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Vision
Achieving leadership, excellence and innovation in the field of open learning, community service,

and scientific research, in addition to reinforcing the University leading role in establishing a Palestinian
society built on knowledge and science.

Mission

To prepare qualified graduates equipped with competencies that enable them to address the needs
of their community, and compete in both local and regional labor markets. Furthermore, The Univer-
sity seeks to promote students’ innovative contributions in scientific research and human and technical
capacity-building, through providing them with educational and training programs in accordance with
the best practices of open and blended learning approach, as well as through fostering an educational
environment that promotes scientific research in accordance with the latest standards of quality and ex-
cellence. The University strives to implement its mission within a framework of knowledge exchange
and cooperation with the community institutions and experts.

Gore Values

To achieve the University’s vision, mission and goals, the University strives to practice and promote
the following core values:
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Leadership and excellence.

Patriotism and nationalism.

Democracy in education and equal opportunities.
Academic and intellectual freedom.
Commitment to regulations and bylaws.
Partnership with the community

Participative management.

Enforcing the pioneer role of women.

Integrity and Transparency.
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Competitiveness.

The Journal

The Palestinian Journal of Technology and Applied Sciences is an annual scientific refereed journal,
issued by the Deanship of Graduate Studies and Scientific Research. The first issue of the Journal was
published in January 2018 after obtaining an International Standard Serial Number (E- ISSN: 2521-
411X), (P— ISSN: 2520-7431).

The journal publishes original research papers and studies conducted by researchers and faculty staff
at QOU and by their counterparts at local and overseas universities, in accordance with their academic
specializations. The Journal also publishes reviews, scientific reports and translated research papers,
provided that these papers have not been published in any conference book or in any other journal.

The Journal comprises the following topics:

Information and Communication Technology, Physics, Chemistry, Biology, Mathematics, Statistics,
Biotechnology, Bioinformatics, Agriculture Sciences, Geology, Ecology, Nanotechnology , Mechatron-
ics, Internet of things , Artificial Intelligence and Big Data.
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Publication and Documentation Guidelines

First: Requirements of preparing the research:
The research must include the following:

. A cover page which should include the title of the research stated in English and Arabic, including

the name of researcher/researchers, his/her title, and email.

. Two abstracts (English and Arabic) around (150-200 word). The abstract should include no more
than 6 key words.

. Graphs and diagrams should be placed within the text, serially numbered, and their titles, comments

or remarks should be placed underneath.

. Tables should be placed within the text, serially numbered and titles should be written above the

tables, whereas comments or any remarks should be written underneath the tables

Second: Submission Guidelines:

. The Researcher should submit a letter addressing the Head of Editorial Board in which he/she requests

his paper to be published in the Journal, specifying the specialization of his/her paper.

. The researcher should submit his research via email to the Deanship of Scientific research (tas@qou.

edu) in Microsoft Word Format, taking into Consideration that the page layout should be two columns.
(Check the attached digital form on the website of the Journal)

. The researcher should submit a written pledge that the paper has not been published nor submitted

for publishing in any other periodical, and that it is not a chapter or a part of a published book.

. The researcher should submit a short Curriculum Vitae (CV) in which she/he includes full name,
workplace, academic rank, specific specialization and contact information (phone and mobile number,

and e-mail address).

. Complete copy of the data collection tools (questionnaire or other) if not included in the paper itself

or the Annexes.

. Noindication shall be given regarding the name or the identity of the researcher in the research paper,

in order to ensure the confidentiality of the arbitration process.
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Third- Publication Guidelines:

The editorial board of the journal stresses the importance of the full compliance with the publication

guidelines, taking into note that research papers that do not meet the guidelines will not be considered,

and they will be returned to the researchers for modification to comply with the publication guidelines.

1.
2.

Papers are accepted in English only, and the language used should be well constructed and sound.

The researcher must submit his/her research via email (tas@qou.edu )in Microsoft Word format,

taking into consideration the following:

- Font type should be Times New Roman, and the researcher should use bold font size 14 for head
titles, bold font size 13 for subtitles, font size 12 for the rest of the text, and font size 11 for tables

and diagrams.
- the text should be single-spaced

- Margins: Should be set to: 2cm top, 2.5 cm bottom, 1.5 cm left and right.
The paper should not exceed 25 (A4) pages or (7000) words including figures and graphics, tables,

endnotes, and references, while annexes are inserted after the list of references, though annexes are

not published but rather inserted only for the purpose of arbitration.
The research has to be characterized by originality, neutrality, and scientific value.

The research should not be published or submitted to be published in other journals, and the re-
searcher has to submit a written acknowledgment that the research has never been published or sent
for publication in other journals during the completion of the arbitration process. In addition, the
main researcher must acknowledge that he/she had read the publication guidelines and he/she is
fully abided by them.

The research should not be a chapter or part of an already published book.

Neither the research nor part of it should be published elsewhere, unless the researcher obtains a

written acknowledgement from the Deanship of Scientific Research.

The Journal preserves the right to request the researcher to omit, delete, or rephrase any part of his/
her paper to suit the publication policy. The Journal has also the right to make any changes on the

form/ design of the research.

The research must include two research abstracts, one in Arabic and another in English of (150-
200) words. The abstract must underline the objectives of the paper, statement of the problem,
methodology, and the main conclusions. The researcher is also to provide no more than six keywords

at the end of the abstract which enable an easy access in the database.
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11. The researcher has to indicate if his research is part of a master thesis or a doctoral dissertation as
he/she should clarify this in the cover page, possibly inserted in the footnote.

12. The research papers submitted to the Deanship of Scientific Research will not be returned to the
researchers whether accepted or declined.

13.In case the research does not comply with the publication guidelines, the deanship will send a de-
clining letter to the researcher.

14. Researchers must commit to pay the expenses of the arbitration process, in case of withdrawal during
the final evaluation process and publication procedures.

15. The researchers will be notified of the results and final decision of the editorial board within a period
ranging from three to six months starting from the date of submitting the research.

Four- Documentation:

1. Footnotes should be written at the end of the paper as follows; if the reference is a book, it is cited
in the following order, name of the author, title of the book or paper, name of the translator if any or
reviser, place of publication, publisher, edition, year of publishing, volume, and page number. If the
reference is a journal, it should be cited as follows, author, paper title, journal title, journal volume,
date of publication and page number.

2. References and resources should be arranged at the end of the paper in accordance to the alphabetical
order starting with the surname of author, followed by the name of the author, title of the book or
paper, place of publishing, edition, year of publication, and volume. The list should not include any
reference which is not mentioned in the body of the paper.

- In case the resource is with no specified edition, the researcher writes ( N.A)

- In case the publishing company is in not available, the researcher writes (N.P)
- In case there is no author, the researcher writes (N.A)

- In case the publishing date is missing , the researcher writes (N.D)

3. In case the researcher decides to use APA style for documenting resources in the text, references
must be placed immediately after the quote in the following order, surname of the author, year of
publication, page number.

4. Opaque terms or expressions are to be explained in endnotes. List of endnotes should be placed before
the list of references and resources

Note: for more information about using APA style for documenting please check the following link:

http://journals.qou.edu/recources/pdf/apa.pdf
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Five: Peer Review & Publication Process:

All research papers are forwarded to a group of experts in the field to review and assess the submit-
ted papers according to the known scientific standards. The paper is accepted after the researcher carries
out the modifications requested. Opinions expressed in the research paper solely belong to their authors
not the journal. The submitted papers are subject to initial assessment by the editorial board to decide
about the eligibility of the research and whether it meets the publication guidelines. The editorial board

has the right to decide if the paper is ineligible without providing the researcher with any justification.
The peer review process is implemented as follows:

1. The editorial board reviews the eligibility of the submitted research papers and their compliance with

the publication guidelines to decide their eligibility to the peer review process.

2. The eligible research papers are forwarded to two specialized Referees of a similar rank or higher
than the researcher. Those Referees are chosen by the editorial board in a confidential approach, they

are specialized instructors who work at universities and research centers in Palestine and abroad.
3. Each referee must submit a report indicating the eligibility of the research for publication.

4. In case the results of the two referees were different, the research is forwarded to a third referee to

settle the result and consequently his decision is considered definite.

5. The researcher is notified by the result of the editorial board within a period ranging from three to
six months starting from the date of submission. Prior to that, the researcher has to carry out the

modifications in case there are any.

6. The researcher will receive a copy of the journal in which his/her paper was published, as for research-
ers from abroad, a copy of the Journal volume will be sent to the liaison university office in Jordan

and the researcher in this case will pay the shipping cost from Jordan to his/her place of residency.

Six: Scientific Research Ethics:
The researcher must:

1. Commit to high professional and academic standards during the whole process of conducting research
papers, from submitting the research proposal, conducting the research, collecting data, analyzing and
discussing the results, and to eventually publishing the paper. All must be conducted with integrity,

neutralism and without distortion.



Palestinian Journal
of Technology & Applied Sciences [(PJTAS)

. Acknowledge the efforts of all those who participated in conducting the research such as colleagues
and students and list their names in the list of authors, as well as acknowledging the financial and

morale support utilized in conducting the research.
. Commit to state references soundly, to avoid plagiarism in the research.

. Commit to avoid conducting research papers that harm humans or environment. The researcher must
obtain in advance an approval from the University or the institutions he/she works at, or from a com-
mittee for scientific research ethics if there is any, when conducting any experiments on humans or

the environment.

. Obtain a written acknowledgement from the individual/individuals who are referred to in the research,
and clarify to them the consequences of listing them in the research. The researcher has also to main-
tain confidentiality and commit to state the results of his/her research in the form of statistical data

analysis to ensure the confidentiality of the participating individuals.

Seven: Intellectual Property Rights:
. The editorial board confirms its commitment to the intellectual property rights
. Researchers also have to commit to the intellectual property rights.

. The research copyrights and publication are owned by the Journal once the researcher is notified
about the approval of the paper. The scientific materials published or approved for publishing in the
Journal should not be republished unless a written acknowledgment is obtained by the Deanship of

Scientific Research.

. Research papers should not be published or republished unless a written acknowledgement is obtained

from the Deanship of Scientific Research.

. The researcher has the right to accredit the research to himself, and to place his name on all the cop-

ies, editions and volumes published.

. The author has the right to request the accreditation of the published papers to himself.
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on the Production of Date Palm cv. Medjool

Dr. Alai Daoud Bitar, Prof. Hassan Ahmad Abu Qaoud
Dr. Husameddin Mustafa Isaid, Mr. Ismail Hasan Daiq
Mr. Khalid Wajdi Aslan, Mr. Ziad Hussein Al-Zuhoor

Abstract:

Since the 2000s, date palm trees have been
rapidly spreading across the Jordan valley in the
West Bank. Although the date palm may survive
in arid climates, it needs enough water to reach its
full potential production. The West Bank limited
water resources are seen as the most significant
obstacle to agricultural development.

This study was carried out over two growing
seasons, 2019 and 2020, in order to assess the
efficacy of alternative irrigated water resources
for the date palm trees. A randomized complete
block design (RCBD) was used in the experiment
to replicate the three treatments: farm water
(control), fish farm effluent, and dairy farm
effluent. Microbial analyses (yeasts, molds, and
E. coli) and chemical analyses (pH, EC, CI, Na N,
P, and K)) were performed for all types of irrigated
water used in the experiment.

The results indicated no harmful microbial
existence in the three irrigation water treatments.
The EC was higher in both fish and dairy effluents
(6.85 and 6.41 dS/m) respectively compared
to 2.89 ds/m in the control. The results of 2019
season showed no significant differences among
the treatments in most parameters studied in the
experiment, while the results of the 2020 season
indicated the superiority of irrigation with fish
farm effluent compared to other treatments. This
treatment gave the highest number of leaves (26.5
leaves) per tree, the highest yield per tree (67 kg/
tree) and the highest fruit weight 18.78 g. Fish
and dairy farm effluents were rich in nitrogen
(N), phosphorus (P), and potassium (K) that could
compensate the annual requirements of NPK
for the date palm tree. Thus, fish and dairy farm
effluents could be used as a source of irrigation
and fertilizer in modern date palm cultivation,
however, long run investigation is needed to study
the impact of using such water sources on soil and
plant.

Keywords: Date palm, Medjool, reuse
water, farm water, fish farm effluent, dairy farm
effluent.
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INTRODUCTION

The date palm (Phoenix dactylifera L.),
represents a main resource for the development
of the agricultural economy in Palestine and in
other countries around the Mediterranean basin
and the Middle East (Russo et al., 2017). In the
previous ten years, date production has doubled,
with global yields of almost 7.5 million tons in
2014 (Al Alawi et al., 2017).

Since the 2000s, date palm trees have been
rapidly spreading across the Jordan valley in
the West Bank. It offers promising opportunities
for Palestinians to enhance their livelihoods and
export profits (Abu-Qaoud, 2015). In Jericho and
the Jordan Valley, the entire area of date palms is
about 26,000 donum, with roughly 350,000 trees
(Daiq, 2020). Although the date palm may survive
in arid climates, it needs enough water to reach
its full potential production (Abu-Qaoud, 2015).
The West Bank’s limited water resources are seen
as the most significant obstacle to agricultural
development (Mazahrih, 2012). The available
water in the West Bank declined, and the water
quality in many Jordan valley wells degraded.
Similarly, the amount and quality of irrigation
water in Jericho dropped and the majority of these
wells aren’t recharged on a regular basis.

In addition, the regional area including
Palestine is expected to experience an average
temperature rise of 1.4°C to 4°C over the
next century, as well as a general decrease in
precipitation of 25% regionally and up to 40%
locally, a shift in rain seasons from winter and
spring to autumn (East, 2019).

As a result of the intensive date palm
agriculture in Jericho, as well as the influence of
climate change on water availability and quality,
including a rise in salinity in both irrigation water
and soil, water availability and quality will be
impaired (Russo et al., 2017). Therefore, another
renewable water sources must be sought to fulfill
the water shortage (Abu-Jaish, 2018). Several
alternative renewable water sources have been
proposed, including irrigation with fish waste
and dairy farm effluent. In the last years, many
large agricultural pools were constructed in
Jericho and Jordan valley. Farmers and investors
in agriculture have realized the importance of fish

farming in agricultural pools used to irrigate date
palm and other crops. Moreover, few farmers in
Jericho and Jordan Valley adopted the integrated
farming systems between aquaculture farms and
plant production farms. These combinations may
increase farm income and maximize the benefits
from agricultural inputs and the conservation and
the sustainable use of natural resources (Ahmed
and Garnett, 2011). In 2020, the number of fish
farm water pools in Jericho and Jordan valley was
about 150 pools, while the number of dairy farm
water pools was two pools (Daiq, 2020).

Reusing the drained water of fish farms is a
critical approach to sustainable use of available
water for irrigation. Drained water of fish
farming as a good irrigation resource increased
crop productivity and reduced the total costs of
fertilizers (Abdelraouf and Hoballah, 2014).
Furthermore, Abdelraouf (2017) reported the
benefits of fish water effluent as a new water
source to irrigate potato, soybean, and onion
crops. This application did not require additional
fertilizers and thus reduced the fertilizer costs.
Khater (2006) utilized the outputs of fish farming
as a new technique to minimum requirements
of nutrients in growing vegetables, i.e., lettuce,
cucumber, tomato, cabbage, etc. Drained water of
fish culture was evidenced to be highly enriched
with natural fertilizers due to fish excrete which
contains high content of ammonia and urea, and
organic matter (Elnwishy, 2008). Consequently,
this promotes increased nitrogen and phosphorus
in the water due to fish excretion and feed leftovers.
Therefore, the fish farming effluent water could be
noticeable as a source of irrigation and fertilizers
in agriculture, especially in areas that suffer from
water scarcity (Kaab Omeir et al., 2020).

Dairy farms produce large quantities of
wastewater as a result of the thorough washing of
milking and feeding parlours, such as wastewater
distinguished by certain level milk components,
such as casein, lipids, and lactose (Roufou et al.,
2021). Applying t hese dairy farm effluents (DFE)
to agricultural soils is a widely utilized disposal
method due to the benefits these wastewaters
bring to the soil and the accompanying improved
crop productivity (Longhurst et al., 2000).
Among the benefits of land application of DFE,
the added organic matter, nutrients, and microbial
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mass are known to improve soil aggregation, soil
fertility, and water holding capacity (Barkle et
al., 2000). Irrigation with DFE onto pasture was
increasingly recognized as a means for biological
treatment, and realized that DFE was a resource
for its mineral content rather than a waste (Hawke
and Summers, 2006). An experiment by Islam
et al. (2017) studied the impacts of dairy farm’s
wastewater irrigation on maize’s growth and yield
attributes. The investigation showed that dairy
farm wastewater contained different nutrients and
organic matter, which optimistically contributed
to the development and production of maize. The
highest grain yield, was recorded under dairy farm
wastewater irrigation with no fertilizer application.
Similar results obtained by Islam (2015) who
reported that dairy farm wastewater might be used
as a source of irrigation and fertilizer for wheat
production without any hazard to soil.

The importance of this study lies in its attempt
to test other water sources to compensate the
scarcity of water for irrigating date palms, such
as fish and dairy farm waste water. There have
been no research on the effect of fish and dairy
farm effluents on the production of date palm. As
a result, our research’s goals were as follows:(1)
evaluate the use of various water resources (fish
and dairy farm effluents) in date palm irrigation
in Jordan valley; and (2) examine the fruit quality
and air fruit content under various water resources
(fish and dairy farm effluents).

MATERIAL AND METHODS

Study site and climatic conditions: This
study was conducted at Al-Wadi farm (Daiq
Brothers) in Jericho/Palestine, and carried out by
Al-Quds Open University Center for Agricultural
Research-Jericho for two growing seasons, 2019
and 2020. The experimental site was located at
31°52'16"N latitude and 35°26'39"E longitude.
The farm was located in the elevated plain at an
altitude of 360 meters below the sea level (bsl).
The area received rains about 166 mm annually
(PMD, 2020). The climatic conditions at the site
are characterized by hot dry summer and relatively
warm winter, while the soil is characterized by
having silt texture with high pH and high salts
content (Dudeen et al., 2001).

Plant materials: The experiment was
conducted on six-year-old Medjool date palm
trees, spaced at 8x9 meters grown under a drip
irrigation system. Date palm trees were selected
for their uniformity in vigor and size.

Treatments, replicates, and experimental
design: the plot size was one date palm tree. The
experiment consisted of three treatments viz.,
farm water (control), fish farm effluent, and dairy
farm effluent, in four replicates using randomized
complete block design (RCBD) according to
Little and Hills (1978). All trees in the experiment
were subjected to the same usual horticultural
practices.

Water sources: the Arab Development
Society (ADS) provided the fish farm effluent
for this experiment, while the dairy farm effluent
was got from Al-Juneidi Dairy and Food Products
Company which was established recently in
Jericho as the biggest modern dairy farm.

Amount of water: Table 1. shows the amount
and time of irrigation used in the experiment for
all the types of irrigation water.

Table 1 :

Amount of monthly irrigation (m3 of water/tree of date
palm cv. Medjool) schedule for all types of water used in the
experiment during the two seasons of 2019 and 2020.

Amount of irrigation
(m?3 of water/tree)

No. Month
2019 2020

1 January 3.6 4
2 February 3.8 4
3 March 52 6
4 April 7.1 8
5 May 9.0 10
6 June 11.0 12
7 July 12.0 13
8 August 12.0 13
9 September 10.0 11
10 October 7.1 8
11 November 6.2 7
12 December 3.7 4

Total 90.7 100
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Water analysis:

At the beginning of the experiment, water
samples for all types of water sources were
collected and sent to the Chemical and Biological
Analysis Unit at An-Najah National University to
test some microbial analysis (total yeasts count,
total molds count and E.coli) and some chemical
analysis (pH, EC, Cl, Na, N, P, and K) according
to Fresenius et al.(1988).

Observations:

At harvest time, the number of leaves with
thorn per each tree in the experiment was counted.
The yield (kg/tree) was weighed. Average fruit
weight (g) was measured by collecting 25 fruits
randomly from each tree and weighed. The value
obtained for 25 fruits was divided by 25 to obtain
the average fruit weight and expressed in grams.
Balah fruits refer to the yellow fruits (khalal stage)
were computed by weighing the yellow fruits
on the tree and expressed in kg /tree. Fruit with
stalk refers to the fruit with calyx or cap, and fruit
without stalk were those that their calyx or cap
have detached from the fruit. Fruit with stalk was
computed by weighing the fruit with stalk on the
tree (yield /tree), whereas fruit without stalk was
computed by weighing the fruit without a stalk
(yield /tree). Skin separation (loose skin) refers to
air content between the skin and the fleshy parts
of the fruit. It categorized from 0-10%, 11-30%,
31-50% and>50% according to air content in the
fruit. Air content (%) in the fruit were computed
by weighing the fruit for each category (0-10%,
11-30%, 31-50% and >50%) on the tree (Daiq,
2020).

Statistically analysis:

All the data were statistically analyzed and

the significant differences in the treatment means
were separated according to the LSD test at a 5%
level (SAS software, 1990).

RESULTS AND DISCUSSION

Microbial analysis of irrigation water: Yeasts
and molds are two different forms of naturally
occurring fungi present in the environment. Total
Yeasts and Molds Counts (TYMC) are used to
detect and quantify the amount of fungal growth
on material.

In the present study, total yeasts count (3
CFU/100 ml) were found in dairy farm effluent,
while no yeasts were present in both farm water
and fish farm effluent (Table 2).

The highest total molds count (2.1 * 102
CFU/100 ml) were found in farm water, followed
by fish farm effluent (1.9 * 102 CFU/100 ml), and
the lowest (6 CFU/100 ml) were found in dairy
farm effluent (Table 2). The higher molds count in
the farm water treatment than the other treatments
may be attributed to the presence of high content
of Cl in both fish farm effluent (2220 mg/l) and
dairy farm effluent (2000 mg/l) as compared to
farm water (950 mg/1) (Table 3). It is well known
that Cl is used extensively as a water disinfectant.

Regarding Escherichia coli, there is a human
pathogen in irrigation water that can be transmitted
to plants. Thus, consumption of fruits irrigated
with E. coli-contaminated water can cause illness
to humans. Fortunately, in the present study,
the microbial analysis (Table 2) indicated that
all types of water used in the experiment were
free from E. coli. Based on the total number of
E. coli, the standards of California recommend
a 7-day median value of 2.2 CFU/100 ml, and a
maximum value of 240 CFU/100 ml (Fewtrell
and Bartram, 2001). On the contrary, the World
Health Organization guidelines recommend 1000
CFU/100 ml (WHO, 2006).

Table 2:
Some microbial analyses of farm water, fish farm effluent, and dairy farm effluent used in the experiment.
1 Total yeasts count (CFU/100 ml) Nil Nil 3
2 Total molds count (CFU/100 ml) 2.1 * 102 1.9 * 102 6
3 E. coli (CFU/100 ml) Nil Nil Nil
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Chemical analysis of irrigation water: In
the present study, the pH of the water was slightly
alkaline, ranging from 7.43 in dairy farm effluent
to 8.11 in farm water (Table 3). Generally, the
pH of irrigation water used in most date-growing
regions in the world ranges from pH 6.5 to 8.8. The
pH outside of the normal range has the potential
to cause an imbalance of nutrients (Bauder et al.,
2011).

In this study, the EC of the water was very high
in both fish farm effluent (6.85 dS/m) and dairy
farm effluent (6.41 dS/m), while in farm water
(2.89 dS/m) was accepted in date palm plantation
(Table 3). The EC of irrigation water which was
used in Jericho and Jordan valley ranges from 2.8
to 6.0 dS/m. Date palm is classified as the most
salt-tolerant fruit crop (Fipps, 2003). However,
the Food and Agriculture Organization (FAO)
has established guidelines for agricultural water
primarily based on salinity. These guidelines have
been modified by Ayers and Westcot in 1985, and
are being internationally accepted.

In the present study, Cl was very high in both
fish farm effluent (2220 mg/l) and dairy farm
effluent (2000 mg/l), while in farm water (950
mg/l) was high (Table 3). Although chloride is
essential to plants in very low amounts, but it can
cause toxicity to crops at high concentrations.

In addition, Na was very high in both fish
farm effluent (1420 mg/l) and dairy farm effluent
(1310 mg/l), while in farm water (481 mg/l)
could be considered as a medium amount of Na
in irrigation water (Table 3). Sodic water is not
the same as saline water. The application of water
with a high sodium content can reduce yield.

Consequently, in this study, the Cl and Na
contents in both fish and dairy farm effluents were
high to very high. Thus, the long term irrigation
with such types of water may have a negative
effect on soil and subsequently decreased growth
and production of date palm.

In the present study, the total N was high in
fish farm effluent (35 mg/l), followed by dairy
farm effluent (15 mg/l). However, N was absent
in farm water (Table 3).

The highest amount of total P (2.1 mg/l) was
found in fish farm effluent, followed by dairy farm
effluent (0.35 mg/1), while the lowest (0.04 mg/1)
was found in farm water (Table 3).

Similarly, K was very high in both fish farm
effluent (118 mg/l) and dairy farm effluent (110
mg/l), while the lowest (30 mg/l) was found in
farm water (Table 3).

Because NPK were major nutrient elements
in plant production and used extensively in date
palm fertilization, the amount of NPK contents
in 100 m3 of water/tree/year of all types of water
used in the experiment was calculated by divided
the values of NPK in Table 3 by 10. The converted
values are presented in Table 4.

Fish and dairy farm effluents were rich in
nutrient elements. The present study recorded
the highest amounts of NPK in irrigation water
with fish farm effluent, followed by dairy farm
effluent. However, the lowest was recorded with
farm water control (Table 3). These considerable
amounts of NPK in fish and dairy farm effluents
matched the yearly needs for date palm trees (AL-
Rawi, 1998).

Table 3:
Some chemical analyses of farm water, fish farm effluent, and dairy farm effluent used in the experiment.
1 pH 8.11 7.88 7.43
2 EC (dS/m) 2.89 6.85 6.41
3 CI (mg/1) 950 2220 2000
4 Na (mg/1) 481 1420 1310
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Farm Fish farm Dairy farm
No. Test water effluent effluent
5 Total N (mg/1) 0 35 15
6 Total P (mg/1) .04 2.10 .35
7 K (mg/l) 30 118 110
Table 4:

Amount of NPK contents in 100 m3 of water/tree/year in all types of water used in the experiment and annual amount of
nutrient requirement (kg/adult date palm tree).

Farm water Fish farm effluent Dairy farm effluent

The standard amount of nutrient

Nutrient . #
(kg/100 m3 of water)  (kg/100 m3 of water)  (kg/100 m? of water) requirement (kg/tree/year)
Total N 0 35 1.5 1.5-3.0
Total P 0.004 0.210 0.035 0.5
K 3.0 11.8 11.0 2-3

*Generally, 1.5-3.0 kg of nitrogen, 0.5 kg of phosphorus and 2.0-3.0 kg of potassium per tree yearly is recommended

to maintain optimum growth of date palm tree (AL-Rawi, 1998).

Growth, yield, and quality:

In the season 0f 2019, there were no significant
differences in the number of leaves with thorn per
tree and yield (kg/tree). The highest significance
fruit weight (16.40g) was recorded with farm

water on par with dairy farm effluent (13.34g).
However, in the 2020 season, the highest number
of leaves with thorn per tree (26.5), yield (67 kg/
tree), and fruit weight (18.78g) were recorded
with fish farm effluent (Table 5).

Table 5.

show the effect of different quality of irrigated water on the number of leaves with thorn per tree, yield (kg/tree), and fruit
weight (g) of date palm cv. Medjool, in 2019 and 2020.

Number of leaves

Irrigation treatment with thorn per tree Yield (kgltree) Fruit weight (g)
2019 2020 2019 2020 2019 2020
Farm water (control) *20.5a b21.3 60.78 a 60.5b 16.40 a 15.88b
Fish farm effluent 21.5a 26.5a 59.66 a 67.0 a 12.28 b 18.78 a
Dairy farm effluent 193 a 235D 50.04 a 61.8b 13.34 ab 16.58 b

*Means followed by similar letters in each column are not significantly different according to the Fisher LSD at p <

.05.

These results may be attributed to the fact
that fish farm effluent containing high amounts
of nutrients NPK (Table 3), which produced the
highest number of leaves with thorn per tree
(Elnwishy, 2008). This directly or indirectly has
a positive effect on fruit weight and yield. Similar
results were reported in other crops like tomato
(Castro et al., 2006), potato (Abdelraouf and

Hoballah, 2014), cucumber (Buang et al., 2018),
maize and bean (Silva et al., 2018), and basil and
purslane (Kaab Omeir et al., 2020) who reported
improved in crop productivity and reduced in the
total costs of fertilizers.

In both seasons, no significant differences
were recorded among treatments for Balah weight
(Table 6). Balah fruits, yellow fruits, or khalal
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fruits of Medjoul variety (not like Barhi variety)
were not palatable because of astringency taste
(Alsmairat et al., 2013). Therefore, the less Balah
weight per tree is the better. In this experiment,
the weights of Balah fruits (kg/tree) in the whole
experiment were relatively low and generally,
these weights were accepted as postharvest losses
in Medjoul production.

In the 2019 season, the highest significant
fruit with a stalk (7.58 kg/tree) was recorded with
fish farm effluent, which was on par with farm
water (4.91 kg/tree), while in the 2020 season, no
significant differences were recorded among the
treatments (Table 6).

In the 2019 season, no significant differences
were recorded among treatments for fruit without
a stalk. In contrast, in the 2020 season, the highest
significant fruit without a stalk (28.5 kg/tree) was
recorded with fish farm effluent (Table 6).

It is well known that fruits with stalks are
better than without stalks because of the fruits’
good appearance, and the shelf life of the fruits will
be extended because the harmful microbes cannot
easily enter inside the fruits due to fewer opens
on the surface of the fruits (Kader and Hussein,
2009). Unfortunately, in the whole experiment,
the weights of fruits with a stalk were much less
than those without a stalk (Table 6).

Table 6:

Effect of different quality of irrigated water on Balah fruits (kg/tree) and fruit with and without a stalk (kg/tree) of date palm
cv. Medjool, in 2019 and 2020.

Balah fruits (kg/

Fruit with stalk Fruit without stalk

Irrigation treatment tree) (kg/tree) (kg/tree)
2019 2020 2019 2020 2019 2020
Farm water (control) 1.49 a* 2.18a 491 ab 6.90 a 2523 a 2450 b
Fish farm effluent 3.44a 243 a 7.58 a 7.90 a 2440 a 2850 a
Dairy farm effluent 2.03a 2.18a 3.60b 7.50a 19.39 a 25.50b

*Means followed by similar letters in each column are not significantly different according to the Fisher LSD at p <

.05.

Skin separation:

The less air content in date palm fruit means
the better fruit quality. Fortunately, in the whole
experiment, the weights of fruits in this category
(from 0-10 %) were higher than the weights for
the other categories (Table 7).

In the season of 2020, there were significant
differences among the treatments in the category
from 11-30 (%) which recorded the lowest
significant skin separation with the farm water
(5.05 kg/tree). Similarly, there were significant
differences in the season of 2020 in the category
from 31-50 (%) which recorded the lowest
significant skin separation with the farm water
(3.43 kg/tree). This treatment was on par with
dairy farm effluent (4.10 kg/tree) (Table 7).

Moreover, there were significant differences
among the treatments in the category > 50 (%)
in the season of 2019 which recorded the lowest
significant skin separation with the dairy farm
effluent (0.95 kg/tree). This treatment was on par
with farm water (1.56 kg/tree) (Table 7).

The phenomenon of skin separation occurs in
fruits of many date palm cultivars (Gophen, 2014),
it is crucial in Medjool (Lustig et al., 2014), and
the price for fruit with skin separation is only one-
half of similar fruit without it (Cohen and Glanser,
2015). Thus, improving the quality of the fruits
is extremely important, and the elimination of
skin separation in ‘Medjool’ fruits is a significant
concern for date producers and the economy of
this variety (Kader and Hussein, 2009).
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Table 7:

Effect of different quality of irrigated water on the air content (%) in the fruit of date palm cv. Medjool, in 2019 and 2020.

Air content (%) in fruit

Irrigation treatment 0-10 (%) 11-30 (%) 31-50 (%) > 50 (%)
2019 2020 2019 2020 2019 2020 2019 2020
Farm water (control) 2238a* 2575a 3.75a 505b 228a 343b 156ab 1.68a
Fish farm effluent 2259 a 2750a 4.02a 6.28a 241a 440a 264a 2.05a
Dairy farm effluent 18.35a 2525a 2.82a 6.15a 1.82a 4.10ab 095b 1.71a

*Means followed by similar letters in each column are not significantly different according to the Fisher LSD at p <

0.05.

Conclusions

It could be concluded from this study that the
most effective treatment as an alternative source
of irrigation water was fish farm effluent. No
harmful microbial (E. coli) present in the three
irrigation water treatments. The EC in both fish
and dairy farm effluents was high, while the EC in
farm water was accepted in date palm plantation.
Fish and dairy farm effluents were rich in nitrogen,
potassium, and phosphorus that could cover the
annual requirements of NPK for the date palm
tree. Thus, fish and dairy farm effluents could
be used as a source of irrigation and fertilizer
in modern date palm cultivation. However, long
run investigation is needed to study the impact of
using such water sources on soil and plant.
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Forecasting COVID-19 Confirmed Cases Using Time Series Analysis

Dr. Akram Mohammed Radwan

Abstract:

Thenovel coronavirus (COVID-19)pandemic
is a major global health threat that is spreading
very fast around the world. In the current study,
we present a new forecasting model to estimate the
number of confirmed cases of COVID-19 in the
next two weeks based on the previously confirmed
cases recorded for 62 countries around the world.
The cumulative cases of these countries represent
about 95% of the total global up to the date of
data gathering. Seven regression models have
been used for three rounds of predictions based
on the data collected between February 21, 2020
and December 29, 2020. A number of different
time series features have generated using feature-
engineering methods to convert a time series
forecast into a supervised learning problem and
then build regression models. The performance
of the models was evaluated using root mean
squared log error, root mean squared error, mean
absolute error, mean absolute percentage error,
coefficient of determination and running time.
The findings show a good performance and can
reduce the error about 72% with a high coefficient
of R2 = 0.990. In particular, XGB and Random
Forest models have demonstrated their efficiency
over other models.

Keywords: COVID-19, predictive analytics,
machine learning, regression, time series.
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1. Introduction

The new coronavirus disease (COVID-19)
is an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV2). This epidemic is spreading very quickly all
over the world, affecting more than 200 countries.
The World Health Organization (WHO) declared
it as a global pandemic. According to WHO,
82,679,350 confirmed cases have been recorded
and 1,872,994 deaths have been reported till the
end of December 2020(!) globally. The spread of
Covid-19 is very dangerous

requiring more strict policies, and plans that
aid the healthcare service preparation, which have
already been implemented in many countries
around the world. Thus, it is very vital to forecast
the confirmed cases in the upcoming days to
support the prevention of outbreak of Covid-19
pandemic and to prepare against possible threats
(Oliveira and Moral, 2021).

In the last year, numerous studies have
addressed forecasting the number of confirmed
cases of Covid-19. Various mathematical methods,
time series models and machine learning (ML)
techniques have been proposed to estimate the
future trend of pandemic Covid-19 (Ahmad et al.,
2020) and (Vytla et al., 2021). A few examples
of these methods are Multiple Linear Regression
(Rath et al., 2020), Bayesian Network, Auto-
Regressive Integrated Moving Average (ARIMA)
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(Hernandez-Matamoros et al., 2020), Deep
learning via Long Short-Term Memory (LSTM)
(Chowdhury et al., 2021), SEIR model (Feng
et al., 2021), Adaptive Neuro-Fuzzy Inference
System (ANFIS) (Chowdhury et al., 2021), and
Simulation models (Hassanat et al., 2021).

Time series forecasting is a method to predict
future values based on previously observed
values using temporal features. This method has
been studied widely in Covid-19 forecasting.
Using historical time series data, we can forecast
the number of daily new confirmed cases in the
next days (Oliveira & Moral, 2021; Ahmad et al.,
2020).

There exist a large number of evidences
where regression algorithms have proven to give
efficient predictions the Covid-19 prevalence
in many countries (Ahmad et al., 2020; Rath et
al., 2020). The prediction based on regression
methods has many approaches.

Many researches aimed to predict the
prevalence of Covid-19 in one country or union
of territories (Chowdhury et al., 2021; Al-Qaness
et al. (2020; Samson et al., 2020; Ribeiro et al.,
2020), however, our study handles the estimation
of the confirmed cases in the most affected
countries worldwide.

The paper is structured as follows. Section 2
provides a literature review. Section 3 describes
feature sets, which generated from time series data.
In section 4, we present data and the models used
in this study. Next Section 5 covers experimental
results and performance evaluation. Finally, the
conclusions are summarized in Section 5.

2. Literature Review

During the last two years, several research
papers were published that tackled the applications
of machine learning techniques for the prediction
of Covid-19. In this section, we briefly review
state-of-the-art that are relevant to our work.

Pandey et al. (2020) used linear and
polynomial regression to predict the number of
confirmed cases in India. They use data from
January 30, 2022 to March 25. 2020 as the training
data and predict the number of COVID-19 cases
for next two weeks. The performance of the
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model was evaluated using RMSLE and achieved
1.75. Gu et al. (2020) applied cubic regression
equations which use the number of days as the
input variable to predict the confirmed cases
in the whole of China except Hubei based on
the existing data. Multiple Regression Analysis
Models are suitable to fit the model and to predict
the COVID-19 epidemic. Another research on
the forecasting COVID-19 has been conducted
by Rath et al. (2020). The authors used multiple
linear regression to predict the next number daily
active cases during the second week of August.

Gecili, Ziady and Szczesniak (2021)
presented four different time series models for
forecasting the numbers of confirmed cases,
deaths and recoveries of COVID-19 for both the
USA and Italy based on the daily reported data
covered the period from February 22, 2020 until
April 29, 2020. The performance of these models
was evaluated using mean absolute error (MAE)
and mean absolute percentage error (MAPE). The
ARIMA model, is useful and powerful in time
series analysis, was the most consistent across the
other models and it had smaller prediction errors
and narrower prediction intervals.

The study of Wang et al. (2022) proposed the
ARIMA, SARIMA and Prophet models to predict
daily new cases and cumulative confirmed cases
in the USA, Brazil and India over the next 30 days
based on the time series data from May 1, 2020 to
November 30, 2021. The performance of different
models was evaluated by using the root mean
square error (RMSE), MAE and MAPE. The
experimental results showed that the Prophet’s
model is more suitable for daily new cases of the
USA with large fluctuations and has its unique
advantages compared with ARIMA model, which
is better for predicting of new cumulative cases in
Brazil and India.

The authors in (Ribeiro et al., 2020)
implemented six ML models to forecast with 1,
3 and 6 days ahead the COVID-19 cumulative
confirmed cases of the most affected states of
Brazil. They are ARIMA, ridge regression (RR),
cubist (CUBIST), random forest (RF), SVR and
stacking-ensemble learning (SEL) model. In
the SEL approach, the CUBIST regression, RF,
RIDGE, and SVR models are adopted as a base-
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learners and Gaussian process (GP) as a meta-
regressor. Their developed models can generate
accurate prediction with a reasonable error.

Al-Qanessetal. (2020) combined ANFIS with
an enhanced Flower Pollination Algorithm (FPA)
and Salp Swarm Algorithm (SSA) to optimize the
parameters of the model. The enhanced model is
used to estimate the number of confirmed cases
of COVID-19 in the upcoming ten days based on
the previously confirmed cases recorded in China.
Their approach showed better performance in
terms of MAPE, Root Mean Squared Relative
Error (RMSRE), coefficient of determination
(R2), and computing time.

The COVIDI19 data is time-series data that
compiles the number of confirmed cases where
the cases are increasing over time until it arrives
at a certain peak curve. Deep learning techniques
such as LSTM can handle the nonlinearity and
complexity of COVID-19 time-series data. The
researchers in (Chowdhury et al, 2021) have
used ANFIS and LSTM to predict the newly
infected cases in Bangladesh. They showed that
LSTM works better on a scenario based model for
Bangladesh with MAPE=4.51, RMSE= 6.55 and
Correlation Coefficient= 0.75. Generally, LSTM
is preferable in predicting the long term where
ARIMA is for the short term (Kibria et al., 2022).

3. Features Engineering

Feature extraction is the most critical step in
designing an algorithm in order to achieve good
performance (Abuzir et al., 2021). We have used
feature engineering to transform a time series raw
data into a supervised learning dataset for machine
learning algorithms. It is one of the most effective
ways to improve predictive models’ performance.
The process takes in one or more existing columns
of raw data and converts it into many columns of
new features. Extracting useful information can
help with time series data forecasting®. From
melting data, we can generate a number of various
time series features that can be useful to predict
future value based on these features.

A. Lag Features

When we try to predict the confirmed
cases for a country, the previous day’s cases are
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significant to make a prediction. In other words,
the value at day t is affected by the value at day
t-1. The past time series values are known as lags,
so for -1 is lag, , for t-2 is , and so on. We created
lag features for three days.

B. Difference feature

This diff feature computes the difference
between the confirmed cases in the previous day
and the day before, i.e.,D_=X -X ,. We created
diff feature features for three days.

C. Rolling Window Features

The rolling window feature for time series
calculates some statistical and aggregate functions
based on past values. The size of the rolling
window m is defined as the time frame, which in
our case is the number of days. We created rolling
window mean of size 3 at day t-1, denoted by M,
would be mean (X _,X ,,X ).

"2

D. Z-Scores scaling

The Z-score is linearly transformed data
value having a mean of zero and a standard
deviation of one. Z-score, or standard score, is
used for standardizing scores on the same scale

by dividing ~ ~~~x’n A~rietioe by the standard
deviation in 7. — X — mean(X) by the formula:
t Std(X) 0

where be a set of confirmed cases fora country
and X is confirmed cases at day t. A z-score can
be zero, positive or negative. A negative score
indicates a value less than the mean, and a positive
score indicates a value greater than the mean. The
standardization of the time series for each country
reduces the differences between the confirmed
cases. In our model, we computed the z-score
value at day t-1, denoted by Z |

E. Rank

Rank feature gets the data frame by ascending
order with a maximum rank value, and equal
values have the same rank. In our model, we
computed the rank value at day t, denoted by

E  Cumulative maximum

Cmax feature finds the cumulative maximum
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valuCmax, ; = max{Xy, X,, ..., X,_,}day t-1.

G. Entropy

The concept of entropy in information theory
measures the amount of uncertainty of a random
variable X. The entropv in terms of X. with

¥R = = ) p(xlog, pD) @

i=1

where p(X) is simply the frequentist
probability of a confirmed cases for a country at
day i. When applies the entropy feature, all rows
in a dataset with zero cases were deleted and the
number of samples was reduced.

For this study, feature set is designed to
include the following extracted features:lag, ,
lagt-z’lagt-j’ ’Dt-l ’Dz—Z ’Dt—3 ’M—] ’Zz—l ’Rankz ’Cmaxt-l
and H(X ).

4. Experimental and

Methods

This section presents the description of the
used data, regression models with their parameter
settings and the performance measures.

Design

4.1. Dataset

The data includes time series data tracking
the number of people affected by Coronavirus
worldwide. The employed dataset contains data
on Covid-19 including new daily-confirmed
cases and it covers the period 21% February 2020
to 29" December 2020. Data is categorized by
country named conforming to the WHO. It covers
62 countries around the world that are the most
affected countries worldwide. The cumulative
Covid-19 cases of these countries represent 95%
of the total global up to the date of data collection.
The data used in this work were collected from
the repository of the John Hopkins University
Center for Systems Science and Engineering
(CSSE)®). We evaluated the performance of the
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presented method using three datasets of daily
Covid-19 confirmed cases. The first one is called
DSI1; it starts from February 21 and continues
until June 25, 2020. The second one is called DS2;
it starts from June 26 to August 31, 2020 whereas,
the third is called DS3; it starts from the first of
September to December 29, 2020. The raw data
consists of samples; each records daily-confirmed
cases for 126 days in DSI1, 67 days in DS2 and
120 days in DS3 for each country. Table 1 depicts
a sample of dataset DS2.

When we try to fit a regression model for
each country, we faced a problem due to having
a little data entries (number of days in a dataset),
which is small and not enough to get good results.
To encounter this problem, we have used melting
data, which converts wide-format data with
several measurement columns into long-format
with much more rows. In this case, each row
becomes: Country, Day, Confirmed cases and we
have 7874 samples (in DS1), 3960 samples (in
DS2) and 7259 samples (in DS3) to train and test
the models.

4.2. Regression Models

Regression models are statistical sets of
processes that are used to estimate or predict the
target or dependent variable based on one or more
independent variables. It is widely used when both
dependent and independent variables are linearly
or non-linearly related, and the target variable has
a set of continuous values. In this section, a brief
of popular prediction algorithms are described,
which are employed in the data analysis and
experimental results.

1) Decision Tree (DT)

DT
transforming the data into tree representation.

solves the regression problem by
Each internal node of the tree denotes an attribute
or feature and each leaf node denotes a class label.
While DT requires less effort for data preparation
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during pre-processing, it often involves higher
time to train the model.

Table 1.
Sample of the dataset DS2.

June June

Country 26 27 Aug 30 Aug3l
Afghanistan 276 165 19 3
Algeria 240 283 365 348
Argentina 2886 2401 7187 9309

>
Italy 255 175 1365 996
Japan 107 92 605 438
Kazakhstan 569 0 111 77
South Korea 51 62 248 235
UK 1381 634 1752 1415
Ukraine 1121 957 2179 2202
[N 45255 42705 35337 34156
2) Random Forest (RF)

RF is a bagging ensemble model that
combines the prediction of multiple decision trees
to create a more accurate final prediction. The final
prediction is computed by taking the mean of the
individual decision-tree predictions. RF is a fast
and robust learning method able to deal with the
randomness of the time series (Breiman, 2001).

3) Gradient Boosting Regression
(GBR)

GBR is a type of ensemble where additional
trees are added at each stage to compensate the
shortcoming of the existing weak learners. These
models are generally employed where features
are too heterogeneous. Gradient Boosting model
is more robust to outliers than boosting algorithm
(Gumaei et al., 2021). In our model of Gradient
Boosting Regressor we have used Huber loss
function in loss function parameter.

4) Extreme Gradient Boosting (XGB)

XGB is a tree-based model. It stacks many
trees, each new tree attempting to reduce the
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error of the preceding ensemble. The main goal
is to develop a strong predictor by combining
many weak predictors. XGB is one of the most
powerful regression algorithms with high speed
and performance (Chen, 2016). It runs more than
ten times faster than existing popular solutions on
a single machine. XGB is an efficient and scalable
implementation of GBR. Moreover, it is feasible
to train on large datasets. XGB can also be used
for time series prediction.

5) Light Gradient Boosting Machine
(LGBM)

LGBM is a gradient boosting framework
based on a decision tree algorithm. LGBM has
faster training speed with lower memory usage
compared to XGB (Ke et al., 2017). Moreover, it
can handle the large size of data and support GPU
learning. Even though both XGB and LGBM
models follow Gradient Boosting, XGB grows
tree level-wise and LGBM grows tree leaf-wise.

6) Support Vector Regression (SVR)

This model works similarly to SVM
(Support Vector Machine), but is adapted to
handle regression. SVR uses kernel function to
calculate the similarity between two data points
when dealing with the non-linear problem. SVR
involves two parameters that should be tuned
for the model to perform well; the regularization
parameter (referred to C) and the error sensitivity
parameter (referred to €) (Drucker et al, 1997).

7) Stacking-ensemble learning (SEL)

Stacking Generalization is an ensemble
learning technique to combine multiple regression
models (base- learners) via a meta-regressor. The
individual regression models are trained based on
the complete training set; then, the meta-regressor
is fitted based on the outputs of the individual
regression models in the ensemble (Ribeiro &
Coelho, 2020). The main advantage of the SEL is
that this approach can improve the accuracy and
additionally reduce error variance. For this study,
we trained a stacking-ensemble model using DT
and RF as base-learners and as the LGBM meta-
regressor.

This study aims to assess the ability of
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the regression models with a selected feature

set to forecast the confirmed Covid-19 cases 100 Al Vi — 9 ):
. . . . _ 1 L 6)"
by comparing their performances. Fine tuning MAPE = N Z| v, | (6)
predictive model hyperparameters is a crucial i=1 !
step to find the best fit parameters that improve
accuracy of the forecasted results. The choice of
inappropriate parameters’ values may result in 2 i=1(yi — }’i)
a poor performance. The parameters’ setting for R*=1— N ( _) 2 (7)
the models used in our study is listed in Table 2. i=1\Yi — N
For SEL method, no need to tune the parameters
since this method is a combination of the best
regressions. The lowest value of RMSLE, RMSE, MAE,
Table 2. and MAPE refers to the best model while the
Parameters’ setting higher value R2 indicates better correlation for
the model.
Algorithm Parameters Setting
DT max_depth=5 RMSLE 415 less seng1t1ve to outliers than
) ) other metrics®®. RMSLE is preferable when there
n_estimators=1000, n_jobs=-1, random . . . .
RF state=0 is a wide range in the target variables and targets

BR n_estimators =300, max_depth= 4, min_ having exponential growth, such as population

samples_split= 2, learning_rate= 0.01 counts. Therefore, we can rely more heavily on
learning_rate=0.1, base_score=0.5, this metric.
XGB max_depth=3, min_child weight=2,
n_estimators=300 4.4. Research Methodology
num_leaves=10, learning_rate=0.1, n_ .
LGBM estimators=100, reg_lambda=0.30 In Flgure 1, the procedure of COVID-19
SVR C=5.0.£ 022 forecasting has been shown. In the first step,

the real data of COVID-19 are collected for the
analysis. After collecting the raw data, we use melt
method to change a data-frame from wide to long
To check the performance of th seven models  format and then obtain a time series of data to work

used in this study, we use the following statistical ~ with. After that we extract a time series feature
measures: set from melting data, as explained in Section 2,

N and it is used as inputs of each model. Then, the

RMSLE = EZUO%@:‘ +1) — (log(y; + 1))2  (3) resulting data is divided into a training and test
N =1 sets. We assign the last two weeks of data as a test

set in order to evaluate regression models. The

comparative analysis of seven regression models

with optimal hyper-parameters are done and the

where N is the number of data observations, best prediction model is identified based on the

4.3. Evaluation Criteria

fo Hlem st cnt me d D s n Tt s prediction results. The performance of the models
o N will be verified by comparing the predicted data
RMSE = iz(y _9,)2 (4)  with real data via different statistical measures,
N & bt including RMSE, MAE, MAPE, RMSLE and R2.

i=

All experiments are implemented using
python and its libraries such as scikit-learn, numpy
N .
. 1 . and pandas. We have performed our experiments
MAE = NZ i = il (35)  inIntel Core i7 CPU clocked at 2.00 GHz, 16 GB
i=1 RAM (Raschka, Patterson & Nolet, 2020).
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Figure.1

Proposed framework for forecasting

5. Results and Discussion

In this section, we described the performed
experiments and discussed the obtained results.
Our prediction results were obtained using seven
regression models. Experiments were conducted
over three rounds of forecasts where the first round
was made for the two weeks from 12/06/2020 to
25/06/2020 based the data points available from
21/02/2020 to 11/06/2020 (training data for
dataset DS1). The second round of the forecast
was made for another two weeks from 18/08/2020
up end of Aug 2020 based on the actual data
from 26/06/2020 to 17/08/2020 (training data for
dataset DS2). Once more data became available,
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the third round was done for another two weeks
from 16/12/2020 to 29/12/2020 based on the actual
data from 01/09/2020 to 15/12/2020 (training data
for dataset DS3). Raw melting data and extracted
feature set, explained in Section 2, are used as
inputs of each regression model.

The baseline prediction algorithm is used as
the criterion by which all other regression models
can be compared. The first row of experiments
table results shows the baseline scores. Thus, if
a model achieves a predictive score below the
baseline, it is good. Whereas model with higher
R2 value indicates a good model.

Table 3 shows the predictive scores obtained
by all regression models on three datasets, and the
best performance is shaded with grey. Overall,
all models except SVR demonstrated good
performance. It can be concluded from Table 3,
the RF and XGB outperformed the compared
models in all measures. The results indicate the
XGB is ranked first in terms of RMSLE and
MAPE whereas the RF is ranked first in terms
of RMSE and MAE. They are almost equal in
term of RZ2. However, the time computation (in
seconds) undertaken by XGB is less than RF.
Moreover, the scores produced by LGBM and
SEL relatively well and they are ranked third after
RF and XGB. Note that LGBM achieved optimal
run time because it speeds up the training process
and is almost seven times faster than XGB(),
Thus, it is a much better technique of handling
large datasets.

The value of R? indicates the correlation
between the prediction obtained by the regression
model and the actual Covid-19 confirmed cases.
From Table 3, the high values of R2 which
are .961, .990 and .978 on DSI1, DS2 and DS3
respectively, indicate the fitting goodness for
predicting confirmed cases.

Table 4 demonstrates the average predictive
scores achieved by baseline and the first ranked
model in terms of RMSLE, RMSE, MAE and
MAPE for three datasets. Based on these averages,
we estimate error reductions, which are high in
terms of RMSLE and MAPE; good in terms of
RMSE and MAE.
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Table 3.

Comparison results obtained by regression models on three datasets.

Dataset  Algorithm RMSLE RMSE MAE MAPE R? Time (s)

Baseline 0.682 1947 483 78.96 0.831 --
DT 0.366 1936 588 30.46 0.855 0.41
RF 0.199 975 255 13.88 0.961 235.79
GBR 0.275 2381 637 20.94 0.828 87.51
o XGB 0.159 1094 286 11.35 0.960 10.65
LGBM 0.175 1367 342 12.56 0.938 1.55
SVR 0.557 3159 825 91.68 0.694 21.40
SEL 0.200 1104 301 14.32 0.956 209.79
Baseline 0.669 2587 737 43.26 0.925 --
DT 0.421 1960 640 36.41 0.968 0.28
RF 0.237 1014 324 16.30 0.989 123.99
GBR 0.285 3246 871 22.62 0.918 48.86
DS2
XGB 0.167 1093 331 11.48 0.990 6.24
LGBM 0.232 1459 422 14.32 0.983 1.40
SVR 0.659 4436 1193 94.39 0.819 4.93
SEL 0.248 1194 356 16.64 0.986 124.23
Baseline 0.572 6295 1827 29.72 0.871 --
DT 0.405 7353 2280 35.46 0.873 0.44
RF 0.198 2846 931 14.13 0.978 254.23
GBR 0.315 10915 2568 26.50 0.830 95.83
D3 XGB 0.158 3291 981 12.41 0.975 11.92
LGBM 0.178 4616 1278 14.24 0.964 1.80
SVR 0.690 13284 3323 102.77 0.668 18.97
SEL 0.193 4419 1231 13.98 0.946 232.19
Table 4.
Error reduction.
Algorithm RMSLE RMSE MAE MAPE
Baseline 0.641 3610 1016 152
XGB 0.175 38.26
RF 1612 503

Error reduction 72.7% 55.3% 50.5% 74.8%
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From the results, we can observe that the
quality of our results is better than that appeared
in recent previous studies. It can be easily seen
that the RF model in our work outperformed the
XGB and other models in Larabi-Marie-Sainte
et al. (2022) for the four datasets (KSA, Brazil,
Spain, and the US) in terms of RMSE and MAE.
By comparing our estimates with those in Rguibi
et al. (2022), we find that the prediction models
in our study are better than ARIMA and LSTM
models that used to predict the confirmed cases
of Covid-19 in the upcoming two months in
Morocco based on MAE and MAPE evaluation
metrics. However, LSTM model showed lower
prediction error values in term of RMSE and
RMSLE. In such work, average values were
RMSE = 795.3 and RMSLE = 0.00394. Another
point to be highlighted is the comparison to the
results obtained in the work of Wang et al. (2022),
which tried to predict daily new cases in USA,
Brazil and India over the next 30 days. We note
that the prediction accuracies of our XGB and RF
models are higher than that produced by SARIMA
and Prophet models.

Since the best score was achieved by XGB, it
was used to predict the Covid-19 daily-confirmed
cases for the first day of the 2-weeks prediction.
Figure 2 graphically compares the actual value with
the predicted value of confirmed cases using XGB
model for June 12, 2020, August 18, 2020 and
December 16, 2020 respectively, where the x-axis
represents the country, and the y-axis represents
the corresponding daily-confirmed cases: actual
(black) versus predicted (red). Figures 2 (a), (b)
and (c) show that the dots representing the actual
and predicted points are very close. However,
we can observe that the XGB model gives some
prediction values that are slightly far from the
actual value, especially in DS1 and DS3, figure
2(a) and (c).

6. Conclusion

In this paper, we have conducted a three-round
study of COVID-19 confirmed cases in the most
affected countries worldwide. The most prominent
techniques of regression models are used to
analyze and predict the daily cases. The regression
models are trained on a time series features, which
are extracted through the original data. We have
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analyzed epidemic data made available by the
CSSE within ten months to forecast the number
of confirmed cases of COVID-19 for the next
two weeks based on data available within enough
time period before. The experimental results
show that XGB and RF models produced good
scores in terms of the five measures over three
rounds and they may be appropriate for predicting
the prevalence of COVID-19 in the future. Our
analysis can help in understanding the trends of
the pandemic outbreak.

There are some limitations in the forecasted
numbers of COVID-19 cases. First, some
countries have missing values for some days, so
raw data record 0 values for these days and add
missing cases for this day to next days. Therefore,
the results for these countries are not accurate.
Second, the prediction models rely on past
behavior. Therefore, the existence of outliers and
noise in the data make it hard to accurately predict
the number of cases. Therefore, it is necessary to
use noise filters to reduce noisers effects. But this
is missing in our study.
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Dynamic Energy-Efficient Routing Protocol
for Wireless Sensor Networks

Ms. Dalya Nouman Amro
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Abstract:

The devices in wireless networks operate on
battery, so all routing protocols try to scale back
the energy they consume while keeping acceptable
performance for the tasks. For that, matching
the routes to energy constraints to increase the
network lifetime is what we are looking for, i.e,
an efficient routing protocol.

Hence balancing the consumed energy
among nodes within the networks is that the
purpose of energy-efficient routing protocols.
These protocols need to maximize the lifetime
of the wireless network, and there are many
algorithms to try to so like A-star algorithm or
using mathematical formulation by changing the
permittivity factor to a better value where werve
high residual energy within the network and set it
to a low value for the nodes that don»t have much
energy left.

Our newly proposed protocol is trying to
balance the vitality utilization to prolong the
network lifetime using one between two protocols
dynamically, which are DD and LEACH. The
simulation results demonstrated that the newly
proposed protocol is prolonging the WSNs
lifetime.

Keywords: Wireless Sensor Network,
Dynamic  Energy-Efficient Routing, WSN
Application, WSN Routing Protocols.
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Introduction

As a day to day we communicate by
transmitting data and sharing services. Network
makes information and services obtainable to
everyone on the network, notwithstanding the
physical location of the resources or users.

Through wireless networks, devices and
computers are connected by radio waves or the
other wireless media, additionally , various
wireless communication standards permit full
mobility (Fahmy .(2016).

A Wireless Sensor Network (WSN) may be
a group of specialized autonomous sensory and
actuators according to Rawat, Singh, chaouchi,
Bonnin.(2013).

With the potentiality of sensing, wireless
communication and computations Guy (2006).

WSN may be a network of sensing devices
connected together to the bottom station by
wireless means (Springer) to watch, control
physical or environmental conditions at
diverse locations, and pass data to regulate the
command to the specified actuators through the
network(Springer).However, WSNs have their
limitations that occur while using like cost, size,
and limited power.

The proposed protocols and algorithms for
WSNs have numerous problems to cope with.
In addition, it is very complex to design routing
protocols. The problems start with the energy
dissipation, pocket loss rate, coverage and lifetime
and they all are essential and need to be improved.
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But the energy dissipation has a primary concern
to the researchers due to the significance of the
transmitted information at the WSN. For that, we
need unique performance metrics to be optimized.
Such a lot of algorithms had been proposed with
trading off a few problems with the others related
to the weighted importance to the problem they
want to address according to Nabavi, Seyed
Reza, Eraghi, Nafiseh Osati, Torkestani, Javad
Akbari(2021), Engmann, Felicia, Katsriku,
Ferdinand Apietu, Abdulai, Jamal-deen, Adu-
manu, Kofi Sarpong (2020). Some of them took
into consideration the strength efficient while
others have got dead routes and nodes within the
early stages of the WSN lifetime.

In our proposed protocol, we will address the
energy dissipation by trying to solve the problem
of limited power for the nodes.

The limited power problem causes issues
within the consumption, which makes the
network dies, before the time needed to transfer
all the collected data. For this purpose, we try
to prolong the network life time. That’s why we
proposed a replacement protocol that uses two
different structures to function with two different
protocols so as to save lots of the nodes energy.

The network uses the LEACH to optimize
the network energy and use the advantages of the
hierarchical characteristic.

The network is conserving the energy by
operating the DD protocol on the lookup tables.
Therefore, the nodes are on sleep mode till they>re
required to work a replacement task of collecting
information which is accomplished by LEACH.

The lookup table preserves the situation of the
nodes with (X, Y) pairs and variety as a reputation
to differentiate it from other nodes. Furthermore, it
saves the initial energy (REC) for the network. The
energy following every execution. Additionally,
the efficient data aggregation (AGQG) that utilizes
the space and position of nodes to transmit data
within the most effective way.

Those two parameters REC and AGG
demonstrate the efficient usage of energy for
our newly proposed protocol which extends the
WSNss lifetime hence the facility source is that the
most precious one for the WSNs.
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Both the LEACH protocol and DD protocol
are dynamically and alternatively utilized in our
proposed protocol. The BS has the choice of what
to work at a particular moment.

The simulation concludes that our dynamic
protocol enhances the WSN lifetime with the share
range of 20-25. (Ajit, Sunkara, Kumar (2013))
(Mardini, Khamayseh, AlZou’bi, Baniyassein.
(2009).)

Related works

In the recent years, the importance of
enhancing WSN has raised, and the researchers
place a trial to propose brand-new algorithms
to beat the disadvantages of the WSN.
Since we have not had a tendency to use internet
protocol (IP) address with WSN , this will cause
a heavy load within the large areas. Additionally,
it’s exhausting for the restricted capabilities
sensors to deal with the unpredictable topology
changes particularly in mobile environments.
The previous algorithms focused on prolonging
the network lifetime ignoring the importance of
quality of service (QoS) and that they have high
energy consumption that makes the nodes to die
resulting issues with the connectivity, and therefore
the algorithms could have transmission errors,
energy depletion additionally premature energy
exhaustion because of heavy transmission-load.
So we tend to think about enhancing the
convergence and arrangement of the WSN to
cope with the 4G and 5G networks that have a
high bandwidth that make it expensive to apply
widely (El-Esawy, Shimaa Gamal ,ElShennawy,
Nada, Elfishawy, Nawal Ahmed(2018)). (Nabavi,
Seyed Reza, Eraghi, Nafiseh Osati, Torkestani,
Javad Akbari(2021)).

(Engmann, Felicia, Katsriku, Ferdinand
Apietu, Abdulai, Jamal-deen, Adu-manu, Kofi
Sarpong(2020)).

(Hassan,  Ali  Abdul-hussian, Shah,
Wahidah MD, Habeb, Abdul-Hussien Hassan,
Othman, Mohd Fairuz Iskandar ,AL-Mhiqgani,
Mohammed Nasser (2020) proposed an improved
energy-efficient clustering  protocol (IEECP)
to prolong thetime period of the WSN-
based IoT. The planned protocol reduces and
balances the energy consumption of nodes
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by improving the clustering structure, where
ver (IEECP) is appropriate for networks that
need an extended lifetime. (Muzakkari, Bashir
A, Mohamad, Mohamad A, Kadir, Mohd F. A,
Mamat, Mustafa(2020)) presented an Energy
Efficient and QoS-aware (EEQ) MAC protocol
with a duty cycle scheme that adapts the node’s
duty cycle to the queue size and priority class of a
packet to reduce the delay of high priority packets
and support time bounded delivery of priority
packets. This approach improves the energy
efficiency and extending the lifespan of WSNss.

Bouzid, S.E., Serrestou Y, Raoof K, Omri,

M.N. (2020) proposeda brand new routing
protocol  for WSN  supported distributed
Reinforcement  Learning  (RL). That ensures

higher energy potency, postpones nodes death and
isolation.

WSNs Energy-Efficient Routing
Protocols

According to the networks, architecture
routing protocols are generally classified as plane
routing and level routing. Plane routing protocols
like DD, SPIN and therefore the typical level
routing protocols are LEACH, PAGASIS, and
SPAN.

Therefore, in this thesis, we’ll specialize in
the LEACH and DD.

Irum, Nawaz, Murad, Saeed (2017),
Nandy, Mitra. (2012), Salim. Ahmad, Osamy,
Walid, Khedr. Amed M. (2014), Tandel (2016),
Yulin, Xianguing. (2007). Pantazis, Nikolaos A.
Nikolidakis, Stefanos A. Vergados, Dimitrios
D. (2013). Hiremani, Nirmala, Basavaraju,
T.G (2017). Elshakankiri, Maher N, Moustafa,
Mohamed N, Dakroury, Yasser H.(2008).

Table 1:

Flat Protocols Characteristics.

Protocol SPIN DD
classification flat flat
mobility supported limited
Power management limited limited
Network life time Good Good

Protocol SPIN DD
scalability limited limited
Resource awareness Yes Yes
Query based Yes Yes

. Event Demand
Data delivery model . .
driven driven
Table 2:
Average Cluster Protocols Characteristics.
PEGA-
Protocol LEACH SPAN
SIS
classification clustering  clustering  clustering
. Fixed base Fixed base Fixed base
mobility . . .
station station station
Power man- . . .
maximum  maximum limited
agement
Network life
. Very good  Very good good
time
scalability Good Good limited
Resource
Yes Yes Yes
awareness
Query based No No No
Data delivery Cluster Chain continu-
model head based ously
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Proposed Protocol

In this section, we discuss how the we
created our dynamic protocol for the network,
Ajit, Sunkara, Kumar (2013), Ganjali,
McKeown(2005), Heidemanm, Estrin, Govindam,
Intanagonwiwat (2003), Intanagonwiwat, (2002),
Lingxi, Wenjun (2015), Xiao, Khatoon, Keshi
(2013), Willig, Kaurl.

WSN Creation

The sensor nodes are positioned during a
two-dimensional area of X*X meter, (N) of sensor
nodes which are disseminated during a random
manner with no mobility. Each node knows
its location, the space to the BS, sink node and
therefore the neighbor’s location.

The network is partitioned into grids and each
node belongs to a recognized location. The nodes
took their position within the grids, memorized
that position, the neighbor’s position inside the
grid they belong to and their assigned sink node
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which will communicate and send the info to the
BS as we will see in (Fig.1).

The elected sink nodes gather the collected
data from the traditional nodes so as to pass it
through the info mining algorithm to create the
info pattern to be saved according to Zhn, Zhang,
Yang, Wu (2016).
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Figure 1: WSN Creation

WSN Route

The nodes choose the shortest path to send the
info to the sink node, so it can send the collected
data to the BS, which is seen in (Fig.2). The sink
nodes communicate and send their locations with
one another, and they know which one is that the
closest to the BS.

The closer one is elected to speak with the BS
on behalf of the entire network.
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Figure 2: Best Route Finding

WSN Energy Efficient Protocol

The central server requests particular data
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from the BS then it searches for the data on
the search for tables the use of DD protocol
with VRS algorithm to look for the constructed
patterns and the usage of the information mining
algorithm with the decimal normalization.
If the information is determined in the search
for tables, the data is sent to the BS to the
ultimate destination (central server) without
looking the total network if not. The BS is
sending the request to the sink node to operate
LEACH protocol to experience and collect
new information needed for the central server.
The BS determines which sink node to send
the statistics to, primarily based on the region
which the BS knows and it has the data in
it. In the network we have four sink nodes
that send the sensed data (which is remarked
with their location) from everyday nodes.
Each node takes readings, which are arranged
to be positioned in the lookup tables using data
mining algorithm with decimal normalization
to produce patterns of the data coming from
the sink node to be dispatched and saved to the
BS. After being divided into levels, we can
search the area (X, Y) which has the readings
the use of the precise range and location.
The main content material in the search for tables
are energy and location. The community grid
structure has no impact on the constructed patterns.
The tables are divided into corporations
concurring to the records source location.
LEACH protocol is used when we want to
comprehend the total state of the network; hence,
we want to collect data from all the nodes in a
specific area belonging to one grid or many grids.
Starting with the clustering, our protocol uses
the clustering traits and the distance between
nodes via solving the optimization hassle for
the network. Thus, our protocol initializes a
small world of sensors which are arranged
randomly, and the adjacency matrix is developed
by means of the usage of the distance formula.

D=[(X2 - XI1)2 + (Y two —Y 1)2] (1/2) (1)
The distance formulation has been used to
determine the superior number of chosen sink
nodes with the aid of the usage of the clustering
evaluation to share the resemblance of the centric
communication function. Hence, to enforce it, the
hierarchical clustering analysis is used to construct
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a collection of sensor nodes from the lowest level
to the absolute best with the consideration of the
node’s communication distance.

The cluster evaluation desires an appropriate
quantity of sink nodes to be identified, which
is scaled through the lifetime of the network.
Sink node price and the premier power for the
network. To attain that, we want a median node
called key nodes linked without delay to the sink,
which will supply the data from the sensor to
sink. The data has to skip from (N-K)/K sensors.
Where (N) is the whole network nodes
number, while (K) demonstrating the range
of key nodes that are linked with the BS.
To restrict the increasing quantity of sink nodes
we outline the community price as C=N.Cn+n.Cs
and the fantastic variety of sinks will be computed
by sink.

Table 3:

Nodes Communication Model.

Nodes Nodes Task
Normal Collect and sense data and send it to
Node the sink
Sink Communication between normal nodes
Node and BS
BS Request data and communicate with

central server

Where (Cn) is the sensor node cost, whilst
(Cs) i1s the BS cost, (Et) is the transmitted
strength for communication per node pairs,
(Er) is the obtained strength for communication
per node pairs, (E0) power consumption while
there is no verbal exchange between nodes.
According to that, if we had two grids having
the wished information the nearest one to
the BS will do the verbal exchange process.
In DD, The VRS has been used to ship the
statistics to the region that wanted it, not the nodes
that requested it. To achieve this, we will take care
of the flooding problem that reasons overlapping
and messages duplication. The computation for
which protocol to be chosen, and the grid division
is finished by way of the BS. In addition, BS will
shop a look-up desk for the community conduct,
so it doesn’t have to do the computation all over
again every time when the facts are needed from

the nodes.

The BS of the network is the node with full
energy, which is dividing the community into
ten equal grids each and every sensor in these
grids is gathering records in it till it is needed.
Every node is aware of its area and distance
to the BS, in LEACH protocol we have sink
nodes that connect the regular nodes with the
BS. Sink nodes speak at once with the BS. The
packet is sent from the node to the sink node
closer to the BS in the equal direction back and
forth. The direction with the LEACH protocol
is decided by using the optimization algorithm.
The BS requires the wished data, By sending the
request to the particular region that is aware of it
can find the information required in it, and now
not for the whole network which saves the energy
for the unrelated nodes from recollecting and
computation.

The VRS algorithm is operated and has a
high-quality advantage. Those are not having
a confined route discovery segment and an
excessive tolerance for the rapid changes. If
one node dies, the neighbors of this node are
going to deal with the records request and
communicate concurring to the time slots.
The benefit of no longer having a restricted route
path for the VRS is assisting with running the
optimization algorithm used in LEACH to take
care of the DD as well.

Table 4:

Transmitted Packets Contents.

Data Pack-  Request Reply Error
et Packet Packet Packet
Packet Packet Packet Num- Packet
Number Number ber Number
Source Lo- Source Lo- Source Lo- Source
cation cation cation Location

Destination Location
Destination Location Destination Location

Destination Location

Residual
Energy
Route
Protocol Route Path  Route Path
Path
Data Request Reply Error

28
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When the network energy is suitable, the
quantity of information is big (harvested from
every sensor), and has a recognized location.
We can use the LEACH protocol and use the
optimization algorithm.

If the amount of statistics is small (in the
look-up tables) we can use DD. The nodes gather
the data and keep it until it is needed, the BS is
going to ship a request according to the distance
and place to a unique node and that is going to
be the reply direction for the information to go
returned to BS.

The
to measure the distance and the place for
each node and VRS collects the information
till
That’s how the data is changed between the nodes
and BS for the DD and LEACH. BS will take
the statistics from the region for each node into

optimization algorithm is used

from nodes and shop them needed.

consideration to supply the packet to the unique
location, which wishes the information, which
will give us so many advantages about power
conservation due to the fact the nodes don’t have
to store the data tables for the routes.

The information packet arrival is primarily
basedonthenodesvicinityandthedistancetheusage
of LEACH. Data series from all the cluster heads
will be executed by way of CH, and it will check
the redundancy of the information to recognize
the passed off pattern, which is really useful for
the sensor readings according to Dr. Arockiasamy,
V.S.Anita (2011) and greve, gehlot, Sha ( 2012).
This is focusing on energy conservation on WSN
and with this way we make simply the cluster
head communicates with the BS

S=U1,U2,.Un

Computes the distance dj from Ui If (N
(ui)) and distance dj from Ui Ci=Ui0, Uil, ..Uin
Do

Compute E(Oil) where I = zero to n

CHi is the cluster head of Ci
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if E(Oil) is excessive uni senses the
records and passes the messages to CHi
while(E(uil)) >> (E(uij))

CHi passes the facts and aggregates it to the
BS

The previous algorithm shows to the distance
computation system for the sensor nodes S and
that helps the nodes to follow the nearest CH
then it computes the energy to determine which
sensor is chosen to be the CH to communicate
with the BS and aggregate the data.

The packets content material is the node
location, distance between the node and the BS,
the residual electricity and the direction is going
to take it.

For the maintenance, if the BS sent a request
whilst that node is useless and has no strength the
network sends an error message and the closest
neighbor node that has almost the equal location
is going to deal with the request after sending
the error message and for the new request or
accepting the reply that is sent from the neighbor.

A network with (100) sensors are built, and
those sensors are attending to collect data from
their environment according to their location
during a distributed way. However, this step is
distributing the workload during a resilient way
which will prolong the network lifetime.

Hence, the distributed way will control the
quantity of communication between nodes and
forbid heavy traffic from happening within the
limited bandwidth of the wireless channels, which
may be a source preserving. Because by this way,
we control the power utilized in computation
and communication process and to avoid any
effects or unusual values in our information
some normalization goes to be done on the data
and decimal scaling is that the used technique by
moving the decimal points.

To do so, distributed data algorithm is
employed to cope with the nodes limitations
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(power, computation, memory). The distributed
algorithm goes to process the data locally then

the results are aggregated. During this way, the | star :'
energy for the communication process is reduced . e

and at an equivalent time, the amount of messages '

during the process of data transfer to the central [ eep Mode |-

data is reduced.

The option of distributed data mining
algorithm helps the WSNs to live longer and

controls the massive data flow which will cause Daaa
. Requiest
bottleneck and wastage of communication
bandwidth because it‘s collecting an enormous
data to analyze. |
L. . i 1 T8 e T e e
Initialize network
Stand by until receive request from server oty CH U e
IF {If data in BS} *
com pute 3 daw s
search using DD in look up tables e ot e
L
else Fird bust route
Nodes take their positions )
T Fa it €053 it
Compute cluster heads number Yo dus and B
Compute the distance between nodes SOET0 COriTE Jewver
Find the best route based on distance . * .
Transmit data between nodes and the BS End )
Make patterns using data mining algorithm S~
Save in B using look up tables network initialization using LEACH
et
End if ™)
— 1_ "
Sending required data to server SN .
e
™ daty ~
Go to step2 A4
o
ENDIF Operate LEACH Search in BS
ENDIF ™

network flowchart
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Assumptions

For this model, we made some assumptions
as follows:

1. The BS is located at point (100,100) far
from the sensors and it»s fixed.

2. The nodes are homogeneous and energy
constrained.

3. There>s no mobility for sensor nodes.

4. The nodes can use power control to vary
the quantity of power transmitted to reach the BS.

Our main concern is measuring the
performance of WSN in terms of energy
sufficiency. We are using metrics that have an
influence on energy consumption. In WSN, the
matrices are used to evaluate the performance
of a WSN as an entire. These metrics are: [Tang,
Tong. (2010), Verma, Sharma.(2013), Sunitha,
Yadav(2014), Mardini, Khamayseh, A-1Zou’bi,
Baniyassein (2009).

1. End-to-End Delay: it represents the time
needed for a packet to be transmitted from source
to destination.

2. Packet Delivery Rate: helps us to grasp the
ratio of the delivered packets to their destination
with the packets sent from the source.

3. Efficiency (Residual Energy): the energy
of an isolated node is constant and independent of
any changes occur within the system.

4. Network Throughput: the quantity of data
computed in any given period of time.

5. Packet Routing Load: it represents the
entire number of routing packets transmitted

within the process of successful data transmission.

Simulation Environment

The proposed protocol has been tested to
measure the metrics influence on the energy, to
save lots of the energy and prolong the lifetime
of the network. Within the following experiments,
the nodes density has been fixed to 100 sensors and
assumed there is no mobility within the network.
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NS3

Our model simulation is completed by using
NS3 simulator because of its advanced benefits
over doing the real physical experiment within
the world. Using simulation to visualize the
connection between the parameters and seeing
the interactions inside the network and therefore
the way it deals with the obstacles and the normal
operation within the communication process
between the channels.

In the simulation, we had a dynamic
environment to regulate our experiment and to
create the network using mathematical equations
and algorithm, which we>ve to adjust them if
there>s a necessity to do so. Using dynamic
environment like simulators helping to construct
efficient implementation to the network model.
Handling that is getting to help us understand
the experiment and analysis easily. With the
advantage of the low-cost experiment.

The used platforms within the simulators
give us the graphs and therefore the results needed
to deduce the new fact and helping to prove our
model. The simulator helps you to verify and
validate your model using its techniques.

In WSN, weyd like to use simulation to
reinforce the model. Therefore, the simulator
is constructing our model with accurate results.
Network simulator version 3, is the tool that we
are using to implement, which is an open source,
discrete event network simulator. This has helped
to model the actions of the dynamic compound
system to offer a series of defined proceedings.

Results analysis and discussion

This section is related to discuss the results
of the proposed protocol simulation compared
to the opposite protocols.

Using five matrixes to get the energy
consumption and therefore the QoS while
not commerce off the two qualities

The obtained results show that the projected
protocol has variations within the performance
like considering message. Therefore the distance
between nodes by emerging the benefits of the
two protocols compared with.

This shows a significant enhancements over
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the LEACH and VRS on their own and it provides
us a sensible importance of the protocol.

The End-to-End Delay versus the
Node Number

End-to-End delay means the packet time
of arrival to their destination. This include the
route discovery operation delay and therefore
the packets transmission queue. The packets that
are counted only have successfully reached the
destination. We run the simulation to calculate the
average delay for 100 (samples) nodes. Therefore,
when the packet arrives to the destination we
record the time of arrival to calculate the current
delay. An equivalent operation is completed with
every packet and that we increment the samples
one by one then we will get the entire delay for
the entire network.

E-E-Delay

PROPOSED W _|
LEACH ®
VRS u

80 20
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Figure 3:
End-to-End Delay.

Fig (3) presents the rate of the data arriving
at their destination, it increases by the number
of nodes participating in sending the required
information. However, the rise is due to the
new route discovery, which is completed by the
nodes trying to compete to reach the wireless
channel and to not be dropped or lost. Fig (3)
represents the end-to-end delay for the proposed
protocol gradually starts from 0.6 second for
the transmission process for one node, which
suggests that the network always has routes to the
destination and is obtainable all the time. Then the
proposed protocol starts stabilizing at node no. 70
tell the last node participating within the network.

Due to the new route discovery operated
by LEACH, the delayed packets are increased

Energy- Consumption

to 1.3 second for node no.1 comparing with an
equivalent node within the proposed model and
starts stabilizing at node no. 50.

For the VRS it starts from 2.3 second for
node no. 1 and increases steadily then stabilize at
node no 80.

The proposed protocol gives us low rate
of delay which means connected data without
gaps or lost pieces of information which will
make a deference in enhancing the performance.
Stabilizing at 50 for the LEACH means gaps in
the sent data and lost packets, on 80 for the VRS
means overloading the transition bandwidth of
data that may not be beneficial, hitting 70 with our
proposed one means the needed data have been
delivered before the nodes vanish.

Energy Consumption Versus the
number

Energy consumption means what proportion
energy the WSN consumes while operating. The
main concern is that the efficiency of the WSN.
Hence, presenting the energy consumption with
the number of nodes, so as to the high energy
consumption of the cluster head formation.

The energy consumption during asensoris that
the sum of the transmission energy consumption
and therefore the received energy consumption
multiplied with the time. Ec=(Et+Er)*t .

Where Ec is that the consumed energy, Et
transmission energy consumption, Er received
energy consumption, t is that the time.\

Energy- Consumption
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Figure 4:

Energy Consumption.
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Fig (4) presents energy consumed by the
activated nodes through the network while
harvesting data to seek out the specified
information which increases with the rise of the
nodes number participating within the process.

Fig (4) shows that the energy consumption
for the proposed protocol gradually starts with
20 for 10 nodes and reaches the maximum
energy consumption 180 when using every node
within the WSN. However, the LEACH reaches
the maximum when using 40 nodes only which
clearly shows that the proposed protocol is
energy efficient more than LEACH. The proposed
protocol is consuming the energy economically
and does not reach the maximum until all the
sensors are participating within the process.

For the VRS starts gradually from 30 for one
node and the stabilized starting from node no.60.

The proposed protocol gives us high energy
efficiency compared with the LEACH and VRS
which means no lost data due to nodes vanish. This
makes a deference in enhancing the performance
by sending all the needed data before the power
depletion.

The Packet Delivery Rate Versus
Time

Packet delivery rate means the ratio of sent
packets to the amount of received packets at the
destination. We will compute it by dividing the
successfully received packets to the entire sent
packets. Packet delivery equals successfully
received packets/ total packets.

PDR
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Figure 5:
Packet Delivery Rate.
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Fig (5) shows that it increases with time. This
indicates an honest performance for the WSN.
Due to the effectively delivered packets to their
destination without errors or being lost.

Fig (5) indicates that the packet delivery ratio
for the proposed protocol is better than the packet
delivery for the LEACH on its own. The packet
delivery ratio for the proposed protocol gradually
starts from 15 at the 1 second of the transmission
process then stabilize at second 7. However, the
LEACH start from 11 at the 1 second, which
indicates that the proposed protocol is delivering
the packet to the destination effectively.

For the VRS, it starts from 36 at the 1 second
the decreases gradually then stabilize at second 6.

The proposed protocol gives us an efficient
packet delivery and then stabilize after the 7
second that means no overhead and less lost
packets compared to the LEACH which gradually
increasing which may cause an overhead and
the VRS which cause a lost packets because it
gradually decreases.

The Throughput Versus the number
of Nodes

Throughput is that the maximum infallible
packets delivered to the destination during the
communication process, and the way fast sending
the packet through the communication channel is
without having congestion.

Throughput
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Figure 6:
Throughput.
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Fig (6) presents that more nodes are
delivering more packets. Which indicates an
honest performance for the WSN.

Throughput for the proposed protocol starts
gradually from 23 Mbps for the primary node then
starts stabilizing when node no0.60 is activated.

LEACH throughput depicts that it>d have
some energy lost handling the congestion problem.
Furthermore, the packets are delivered effectively
to their destination through the communication
process.

For VRS it decreases from 48 Mbps the
stabilizes at the node no. 70.

The proposed protocol gives us less
congestion which means more energy retention
compared with the LEACH that will consume
more energy to handle the congestion problem.

The VRS decreases because itis not competent
to utilize the proposed protocol advantages.

The Packet Routing Load vs
Simulation Time

The packet routing load expresses the entire
number of transmitted packets over the successful
transmission. During which the router chooses
the simplest low-cost route to the destination, and
during this case with low energy consumption.

Packet Routing Load
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100
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Figure 7:
Packet Routing Load.

Fig (7) shows that more packets are sent to
their destinations at the primary few minutes and
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then, it stabilizes. This suggests that the proposed
protocol saves the energy for the nodes that
transmit data. Because it delivers 160 packets in
less than 15 seconds then stabilize at this range
of packet delivery Fig (7) represents LEACH
routing load gradually increases which depicts
that the increasing packet routing load with time
consumes more energy from the nodes which
reduce the network performance.

However, VRS starts from 50 packets then
stabilizes at node no. 50 with 90 packets
delivered.

Conclusion

In this paper, we discussed the dynamic
proposed WSN routing protocol from the energy
efficiency point of view to prolong the network
lifetime and to scale back the amount of energy
they consume while finding the route path from
the source to destination. We used the hierarchical
based (LEACH) is that the common protocol to
reserve the energy and therefore the DD can find
a solution for the routing problems like flooding
using VRS algorithm. We will use this information
to enhance the newly proposed protocol and have
prolonged life for the network since the networks.
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