as a bridge between
raw data and deep learning classifiers or embedding models
[26-27], 30-31]. The choice of distance metric has a direct
impact on subsequent tasks such as clustering, identity
verification, few-shot learning, and adversarial robustness
[28, 32]. By enhancing the discriminative power of 2DPCA
feature spaces with optimized distance functions, these
systems can achieve higher generalization ability and stability
across diverse datasets and operational conditions [22, 25,
33]. Furthermore, these enhancements can lead to more
interpretable and trustworthy Al models, which is particularly
crucial for applications involving security, healthcare, and
human-centered Al solutions [31-32, 34]. As a result,
systematically investigating distance measures within the
2DPCA framework offers a foundation for building more
powerful and reliable hybrid Al systems [21, 25, 30, 34].

In spite of advancements in feature extraction, most 2DPCA-
based face recognition systems continue to rely primarily on
Euclidean distance for classification. Nevertheless, 2DPCA-
based studies have shown that alternative distance measures,
including volume-based, assembled matrix, reweighted
angle, RowAMD, and row-kNN distances, can lead to
significant improvements [16-20, 35-36]. Applying these
advanced distance measures within the 2DPCA framework
remains an open question for further research.

Motivated by this gap, this paper explores fourteen distance
measures, originally developed for PCA-based recognition,
and modifies them to 2DPCA-based systems. The evaluation
of their impact on recognition accuracy is conducted using
standard face datasets under various conditions, including
changes in illumination and expression.

The remaining of this paper is organized as follows. Section
2 briefly explains a 2DPCA algorithm. Section 3 depicts
modified versions of the distance measures. Section 4
provides experimental results and discussion on three famous
face databases. Finally, section 5 introduces the conclusion
and future work.

II. 2DPCA ALGORITHM
Let us consider a random matrix A characterized by
dimensions m X n , which projects onto an X n-dimensional
unitary column vector via linear transformation as illustrated
in Eq. (1):

Y = AX (1)

Y is referred to as the projected feature vector of the image A.
To ascertain the most effective projection vector X which
encompasses the total scatter of the projection samples, the
trace of the covariance matrix criterion is employed as
illustrated in Eq. (2):

J(X) = tr(S); @)
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where, ] (X) represents the trace of Sy, and Sy refers to the
covariance matrix of the projected feature vectors obtained
from the training images. Thus, Sy can be expressed as:

Sx = E(Y— E(Y)E(Y — E(Y))T

= E(AX — E(AX))(AX — E (AX))T

3)

= E((A — E@A)X)((4 — E(A)X)"
Hence,
tr(Sy) = tr(X"E((A — E(A)" (A — EANX) 4
Assuming there are M training face images, the covariance
matrix, referred to as G, can be expressed as in Eq. (5):
Ge = S (A ~ A (4~ A) )
where, the A; represents the ith training images. M denotes
the number of training images and A is the average image of
all training images. By calculating the eigenvectors of G; and
selecting the eigenvectors Xy; ...... :Xq corresponding to the
largest eigenvalues, we obtain the optimal projection axes.
Since the size of G; is only n X n, the computation of its
eigenvectors proves to be more efficient than that of PCA.
The feature matrix for each image in the gallery is obtained
by multiplying it by the selected eigenvectors as outlined in
Eq. (8):

Y = AX (6)
where, X is the selected eigenvector matrix and Y indicates
the feature matrix corresponding to the image A. The
identical equation applies to the test image. Following this,
the nearest neighbour, which has a defining distance, is
utilized for classification.

ITII. DISTANCE MEASURES
A range of distance methods have been introduced alongside
the 2DPCA algorithm. In this paper, different variations of
distance methods are tailored based on the structure of
distance methods presented in [20]. Let Y, is the feature
matrix of a test image, Y; is a feature matrix of a train image.
The definitions of modified distance methods are as follows:

A.  Minkowski distance (L, metrics): it is the same as AMD
distance methods:
Y,
dayp YY) = (”Yt - Yi”?) P
B.  Manhattan distance (L, metrics, city block distance)
domano Y ¥) = [(Y, — Y
C. Euclidean distance (L2 metrics): it is the same as 2D
Euclidean distance
dop YY) = |IYe — Yill
D. Squared Euclidean distance (sum square error, SSE),
mean square error (MSE)
dassep YY) = Y — Yill3

1
damsep (Y3 Y1) = o Y, — vill3
Where n is the number of selected eigenvectors.
E. Angle-based distance

Yt K Yi
doanep Y3 Yy) =

/Yf * Y2

F. Correlation coefficient-based distance
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nxY, xY;

doanep Y3 Yy) =
(mx (Y7 —Y2)x (Y7 -Y7?)
Where n is the number of selected eigenvectors.
G. Mahalanobis distance and Mahalanobis distance
between normed vectors
Aopmanp YY) =z (¥ — Yi)T * (Y, —Y)) Z
_ A
A+ a?
oz (Y =Y (Y YY)

domannp Y Yy)

Where A is the sorted eigenvector and @ = 0.25
H. Weighted Manhattan distance

f 1
dowmano (Vs ¥i) = zx (Y. =YD z= |—

Where A is the sorted eigenvector.
1. Weighted SSE distance

dowssep YY) = z* ||V, — Yi”% zZ=

NG

Where A is the sorted eigenvector.
J.  Weighted angle-based distance

zxY, x Y;

dyanep Y3 Yy) = ———
’Y% K Yi2

K. Chi square distance

(Y, — Y))?
d YuY) = —/——
2cHsp (Xt ¥ Y, + Y,
L. Canberra distance
d (YY) = u
2CNBD trri Iytl + | Y},l

M. Modified Manhattan distance
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(¥, — V)
d Yo, V) =—F——
ZMMAND( t l) IYtl.* IYll
N. Modified SSE-based distance
R | A 1
2MSSED tr i ”Yt ”%* ” Yl”%
O. Weighted modified Manhattan distance
_zx|(r, = V)| _ |1
dawmmano YY) = 257 z= =
P.  Weighted modified SSE-based distance
zx Y, — YilI 1
d Yo, Vi) = —— = |—
2WMSSED ( t l) ”Yt "%* ” Yl"% Z A

IV. EXPERIMENTS AND DISCUSSION

A. Result tested on ORL database

The ORL database [37] contains 400 images for 40
individuals, with 10 different images for each one. The image
measures 112 X 92. The images were captured against a dark
homogeneous background at different times, with facial
expressions (open/closed eyes, smiling / not smiling), lighting
variations, and facial details (glasses / no glasses), while
allowing for some lateral movement. Some examples of ORL
are shown in Fig. 1.

- » i

Fig. 1: Examples from the ORL database used in the
experiments

To evaluate the different distance methods on the ORL
database, the first 1 to 9 images are selected for training, and
the remaining images are used for testing. It is evaluated with
a different number of eigenvectors. Table 1 shows the best
accuracy with the corresponding number of eigenvectors.
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Table 1: Best accuracy of ORL database with the corresponding number of eigenvectors for modified distance methods

NO of training Images

Manhattan

Squared
Euclidean
(SSE)

Mean square
Euclidean
(MSE)

Angle-based

Correlation
coefficient-
based

Weighted
Manhattan

Mahalanobis
Norm

Weighted
SSE

Weighted
angle-based

Chi square

Canberra

Modified
Manhattan
distance

Modified
SSE-based

Weighted
modified
Manhattan

Weighted
modified
SSE-based

2D Euclidean

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
cigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
cigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

accuracy
No.
eigenVectors

75.56] 3

73.06

73.06| 2

68.89 | 5

63.89

74.17) 2

65.56| 5

74.44

68.06

71.39] 2

73.61) 2

70.56

63.61] 2

70.83

75.56

85.94

84.06

84.06| 2

I3[ 6

75.63

85.63

T4.69| 5

85.94| 2

7813

7875 2

83.13

80.63

72.19] 2

79.69

85.94

8821 6

85.71

85.71

79.29

79.64

87.86

78210 8

86.43

83.57

8321] 2

82.86

81.43

77.50] 2

82.14

87.86

91.25

89.17 8

89.17) 8

8333 5

82.08

90.00

83.33

89.58

80.42

86.25] 2

87.50] 5

85.00

80.83] 2

83.33

90.83

9350] 9

91.50] 8

91.50] 8

86.50

84.00

===

93.00

82.00

91.00

80.50 1

86.00] 5

91.00] 3

88.50

85.00] 2

86.50

93.50

96.88) 3

96.88

96.88

93.13

90.00

96.25| 3

88.13) 7

96.88( 5

89.38] 1

91.88] 2

97.50] 3

95.00[ 3

93.13| 2

96.25( 3

97.50

96.67

96.67

96.67

93.33

91.67

96.67) 2

90.83] 8

96.67| 5

90.83] 8

89.17) 1

94.17) 5

99.17( 3

95.83| 3

90.83| 2

97.50{ 3

97.50( 3

8 19625

96.25

(93

96.25] 5

96.25

93.75

97.50] 3

95.00

96.25] 5

95.00f 9

87.50 1

96.25] 5

98.75( 3

96.25] 3

92.50] 2

97501 3

97501 3

9 [95.00] 3

95.00

95.00

100.00

9750

97.50

o

95.00] 6

95.00] 3

95.00[ 6

87.50

95.00] 2

97.50{ 3

95.001 3

95.00] 2

97.50{ 3

95.001 3

It can be seen from Table 1 that the angle-based method
achieves the best accuracy when the number of training
images is 9, which is 100%. In contrast, for the other sets of
training images, both Manhattan and modified Manhattan

demonstrate superior results compared

to other distance

methods. Figure 2 displays the average accuracy outlined in
Table 1.

92
90
88
86
84
82
80
78

Average Accuracy Of ORL

Fig. 2: Average Ac

It is evident from Fig. 2 that Manhattan and 2D Euclidean
distance methods yield the best average accuracies. In terms
of the number of eigenvectors utilized, the chi-square
distance method requires the fewest eigenvectors;
nevertheless, it results in the lowest average accuracy. On the
other hand, Weighted Manhattan and Weighted SSE utilize
the least number of eigenvectors while still achieving
satisfactory average accuracies.

B. Results on AR database

The AR face database [38] contains 2,600 warped frontal
color images of 100 persons. Each subject has 26 different
images registered in two separate sessions; each held in a
different week. Each session consists of 13 images featuring
various expressions and conditions: neutral expression, smile,
anger, scream, left light on, right light on, all side lights on,
wearing sunglasses, wearing sunglasses with left light on,
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wearing sunglasses with right light on, wearing a scarf,
wearing a scarf with left light on, and wearing a scarf with
right light on. The images were captured under controlled
conditions of illumination and viewpoint using the same
camera. All images were converted to grayscale and have a
size of 165%120 pixels. Examples from the AR database are
shown in Fig. 3.
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(a) Session 1

Natural images of the two sessions are used for training, and
the rest of the expressions and conditions are used for testing
individually for both sessions. Table 2 shows the best

(b) Session 2
Fig. 3. Examples of one subject in the AR face database

accuracy and the corresponding number of eigenvectors for
each state individually for both sessions.

Table 2: Best accuracy of AR database with the corresponding number of eigenvectors for modified distance methods
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From Table 2, it can be observed that Canberra provides the
best accuracy result of 99.5% when the image is normal and

cases. The Chi-square method remains unchanged, as
observed in the ORL database, which produces the lowest

the person is smiling. Nevertheless, the Correlation

coefficient-based approach achieves better accuracies in most in Table 2.

Average Accuracy Of AR
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Fig. 4: Average Accuracy of the AR database
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It is apparent from Fig. 4 that the Correlation coefficient-
based and Canberra methods yield the best average
accuracies. Regarding the number of selected eigenvectors,
the Weighted modified Manhattan distance method requires
the fewest eigenvectors; nonetheless, it results in a low
average accuracy. Conversely, the Correlation coefficient
utilizes more than the average number of eigenvectors while
achieving the best average accuracy.

V. Results on LFW database

Labeled Faces in the Wild (LFW) [39] was developed by the
University of Massachusetts, Amherst. It contains 13,233
images of 5,749 individuals, featuring significant variations

in pose, occlusion, illumination, and expression. The database
comprises images of famous people from the internet, aimed
at studying the face recognition problem in unconstrained
environments. Among the individuals, 1,680 have two or
more distinct images, while the remaining individuals have
only one image. The images are in JPEG format, each
measuring 250 X 250 pixels. While some images are
grayscale, the majority are in color. A sub-database is derived
from this dataset, selecting individuals with 10 or more
images, from which 10 images are chosen. Consequently, the
new database consists of 100 individuals, each with 10
images. These images are cropped, resized to 80 X 60 pixels,
and aligned using the method described in [40]. Examples
from the LFW face database are shown in Fig. 5.

To evaluate the different distance methods on the LFW
database, the first 1 to 9 images are selected for training, and
the rest are for testing. It is evaluated with a different number

of eigenvectors. Table 3 shows the best accuracy with the
corresponding number of eigenvectors.

Table 3: Best accuracy of AR database with the corresponding number of eigenvectors for modified distance methods
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Euclidean
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Mean square
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From Table 3, one can observe that the method utilizing the
Correlation coefficient-based method delivers the best
accuracy result of 70%. Furthermore, it also achieves the best
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accuracy in all cases. In contrast, the Weighted modified
Manhattan produces the lowest accuracies in nearly all cases.
Figure 6 depicts the average accuracy presented in Table 3.
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Average Accuracy Of LFW

Fig. 6: Average Accuracy

It is clear from Fig. 6 and Table 3 that the Correlation
coefficient-based and Angle-based methods deliver the best
accuracies. With respect to the number of selected
eigenvectors, the Weighted modified Manhattan distance and
Chi square methods use the fewest eigenvectors; still, they
yield a low average accuracy. On the other hand, the
Correlation coefficient utilizes fewer than the average
number of eigenvectors and concurrently achieves the best
average accuracy.

Based on the analysis of the three databases, it can be inferred
that the Correlation Coefficient-based method is superior to
other distance methods, particularly regarding accuracy and
the number of eigenvectors. Furthermore, it is apparent that
both Angle-based and Canberra methods are noteworthy
distance methods and require additional research in diverse
situations.

VI. CONCLUSIONS AND FUTURE WORK

The efficiency of 14 distance methods applied with Two-
Dimensional Principal Component Analysis (2DPCA) in face
recognition is examined. Different experiments on three well-
known databases are conducted. These experiments show the
superiority of the correlation coefficient-based method,
which achieves the highest accuracy. This demonstrates its
effectiveness under different variations of face conditions.
Furthermore, the considerable accuracies of both the angle-
based and Canberra distance methods reveal their
effectiveness in specific variations.

Several tracks need to be explored to reveal the impacts of the
different distance methods. Initially, the effect of existing
specific different pose variations is a particular issue.
Furthermore, what is the impact of the preprocess algorithms
with different distance methods? The influence of distance
metrics in real-time face recognition systems is a crucial issue
in practical deployment regarding security and surveillance.
Furthermore, 2DPCA should be explored with advanced
machine learning approaches, including deep learning, which
may increase the reliability and accuracy of recognition
systems.
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objective of this research is to identify and classify
the effective factors in the use of cloud computing
in eHealth. By reviewing the relevant literature and
relying on the technology-organization-
environment model and the human-institutional-
technology alignment model, 16 sub-criteria were
identified, grouped into four main factors. The sub-
criteria were identified through a survey of 60
experts, university professors, and technology
experts. Health information was classified using
the Fuzzy Analytical Hierarchy (FASH) process. A
review of the existing literature revealed that, due
to the novelty of the topic, no studies have been
conducted. The research findings show that,
according to experts, when making decisions about
the use of cloud computing in healthcare,
technological, human, organizational, and
environmental factors must be considered.

Keywords— eHealth; Cloud Computing; Cloud
Computing Use, Technology-Organization-
Environment Model; Human-Organization-
Technology Convergence Model
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Identifying and Classifying the Key Factors
Influencing the Implementation of Cloud
Computing in eHealth (A Case Study of Al-
Thawra and Al-Jumhuri Hospitals in Sana'a)

Abstract— Cloud computing, as a new
technology, coupled with Internet infrastructure
and solutions, can bring significant benefits to the
delivery of electronic medical services. The
application of this technology in eHealth requires
various factors to be considered. The primary
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Abstract— Shariah-compliant mutual funds widen the scope of
ethical investing avenues available in in Islamic finance. The
enhancement of portfolio performance in these funds becomes
increasingly more important with the application of new age fintech
and its considerations to risk-return relationships. Moreover, there
are limited studies on the risk-return configuration of Shariah mutual
funds in Oman, particularly the effect of year-to-date (YTD)
volatility. This study analyzes the impact of fintech-driven risk
measures on the performance of the Al Kawthar Shariah-compliant
mutual fund in Oman using regression analysis of monthly data from
2017 to 2024. It apples fintech techniques to determine how YTD
volatility is associated with key financial parameters like Standard
deviation, Sharpe ratio, and Beta, Information Ratio, and
Annualized Alpha in case of Al Kawthar fund. Using regression
analysis, we assess the effect of these parameters on YTD returns
and risk-adjusted performance using monthly data from December
2017 to March 2024. The analysis demonstrates that the scope of
prediction of these indicators accounts for 27.1% of variability in the
YTD return with higher Annualized Alpha and Sharpe Ratio
contributing positively to fund outcomes while YTD Volatility
undermines it. The report forwards understanding of Oman’s
Shariah-compliant mutual funds as well as demonstrates the efficacy
fintech can have in advancing risk management frameworks and
assisting fund managers towards optimized risk-return
configurations.

I. INTRODUCTION

In the era of increasing globalization, the stock
markets of the Gulf Cooperation Council (GCC) are
particularly important for investors hoping to capitalize on
lucrative opportunities amid the perceived risks. According
to the Arab Monetary Fund (2017), GCC markets stand out in
the Arab world because they have high market capitalization,
considerable transaction activity, and a broad range of
companies listed on them. For instance, Saudi Arabia
dominantly led the region in market capitalization in 2017,
with US$451.15 billion, while Bahrain lagged substantially
with US$21.603 billion. Though transaction volumes also
varied markedly from Saudi Arabia’s US$3,590.5 million to
Bahrain’s US$130 million, the aggregate figure for the GCC
economies was US$173.74 billion. This average market
capitalization firmly cements their status as the premier stock
exchanges of not only the Arab world but also emerging
markets [1]. The stringent ethical and compliance guides
create unique risks for Shariah-compliant businesses.
Fintech, particularly through its powerful risk management
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and analysis tools, offers new solutions for meeting these
compliances. It is critical for the businesses to balance higher
return expectations with the risk bound to these technologies,
however, [7]. Besides pursuing profitability and growth,
some successful firms use fintech for their advanced risk
management systems and indeed, gain the competitive edge
[8].The Oman financial system has significantly changed
after the Central Bank of Oman implemented Shariah
compliance governance in 2012. The governance created a
regulatory Shariah framework with defined boundaries and
policies. Incorporating sophisticated fintech into this
framework is intended to improve operational compliance,
reduce compliance burdens, enhance risk management, and
thus, restore investor trust in the expanding Islamic finance
industry in Oman.Despite Oman emerging as a rapidly
growing financial market, very little research exists around
Shariah compliant investment risks and returns, particularly
regarding how the trading volume relates to the volatility of
the investment returns. As Oman seeks to bolster its position
in the global financial system, this work intends to fill that
gap by analyzing the risk-return characteristics of Shariah
compliant mutual funds, particularly the Al Kawthar Fund.
Oman’s Capital Market Authority regulates The Al Kawthar
Fund which aims for capital growth by investing in Shariah
compliant equities and Sukuks in the Gulf Cooperation
Council countries. This research using advanced analytics
through fintech examines the fund's monthly factsheets from
December 2017 to March 2024. The study analyzes the data
using year-to-date (Y TD) performance metrics of the funds —
Standard Deviation, Sharpe Ratio, Beta, Information Ratio,
and Annualized Alpha — and investigates the degree to which
these metrics quantifying fund performance are associated
with risk and return.The rationale behind our research in this
paper will be presented as follows: in the first section, the
Theoretical Framework will outline the central theories and
concepts that guide the study; then, the Methodological
Approaches and Techniques, which explain the research
design and the methods that were used; next, the Results
section where we provide the outcome of the analysis; last,
the Findings Analysis Discussion and Future Work will look
at the results, consider what the results mean, and offer
recommendations on what else needs to be looked at; finally,
the Conclusion captures the essence of the study. We believe
that integrating these parts into one continuous narrative will
tell the complete story of the subject being studied and present
the research results clearly. Literature Review
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Theoretical Framework

The Capital Asset Pricing Model (CAPM) was developed to
estimate the expected return of an asset dependent on its risk.
With CAPM, returns are primarily influenced by systematic
market risks, and specific, diversifiable risks have little to no
effect on returns [11]. CAPM is common in practice for
calculating the cost of capital and assessing the returns from
various portfolios and securities. On the other hand, Andrei
et al. [12] claim that investment pricing models overly adjust
risk and return while using beta as the risk metric. They argue
that securities are predominantly impacted by market returns,
based on the notion of a portfolio that contains every asset
available in the capital market [13]. The performance of
mutual funds, especially in relation to benchmarks such as the
Composite Stock Price Index (IHSG), is deeply connected
with their return and risk characteristics. Earlier studies put
more emphasis on mutual fund return-risks relationships, but
more recently, there is focus on Risk-Adjusted Return, which
takes into account the risk taken to achieve the returns [10].
Such change highlights the growing need to assess how
returns and risks are measured, particularly in light of the
favorable results detected in some mutual funds. Often
previous studies have relied on single random samples,
whereas this research studies several mutual fund products
employing multiple sampling techniques. The constant rise in
marketing and investment activities along with mutual fund
trends is drawing attention to application of Sharpe ratio in
performance evaluation of mutual funds [14]. Within the
framework of Shariah-compliant stocks, every business has a
certain risk level based on the revenue fluctuations relative to
the ROI (Return of Investment) expectations. Systematic risk
is one of the most important ones in making financial
decisions, and it is measured with beta which shows the
degree a company’s actions relate to the movement of the
market. CAPM utilizes beta as a determinant in estimating the
return of an asset based on the expected return from the
market and forms the basis of portfolio management that aims
at optimizing risk and return by investing in several
companies. These investments are made in relation to the size
of the market along with other risk-free securities [15].
Discussions about the factors of systematic risk are abundant
throughout the financial literature shedding light on a focused
research gap in the context of stock market studies [16-18].
Despite a wide scope of coverage on various firms and
industries around the globe, there has been no identified
systematic risk that is consistently affected by universally
applicable factors [19]. There are some cases where Shariah
compliant In addition, few papers investigate the systemic
risk in the market of Shariah compliant companies in
Malaysia. This study seeks to add to the body of knowledge
by examining the main drivers of systemic risk of Shariah-
compliant firms in Malaysia. The study analyzes the
accounting and market panel data of Shariah-compliant listed
companies on Bursa Malaysia for the period 2009-2018.
Seven financial ratios—Company size, Profitability,
Liquidity, Debt Equity Ratio, Growth, and Operational
Efficiency—are used as proxies for independent variables
that determine systemic risk. These proxies were picked
according to standard market models, finance theories, and
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previous studies [20][23]. RVAR as described in Sharpe
(1999) is a ratio that can be used for analyzing portfolio
returns vis-a-vis a given risk. To compute the Sharpe ratio,
one divides the risk premium (which is the excess average
return of a mutual fund over the risk free rate) by its standard
deviation [23]. This reasoning paves way into the analysis of
mutual funds from 2016 to 2018 focusing on the indicators of
Sharpe Ratio, Treynor Ratio, Jensen Alpha, and M-Square to
evaluate the performance of equity mutual funds [16]. For
investors who actively manage their portfolio, the correlation
between year to date (YTD) stock performance and several
risk metrics: Standard Deviation, Sharpe, Beta, Information
and Annualized Alpha, yields important insights [21-29].
Standard Deviation measures the level of a financial asset’s
return variability/volatility. The higher the Standard
Deviation, the greater the risk associated with the asset. The
Sharpe Ratio will indicate whether YTD performance
justifies the risk by measuring reward per risk unit footed.
Beta indicates stock volatility compared to the market which
means a Beta greater than one indicates the stock is more
volatile than the market. The Information Ratio measures
how a stock performed year-to-date in relation to a specific
benchmark, adjusting for tracking errors. On the other hand,
it demonstrates consistency against the benchmark.
Annualized Alpha computes an investment's excess return in
relation to the benchmark index earnings, measuring risk
against performance. A positive Alpha signifies that the stock
outperformed the set expectations given the risk involved. In
aggregate, these estimates make up a comprehensive
perspective about the stock's of the past year performance and
performance risks.

Hypotheses:

H1: Between YTD performance figures and both Annualized
Alpha and Sharpe Ratio, there exists positive correlation and
hence dependency.

H2: There exists positive correlation between YTD
performance and Beta.

H3: There exists negative correlation between YTD
performance and Standard Deviation.

H4: There exists positive correlation between YTD
performance and Information Ratio.

These assumptions direct empirical analysis to explore how
YTD performance interacts with risk, return, and other factors
considered important for efficient portfolio management in
financial markets. Regression analysis is employed to
evaluate the hypothetical relationships by controlling for
other variables that could effect the results.

II. RESEARCH METHODOLOGY
This study is a quantitative one with a descriptive analysis.
The chosen sample for this research study is from the Al
Kawthar Fund Dataset. Al Kawthar Fund is an open-ended
investment fund under the Omani Capital Market Authority
which works in a partnership model with the investors and an
Investment Manager. The investors buy Units in the Fund
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which constitute a proportionate share in the Fund’s net assets
and aim to achieve a return through investment in Shariah
equities and Sukuks. The Fund undertakes both top-down and
bottom-up investment strategies, actively seeking to
capitalize on perceived price inefficiencies and arbitrage
opportunities. The primary objective is to achieve growth by
capital appreciation through investing in the stock markets of
the GCC countries. The required information is obtained from
the secondary source of the Al Kawthar Fund Monthly
Factsheet from December 2017 to March 2024.

Sampling Technique

This study has a quantitative approach with purposive
sampling and includes 82 months of Al Kawthar Fund
monthly factsheets (December 2017 to March 2024). Based
on Sugiyono's criteria [30], a sample is referred to as
purposive when it is selected based on predetermined
standards applicable to the set goals of the study. In this case,
the year-to-date (YTD) performance risk analysis of Sharia
compliant investments in Oman was the focus for the selected
period. Al Kawthar Fund is one of the prominent examples of
such investments in the region.

Table 1 Variable Definitions for YTD Performance Analysis

Variable name Variable Variable Type Description
Code
YTD Y Dependent
Standard Deviation (%) X1 Independent Increased volatility opens up the possibility of wider
changes in YTD returns, implying greater levels of risk
exposure.
Sharpe Ratio X2 Independent This metric has higher YTD return indicating better
risk-adjusted performance given the excess return per
unit of portfolio risk.
Beta X3 Independent The degree to which portfolio returns can be attributed
to market returns is measured, with higher YTD return
indicating proper market movement capture and
increase.
Information Ratio X4 Independent Management efficiency is checked through excess
return versus tracking error ratio, with positive value
reflecting YTD gain above benchmark.
Alpha % (annualised) X5 Independent This shows the improvement against the anticipated

return, where greater YTD returns dominantly
strengthens the applied alpha.

The selection of Beta reflects its ability to capture the
systemic risk exposure of the fund relative to market
movements, a key concern in fintech-enabled risk analysis.
The Information Ratio was included to evaluate the fund
manager's skill in generating returns above the benchmark,
adjusted for risk, which aligns with fintech-supported
performance evaluation frameworks

ITI. RESULTS
The impact of Sharpe Ratio, Beta, Information Ratio, Alpha
% (annualized), and Standard Deviation (%) on YTD
performance was analyzed using simple linear regression
analysis. The results demonstrated that the combined effect
of the predictor values did significantly predict performance
(F(5, 70) = 5.215, p < .001) and the coefficient of
determination R? was calculated to be .271 which means
approximately 27.1% of YTD variance could be explained by

the regressors used in the model. According to the regression
equation derived from the analysis the following relationship
stand, YTD =.100 + .000(Standard Deviation of YTD in %)+
.000Sharpe Ratio - .007Beta - .0l1Information Ratio +
0.047Alpha % (annualized). Based on this equation assuming
Alpha % (annualized) is the only parameter that would
change, with each one-unit increase in Alpha % (annualized),
YTD is expected to increase for approximately .047 units.
Also, from the confidence intervals calculated, we can be
95% sure that the slope lies between .033< < .061, meaning
we can make those values more precise knowing that those
precise numbers can predict YTD performance. With these
results, it is evident that a model can be built that captures the
essential predictors of YTD performance and optimally
exploits financial metrics such as Alpha % (annualized) for
investment forecasts.

Table 2 Analysis of Variance (ANOVA) for YTD Regression Model

Model Sum of Squares df Mean Square F Sig.
1 Regression 181 5 .036 5.215 <.001b
Residual 487 70 .007
Total .668 75

a. Dependent Variable: YTD

b. Predictors: (Constant), Alpha % (annualised),
Sharpe Ratio, Beta, Standard Deviation (%),
Information Ratio

From our regression analysis, we observed that the relation
with the predictors (constant, Alpha Percentage (annualized),
Sharpe Ratio, Beta, Standard Deviation (%), Information
Ratio) with the dependent variable YTD (Year-To-Date) is
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significant statistically, F (5, 70) = 5.22, p <.001. This means
that the model explains a substantial proportion of variance in
YTD. In particular, the impact of the regression model along
with its predictors was more than marked towards estimating
the performance of YTD. The two levels of the regression and
the residuals of the F’s 5 and 70, respectively yielded the
degrees of freedom. The critical value greater than was 5.22
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confirming the relationship is statistically significant. This
indicates that these predictors statistically affect changes in
YTD and the p < .00l affirms the above mentioned
hypothesis. In light of this evidence, the null hypothesis is
rejected which leads to accepting the relation of the chosen
set of dependent variables and YTD.

Table 3 Regression Coefficients for YTD Performance Model

Model Unstandardized Coefficients Standardized Coefficients t Sig.

B Std. Error Beta
(Constant) .100 .065 1.549 .126
Standard Deviation (%) 1.556E-6 .000 .007 035 972
Sharpe Ratio .000 .000 332 2.747 .008
Beta -.007 .010 -.115 -.682 497
Information Ratio -.011 .004 -.556 -2.732  .008
Alpha % (annualised) .047 .015 571 3.166 .002

We conducted a Simple Linear Regression Analysis to
determine how Sharpe Ratio, Beta, Information Ratio, Alpha
(% annualized), and Standard Deviation (% annualized)
could predict YTD performance.A significant regression was
found (F(5, 70) = 5.215, p < .001). R-squared was .271,
meaning that the given predictor variables accounted for
approximately 27.1% of the variation in YTD performance.
The regression equation was:YTD = 0.100 + 0.000(Standar
Deviation (%)) + 0.000 Sharpe Ratio — 0.007 Beta — 0.011
Information Ratio + 0.047 Alpha % (annualized) sThus,
predicted YTD values increased with Alpha % (annualized),
indicating every one unit increase in Alpha % (annualized)
translates to a predicted unit increase of about 0.047 units in
YTD. Confidence intervals suggest that we could be 95%
confident that the slope to predict YTD from Alpha %
(annualized) would be between 0.033 and 0.061.The
regression results indicate that Annualized Alpha and Sharpe
Ratio have statistically significant positive coefficients (p <
0.05), supporting the hypothesis that higher values in these
metrics enhance fund performance. Conversely, YTD
volatility shows a significant negative relationship. All p-
values and confidence intervals are reported in Table above .

Discussions of findings and future works

This study's result, facilitated by fintech innovation, aligns
with previous research conducted on Shariah-compliant
mutual funds in Oman, especially the Al Kawthar Fund. With
the aid of fintech tools for empirical analysis, we assessed
Standard Deviation, Sharpe Ratio, Beta, Information Ratio,
and Annualized Alpha concerning their YTD performance.
Fintech algorithms eased the rigor of testing the Capital Asset
Pricing Model (CAPM) and verified the systematic risk
(Beta) has a significant impact on investment returns,
confirming that systematic risk (Beta) continues to affect
investment returns. The involvement of fintech Shariah-
compliant investments in Oman’s capital markets for Oman’s
capital markets demonstrated that better analytics could
enhance the governance frameworks, improve stakeholder
confidence, and uphold good business practices. It is
observed that these measures, for in total, reasonably
accounted for approximately 27.1% of the variability in YTD
returns while showcasing predictive value for performance,
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especially in risk-adjusted assessments. Stronger focus on
analyzing stocks through fintech revealed that greater
Annualized Alpha and Sharpe Ratio are associated with
higher YTD performance, suggesting that funds that offer
higher returns on investment relative to risks taken draw in
investors.With the help of advanced fintech, there is now a
lower Beta and Standard Deviation, which indicates reduced
volatility and sensitivity to the market. This, too, corresponds
with the Shariah-compliant investment methods.

IV. CONCLUSION

Options compliant with  Shariah. Identifying the
interrelationship between risk and return and optimizing the
efficiency of portfolio in Oman’s fintech landscape is still a
problem. Despite their popularity, mutual funds have not
been well studied, particularly how YTD (year-to-date)
volatility affects Oman’s funds performance. This study
seeks to address this gap using contemporary biometric
techniques to examine the relationship between volatility and
financial metrics of Standard Deviation, Sharpe Ratio, Beta,
Information Ratio, and Annualized Alpha for Al Kawthar
Fund under Oman’s Capital Market Authority. Using fintech
regression analysis, we assess the impacts of the fund’s
monthly fact sheets from December 2017 to March 2024,
along with the metrics, on the fund’s YTD returns and risk-
adjusted performance. Our results show that these metrics
explain 27.1% of the changes in YTD returns which validates
their capacity in performance measurement. Greater
Annualized Alpha and Sharpe Ratio leads to greater YTD
returns. However, fintech analysis perceives YTD volatility
as the primary risk that negatively impacts the fund
performance. This paper highlights the optimization of risk
management and performance of Shariah-compliant mutual
funds in Oman through the application of advanced fintech
interfaces and analyses the role of such funds in the scope of
Islamic finance in Oman.While this study offers insights
specific to the Al Kawthar Fund, the findings may not fully
generalize across all Shariah-compliant mutual funds in
Oman or the GCC. Future research is encouraged to examine
a broader sample of funds to enhance generalizability and
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validate the fintech-driven risk-return dynamics identified in
this study
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Abstract— This paper explores Cartan's second curvature tensor
Pjikh within the framework of generalized recurrent spaces. We
derive and analyze the generalized recurrence conditions, and show
that Pjikh satisfies the recurrence relations of the first, second, and
third orders. Specifically, we investigate the conditions that lead to
the tensor’s behavior in generalized P"-recurrent spaces, denoted as
P"-G-TRF,, , and establish several theorems regarding the curvature
tensor’s covariant derivatives and its relationship with other
curvature tensors. Furthermore, we connect these recurrence
conditions to the P-Ricci tensor and vector fields in higher-
dimensional spaces. We demonstrate the interrelations between
these tensors through a series of covariant derivative computations
and conclude that the curvature tensor cannot vanish under specific
geometric conditions. This study advances the field of differential
geometry and its applications in physics by offering a thorough
foundation for comprehending the characteristics of Cartan's
curvature tensor in generalized recurrent spaces.

Keywords— Tensor ]-ikh -generalized recurrent, Generalized
Third Recurrent Space, Affinely Connected Spaces, Cartan's
Curvature Tensor, Covariant Derivatives, Recurrence Conditions.

I. INTRODUCTION

Generalized third recurrent affinely connected
spaces are a specific class of manifolds that exhibit intriguing
properties related to the recurrence and birecurrence of
Cartan's curvature tensor. These spaces are important in the
study of differential geometry due to their potential
applications in both theoretical and applied mathematics.

In this paper, we emphasize the behavior of the curvature
tensor under h-covariant derivatives and study the necessary
and sufficient conditions that define generalized P"-recurrent
and P" -birecurrent spaces. We establish numerous
significant facts about the structure of these spaces and get
explicit formulas for higher-order covariant derivatives of the
curvature tensor. The P-Ricci tensor and vector tensor are also
investigated in our research, providing additional information
on their vanishing conditions and their connection to the
geometry of these spaces. These results advance our
knowledge of affine connections and their geometric
applications in a variety of domains.

Specifically, new theoretical frameworks and applications
have been made possible by the study of Cartan's second
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curvature tensor and its generalizations in recurrent Finsler
spaces. Our knowledge of the geometrical structures involved
in Finsler spaces has grown as a result of recent studies like
those of Al-Qashbari (2020, 2023) and the investigation of
generalized curvature tensors in these spaces (Qasem and Al-
Qashbari, 2016). Studies like those of Pandey et al. (2011)
and Hadi (2016), which concentrate on generalized recurrent
spaces and their applications, further demonstrate the
continued interest in the connections between curvature,
torsion, and the recurrence qualities of these tensors. Recent
studies have continued to advance the understanding of
curvature structures in Finsler geometry by exploring refined
properties and decompositions of fundamental tensors.
Abdallah, Navlekar, and Ghadle (2022) investigated
decomposition techniques for Cartan’s second curvature
tensor of various orders, providing new insights into the
structural behavior of higher-order geometric objects in
Finsler spaces. In parallel, Li (2022) introduced a Schur-type
lemma concerning the mean Berwald curvature, which offers
a deeper perspective on scalar curvature relations and
isotropy in Finsler geometry. Furthermore, Sevim, Shen, and
Ulgen (2023) contributed to this field by analyzing specific
Ricci curvature tensors, enriching the theoretical framework
with novel results that connect curvature properties to broader
geometric structures. Together, these works reflect the
continued expansion and sophistication of curvature analysis
in modern Finsler geometry.

By examining the necessary and sufficient criteria for a space
to be considered a generalized P"-recurrent or P"-birecurrent
space, this study seeks to add to the body of knowledge
already available on generalized third recurrent affinely
connected spaces. The study expands on earlier research that
examined the structure of generalized Finsler spaces with
particular recurrence qualities, such as that done by Al-
Qashbari and Baleedi (2023). We concentrate on the
relationship between the geometric features of these spaces
and the derivation of higher-order covariant derivatives of the
curvature tensors. This investigation will advance the
theoretical underpinnings of Finsler geometry and its
applications in numerous scientific domains while also
advancing our understanding of the behavior of curvature
tensors in generalized recurrent spaces.

In the next sections, we will examine the recurrence
conditions of Cartan's second curvature tensor, present the
generalized third recurrent space, and formulate significant
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theorems concerning the structure of these spaces. The
findings will contribute to the current discussion in
differential geometry and its applications by offering fresh
perspectives on the circumstances under which specific
curvature components vanish, the function of h-covariant
derivatives, and the connections among distinct geometric
tensors.

The following equation describes the P"*-recurrent space:

P]Lkm[ AP + 1 ( 8kgjn — Shgjk ) , Pjikh =0 ,
(1.1)

where 4, is the recurrence vector field, a non-zero covariant
vector field.

We then investigated the idea of P"-birecurrent spaces,
which are defined by the following equation:

P}Lkhlflm Aom Pign + bem (Okgjn — 6ngjr) » Pien #0
(1.2)

In this case, the birecurrence tensor fields, a,,, and by, , are
non-zero covariant tensor fields of second order.

Covariant constants are the tensor g, and its associate tensor
kh

g
a) Grnr =0 and  b) gﬁhz
(1.3)

1 if k=h ,
9w g™ =8 ={y i kan
(1.4)

Both vector's y‘ and y; covariant derivatives vanish in the
same way, that is,

a) yp=0 and b) y; =0 (1.5)
a) y;y'=F? and b) gi; = 9;y; = 9;y;
(1.6)

The following is satisfied by the vectors y; and &} .

a) 6, y* =y' and b) & yi=yk (1.7)
a) 8/ g/* = g and b) 6} 5k =6} . (1.8)
a) 6i gji = gj and b) gy’ =yp . (1.9)

Using Euler, son homogeneous properties, this tensor

satisfies the identities
a) Cijky' = Crijy' =
Crj ¥y’ =0 .(1.10)

In the directional argument, the hv-curvature tensor, also
known as Cartan's second curvature tensor, is positively
homogeneous of degree zero and is described by

Pjin = 0n Tix + Ciyy Pp — ct

Ciriy' =0 and b) Chyl =

j ‘jhik
or equ1valent by
i T i
ijh - ah + CJT Ckhls thlk
or
| T A | i r i
Pikn = Cepj = 9" Cirnr + rh — Pin Crie

[11] is satisfied by the hv-curvature tensor jikh , its related
curvature tensor Py, the v(hv)-torsion tensor PL, , the P-

Ricci tensor Py , the division tensor P,i , and the vector tensor
Py .

a) P]khy’ = P;.ih » 8) girPikn = Pijkn > ©) P = P
d) ijg}l = Plé >
e) Puy"=0, D Py=P ., 8 Pjng" =P

and h) Pyg’*=P. (L.11)
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a) th— (5h e — OkRin) . b) R}khzl{jilch+
CerHhk s o

c) H kh = }lkh + ys(a}_'Ksth) . (L12)

a). }khy] Hyp, = Kjlkh y/ ., b) gierTkh = Rijkn > ©
Rixi = Ry ,d)Ryg’® =R,

e) g_irKﬁch=_Kijkh , D Kkz= ik > 8) kgjk=

h) Hipy* = Hh ,

i) H= H! and j) Hi =H, . (1.13)

(n 1)

II. CARTAN'S SECOND CURVATURE TENSOR IN
GENERALIZED P"-RECURRENT SPACES:
Generalized Recurrence Conditions and Birecurrence
Relations
Cartan's curvature tensors are essential to the study of

differential geometry in
comprehending manifolds' inherent geometry. This study
examines the characteristics of

The second curvature tensor of Cartan, represented by the
symbol Pj, when discussing generalized P" -recurrent
spaces. We investigate the birecurrence and extended
recurrence conditions that control this tensor's behavior in
spaces with non-zero covariant vector fields. In particular, we
examine how the tensor behaves under successive covariant
differentiations and how it relates to its covariant derivatives.
We define generalized P"-recurrent spaces and extend them
to birecurrent and trirecurrent spaces by studying generalized
recurrence requirements for the second curvature tensor. We
offer a thorough examination of these recurrence
requirements in a variety of geometric contexts and develop
important relations that characterize the behavior of the
curvature tensor under higher-order covariant derivatives. In
addition to adding to the existing knowledge of Cartan's
curvature tensors, the results provided here further advance
the theory of recurrent spaces in differential geometry. By
investigating the curvature tensor in these generalized
recurrent spaces, we gain fresh insights into the manifolds'
structure and geometric features. Important theorems and
conditions that give necessary and sufficient criteria for the
existence of such spaces are also included in the study,
enhancing the current theoretical framework in the topic.
The generalized recurrence requirement was satisfied by
Cartan's second curvature tensor lekh

P,lkh” =a jlkh + Bi(8k gjn — Sk gj) + iaz(Pi 9in —

Pl gi) Pin #0 , 2.1
In this case, Il is the h-covariant derivative of order one with
respect to x! , @, , B, and &, , which are non-zero covariant
vector fields. The space is referred to as a generalized P"-
recurrent space.

In Cartan, the generalized birecurrence requirement was
satisfied by the second curvature tensor

P]Lkhlllm alijikh + blm(‘sli Gjn — 8h gjk) +
;sz(Pk gjn— PLajx)

1 i . .
+380 (Pl 90 = Pham i) » Pln %0, 2.2)
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where |lIm is h-covariant derivative of order two with respect

to x'and x™, successively, @ 5 Bin » Cim s Am = A +
1

Q& s bun = By + 0Pm and cp = ;(5um +a;8,) are

non-zero covariant vectors field and the space is called a

generalized P"-birecurrent space.

Using condition (1.5a) and the h-covariant derivative of (2.2),
with regard to x™, we obtain

P]'ikh|l|m|n = Atmn P}Lkh + Mlm"(5’i‘gjh - 5}1'191'1{) +
%Vlmn(PIigjh — P gjk)
+ %sz (P,im gin—Pun gjk) + %6l|n (Pli|m gjn —
P,ium gjk)
+ ial (Pkitlmln gjn — Piilmln gfk) ’
Plin # 0. (23)

where [llmln is h-covariant derivative of order three with
respect to x', x™ and x™  successfully, Apnn = Qi +

1
AmQyn > Mimn = by + @ Bn and Yy, = 2 (Clmln +
almSn) are non-zero covariant tensors fields of order three.
P" -generalized trirecurrent space is the space and tensor
satisfying (2.3). For short, we'll refer to them as P"-G-TRF,, .
A.  Result There is a generalized P"-Trirecurrent space for
every generalized P"-Birrecurrent space.
By utilizing (1.3a), (1.9a), and (1.11b) to transvect (2.3) by
Jir » We obtain
Pjrinitimm = Aimn Pren + .ulmn(gkrgjh - ghrgjk) +
1
;Vzmn(Pkrgjh — Pur8jx)
1
+ chm(Pkrln 9jn = Phrim g}'k) +
1
Zalln(Pkrlm 9jn = Phrim gjk)
1
+ 281( Pierimm 9jn = Prrimin gjk) : 24)
Conversely, transvection (2.4) by g'", using (1.3b), (1.4) and
(1.11g), yields condition (2.3).
The proof of theorem is completed, we conclude
B. Theorem The space P"-G-TRE,may characterized by the
condition (2.4). _
Transvecting (2.3) by y/, using (1.5a), (1.9b) and (1.11a),
we get
Plihlllmln = Almn Pklth + Hlmn(allcyh - Sillyk) +
1 . .
Zylmn(PIi Yn — Plll yk)
1 , . 1 .
+ 1 cm (Ph¥n = Pradic) + 5 8un (Pl 90 =
. 1 . .
P;leyk) + 4 8, (Plilmln Yn— Pilzlmmyk) : (2.3)
From the previous steps, we can conclude the following
theorem
C. Theorem In P"-G-TRE, , the h-covariant derivative of
third order for the v(hv)-torsion tensor Py, is given by
. (2.5)
Contracting the indices i and h in (2.3) and (2.5), using
(1.11c) and (1.11f), we get
1 .
Pirmin = Atmn Pix + (1 — M lmn gjic + Zylmn(Plégji -
Pg jk)
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+%sz (P,im gji — P gjk) + %5zm (P;i.m 9gji —

Pim Gjc) 360 (Pl 95 = Poman G ) 27)

Prjimin = Aimn P + umn (1 — )y + %ylmn(Pli Yi — Pyk)
+iclm (P,imyl' - Pmyk) + islln (P;iml Yi— P|mYk) +

10 (Pl Y1 = Prnye) -+ 28)

Transvecting (2.7) by g’* , using (1.3b), (1.4) and (1.11h),

we get

Plmm = limn P+ (1 = ) pymn - 2.9)

The following theorem can be inferred from the earlier steps.

D. Theorem In P"-G-TRE, , the P-Ricci tensor Py, the
vector tensor Py and the scalar curvature P are non-
vanishing.

III. RELATIONS BETWEEN CARTAN'S SECOND CURVATURE
TENSOR P;'- kh AND OTHER TENSORS OF CURVATURE
The curvature tensor is essential to comprehending the
geometric characteristics of a manifold in differential
geometry. Py, , Cartan's second curvature tensor, is an
essential tool for studying curvature in a variety of geometric
situations, especially recurrent spaces. The behavior of the
curvature in these spaces, which display particular recurrence
features under covariant differentiation, requires this tensor.
To advance the theory of generalized recurrent spaces, it is
essential to comprehend the relationships between Cartan's
second curvature tensor and other tensors, including the
Riemann curvature tensor, the Ricci tensor, and other higher-
order curvature quantities. This section's main goal is to
examine the relationships between Cartan's second curvature
tensor and several other curvature tensors, with a focus on
how the geometry of the underlying space affects these
relationships. We give a deeper insight into the interaction of
Cartan's tensor with other geometric objects in the context of
generalized P"-recurrent spaces by examining the covariant
derivatives and recurrence conditions.
In order to develop a cohesive framework for researching the
curvature behavior in spaces with higher-dimensional and
recurrent structures, these interactions are essential. Through
in-depth calculations, we examine the tensor relations and
shed light on how these tensors behave under covariant
differentiation. With applications in theoretical physics and
geometry, the findings should improve our knowledge of the
function of Cartan's second curvature tensor in higher-order
differential geometry.
Taking the h-covariant derivative of third order for the
formula (1.12a), with respect to x!, x™ and x™ , successively
and using (2.3), we get

Renitimin = Atmn Rin + timn (8kGjn — 81.9j1) +
%)/lmn(Pl\itgjh ~ Pj, 9ji)

+%Clm (P,im gjn — P}§_|n gjk) + islln (Plilm 9jn ~

Prim g,-k)

+i61 (Plilmln 9jn — Pfiumm gjk) + % (6’iRJ'h - SliRjk)lllmln -
= Aimn (SERjn — SRy (3.1)
Which can write as
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R]lkh|l|m|n Atmn RJikh + #lmn(slicgjh - 5;'191'1() +
Zylmn(Pkgjh - Pfll gjk)

1
+3 Cm ( kmg]h hmgjk) +- 6l|n (qumg/h

mglk) 3 81 ( k|m|ng]'h - Pmmmgjk) . (3.2)
If and only }f ' '
(6;1R1'k - 6kah)ll|m|n = Almn (6}11Rjk - 5}2th) . (3.3)

From the previous steps, we can conclude the following
theorem
A. Theorem In P"-G-TRF,, , Cartan's third curvature tensor
Rjip is generalized trirecurrent if and only if equation
(3.3) holds good.
Transvecting (3.1) by g;, , using (1.3a), (1.9a) and (1.13b),
we get
Rjrkmumin = Aimn Rjrien + #zmn(gkrgjh - ghrgjk) +
1
;Vzmn(Pkrgjh — Pur8ji)
1
+ chm(Pkrln 9jn —

1
Zslln(Pkrlm Gjn — p

Phrln g}'k) +

hrim g]'k)

1
+ 261( Pirimm 9in = Prrimm gjk) . (3.4)

If and only if
GrrRjk = 9irRin) yimun = Aimn (GrrRjk — 9irRin) - (3.5)

From the previous steps, we can conclude the following

theorem

B. Theorem In Ph—G—TRFn , the associate curvature tensor
Rjrkp of Cartan's third curvature tensor Rjy, is
generalized trirecurrent if and only if equation (3.5) holds
good.

Transvecting (3.1) by y/ , using (1.5a), (1.9b) and (1.13a),

we get
H]L(mumm - llmn Hllch + Mlmn((SIiCYh - 6;13}k) +
Zylmn(Pk Yn— Py )’k)
1 1
2 2 Cim ( klnyh hlnyk) 6lln ( kim Yh h|myk)
51 ( kimim Yh Ph|m|nyk) : (3.6)
If and only if
(6;1Rk - 511<Rh)mmm = Aimn (5;1Rk - 511(Rh) . (3.7)

Using (1.13]) to contract the indices i and / in (3.6) and (3.7),
we obtain

1 ,
Hk|l|m|n = Almn Hk + ﬂlmn(1 - n)yk + Zylmn(Pl\lt Vi—

1 .
P}’k) + 2 Cim ( ]im'yi - m)’k)

+- 5“n ( kim Yi — Imyk) +7 61 ( kimn Vi — lemyk)
. (3.9)
If and only if
Rk|l|m|n = Almn Rk . (39)

Transvecting (3.6) and (3.7) by y*
(1.13h), we get
Hrl“umm /Ilmn Hh + .ulmn(y Yn —
;Vzmn(Pk yny* — Py F?)

1 .
+_Clm ( klnyhy Pilllan) +3 6l|n ( k|myhyk -
PlmF?)

him

, using (1.5a), (1.9b) and

ShF?) +
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+a 61 ( kimin yhy Pflllmlan)' (3.10)
If and only if
(8hR = Y'Rh) i = Aimn (SR = y'Ry) - G.11)

Contracting the indices i and h in (3.10) and (3.11), using
(1 131), we get
|l|m|n (n 1)/11mnH — Himn F? +

m)/zmn(Pk yiy* — PF?)
1 ;
+ mclm (Pkltlnyiyk - Psz) +
1
7 0in (Pl Y = PinF”?)

1 .
+ 4(n-1) 61 ( lilmln vy — P|m|nF2) . (3.12)
If and only if
Rimin = Amn R . (3.13)

From the previous steps, we can conclude the following

theorem

C. Theorem In P"-G-TRE, , the h-covariant derivative of
third order for the h(v) -torsion tensor H}y, , the
deviation tensor H,il , the curvature vector H, and the
scalar curvature H are non- vanishing.

Contracting the indices i and h in (3.1), using (1.13c), we

get

Rj + (1

1 .
Rjk|l|m|n = Almn - n):ulmn Ijk + Zylmn(Plégji -

P gj)
+%Clm(k|ng]l P|n9]k)+ 5l|n( kim i —

P 9jk

n 61( klmmgll - lelngjk) .(3.14)
If and only if
Rik yymim = Hmn Rje - (3.15)

Transvecting (3.14) and (3.15) by g’¥, using (1.3b), (1.4)
and (1.13d), we get

Rlllmln = Almn R+ (1 - n)ﬂlmn . (3.16)
If and only if
Rlllmln = Almn R . (3.17)

From the previous steps, we can conclude the following

theorem

D. Theorem 3.4. In P*-G-TRF,, , the R-Ricci tensor Rjy ,
and the scalar curvature tensor R are non- vanishing.

Taking the h-covariant derivative of third order for the

formula (1.12b), with respect to x!, x™ and x™ , successively
and using (3.1), we get
K]lkm“mm Almn ]kh + Hlmn(cgkg]h 6illgjk) +

Zylmn(Pkgjh - P gjk)
+lclm( Iimg}'h hmgjk) +3 6l|n( k|ngh
Im g]k) +3 61 ( klmmglh Phlmlngfk)

+§ (8kRjn = ShRk) i = glzmn (8kRjn — ShRyx) +
(G Hhi) 1 = Aimn (Cr Hie)- (3.18)
Which can written as

kam“mm Aimn K + timn (86950 — 819 1) +
Zylmn(Pkgjh — P Gji)
https://journals.ust.edu/index.php/IST
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1 i i 1 i

+ 3 Ctm (Pkltlng]'h - Pilllngfk) + Z(Slm (Plilmgfh -

. 1 . .
P;legjk) + 251 (Plilmlngjh - Pilzlmlng]'k) :
If and only if
1, s . . 1 .
5(6’1‘Rjk - 6ith)|l|m|n + (CJLT H’T‘k)|l|m|n = gllm" (S;lek -
SiRjn) + Aumn (Cfy Hiye) - (3.20)
From the previous steps, we can conclude the following

theorem
E. Theorem In P"-G-TRF, , Cartan's fourth curvature

tensor K]lkh is generalized trirecurrent if and only if
equation (3.20) holds well.
Transvecting (3.18) by g, , using (1.3a), (1.9a) and (1.13e),

we get
Kjriniimn = Aimn Kjrien + #lmn(gkrgjh - ghrgjk) +
1
Zylmn(Pkrgjh - Phrgjk)
1 1
+ chm(Pkrm gjn = Prrin g}'k) + Zdlm(Pkﬂm 9jn —
Phrlm gjk)
1
+ Z6l (Pkrlmln 9jn — Phrlmln g]'k) :
If and only if
1 )
3 (gherk - gkerh)mmm + (C]lr Hihk)lllmm

1 .
= E/llmn (gherk - gker3.2.h) + Aimn (C]lr Hihk)

. (3.22)
From the previous steps, we can conclude the following
theorem
F.  Theorem In P"-G-TRF, , the associate curvature tensor

Kjrkp of  Cartan's fourth curvature tensor Kjy, is

generalized trirecurrent if and only if equation (3.22)

holds good.
Contracting the indices i and h in (3.18), using (1.13f), we
get

1 .

Kjk|l|m|n = /llmn Kjk + (1 - n) Himn gjk + Zylmn(Pkchji -
P gjx)

1 i 1 i

+chm (P;im gji — Py, gjk) + Zalln (Plilm 9ji = Pym gjk)

(3.19)

(3.21)

1 .
+26, (Pl uin 91 = Pomin 9k ) - (3.23)

If and only if

1 i 1 ;

gRjklllmm + (ler Hgk)lllmln = ;llmn Rjk + Aimn C]Lr H;{k

. (3.24)
Transvecting (3.23) and (3.24) by g’*, using (1.3b), (1.4)
and (1.13g), we get

Kjmm = Amn K + (1 = W ymn - (3.25)
If and only if

1 i 1 .

FRumin + CLHD i = 2 (FR+CLHE) . (326)

From the previous steps, we can conclude the following
theorem
G. Theorem In P"-G-TRF,, , the K-Ricci tensor K}, , and

the scalar curvature tensor K are non- vanishing.

IV. RECOMMENDATIONS
Based on the detailed findings and analyses presented in
this paper, the following recommendations can be made for
further research and development in the field of differential
geometry, particularly in the study of Cartan's second
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curvature tensor and its recurrence conditions: Further
Exploration of Higher-Order Derivatives: The
investigation of higher-order covariant derivatives of the
curvature tensors, as discussed in the generalized recurrence
and birecurrence conditions, is essential for a more
comprehensive understanding of curvature behavior in
generalized P h-recurrent spaces. Future work should focus
on extending these conditions to higher dimensions and more
complex recurrent geometries, enabling the development of
generalized curvature models that can be applied in both
mathematical and physical contexts.

Numerical Simulations for Practical Applications: The
abstract mathematical models presented in this paper can be
further developed through numerical simulations, especially
in the context of physical theories where curvature plays a
pivotal role, such as in general relativity and cosmology. The
derived recurrence and birecurrence conditions could be
tested against real-world data to evaluate their relevance and
accuracy in describing the curvature of manifolds with
complex structures.

Generalization to Non-Recurrent Geometries: While the
focus of this paper is on generalized P"h-recurrent spaces, it
is crucial to examine the implications of these recurrence
conditions in non-recurrent geometries. Future research can
investigate whether the relationships between Cartan’s
second curvature tensor and other curvature tensors hold in
non-recurrent spaces, providing new insights into the broader
class of geometric manifolds.
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Abstract— This study addresses the critical challenge of water
scarcity and high energy costs impacting agricultural productivity in
regions like Abia State, Nigeria, by proposing a sustainable solar
photovoltaic (SPV) irrigation pumping system. The objective was to
design and evaluate an SPV system for underground irrigation at the
National Root Crops Research Institute (NRCRI), Umudike, and
ensure a reliable water supply for its S-hectare farmland. The
methodology involved determining pump energy demand (36.3
kWh/day), applying three distinct SPV component sizing methods
for cross-validation, and performing robust stochastic reliability and
temperature-adjusted performance analysis using Monte Carlo
simulation. Key results indicate that a system with 36 solar panels,
24 batteries, and a 6.0 kVA inverter can consistently meet the daily
energy demand. The stochastic analysis demonstrated that while
monthly solar deficits can be high in certain periods (e.g., 99.9% in
August), even minimal (e.g., 1 day) battery autonomy drastically
reduces the probability of energy shortfall. This research provides a
practical and resilient framework for off-grid agricultural irrigation
in sun-rich developing regions.

Keywords— solar photovoltaic design, submerged irrigation
pump, agricultural farmland, performance ratio, Monte Carlo
simulation, economic feasibility.

I. INTRODUCTION

Integrating artificial intelligence (Al) into e-learning
is increasingly essential for enhancing learning experiences,
as it leverages advanced technologies to make education more
effective and relevant. Al tools have shown great potential in
offering personalized learning paths tailored to individual
needs, delivering instant feedback, and providing real-time
progress tracking. They have also enabled the creation of
flexible and adaptable educational content that aligns with the
unique preferences of each learner (Mahmudi et al., 2023;
Radev & Hamid, 2024). While these innovations have
significantly boosted student engagement, the practical
implementation of Al still faces notable challenges.
The COVID-19 pandemic played a major role in accelerating
the adoption of Al in digital education. It also brought to light
both the advantages and concerns associated with Al
technologies. On one hand, Al-powered platforms offer
students remarkable flexibility, allowing them to learn
anytime and anywhere (Oubalahcen et al., 2023). On the other
hand, several ethical issues have emerged, including concerns
over data privacy and protection, questions about
accountability and transparency, the potential negative
impact of Al on the teaching profession, and algorithmic
biases that may lead to unfair assessments (Saqr et al., 2024;
Edirisingha, 2024).
In addition to ethical concerns, there are technical limitations
that hinder the full effectiveness of Al in education. One such
issue is the "cold start" problem in recommendation systems,
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where the lack of prior user data makes it difficult to offer
meaningful suggestions to new learners. Moreover, the
shortage of high-quality data needed to train Al models
reduces the ability of these systems to deliver accurate and
personalized learning experiences (Oubalahcen et al., 2023;
Rudd, 2024).

Regarding social concerns, the increasing reliance on Al tools
in the assessment and feedback process has sparked ongoing
debates and significant concerns about the fairness and
academic integrity of these assessments (Ankerstein, 2024).
A number of social challenges have also emerged, perhaps
the most significant of which are teachers' resistance to
change and their fear of losing their jobs. In addition, there
are various cultural barriers and questions about the ability of
Al systems to assess complex student work with the same
accuracy as human teachers. Furthermore, the inability of
everyone to access technology, which leads to inequality in
the educational process, is also a factor.

As for the potential for Al to completely replace the human
element in education, this is another obstacle to its integration
into e-learning, no less significant than the previous ones.
While AI provides immediate feedback and personalized
learning paths, it falls short in fostering critical thinking,
creativity, and emotional intelligence, all of which are vital
for inclusive education (Edirisingha, 2024). Important
questions also arise about the characteristics of Al and its
applications in education, and the challenges and obstacles
they face. These include: Should AI be considered a
complementary part of teachers' roles, or should it completely
replace some teaching responsibilities? A key question that
arises is how Al-powered e-learning platforms can be
developed in a way that serves both students and educators
fairly and effectively.

This research explores the main challenges and limitations
arising from the integration of artificial intelligence into e-
learning. It then groups these challenges and categorizes them
into key categories. This study aims to identify practical
solutions that can help improve the implementation of Al-
based e-learning. It seeks to address the following research
question: What are the key challenges preventing the effective
integration of artificial intelligence into e-learning systems?

II. LITERATURE REVIEW

The integration of artificial intelligence (Al) into e-
learning  environments has introduced  significant
enhancements, including personalized learning paths,
adaptive content delivery, and real-time feedback (Mahmudi
et al.,, 2023; Radif & Hameed, 2024). These innovations
promise more flexible, engaging, and effective educational
experiences. However, despite these potential benefits, the
adoption of Al in digital education is constrained by multiple

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST
mailto:Ryadaligbr@Gmail.com
mailto:n.munassar@ust.edu,%203%20m

interrelated barriers. The literature highlights four major
categories of challenges: technical, ethical, social, and cost-
related. Understanding these challenges is essential for
developing Al systems that are both effective and equitable.

A. Technical Challenges

Technical limitations remain a central obstacle to the
effective integration of Al in e-learning. A primary issue is
the shortage of high-quality data, which undermines Al
models’ ability to deliver accurate and reliable outcomes
(Oubalahcen et al., 2023). In addition, adapting Al systems to
diverse educational contexts is challenging, as one-size-fits-
all solutions often fail to meet local needs. Infrastructure
deficiencies, such as unreliable internet access and
inadequate digital devices, particularly in rural or
underserved areas, further hinder the accessibility of Al-
based platforms (Yahya Jasim & Luay Abdulkhaleq, 2021;
Abdulkaleq & Jasim, 2021). Moreover, the “cold start”
problem in recommendation systems, which arises from
insufficient prior user data, limits the ability of Al to provide
meaningful guidance to new learners (Oubalahcen et al.,
2023). Collectively, these technical barriers emphasize that
both system readiness and contextual adaptation are critical
for successful Al integration.

B.  Ethical Challenges

Ethical concerns are equally important in constraining Al
adoption in education. Key issues include data privacy,
algorithmic bias, and the potential displacement of teachers
(Saqr et al., 2024; Edirisingha, 2024). Biased algorithms and
poor-quality data can lead to unfair assessment outcomes,
while inadequate protection of sensitive student data raises
risks of misuse or unauthorized access. Several studies
emphasize the necessity of implementing robust governance
mechanisms, transparent data handling, and secure
infrastructure to ensure that Al-supported education is both
trustworthy and fair (Edirisingha, 2024; Saqr et al., 2024).

C. Social Challenges

Social barriers encompass resistance from instructors and
learners, particularly in regions with limited technological
literacy (Rohde et al., 2024). Many students perceive Al-
based learning as less beneficial than traditional instruction
due to the lack of direct human interaction (Yahya Jasim &
Luay Abdulkhaleq, 2021). Cultural and linguistic diversity
further complicates adoption, as Al systems may struggle to
accurately interpret and evaluate complex student work in
multilingual or multicultural environments (Edirisingha,
2024). Teacher training emerges as a critical factor in
overcoming these barriers, ensuring that Al tools enhance
rather than diminish instructional effectiveness (Radif &
Hameed, 2024). Overall, social challenges highlight the need
for inclusive strategies that account for both technological
and human factors.

D. Cost-Related Challenges

Financial constraints constitute a significant barrier to Al
adoption in e-learning. Developing, maintaining, and
updating Al systems require substantial investment, which is
often beyond the capacity of institutions in emerging or
under-resourced countries (Yahya Jasim & Luay
Abdulkhaleq, 2021; Rudd, 2024). The high costs associated
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with Al infrastructure, coupled with the resource demands of
high-quality data and contextual adaptation, exacerbate
inequalities between well-funded and resource-limited
institutions. Addressing cost-related challenges is therefore
essential to promote equitable access to Al-driven
educational tools.

E.  Challenges Related to Human Interaction

Human interaction is a core component of effective learning,
yet Al remains unable to replicate the nuance of teacher-
student engagement (Radev & Hamid, 2024). Excessive
reliance on Al may diminish teachers’ influence, potentially
impairing students’ emotional and social development. This
limitation is particularly critical in professions requiring
collaboration and hands-on practice, where interpersonal
skills and real-time human feedback are essential
(Edirisingha, 2024). Recognizing this challenge underscores
the importance of positioning Al as a complementary, rather
than substitutive, element in education.

F.  Challenges in Ensuring Equity and Accessibility
Ensuring equitable access to Al-powered e-learning is
another pressing challenge. Students in rural or underserved
regions often face limited access due to inadequate
infrastructure, weak connectivity, and lack of essential
devices (Abdulkaleq & Jasim, 2021). Furthermore, Al
systems frequently fail to accommodate students with special
educational needs, exacerbating social exclusion in digital
education (Rudd, 2024). These findings highlight the urgent
need for inclusive policies and adaptive technologies that
address disparities in access.

G. Synthesis of Literature

Collectively, the reviewed literature demonstrates that while
Al has transformative potential in e-learning, its effectiveness
is constrained by intertwined technical, ethical, social, and
financial challenges. Addressing these barriers requires
integrated strategies that combine technological innovation,
ethical governance, teacher training, and equitable access
measures. Understanding these challenges provides a
foundation for designing Al-based systems that are effective,
inclusive, and responsive to diverse educational contexts.

III. METHODOLOGY
This study employs a descriptive research methodology to
systematically explore and analyze the challenges associated
with Al-based e-learning systems. The methodology involves
three main stages: literature search, selection, and synthesis.

A. Literature Search

Relevant academic sources were identified through a
comprehensive search of major databases, including Scopus,
IEEE Xplore, and Google Scholar. Keywords used included
“artificial intelligence in e-learning”, “Al integration
challenges in education”, and “limitations of Al in digital
learning”. Boolean operators and filters were applied to refine
the search and ensure relevance.

B.  Selection Criteria

The study focused on publications from 2020 to 2025 to
capture the latest advancements in Al for e-learning. Only
peer-reviewed journal articles, conference papers, and
credible reports published in English were included. Articles
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that exclusively discussed the benefits of Al, without
addressing challenges or limitations, were excluded.

C. Data Extraction and Synthesis

After screening for relevance, the selected studies were
reviewed in detail. Key findings were extracted and
categorized into four main types of challenges: technical,
ethical, social, and cost-related. The categorization process
enabled the identification of recurring themes and patterns
across the literature. Critical analysis was applied to compare
findings, highlight gaps, and synthesize insights from
multiple sources.

This structured approach ensures that the study is replicable,
transparent, and comprehensive, providing a clear overview
of the barriers to effective Al integration in e-learning
systems.

This study thus limits its scope to English-language, peer-
reviewed journal articles, conference papers, and credible
reports published between 2020 and 2025, retrieved from
Scopus, IEEE Xplore, and Google Scholar. This explicit
delimitation ensures the study’s focus on recent, valid, and
high-quality scholarly contributions.

IV. RESULTS

The analysis of the reviewed literature reveals several key
challenges in the integration of Al into e-learning systems.
These challenges can be grouped into four main categories:
technical, ethical, social, and cost-related, with additional
considerations regarding equity and human interaction. The
following subsections summarize the main insights derived
from the literature.

A. Technical Challenges: Insights from Literature

Studies consistently indicate that technical limitations hinder
the effective implementation of Al in e-learning. Key issues
include the lack of high-quality data, difficulties in adapting
Al systems to diverse educational contexts, and infrastructure
deficiencies such as unreliable internet access and inadequate
digital devices in rural or underserved areas (Oubalahcen et
al.,, 2023; Yahya Jasim & Luay Abdulkhaleq, 2021).
Moreover, the “cold start” problem in recommendation
systems reduces the ability of Al platforms to provide
meaningful guidance to new learners (Oubalahcen et al.,
2023). Collectively, these findings highlight that successful
Al integration requires both robust technical infrastructure
and context-sensitive system design.

B.  Ethical Concerns: Statistics & Findings

The literature emphasizes several ethical barriers that
constrain Al adoption. Concerns over data privacy,
algorithmic bias, and potential displacement of teachers are
frequently mentioned (Saqr et al., 2024; Edirisingha, 2024).
Biased algorithms or poor-quality data can result in unfair
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assessments, while insufficient protection of sensitive student
information raises the risk of misuse. Researchers advocate
for robust governance mechanisms, secure data handling, and
transparent Al practices to ensure ethical, trustworthy, and
equitable Al-supported education.

C. Social Barriers: Statistics & Findings

Social challenges emerge from resistance among instructors
and students, particularly in contexts with limited
technological literacy (Rohde et al., 2024). Students often
perceive Al-based learning as less effective than traditional
instruction due to reduced direct interaction with teachers
(Yahya Jasim & Luay Abdulkhaleq, 2021). Cultural and
linguistic diversity also complicates Al adoption, as systems
may struggle to interpret and evaluate complex student work
in multilingual or multicultural environments (Edirisingha,
2024). Teacher training is highlighted as a critical enabler for
successful Al integration, ensuring that Al tools enhance
rather than replace instructional effectiveness (Radif &
Hameed, 2024).

D. Cost and Accessibility Issues: Statistics & Findings
Financial constraints are frequently cited as a barrier to Al
adoption in e-learning. Developing, maintaining, and
updating Al systems demands significant resources, often
beyond the capacity of institutions in emerging or under-
resourced countries (Yahya Jasim & Luay Abdulkhaleq,
2021; Rudd, 2024). These financial challenges, combined
with the demands of high-quality data and context-specific
system adaptation, exacerbate inequalities between well-
funded and resource-limited institutions.

E.  Challenges in Human Interaction

The literature emphasizes that human interaction is a core
component of learning. Excessive reliance on Al may
diminish teacher influence, potentially affecting students’
emotional and social development, particularly in professions
requiring collaboration and practical skills (Radev & Hamid,
2024; Edirisingha, 2024). Al is therefore best positioned as a
complementary tool, supporting but not replacing the human
element in education.

F.  Equity and Accessibility Challenges

Ensuring equitable access to Al-driven e-learning platforms
remains a pressing concern. Students in rural or underserved
areas often face limited access due to inadequate
infrastructure and digital devices (Abdulkaleq & Jasim,
2021). Moreover, Al systems frequently fail to meet the needs
of students with special educational needs, further
contributing to social exclusion (Rudd, 2024). Addressing
these disparities requires inclusive policies, adaptive
technologies, and targeted interventions.
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Table 1. Summary of Key Challenges in Al Integration into E-Learning

Challenge Main Issues Identified Representative Sources
Category
Technical Lack of high-quality data; cold start in recommendation ~ Oubalahcen et al., 2023; Yahya Jasim &
Challenges systems; infrastructure gaps (internet, devices). Abdulkhaleq, 2021
Ethical Data privacy risks; algorithmic bias; unfair assessments; Sagqr et al., 2024; Edirisingha, 2024
Concerns risk of teacher displacement.

Social Barriers

Resistance from teachers/students; low digital literacy;
reduced teacher—student interaction; cultural/linguistic

Rohde et al., 2024; Yahya Jasim &
Abdulkhaleq, 2021; Radif & Hameed,

complexity. 2024
Cost-Related High costs of Al system development, maintenance, and Yahya Jasim & Abdulkhaleq, 2021;
Challenges adaptation; inequalities across institutions. Rudd, 2024
Human Over-reliance on Al may reduce teacher influence; risks to Radev & Hamid, 2024; Edirisingha,
Interaction emotional/social development. 2024
Equity & Limited access in rural/underserved areas; inadequate Abdulkaleq & Jasim, 2021; Rudd, 2024
Accessibility support for students with special needs.

Challenges in Al Integration into E-Learning (Based on Literature)

Frequency of Mentions in Reviewed Studies

Challenge Categories

Figure 1. Summary of Key Challenges Identified in Reviewed Literature

V. DISCUSSION

The findings of this study highlight that while AI offers
substantial opportunities for personalized and adaptive
learning, its adoption in e-learning remains hindered by
multiple barriers. The digital divide emerged as one of the
most critical challenges. This divide is not only a matter of
lacking internet connectivity or devices but also reflects
broader socioeconomic inequalities that disadvantage
students in rural and low-income communities. Without
addressing these structural issues, Al-driven e-learning risks
reinforcing existing educational inequities rather than
bridging them.

Algorithmic bias presents another layer of concern. Biases in
training data and model design can perpetuate unfair
outcomes in student assessments and recommendations.
Addressing this challenge requires more than institutional
policies; it demands technical interventions such as
transparent algorithm design, diverse and representative
datasets, and regular auditing of Al systems. In this way,

@
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fairness in Al use becomes a shared responsibility between
developers, educators, and policymakers. Ethical and privacy
issues further complicate Al adoption. Students’ personal
data, when used without adequate safeguards, can lead to
breaches of trust and discourage engagement with Al
systems. Hence, ethical frameworks and stronger regulatory
mechanisms are necessary to balance innovation with
accountability.

Lastly, the cost dimension highlights that the benefits of Al
are unevenly distributed. High implementation costs limit
access to advanced Al tools, particularly in developing
contexts. Therefore, collaborative initiatives between
governments, educational institutions, and technology
providers are crucial to ensure scalable and affordable Al
solutions. By situating these challenges within broader social,
technical, and ethical contexts, this discussion underscores
the need for a multi-stakeholder approach that views Al not
merely as a technological innovation but as a transformative
educational reform requiring careful governance.
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VI. CONCLUSION & RECOMMENDATIONS
This research has shown that the integration of Al into e-
learning is limited by technical, ethical, social, and financial
challenges. To address these barriers, several actionable
recommendations are proposed:

1. Infrastructure investment to reduce the digital divide
and ensure equal access.

2. Comprehensive teacher training to equip educators
with the skills to integrate Al effectively.

3. Robust ethical and legal frameworks to safeguard
fairness, transparency, and data privacy.

4. Affordable Al solutions tailored to resource-limited
contexts to enable wider adoption.

5. 1In conclusion, Al has the potential to reshape
education, but its promise can only be realized if
these challenges are addressed systematically
through collaboration between policymakers,
educators, and technology developers.
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Abstract— Dewpoint pressure (DPP) is a critical property of gas
condensate reservoir development. Accurately estimating this
property remains a significant challenge. Existing empirical
correlations and iterative methods lack sufficient accuracy due to
complexity and computational intensity. However, despite their
utilization involving complex computations, they have not achieved
sufficient accuracy. Several individual intelligent systems have been
utilized to predict this property with good accuracy, but the
application of hybrid models is less common. Therefore, this study
proposes two hybrid intelligent models—Particle Swarm
Optimization combined with Neural Networks (PSONN) and
Neuro-Fuzzy (NFuzzy)—to enhance prediction accuracy of
dewpoint pressure. Approximately 860 collected data points were
used to develop these hybrid models. Inputs such as temperature (T),
hydrocarbon composition, specific gravity, and molecular weight of
heptane plus were utilized to predict the dewpoint pressure. In this
study, the performance of both intelligent hybrid systems is
compared to the most widely published Artificial Intelligence (Al)
models. Based on statistical error analysis results, the new hybrid
models outperform the published models. The results confirm that
the PSONN hybrid model achieved the best performance with an
absolute percent relative error (APRE) of 2.47%.
Keywords— Artificial intelligence; Hybrid models; Neuro-

Fuzzy; PSONN, Dewpoint Pressure

I. INTRODUCTION

If the wellbore pressure falls below the dewpoint
pressure, the productivity of gas condensate reservoirs
decreases rapidly. One simulation model is employed to
study this phenomenon, revealing the formation of liquid
condensate around the wellbore. The saturation of this liquid
gradually increases, leading to a rapid reduction in the gas's
effective permeability. Consequently, well productivity
experiences a sharp decline [18].

The dewpoint pressure (DPP) is a key property for
identifying gas condensate reservoirs. Therefore, accurate
determination of the dewpoint pressure in gas condensate
reservoirs is essential. A variety of methods have been
introduced for calculating DPP in gas condensate reservoirs,
including intelligent systems, graphical methods [49],
different correlations, and even EOS-based approaches.
Dewpoint pressure can be predicted using empirical
correlations developed from experimental measurements
[21]. Additionally, although equations of state can be
employed for predicting dewpoint pressure, they have been

https://doi.org/10.20428/jst.v30i10.3222

reported to exhibit weak performance [46,47]. Devised an
empirical correlation for calculating DPP. The impact of H.S
on DPP was investigated by [15], discovering that the volume
of liquid decreased with increasing H>S content using an
empirical correlation. To develop an empirical correlation for
DPP [24], collected gas-condensate data from western China.
An empirical correlation for estimating DPP using data from
gas-condensate reservoirs in the Middle East was devised
[34]. Study [43] proposed a new empirical model specifically
designed for estimating the dewpoint pressure. A new
correlation for estimating DPP in gas condensates was
introduced, and it was compared with existing correlations
using 259 data sets [27]. Using 667 data samples [12]
proposed a model based on multiple linear regressions.
Although empirical correlations are commonly used for DPP
prediction, their accuracy is limited due to dataset specificity
and dependence on labor-intensive, costly experimental data.
Consequently, various artificial intelligence techniques have
been explored for dewpoint pressure prediction [53].

In petroleum engineering, the use of potent forecasting tools
like artificial intelligence (AI) and machine learning (ML)
models has been steadily increasing since 2003.

An Artificial Neural Network (NN) model was developed
[28] to predict the dewpoint pressure of condensate gas
reservoirs using 802 data samples. Various ANN models for
predicting DPP were proposed based on 111 data sets [5]. An
ANN technique sourced from Middle East reservoirs was
developed using 113 data points, which yielded the best
results [6]. Additionally, ANN introduced models for
predicting DPP [37, 38, 50].

To predict the dewpoint pressure of gas condensate [25, 48],
they developed a fuzzy model. using gas composition and
reservoir temperature. Various intelligent systems, including
support vector machines, fuzzy logic, genetic algorithms, and
artificial neural networks, were proposed to estimate DPP [3].
The GA-RBF technique for accurately predicting dewpoint
pressure was established [45, 51]. The ANN-PSO model to
estimate DPP was utilized [42].A genetic programming
model employed for DPP estimation [4, 36]. A novel
empirical equation for estimating the K-value and calculating
dew point pressure was formulated based on data from 81 gas
condensate reservoir samples reported in prior studies [2].
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Meanwhile, [19] utilized a hybrid modeling approach by
integrating gene expression programming with multiple

regression techniques for predicting dew point pressure in gas
condensate systems.

Numerous studies have introduced intelligent computational
methods to estimate dew point pressure in gas condensate
reservoirs. For instance, SVM, ANN, and Functional
Networks (FN) were implemented in a novel predictive
framework [39]. A fuzzy logic-based estimation model was
presented in [10], while [30] combined thermodynamic

principles with hybrid intelligent systems to enhance
prediction accuracy. In another effort, [32] utilized a dataset
of 721 samples to develop ANN-based models, incorporating
optimization algorithms such as Genetic Algorithms (GA)
and Particle Swarm Optimization (PSO). Similarly, [13]
employed a least squares support vector approach tailored to
various condensate gas systems. Machine learning techniques
also featured prominently in [41], which focused on advanced
DPP forecasting models. The Multilayer Perceptron (MLP)
model proposed by [16], built on 80 data points,
demonstrated high precision with an AARD of just 1.553%.
Additional models were constructed using 681 publicly
available samples by researchers in [23, 29, 33, 40, 44], and
[22] applied ANN to a dataset of 141 entries to estimate dew
point pressure effectively.

From the above searches, many iterative methods or
empirical correlations have been utilized to predict DPP.
However, these correlations are more complex, including a
large number of factors, which require longer and more
complicated calculations. In addition, the precision of these
correlations has become inadequate for optimal estimations
due to their limitations [20]. Thus, hybrid intelligent systems
are employed to overcome these challenges as well, and these
hybrid models are rarely applied in this field, and that is why
we do our research.

Fluid properties (e.g., viscosity, bubble point pressure, and
formation volume factor) have been effectively calculated
using hybrid intelligence models, such as Particle Swarm
Optimization Neural Networks (PSONN) and Neuro-Fuzzy
(NFuzzy) systems.

For instance, [26, 31] utilized a PSONN-based approach,
while [14] employed an NFuzzy model. Similarly, [7-9]
demonstrated the effectiveness of combining PSONN and
NFuzzy methods in this domain.

The objective of this work is to develop a robust model for
accurate dewpoint pressure estimation. To achieve this, two
hybrid models, NFuzzy and PSONN, were developed to
enhance DPP estimation beyond existing approaches.

II. METHODS AND PROCEDURES
A.  Particle swarm optimization)

PSO is an optimization algorithm based on swarm
movement developed by [17]. The PSO algorithm generates
a swarm of particles with random positions and speeds in the
search space. A statistical activation fit function is used to
assess these particles by [52].The optimal solutions are
obtained by optimizing the birds' movement.

The following steps describe how the PSO algorithm runs:
1. The PSO algorithm starts by dispersing a collection of
particles throughout the solution area at random.
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2. These particles move through the space with certain
velocities, iteratively attempting to converge toward
the optimal global position, referred to as gbest.

3. Each particle modifies its velocity in each iteration
within the N-dimensional problem space according to
three factors: the swarm's globally best location
(gbest), its individual best-known position (pbest), and
its previous velocity.

4. The fundamental principle of PSO involves guiding
each particle to accelerate toward both its own best
location and the swarm’s best-known position, using
randomly scaled influence factors at each step.

Fig. 1 depicts the particle flying model. For more detailed
descriptions of the PSO technique, refer to [1,17].

x e wo=c rand()
e AR . ygbest ¥
v =wd +w,d w, =¢, -rand()
> @® Sk"l b [k
S e goes
dgbesf‘f,_,--"
---------------------------- .o phest”

Fig.1 shows particle flying model

B.  Development of PSONN model

While Artificial Neural Networks (ANNs) exhibit
high accuracy in handling nonlinear problems, they also
possess several weaknesses. These include difficulties in
figuring out the right number of hidden layers and neurons,
delayed convergence, and a propensity to become stuck in
local minimum points. The particle swarm optimization
approach is frequently used to optimize the ANN model's
weights in order to overcome these problems. PSO is
renowned for its strong search skills, which allow it to
quickly converge and avoid local minimum spots.
Combining the PSO algorithm with the ANN model is
essential for achieving faster convergence and higher
accuracy. Moreover, this combination can help overcome the
weaknesses inherent in both algorithms. This combined
model is referred to as the PSONN model. The PSO
algorithm rapidly achieves convergence during the initial
stages of a global search, whereas around the global
optimum, the search process will become very slow.
Consequently, integrating NN and PSO can reach faster
convergent speed around the global optimum and increase the
convergent accuracy at the same time.
The PSONN model operates in two steps. In the first step,
PSO is applied to obtain the optimal weights of the networks.
In the second step, the ANN model is then utilized to learn
the rules and further adjust the weights. Fig. 2 illustrates the
learning process steps of the PSONN. First, the neural
network initializes its weights and biases as random particles
positioned within the problem space. The dimensions of this
space correspond to the number of weights and thresholds
requiring optimization. Next, the process applies a BP
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algorithm to the initial connection weights and thresholds
established by the PSO. Finally, for each particle, the system

calculates its velocity and updates its position. Then, the PSO
algorithm adjusts the NN parameters, and the adopted
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feedforward neural network has one hidden layer. The
optimal first hidden layer uses tansig as a transfer function,
whereas the other output transfer function is purelin.

\/
/ Initialize particle /

1

. il .
Fitness Calculation

AV4

Calculate Pbest &
ghest velocity

1T

Stop PSO

particles.

Update particle velocity,
position, gbest, Pbest of

BP Training

Termination

Criterion Satisfied?

Fig. 2 The fundamental process of PSO.

C. Development of NFuzzy model

The NFuzzy model is the same as the Adaptive
Neuro-Fuzzy Inference System (ANFIS) in this study. The
NFuzzy model uses conditional functions to select target
parameters by combining fuzzy logic and artificial neural
networks.
This hybrid model combines fuzzy and ANN techniques
during the training stage to enhance learning capabilities, as
described by [35].
In general, the NFuzzy model utilizes Subtractive Clustering
type functions, specifically genfis2, to estimate dewpoint
pressure. Additionally, the final configuration of the NFuzzy
model can be adjusted to minimize computational errors.

III. DATA ACQUISITION

A comprehensive database of approximately 860
samples compiled from literature and experimental studies
was used. This dataset includes 579 measured data points
obtained from a thesis [46, 47], another 254 measured data
points collected from the Middle East field, and 27 data points
extracted from literature, as documented by [19]. Notably,
this database is larger than those used in previous studies.
To ensure data integrity, the collected samples underwent
thorough preprocessing steps. These steps involved checking

https://doi.org/10.20428/jst.v30i10.3222

for data consistency, identifying and removing duplicate
entries, and addressing any missing values. This meticulous
data preparation process was crucial for minimizing
uncertainties in subsequent computations, as emphasized by
[44].
Table 1 depicts the ranges of all gas condensate parameters.
The input of these data includes the temperature, molecular
weight, and specific gravity of heptane plus (C7+), and the
fluid composition (C1-C7+, CO2, H2S, N2) of the model,
and the output is dewpoint pressure. Data were split 70% for
training and 30% for testing.
In additional, the database was normalized to avoid numerical
difficulties during the computations. The total data is scaled
among 0 and 1 by the following formula:

(IHPUt B InplItmin) (1)

NX =
(IHPUtmax - IHPUtmin)

Where NX is the normalized output data, Input... ,
Input,, , are the maximum and minimum of data
respectively and Input is the original data. Statistical error
analysis was used to check the performance and accuracy of
those presented models.
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TABLE 1. DEPICTS THE RANGES OF GAS CONDENSATE DATABASE

Parameters Min. Max. Mean
Dewpoint pressure, psi 790 11830 4597.7
Reservoir temperature, oF 40 337 202.83
Molecular weight C7+, MWC7+ 0 253 146.02
Specific gravity C7+, SGC7+ 0 0.89342 0.777
Methane, C1 0.0349 0.9668 0.804
Ethane, C2 0.0037 0.604 0.059
Propane, C3 0.0011 0.19 0.030
Butane, C4 0.0017 0.375 0.023
Pentane, C5 0 0.123 0.012
Hexane, C6 0 0.0977 0.010
Heptane plus, C7+ 0 0.153 0.035
Hydrogen Sulfide, H2S 0 0.579 0.007
Carbon dioxide, CO2 0 0.9192 0.017
Nitrogen, N2 0 0.4322 0.009

The models’ performance was assessed using statistical
metrics including Absolute Percent Relative Error (APRE),
Root Mean Squared Error (RMSE), standard deviation, and
correlation coefficient (CC), as shown in Table II.

TABLE 2. TYPE OF ERROR ANALYSIS USED IN THIS

STUDY
Type of Error Formula
Residual Error Ei=Y —Yyea
Correlation Coefficient i (E)?
CC=1--==t20
e, (Y = Y)?

Root Mean Square Error

1 n
RMSE = —Z (E,)?
n i=1

Absolute Percent Relative APRE = 100" |E|
Error T n i1 Y
— 1 -
Standard Deviation Sp = ) (E,
n—1 i=1_
_ El)
IV. RESULTS AND DISCUSSION

Two hybrid models of intelligent systems were
created for this study in order to calculate dewpoint pressure.
This section discusses the NFuzzy and PSONN models
developed for calculating the dewpoint pressure.
Furthermore, the accuracy and performance of these models
were compared with commonly used dewpoint determination
models presented in the literature.

A.  Hybrid PSONN Model

An ANN was constructed with a single hidden layer
comprising 25 neurons. Subsequently, the PSO algorithm was
employed to adjust the weights and biases of the network.
Additionally, the ANN model was utilized to train the
network. The number of dimensions in the PSO technique
corresponds to the number of weights of the network, which
is contingent upon the network architecture and input data.
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The optimal configuration of the PSONN model is presented
in Table 3.

TABLE 3. SHOWS THE OPTIMAL PSONN METHOD
CONFIGURATION.

Maximum iteration 200
Number of particles 200
Dimension’s 376
Inertia weight (w) 0.8
Maximum velocity, (v) 3
Cognitive parameter (c1) 0.1
Social parameter (c2) 1

The dimensions of PSO algorithm were determined using
Equation (2).
2

X = (H " HO) + (I - HI) + Hbias + Obias

Following adjustments to the ANN model's weights and
biases, Fig. 3 displays the PSO technique's performance. The
ANN model's structure and performance are shown in Figs. 4
and 5, respectively. For the training and testing datasets, Fig.
6 displays a cross-plot illustrating the relationship between
the predicted and actual dewpoint pressures by the PSONN
model. Table 4 also presents the results of the error analysis
for the PSONN model. The model achieved a correlation
coefficient of 0.99 and an APRE of 2.47%. Convergence and
scatter plots demonstrate strong predictive accuracy.
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Fig. 6. Scatter plot comparing the PSONN model's predicted
values against the actual values-(a)-Training data, (b)-
Testing data

B.  NFuzzy Model

The NFuzzy model was utilized with various radii to
predict the dewpoint pressure of condensate gas.
Subsequently, the predicted correlation coefficient and
absolute percent relative error were plotted against these
radii. The most suitable radius was identified as the one
yielding the maximum correlation coefficient and the
minimum average percentage relative error. As shown in Fig.
7, a radius of 0.25 produced the highest CC value (0.97) and
the lowest APRE (5.86%). Fig. 8 shows the number of
NFuzzy model rules, and Fig. 9 shows a cross-plot of the
actual dewpoint pressure for both the training and testing
phases against the projected values derived from the NFuzzy
model. For both training and testing datasets, the accuracy
results of the NFuzzy model are summarized in Table 4,
which displays a prediction error of 8.78% and a correlation
coefficient of 0.970.
Table 4 also presents a comparison between the NFuzzy and
PSONN models, demonstrating that the PSONN model
outperforms the NFuzzy model. Table 6 shows the good
prediction performance of PSONN models for both training
and testing datasets.

Journal of Science
and Technology



I. A. Farea, A. A. Al-Gathe, A. A. Kadi, A. A. Aldambi
Volume 30, Issue (10), 2025

L
-
B fule Fdior sug 131 ot e e e (208
File Edit View Options
1.00 16
30. f (int i in1cluster30) and (in2 is in2cluster30) and (in3 is indcluster3d) and (ind is indclusterd0) and (in! »
® cC 3.1 (in ig in1cluster31) and (in2 is in2cluster3t) and (ind i indclusterd?) and (ind is indcluster3) and (int
— & = ARPE 7 t 14 32.1f (in1 ie in1cluster32) and (in2 is in2cluster3Z) and (ind i indcluster32) and (ind is indcluster32) and (in!
0.98 33. If {in1 is in1cluster33) and (in2 is in2cluster33) and (ind is indclusterdd) and (ind is indcluster33) and (in!
4. 1f (in iz in1cluster34) and (in2 is in2cluster34) and (ind is indcluster34) and (in is indcluster34) and (in!
35. If (in1 is in1cluster3S) and (in2 is in2cluster3S) and (ind is indcluster3s) and (ind is indcluster3S) and (in!
36. If (in1 iz in1cluster38) and (in2 is inZcluster38) and (in3 is in3cluster38) and (ind is indcluster3s) and (m!‘:‘
Q 0.96 37 1f (in' is in1cluster37) and (in2 is in2cluster37) and (n3 is indchuster37) and (ind is indclusterd7) and (in'—
O 38 If (in1 iz in1cluster32) and (in2 is in2cluster3®) and (in3 is in3cluster3d) and (ind is indcluster3) and (int ™
4| i | r
0.94
1
[
0.92 4
0.10 0.25 040 0.55 0.70 0.85 1.00
Radii "
Fig. 7 displays the optimal radii for NFuzzy model.
Delete rule Add rule | Change rule | ﬂ ey
FIS Name: sug131 ‘ ‘ Help | Cloze ”

Fig. 8. Depicts of number of NFuzzy model rules

N
[=3
[=3
o

2000

9000

©
(=]
(=]
o

6000

[A]
[=3
[=3
o

w
o
o
o

Predicted Dewpoint Pressure

Predicted Dewpoint Pressure _,
3
=}
=)

o
o

0 3,000 6,000 9,000 12,000 Y 3,000 6,000 9,000 12,000

Actual Dewpoint Pressure Actual Dewpoint Pressure

Fig. 9. Shows the cross-plot of NFuzzy model. (a) Training dataset; (b) Testing dataset

TABLE 4. STATISTICAL ERROR ANALYSIS OF BOTH PROPOSED MODELS

Parameters NFuzzy Model PSONN Model
Abs. APRE % Abs. APRE %
Error Error
Maximum 22414 59.48 936.9 23.66
Minimum 0.42 0.01 0.02 0.00
Average 259.3 5.86 110.6 2.47
Standard Deviation 290.7 6.54 127.9 2.76
Root Mean SQR 8.78 3.70
Error
Correlation Factor 0.97 0.99
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C. Comparison between Hybrid models and published
Models

Table 5 provides a comparison between 24
published Al models and the proposed models for predicting
dewpoint pressure, organized according to the year of
publication, utilized models and methods, number of data
samples, and Absolute Percent Relative Error. This table
presents a diverse range of Al techniques employed by
various authors, including GA-ANN, RBF, MLP, ANN,
LSSVM, ANFIS, MGGP, and SVM, along with the
respective number of data samples utilized in each study.
Although the models in [16, 39] were developed using
comparatively smaller datasets, they still delivered
remarkably low APREs of 2.41% and 1.55%, respectively.
Meanwhile, the model in [51] demonstrated a commendable
APRE of 3.660% when applied to a larger dataset comprising
562 samples. However, this model exhibited a significant
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disparity between training and testing performance, with
APRESs of 1.997% and 10.287%, indicating inconsistency in
predictive accuracy. In studies [30] and [44], various Al
techniques were applied to relatively large datasets consisting
of 632 and 681 samples. Among the models tested, the most
effective ones achieved APRE values of 5.701 and 3.4698,
respectively. In contrast, although datasets in [28] and [23]
were even larger—comprising 802 and 789 samples—their
models produced higher APREs of 8.64 and 9.35, suggesting
comparatively reduced predictive accuracy. In this study, we
employed the largest databases to develop two hybrid models
(NFuzzy and PSONN). Among 24 published Al models, the
proposed hybrids—especially PSONN—outperform earlier
methods in accuracy and dataset size. PSONN achieves a
superior balance of generalization and predictive
performance across training and testing phases, as shown in
Table 5.

TABLE 5. COMPARES APRE VALUES ACROSS PUBLISHED MODELS FOR PREDICTING DPP.

Index Year Reference Method N AARD
(%)
1 2003 Gonzalez MLP 802 8.64
2 2009 Nowroozi ANFIS 110 5.13
3 2013 Arabloo CSA-LSSVM 562 6.3
4 2013 Kaydani LM-MLP 100 5.84
5 2013  Ghassemzadeh ANFIS 111 10.52
6 2014 Ahmadi LSSVM 404 5.02
7 2014 Majidi MLP 562 6.802
8 2014 Rostami GA-RBF 562 3.66
9 2015 Rabiei ANN 308 3.1315
10 2016 Kamari GEP 562 7.9
11 2016 Kaydani MGGP 158 4.44
12 2016 Khaksar PSONN N.A. 3.513
13 2016 Najafi GA-RBF 564 7.3
14 2017 Ahmadi GEP N.A. 8.1
15 2018 El-hoshoudy GEP 480 6.72
16 2018 Zhong PSO-MKF-SVM 568 7.01
17 2019 Khan ANN 82 2.41
18 2020 Ali ANFIS 168 N.A.
19 2020 Daneshfar MLP 81 1.553
20 2020  Haji-Savameri MLP-BR 632 5.701
21 2021 Mirzaie Al 681 3.4698
22 2022 Gouda ANN N.A. N.A.
23 2022 Luo GA-ANN 721 N.A.
24 2023 Zohre DT 789 9.35
25 2024 This study NFuzzy 860 5.86
26 2025 This study PSONN 860 2.47

Compared to 24 Al models from the literature—which vary
in dataset size (81 to 802 samples) and APRE range (1.55%
to >9%)—the proposed hybrid models, developed on the
largest dataset (860 samples), achieve superior prediction
accuracy with PSONN exhibiting an APRE of 2.47%,

https://doi.org/10.20428/jst.v30i10.3222

demonstrating improved generalization against previous
methods.
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TABLE 6. Estimation errors for predicting the DPP using NFuzzy and PSONN models.

Database NFuzzy Model PSONN Model Data Samples
APRE% APRE%

Training Data 5.84 2.37 602

Testing Data 5.89 2.68 258

All Data 5.86 2.47 860

V. CONCLUSIONS

e The proposed PSONN model achieved state-of-the-
art predictive accuracy, with an APRE of 2.47% and
a correlation coefficient of 0.99, surpassing all
previous Al-based models for DPP prediction.

e The hybridization of Particle Swarm Optimization
with an Artificial Neural Network successfully
synergized the strengths of both algorithms,
overcoming their individual limitations to produce a
more robust and accurate model.

e Both introduced models demonstrated a well-
balanced performance between training and testing

phases, indicating a high generalization capability
and a low risk of overfitting.

e The use of a larger, more comprehensive dataset
compared to prior studies significantly improves the
reliability and validity of the model's results.

e  Future work should focus on continually expanding
the dataset with information from diverse gas fields
to further improve and validate the model's
generalizability.

L1ST OF SYMBOLS
APRE Absolute Percent Relative Error Ei Residual Error
Cl Methane concentration (Fraction) H2S Hydrogen sulphide concentration (Fraction)
C2 Ethane concentration (Fraction) MWC7+ Molecular weight of heptane plus fraction (g/mol)
C3 Propane concentration (Fraction) N2 Nitrogen gas concentration (Fraction)
C4 Butane concentration (Fraction) RMSE Root mean squared error
C5 Pentane concentration (Fraction) SD Standard deviation
Co6 Hexane concentration (Fraction) SGCT7+ The specific gravity of heptane plus fraction
C7+ Heptane plus concentration (Fraction) T Temperature (oF)
CcO2 Carbon dioxide concentration (Fraction) Y Actual Data
CcC Coefficient of determination Ypred Predicted Data
DPP Dew point pressure (psi) n Number of data
X Dimension I input
H hidden HO Hidden output
o Output HI Hidden input
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The Role of Developing 5G Networks in
Accelerating Digital Transformation: A Case
Study of Ericsson

Abstract— This study examines the role
of developing 5G communication networks in
accelerating digital transformation by presenting a
case study of Ericsson. It reviews the company’s
strategies in research and development,
standardization, and infrastructure enhancement.
The findings demonstrate that adopting S5G
technology significantly improves productivity and
reduces operational costs across sectors such as
manufacturing, transportation, and healthcare,
while also boosting competitiveness and generating
positive economic impacts, including job creation
and an increase in global GDP. The study
concludes with practical recommendations,
including increasing investments in R&D,
strengthening collaborations with regulatory
bodies and strategic partners, and continuously
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Abstract— Old geological maps in areas with complex rock
formations often lack accuracy, risking misinformation, especially
where lithological boundaries are subtle. This study integrates
Vertical Electrical Sounding (VES) and 2D electrical imaging to
improve subsurface mapping in the Idi-Emi area, southwestern
Nigeria. The approach successfully identified three terrain types—
sedimentary, transition, and basement complex—each with distinct
resistivity and layer thickness ranges. The topmost geoelectric layers
showed resistivities of 42-634 Qm and thicknesses of 0.6-1.9 m
across these terrains. New geological boundaries were delineated,
refining the existing map and aligning with the Dahomey Basin
framework. The enhanced geological model provides critical
insights for groundwater aquifer delineation, hydrogeological
exploration, and controlling illegal mining activities in the region.
This integrated geophysical method demonstrates a valuable
approach for accurate subsurface characterisation in geologically
complex terrains.

Keywords— Geological Boundary, Basin, Lithostratigraphy,
Transition Zone, Inhomogeneous Rocks

I. INTRODUCTION

Geophysical techniques involve the measurement of
signals resulting from natural or artificial occurrences
involving physical properties of subsurface formations [1].
Geophysical methods discover variances or anomalies in
physical qualities inside the Earth's crust by detecting
variations in magnetic susceptibility, electrical resistivity,
seismic velocity, density, and elasticity using minimal or non-
intrusive instrumentation for quick data collection.

Applications of geophysical methods include
mineral exploration [2], groundwater exploration [3][4],
detection of ancient artefacts [5] [6], and detection and
monitoring of environmental contaminants [7]. [8] [9] and
geological characterisation [10].

Geological maps are considered conventional forms
of geographic data that show different stratified rock layers.

Journal of Science
and Technology

The accuracy of geological maps is generally dependent on
the quantity of outcrop exposures because they are often
created using regional studies, field observations, drill record
interpretation, and remotely sensed data [11] [12]. Results
from the use of a single geophysical technique are less
reliable due to the inherent shortcomings of individual
geophysical procedures, even though the use of massive data
sets has improved the precision of recent results obtained on
geological mappings and the accuracy with which
stratigraphic boundaries could be defined [13]. For instance,
borehole data provide one-dimensional (1-D) delineation
around a single point, probing laterally into the Earth's
surface. Furthermore, information obtained through the
analysis of remotely sensed data is very unreliable.
Geological boundaries are routinely established based on
inaccurate information [11] [12].

Historical maps in regions with heterogeneous rock
types may be inaccurate and include serious potential errors,
particularly in terrains with modest lithological variances that
could make it challenging to establish relevant map units. Idi-
Emi, the area of study, is situated in the eastern Dahomey
Basin in southwestern Nigeria, distinguishing what is relevant
in generating genuine geological map units difficult because
of the complex nature of lithological variations within the
Abeokuta Group. Furthermore, as new geological boundaries
for regional maps are defined, there is a risk of defining
incorrect units based on geographically minor lithological
differences or of portraying broad areas as homogeneous,
whereas little but persistent changes in features reflect
different and varied depositional histories ([13]). The
challenges of classifying available rocks and minerals,
identifying the available mineral quantity for commercial
purposes and enacting available laws that could stop illegal
mining in Idi-Emi, coupled with recent revelations on rock
inhomogeneity within large areas that were thought to have
homogenous lithography, have called for a redefinition of its
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geological boundary; as a result, a comprehensive geologic
map of the area of study is required. The study aims at
delineating the geological boundary of Idi-Emi, around
Imeko-Afon, by delineating the underlying layers, their
resistivities and thickness to determine the stratigraphy of the
area of study. The study will also identify geological
structures based on variances of the subsurface rock’s
electrical characteristics.

A. Geological and Geographical setting

This research study area is Idi-Emi, situated in the
Imeko-Afon Local Council Development Area of Ogun State,
Southwestern Nigeria. It lies within latitudes 6° 42'N to 7°
17'N and longitudes 3° 0’E to 3° 57'E. Minimum temperatures
in the south vary from 19°C to 22°C, while maximum
temperatures in the south range from 32°C to 35°C [14]. The
region's average rainfall is 1200 mm, with a little decrease
from south to north.
The study region is part of the Eastern Dahomey Basin,
surrounded by basement rock in the north and sedimentary
strata of the eastern Dahomey Basin in the south. The
migmatite and granitic gneisses, quartzites, mildly
migmatized to unmigmatized paraschists and meta-igneous
rocks, charnockitic, gabbroic, and dioritic rocks, and
members of the Older Granite suite, notably granite,
granodiorites, and syenites, are the most common rocks found
in this area [15] [16]. Dolerite dykes, the newest elements of
this complex, cut through all of the other rocks in the vicinity,
demonstrating strong contacts. The geographic view of Idi-
Emi is shown in Fig. 1. The hypersthene-quartz diorite found
in Idi-Emi has hypidiomorphic granular texture, greenish-
brown color, and minerals that suggest charnockitic
affinities [17] [18]. The rock differs from typical charnockitic
'intermediate members' in two ways: (i) (i) antiperthite is
relatively sparsely developed, and (ii) orthopyroxene crystals
lack the strong pleochroism seen in charnockitic hypersthenes
[18].

II. METHODS
The electrical resistivity approach was applied to create a
physical map of the site's subsurface, locate fracture zones,
and collect data on the structural and physical attributes of the
ground. The method utilizes current from a direct
commutated or low-frequency alternating current of
electromotive force to depict the Earth’s content, and
according to Ohm’s Law, a proportional relationship exists
between the resulting potential difference (V) between the
potential electrode pair and the magnitude of current (I)
transmitted via the current electrode, with the constant of
proportionality of these two parameters being the resistance
(R) of the Earth material along the path followed by the
current. Resistivity of the Earth's materials, which is the
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ability of a material to impede (or resist) the flow of electrical

current through it, is given in equation 1.
RA

p="4 (1)
The system international (SI) unit is Qm. For the purpose of
determining the distribution of resistivity in subsurface
materials, and because of the challenging geology of the
research area, the Vertical Electrical Sounding (VES)
technique was utilized in this study to take measurements of
the change in Earth's resistivity both vertically and
horizontally. In general, resistivity is measured by sending
current into the ground via two current electrodes, C1 and C2,
and measuring the voltage difference between them by two
potential electrodes, P1 and P2. Three (3) traverses were
acquired at a maximum of 200 m long, as shown in the base
map (Fig. 2). A total of 22 VES points were acquired along
three traverses up to 200 meters in length. Electrical current
was injected through current electrodes (C1 and C2), while
potential differences were recorded via potential electrodes
(P1 and P2). Field measurements were manually plotted on
log-log graphs of apparent resistivity versus half-current
electrode spacing (AB/2) and initially interpreted using
curve-matching techniques.

To ensure data accuracy and model reliability, a
comprehensive error analysis was integrated into the
workflow. Repeat measurements were performed at selected
AB/2 spacings to check for consistency. Variations greater
than +£10% were flagged as potential outliers due to contact
resistance or environmental noise. The resulting data was
processed using Prosys II, allowing importation, validation,
and transformation of the raw data into formats compatible
with modeling software. The final inversion was conducted
using a finite element inversion algorithm (WinResist),
generating 1D resistivity models that reflect vertical
resistivity variations. Root Mean Square (RMS) Error values
were computed to assess the quality of fit between observed
and calculated resistivity values. Models with RMS errors
below 10% were considered acceptable as proposed by [19].
A sensitivity analysis was manually performed by varying
resistivity and thickness parameters £10-20% in selected
layers to evaluate the effect on RMS error. Significant
changes in misfit indicated well-constrained parameters,
while minimal changes revealed potential non-uniqueness or
poor resolution [20]. The final resistivity models were used to
delineate distinct subsurface zones. Sedimentary terrains
were characterized by low resistivity (10-2500 Qm),
basement complexes by high resistivity (>5000 Qm), and
transition zones by intermediate resistivity (100-5000 Qm)
[21][22]; [20]. These interpretations guided the identification
of structural complexities, lithological changes, and geologic
boundaries, which are relevant to groundwater exploration,
engineering site investigation, and land-use planning.
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Figure. 2: The Base map showing VES profiles at Idi-Emi

ITII. RESULTS

Table 1 summarizes the Vertical Electrical Sounding (VES)
results, including resistivity, thickness, depth, curve types,
lithological interpretations, and inferred terrain. Eight distinct
resistivity curve types were identified across the study area—
H, AA, HA, AK, HK, KH, KHK, and HKH—each reflecting
underlying geological variations. The H and HKH types are
predominant in the northern and southwestern margins,

https://doi.org/10.20428/jst.v30i10.3212

respectively; KH occurs mainly in the central region, while
the remaining curve types are characteristic of the southern
portion. Representative resistivity curves are illustrated in
Figs. 3 to 6. Apparently, the resistivity curves generally
revealed a range of three (3) to five (5) geo-electric layers.
From the parameters of iterations (resistivity value, thickness,
and depth) associated with the individual curve, the boundary
line across the major geologic provinces is drawn.
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Tablel: Summary of VES result for Sedimentary terrain

VES LAYER  RESISTIVITY THICKNESS DEPTH CURVE LITHOLOGIC INFERRED
STATION NUMBER (Qm) (m) (m) TYPE INFERENCE TERRAIN
1 1 500 0.6 0.6 Topsoil
2 530 3.1 3.7 AA Kaolinitic Sand Sedimentary
3 1500 36.3 40 Sand
4 2000 - Dry Sand
2 1 248 0.9 0.9 Topsoil
2 187 1.4 2.3 HA Sandy Clay Sedimentary
3 917 54 56.3 Sand
4 1685 - - Dry Sand
3 1 537 0.9 0.9 Topsoil
2 267 5.5 6.5 HA Clayey Sand Sedimentary
3 871 44.6 51.1 Sand
4 2998 - - Dry Sand
4 1 180 0.8 0.8 Topsoil
2 289 4.6 5.4 AA Clayey Sand Sedimentary
3 1188 45.5 50.8 Sand
4 2102 - - Dry Sand
5 1 634 0.8 0.8 Topsoil
2 900 8.2 9 AK Kaolinitic Sand Sedimentary
3 2400 56 65 Dry Sand
4 1840 - - Wet Sand
6 1 238 0.9 0.9 Topsoil
2 707 53 6.2 AK Kaolinitic Sand  Sedimentary
3 2664 54.3 60.5 Dry Sand
4 1331 - - Wet Sand
7 1 42 1.2 1.2 Topsoil
2 188 3.6 4.8 AK Sandy Clay Sedimentary
3 3038 51.5 56.3 Dry Sand
4 756 - - Wet Sand
™

Journal of Science
and Technology

https://journals.ust.edu/index.php/IST


https://journals.ust.edu/index.php/JST

S. A. Adekoya, J. O. Coker, H. T. Oladunjoye, O. A. Adenuga, F. O. Ogunsanwo, A. A. Alabi, P. A. Adesanya

Volume 30, Issue (10), 2025

.
Table2: Summary of VES result for Transition terrain
VES LAYER  RESISTIVITY THICKNESS DEPTH CURVE LITHOLOGIC INFERRED
STATION NUMBER (Qm) (m) (m) TYPE INFERENCE TERRAIN
8 1 1043 1.2 1.2 Topsoil
2 49 19.2 20.4 Clay Transition
zone
3 857 57.2 77.6 HK Fresh Basement
4 300 i ) Fractured
Basement
9 . Transition
1 120 0.8 0.8 KH Topsoil
zone
2 205 2 2.8 Lateritic Clay
3 33 13.1 15.9 Clay
4 915 - - Fresh Basement
10 1 153 1.2 1.2 Topsoil
2 180 48 6 KH Lateritic Clay | ransition
zone
3 80 29 35 Clay
4 630 - - Fresh Basement
11 1 315 0.9 0.9 Topsoil
2 1200 9.1 10 KH  Kaolinitic Sand  1ransition
zone
3 330 48 58 Clayey Sand
4 1500 - - Fresh Basement
12 1 2240 0.8 0.8 Topsoil
) 3900 79 ] Conglomeratic Transition
Sand zone
3 2701 15.5 235 gpg ~ Conglomeratic
Clay
4 3699 23 465 Conglomeratic
Sand
5 471 - - Clayey Sand
13 1 2699 0.8 0.8 Topsoil
> 5513 31 39 Conglomeratic Transition
Sand zone
3 2891 9 12.9 KHK Kaolinitic Sand
4 5688 50.8 63.7 Conglomeratic
Sand
5 1893 - - Wet Gravel/Sand
Transition
zone
1 2855 0.8 0.8 Topsoil
5 5308 23 36 Conglomeratic Transition
14 Sand zone
3 1781 11.3 14.9 KHK Kaolinitic sand
4 11664 59.5 74.4 Conglomeratic
Sand
5 3124 - - Wet Gravel/Sand
15 1 1623 0.8 0.8 Topsoil
) 3270 24 3] Conglomeratic Transition
Sand zone
3 1844 11 14.1 Kaolinitic Sand
4 11615 70.6 84.7 gug ~ Conglomeratic
Sand
5 4244 - - Wet Gravel/Sand
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IV. DISCUSSION

Sedimentary Terrain

Traverse 1 was generated using the geoelectric sections of
VESI1-7 as shown in Fig. 7, which falls within the
sedimentary terrain at Idi-Emi. The topmost geo-electric layer
possesses a resistivity and thickness range of 42 Qm — 634
Qm and 0.6 m — 1.2 m. It is inferred as the topsoil. Resistivity
components of this layer widely revealed a sandy topsoil with
minor pockets of clay. Underlying the topsoil is a highly
heterogeneous geo-electric stratum composed of resistivity
units varying between 530 Qm — 900 Qm, 267 Qm — 289 Qm,
and 187 Qm — 188 Qm (Fig. 7), respectively interpreted as
kaolinitic sand, clayey sand, and sandy clay. It is majorly a
kaolinitic and clayey sand layer embedded with minor lenses
of sandy clay. The thickness range of the layer is 1.4 m — 8.2
m. Beneath the heterogeneous geo-electric layer lies a fairly
homogeneous stratum with a resistivity range of 871 Qm —
3038 Qm and thickness ranges between 36.3 m and 56.0 m;

it is inferred as a sand stratum. Due partly to increasing
geothermal gradient with depth along VES 1, 2, 3, and 4, the
sand stratum became more resistive, exhibiting a resistivity
range of 1685 Qm — 2998 Qm, and inferentially reflecting a
dry sand stratum. This is, however, not the case beneath VES
5, 6, and 7, which experienced a drastic drop in resistivity
value to a range of 756 Qm — 1840 Qm due to groundwater
circulation. The lithologic inference for this unit is wet sand.
Around the Ogene axis (VES 21), four geo-electric units with
resistivity values of 180 Qm, 320 Qm, 121 Qm, and 289 Qm
were revealed from top to bottom (shown in Fig. 8). By
inference, the unit corresponds to a 0.9 m—thick topsoil, 8.5
m-thick clayey sand, 50.5 m—thick sandy clay, and fractured
basement in the aforementioned order. Cumulative thickness
of the strata on the fractured basement is 59.9 m. This axis is
another notable transition zone between the basement
complex and the continental margin of the Eastern Dahomey
Basin.

Table 3: Summary of VES result for Basement terrain

VES LAYER RESISTIVITY THICKNESS DEPTH CURVE LITHOLOGIC INFERRED
STATION NUMBER (Qm) (m) (m) TYPE  INFERENCE TERRAIN
16 1 1071 1.1 1.1 Topsoil
2 59 25.8 26.9 Clay
3 1231 52.7 79.6 HK Fresh Basement Basement
4 202 ) ) Fractured
Basement
17 1 638 1.9 1.9 Topsoil
2 117 20.1 22 H Sandy Clay Basement
3 1044 - - Fresh Basement
18 1 1105 1 1 Topsoil
2 100 5.6 6.6 Sandy Clay
3 393 10.5 17.1 HKH Clayey Sand
4 65 23 40.1 Fractured Basement
Basement
5 1602 - - Fresh Basement
19 1 2015 1.7 1.7 Topsoil
2 56 8.3 10 Clay
3 168 12.8 22.8 HKH Sandy Clay Basement
4 26 313 542 Fractured
Basement
5 1421 - - Fresh Basement
20 1 338 0.9 0.9 Topsoil
2 60 14.1 15 H Clay Basement
3 2659 - - Fresh Basement
21 1 145 0.9 0.9 Topsoil
2 320 8.5 94 KH Clayey Sand
3 121 50.5 59.9 Sandy Clay Sedimentary
22 1 102 1.4 1.4 Topsoil
2 25 17.1 18.5 KH Clay Basement
3 943 - - Fresh Basement
Journal of Science https://journals.ust.edu/index.php/IST H
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Transition Zone

Geo-electric settings along Traverse 2 are marked by both
lateral and vertical variation in geo-electric parameters. This
traverse comprised of eight (8) correlated VES stations (VES
8,9,10, 11, 12, 13, 14 and 15), underlain by a range of four
(4) — five (5) geo-electric layers. Depicted on Fig. 9 is the
geo-electric section along traverse 2. This section is
characterized by abrupt contrast in resistivity, thickness and
orientation of geo-electric units. On the basis of these
parameters, two broad geo-electric categorizations are
recognized, which are, the obliquely warping northern
portion and the thickly stratified southern segment,
possessing a resistivity range of 33 Qm — 1500 Qm and 1894
Qm — 11664 Qm respectively.

Although four geo-electric layers are vertically revealed
beneath the northern flank (VES 8, 9, 10, and 11), their
correlation, however, revealed the presence of seven geo-
electric units due apparently to the geologic complexity of
this locality. The units from top to bottom ranges in resistivity
between 120 Qm — 1043 Qm, 180 Qm — 250 Qm, 33 Qm —
80 Qm, 330 Qm - 471 Qm, 630 Qm — 1500 Qm and 302 Qm
(Fig. 9); which respectively correspond to the topsoil, lateritic
clay, clay, clayey sand, fresh basement and fractured
basement. The topsoil is laterally heterogeneous, consisting
of sandy clay and sand. Its thickness range is 0.8 m — 1.2 m
around this axis. Beneath the topsoil, lies the lateritic clay
which ranges from 2.0 m — 4.2m in thickness. A thick
descending clay unit, ranging between 13.1 m — 29.0 m
underlies the laterite. Both the lateritic clay and clay units are
obliquely inclined. Towards the central part of the traverse,
the overburden became more progressively sandy (clayey
sand composition) and nearly vertically descended
(submerged). This submerged clayey sand unit is at least 48
m thick; extending to infinity basin-ward. Cumulatively, the

https://doi.org/10.20428/jst.v30i10.3212
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overburden thickness ranges between 15.9 m to 58.0 m on the
basement flank.

A very thick geo-electric sequence which rest unconformably
on the clayey sand overburden occupies the southern half of
the traverse. The stratum resistivity, from top to bottom,
ranges from 1623 Qm — 2855 Qm, 3270 Qm — 5513 Qm,
1200 Qm — 3900 Qm, 3699 Qm — 11664 Qm and 1893 Qm
— 4244 Qm; indicative of the topsoil, upper conglomeratic
sand, kaolinitic sand, lower conglomeratic sand and sand
respectively. With the exception of the basal sandstone with
infinite thickness, thickness range of individual stratum is 0.8
m-08m,24m-3.1m,9.0m-15.1m, 38.5 m—70.6 m in
the aforementioned order. Inferred succession along the
sedimentary segment revealed the preponderance of thick
conglomeratic strata intercalating the sandstone strata. At the
surface, the sequence is extensively capped by conglomeratic
topsoil. This sequence, according to Omatsola and Adegoke
(1981) is known as Ise formation. The formation occurs as a
vast plateau landform around the Asipa axis.

Basement Terrain

Six resistivity curves (VES16, 17, 18, 19, 20 and 22) are
recognized as basement curves, on the basis of resistivity
relationships of the iterated parameters (Fig. 3-6). The
basement territory is underlain by a range of three to five geo-
electric layers. Areas underlain by three geo-electric layers
(VES 17, 20 and 22) varied in resistivity value between 102
Qm — 638 Qm, 25 Qm - 117 Qm and 943 Qm - 1500 Qm
from top to bottom; which is respectively indicative of
topsoil, weathered layer (clay and sandy clay) and fresh
basement. Topsoil ranges in thickness between 0.9 m — 1.9 m,
weathered layer between 18.5 m — 22.5 m while the thickness
of the fresh basement extends to infinity. However, depth
range to the fresh basement interface is 15 m — 22 m.
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Four geo-electric units are surveyed beneath VES 16, 17, 18,
19, and 20. VES 16 is an HK curve that, from top to bottom,
has a resistivity value of 1071 Qm for topsoil, 59 Qm for clay,
1231 Qm for fresh basement, and 202 Qm for fractured
basement. The thickness of the topsoil, clay, and fresh
basement are 1.1 m, 25.8 m, and 57.2 m, respectively, while
the depth to the top of the fracture is 79.6 m. Logically, the
depth to the fresh basement is 25.8 m (similar to that of a
typical three-layer model), but the deeper presence of
fractures within the basement rocks further created another
geo-electric layer of anomalous resistivity.

VES stations 9, 10, and 11, on the other hand, revealed a KH
signature. Resistivity value, from top to bottom, ranges
between 120 Qm — 315 Qm, 180 Qm — 1200 Qm, 33 Qm —
330 Qm, and 915 Qm — 1500, interpreted as the topsoil,
lateritic clay/kaolinitic sand, clay/clayey sand, and fresh
basement in that order. The corresponding thickness range is
0.8m-12m,2.0m-4.8m,and 13.1 m —29.0 m, while that
of the fresh basement extends to infinity. Total overburden
thickness covering the fresh basement ranges between 15.9 m
and 58.0 m. In the case of a five-layered basement subsurface
encountered beneath VES 18 and 19, the resistivity and
thickness ranges of the five (5) geo-electric layers, from top
to bottom, are 1105 Qm — 2015 Qm and 1.0 m — 1.7 m, 56
Qm — 100 Qm and 5.6 m — 8.6 m, 168 Qm — 393 Qm and
10.5m—12.8 m, 26 Qm — 65 Qm and 23.0 m — 31.3 m, and
1421 Qm — 1602 Qm with an infinite thickness. Lithologic
inference in that order is topsoil, clay/sandy clay, sandy
clay/clayey sand, fractured basement, and fresh basement.
Depth to fresh basement ranges from 40.1 m to 54.2 m.
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Subsurface cross-section of the basement curves (VES 16, 17,
18, 19, and 20) as a whole revealed a range of three to five
geo-electric layers. Increments in geo-electric beyond three
layers are due either to heterogeneity of the weathered
basement or occurrences of fractures within the crystalline
basement in this area. The geo-electric section along traverse
3 (Fig. 10) is apparently a depiction of three to five geo-
electric layers, but the subsurface resistivity setting can be
appropriately reclassified into four geo-electric layers, which
from top to bottom ranges from 338 Qm — 2015 Qm, 56 Qm
—393 Qm, 26 Qm — 202 OQOm, and 1044 Qm — 2000 Qm for
topsoil, weathered layer, fractured basement, and fresh
basement. The topsoil is 0.9 m — 1.9 m in thickness.
Thickness of the weathered layer varied between 15.0 m and
26.9 m. On the basis of depth occurrence, two fractured zones
are recognized, which are the upper and lower basement
fractures (Fig. 10).
The upper fractured basement is a 23.0 m — 31.3 m thick
conductive zone whose depth never exceeded 55 m. The
lower fractured basement, on the other hand, is a relatively
deeper fractured zone, occurring below 80.0 m depth. Depth

to the fresh basement varied between 15.0 m and 54.2 m
vicinities

around the upper fractured zone. However,
underlain by lower fractured basement exhibit a dual interface
with the fresh basement—the upper interface bounded by
regolith but the lower by the fractures. Depth of the regolith
cover on the fresh basement ranges between 15.0 m and 26.9
m.
Fig. 11 is the geo-electric log beneath VES 22, stationed
around the Obada axis. It is underlain by three geo-electric
layers, which, from top to bottom, are characterized by a
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resistivity and thickness of 104 Qm and 1.4 m (inferred as
topsoil), 25 Qm and 17.1 m (clay), and 943 Qm (fresh
basement). Apesin and Obada axes are two prominent
basement localities with typical undulating depth-to-
basement ranges, which generally varied between 18.5 m and
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26.9 m. Around fractured basement provinces, however, the
depth is deeper, ranging between 40.1 m and 54.2 m beneath
the shallow fractured zones but definitely far below 80 m
underneath the deeper fractures.
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. 0 100
2 Vertical Electrical Sounding Station Scale (m)

20 Station Number

6

Figure. 10: Geo-electric Section along Traverse 3. This traverse falls within the Basement Terrain.
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Figure. 11: Geo-electric Section of VES 22, revealing Obada Axis as a Basement Territory.

A.  Geologic Boundary Delineation

A very accurate geologic boundary (Fig. 12) has been drawn
from both geological evidence and geophysical results. The
basement complex roughly covers about three-quarters of the
area map, occupying the northern and southeastern parts.
Localities covered include Apesin, Ojubu, Asipa, and parts of
Obada. Sedimentary terrain only accounts for about one-
quarter of the area map. These rocks are dominant in the
southwestern part of the area, notably around the Idi-Emi and
Obada axes.

Journal of Science
and Technology

There is a strong link between the physiographic settings and
geology of the area. Sedimentary terrain, due to a massive
influx of sediment, is distinctively higher in elevation than the
basement. It functions as the main watershed from which the
rivers take their sources. The drainage pattern is fairly
dendritic with a resultant northeasterly flow into the
basement. Along the sedimentary escarpments, a thick
sequence of ferruginized conglomerate or conglomeratic sand
with kaolinitic interbeds is exposed. A few tens to hundreds
of meters away from the escarpment, the weathered basement
was encountered. The escarpment is thus not only a
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topographic marker but also a fairly accurate geologic pointer
to the existence of a nearby nonconformity.
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Figure. 12: Inferred Geologic Map of the Study Area Revealing the Basement — Sedimentary Contact.

V. CONCLUSION
The study employed the VES and 2D electrical resistivity
method to characterize the subsurface of the study area into
geo-electric sections, determining the depth to the basement
and delineating possible zones that can serve as unique rocks
from the various anomalous zones. The investigation
revealed new geological boundaries within sedimentary
areas, crystalline basement, and transition zones. This result
provides a modern geological map of Idi-Emi that is
consistent with the recent regional geological map of the
Dahomey Basin. From the geophysical results and inferences,
the Apesin and Obada axes are essentially part of the Nigerian
Basement complex, while the Idi-Emi in the southern part is
wholly sedimentary. The boundary line between these two
geologic provinces is delineated at the Imala, Asipa, and
Ogene axes. The study area is thus a transition zone bearing
the imprints of both the basement and the sedimentary
environments. Lastly, defining the boundary between the
basement complex and sedimentary terrain aids in
determining where different rock types and formations occur.
The refined delineation of lithological zones and basement
depths in the Idi-Emi area enhances the identification and
management of groundwater potential, crucial for sustainable
water resource development. Furthermore, the detailed
resistivity and thickness data support engineering site
investigations by informing the stability and suitability of the
ground for construction and infrastructure projects.
Additionally, the improved geological mapping aids
environmental management efforts by helping to monitor and

https://doi.org/10.20428/jst.v30i10.3212

control illegal mining activities, thereby promoting safer
land-use planning and resource conservation.
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