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Effectiveness of Some Natural Alternatives in controlling pumpkin

powdery mildew caused by Sphaerotheca fuliginea (Schlecht.)

Walid Naffaa’ & Nermeen Abou Fakher?

(Recerved 29/10/2079; Accepted 03/09/2020)

Abstract: This study was conducted in order to test the efficacy of olive pomace extract (OPE), grape pomace
extract (GOE) and the commercial salicylic acid / aspirin (SA) compared with methyl thiophanate fungicide
to reduce powdery mildew incidence of pumpkin caused by Sphaerotheca fuliginea (Schlecht.). The results
showed that OPE and SA delayed the incidence of powdery mildew on pumpkin plants, and reduced the
disease severity comparably to the fungicide. They almost completely protected the plants within 12 days
after artificial inoculation compared to 16 days at fungicide treatment, which was partially ineffective after
19 days. While, GPE was of less effect in this regard, although there were significant differences compared
to control treatment, where the first symptoms were observed after 6 days of artificial inoculation. However,
the disease severity was relatively low compared to untreated control. These compounds can be arranged
according to their effectiveness in reducing the disease severity as follows: methyl thiophanate > salicylic
acid > olive pomace extract > grape pomace extract. Based on our results and regarding the adverse effects
of fungicide on the environment, use of SA and POE as environmentally safe and inexpensive agents is
recommended as a valuable contribution to disease management in small areas, homegrown and greenhouses.

Keywords: Powdery mildew, Cucurbit, Systemic acquired resistance, Olive pomace extract, Grape pomace
extract, Salicylic acid
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namide, polyphenols and/or flavonoids, which pos-
sess antioxidant properties (Hussain et al., 2019).
The kernel extract contains also many saturated and
poly unsaturated fatty acids that have a beneficial
effect on protection against cardiovascular diseases
(Ander et al., 2003).

In summary, to the best of the authors’ knowledge,
this study could be considered the first study to re-
port the protective effect of B. aegyptiaca kernel
extract oral administration for 6 weeks against car-
diac dysfunction associated with diabetes mellitus.
The protective mechanism was most probably ly-
ing in its hypoglycaemic and its antioxidant effects
that led to preserving the structure and functions of
coronary blood vessels and cardiac muscles. Fur-
ther studies are recommended with estimation of
oxidative stress markers in cardiac and coronary
artery homogenates and also using specific stains of
coronary blood vessels to detect various protective
effects of B. aegyptiaca kernel extract.
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4. DISCUSSION

Diabetes mellitus is one of the most critical disor-
der that cause cardiovascular diseases and its se-
riousness effects and increases in mortality rate
among these patients (Abdul-Ghani et al., 2017,
Leon and Maddox, 2015). Therefore, it was essen-
tial to search for medication against these diabetic
complications. The present research examined if
B. aegyptiaca kernel extract prevents cardiovascu-
lar and coronary vessel alterations associated with
STZ produced diabetes in rats. In the current study,
the results demonstrated protective effect of the B.
aegyptiaca kernel extract against cardiac damage
associated with diabetes mellitus caused by STZ in
rats. Treating diabetic rats with B. aegyptiaca ker-
nel extract also reduced cardiac enzymes (CK-MB
and troponin I) relative to the non-treated diabetic
rats. Meanwhile, metformin treated diabetic rats
showed insignificant decreased in cardiac enzyme
levels versus control. In addition, administration of
the extract resulted in protecting the coronary artery
and heart muscles against the pathological changes
associated with diabetes.

In agreement with this study results a previous study
showed protective effect of B. aegyptiaca extract
against adriamycin-induced cardiotoxicity, where
their results demonstrated that the extract preserved
level of different heart enzymes (lactate dehydroge-
nase, glutamate oxaloacetate transaminase, creatine
phosphokinase, glutamate pyruvate transaminase)
at their normal levels (El Masry et al., 2010). In-
significant changes in cardiac enzymes in diabetic
rats treated with metformin could be explained by
the fact that metformin improve insulin action and
sensitivity in diabetic human and animals especial-
ly in skeletal muscles and improved lipid profiles in
diabetics (Bailey, 2017; Majithiya and Balaraman,
2006). So its beneficial actions on the heart may
need longer duration to occur.

Research studies attributed most cardiac complica-
tions associated with diabetes to hyperglycaemia. It
was noticed that the risk of developing cardiovas-
cular complications increases with an increase in
fasting blood glucose levels even before it reaches
the diagnostic standard of diabetes (Collaboration,
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2010; Einarson et al., 2018; Li et al., 2015). This
work showed hypoglycaemic effect of B. aegyptia-
ca extract, which is like metformin action. Similar
studies have recently reported antidiabetic activi-
ty of several B. aegyptiaca parts (Abou Khalil et
al., 2016; Al-Thobaiti and Zeid, 2019; Helal et al.,
2013). Therefore, it may be one of the mechanisms
behind its protective effect against cardiac damage
in this study.

Endothelial dysfunction is one of underlying causes
of cardiovascular complication in diabetics (Berto-
luci et al., 2015; Roustit et al., 2016; Sena et al.,
2013; Versari et al., 2009) . In the present study,
it was found that treatment with B. aegyptiaca ker-
nel extract has improved the endothelial integrity
and thickness of coronary vessels, which will en-
sure normal perfusion to the heart muscle, normal
contractile function and protection against overload
work and hypertrophy and this was reflected her by
the improvement in the function of the heart and
its enzymes with B. aegyptiaca kernel extract. Pre-
viously, a strong relationship between increased
blood glucose and increased products of oxidative
stress, as well as a decrease in antioxidant enzymes,
was documented. It was also found that there a cor-
relation between oxidative stress and deteriorating
cardiovascular functions (Aouacheri et al., 2015;
Giacco and Brownlee, 2010; Mao et al., 2020; Pic-
chi et al., 2010).

The findings of the present study demonstrated that
the use of B. aegyptiaca kernel extract had reduced
malondialdehyde as an indication of oxidative stress
while increasing the serum level of CAT enzyme. In
a similar study, it was found that the B. aegyptia-
ca kernel extract raised antioxidant enzymes (CAT,
glutathione peroxidase, and superoxide dismutase)
and reduced lipid oxidation products as one of the
preventative mechanisms against adriamycin-in-
duced cardiac toxicity (El Masry et al., 2010).
Published research proved that B. aegyptiaca ker-
nel extracts contain approximately 23 bioactive
compounds that identified through chromatogra-
phy (De et al., 2013). Among these substances was
3-0-methyl-D-glucose, which showed anti-toxic ac-
tivity against STZ in previous research (Nayak and
Padhy, 2017) besides the presence of 9-octadece-
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Figure 1. Effect of B. aegyptiaca kernel extract and metformin treatment on coronary artery wall thickness (white ar-
rows) and nearby cardiac muscle fibers (stars) examined in the different study groups. A: Control section showed nor-
mal arterial wall thickness and spaced normal size muscle fibers; B: B. aegyptiaca section showed apparently normal
coronary artery wall thickness and cardiac muscle histology; C: Diabetes section showed marked deformity, increased
coronary artery with thickened wall with narrow lumen and hypertrophy of cardiac muscles and presence of BRCs
in lumen; D: Diabetes + B. aegyptiaca section showed preserved coronary artery and cardiac muscle histology and
presence of BRCs in lumen; E: Diabetes + metformin section showed nearly normal coronary artery wall thickness and
presence of small amount of BRCs in lumen while the nearby cardiac muscles still showed few dark apoptotic fibers
(black arrows).

TS x400

Figure 2. Effect of B. aegyptiaca kernel extract and metformin treatment on cardiac muscle fibers pathology [longi-
tudinal (LS, arrows) and transverse (TS, stars) stained by H and E] examined in the different study groups. A and F:
Control section showed normal sizes and spacing of muscle fibers with central active vesicular nuclei in myocytes sur-
rounded by few fibroblasts and connective tissue nuclei; B and G: B. aegyptiaca section showed no apparent changes in
cardiac muscle fibers histology; C and H: Diabetes section showed marked deformity, decreased spacing mostly due to
hypertrophy of cardiac muscle fibers. There is an apparent increase in nuclei of connective tissue around hypertrophied
cardiac muscle fibers; D: Diabetes + B. aegyptiaca section showed preserved cardiac muscle fibers histology which
looked more similar to control; E: Diabetes + metformin section showed nearly normal cardiac muscle fibers with some
increase in nuclei of connective tissue surrounding the muscle fibers/which showed some focal hypertrophy in some
regions (dotted arrows).
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3.3 Effect of B. aegyptiaca kernel extract and
metformin treatment on serum malondialde-
hyde concentration catalase enzyme activity

Control and B. aegyptiaca groups showed an av-
erage serum MDA level with no significant dif-
ferences relative to each other. The serum MDA
concentration of the diabetic rats was significant-
ly increased versus control rats (p <0.001). Serum
MDA concentrations of diabetic rats treated with
both B. aegyptiaca kernel extract and metformin
were significantly decreased versus diabetic rats

(p <0.001, and p =0.01, respectively) but still
significantly higher than control rats (p <0.001
for both). Serum CAT activity level was signifi-
cantly increased in B. aegyptiaca group versus
control (p =0.05). The serum CAT concentration
of the diabetic group was significantly decreased
relative to the control group (p <0.001). B. ae-
gyptiaca kernel extract and metformin-treated
groups showed a significantly increased serum
CAT concentration relative to the diabetic rats (p
<0.001 for both) that reached nearly the control
level (Table 3).

Table 3. Effect of B. aegyptiaca kernel extract and metformin treatment on serum levels of malond-
ialdehyde (MDA) concentration and catalase (CAT) enzyme activity.

Groups MDA (nmol/ml) CAT (IU/L)
Control 0.202+0.159 98.00+£11.28
B. aegyptiaca 0.094+0.009 113.00+2.28"
Diabetes 0.865+0.042"*" 64.00+£13.71""

Diabetes + B. aegyptiaca

0.530-+£0.205™" ###

102.174£3.31%#

Diabetes + metformin

0.618+0.169™"*

92.33+11.18"

Data were expressed as mean +/- standard deviation. *: Significance versus control; #: significance versus
diabetes. *: significance <0.05, ##: significance <0.01, ***: significance <0.001.

3.4 Effect of B. aegyptiaca kernel extract and
metformin treatment on coronary vessels and
cardiac muscle histopathology

The control and B. aegyptiaca groups showed
apparently normal coronary artery wall thickness
and cardiac muscle histology with no observed
differences relative to each other. The diabetic
group showed marked deformity, thickened cor-
onary artery wall and narrowing of the lumen
with apparent hypertrophy of cardiac muscles.
Treatment of the diabetes rats with B. aegyptiaca
kernel extract preserved the coronary artery and
cardiac muscle histology. Diabetes treated with
metformin-treated groups showed nearly nor-
mal coronary atery wall thickness and few dark
apoptotic cardiac muscle fibers (Figure 1).

Figure 2 showed longitudinal and transverse
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sections of cardiac muscle stained with H and
E for all groups. The control and B. aegyptia-
ca groups showed normal sizes and spacing of
muscle fibers with central active vesicular nuclei
surrounded by few fibroblasts and connective
tissue nuclei. The diabetic group showed marked
deformity, decreased spacing of cardiac fibers,
mostly due to cardiac muscle hypertrophy.
There is an apparent increase in nuclei of con-
nective tissue around the hypertrophied fibers.
Treatment of the diabetes rats with B. aegypti-
aca kernel extract preserved the cardiac muscle
histology, which looked more similar to control.
Diabetics treated with metformin-treated group
showed nearly normal cardiac fibers with some
increase in nuclei of connective tissue surround-
ing the muscles which showed focal hypertrophy
in some regions.
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determined by ANOVA followed by Tukey’s test.
3. RESULTS

3.1 Effect of B. aegyptiaca kernel extract and
metformin treatment on fasting blood glucose

level

The control and B. aegyptiaca groups showed nor-

mal fasting serum glucose levels with no signifi-
cant differences between them. Diabetes induction
significantly (p <0.001) raised the fasting glucose
level relative to the control group. B. aegyptiaca
kernel extract-treated and metformin-treated groups
showed significantly decreased fasting serum glu-
cose concentration relative to diabetic group (p <
0.001) but still significantly higher than control
group (p <0.001) (Table 1).

Table 1. Effect of B. aegyptiaca kernel extract and metformin treatment on
fasting blood glucose levels (mg/dl) measured in different study groups.

Groups Fasting blood glucose (mg/dl)
Control 85.17+3.49

B. aegyptiaca 91.67+6.68

Diabetes 371.67+£29.94™"

Diabetes + B. aegyptiaca

135.83+33.46"" ##

Diabetes + metformin

148.17+£30.00"" ##

Data were expressed as mean +/- standard deviation. *: Significance versus control; #:
significance versus diabetes. ***: significance <0.001.

3.2 Effect of B. aegyptiaca kernel extract and
metformin treatment on serum cardiac function
markers concentration

The control and B. aegyptiaca groups showed nor-
mal serum troponin I and CK-MB concentration
with no significant differences relative to each
other. The serum troponin I and CK-MB concen-
trations of the diabetic group were significantly

elevated versus control group (p <0.001 for both).
Serum troponin I and CK-MB concentrations of B.
aegyptiaca kernel extract-treated diabetic rats were
significantly decreased versus diabetes group (p
<0.001 for both). Conversely, serum troponin [ and
CK-MB concentrations of the metformin-treated
diabetic group were non-significantly changed rela-
tive to the diabetic rats but still significantly higher
than control (p <0.001 for both) (Table 2).

Table 2. Effect of B. aegyptiaca kernel extract and metformin treatment on serum cardiac function

markers measured in the different study groups.

Groups Troponin (ng/ml) CK-MB (IU/L)
Control 0.09940.026 46.33+3.50

B. aegyptiaca 0.143+0.063 44.83+1412
Diabetes 0.348+0.069"" 71.67+6.92"
Diabetes + B. aegyptiaca 0.165+0.059 *# 36.17+4.07 %
Diabetes + metformin 0.3534+0.063" 73.50+13.84"

Data were expressed as mean +/- standard deviation. *: Significance versus control; #: significance versus diabe-

tes. ***: significance <0.001.
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stoppered flask and maintained for 3 days at am-
bient temperature. The mixture was then evaporat-
ed using a rotary evaporator. Finally, full drying
of the methanolic extract was performed via the
freeze-drying technique (De et al., 2013).

2.4 Animals

Thirty male Wister rats weighing 180-240 g ob-
tained from the Mansour Scientific Research and
Development Foundation, Saudi Arabia. Rats were
allowed for 7 days acclimatization at ambient tem-
perature. Rats could ate rodent food and drank water
freely. The ethics committee of King Fahd Medical
Research Centre approved the experimental designs
and the animal handling protocol of this study.

2.5 Experimental designs

Rats were classified into five groups (n = 6). Group
I (control), injected intraperitoneally (i.p.) with ci-
trate buffer (0.05 M, pH 4.5). Group II (B. aegypti-
aca), injected orally (p.o.) with B. aegyptiaca kernel
extract (650 mg/kg) (De et al., 2013). Diabetes was
produced in the remaining 3 groups by injecting
one dose (45 mg/kg i.p) of STZ (Zafar et al., 2009).
Diabetic rats were then classified as follows: Group
III (Diabetes). Group IV (Diabetes + B. aegyptia-
ca), ingested orally (p.o.) with B. aegyptiaca ker-
nel extract (650 mg/kg) via oral gavage (De et al.,
2013). Group V: (Diabetes + metformin), ingested
(200 mg/kg p.o.) with metformin via oral gavage
(Li et al., 2014). Duration of the experiment and
treatment with both B. aegyptiaca and metformin
was 6 weeks.

2.6 Blood sampling and heart dissection

After 6 weeks from the start of the treatments, the
blood samples were collected from the ether anes-
thetized rats from the retro-orbital plexus, then sera
were isolated and stored at -80 °C until biochemi-
cal tests were performed. After that, the hearts were
dissected out, cut as cross segments and kept in a
neutral solution of 10% formalin for further histo-
pathological processing.
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2.7 Estimation of serum blood glucose level

Fasting serum blood glucose levels were assessed
after 6 weeks of diabetes induction with STZ using
the colorimetric kit of Reactivos GPL, Barcelona,
Spain, according to the manufacture instruction.

2.8 Estimation of serum cardiac function mark-
ers concentration

Serum troponin I and creatine phosphokinase (CK-
MB) concentrations were assessed after 6 weeks of
diabetes induction with STZ using the ELISA kit of
MyBioSource, USA, according to the manufacture
instruction.

2.9 Estimation of serum oxidative stress markers
concentration

Serum malondialdehyde (MDA) concentrations
as oxidative stress marker and catalase (CAT) en-
zyme activity as anti-oxidative stress marker were
assessed after 6 weeks of diabetes induction with
STZ using the ELISA kit of MyBioSource, USA,
according to the manufacture instruction.

2.10 Histopathological examination of the heart
muscle and coronaries

Hearts preserved in formalin were processed in
ascending degrees of isopropyl alcohol and then
cleared in xylene embedded in waxy blocks, cut
into thin sections (3-5 mm), stained with Haema-
toxylin and Eosin (H & E), and examined under a
light microscope by a blind pathologist to deter-
mine pathological changes associated with diabetes
and its amelioration by different treatments. The
sections were photographed, and a representative
photo from each group was presented.

2.11 Statistical calculation

The results of this study were offered as mean +
standard deviation. SPSS software version 22, Ar-
monk, was utilized to perform the statistical calcu-
lation. The statistical variation between groups was
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1. INTRODUCTION

Diabetes mellitus (DM) is a metabolic condition
distinguished by a persistent increased blood glu-
cose levels induced by either insulin insufficien-
¢y, insulin resistance, or sometimes both (Baynes,
2015). DM cause cardiovascular diseases, includ-
ing cardiomyopathy. Diabetic-induced cardiomy-
opathy (DIC) is a case of ventricular hypofunction
that compromised most DM patients. The condition
is not necessarily associated with elevated blood
pressure or coronary artery disorders (Palmieri et
al., 2008) . DIC is characterized by various struc-
ture deformities including cardiac muscle hypertro-
phy, inflammation, fibrosis, and apoptosis. At the
beginning of DIC, the patients suffer diastolic dys-
function that progresses to systolic dysfunction and
end by heart failure (Oki et al., 2019). The mecha-
nism behind DIC is not yet defined. However, ele-
vated blood glucose, dyslipidaemia, as well as in-
dicators of oxidative stress, may be risk factors for
occurrence of DIC (Dokken, 2008; Hegab, 2018;
Rajesh et al., 2010). Therefore, the use of antidi-
abetic treatments, anti-lipidemic, and antioxidants
supplements may show a protective action against
cardiac damage in experimentally induced diabetes
mellitus (Patel and Goyal, 2011).

Balanites aegyptiaca (B. aegyptiaca, family Zygo-
phyllaceae) is a widely spread African plant and
in Saudi Arabia has many medicinal uses. The
fruit flesh’s is utilized in Egyptian popular medi-
cine in diabetes mellitus management (Gnoula et
al., 2008; Kamel, 1991). Numerous previous and
recent studies have demonstrated the hypoglycae-
mic and antioxidants activity of different parts of
B. aegyptiaca fruits and their extracts in animals
diabetic models (Abou Khalil et al., 2016; Al-Tho-
baiti and Zeid, 2019; Baragob et al., 2014; Nadro
and Samson, 2014). In a recent study, researchers
demonstrated the hypoglycaemic and hypolipidem-
ic effects of B. aegyptiaca fruit epicarp ethanolic
extract in fructose-induced diabetic rat’s model
(Hassan MD, 2020). Besides, it has been proven in
a recent study that methanolic extracts of various
parts of B. aegyptiaca fruit have hypolipidemic and
antioxidant effects against streptozotocin (STZ)-in-
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duced diabetes mellitus in rats (Zeid et al., 2019).
B. aegyptiaca fruit had many nutritional values as
it contains abundant amounts of carbohydrates and
many beneficial monounsaturated fatty acids (Sa-
gna et al., 2014). The fruits of the plant also contain
many active substances such as flavonoids, sterols,
cardiac glycosides, saponins, fatty acids, and tan-
nins (Chothani and Vaghasiya, 2011). Leaves of B.
aegyptiaca contain furanocoumarin, saponin, and
flavonoids as 3-glucoside, 3-rutinoside, quercetin
3-glucoside, quercetin-3-rutinoside, 3-7-diglu-
coside and 3-rhamnogalactoside of isorhamnetin
(Chothani and Vaghasiya, 2011).

To the best of authors’ knowledge, there is no
published research on the effect of B. aegyptiaca
against diabetic cardiovascular complications. This
experimental study aimed to investigate the possi-
ble protective action of B. aegyptiaca kernel extract
on coronary artery and cardiac muscles alterations
caused by STZ-induced diabetes mellitus in rats.

2. MATERIALS AND METHODS
2.1 Drugs and chemicals

STZ was obtained from Sigma, USA. A solution
of STZ was prepared freshly at 20 mg/ml in citrate
buffer at pH 4.5 and used within 1 hour. Metformin
(Glucophage, 500 mg metformin) Merck Santé,
France, was obtained from Nahdi Pharmacy, Jed-
dah, Kingdom of Saudi Arabia and dissolved in dis-
tal water.

2.2 Plant material

B. aegyptiaca fruits were purchased from a domes-
tic market in Jeddah, Kingdom of Saudi Arabia.
The fruits were documented and authenticated by
Dr. Elfeel A. “Meteorology, Environment, and Arid
Land Agriculture College, University of King Ab-
dulaziz, Saudi Arabia”.

2.3 Preparation of the plant extract

Five hundred g of B. aegyptiaca kernel powder
was mixed with two litters of 70% methanol in a
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Abstract: Diabetes mellitus had harmful effects on the cardiac muscle. Balanites aegyptiaca (B. aegyptiaca) is common African
and planted in Saudi Arabia has many medicinal activities, including antidiabetic. This study aimed to investigate possible
protective effect of B. aegyptiaca kernel extract on cardiac diseases associated with diabetes in rats. Thirty male Wister rats
(180-240 g) were sorted into 5 groups. Group I (control), Group II (B. aegyptiaca), Group III (Diabetes), Group IV (Diabetes+B.
aegyptiaca), and Group V: (Diabetes+metformin). Diabetes was produced in groups III, IV, and V by injecting one dose of STZ
(45 mg/kg). Experiment and treatment duration with both B. aegyptiaca and metformin was 6 weeks. Diabetic rats treated with
B. aegyptiaca kernel extract significantly decreased fasting blood glucose, serum levels of troponin I, creatine kinase MB (CK-
MB), and malondialdehyde. Administration of B. aegyptiaca extract to diabetic rats significantly increased serum catalase enzyme
activity. B. aegyptiaca extract preserved normal histological status of coronary artery and cardiac muscle in diabetic rats. In
conclusion, B. aegyptiaca kernel extract has protective effect against cardiac dysfunction associated with experimentally induced
diabetes via decreasing fasting blood glucose, improving coronary blood vessels histology via an antioxidant mechanism.

Keywords: Antioxidant. Balanites aegyptiaca. Blood glucose. Cardiac enzymes. Histopathology.
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(amaranths) and Conyza/Erigeron (fleabanes) Jakarta: Asian-Pacific Weed Science Society, 87-95.
naturalised inthe Asian-Pacificregion,” in Proceedings Milovi¢,M.(2004).Naturalisedspeciesfromthe genusConyza
of the 6" Asian-PacificWeed Scial Socity Conference, Less. (Asteraceae) in Croatia. —Acta Bot. Croat., 63(2),
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4. CONCLUSIONS AND RECOMMENDATIONS

All observed populations of the E. canadensis were
reproductive and spread, without the intervention
by humans, which suggests that the species may
be considered naturalized (Richardson, Pysek,
Rejmanek, Barbour, Dane Pe netta & West, 2000).
Personal observations to the locality of the species

show that it is rapidly spreading. The plant has a
strong and faster competitive advantage against
local plant species (Djurdjevi¢ et al., 2011).

E. canadensis can be economically important e.g
medicinal, source of oil etc. (Burkill, 1985; Cambie,
and Ash, 1994; Pawlaczyk etal., 2011; Weaver,
2001). The economic exploitation of this plant may
reduce its spread and may help in controlling and
managing it for the benefit of the homeland and the
citizen. Uprooting the plant in its seedling stage
which starts in July will help in controlling and
limiting its spread.
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3.3. Phenology

E. canadensisL. has been seen from June to
February. Flowering periods was from August to
October. The seedling stage in Albaha start in July
and flowering starts rapidly at the beginning of
August until the end of October, few species seen
flowering at the end of December.

E. canadensis L. is only found in Albaha region with
relatively cold habitats, and altitudes more than 2000
m. above sea level (Fig. 1). Its habitat also could be
sunny, warm environments (Vladimirov, 2009; Wu,
2009). Considering the present scattered distribution
and abundance of E. canadensis in Albaha region,
has probably been introduced at least a decade ago
and looks like a highly invasive plant, the limited
localities in Albaha region suggest also that it is
introduced recently.

The number of E. canadensis increased significantly
in the recorded locations where they were seen in
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the year 2016. In the same habitat, E. bonariensis
is also seen, the two species are very similar and
often difficult to distinguish between them. The two
species differ from each other in the form of the
inflorescence, phyllaries, and leaves.

E. canadensisexpected to spread noticeably in several
habitats, making it an aggressive invasive weed and
requires rapid action to control it. Internationally,
the species is a difficult weed to control. In some
country, E. bonariensis is first discovered and
reported as an exotic herb in the environment and
then became a challenging weed to control (Wang
et al., 2018), the same situation may apply to E.
canadensis. Chemical control e.g. glyphosate and
glufosinate-ammonium was used worldwide to
control the species (Weaver, 2001, Sansom et al.,
2013). E. canadensis is also mentioned in many
references as a problem weed in crop production
because of its resistance to glyphosate and other
herbicides (Van Gessel, 2001; Weaver, 2001).

Fig. 2. The plant sample Erigeron canadensis. A: Plant
habit, B: Leaves, C: Inflorescences, D: the flower
showing the style branches. E: Capitulum, F: cypsela
with pappus.

Photos by Dr. Nageeb and Dr. Abdul Wali in 2016
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Table 1. Explored Plant Distribution in Albaha region, Saudi Arabia:

Figure 1: Distribution of Erigeron canadensis in Albaha region, Saudi Arabia.
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Lat. Long. Location | Altitude Habitat Area
19.850318 | 41.60031 | Baljurashi 2039 road side Al Shatibah
19.85048 | 41.599697 | Baljurashi 2042 road side Al Shatibah
19.853416 | 41.598313 | Baljurashi 2033 disturbed site Al Shatebah
19.849504 | 41.583829 | Baljurashi 2024 natural habitat dominated by Acacia origena | Shkran Park
19.98910 | 41.534656 | Al-Baha 2153 Terraces Wadi Fiq
19.862071 | 41.571513 | Baljurashi 2036 neglected fields Shkran
19.84081 | 41.59193 | Baljurashi 2070 road side Shkran
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1.3. Vernacular names

Barrilla, Canada fleabane, Horseweed, Smooth
horseweed, Pinillo (Brouillet, Desmet, Coursol,
Meades, Favreau, Anions, Bélisle, Gendreau,
Shorthouse, and contributors, 2010).

2. MATERIALS AND METHODS

Plant specimens of E. canadensis was collected from
different parts of Albaha region, SW Saudi Arabia
(Figure 1) during fieldwork, mainly between July
and February in particular in 2016. Morphological
features were noted and recorded of the collected
herbarium specimens and then were compared with
the information available on the targeted plant in the
books and published research (e.g. Yan et al., 2020;
Djurdjevié et al., 2011; David & Nesom, 2012; Lust,
2014). Herbarium specimens were deposited in the
Herbarium of Albaha University, Department of
Biology, Balhurashi, Saudi Arabia, and the Herbarium
of Royal Botanic Garden of Edinburgh (RBGE), UK.
Under reference “Al-Khulaidi, 24/12. 2016”. Plants
photographs that show habit description and the
plants main parts are given in (Figure 2) to facilitate
its identification. Distribution map of the species was
prepared by using geographic information system
(GIS.

The taxonomic key for plant identification is reported
below; in addition to E. bonariensis, the species that
usually to be confused with E. sumatrensis (Sida,
2003; Wurzell, 1988).

la. Ligulate florets present, white, 0.5-1mm length;
involucral bracts glabrous or scattered pubescent......
................................... E. canadensis

1b. Ligulate florets absent or short, not more than
0.5mm, often with reddish apex; involucral bracts
usually hirsute............coooiiiiiii 2
2a Inflorescence diamond-shaped; ligules short,
ca.0.5mm length, head 3-7mm length...............

sumatrensis
2b Inflorescence cone-shaped, elongate branches
overlapping the main axis; ligules absent; head
7-10mm length.......cooooeiiiiii, E.
bonariensis
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3. RESULTS AND DISCUSSION
3.1. Plant Taxonomic Classification

The accepted name in well authentic Taxonom-
ic web sites and publications is E. canadensis
(Yan, et al, 2020) still some references and
websites is using the name C. canadensis (Mi-
chael, 1977). On 1 May 1753, the species was
named by Linnaeus, in Species Plantarum, as
Erigeron canadensis L., Sp. P1. 2: 863 (1753),
the plant name has been changed in Bulletin
of the Torrey Botanical Club. New York, 1943
by Cronquist to C. canadensis (L.) Cronu
quist, Bull. Torrey Bot. Club 70: 632 (1943).
Although the accepted name in trustable sites
and studies is E. canadensis, still some refer-
ences and websites prefer to use the name C.
canadensis.

3.2. Plant Description

An annual, erect herb up to 2 mtall, much
branched in the upper part. Leaves dense and
crowded along the entire length of the stem
and appearing whorled, alternate, simple, base
oblanceolate to linear- lanceolate, apex acute,
withered at anthesis, persistent, margins entire
usually with fine white hair, the upper leaves are
smaller, linear to lanceolate, sub-entire to entire,
sparsely hirsute, grey on both surfaces, sessile.
The lower leaves toothed in particular towards the
apex. Inflorescence, heads in panicle-like clusters
with many small flowers individually stalked;
capitula small, 2—4 mm in diameter, flowers many
on short branches near the top of the main stem;
involucre 3--4 mm, 2--3 mm diameter, phyllaries,
smooth, to sparse sort white hairs, the outer ones
are green to red brown, lanceolate to linear, inner
bracts longer, linear, yellowish green to reddish.
Ray florets white, many, less than 1 mm. Disk
florets, yellowish-green disk. Cypsela beakless,
grey-brown less than 2 mm with 2 to 3 mm long
white simple papuse.
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1. INTRODUCTION

The family Asteraceae family covers more
than 32000 species of plants species that are
belong to more than 1900 genera, the family is
widespread worldwide (Jeffrey, 2007), except in
Antarctica (Funk, Bayer, Keeley, Chan, Watson &
Gemeinholzer, 2005), about 200 species of Erigeron
genera and about 50 species of Conyza genera are
distributed almost throughout the world (Kissmann
& Groth 1999; Sansom, Saborido & Dubois, 2013;
Milovi¢, 2004; Cronquist, 1976; Yan, Feng, Zhao,
Feng, Zhu, Qu and Wang, 2020).

Erigeron canadensis L. (= Conyza canadensis (L.)
Cronquist), horseweed is an annual species, up to 2
m. the species is native to North America and widely
distributed as invasive species to many countries
in the world (Pruski & Sancho, 2006; Thebaud &
Abbott, 1995). The plant also known as horseweed
or Canadian horseweed herb

In the recent treatment of Asteraceae (Compositae)
for the MedChecklist and Euro+Med Plant Base
projects (Greuter, 20062009, 2008) most species
of Conyza genus have been included in Erigeron
genus

Erigeron bonariensis and E. canadensis often occur
in the same habitat and sites. Identification confusion
between E. canadensis, E. bonariensis Erigeron
sumatrensis, and other Erigeron (Conyza) species
are common (Michael, 1977; Marochio, Bevilaqua,
Takano, Mangolim, Oliveira Junior & Machado,
2017; Wu, 2009). This due to the morphological
and ecological resemblance and the lack of a proper
literature (Anzalone, 1964; Melzer, 1996; Poldini
and Kaligari, 2000). Identification was also made
extremely difficult because of the occurrence
of hybrids, mostly between E. canadensis and
E. bonariensis (Rohiena, 1923; Hayek, 1931;
Anzalone, 1964; Cronquist, 1976; Stace, 1997).
By following taxonomic treatment of E. canadensis
based on the concept proposed by Greuter (2003),
the newly recorded species is an accepted name.
Identification of E. canadensiswas based on
morphological features described by Yan, et al
2020; Djurdjevi¢, Mitrovic, Gaji¢, Jari¢, Kosti¢ &
Oberan, 2011; David & Nesom, 2012; Lust, 2014.
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On 1 May 1753, the species was named by Linnae-
us, in Species Plantarum, as E. canadensis L. Sp.
PI. 2: 863 (1753), the plant name has been changed
in Bulletin of the Torrey Botanical Club. New York,
1943 by Cronquist to C. canadensis (L.) Cronquist,

Bull. Torrey Bot. Club 70: 632 (1943).

The study aims to survey and explore the new
unknown plant species so that enhance the flora of
the Saudi Arabia.

1.1. Plant Classification (Penev, 2019):

Classification:

Kingdom Plantae
Phylum Tracheophyta

Class Magnoliopsida
Order Asterales
Family Asteraceae
Genus Erigeron

Accepted scientific name: Erigeron canadensis L.
1.2. Synonyms

Aster canadensis (L.) E. H. L. Krause (Deutschl. FI.
(Sturm), ed. 2. 13: 59, pl. 10 (1905).

Caenotus canadensis (L.) Rafin., Fl. Tellur. 2: 50
(1837), nom. inval.

Caenotus pusillus Raf., F1. Tellur. 2: 50 (1837).
Conyza canadensis (L.) Crong., Bull. Torrey Bot. Club
70: 632 (1943).

Conyza canadensis var. incisa P. D. Sell, Fl. Gr. Brit.
Ireland 4: 555 (459) (2006).

Conyza canadensis var. obovoidea P. D. Sell, Gr. Brit.
Ireland 4: 555 (459) (2006).

Conyza canadensis var. pusilla (Nutt.) Cronquist, Bull.
Torrey Bot. Club 74: 150 (1947).

Conyza canadensis var. robusta P. D. Sell, FI. Gr. Brit.
Ireland 4: 556 (459) (2006).

Conyza canadensis var. simplex P. D. Sell

Conyza parva Crong. (Synonym) Conyza parva Crongq.
Erigeron paniculatus Lam., Fl. Gr. Brit. Ireland 4: 555
(459) (2006).

Leptilon pusillum (Nutt.) Britt, Torreya 14:
(1914).

Marsea canadensis (L.) Badillo, Bol. Soc. Venez. Ci.
Nat. 10: 256 (1946).

198
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Figure 12: The Yearly Monthly Average Polar Sun Chart of Year 2019 for Riyadh, Saudi Arabia (local
standard clock time), Retrieved at 2019 from: http://www.susdesign.com/sunposition.

Conclusions:

Available yearly monthly average sun charts of Ri-
yadh assist in determining the sun’s elevation angle
o and azimuth angle ys over certain location for a
day. These angles are very essential parameters in
calculating the amount of collected solar energy by
a solar system under specific sun’s path. The sun
chart and SunPosition softwares proved to be quick
and accurate tools to predict most of essential solar
parameters, and have been used extensively by ac-
ademics, researchers, and design professionals due
to their accuracy and ease of use.

Also, the apparent sun paths can be used to assess
the effect of shade on the performance of solar
systems in Riyadh, and assess the extent of over
shading caused by neighboring tall objects which
block the sun path over Riyadh, thus reducing the
performance of solar systems. Solar systems are
mounted at a fixed tilt angle of inclination under a
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wide variability in sun’s paths at the considered lo-
cation. The solar systems intended for winter heat-
ing alone benefits from the higher tilt angles rela-
tive to the average sun’s path than those which are
used in summer season. This is due to variation of
sun’s paths over Riyadh from winter to summer as
indicated in Figures (9-12). Thus, it is increasingly
important to know and understand the effect of the
apparent sun’s paths on the design and performance
of solar-energy collecting systems.
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has an azimuth orientation of 1800.

Designers and architectural engineers pay par-
ticular attention to building orientation with re-
spect to the yearly monthly average sun paths
to minimize heating and cooling loads require-
ments. For homes located in the northern hemi-
sphere, as in Riyadh, Kingdom of Saudi Arabia,
the south-facing side of the home should be ori-
ented due south to receive maximum solar ra-
diation from the low sun’s elevation at its low
southerly inclined sun paths during the winter

be clear from large and tall objects which block
the solar radiation coming from the low sun’s
elevation at its daily sun path. Thus, reducing
heating load requirements during the cold win-
ter seasons.

The summer sun paths are higher overhead than
the winter sun paths. Thus, roof overhangs at
Riyadh’s building should be designed with re-
spect to the high sun’s elevation at its summer
path to reduce heat gain in the summer season.
Consequently, reducing cooling load require-

season. The home southern exposure should ments during the hot summer seasons.
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Figure 9: The Yearly Monthly Average Cartesian Sun Chart of Year 2019 for Riyadh, Saudi
Arabia (local solar time), Retrieved at 2019 from: http://www.susdesign.com/sunposition
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Polar sun paths Figure (11) and (12) are based on a
circle where the sun elevation (altitude angles) are
represented by smaller and smaller circles as the
elevation increases, that is the larger the circle is
the smaller is the sun elevation. The azimuth angle
increases clockwise from 0° to 360° east to west
around the upper half of the circle, and counter
clockwise from 0° to 360° east to west around the
lower half of the circle. Sun paths are drawn in
east-west direction on the surface of the sun eleva-
tion circles.

Sun paths for any location on earth surface can be
drawn on Cartesian or polar co-ordinates for every
day in the year from sunrise to sunset on hourly
basis, thus generating approximately 30 graphs per
month and 365 graphs per year. This large num-
ber of curves on the same graph will create crowd-
edness of close parallel curves which makes the
graphs difficult to read or interpolate. The variation
of those paths from day to day is slight, but is no-
ticeable from month to month in the year. There-
fore, the number can be shortened to twelve month-
ly average sun paths for every location per year
when the average day of the month 20/21 is used
in calculations.

There is similarity of sun paths for any two corre-
sponding months in the year per latitude, due to the
symmetrical apparent movement of the sun about
solstice, thus it is enough to plot sun paths for one
half of the year (seven months were considered).
Non-mentioned months have similar sun paths
as their corresponding months in the year. Thus,
seven sun paths were created for seven cases; 21
December, 21 January, 20 February, 20 March, 20
April, 21 May, and 21 June.

The generated seven monthly average sun paths
were compiled in one graph at an acceptable level of
crowdedness to create one yearly monthly average
sun chart Riyadh as indicated in Figure (9) for the
Cartesian sun charts using local solar time, Figure
(10) for the Cartesian sun charts using local clock
time, Figure (11) for the polar sun charts using local
solar time, and Figure (12) for the polar sun charts
using local clock time. The yearly monthly average
sun charts look similar at the first glance for any
location on earth, but close examination of those
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charts results in considerable differences in time
and angle values.

The position of the sun at any time of a day, during
any month of a year and for any location on earth
can be abstracted by the sun path. It is a plot of
the sun’s altitude versus azimuth at different times
throughout a given day. Generally, the seasonal po-
sitions of the sun are known in general terms. The
sun is directly over the equator about March 21, the
vernal equinox. It appears farther north each day
until it reaches its zenith above the Tropic of Cancer
about June 21 (the summer solstice in northern lati-
tudes). Then, the sun appears a little more southerly
each day, rising above the Equator about September
21 (the autumnal equinox) and reaching its most
southerly point over the Tropic of Capricorn about
December 21 (winter solstice).

There is a considerable difference between the
yearly monthly average sun charts created with lo-
cal solar time parameter and those with local clock
time parameter (local standard time). Solar noon
always (12 noon) lies exactly at solar azimuth angle
of 180 in the middle of the sun chart when local
solar time is used as a parameter as shown in Figure
(9). This is not the case for the sun chart with local
clock time (local standard time) as parameter where
the hour lines are shifted for longitude and EoT cor-
rections as shown in Figure (10).

The determination of the yearly monthly average
apparent Cartesian and polar sun charts can be used
to rapidly predict the incidence angle at any location
and time during the year, and assist in realizing the
sun’s apparent position at any location through the
daytime sky at any location in a year as shown in
Figures. (11) and (12). The Stereographic Figures
(11) and (12) show the position of the Sun at a given
time frame (solar time and standard clock time) for
the city of Riyadh. In these figures, there are four
lines, which are: azimuth lines, altitude lines, date
and months lines, and hour lines. The azimuth lines
originated from the center to the edge of the chart
with an increment of 300, on the other hand, the
altitude lines are represented as concentric circles
with an increment of 100. In these figures the inten-
sity of the Sun can be identified all year long. The
polar sun path chart shown in Figures (11) and (12)



Journal of the North for Basic and Applied Sciences, Vol. (6), Issue (1), (2021/1442 H)

Table (1) shows the values of declination angle &
and Equation of time EoT at the average day of the
month 20/210of year 2019. In this table should be
noted that, the values of the considered parameters
have two values for some cells. The values in these
cells when they printed in bold italic text, they rep-

resent the hand calculations using the MS-Excel
software. If the cell in these tables has only one
value, this means that the values obtained from the
calculations performed in this study and the values
obtained from the considered software (The Uni-
versity of Oregon, 2019) are identical.

Table 1: Values of declination angle 6 and EoT at the average day of the
month 20/21of year 2019 for Riyadh (® = 24.7° N, L=46.78° E)

Average day of the Month Declination Angle 6 EoT
Degrees Minutes
21-Jan -19.88 -11.28
-20.07 -11.29
21-Feb -10.53 -13.63
-10.532 -13.627
21-Mar 0.27 -7.24
21-Apr 11.89 1.26
21-May 20.2 343
20.18
21-Jun 23.44 -1.74
21-Jul 20.45 -6.41
20.44 -6.406
21-Aug 12.08 -3.18
21-Sep 0.67 6.87
0.66
21-Oct -10.72 15.34
21-Nov -19.93 14.18
-19.92 14.17
21-Dec -23.44 2

Cartesian sun paths Figure (9) and (10) were con-
structed by plotting solar elevation (solar altitude
angle o) versus the solar azimuth angle ys for the
location under consideration. Parameters are the
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average day of every month of year 2019 at which
this work was conducted, and the values of constant
local solar time or constant local clock time (con-
stant local standard time).
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Figure 5: Solar elevation angle a at the average day of the months of January and February of year 2019 for

Riyadh ((® = 24.7° N, L=46.78° E).
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Figure 6: Solar elevation angle a at the average day of the months of March and April of year 2019 for Ri-
yadh ((® = 24.7° N, L=46.78° E).
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Figure 3: Solar azimuth angle ys at the average day of the months of May and June of year 2019 for Riyadh
(®=24.7°N, L=46.78° E).

December 215t
250 T T T T T
—©— Software
—*—— Excel
200 - .
(2]
?\
150 | §
100 1 1 1 1 1
03:00 06:00 09:00 12:00 15:00 18:00 21:00

Solar Time

Figure 4: Solar azimuth angle ys at the average day of the month of December of year 2019 for Riyadh (®
=24.7° N, L=46.78° E).
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Figures (1) to (4) show the azimuth angle for seven
months of the year 2019. In these figures a full
agreement between the curves that were achieved
from the SunPosition software and our Excel cal-
culations. It can be concluded from these figures
that the azimuth angle increases as the time ad-
vances during the day. Also at noon time the az-

J 21st
250 anuary

—O— Software
—*—— Excel

200 ¢

150 |

100 °

00:00 06:00 12:00 18:00 00:00

Solar Time

imuth angle tends to be constant. The altitude or
solar elevation angle o shown in Figures (5) to (8)
is always maximum during noon time all year long
in Riyadh, Saudi Arabia. It forms a parabolic shape
that starts to increase in the morning until noon
time then it decreases as the day progress toward
the sunset.
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Figure 1: Solar azimuth angle ys at the average day of the months of January and February of year 2019 for

Riyadh (® = 24.7° N, L=46.78° E).
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Figure 2: Solar azimuth angle ys at the average day of the months of March and April of year 2019 for Ri-

yadh (® = 24.7° N, L=46.78° E).
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cal solar time into local clock time correction factors
must be included to compensate for the following as-
pects:

The difference between the standard longitude of the
time zone and the local longitude multiplied by 4.
This is due to earth rotation which takes one degree of
longitude per four minutes,

Daylight saving time if applied,

Equation of Time (EoT): to compensate for the irreg-
ularity in earth rotation around the sun. This factor is
available in the literature of solar energy as correla-
tions, tables, and charts [1,14].

Thus, the relationship between local solar time and
local clock time is given by:

Local solar time = Local clock time + 4 X (Lg;q — Lipcar) + EoT (12)

where:

Ly is the local standard longitude measured in degrees for the local time zone, which runs through the

center of each time zone,

Liocar 1s the local longitude of the location under consideration, East= +ve, and West= -ve, and EoT is

the equation of time adjustment in minutes.

The apparent sun paths are determined by the sun’s elevation (altitude angle a) and solar

azimuth angle y; over a day as seen from a specific location. The sun’s elevation « of the sun at certain
horizontal location measures the height of the sun in the sky from the horizon, and compliments the
zenith angle of the sun .. The solar azimuth angle y, indicates the direction of the sun projection on a
horizontal plane from due south. It varies in the range of 180° to -180°, east has negative values while
west has positive values. Due north has an azimuth angle value of 0.0° while due south has an azimuth
angle value of 180°. The values of the solar azimuth angle y; is given by the absolute value of the
following equation (Duffie & Beckman, 2013):

Ve = +1 cos—1 [{cos stsii;l;z—sind} i (13)

3. Results and Discussion:

The applied software to create the sun path charts, both
Cartesian and polar, was developed by researchers at
the University of Oregon, USA after several years of
research [15, 16]. The use of this software is free at the
website of the University of Oregon (Solar Radiation
Monitoring Laboratory). This software allows using ei-
ther local solar time or local clock time (local standard
time).

Sun position in the sky is determined by knowing both
the sun elevation (altitude angle o) and the solar az-
imuth angle ys. These two angles can be calculated
from equations (4) and (13) by hand calculator or by
the Excel software. These parameters are strongly re-
lated to the location parameters, latitude and longitude
L.
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There are several sites from the common-knowledge
domain on the web, including that of the University of
Oregon/USA which addresses calculating the sun po-
sition in the sky from the equations 2-13 [1, 13, 14].
The adopted softwares were SunPosition softwares due
to their accuracy and ease of use. Calculations were
checked for accuracy by hand and Excel spreadsheet
calculations. The results were in full agreement with
those predicted by the sun chart and the SunPosition
softwares [15, 16].

SunPosition software was used to calculate the decli-
nation angle 6, EoT, solar azimuth angle ys and sun
elevation in the sky (altitude angle a) for the average
day of the month of year 2019 for Riyadh, Kingdom of
Saudi Arabia. The results of calculations are presented
in Figures (1-8), which are almost identical to the re-
sults obtained from the SunPosition software.
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T, =12 — 1—15 cos~1(—tan @ tan &) in hours before solar noon 3

In the same analysis, the incidence angle at sunset of a horizontal surface 0, = 90°, thus substituting in

equation (3) yields the value of sunset hour angle w,, as follows:

wgs = — cos~1(—tan @ tan §) in hours of solar time ©)
15

The day length is denoted by 7, and is given by degrees or hours of solar time by:

T; = wg + Wy in degree

1 . .
Ta=1 (wsy + wgs) in hours of solar time

At any time during the day at any location of particular
latitude the declination angle @ and hour angle o are
fixed. It is customary to express the date during the
day throughout the year in terms of n (the Jolian num-
ber of the day during the year starting the count Jan-
uary 1), and thus as an integer of 1-365 is used in the
previous equations. The average day of the month is
taken to be day 20/21 of each month. The sun’s eleva-
tion (altitude angle ) and solar azimuth angles can be
calculated easily from the previous equations (2-11) if
the number of the day in the year n, the location pa-
rameter (latitude ), and the hour angle o (time during
the day) are determined prior of calculations.

There are two important ways to describe time when
calculating solar angles:

1. Local solar time:

The local solar time is a system of time based on the
daily cycle of the sun, that is the time according to the
position of the sun in the sky relative to one specific
location on the ground. In solar time, the sun is always
due south (or north) at exactly solar noon. This means
that someone a few miles east or west of the location
under consideration in the same country will have a
slightly different solar noon than that at this location,
although the local clock time is probably the same.

The velocity of the earth varies as it moves through its
elliptical orbit around the sun; therefore, the correction
factor known as the equation of time (EoT) should be
taken into consideration. There are available correla-
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(10)

(1

tions, graphs and tables in the literature to predict the
value of EoT in minutes. This correction factor (EoT)
compensate for the irregularity in earth motion around
the sun in its elliptical orbit [1,13].

2. Local clock time:

The local solar time is the artificial time observed
or measured by any time measuring device, as hand
watches, clocks or any standard time measuring de-
vice which are used in everyday life. This time is
usually called standard local time relative to a refer-
ence time zone (Greenwich Mean Time, GMT), since
it standardizes time values to suit the practical needs
of various countries. Local clock time or standard lo-
cal time is related to the local standard longitude of the
time zone of the location under consideration.

This time allows people living in different locations of
different time zones in the world to realize their times
during day and night, or to easily convert standard lo-
cal time from one location to another. Daylight sav-
ing time is an arbitrary time which has no technical
background and its use varies widely from country to
country, but it can be implemented if local clock time
(local standard time) is adjusted by +1 according to
the time zone and the local energy demand.

Local solar time differs from local clock time (local
standard time). All calculations in solar energy con-
version must be first expressed in local solar time,
then conversion to local clock time (local standard
time) takes place. For the purpose of converting lo-
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cos 8 = sin d sin ¢ cos f — sin § cos ¢ sin f cosy
+ cos 6 cos ¢ cos § cos w (1)
+cosédsingsinf
+cos§sinfsiny sinw

The values of declination angle J at the average day of the month depend on the Julian number
of the day in the year n starting count January 1. Calculations of ¢ are made by the following equation
(Duffie & Beckman, 2013):

§ ~ 23.45 sin (Z2Z2), @

where 1< n< 365

The angle of incidence 6 at any horizontal surface on the ground during the day is called the
zenith angle of the sun and is denoted by 6.. It complements the sun’s elevation (altitude angle o) which
varies from 0.0° at both sunrise and sunset to 90° at due solar noon. For horizontal surface f=0.0, thus
Equation (1) yields:

cos @, = sin@sind + cos @ cos § cos w = cos(90 — @) = sina, 3)
upon rearrangement;
a = sin"}{sin @ sin § + cos @ cos § cos w}, 4

The incidence angle at sunrise of a horizontal surface 6,5, = 90°, thus substituting in equation
(3) yields the value of sunrise hour angle w, as follows:

0.0 = sin@sin § + cos @ cos § cos wg, &)

Rearrangement of Equation (5), yields:

COS Wy, = Cs(i):g—i:ljg = —tan@Ptand ©)
Thus;
wsy = cos™1(—tan @ tan §) in degrees before solar noon @)
Or,
Wer = 1—15 cos™1(—tan @ tan &) in hours before solar time )

The solar time at sunrise is measured east from12 solar noon time and denoted by T, as follows:
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and diffuse solar radiation on a horizontal surface,
the number of bright sunshine hours, mean dai-
ly ambient temperature, maximum and minimum
ambient temperatures, relative humidity. Empiri-
cal correlations for estimating the diffuse solar ra-
diation incident on horizontal surfaces have been
proposed. It is found in this study that at Jeddah,
the solar energy devices have to be tilted to face
south with a tilt angle equals the latitude of the
place in order to achieve the best performance all
year round El-Sebaii et al. (2010).

The position of the sun in the sky was derived as a
function of time and the observer’s geographic co-
ordinates in Jenkins Alejandro, (2012). The method
was based on applying rotation matrices to vectors
describing points on the celestial sphere. The alti-
tude of the sun was plotted to illustrate results in this
study by computing the dates of the city of Manhat-
tan in New York City when sunset aligns with the
east-west streets for the sun position in the sky at
a given hour of the day Jenkins Alejandro, (2012).
The tilt angle of a solar energy system is one of the
important parameters for capturing maximum so-
lar radiation falling on the solar panels. This angle
is site specific as it depends on the daily, monthly
and yearly path of the sun. The accurate determina-
tion of the optimum tilt angle for the location of in-
terest is essential for maximum energy production
by the system (Yadav, & Chandel, 2013). Yadav,
& Chandel, (2013) had provided updated status of
research and applications of various methods for
determining solar panel tilt angle using different
optimization techniques. The study had showed
that for maximum energy gain, the optimum tilt an-
gle for solar systems must be determined accurately
for each location.

Design of energy systems based on the solar source
needs an hourly and daily solar radiation data mea-
surements. A multi-location model to estimate the
expected profiles of the horizontal daily diffuse
component of solar radiation has been presented
by Bortolini, Gamberi, Graziani, Manzini, & Mora.
(2013). Achieved results in this study showed the
effectiveness of adopting a multi-location approach
to estimate solar radiation components on the hori-
zontal surface instead of developing several single
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location models. This is due to the increase of the
geographical range of applicability without a signif-
icant decrease of the accuracy. It should be noted
that the effect of seasonality on solar irradiance has
been considered to develop summer and winter sce-
narios together with annual models Bortolini et al.
(2013).

The solar incidence diagram has been presented as
an alternative to the solar position chart (Kazimier-
ski, 2015). The diagram consists of curves of the so-
lar incidence angle plotted against the solar azimuth
angle. In this study, the point of reference was lo-
cated on the vertical wall of a building, facing East
(Kazimierski, 2015).

The total number of sunspots in a solar cycle and
the maximum averaged monthly sunspots num-
ber Rz(max) have been investigated in Ng, (2016).
They were both shown to be statistically related to
the geomagnetic activity index in the prior solar cy-
cle. Also the Sun’s electromagnetic dipole is mov-
ing toward the Sun’s Equator during a solar cycle
(Ng, 2016).

Sun path prediction was first introduced by com-
panies dealing with building design to provide a
relatively simple method of determining the appar-
ent sun paths during the year. Few authors of solar
books treated the subject for different latitudes as a
service to the architectural and engineers who work
in the field of solar energy (Messenger, & Goswa-
mi, 2017). The f-chart method for solar energy ap-
plication has been presented by Bakirci, (2018).
It was shown in this study that the increase in the
annual fractions of the surface with the optimum
tilt angle is nearly 21% (Bakirci, 2018). The solar
panel in this study is based on horizontal surface of
different tilt angles.

2. Methodology and Governing Equations

The general equation that relates the sun position in
the sky to other solar angles is expressed by the an-
gle of incidence 6 of beam radiation at which solar
radiation strikes an inclined surface on the ground
with any angle of inclination . The incidence an-
gle depends on the apparent sun position in the sky,
and is given by (Duffie & Beckman, 2013):
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NOMENCLATURES:

L Longitude of a location [Degrees]

n The Julian number of the day in the year

Ta Day length [Degrees or solar time hours]

Tsr Time of sunrise [Degrees or solar time hours]
Tss Time of sunset [Degrees or solar time hours]
Greek Letters:

a Altitude angle of the sun over horizontal [De-
grees|

B Angle of inclination on horizontal [Degrees]

y Surface azimuth angle [Degrees]

ys Sun azimuth angle [Degrees]|

O Angle of incidence on any surface [Degrees]

Osr Angle of incidence on a horizontal surface at
sunrise [Degrees]

Oss Angle of incidence on a horizontal surface at
sunset [Degrees]

O: Angle of incidence on a horizontal surface [De-
grees|

o Declination angle of earth axis [Degrees]

@ Latitude angle of the location under consider-
ation [Degrees]

o Solar hour angle [Degrees or solar time hours]
sr Sunrise hour angle of a horizontal surface [De-
grees or solar time hours]

ss Sunset hour angle of a horizontal surface [De-
grees or solar time hours]

1. INTRODUCTION

Sun charts simplify the complex geometry of the
hourly sun’s position in the sky relative to an ob-
server on the ground at hourly intervals based on
local solar time or local clock time. Such charts
usually present sun azimuth ys and altitude angle o
based on average latitude for a given location, and
on a longitude relative to the standard meridian of
the time zone under consideration (Duffie & Beck-
man, 2013). The solar azimuth angle ys indicates
the direction of the sun in the horizontal plane for a
given location. It should be noted that the azimuth
and altitude angles (ys, @) cannot be interpolated lin-
early. The collected solar energy by a surface varies
during the day due to the variation in the apparent
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sun position, the inclination angle 3, and the con-
ditions of cloud cover (Duffie & Beckman, 2013).
Apparent sun paths can be drawn either in Cartesian
(rectangular) co-ordinates or polar (circular) co-or-
dinates. Cartesian co-ordinates mainly depend on
solar elevation angle o and solar azimuth angle ys
for any day and time of the year. The solar ele-
vation angle o is plotted on y-axis while the solar
azimuth angle ys is plotted on the x-axis. Polar
co-ordinates are based on a circle where the solar
elevation is denoted on various concentric circles
while the solar azimuth is denoted by values going
around the circle.

The inclination angle of a flat-plate solar collector
at specific geographical location was discussed by
other researchers. The effect of this angle was pre-
sented in a general graph for certain locations but
without any model to predict its optimum value un-
der a specific sun path (Duffie & Beckman, 2013).
The maximum daily amount of solar irradiation
which can be received at any given location will be
that which falls on a flat surface when oriented nor-
mally to the sun’s rays, so that it can receive maxi-
mum levels of direct, reflected and diffuse radiation
during the whole day. For maximum solar energy
collection, flat-plate solar collecting systems should
be installed facing south at optimum angles of ori-
entation, and the sun path is almost close to per-
pendicular at solar noon throughout the year (Yogi,
Goswami, Kreith, & Kreider, 2000).

Estimation of the global solar radiation on a tilted
surface was utilized to determine the optimum in-
clination angle and orientation of a flat-plate solar
collector on a daily basis for specific period. The
results revealed that changing the inclination angle
12 times in a year to match the sun paths maintains
approximately the total amount of solar radiation
near its maximum value (Azmi, & Malik, 2001).
Lim, (2004) incorporated a universal sun chart
which used concept of the ‘solar cross’, a cross with
the single sun path and multiple earth positions.
Many measured data in El-Sebaii, Al-Hazmi,
Al-Ghamdi, & Yaghmour, (2010) have been
analyzed for Jeddah (lat. 21°42"37"N, long.
39°11"12"E), Saudi Arabia, during the period
(1996-2007). The data in this study include global
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Abstract: The availability of the yearly/monthly average sun charts is a very useful piece of information for architectural engineers
and researchers in passive building design and shading of solar applications. Usually, trigonometric relationships are used to
calculate the solar angles needed to draw the apparent sun charts. Also, available software programs can be used to directly draw
these charts in a very short time. These programs were developed by recognized solar research institutions. These programs
are available free from common-knowledge domain on the web. However, no previous work was done to check their accuracy
and validity. A comparative study indicated that the available software programs are as good as direct calculations obtained
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4. CONCLUSION

Combining GPR and RFT concepts provides an im-
proved resolution of target imagery when detecting
landmines and another unexploded ordinance. Target
sensing was improved with adjustments to the trans-
mitter/receiver deployment. Inverse scattering of a
first-order Born approximation was employed for the
resolution of the linear unknown dielectric profile.
We used the object profile function to calculate and
update the incident field at each iteration. This nu-
merical solution's outcomes demonstrate an accurate
interpretation of the scattered field to derive an image
of the target. Propagation attenuation and losses are
reduced through the use of an ultra-narrowband fre-
quency, which leads to a reduction of the resolution.
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(b) Second-order Born Approximation power distribution of the measurement domain.

(¢) Third-order Born Approximation power distribution of the measurement domain.

(d) Fourth-order Born Approximation power distribution of the measurement domain.
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measurement domain. The distance, from the center
of the measurement domain to the transmitters
and the receivers placed rounded, were 40 cm
and 200 cm, respectively. The objects at the
measurement domain are two thin wires, and
the two wires are placed at 0.8 cm and -0.8 cm
from the center along the x-axis, as shown in
Figure 2. The measurement domain was recon-
structed with size 5x5 cm discrete into 81x81
pixels at xy-plan. The pixel dimension is 0.1249
cm. The reconstructed domain xy-plan was sim-
ulated at z=0. The linear operator matrix L con-
sists of 969x6561 components of the calculat-
ed electric field response at each pixel location
due to the transmitter's location and the receiver
under first-order Born approximation to keep
the linearity of the inversion using conjugate
gradient algorithm. The process was repeated
after we obtained the object profile function,
and then we calculated the second-order Born

approximation. The object profile function was
updated at each iteration of the algorithm until
we sufficiently obtain the desired resolution of
the resolution's improvement reached the peak.
The power distribution of the measurement
domain at each iteration is shown in Figure 3,
starting from First order Born approximation to
the fourth-order Born approximation. This First
Order Born Approximation has less resolution
to distinguish the two peaks where its distance
kept the same comparing with higher orders.
The noise to peak ratio test has employed to an-
alyze the improvement of processing the data
with higher order Born approximation. By no-
tice that, the second order is the process of the
first order result as solution of the ill-posed ma-
trix solution. Table 1 is shown the improvement
of the noise to peak ratio where we can notice
the fourth order Born approximation has better
performance comparing to lower orders.

Table 1: The Signal to Noise Ratio of the Measurement Domain

Born Approximation Order Signal-to-Noise Ratio (dB)
1 First Order Born Approximation 20.5070
2 Second Order Born Approximation 20.8222
3 Third Order Born Approximation 21.1109
4 Fourth Order Born Approximation 21.3739

The conjugate gradient's computational cost
is O(TNMP2), with the number of iterations T
equaling four, P is the number of pixels, and N
and M are the numbers of the transmitters and re-
ceivers. Figure 4 illustrates reconstructed results
employing both First-Order Born Approximation
and Higher-Order Born Approximation. It may
be observed that there is less background noise
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with the higher-order approximation than with
the first-order approximation, where clearly we
can distinguish the two peaks without overlap-
ping. The proposed algorithm has a significant
noise reduction compared to conventional meth-
ods (first-order Born approximation). Generally,
the object function derived from the higher-order
approximation is a closer match to the ideal.



Abraham Elmushyakhi: Finite Element Modeling of Conventional and Hybrid Composite Driveshaft Performance

in which,
AT (1) = kG ISy, 8 - GG ) - Xq )T )dr (29)
_ _ -1
A;IH Gy1(r{, 1) G1p(r{, rp) Xf 757(ry)
= : B : : : (30)
AZIH Gy1 (M 11) Gup (T 1) | | X, 759(rp)

where, q=0,1,2,3 ...

As the 3 X 3 matrix in Eq.(17) is small in size, it is easy for the reflectivity coefficient to be inverted and

thus obtain the total electric field E(r’, r%). Nevertheless, the evaluation of the matrix element A7(r%,) may

be extremely rapid if we employ the component form:

AT () = KX fIf, A G 1) - [Xgan T () - 8117, (r)dr (31)

This allows for smooth expression of the qth order of the target function 75°(r’) in terms of the target

function t5(r") for the linear solution of the first-order Born approximation. Finally, the linear relationship
of the scattered field and the dielectric profile is provided with:

ES(rf, 17) = L(zs(r") (32)

The linear operator L must be inverted for compu-
tation of the unknown dielectric profilezs(r"). The
first-order Born approximation is providing accu-
rate results if the target was near the transmitter and
had no contrast. In the following section, resolution
improvement will be affected as it is essential to be
sure of the target's nature, i.e., if it is a landmine
or not. As the multipath frequency increases, the
target contrast and the first-order Born approxima-
tion becomes less accurate, with the electrical field
demonstrating notable spatial variations in the scat-
tered. Thus, the Born approximation is invalidated
as a result of multiple-scattering effects.

3. SIMULATION AND RESULTS

The electromagnetic computational software
FEKO© was used to obtain the simulation of the
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scattered field ES, with MATLABO being em-
ployed for calculation of the total electric field. The
data is processed to produce a reconstruction of the
buried target's image. The electric field's numer-
ical computation was chosen to undergo compar-
ison with the results obtained through experimen-
tation in the Mumma lab facilities employed for
the simulation; FEKOO software was employed,
providing electromagnetic simulation for calcu-
lation and simulation of the desert field. We oper-
ate the simulation at ultra-narrowband 10.8 GHz
single frequency to exploit the tomographic radar
scanning's gematrical diversity. The ultra-narrow-
band's operating frequency has gained the scattered
signal attenuation immunity due to the bandwidth
reduction to increase the resolution. We collected
data using 51 receivers and 19 transmitters locat-
ed equally spaced in a circular manner around the
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The orientation of the transmitter is given by a%, at the location 7%, while the receiver orientation is given by
a;, at location r5,. By substitute Eq.(13) and Eq.(17)

ES(ry, ) = Qké [[f, [5G, TG, 1) ag s (r)dr (18)
When higher-order extended Born approximation is introduced, the accuracy of the reconstruction of the

target is enhanced. Research has been undertaken into the convergence of nonlinear approximations with
high contrast targets provided through:

E@’) =X@")1-EI@) (19)

With X(r) being the reflectivity coefficient; clearly, if X(r) =1, we arrive at a first-order Born
approximation in Eq.(13), but High-order Extended Born approximation for their general form is provided
as g-th order, thus

X,(r)-EQ@',rh) = E'(r',r), whereq=0,12,... (20)
The reflectivity coefficient X, (r") The definition of the zeroth-order of the approximation becomes:
Xo(r) =1+ A°() 21)

in which I is unity matrix, and A°(r) is a matrix with a definition of

A°(ry) = kg [ff, ah - G 1) - 750 (x")dr’ (22)
X7 A} (_;11(1{. ) . GIP(rlr' rp) [ [7s°(ry)
=1+ =) : o : : (23)
X10\4 AOM Gy () oo Gyp(ry,, Tp) Tao (rp)
ES(rt, v = QG [ff, [, GOy, TG, 1h)ak]es (r)dr (24)

For the first-order of the approximation, we have a definition of
X, =1+ AY ()X, (") (25)

with A*(r") having a definition of

AN = K§ [ff, AL - GOy, v) - Xo (X1t (r)dr (26)
— — -1
Aj G (r{, 1) .. Gep(r{,rp) [| X7 75 (1)
Cl=| W : ; 27)
A11v1 Gy1 () oo Gyp(ri,, Tp) Xlel 75 (1p)

The gth -order solution of Eq.(27) is defined as

Xge @) = T+ ATG)X, () (28)
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o(r')-op

2ntfeg (1)

T5(r') = &) —&p +j

With 75(r") being the target function and the wavenumber expression in the investigation domain V; being

k*(r') = w?pogoe (r') + jwpyo(r') 2)
= kp + k§es(r") 3)
kp = @y oo (X)) + jwpeop/w 4)

ko = wy/ Ho€o&r(T") (5

The vector wave equation at each point of the investigation domain V; derives from:
VX VXET) = [k} + kits(r')]E("). (6)
Thus the scattered field ES(r’) is expressed in terms of total field E(r") for the investigation domain as
the integral form

ES(r) = k3 [ff,, G(r,r") - E(r)7s5(r") ()

in which the vector point r € V;, (6) is a nonlinear integral equation because 75(r") incorporated the total
electric field. E(r"); G(r,7") is the Green's dyadic function due to the current source arrived at with Eq.(6),

—jk|r—r/|
< ®)

The Green's dyadic function correlates with the radiation emitted by a single transmitter (L. L. Monte,
Soldovieri, Akduman, & Wicks, 2010), which offers a solution for the partial differential equation boundary
condition Eq.(1),

VXVXG(rr)—k@3*Gor) =16r—r") )

G, r) = ﬁ [i + k—lzvv]

Ir=r'|

Born approximation minimizes unknown variables in Eq.(6) to be simply 75(r") through linearization of the
inverse scattering problem under the approximation; thus, the inverse scattering problem is resolved for T5(r")
with the total field E(r") expressed as an operator form Eq.(4),

E(r') —E!(r) = AGHE@") (10)

E(r) = [1 - AG)]E/ () (1n)
With T referring to the identity vector and the convolution and multiplication for t5(r’) are shown
by I'and W, in that order. Subsequently, Eq.(10) may be expanded if the norm is below one, thus:

E@x) =0 -A°0") + AL(r") — A%2(r") ..)E!(r") (12)
Thus, the first-order Born approximation is described as:
E(r') = EI(r") (13)

The initial term in Eq.(11) is regarded as substituting the total field E(r’) with the incident field E/(r’) in
accordance with first-order Born approximation Eq.(4), thus:

ES(r') = k2 Mf,, G@r,x") - E!(r)7s(r")dr’ (14)

We can now express the incident field in terms of Green's function as
E'(r'\rt) = G(r,ri)ad. (15)
E/(r,r4) = G(r', %) -4, (16)
ES(rt,rT,) = ki fffvi an, G, r)E (r, r)ts(r)dr (17)
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ed by GPS; in this way no human operator is put
at risk. Nevertheless, standard ground-penetrating
radar does not work well over rough surfaces such
as rocky or mountainous terrain as the radar has to

be positioned directly over the target for detection,
which cannot be achieved on uneven terrain; a fur-
ther consideration is that an area that has been sub-
jected to missile attack will inevitably be uneven.

2. THE MATHEMATICAL MODEL FOR THE BURIED TARGET

For the buried target, the electric field model was expressed as a single frequency being the investigation

domain V;.
Z
A -
At
. a
Receiver "'
ar -
‘ m Transmitter
t
r
rr. 5
P y
O . X

EpUpOp

Figure 1: 3-D model of the buried target.

Figure 1 illustrates a 3-D geometric view of the
model. The area of investigation where it is
assumed the buried target will be discovered is
a homogenous medium of estimated
permeability p, , conductivity op , and
dielectric permittivity €, . It is assumed that the
homogenous medium has identical properties to earth.

Transmitters and receivers were positioned just
above the ground. The dielectric permittivity
profile &, (r") for the investigation domain V; is
unknown; the conductivity profile a(r"), when
r' is the separate position vector, the unknown
dielectric permittivity contrast reframes the
inverse problem thus:
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landmines and unexploded missiles, however, GPR
is not as efficient in terms of detection because these
objects tend to be just a short distance below the sur-
face (Ambrosanio et al., 2019; Gurbuz, 2012; Sato,
2009). Over the last ten years, there have been a
number of suggestions about using first-order Born
approximation with RF tomography for underground
detection (Cui et al., 2003; Fornaro, Lombardini, &
Serafino, 2005; Guzel, Tran, Wicks, & Monte, 2015;
L. Lo Monte, Erricolo, Picco, Soldovieri, & Wicks,
2009; L. Lo Monte, Erricolo, Soldovieri, & Wicks,
2010, 2010; L. Lo Monte, Patton, & Wicks, 2010;
Meincke, 2001; Norgard et al., 2007; Vitebskiy,
Carin, Ressler, & Le, 1997). Employing ground-pen-
etrating radar throws up several problems in terms
of its detection specifications, e.g., it is desirable to
bring the transmitters/receivers as near to the search
area as can be permitted; for optimal detection, the
radar device must be directly over the object being
sought (Kasban, Zahran, Elaraby, El-Kordy, & Abd
El-Samie, 2010). Clearly, this is highly dangerous in
terms of the probability of touching off the landmine
or other buried ordnance, and it also makes for insu-
perable difficulties when direct access to a territory is
not available(Carevic, 2000). A new form of detection
will be introduced for discovering landmines and un-
exploded ordnance in such terrain. The GPR system
will employ wideband to procure additional informa-
tion regarding targets buried underground and there-
fore supply high-resolution imaging. Because of this,
there will be significant propagation losses around the
end of the operating band, which will impose limits
upon penetration depth. Due to the electromagnetic
spectrum being crowded and extremely narrow, this
research employs ultra-narrowband signals to ensure
that the detection process is free of interference. This
system provides an economic architecture and en-
sures no noise levels and low-frequency dispersion
by employing ultra-narrowband and adaptive wave-
forms. Thermal noise increases signal bandwidth, de-
grading the signal-to-noise ratio; this can be resolved
by employing discrete ultra-narrowband tones.

1.1. Radio Frequency Tomography

Radio Frequency Tomography is a promising tech-
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nology for generating 3D imagery of buried objects,
e.g., landmines or unexploded ordnance. It is cru-
cial to achieve a proper object resolution to be con-
fident that the detected object is the desired target.
In this method, the transmitters and receivers under-
go arbitrary spatial dispersion over the area under
investigation. N transmitters and M receivers are
transported using unmanned ground vehicles. One
transmitter will operate with the other transmitters
are being silent, with every transmitter radiating a
defined waveform employing appropriate polar-
ization (Picco, Erricolo, & Lo Monte, 2010), so
that we know a defined quantity of receivers have
undergone activation in a defined location. These
transmitters and receivers are selected to prevent
forward scattering. Having various transmitters/re-
ceivers enables us to obtain a unique perspective of
the target object(Desai & Jenkins, 1992). The data
harvested through each receiver has its noise and
clutter removed and then is stored. When selecting
an active receiver antenna, the active transmitter
antenna's main lobe's beamwidth angle is consid-
ered (Karlovsek, Scheuermann, & Willimas, 2012).
The inverse scattering problem was employed to
provide a superior means of creating imagery of
buried targets employing high contrast dielectric
media or even anomaly-conducting media. Exper-
iments will take place over both homogenous and
inhomogeneous rough surfaces. Two methods were
employed to derive the scattered field's expression
on the target, first by employing the wave equation
and Born approximation and then employing the
wave equation and high order extended Born ap-
proximation. A comparative study between both
methods in terms of how efficient they are and the
resolution provided. For both method, geometrical
measurements have been taken to provide estima-
tions of the target as a function of the scattered field.
RFT, employing multiple transmitters/receivers for
the achievement of geometric diversity(Baker &
Hume, 2003), naturally provides high levels of in-
formation regarding the area being searched, which
makes it easier to identify the void; furthermore,
the resolution and the possibilities of detection are
increased by each transmitter and receiver being
transported by autonomous ground vehicles guid-
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1. INTRODUCTION

Radar imaging is an instrumental means of ex-
ploring the underground. RFT for ground-pene-
trating radar imaging (RFT-GPR) application is
the most frequently employed radar imaging tech-
nique(Wicks, 2007). This form of imaging is excep-
tionally prevalent in commercial operations, e.g.,
gas/oil exploration; it returns a grayscale mapping
of the amplitude (brightness) of echoes related to a
location within the scanned area(Ambrosanio, Bev-
acqua, Isernia, & Pascazio, 2019). Nevertheless,
this technique cannot resolve structures below the
size of one-third of the incident wave's wavelength.
This difficulty could be overcome by employing an
inverse scattering technique founded in RFT-GPR.
If incident electromagnetic waves come across an
inhomogeneity, a percentage of the energy is broad-
cast in all directions. Several electromagnetics pa-
rameters can be employed for the recognition of
weak non-metallic scatterer, e.g., landmines. This
means that quantitative information regarding the
examined objects could be returned using RFT-
GPR.

For environmental monitoring and assessment,
near-surface geophysical explorations, and the
discovery of landmines and other unexploded or-
dinance, electromagnetic (EM) inverse scattering
methodologies to find submerged dielectric objects
are frequently employed. EM inverse scattering is
a nonlinear one, as there will be a multiplicity of
scattering effects within objects. With substantial
3D problems, it is challenging to employ nonlin-
ear inversion methodologies due to the competing
demands they impose(Chew & Wang, 1990). When
there is a low level of contrast between the buried
object and its background, the Born approxima-
tion is generally employed for linearization of the
nonlinear inverse scattering. Lilia inversion is fre-
quently used to detect buried objects on-site due to
its simplicity and the demand for computational re-
sources. However, when there is a significant con-
trast between the buried object and the surround-
ings, inaccuracies appear with the Born approxi-
mation, and accurate detection is impossible with
the linear inversion. However, a fast measurement
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for brain stroke diagnosis at the emergency room
was proposed for fluctuations of biological tissue
dielectric function using the Born iterative method
(BIM) (Afsari, Abbosh, & Rahmat-Samii, 2019).
Solving the computational cost issue was proposed
at (Han et al., 2019) by proposing a new inversion
algorithm—a multifrequency inversion algorithm
as proposed by minimizing the cost function (Qiu
et al., 2019).

To harvest acceptable resolution imagery of buried
objects without having to resolve nonlinear inverse
scattering problems, it has been suggested that with
2D scalar problems quasilinear approximations
(Zhdanov & Hursan, 2000; Zhou & Liu, 2000) and
high-order approximations (Gao & Torres-Verdin,
2006) should be employed. This research suggests
an efficient method of imaging 3D objects buried
employing First-order Born approximation to up-
date each iteration object's object profile function
(Cui et al., 2005). The proposed method shows that
first iteration solutions match that of Born approxi-
mations, correspondent to linear inverse scattering.
High-older solutions for object profile functions
with inverse scattering problems can be found, hav-
ing closed-form relationships while keeping the lin-
earity of inversion(Cui, Aydiner, Chew, Wright, &
Smith, 2003). The Fast Fourier Transform can be
employing the evaluation of the simplicity of the
relationship. This high-order solution is of an order
of simplicity compared to the Born approximation.
When the object profile function has a significant
contrast, high-order solutions have far greater accu-
racy due to approximate considerations of the ob-
ject's internal multiple-scattering effect. Thus, high
contrast object profile function acceptable resolu-
tion images can be created employing the proposed
methodology only through linear inverse problem
solution. With this linear inversion, we have em-
ployed a conjugate gradient, offering superior re-
construction outcomes. Numerical experimentation
has demonstrated that the suggested means of em-
ploying ground-penetrating radar and radiofrequen-
cy tomography is both valid and efficient when they
are combined to provide improved estimations of
the detection parameters in reconstructing a target
image, incorporating geolocation. In the case of
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Detection of Buried Object Using RF Tomography Under
High-Order Born Approximation Assumption

Muhannad S. Almutiry

(Recerved 26/06/2020; Accepred 09/77/2020)

Abstract: Radiofrequency tomography (RFT) is frequently employed for the detection and reconstruction of images of deeply
buried targets and underground facilities. This research combines ground penetrating radar with RFT for assessment of the
environment, pinpointing the location of a target, and creating a target image of suc buried objects as landmines or unexploded
ordnance. Following data collection from a number of transmitters and receivers, the inverse scattering principle is employed
for the computation of dielectric properties. For the resolution of the nonlinear inverse scattering difficulty, a high-order Born
approximation is employed. The transmitters beam appropriate low-frequency narrowband waveforms at the earth’s surface; the
wave front thus created encounters underground objects, which scatters electromagnetic energy in every direction. Receivers take
a sample of the scattered signal, retrieving their phases, and this information is relayed to a central processor. Once the captured
data has been put through adaptive processing, an image of the underground object can be constructed. This paper proposes the
reduction in computational complexities and an improved image reconstruction through a simple and efficient form of higher-
order Born approximation. The proposed method is based on updating the reconstructing domain at each Born approximation
process. This allows high-quality resolution imagery to be constructed when working with significant contrast objects simply
through the resolution of a linear inverse-scattering problem. A Conjugate Gradient algorithm has been employed for the linear
inversion. Numerical testing has demonstrated that this suggested methodology is both valid and efficient.

Keywords: GPR, RFT, RFT-GPR, RFT Born Approximation.
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1. An electronic copy of their submissions in two formats: Microsoft Word Document (WORD) and Portable Document
Format (PDF), to be sent to the following email:

s.journal.nbu@gmail.com
&
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2. The researcher's CV, including his/her full name in Arabic and English, current work address, email, and academic
rank.
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Statement that his/her submission has not been published before or has not been submitted for publishing elsewhere.

NB

1. The submissions received by the Journal of the North will not be returned whether they are published or not.
2. The published papers reflect only the author’s points of view.
3. Allaccepted manuscripts devolve their property to the Journal of the North for Basic and Applied Sciences (JNBAS).

Vi



PUBLICATION INSTRUCTIONS FOR AUTHORS

Submission Guidelines

1.

Manuscript must not exceed 35 pages of plain paper (A4).

2. Manuscript must have a title and an abstract in both Arabic and English on one page; the abstract should not be more

11.

12.

13.
14.

than 250 words. The manuscript should include, in both languages, keywords that indicate the field of specialization.
The keywords are written below each summary and should not be more than six.

The author(s) name(s), affiliation(s) and address(es) must be written immediately below the title of the article, in
Arabic and English.

The Arabic manuscript is typed in Simplified Arabic, in 14-font size for the main text, and 12-font size for notes.
The English manuscript is typed in Times New Roman, in 12- font size for the main text, and 9-font size for notes.

The manuscript is typed only on one side of the sheet, and line spacing should be single. Margins should be 2.5 cm (or
1.00 inches) on all four sides of the page.

The manuscript must have the following organization:

Introduction: It should indicate the topic and aims of the research paper, and be consistent with its ideas, information
and the established facts. The research problem(s) and importance of the literature review should also be introduced.

Body: The manuscript body includes all necessary and basic details of research approach, tools and methods. All
stated information should be arranged according to priority.

Findings and Discussion: Research findings should be clear and brief, and the significance of these findings should
be elucidated without repetition.

Conclusion: It is a brief summary of the research topic, findings, recommendations and suggestions.

Figures, diagrams and illustrations should be included in the main text and consecutively numbered and given titles,
with explanatory notes beneath them.

Tables should also be included in the main text, consecutively numbered and given titles at the top, with explanatory
notes below.

Footnotes should be added at the bottom of each page, when necessary. They are to be indicated by numbers or
asterisks, in 12-font size for Arabic and 9-font size for English.

The Journal of the North does not publish research and measurement tools (instruments). However, they must be
included in the submission(s).

Citations must follow the American Psychological Association (APA) reference style in which both the author’s name
and year of publishing are mentioned in the main text, i.e. (name, year). Numbering the references inside the main text
and adding footnotes are not allowed.

Researchers’ documentation must be as follows:

- For single author, the author’s family name, followed by a comma, and the publishing year, such as (Khayri, 1985).
Page numbers are indicated in the main text in case of quotations, such as (Khayri, 1985, p. 33).

- If a manuscript has two authors, they must both be cited as shown previously, e.g. (AL-Qahtani & AL-Adnani,
1426 n).

- If there are multiple (more than two) authors, their family names must be mentioned the first time only, e.g. (Zahran,
Al-Shihri, & Al-Dusari, 1995); if the researcher is quoting the same work several times, the family name of the first
author followed by “ef al. [for papers in English] and by “0s31s” [for papers in Arabic] must be used, e.g. (Zahran
etal, 1995) /(1995 «usAls o) _» 3) Full publishing data must be mentioned in the bibliography.

Hadith documentation must follow the following example: (Sahih Al-Bukhari, vol.1, p.5, hadith number 511).

The bibliography, list of all the sources used in the process of researching, must be added in alphabetical order using
the author’s last name according to the APA reference style (6t edition) in 12-font size for Arabic and 9-font size for
English.

The bibliography should be organized as follows:

Citation from books:

Citation from a one-authored book:

Shotton, M. A. (1989). Computer education? A study to computer dependency. London, England: Taylor & Francis.
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About the Journal \
The Journal of the North is concerned with the publication of original, genuine scholarly studies and researches
in Basic and Applied Sciences in Arabic and English. It publishes original papers, review papers, book reviews
and translations, abstracts of dissertations, reports of conferences and academic symposia. It is a biannual
publication (May and November).

Vision

The journal seeks to achieve leadership in the publication of refereed scientific papers and rank among the
world’s most renowned scientific periodicals.

Mission
The mission of the journal is to publish refereed scientific researches in the field of Basic & Applied Sciences
according to well-defined international standards.

Objectives
1. Serve as a scholarly academic reference for researchers in the field of Basic & Applied Sciences.
2 Meet the needs of researchers, publish their scientific contributions and highlight their efforts at the local,
regional and international levels.
3. Participate in building a knowledge community through the publication of research that contributes to the
development of society.
4. Cover the refereed works of scientific conferences.

Terms of Submission
Originality, innovation, and soundness of both research methodology and orientation.
Sticking to the established research approaches, tools and methodologies in the respective discipline.
Accurate documentation.
Language accuracy.
The contribution must be unpublished or not submitted for publication elsewhere.
The research extracted from a thesis/dissertation must be unpublished or not submitted for publishing
elsewhere and the researcher must indicate that the research submitted for publishing in the journal is
extracted from a thesis/dissertation.
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