3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

u Ed.42 | Vol12 | NI
|C January - March 2023

ISSN: 2254-6529
Cuadernos de desarrollo aplicados a las TIC

]

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

2

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

3C TIC. Cuadernos de desarrollo aplicadoso a las TIC.

Quarterly periodicity.
Edition 42, Volume 12, Issue 1 (January - March 2023).
National and internacional circulation.

Articles reviewed by the double blind peer evaluation method.

ISSN: 2254 - 6529
Legal: A 268 - 2012
DOI: https://doi.org/10.17993/3ctic.2023.121

Edita:
Area de Innovacion y Desarrollo by UP4 Institute of Sciences, S.L.

info@3ciencias.com _ www.3ciencias.com

This publication may be reproduced by mentioning the source and the authors.

Copyright © Area de Innovacién y Desarrollo by UP4 Institute of Sciences, S.L.

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121
mailto:info%403ciencias.com?subject=3C%20Empresa.%20Investigaci%C3%B3n%20y%20pensamiento%20cr%C3%ADtico%2C%209%281%29
http://www.3ciencias.com
https://doi.org/10.17993/3ctic.2023.121

3

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

tic

Cuadernos de desarrollo aplicados a las TIC

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

EDITORIAL BOARD

Director Victor Gisbert Soler

Editors Maria J. Vilaplana Aparicio
Maria Vela Garcia

Associate Editors David Juarez Varén

F. Javier Carcel Carrasco

DRAFTING BOARD

Dr. David Juarez Varon. Unwersitat Politécnica de Valéncia (Espaiia)

Dra. Ursula Faura Martinez. Universidad de Murcia (Espaiia)

Dr. Martin Leén Santiesteban. Universidad Auténoma de Occidente (México)

Dra. Inmaculada Bel Oms. Unwersitat de Valéncia (Espaiia)

Dr. E. Javier Cércel Carrasco. Unwersitat Politécnica de Valéncia (Espaiia)

Dra. Ivonne Burguet Lago. Unwersidad de las Ciencias Informdticas (La Habana, Cuba)
Dr. Alberto Rodriguez Rodriguez. Uniwersidad Estatal del Sur de Manabi (Ecuador)

ADVISORY BOARD

Dra. Ana Isabel Pérez Molina. Unwersitat Politécnica de Valencia (Espaiia)
Dr. Julio C. Pino Tarragd. Universidad Estatal del Sur de Manabi (Ecuador)

Dra. Irene Belmonte Martin. Unwersidad Miguel Herndndez (Espaiia)

Dr. Jorge Francisco Bernal Peralta. Universidad de Tarapacd (Chile)

Dra. Mariana Alfaro Cendejas. Instituto Tecnoldgico de Monterrey (México)

Dr. Roberth O. Zambrano Santos. Instituto Tecnoldgico Superior de Portoviejo (Ecuador)

Dra. Nilda Delgado Yanes. Unwersidad de las Ciencias Informdticas (La Habana, Cuba)

Dr. Sebastian Sanchez Castillo. Unwersitat de Valéncia (Espafia)

Dra. Sonia P. Ubillas Saltos. Instituto Tecnoldgico Superior de Portovigjo (Ecuador)

Dr. Jorge Alejandro Silva Rodriguez de San Miguel. Instituto Politécnico Nacional (México)

4 https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

5

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

EDITORIAL BOARD

Area financiera

Area téxtil

Ciencias de la Salud

Derecho

Economia y empresariales

Estadistica y Investigacién operativa

Ingenieria y Tecnologia

Organizacién de empresas y RRHH

Sinologia

Sociologia y Ciencias Politicas

Tecnologias de la Informacién y la Comunicacién

Dr. Juan Angel Lafuente Luengo
Universidad Jaime I (Espafia)

Dr. Josep Valldeperas Morell

Unwersitat Politécnica de Cataluiia (Espaiia)
Dra. Mar Arlandis Domingo

Hospital San fuan de Alicante (Espaiia)

Dra. Maria del Carmen Pastor Sempere
Universidad de Alicante (Espafia)

Dr. José Joaquin Garcia Gémez
Universidad de Almeria (Espaiia)

Dra. Elena Pérez Bernabeu

Unwversitat Politécnica de Valencia (Espaiia)

Dr. David Juarez Varén

Unwersitat Politécnica de Valencia (Espaiia)

Dr. Francisco Llopis Vané

Unwersidad de Alicante (Espaiia)

Dr. Gabriel Terol Rojo

Unwersitat de Valéncia (Espaiia)
Dr. Rodrigo Martinez Béjar

Unwversidad de Murcia (Espaiia)

Dr. Manuel Llorca Alcon

Universitat Politécnica de Valéncia (Espaiia)

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

AIMS AND SCOPE

PUBLISHING GOAL

3Ciencias wants to transmit to society innovative projects and ideas. This goal i1s reached thought the
publication of original articles which are subdue to peer review or thorough the publication of scientific

books.

TEMATIC COVERAGE

3C Empresa is a scientific - social journal, where original works are spread, written in English, for
dissemination with empirical and theoretical analyzes on financial markets, leadership, human resources,

market microestructure, public accounting and bussines management.

OUR TARGET

*  Research staff.

*  PhD students.

*  Professors.

*  Research Results Transfer Office.

*  Companies that develop research and want to publish some of their works.

SUBMISSION GUIDELINES

3C Empresa is an arbitrated journal that uses the double-blind peer review system, where external
experts in the field on which a paper deals evaluate it, always maintaining the anonymity of both the
authors and of the reviewers. The journal follows the standards of publication of the APA (American

Psychological Association) for indexing in the main international databases.

Each issue of the journal is published in electronic version (e-ISSN: 2254-3376), each work being
identified with its respective DOI (Digital Object Identifier System) code.

STRUCTURE

The original works will tend to respect the following structure: introduction, methods, results, discussion/
conclusions, notes, acknowledgments and bibliographical references.
The inclusion of references is mandatory, while notes and acknowledgments are optional. The correct

citation will be assessed according to the 7th edition of the APA standards.

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

7

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

PRESENTATION WORK

All the information, as well as the templates to which the works must adhere, can be found at:
https://www.3ciencias.com/en/journals/infromation-for-authors/

https:/ /www.3ciencias.com/en/regulations/ templates/

ETHICAL RESPONSIBILITIES

Previously published material is not accepted (they must be unpublished works). The list of signatory
authors should include only and exclusively those who have contributed intellectually (authorship), with
a maximum of 4 authors per work. Articles that do not strictly comply with the standards are not

accepted.

STATISTICAL INFORMATION ON ACCEPTANCE AND
INTERNATIONALIZATION FEES

*  Number of accepted papers published: 19.
*  Level of acceptance of manuscripts in this number: 66,7%.
*  Level of rejection of manuscripts: 33,3%.

* Internationalization of authors: 3 countries (India, Spain, China).

Guidelines for authors: https://www.3ciencias.com/en/regulations/instructions/

https://doi.org/10.17993/3ctic.2023.121


http://ciencias.com/en/journals/infromation-for-authors/
http://ciencias.com/en/regulations/templates/
https://www.3ciencias.com/en/regulations/instructions/
https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

INDEXATIONS

PRDEXED 0 Sy

J EMERGING Y GO O le .l
§ SOURCES § et

{ CITATION | r\/

A\ Zo & /M‘E—'}F\/’ Red Iberoamencana

VA Conocimiento

BIBLIOTECA
NACIONAL _
DE ESPANA

[ ]
CARHUS PIus*
BEVISTES CIERNTIFICAUES DE CRENCIES SOCTALS | HUMANITATS

[all clasificacion integrada m l g R "‘ EBSCOhOS{'

:1ad[®] de revistas cientificas_ Matriu d'Informacié
per a I'Avaluacio de Revistes

OAJI Open Academic JOURNAL SCHOLAR
At Journals Index METRICS DULCINEA

ARTS, HUMAM ITIES, ANE SOCIAL SCIENCES

8 https://doi.org/10.17993/3ctic.2023.121


https://www.recursoscientificos.fecyt.es/sites/default/files/2018_08_29_lista_de_revistas_espanolas_indexadas_en_el_emerging_sources_citation_index.pdf
https://scholar.google.com/citations?hl=es&view_op=search_venues&vq=3c+empresa&btnG=
https://redib.org/Record/oai_revista1135-3c-empresa
https://www.latindex.org/latindex/ficha?folio=21701
http://catalogo.bne.es/uhtbin/cgisirsi/x/0/0/57/5/3?searchdata1=5193229{CKEY}&searchfield1=GENERAL^SUBJECT^GENERAL^^&user_id=WEBSERVER
https://boga.agaur.gencat.cat/agaur_boga/AppJava/FlowControl?cmd=EditarRevistesRevCmd&idExpedientes=8238&view=VLlistaRevistesRev&Mid=8238
https://clasificacioncirc.es/ficha_revista?id=51196
http://miar.ub.edu/issn/2254-3376
https://www.ebscohost.com/titleLists/fap-coverage.htm
http://oaji.net/journal-detail.html?number=4193
http://www.journal-scholar-metrics.infoec3.es/layout.php?id=journal&j_name=3c+Empresa%3A+investigación+y+pensamiento+cr%C3%Adtico
https://www.accesoabierto.net/dulcinea/ficha2649
https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

INDEXATIONS

. InDICEs
D Dialnet ~CSIC  =Zegi8

DIRECTORY OF - .
D OAJ JGUPSgNﬁACIPSESS ~research from your deskiop s.'.p)\ Wor | d Cat

Genamics JournalSeek

@ SHERPA/ReMEO ; Crossref ERIHANIE

HUMANITIES AND SOCIAL SCIENCES

‘%(F” [E1)E0RALs

https://doi.org/10.17993/3ctic.2023.121


https://dialnet.unirioja.es/servlet/revista?codigo=22285
https://csic-primo.hosted.exlibrisgroup.com/primo-explore/fulldisplay?docid=34CSIC_ALMA_DS51153911350004201&vid=34CSIC_VU1&search_scope=ALL_RESOURCES_scope&tab=default_tab&lang=es_ES&context=L
https://indices.app.csic.es/bddoc-internet/pages/mtorevistas/ConsultaDetalleRev.html?idRevista=2913
https://doaj.org/toc/2254-3376?source=%7B%22query%22%3A%7B%22filtered%22%3A%7B%22filter%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222254-3376%22%5D%7D%7D%2C%7B%22term%22%3A%7B%22_type%22%3A%22article%22%7D%7D%5D%7D%7D%2C%22query%22%3A%7B%22match_all%22%3A%7B%7D%7D%7D%7D%2C%22size%22%3A100%2C%22_source%22%3A%7B%7D%7D
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=2254-3376
http://www.worldcat.org/oclc/981050090
http://sherpa.ac.uk/romeo/search.php
https://search.crossref.org/?q=3c+empresa
https://dbh.nsd.uib.no/publiseringskanaler/erihplus/periodical/info.action?id=489558
https://europub.co.uk/journals/27065
https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

/SUMMARY/

https://doi.org/10.17993/3ctic.2023.121



https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

Dielectric Properties of (GO-MgO-PoPDA- PVA) nanocomposite films 15
A. J., Tabark and F. D., Amir

The Effect of Soil Characteristics On NFGM and FFGM Ground Motion Response Spectra 29
H. R., Ghada and K. R., Hussam

Performance of column-to-column mechanical connection in precast concrete building under seismic loading 46
A., Ahmed D. and A. R., Ammar A.

Study of finfet transistor: critical and literature review in finfet transistor in the active filter 65
A.M., Arsen, K.M., Zaidoon and D. Hiiseyin

Synthesis, identification of some new tetrazoline, thiazolidin-4-one and imidazolidin-4-one derwatives and 83
evaluation anticancer of their molecular docking and anti-oxidant experimental
Mohammed B. wathiq AL-tamimi and Suaad M. H. Al-Majidi.

Effect of method nano application with NPK fertilizer on the vegetative growth of two grape cultivars (Vitis 118
Vinifera L.)
Mohammed B. wathiq AL-tamimi and Suaad M. H. Al-Majidi.

Analysis of the impact of lake environmental water pollution on the health of outdoor swimmers based on 132
STIRPAT environmental impact assessment model

G., Xiaogang, W.,, Xinyu and Z. Xuxiang

Calculation and analysis of the impact of mucrosoft security- assisted physical education model on college 152
basketball teaching in the Internet information era

S
7., Chenjing

Application of AR virtual implantation technology based on deep learning and emotional technology in the 176
creation of interactive picture books
L., Sidan, P, Peng and C., Lei.

Innovation of college pop music teaching in traditional music culture based on robot cognitive-emotional 200
interaction model
7., Hua.

Exploring the direction of the English translation of environmental protection articles based on robot cognitive- 222
emotional interaction model
S., Shuai.

A strategy for building a smart sports platform based on machine learning models 248
G., Mingchan

Reconstruction of physical dance teaching content and movement recognition based on a machine learning model 267
L., Lei and Y., Tingting

Fabric yarn detection based on improved fast R-CGNN model 287
X., Haiyan

https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

The Optimization Path of Higher Education Resource Allocation in China Based on Fuzzy Set Theory 308
Z., Yuql

Quantization and application of low-rank tensor decomposition based on the deep learning model 330
Z., Jia

The role of social networking sites in promoting the culture of Iraqi rural women and empowering them 352

EZ., Haider, K.Y., Noor and [.A., Saad

Particulate Matter Levels Classification Using Modified and Combined ResNet Models with Low Features 378
Extraction
A.M., Rayan and A.S., Mohammed.

12 https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023

tic

Cuadernos de desarrollo aplicados a las TIC

13 https://doi.org/10.17993/3ctic.2023.121


https://doi.org/10.17993/3ctic.2023.121

3C TIC. Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N1 January - March 2023




Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

DIELECTRIC PROPERTIES OF (GO-MGO-
POPDA- PVA) NANOCOMPOSITE FILMS

15

Tabark Ahmed Jassim*

Department of chemistry,College of Science,University of Diyala

scichemsO@gmail.com

Amir Fadhil Dawood

Department of chemistry,College of Science,University of Diyala

Reception: 18/10/2022 Acceptance: 26/12/2022 Publication: 20/01/2023

Suggested citation:

A. J., Tabark and F. D., Amir. (2023). Dielectric Properties of (GO-MgO-
PoPDA- PVA) nanocomposite films. 3C TIC. Cuadernos de desarrollo
aplicados a las TIC, 12(1), 15-27. https://doi.org/1017993/3ctic.2023.121.15-27

https://doi.org/10.17993/3ctic.2023.121.15-27



16

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

ABSTRACT

In this work, a pure (PVA) polymer film reinforced with magnesium oxide, graphene
oxide poly (o-phenylene diamine) (GO-MgO-PoPDA) was created utilizing the solution
casting process in various weight ratios (0, 2, 4, 6, 8, 10 wt%). It was investigated how
varied weight ratios of the nanoparticles magnesium oxide (MgO) and graphene oxide
(GO) affected the Dielectric Properties of nano composite filims. FTIR, SEM,X-RAY
were used to characterized the nanocomposite. The results of the dielectric properties
showed that the values of the alternating electrical conductivity of the prepared films
increase when adding (GO-MgO-PoPDA) nanoparticles and with the increase of the
frequency of the applied electric field and the increase of the particle content, while
the values of the dielectric constant increase with the increase of each of the content
of (GO-MgO- PoPDA) nanoparticles, but it decreases with increasing frequency.
Whereas, the dielectric loss coefficient of the prepared films decreases when
nanoparticles are added and with increasing frequency.

KEYWORDS

Dielectric Properties, Nanopatrticles, Triple hybrid, Nanocomposite, Dielectric
Constant, dielectric loss, Electrical Conductivity.
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1. INTRODUCTION

The research on polymer dielectrics (PD) For the past two decades, research has
focused mostly on materials with high energy-storage density for dielectric
applications due to their affordability, biocompatibility, flexibility, straightforward design,
and ease of processing[1-6].This method of expansion employed insulating
ferroelectric polymers, such as polyvinylidene fluoride and polyvinylidene fluoride
tetrafluoroethylene. Polymer nanocomposites have recently attracted interest as
energy storage materials [1-19], uses for electromagnetic interference shielding [20,
21] different kinds of nanofillers, such as CNT, CB, graphite, etc., are incorporated into
the ferroelectric polymer matrices during the construction of these PNC [1-26]. These
PNC fillers use a variety of fillers with various conductivities, sizes, forms, and co-
functionalization [1-26]. These PD are made using either the classic mixed technique,
which involves solution casting followed by heat molding, While most recently, our
team created the cold pressing method, which safeguards the ferroelectric polymers'
spherulites [9-12]. Since they have more interfaces in the PNC, the spherulites also
store electrical charge, this causes increased interfacial polarization and raises the
effective dielectric constant value. For enforcement in a more general scenario and
the associated commercialization, we were competent to demonstrate the value of
ferroelectric polymer matrices, the influence of filler surface area, the high value of
(eff) of 2400 in these PNC based on nanocrystalline nickel (n-Ni) filler, and the value
of cold pressing in the development of PD. [9-12]. Polymer/metal composites,
polymer/conductor composites, and polymer/ceramic composites are three examples
of PNCs, are being developed as part of the development of these PD [7-26].
Interesting percolation behavior is displayed in one class [27].

2. EXPERIMENTAL PART

2.1. SYNTHESIS OF BINARY NANOCOMPOSITE

The (GO) prepared by the modified Hummer method [28].The(MgO) prepared
through (sol-jel) method. The binary nanocomposite (GO-MgO) was synthesized by
dispersing (0.5 g) of (GO) in 100ml of non-ionic water using an ultrasonic water bath
at 25°C for 1 hour to form a GO solution.(0.5g) of MgO added to the GO solution.
Moving for two hours at 25°C and then dispersing for another one hour, the precipitate
was separated by centrifugation and dried at 80°C for two hours.[29].

2.2. SYNTHESIS OF THE TERNARY NANOCOMPOSITES

The triplet nanocomplex was prepared by dispersing (0.5g) of the GO-MgO binary
complex in 50ml of non-ionic water by an ultrasonic bath at 25°C for 1 hour and then
mixing with (1.62g) of o-PDA dissolved in 100ml of 0.1M (HCI) acid with constant
stirring for 1 hour in an ice bath. The oxidizing agent solution was synthesized by
dissolving (6g) of(APS) in 100 ml (HCI) at a concentration of 0.1M. It was gently
added dropwise to the main mixture with vigorous moving. Then the new mixture was

- https://doi.org/10.17993/3ctic.2023.121.15-27
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kept in an ice bath under stirring for 4 hours and then removed from the ice bath.
Then, moderate stirring for 20 hours at 25°C then the precipitate filtered washed with
acetone and distilled water several times and dried in the oven at 80°C for 2
hours[29].

2.3. SYNTHESIS OF THE QUATERNARY COMPOSITES

The following six concentrations are used to create pure PVA polymer membranes
that are reinforcement by the triple nanolayer (GO-MgO-POPDA):

GO-MgO-PoPDA PVA The ratio
Zero 1 0 %
0.02 0.98 2%
0.04 0.96 4%
0.06 0.94 6 %
0.08 0.92 8 %
0.10 0.90 10 %

The triple composite was dispersed in 3 ml of non-ionic water and gently added to
PVA solution after the PVA had been thoroughly dissolved in (15 ml) of non-ionic water
with constant stirring at (60 °C). The mixture heated to a temperature of (50°C) while
being agitated for an additional hour and a half to create a homogenous solution.
Transferred to a petridish and dried at (25°C). Finally, the nanocomposites' films were
peeled off in order to examine their physical characteristics.

3. RESULTS AND DISCUSSION

3.1. INFRARED SPECTRUM OF THE TRIPLE COMPOSITES (GO-
MGO-POPDA)

The infrared spectrum of the triple compound is depicted in the figure. It reveals the
presence of several distinct bands for the triple hybrid compound, with the absorption
bands at the region (3440.8 cm ! - 3110 cm-1) belonging to the group (NH-,NH2) and
the appearance of the band (1680.7cm-1) connected to the stretching vibrations of the
(C=0) group (which is connected to graphene oxide). Two bands that are centered at
(1617.7 cm' - 1531 cm-1) are a result of the group's stretching vibrations. (C=C)
Regarding the absorption bands, they are (C-N) in the quinoid and benzoide groups,
together with the bundles (1137.3 cm-1-1393 cm -1) that belong to the alkoxy and
epoxy groups, and the bundle at (436.29 cm-1) that belongs to the magnesium oxide
group MgO.

https://doi.org/10.17993/3ctic.2023.121.15-27
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Figure 1. Infrared spectrum of the triple composite (GO-MgO-PoPDA).

3.2. SCANNING ELECTRON MICROSCOPE (SEM) OF TRIPLE
COMPOSITE (GO-MGO-POPDA)

Scanning electron microscope with three composites (GO-MgO-PoPDA) SEM
images of (GO-MgO-PoPDA) with magnification powers of (1 mu), (500nm), (200nm)
and are shown in Figure (2).The investigation reveals that all of the photos contain
asymmetrical structures, both in terms of shape and size. It should be highlighted that
the polymerization of the monomer oPDA on the surface of the binary compound is
the reason why graphene oxide and magnesium oxide did not appear clearly in this
test (GO-MgO) and that these asymmetrical forms are the result of the monomer's
haphazard diffusion across the oxide surfaces in the first step, which is followed by
polymerization when APS is added to it in the second step.

https://doi.org/10.17993/3ctic.2023.121.15-27
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Figure 2. SEM of Triple Composites (GO-MgO-PoPDA).

3.3. X-RAY DIFFRACTION OF THE TRIPLE COMPOSITES (GO-
MGO-POPDA).

The X-ray of the (GO-MgO-PoPDA) nanocomposite is depicted in Figure (3). The
image below shows that the created triple nanocomposite can differentiate the peaks
of magnesium oxide, and it is noteworthy that the maximum values of diffraction
angles were obtained (26=26.7460, 27.9421,19.7250). The diffraction angles clearly
overlap the PoPDA polymer, and no graphene oxide peaks are seen as a result of the
overlap of the polymer and graphene oxide peaks.
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Figure 3. X-ray diffraction of the Triple Composites (GO-MgO-PoPDA).

4. DIELECTRIC PROPERTIES:

4.1. DIELECTRIC CONSTANT (¢)

The dielectric constant was calculated for the pure (PVA) polymer film and the
(PVA:PoPDA-GO-MgO) nanocomposite films varying the weight ratios (2,4,6,8,
10wt%) at room temperature (25 °C) as shown in figure (4), when it can be seen from
the graph that the dielectric constant drops as the frequency increases and for the
films of all hybrid nanocomposites [30]. Dipolar groups in insulating polymers can
arrange themselves in the direction of the electric field at low frequencies, but it is
difficult for this group (Dipoles) when it is large to arrange itself towards the fast and
time-varying electric field at high frequencies because the time period is short less
than the time it takes for the molecules to be able to arrange themselves in the
direction of the outgoing electric field, the electronic polarization occurs within a very
short but longer period of time than the ionic polarization, while the dipole polarization
takes a relatively long time compared to all polarizations, therefore the dielectric
constant of non-polar polymers remains almost constant at high frequency and
therefore (¢) values decrease dramatically and sharply with increasing frequency in
low frequency regions [31], this may be the reason for the decrease in (€) values with
increasing frequency. Another reason for this decrease may be attributed to the
decrease in the polarization of the space charges to the total polarization [32]. We
also note from figure (4) that the dielectric constant (¢) of the hybrid composite
(PVA:PoDA-GO-MgO) at the same frequency range rises with increasing weight ratios
of the nano-oxides (Magnesium Oxide and Graphene Oxide) added. The insulation
was recorded at the weight ratio (2 wt%) and its lowest value at the weight ratio (8
wt%), and all of these dielectric constant values are higher than the value of () for pure
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(PVA), and generally speaking, this rise in the dielectric constant value An increase in
polarity and an increase in charge carriers are thought to be the causes of electricity
[32].

Table 1. Dielectric constant of hybrid nanocomposite with different weight ratios of (GO,

MgO).
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Figure 4. Dielectric constant as a function of hybrid nanocomposite films with different weight
ratios of (GO, MgO).

4.2. DIELECTRIC LOSS FACTOR ("g)

The energy dissipation in insulating materials is directly proportional to the dielectric
loss factor, hence, understanding the importance of this component offers huge
advantages in the use of composite materials. So that the behavior of polar polymers
in an alternating electric field depends on the position of the dipoles, whether they are
within the polymeric chain or in its side groups. The insulating loss factor was
calculated for the prepared samples pure PVA polymer film and hybrid
nanocomposites films (PVA:PoPDA-GO-MgO) varying the weight ratios (2, 4, 6, 8, 10
wt%)) at room temperature ( 25 °C) and within the frequency range (1MHz-5MHz),
from figure (5), It is evident that for all prepared samples, the dielectric loss factor
decreases with increasing frequency. Additionally, we observe that as applied
frequency rises, the dielectric loss first starts to decline at low frequencies, due to the
decrease in the polarization of the vacuum charges (Space Charge Polarization) [32].
There is another reason for this decrease in (¢") values with increasing frequency,
which is because of the decrease of dipoles in nanocomposites [33]. The dielectric
loss factor is characterized by a high level of polarization of space charges for the
nanoparticles of oxides (Magnesium Oxide and Graphene Oxide), which leads to a
decrease in the values of (¢") with increasing frequency [34]. There is another reason
for (¢") to change with frequency because the dipoles absorb energy from the electric
field in the system in order to overcome the resistance of the viscous materials that
surround them during rotation, and this absorbed energy reduces the charge carriers
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moving between the limits in the widening with the increase in the frequency of the
applied field Thus, these dipoles require high energy that is higher than the system to
obtain relaxation and thus decreases (¢") with increasing frequency [31]. Figure (5)
note that the value of the dielectric loss factor (¢") at the same frequency range
increases when the weight ratios of nano-oxides (GO, MgO) increase, and that the
highest value of (¢") for the weight ratio (6 wt%) and the lowest value of the weight
ratio (2 wt%) and the cause for this is due to the increase in the number of electrons in
the nano-oxides used, and thus the dipole charge increases, which leads to an
increase in electrical conductivity, thus increasing the value of (¢") [32]. Table (2)
shows the dielectric loss factor values for hybrid compounds with different weight
ratios.

Table 2. Dielectric loss factor of hybrid with different weight ratios of (GO, MgO).

Frequency Dissipation Factor (g")

(MHz) PVA 2wt% Awt% 6wt% 8wt% 10wt%
1 0.31 0.36 0.52 0.55 0.42 0.39
2 0.28 0.33 0.44 0.48 0.39 0.36
3 0.26 0.29 0.41 0.45 0.35 0.33
4 0.24 0.27 0.36 0.41 0.32 0.3
5 0.21 0.25 0.33 0.35 0.31 0.29

—a—PVA
0.55 4 ——2 wt%
(—ah— 4 wt%
0.50 —¥—6wt%
- (~—8— 8 wt%
% 10 wt%
= 0.45 4
S
|3}
= 0.40
=
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Figure 5. Dielectric loss factor as a function of frequency of hybrid nanocomposite films with
different weight ratios of (GO, MgO).

4.3. ELECTRICAL CONDUCTIVITY (oa.c)

Electrical conductivity is defined as the process of moving electric charge from one
place to another through a medium when an electric field is applied. Alternating
electrical conductivity (oa.c) was calculated for the membrane of pure PVA polymer
and hybrid nanocomposites films (PVA: POPDA-GO-MgO) at room temperature (25
°C) and varying the weight ratios (2,4,6,8,10wt %) and in the frequency range (1MHz -
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5MHz). As shown in figure (6), where we notice from the figure that the AC electrical
conductivity (oa.c) increases with the rise in frequency and for all the prepared
compounds, this increase in (oca.c) is attributed to the increase in the applied
frequency to the polarization and the charge carriers (Carriers Charge) that It is
transmitted by hopping process between electronic levels, and these hoppings of
charge carriers across the voltage barrier and quantum tunneling increase the value
of AC electrical conductivity [32]. From the figure, we also notice the absence of
relaxation peaks, which indicates that the increase in (oa.c) is due to the rise in the
density of ions (lonic density) rather than the structural relaxation process in order to
rearrange the dipoles in the system or molecular relaxation for polymer chains [35].

Alternating electrical conductivity (a.c.) in insulating materials is determined by power

lost as a result of applying an alternating electric field, which appears as heat and
rotates dipoles in their positions or causes charges to vibrate by changing the
direction of the alternating electric field. For this reason, the amount of power lost
determines the frequency of the applied field [36]. By increasing the weight ratios of
the reinforcement with nano-oxides (MgO, GO), it is noted that the alternating
electrical conductivity is high compared to the alternating electrical conductivity of the
pure PVA membrane, which is few, as well as the formation of a continuous network in
the form of agglomerates when the weight ratio of nano-oxides is increased, which it
leads to the formation of a continuous path inside the hybrid nanocomposite films
material as the weight ratio increases, Because of the formation of a continuous
conductive path, this leads to an increase in the AC electrical conductivity, and its
value is determined by the effect of polarization and electron movement in the
substrate [32]. Table (3) shows the AC electrical conductivity values for all the
prepared hybrid nanocomposites films.

Table 3. Electrical Conductivity values of the hybrid nanocomposites films with different
weight ratios of (GO, MgO).

Frequency (A.C) Electrical Conductivity (oa.c( (S/m)
(MHz) PVA 2 wt% 4 wt% 6 wt% 8 wt% 10 wt%
1 7.65x10°6 1.06x107° 1.7x10°  2.27x10°  2.97x10®°  3.59x10™°
2 3.21x10™° 3.67x10™°  4.18x10°  5.03x10°  5.43x10°  5.98x10™
3 5.29x10°5 5.95x10°  7.02x10°  8.05x10™°  8.55x10°  9.36x10°
4 7.38x10°0 7.98x10°  9.79x10°  1.08x104  1.18x104  1.27x10*%
5 9.5x10°® 1.08x104  1.27x10%4  1.38x104  1.58x10%  1.65x10%
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Figure 6. Electrical Conductivity as a function of frequency of hybrid nanocomposite films with

different weight ratios of (GO, MgO).
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ABSTRACT

This study aims to achieve the following goals: 1- To distinguish between the inelastic
responses of buildings under earthquakes with NFGM and FFGM. 2- To inspect the
effect of soil shear velocity on the response spectra. Several earthquake events, with
different characteristics, are brought from the PEER website for “Pacific Earthquake
Engineering Research” and analyzed using PRISM software to achieve these goals.

The research found that the acceleration, velocity, and displacement response of the
selected near-fault ground motions on the structure has a higher effect than the far-
field ground motion response in both types of soils and this difference is displayed
more noticeably in long periods (periods after 0.2 sec). And when comparing
responses of the two types of soils (the soft soil type and the rock type) it shows that
the geological and geotechnical aspects of the soil deposits majorly affect the
response spectra of the free field surface motions

KEYWORDS

Earthquake, near-fault ground motion, far-field ground motion, shear velocity,
response spectra, PEER, PRISM.
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INTRODUCTION

The concentration in this paper is on the seismic ground motion of a general single-
degree-of-freedom structural system by comparing the change in the produced
responses when varying several parameters like distance to the rupture plane,
average soil shear velocity, earthquake components, etc.

From the “Pacific Earthquake Engineering Research Center” (PEER) Various
numbers of earthquake events were taken to study, evaluate, process and compare
with each other. These ground motions were divided into four groups. Each group is
different from the other group in a certain aspect. the dynamic response spectrum is
then calculated using PRISM software for all the ground motions in these groups and
then a graph is drawn to better illustrates the results. Finally, the results will be
discussed to get a broad understanding of the behavior of the structure under seismic
ground motion.

An earthquake is an inevitable natural phenomenon that poses a great danger with
the uncertainty of what time it is going to strike. Though, with preparation measures in
place, the effects of disaster-destruction can be retained to a minimum and the effects
of damage can be restricted, whereby emergency response and rescue labors can be
made more effective during the outcome with a mixture of aid facilities, public spaces
and shelters [1].

Tectonics-induced earthquakes are common and critical earthquakes. They will
happen anyplace within the earth where adequate stored elastic strain energy is
present to enterprise breakage propagation lengthwise a fault plane, and typically
initiate by an initial rupture at a point on the fault plane [2].

Near-fault ground motions can be well-defined as the ground motions that occur
near the fault of the earthquake. Near fault motions that get noted close to the
epicenter are called near-epicenter records, whereas the ones that get recorded along
the fault of the earthquake in the rupture direction can be arbitrated to being forward
directivity [3].

Far-field ground motion is known as the ground motion that occurs far away from
the fault of the earthquake. The distance by which the earthquake can be defined as
NFGM or FFGM can vary from research to research but mostly we can take 20 m as
an acceptable number to divide between the two. Even though in this paper the
search is tightened to get a better result and to show the difference between the two
types of GM better.

Zhang and lwan (2002) discussed that the near-fault ground motions produce twice
as high a dynamic response as the far field ground motion, and they also found that
the damage resulting from NFGM earthquakes is done due to a small number of large
inelastic deformation cycles, but the damage resulting from by FFGM earthquakes is
due to many high-frequency cycles [4].

Anil K. Chopra and Chatpan Chintanapakdee studied the difference between the
NFGM and FFGM. They studied two groups of ground motions, one with the
characteristics of NFGM and the other with FFGM. They choose 15 NFGM and 15
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FFGM and studied them concerning the linear response spectrum of pseudo-
acceleration, pseudo-velocity, and displacement. And figured out that sensitivity
regions in the cases of NFGM are much wider [5].

The research done by Hall et al. (1995) discussed that structures with a significant
height are very weak against severe NFGM. The increase of the effect of high mode
shapes and the wave propagation with its outcome on the deformation of the structure
is reported, due to the exposure of the tall building to the 1994 Northridge earthquake
[6].

Ali A. Muhsin and Hussam K. Risan also did a paper on the elastic response of a
35 stories reinforced concrete building under NF and FF excitation. And the results
show that the NF excitations will cause the structure to surpass its life safety
performance level. Also, the near-fault (NF) earthquake intensity measurements were
explored in this paper for three different frame buildings with 6, 13, and 20 stories. And
found that the building’s vibration period and the equation that was used to calculate
the IM highly affect the accuracy of the IM [7].

In this paper, a great number of earthquake events were taken randomly as a
sample to evaluate this paper’s goals. Four earthquake groups were made, each with
specific characteristics. And analyzing these GM using PRISM to result in the
responses that will be reviewed and discussed in this research.

METHOD OF RESPONSE SPECTRUM

The RSM expression is used to refer to the “Response spectrum method” and is
known as the first logical act of scientific development of the design for earthquake-
resistant. It can also be defined as an outline of absolute values of the structure’s
maximum response (that consist of displacement, accelerations, velocities, etc.) which
is known as a function of the natural time period of the structure.

This method is the first actual technique for developing earthquake resistance
design. For a structure to withstand an earthquake, it is required to be built around the

notion that it is adept to endure a force equal torxsaad. where m is the mass of the

structure and Samax is the maximum expected acceleration that a structural body will
be subjected to under a specific ground acceleration, and it is also the function of the
individual time period of the structural body [8].

If a building system is considered an elastic system with MDOF (multiple degrees of
freedom), then we can separate it into singular components of an SDOF (single
degree of freedom). for each of these singular components, it is probable to find the
peak response if we can measure the ground acceleration resulting from a shock-like
earthquake, then The overall response can then be calculated by the superimposition

of these singular responses. Using this method [8].

Fig.1 shows the acceleration time history of an NFGM for the " EI Mayor-Cucapah"
earthquake recorded in Mexico in 2010. This record is taken from PEER, having
magnitude (Mw = 7.2 ), epicentral distance (Rrup = 11.44 Km ), and PGA of 0.255¢g
acceleration time history (near-fault). This acceleration time history is converted to an
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elastic spectrum response using PRISM software to get the spectral (acceleration,
velocity, and displacement) as in Fig.2. Three Damping ratios (£) values of 3%, 5%,
and 10% to be used in the spectrum analysis and different values are taken because
damping depends on the material used to build the structure as well as the number of
joints and restraints. As for a typical value, 5% is correct for most concrete structures.

03
0.25
0.2
0.15
0.1
0.05
0
-0.05 ©
-0.1
-0.15
-0.2
-0.25

70 80 90 100

Acceleration (g)

Time (sec)

Figure 1. Acceleration time history of El Mayor-Cucapah (2010) earthquake
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Figure 2. Acceleration, velocity, and displacement response spectrum of El Mayor-Cucapah
(2010) earthquake

CHOSEN GROUND MOTION RECORDS OF SPECIFIC
EARTHQUAKES

The data selected in this research are all shallow earthquakes in active tectonic
areas (Shallow earthquakes are between 0 and 70 km deep) with a moment
magnitude (Mw) in the range of (4-9) and all types of fault mechanisms were
considered. Two soil types were chosen for this chapter with Vs30 (soil shear velocity)
values of (100-300) m/s for the first type (soft soil) and (600-800) m/s for the second
type (soft rocks). Those ranges were taken because most of the shear velocity values
for the Iraqi soils stand in those ranges. And for every type of soil NFGM and FFGM
records are considered. For the NFGM distance of < 15 km and the events had to
have a noticeable peak-like record to be considered whereas for the FFGM distance
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of >50 km with no apparent peak was taken and this is to have a better comparison
between the two ground motions.

By applying the conditions mentioned previously on the PEER search page four
different groups of earthquake records are found, and the criteria for those groups as
well as the number of events taken are listed in Table 1. To avoid the control of
earthquakes with a large number of station records and satisfy the independent
conditions, only one station was chosen for each earthquake event.

These earthquake event characteristics for groups 1 to 4 are listed in Tables 2 to 5
respectively. Groups 1 and 2 are built for Vs30 ranging from 100-300 m/s for both
NFGM and FFGM. While groups 3 and 4 are built for Vs30 ranging from 600-800 m/s
for both NFGM and FFGM. The fault type in all four groups was irrelevant to this
research and that’'s why it was not specified.

Table 1. Ground motion groups’ criteria

No. of
Group Magnitude Vs30 GM .0
records
1 NFGM 15
2 » 100800 FFGM 11
3 - NFGM 20
4 SLEEY FFGM 10

https://doi.org/10.17993/3ctic.2023.121.29-44
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Table 2. the first group’s earthquakes events

NO. Earthquake event Year Station Magnitude Rrup Vs30
1 "Central Calif-02" 1960  "Hollister City Hall" 5.00 09.02 19877
,  Managua_ 1972 "Managua_ESSO" 5.20 0498 288.77

Nicaragua-02
3 "Hollister-03" 1974  "Hollister City Hall" 5.14 09.39  198.77
4 "Mammoth Lakes-09" 1980 "Hot Creek (HCF)" 4.85 12.01  295.93
5  "Westmorland” 1981 Svt\;‘?,Stmor'a”d Fire 5.90 06.50 193.67
6  "Coalinga-02" 1983  "SUB (temp)" 5.00 1231 270.41
7 “Imperial Valley-06" 1979 FEFC County Center s 0731 19205
8  "Loma Prieta" 1989  "Gilroy Array #2" 6.93 11.07  270.84
9  "Chi-Chi_Taiwan" 1999  "CHY101" 7.62 09.94 258.89
10 "Duzce_Turkey" 1999  "Bolu" 7.14 12.04 293.57
1 "Tottori_ Japan" 2000 "TTRO08" 6.61 06.88  139.21
12 "Parkfield-02_ CA" 2004 . arkfield - Stone 6.00 0379  260.63
Corral 1E
13 Chrlstcr:urch_ New 2011 Chrlstchurclfh 6.20 0513 141.00
Zealand Resthaven
14 £l Mayor-Cucapah_ ., "El CentroAray 7.20 126 196.88
Mexico #12
15 Darfield_New 2010 "TPLC" 7.00 06.11  249.28
Zealand

6 https://doi.org/10.17993/3ctic.2023.121.29-44
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Table 3. the second group’s earthquakes events

"Yorba Linda" 2002 "Calstate Bakersfield" 4.265 199.89  275.00
2 "Parkfield-02_CA" 2004 ;'Y"'pitas Fire Station 6.000 19559 263.76
3 "El Alamo" 1956  "El Centro Array #9" 6.800 121.70 213.44
4 "Borrego Mtn" 1968 "LB - Terminal Island" 6.630 199.84 217.92
5 "Tabas__ Iran" 1978 "Kashmar" 7.350 194.55  280.26
6  "San Femando’ 1971 EZ'f,erSfie'd - Harvey 6610  113.02  241.41
7 "Landers" 1992 :;,‘,aheim -Weal 7280 14490  269.29
8 "Duzce_ Turkey" 1999  "Bursa Tofas" 7.140 166.07 289.69
9 "Hector Mine" 1999 "Newhall - Fire Sta" 7.130 198.13  269.14
10 ;.2;;??0_3.. 1999 "KAUO066" 6.200 123.57 214.97
11 T(a::/:/acnrj:)_df 1999 "KAUO15" 6.200 109.50 233.21

- https://doi.org/10.17993/3ctic.2023.121.29-44
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Table 4. the third group’s earthquake events

Earthquake
"Morgan Hill"
"L'Aquila_ Italy"
"10319993"

"21522424"

"Umbria Marche
Italy"

"Fruili_ Italy-03"

"Chi-Chi_
Taiwan-02"

"Gilroy"
"San Juan Bautista"

"14239764"

"30226086"

"14282008"

"21455182"

"Sierra Madre"

"Oroville-01"

"Coyote Lake"

"Anza (Horse
Canyon)-01"
"Mammoth
Lakes-09"

"Coalinga-07"

"Hollister-04"

Year

1984

2009

2008

2006

1997

1976

1999

2002

1998

2006

2003

2007

2005

1991

1975

1979

1980

1980

1983

1986

Station
"Gilroy Array #6"
"L'Aquila - Parking"
"Hector"

"Anderson Dam"

"Nocera Umbra-
Salmata"

"Tarcento"
"TCU089"

"Gilroy Array #6"

"Hollister - SAGO
Vault"

"Joshua Ridge:
China Lake"
"Geyserville; Warm
Springs Dam;
Downstream"
"Joshua Ridge:
China Lake"

"Atlas Peak"

"Mt Wilson - CIT
Seis Sta"
"Oroville
Seismograph
Station"

"Gilroy Array #6"

"Anza - Terwilliger

Valley"

"USC McGee
Creek"
"Sulphur Baths

(temp)"
"SAGO South -

Surface"

https://doi.org/10.17993/3ctic.2023.121.29-44

Magnitude
6.19
6.30
4.14
4.30
5.50
5.50
5.90
4.90
517

4.02

4.00

4.1
4.14

5.61

5.89

5.74
5.19
4.85
5.21

5.45

Rrup
09.87
05.38
06.41
13.62
12.45
06.30
12.02
14.39
07.04

13.75

08.38

06.72

12.85

10.36

07.99

03.11
12.28
09.18
12.11

12.32

Vs30

663.31

717.00

726.00

600.00

694.00

629.08

671.52

663.31

621.20

623.00

760.00

623.00

652.29

680.37

680.37

663.31

617.78

653.56

617.43

608.67
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Table 5. the fourth group’s earthquake events.

No. Earthquake Year Station Magnitude Rrup Vs30
g ChiChi 1999  "TAP081" 6.20 15566  671.52
Taiwan-05
2 "SanSimeon_ CA" 2003 gf;iz;r Park - Post 6.52 186.24  643.91
"El Mayor- "Silent Valley -
| st ote® | 200 | S e 7.20 16765  659.09
4  "Niigata_ Japan" 2004 "SITO12" 6.63 156.93  710.53
5 | DElEE N 2010 "ODZ" 7.00 18055  638.39
Zealand
g ohrstchurch_New ) . .opcs 6.20 17219  628.04
Zealand
7 "Parkfield-02_ CA" 2004 Hsiﬁff”t Joseph's 6.00 18151  690.97
g chi-Chi_ 1999  "TTNO25" 5.90 106.03  704.96
Taiwan-02
9 "Molise-01_Italy" 2002  "Norcia" 5.70 183.86 678
10 "L'Aquila_ ltaly" 2009 "Cassino" 5.40 116.68 630

ELASTIC RESPONSE OF NFGM AND FFGM

Elastic Seismic responses for the NFGM and FFGM are computed by scaling the
chosen records in the four groups mentioned in the tables previously to a similar PGA
(peak ground acceleration) which is chosen to be 0.3g then after processing all the
data, the response spectra are then determined using Prism software as mentioned
before. An average value of the SDOF response results of the spectral acceleration,
spectral velocity, and spectral displacement ground motions for the earthquake events
is done. Finally, the responses spectra are graphed using excel to better illustrate the
results and to show the difference between NFGM and FFGM in acceleration, velocity,
and displacement in elastic conditions.

Fig. 3 shows the differences in the Far-field ground motion and the near-fault
ground motion for the soft soils (groups one and two). While Fig. 4 shows the
difference in the Far-field ground motion and the near-fault ground motion for the soft
rocks (groups three and four).

As illustrated above in Fig. 3 we can see that the general response of the near-
fault ground motion in all three figures is much higher than the responses of far-field
ground motion. Both the start of NFGM and FFGM are approximately equal in the
short period where T is less than 0.3 sec. then, they start to depart from each other as
the NFGM response starts to escalate until the end of the 4 sec period. It's obvious
that the NFGM has the higher response on the structure with max NFGM
acceleration, velocity, and displacement values being 18%, 182%, and 265% higher
than the responses of FFGM for soft soils. As for the values of acceleration, velocity,
and displacement of NFGM are 7%, 200%, and 501% higher than for FFGM for rocks
as in fig. 4.

29| https://doi.org/10.17993/3ctic.2023.121.29-44
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Figure 3. Comparison between NFGM and FFGM elastic response spectrum for the soft soils
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Figure 4. Comparison between NFGM and FFGM elastic response spectrum for the rock soil
a) Acceleration response, b) Velocity response, and c) Displacement response

THE EFFECT OF SOIL TYPE ON SDOF ELASTIC SEISMIC
RESPONSE

For the last two decades, the studies of numerous travelling wave solutions to the
nonlinear development equations have appealed the attentions of many scientist from
all over the world. Nonlinear evolution equations (NLEEs) are used in explaining
several complex phenomena that ascend on daily basis in the various fields of
nonlinear sciences, such as, quantum mechanics, plasmas physics, earthquake
waves and so on [9].

https://doi.org/10.17993/3ctic.2023.121.29-44
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Seismic waves can cause shaking which can result in damage or failure of the
structures. There are many characteristics of free field motion that can be
considerably modified by the Local soil deposits such as the amplitude, duration, and
frequency content. The nonlinear response of the site is displayed during the
transmittal of high-intensity ground motion waves through the horizontal soil layers
[10].

The records of acceleration in the near-field region are attained during earthquakes
at somewhat short distances from the desired site and records in the far-field regions
occurring far from the site demonstrated the huge influence of geotechnical site
conditions such as properties of soil layers and soil stratification on strong motion
characteristics at the ground surface.

In the near-field zones, the soil characteristics are very dominant and affect the
directional properties of the earthquake GM. So the forward-directivity ground motions
will enforce high deformation and high energy demands on structures.

As we can see in Fig.5, we can notice that the soft soil responses are much higher
than the responses of the rock because the ground motion gets amplified much more
in the regions where the soils are soft thus resulting in a higher structural response.

https://doi.org/10.17993/3ctic.2023.121.29-44
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Figure 5. comparison between soft soils and rocks elastic response spectrum for NFGM in a)
Acceleration response, b) Velocity response, and c) Displacement response.

CONCLUSIONS

from all the previous sections of the paper the following points are concluded:

1) The overall response of the near-fault ground motion in all three parameters
(acceleration, velocity, displacement) is much higher than the responses of far-field
ground motion in all conditions.

2) The start of NFGM and FFGM response graphs are roughly equal in the short
period where T is less than 0.3 sec. after that, they begin to depart from each other
as the NFGM response jumps to escalate until the end of the 4 sec period.

3) For both soft soils and rocks the NFGM responses are higher than the FFGM
responses and the percentages of these differences are 18%, 182%, and 265%
(acceleration, velocity, and displacement) higher for soft soils. As for the values of

43| https://doi.org/10.17993/3ctic.2023.121.29-44
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acceleration, velocity, and displacement of NFGM are 7%, 200%, and 501% higher
than for FFGM for rocks.

4) In the near-field regions, the soil characteristics are extremely governing and affect
the directional properties of the earthquake GM.

5) The soft soil responses are more advanced than the responses of the rock
because the ground motion becomes amplified further in the regions where the
soils are soft thus causing a higher structural response.
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ABSTRACT

Precast columns in precast concrete structures with floor heights require connections
that need confident, reliable, and cost-effective design and implementation methods
that can speed up both processes. At the same time, still ensure adequate strength,
stiffness, and ductility to the column behavior. Columns specifically have the main role
in structures for transmitting vertical and horizontal loads due to seismic effects to the
base to fulfill life safety requirements, but the existence of a connection in the column
cannot ensure the required. This work aims to study the performance and efficiency of
mechanical bolted column connections under the action of seismic loading. In this
regard, a column connection used in the precast structure of the new Karbala
Provincial Council (KPC) under seismic loading is used as the case study. This
building was analyzed and then designed employing special mechanical bolted
connections produced by Peikko’s products (Column-shoe & Anchor bolts). The
analysis gave the exact forces at the connection location and the design using
Peikko’s column connection performed well under all loading cases including the
seismic case. The analysis and design lead to smaller column section selection since
it takes into account the interaction of applied loads using special equations.

KEYWORDS

Column Shoe, Column to column connection, Seismic design, bolted connection,
Anchor bolts
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1. INTRODUCTION

In seismic-resistance structures with precast concrete (PC) members, the major
challenge is to find, reliable economical, applicable, and structurally accepted
methods to connect the precast elements in a way so that when subjected to cyclic
seismic loads, these connections can provide not only sufficient strength and stiffness
but also allow sufficient inelastic deformation capacity and stable hysteresis response
of the structure [1]. In framed PC structures columns particularly play a fundamental
role in transferring vertical and horizontal loads, to meet the requirement of life safety
under seismic loads. Attention should be paid to the connections between precast
columns to ensure the integrity of the building, load transfer, and the behavior under
different load combinations [2]. The ultimate strength at the joint of precast concrete

structures depends on the behavior of the material of joints between segments [3].
The connections between prefabricated elements are typically considered to be the
weakest and most critical parts Additionally, in seismic areas, the connections should
ensure that the behavior of precast connections is equal to or even better than that of
cast-in-place parts [4]. Peikko bolted column connections are considered an excellent
solution for such purposes [5]. But was not verified clearly for earthquakes. A Study on
an actual building (Karbala Provincial Council) made of precast concrete elements
(columns, beams, and hollow core slabs) that are connected by mechanical joints
(Column-shoe & Anchor bolts) will be conducted to check the adequacy and
performance of these connections in sustaining the imposed loads on the building due
to the seismic occurrence. Due to the different types of connections used in the
building, a focus will be made here in this work on the column-to-column connections
because very limited research work was published on the such connection under
seismic effects. There are limited references that deal with the characterization of
column-column connections of PC structures [6]. Also, there was limited access to
studies that examined column shoe connections due to the privacy of the product's
ownership. However, from the experimental data provided and the conclusions
gained, it is obvious that this connection system can be used in connecting the parts
of the column [7] but needs to check their performance under seismic action. Peikko
initiated an extensive experimental research program in 2008 in collaboration with the
Politecnico di Milano (Technical University of Milan) to study the performance of
Peikko's bolted column-to-foundation connections made with the HPKM column and
HPM anchor bolts. The aim was to produce and develop a prefabricated connection
that replaces the monolithic connections with the same performance in terms of
ductility, energy dissipation capacity, and stiffness [8]. The cyclic loading performance
of the Peikko bolted connection for seismic conditions needs to be verified by
extensive experimental investigations on full-scale concrete samples of precast and
cast-in-place columns. Meanwhile, numerical verification needs to be concluded to
check the adequacy of these bolted connections. The performance of the entire
connection and its components under monotonic loadings were verified by
experimental testing. The initial test with concrete column connections showed that
rectangular cross-sections with at least four-column shoes behave rigidly or at least
as stiff as in-situ concrete columns with continuous reinforcement under static loading
[10]. The tests confirmed that the bolted connection with grout between the precast
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elements behaves in the same way as the corresponding monolithic reinforced
concrete column [11].

2. DISCERPTION OF THE CONNECTION

A typical mechanical bolted column connection consists of column shoes and
anchor bolts. The column shoe is placed in the formwork in the precast plant during
the production of the column at the bottom end of the upper column and the anchor
bolts are cast in the upper end of the lower column in case of column-column
connection or cast in-site into the foundation in case of column-foundation connection
as shown in Figure (1). The protruding threaded portion of the bolt allows the column
shoe base plate to be tightened with a pair of washers and nuts. The tightening of the
connection under seismic loading is also ensured by high-strength lock washers. The
connection is completed by filling the joint between the columns or the column and the
foundation with high-durability, non-shrinking mortar. Once the mortar has reached its
design strength, the connection behaves as a reinforced concrete connection. The
shear force transmission is done by anchor bolts with lock washers and mechanical
locking between mortar and concrete. The design compressive strength of the grout
should be at least one class higher than the highest concrete grade of the jointed
elements, to avoid the brittle fracture of the concrete at the joint. [8]. Assembling the
column shoes on the column requires steel boxes called Recess boxes containing two
types (C and M) as shown in figure (2), their cost is low and they can be used multiple
times to prevent concrete from filling the shoe hole during casting of the column.

- o=

Figure 1. Typical bolted column connection [12]
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Recess boxes for corner and middle position of HPKM® Column Shoe.

s AE 5
S

u 2 . @
o = - o=
= v = 4
w9 21
£ = g
£2 =<

o o
o c o 3
2 5 ® =
éu )E‘E
a B a =
I o I

Recess
MBOX

Figure 2. (C and M) types of Recess boxes [12]

3. COMPONENTS OF THE BOLTED CONNECTION
(PBC)

3.1. COLUMN SHOES

Column shoes are products used to create moment-bearing connections between
precast concrete elements, such as columns, foundations, and walls. The bolted
column shoe connection is at least as stiff as a cast-in-place column connection with
continuous reinforcement. The loads on the connection are first distributed to the
individual column bases. The shear strength of a column shoe is equal to the shear
strength of the corresponding anchor bolts [12]. The strength of the column shoe
corresponds to the strength of the corresponding anchor bolts. Four or more column
shoes can be used in one column cross-section [7]. figure (3) shows Peikko’s column
shoes that are used here.

(b)

Figure 3. Peikko bolted connection (PBC) for column (a) HPKM column shoe [13], (b) BOLDA
column shoe [14]
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3.2. ANCHOR BOLTS

Anchor bolts can provide a solution for most precast connections (e.g., column -
foundation, column - column, wall - foundation, wall - wall) as well as fastening of steel
columns or even machine fastenings. It's available as L- a type use in shallow
structures (e.g., foundations, slabs, beams) due to their relatively short anchor length
and P-type for structures with sufficient depth (e.g., pedestals, and columns). if the
tensile or shear strength of the anchor bolt steel is insufficient, additional
reinforcement may be used to withstand the forces on the anchor bolt and if the
concrete cone resistance is exceeded, supplementary reinforcement for the tension
load should be provided. reinforcement arrangements can be calculated using the
Peikko Designer software following EN 1992-4. With Peikko Designer software it is
possible to select the appropriate type and number of anchor bolts to be used in a
connection and to check the strength of the connection [13]. During the assembly
phase, the forces acting on the anchor bolts are mainly caused by the weight of the
column itself and the bending moment and shear force due to the wind load. Since the
connection is not grouted, all forces from the column shoe are only absorbed by the
anchor bolts. therefore, it must be designed for buckling and bending [12]. The anchor
bolts used in column connections are shown in the figure. (4).

HPM L HPM P Boa PPM L
/ /A l "j B

Figure 4. Anchor bolts. A) HPM Rebar Anchor Bolts Type L & type P [15]. B) High Strength
Steel Anchor Bolts Type (L & P) [16]

4. MODELING

4.1. MODELING OF THE COLUMNS

Simulation models have the characteristic of being a technique for solving practical
problems [17]. The whole structure of the building was divided into seven structures
(Blocks) with expansion joints each part was modeled using CS| ETABS Software to
analyze the effect of all external forces including seismic forces for the Karbala area
according to the Iraqi Seismic Code. These forces were applied to the building and
the magnitude of all internal forces acting on the columns at different stations through
their total height was obtained. ETABS can give the magnitude of internal forces at
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(0%, 25%,50%,75%, and 100%) of the column’s height. This feature could be very
useful in the design of the connection since it can help in identifying the magnitude of
internal forces corresponding to desired connection location. There are three different
column cross-sections in each of the seven blocks (40x40, 60x60, and 70x70 cm)
respectively distributed at different positions on the plan (corner, edge, interior). In this
work, Block number 7 figure (5) is considered only for these calculations. The seismic
details defined in the ETABS model are shown in figure 6

Figure 5. ETABS model of part 7

Seismic Coefficients
0.2 Sec Spectral Accel, S¢ 03
1 Sec Spactral Accel, S1
Long-Peniod Transtion Perod §
Ste Class D
Ste Coefficent, Fa 156
Ste Coefficient, Fv 24

Calcuated Coefficients
SDS =(2/3)*Fa*Ss 0312
SD1=(3)"Fv"S1 0.16

Factors

Response Modfication. R

System Overstrength, Omega

Deflection Amplfication, Cd 45
Occupancy Impotance | 1

Figure 6. The seismic details defined in the ETABS model
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4.2. SELECTING COLUMN CONNECTIONS USING PEIKKO
DESIGNER

For column-to-column connection, HPKM & BOLDA column shoes with HPM &
PPM anchor bolts were respectively chosen. The selection of the suitable size of
column shoes and anchor bolts to be used for connecting the precast segments was
first done manually based on the technical manual provided. The selection of the
connection components was verified using Peikko designer software. The software
contains a predefined module for different types of column shoes and their
corresponding anchor bolts. In the software, there is an implemented design code
selection. By selecting the required valid design code, it is possible to check the
resistances of each column connection.

5. RESULTS AND DISCUSSION

5.1. RUN ANALYSIS AND GET THE RESULTS IN ETABS

After completing the modeling in ETABS, the analysis process will start to get the
magnitude of all internal forces acting on the columns at the selected sections of the
columns. After that, the analysis results were filtered, sorted, and rearranged to be
used in the next step (Selection of Suitable connection items by Peikko designer). The
analysis results used in the selection of the connection components (column shoes +
anchor bolts) were selected based on the location of the column i.e., (corner 40x40,
edge 40x40, 40x40 interior, 60x60 corner ...etc.). For simplicity and to avoid getting a
huge number of designed connections for each column cross-section at each location
and each story only the greatest values of internal forces on each column cross-
section concerning its location due to the application of all types of loads including
earthquakes were used to design the connections as shown in figures ((7) - (10)) and
Table (1). The manufacturer can use any length of each segment that his factory can
produce. The columns were made of three parts only taking into account that each
column consists of three individual precast segments to be connected to cover the

total height of the building.
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Figure 7. The Column that was subjected to the higher magnitude of internal forces &
moments.
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Figure 8. Corner Column 40x40 cm that was subjected to the highest magnitude of internal
moments. (a) X-direction, (b) Y-direction.
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Figure 9. Edge Column 60x60 cm that was subjected to the highest magnitude of internal
moments. (a) X-direction, (b) Y-direction.

Figure 10. Interior Column 70x70 cm that was subjected to the highest magnitude of internal
moments (a) X-direction, (b) Y-direction.
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Table1. Analysis results of the building (Block-7) columns under the effect of all types of
loadings including earthquake from ETABS software after filtering, sorting, and rearranging

Position CZ';‘:“ P (kN) Vy (kN) Vy (kN) My (kN-m) My (kN-m)
C40x40 (cm)

corner (40x40) 9.8163 202389 499546 1203723  64.2164

corner (40x40)  -220.233  -19.372 35301  -136.1899  -56.6916
C60x60 (cm)

edge (60x60)  153.0051  85.4763 149125  304.5703  193.6522

edge (60x60)  -2532.4829  -99.1011  -143181  -358.2493  -246.6811
C70x70 (cm)

interior (70x70) 138.4 76.3252  124.0431 3337802  468.9884

interior (70x70)  -3607.5895 -242.6262  -126.1854  -369.5490  -569.6058

The positive (+ve) values of axial forces (P) refer to tension forces due to seismic
effect. However, their values were relatively small due to the weight of the entire
building which tends to resist the tension forces. While the negative (-ve) values
referred to compression forces due to both gravity load and seismic action. The shear
forces sign referred to the direction of forces in the XY plane. While the Moments sign
referred to whether the rotation will induce tension or compression forces on the
column. The reason why there were (+ve) and (-ve) values were seismic action.

6. DESIGN RESULTS FROM PEIKKO DESIGNER

To Design the column connection (Choosing the right number and size of column
shoes and anchor bolts to resist the Seismic loads) the analysis results of Table (1)
were used in Peikko designer to check the chosen connection. Design results for one
cross-section of each location (corner 40x40, edge 60x60, and interior 70x70) will be
presented here. Peikko designer can provide a detailed report for the design process.
When no more HPKM Column Shoes can fit in the cross-section to reach the required
resistance BOLDA column shoes should be used instead.

6.1. CORNER COLUMN (40X40 CM)

Use 4 (HPKM column shoes - HPM anchor bolts) size 30 with 2 (HPKM column
shoes - HPM anchor bolts) size 20 at the middle of the column lower face in the x-
direction to satisfy the capacity requirements rather than using 6 (HPKM column
shoes - HPM anchor bolts) size 30 for economic reasons and to provide more spacing
for concrete as shown in figure (11). The design report indicates that the resistance of
the connection was within the safe limits of the selected code provisions. And no
failure in both the concrete or steel items (column shoes and anchor bolts). The green
dot in the resistance diagram between the moments and the axial forces represents
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the applied load of the column while the dashed line refers to the connection capacity.
As shown in figure (12).
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Figure 12. Resistance diagram of the connection, (a)- Resistance in the X direction, (b)-
Resistance in the Y direction

6.2. EDGE COLUMN (60X60 CM)

Use 4 (BOLDA column shoe - PPM anchor bolts) size 39 as shown in figure (13).
The design report indicates that the resistance of the connection was within the safe
limits of the selected code provisions. And no failure in both the concrete or steel
items (column shoes and anchor bolts). The green dot in the resistance diagram
between the moments and the axial forces represents the applied load of the column
while the dashed line refers to the connection capacity. As shown in figure (14).
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Figure 13. BOLDA column shoe & PPM anchor configuration (4 size39)
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Figure 14. Resistance diagram of the connection. (a)- Resistance in the X direction, (b)-
Resistance in the Y direction

6.3. CORNER COLUMN (70X70 CM)

Use 4 (PPM anchor bolts & BOLDA column shoe) size 45 as shown in figure (15).
The design report indicates that the resistance of the connection was within the safe
limits of the selected code provisions. And no failure in both the concrete or steel
items (column shoes and anchor bolts). The green dot in the resistance diagram
between the moments and the axial forces represents the applied load of the column
while the dashed line refers to the connection capacity. As shown in figure (16).
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Figure 15. BOLDA column shoe & PPM anchor bolts (4 size45)
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Figure 16. Resistance diagram of 4 - size - 45 configuration. (a)- Resistance in the X
direction, (b)- Resistance in the Y direction
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Or we can use 6 (PPM anchor bolts & BOLDA column shoes) size 39 as shown in
figure (17). The design report indicates that the resistance of the connection was
within the safe limits of the selected code provisions. And no failure in both the
concrete or steel items (column shoes and anchor bolts). The green dot in the
resistance diagram between the moments and the axial forces represents the applied
load of the column while the dashed line refers to the connection capacity. As shown
in figure (18). Whichever is more economical.

Plane View

004

Figure 17. BOLDA column shoe & PPM anchor bolts 2nd configuration (6 size39)
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Figure 18. Resistance diagram of the 6 — size 39 configuration. (a)- Resistance in the X
direction, (b)- Resistance in the Y direction

6.4. COMPARISON WITH MANUAL SELECTION:

The results from the Peikko designer for precast column-to-column connection
were compared with those from a manual selection as follows. The manual selection
was done by the capacity tables that the technical manuals of these items contain.
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Table 2. Comparison with Manual Selection

No . . . .
Column cross-section Manual-selection Peikko-selection

4 (HPM anchor bolts &
HPKM column shoes) size
30 with 2 (HPM anchor
bolts & HPKM column

shoes) size 20 at the
4 (PPM anchor bolts & BOLDA 4 (PPM anchor bolts &

column shoe) size 45 BOLDA column shoe) size
4 (PPM anchor bolts &

4 (PPM anchor bolts & BOLDA BOLDA column shoe) size
column shoe) size 52 45 or 6 (PPM anchor bolts
& BOLDA column shoe)

4 (HPM anchor bolts & HPKM

1 C Col 40x40
orner L.olmn 45X column shoes) size 39

2 Edge Column 60x60

3 Corner Column 70x70

7. CONCLUSIONS

The column shoe connection system seems to have the same advantages as other
connection types, but also very fewer disadvantages. The main drawback is that may
be considered a relatively expensive solution, especially in certain markets. However,
when choosing this solution, one should keep in mind that it saves materials since it
ensures a much faster installation process than other solutions and a simple design
process. These types of bolted connections (HPKM column shoes with HPM anchor
bolts and BOLDS column shoes with PPM anchor bolts) do not require bracing due to
the instantaneous mechanical fixing during assembly and a small amount of grouting
is required for both types. A great advantage of Column shoes is considered a
universal solution for connecting columns. Due to the existence of design tools, it is an
easy, fast, and guaranteed way to create a design of this connection. This can lead to
shorter duration and less cost in the project design work stage. In addition, it has good
performance against seismic or dynamic loads, which gives additional security to the
whole structure and was considered a shortage in all precast structures (not fulfilling
the seismic requirements). It is necessary to choose a sufficiently strong column shoe
and the appropriate anchor bolt in addition to a correct installation process to
guarantee the performance of this type of connection system. From all of the above,
the following can be concluded:

1. With the grouting mortar the shoe connection behavior is very similar to the
behavior of the in-situ concrete column under seismic action.

2. The selection of column shoes and anchor bolts can be easily done with design
tools such as Peikko Designer. However, it is very important to pay more attention
when seismic, dynamic, or fatigue loads are considered.

3. Most of the stresses are concentrated on the shoe rods. Therefore, when using the
column shoe system. this could provide a more economical use for the main
reinforcement than a cast-in-place case

4. The column connection items chosen ensured that the principle of the strong
column-weak beam is still valid since they provide a strong column connection.
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5. The column connection items chosen can be used in demountable frames because
they are removable.

6. More than one size of the same type of column shoe can be used at once in the
same cross-section.
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ABSTRACT

For several decades, the development of metal-oxide-semiconductor field-effect
transistors have made available to us better circuit time and efficiency per function
with each successive generation of CMOS technology. However, basic product and
manufacturing technology limitations will make continuing transistor scaling difficult in
the sub-32 nm zone. Field impact transistors with fins were developed. offered as a
viable solution to the scalability difficulties. Fin field effect transistors can be made in
the same way as regular CMOS transistors, allowing for a quick transition to
production. The use of inserted-oxide FIinFET technology was presented as a solution
to continue transistor scaling. Due to gate fringing electric fields through the added
oxide (SiO2) layers, the electromagnetic integrity of an iFinFET is superior to that of a
FinFET. We discovered that the proposed mobility model functions admirably and that
the Joule effect mostly influences the drain current and the heat source. The major
goal of this work is to compare the performance characteristics of combinational logic
using CMOS and FinFET technology. The inverting gate is modelled in HSPICE
simulation on a 32nm transistor size utilising CMOS and FinFET structures, and
respective performances, such as energy consumed, are examined.

KEYWORDS

Approximation electronic conductivity, Metal-oxide-semiconductor field-effect
transistors, Network for energy conversion, FIinFET, Adder, Energy utilization,
Simulation
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1. INTRODUCTION

Larger quantities FInNFET innovation is being employed for high-volume production
of CMOS microchips in the sub-20 nm generation [1, 2]. A p-channel FinFET's output
efficiency of the same fin height is exactly comparable even to an n-channel FinFET
with same element size due to the 110 winglet crystalline phase and a higher level of
deformation stimulated in the channel region by ingrained sio2 source/drain regions
[1]. Though that is advantageous for applications that demand logic circuits, it reduces
the write ability of a statically six mosfet recording cell with two individuals Mosfet
carry FinFETs, and two lift FinFETs [3]. The insertion-oxide FIinFET (iFinFET)
technology has been presented as a solution to continue transistor scaling [4]. The
atomic fidelity of an iFinFET is higher than that of a FInFET due additional gate
surrounding electric fields created by the additional oxide sheets. The door field-effect
semiconductor delivers improved electric purity at the cost of a greater intrinsic delay
[4]. According to a slew of recent studies, triple gate (DG) gadgets are the best option.
In comparison to planar double gate semiconductors, quasi-planar FinFET is the
easiest to fabricate among the numerous types of DG devices.

Fin field effect transistors use an extremely thin undoped body to reduce SCEs by
suppressing subsurface leakage channels. An undoped or lightly doped [6] body
decreases Vit changes caused by Irregular dopant oscillations promote carrier
concentration and lead to a higher on current.

The capacity of the gateway gate to control the prediction capability and current
will flow in the inversion layer decreases as devices shrink in size, and undesired
characteristics known as "relatively brief effects" begin frequently plague iron field-
effect semiconductors. Scaling typical "bulk" titanium field-effect devices below 20nm
looks to be impossible for a variety of reasons [5]. If the limitation could not be
removed, Allen's law would come to end around a year.

The Voltage-Doping Transformation model is a basic tool that may reasonably be
expected to convert the impacts of incorporating system variables including barrier
height and depletion power [6,7] into design parameters. The following formulas can
be generated from the concept in the case of the narrow effect and waste barrier
reducing:

I __Vos
DxIpgg Vv
GS(Off)

where V¢ is the high voltage size of connexion with the built-in possibilities of the
possible cause or drain, tox is the multi gate texture, is really the discharge and origin
crossroad complexity, and tdep is the gate field absorption depth in the inversion
layer, which is equitable to the complexity of the depletion region beneath the gate in
noble metal field-effect transistors. The "Electrodynamic Integrity" factor is the name
of the parameter. It's a measurement of how and why the draining's lines of force
effect the stream zone [8], creating the relatively brief effect and fluid barrier lowering
effects. It is dependent on the device design. The resistance value of an iron field-
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effect diode with a particular gate length let can be computed by applying formulas
based on the previous formulae.

2

Vi —27°

=1 ]—— =40 mA |l — —

D = Ipss Y 6
GS( off ) -

where is the relationship? A lengthy device's duty ratio is V GS. The "duty cycle roll-
off* The drain current lowers as the size of the device falls, but it is a well relatively
brief phenomenon. As indicated in any of these calculations, the overall impacts can
be decreased by reducing the circuit length the multi - gate thicknesses. Symptoms
can also be lowered by raising the intensity of doping and minimizing the depletion
depth. However, due to the increased tunneling current associated with decreasing
valve thicknesses, gate oxides can really be scaled beyond a certain point. Lower the
depletion depth just under the [9] to the substrate as another method of mitigating
short-channel effects. Shorter depletion zones and, as a result, lower parasitic
capacitances are associated with a narrower depletion width. As a result, the leakage
regime's sub-threshold slope improves. Reduced depletion width, on the other hand,
correlates to reduced barrier impact on the canal, leading in a longer downstream
section change on/off. When the gate's Electromagnetic wires from the emitter and
collector effect channel area adjustment, short-channel effects occur.

Figure 1 depicts these field lines. In a macroscopic device, local equipotential lines
flow over the depleting zone coupled with the contacts (Fig. 1). Their effects on the
circuit can be reduced by increasing the sorption capacity in the inversion layer.
Regrettably, in very embedded systems (1106 cm-3) the pl intensity is now too strong
for efficient transient conditions.

Figure 1. Metal-oxide-semiconductor paddock devices with two gates.

The Electro - static Ethics quotient of a bulk devices can be calculated using the
Battery New methodology, which can really be described thus:
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Ves |’ -5]?
IDEIDSS 1_i =40mA[1——]
VGS(ff) —6

Both valves of a double-gate mechanism are linked together. The electrical charge
traces from the app's gate and source cease on the bottom positive terminal [10,11],
preventing them from reaching the channel region Fig. 1. The only boundary layers
that can encroach on the inversion layer and damage short-channel features are
those that propagate through the si substrate itself [30]. The thickness of the silicon
sheet can be lowered to decrease encroachment. The developing and developed field
plus optimal circuit depths depth with each gate in a double-gate device are both
equal to tSi/2.

The Electrochemical Stability factor of that double device can be calculated using
the Voltage-Doping Modeling approach, which can be expressed as

2
—Ves
Ip = Ipgs 1 -

- VGS(Off)

The facts in formula 1.8 leads to an essential conclusion: bulk semiconductors then
when you've ran, they reach a maximum extent when they run out of energy. of 25-30
nm, while double arrangement is the only way to attain that all lengths.

Section 1 offered an overview of silver paddock circuits and FinFET [12-15] devices
in Sections 2 and 3. FInFET's advantages over metal field-effect semiconductors and
FinFET circuits are explored in Section 4. Important investigations and facts were
reported in sections 5. Parameters and results used by investigators and the modeling
results are reported in section 6. In Section 7 the conclusion of paper is given.

2. WIRE SURVEY CIRCUITS

Aside from Bipolar Junction Transistor, Metal-Oxide Semiconductor Field-Effect
Transistors, or simply metal-oxide-semiconductor field-effect transistors [16], are
another form of transistor (BJT). In 1960, Kahng and Atalla invented the very first
metal-oxide-semiconductor field-effect transistors [17], which are more cost-effective
than BJT a single crystal silicon chip with a huge transistor count Field-effect devices
made on electrode materials have four terminals in the level of cash running seen
among collector and emitter is determined by the power delivered to the inverting
input. This semiconductor can be thought of as a switch to some extent. As between
evaporator and the condenser, a conduction trench forms when the gate voltage
applied is larger than the threshold voltage, electricity flows seen between two
terminals [18-20].

If the gate voltage is less than the threshold voltage as shown in Fig. 2, no
conducting channel will form, and the transistor will be deemed an open circuits.
When strong reversal develops, the input impedance, The turnstile power is regulated
in Vout.
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Wire field-effect transistor come in a range of sizes. The n-type outflow, n-type
supplier, and p-type framework make up an n-channel MOS or NMOS transistor.

Source Gate Oxide
s

gieo”

Figure 2. Brass ground diodes with N layers

PMOS, or p-channel, is another type of industrial practice area transistor with a ¢ h
base, p-type drains, and p-type sources.

FinFET

Figure 3. Brass ground diodes with P layers

Because both diodes are employed in a circuit, it is now referred to as Composite.
Furthermore, as previously stated, each type of transistor can be categorized into two
types: enrichment and degradation modes. Under the corrosion products that
connects the drain and source in an enhancement mode transistor as in Fig 3, there is
no channel. The source to drain wires would only be coupled [21-24] when a strong
voltage was applied, forming of an e drift region behind corrosion products. The
channel in a depletion mode transistor is readily available beneath the oxide layer. An
electron result of adding or a doped impurity can serve as the channel. The presence
of a channel allows the drain and source wires to be connected directly.

3. FINFET TECHNOLOGY

FinFET is an of pas’ circuit with a "fin-like" form, the semiconductor channel is
formed by the gated wrapping about over the fin. It's also characterized as a
quasilinear route since the electricity passes transverse to the diamond surfaces and
the channel is diagonal to the substrate line.
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Figure 4. FinFET's Configuration

All of the devices in this paper were created using the Schematic capture
Simulation Finite element analysis suite, which allows nano-scale mosfets to be
appropriately modelled using particle corrected glide transport schema, rising 2D
meshes, Vibrational energy facts, barrier tunneling modelling using the Hartree
approximate solution, and peripheral cues mobility’s [25]. As a result, the outcome of
the analysis study combines two main subatomic particles consequences.

In a Fet, a conducts cell is formed by a super Si fin device, allowing electrons to
flow from source to drain. The inputs come from a gate that arcs around the function
held. As a result, even when the circuit is turned off, regulating electron flow avoids
current leakage. The volume of charged particles and indeed the velocity at which
these runs can sometimes increase, leading a single fin's secondary flow to break.
This stops the electric current by interrupting the electron flow from the inlet to the
outlet. The partial volume effect is enhanced by paddock semiconductors with many
gates that have been built in line with each other. The quantity of fins controls the
quantity of charged particles flowing from greater potential to reduced prospective. As
a result, as the rate with which the particles flow is faster, the switch velocity is high.
The main advantage of many fins is that they provide better switching speed over the
conduction channel. Fig 4 shows a response; energy leaking is decreased. This
produces a large quantity with on

operational voltage. Fin magnetic coil transistors are available in many different
logic architectures. The amplifier can be constructed in the one of the following ways,
dependent on the fin optoelectronic devices used:

* Impedance phase: In this method, both gates are shortened, resulting in greater
drive force and best channel duration control.

» The impartial mode, wherein the on those gates are driven by different signals, may
lower the quantity of semiconductors in the circuit.

* Reduced mode, where another the n-type is exposed to a voltage level. FinFETs
while a voltage applied to p-type FIinFETs. This changes the phone's input
impedance, reducing leaky leakage power at the cost of increased latency.
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4. FINFET HAS UPSIDES OVER CLASSIC MATERIAL
PADDOCK TRANSFORMER

Following are the main advantages of Supervision over the channel is improved
shown in Table 1:

* Narrow effects have been suppressed.

* Dynamic leakage current is reduced.

Shifting speed is increased.

* Increased drain potential (More drive-current per footprint)

Reduce the switching energy.

* Power usage is low.

Table 1. Advantages of FinFET over Traditional metal-oxide-semiconductor field-effect
transistors

Portal FET Photovoltaic of Passivation Layer FET
Category
Exhaustion Method Shrinking Method Improvement Method
N-channel ov OFF ON OFF ON OFF
P-channel ov +ve ov +ve -ve oV

4.1. FINFETS CIRCUITS USED BY RESEARCHERS

Chen et. al. [7] suggested a Nano-scale FinFET circuit sturdiness (reliability and
scalability) analysis. One of the most difficult challenges for nanoscale VLSI designers
is ensuring dependability. Circuit dependability is negatively impacted by smaller
shapes, low output supply, and higher frequencies: these characteristics increase the
incidence of soft errors, and larger degrees of device parameter variation transform
the design challenge from predictable to probability. As a corollary, reducing fault rates
and reducing variance influence has become extremely critical. The Transistors circuit
was introduced as a beautiful dual FET version that enables for innovation growth in
the future. [26] demonstrated that FInFET logic can be implemented at 160nm for the
first time by demonstrating inverter-chain functionality. Joshi et al analyzed the
behavior of FINFET SRAM and found that it has superior performance and lower
power than standard planar PD-SOI. IBM was the first company to successfully
convert an existing microprocessor design to 100 nm FinFET technology. [9] proved
that an Inverter SRAM architecture had a 30% good disturbance margin than a
traditional SRAM system than a bulk CMOS SRAM. The HSPICE tool from Synopsys
is used to examine FinFET behavior. FInNFET circuits are compared to include massive
networks 21nm and 34nm technology in the studies. Over Bulk CMOS designs,
FinFET-based designs reduce delay variation by an average of 83 percent and 43
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percent for logic gates and memory cells, respectively. The findings suggest that
FinFET circuits have superior reliability and scalability, as improved fault immunity and
far less quality assured from process parameters are indications of this.. FinFET-
based circuit design is found to be more robust than bulk CMOS-based circuit design
[27]. With the upcoming FinFET technology, assessed a series of innovative memory
circuit approaches. Storage durability, leaky energy usage, and cell area for individual
FinFET Dynamic ram, cross level, and low-quality tied-gate In a 24angstrom FinFET
innovation, Mosfets Memory cells were studied. When compared to the smaller quality
paired gate FinFET dynamic ram seen in 41nm FinFET technology, the reading safety
of the specifically relates dynamic unbiased FInFET SRAM cells improves by up to 92
percent. The task constructed multi-Vt FInFET SRAM cells reduce idle mode power
losses and cell surface by up to 45X and 15.5 percent, however, when relative to a
typical low cutoff bound FInFET SRAM cell scaled for equivalent read stability. [28]
investigated the statistical reliability and power losses of FInNFET SRAM cells with
dynamic vth tuning in the presence of process parameter variations. When the
channel length of a single gate metal-oxide-semiconductor field-effect transistor is
shortened and cascading improves quality by increasing impedance and gain while
lowering series resistive loss. After executing the sequence to serial translation of the
analogous circuit, cascading aids in the correction of given series, both lead to the
concurrent resistive loss.

At the very least, the cascade device's overdrive voltage limits the output swing. In
a cascade construction, the minimal power supply required is 4Vsat, which is met in
this design. The enhanced quality of the cascade arrangement causes the terminal
voltage range limitation. The optimal current sources are replaced by device. The Al's
total serial resistive loss is controlled by VB. Variables in the Al's self-reflecting
resonance can also be used to manipulate it. As a result, the proposed technique is
the best fit for the situation.

We have really been able to prove basic gates and logic units based on such
relatively basic yet foundational optimization of Cws levels via WFE, as addressed in
our latest studies [29]. These static CMOS gates, as well as their logic features
obtained by TCAD calculations, are briefly revisited in Fig.4. They show that designing
absolutely lowest logic circuits in terms of device counts and area is doable by giving
a maximum of two or three labor in the Super bowl and gate metals of FinFETs. These
benefits translate to decreased energy consumption and 2 - 3 decades in these new
gates, resulting in PDP statistics that are comparable to their typical FinFET
counterparts, but being slower in switching due to the standalone gate configuration's
lower electrical characteristics.

The researchers examined blended design as double FinFET technology using a
voltammetric regulator oscillators as a research study. Due to increased Short-
Channel Effects, using standard planar single gate metal-oxide-semiconductor field-
effect transistors is becoming increasingly challenging (SCEs). Random dopant
fluctuations (RDF) in the channel region of planar metal-oxide-semiconductor field-
effect transistors, in addition to SCEs, are regarded to be the primary cause of
baseline voltage variations between devices made on another wafer. The authors
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introduce FINnFETS technology, which reduces variability owing to Stochastic dopant
variations thanks to a doped samples or weakly treated material and reduces carrier
motion depreciation. Due to Sub - threshold fluctuations, the FinFET Controller has a
3.93 percent variability, but the Cmp VCO has 17.98 percentage variance, indicating
that fin field effect transistors are so much more process time tolerant. The following
are some of FINFET's key benefits: (1) Almost perfect sub-threshold slope (2) Inherent
gate capacitance is low. (3) Junction capacitances that are smaller. (4) Increased
resistance to SCEs. (5) A higher ratio of (ION/IOFF). (6)Shorted gate (SG) and
independent gate (IG) choices provide circuit design freedom. Thermal issues will be
investigated in future study, as fin field effect transistors suffer from self-heating[12].
[25] outlines an effort to investigate (1) A comparison of FinFET devices is viewed for
analog signals schematic capture; (2) Output strain, impedance, Transparent gain, but
instead transition rate are examined Gd FinFET operating including both significant
invert and reduced load zones; (3) Statistical spatially varying evaluation for all the
above FinFET specifications in both large and powerful distortion and low current
regions of DG FIinFET activity Vth fluctuation, small channel implications and
manufacturing variances plague nanoscale bulk CMOS technology. FinFET
technology is utilized to improve SCE and process variation immunity. If both selecting
bits go low in the end state, the circuit presented in previous section gate can easily
be adjusted to construct an Opcode function. While one of the pull-down mosfet
connections is changed from SO to S1, the circuit discharge its output anytime the
inputs (A&B) go low, as shown in Fig.5. This only affects the situation where both
select indicators are low, resulting in the Operands procedure in the last event. The
two 4T circuits shown above show how the WFE may neatly effect the same network
with modest input changes, boosting its performance and adding to the sequence set.
Applying MTCMOS and SVL Leakage Reduction Technique, [30] designed and
constructed a FinFET Based Inverter. Because of a substantial impact on a dedicated
channel, which results in an actual growth in short channel effects and heightened
attention to processing alterations, scaling of standard single-gate bulk metal-oxide-
semiconductor field-effect transistors faces great hurdles in the nanoscale regime.
When compared to standard CMOS, double-gate FinFETs have better SCEs
performance [26,27,28], which encourages upgrading of tech. The article compares
hang leaks, delay, and overall power usage of the logic gate in different settings of
FinFET innovation. Simulations are carried out at 35angstroms using the Tcad tool.
MTCMOS and Inefficiencies pragmatic circuit-level technologies are used to create a
layout with provides speed and low power consumption and maximum volt devices.
The fin field effect transistors based inverter using SVL approach has a 50-60% lower
leakage power than a typical FInFETs based inverter and a 25-30% lower leakage
power than a fin field effect transistors based inverter using MTCMOS technique,
according to simulation results. Fin field effect transistors based inverters using the
MTCMOS technology use 65-70 percent less power than standard inverters and
35-40 percent less power than fin field effect transistors based inverters using the SVL
technique. The SVL technique is superior than the MTCMOS technique for minimizing
leakage power and delay, however the SVL technique consumes more power than the
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MTCMOS technique. This solution technique is found to be the greatest fit for the
given problem [31].

5. INVESTIGATORS' MOSFETS DEVICES, METRICS, AND
FACTS

In the meantime, each fin has its own breadth, thickness, and structure. Coating,
etching, and other processes are used to create the fins. The gate, of naturally, has a
number of properties, one of which is the turnstile length.

The foundation goes through numerous lithography processes, including provides a
soft patterning, in one FinFET supply chain. The base is patterned with spacer-like
features in this method. An etcher then carves vertical tunnels down into the floor
between these structures, generating fins. The spaces are then replaced with oxide to
use an epitaxial growth. After polishing the top section, the device is subjected to a
recess etch stage. After that, a gate dioxide is applied, followed by the barrier
development. Table 2 illustrates about devices, metric’'s and important facts. It is also
clear from Fig. 5 that BJ is affected more in comparison to FET.

Table 2. Investigators' Mosfets Devices, Metrics, and Facts

Field Effect Transistor (FET)

Intensity at voltage level

Bipolar Junction Transistor (BJ)

Intensity at high frequency

2 Significant current gain Less current gain

3 Highly Insertion loss Less Insertion loss

4 Resistive output Medium noise generation

5 Reduced noise generation High noise generation

6 Fast switching time Medium switching time

7 Electrical disruption is common Robust

8 Some require an input to turn it "OFF" Requires zero input to turn it "OFF"
9 Voltage controlled device Current controlled device

10 Exhibits the properties of a Resistor Cheap

11 More expensive than bipolar Easy to bias
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Figure 5. Comparison between FET and BJ on the basis of voltage count and average
current

6. OUTPUT WITH COMPUTATION

In this part, we show simulated results for a 32nm FinFET-based converter and a
32nm wire field-effect transistor-based converter, as well as average output
calculations for rectifier gates in various modes using HSPICE. Table 3 provides the
parameters of FInFET and material field-effect devices that were employed in the
Matlab simulation inverters simulation.

Table 3. Parameters used in Experimentation

NPN PNP Ver Icimax) P,
BC547 BC557 45v 100 mA 600 mW
BC447 BC448 80v 300 mA 625 mW

2 N3904 2 N3906 40v 200 mA 625 mW

2 N2222 2 N2907 30v 800 mA 800 mW
BC140 BC160 40v 1.0A 800 mW
TIP29 TIP30 100v 1.0A 3W
BD137 BD138 60v 15A 1.25W

TIP3055 TIP2955 60v 15A 90 W
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Figure 6. Steel field-effect devices are used in this bridge rectifier
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Figure 7. Found Using the following on Discharge Investigation in Metal-Oxide Vilsi Field-
Effect Silicon chips

Figures 6 and 7 illustrate the circuit diagram and feedback characteristics of the
inverter metal - oxide field-effect transistors. For the test, the supply voltages used
were 0.6V for 52nm technologies. A pulse is often used to represent input input.

6.1. FINFET BASED INVERTER

Fig8, Fig9, Fig10, and Fig11 illustrate the circuit of an accelerator using FinFET
architecture in the Quick (SG) mode, Reduced (LP) mode, Unbiased (IG) mode, and
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Composite mode (IG/LP) modes, accordingly. H-SPICE simulation was performed
them in a 32-nm technology node. The inputs are applied to the inverter, they are
propagated via the converter, and indeed the insight parameters of FinFET based
reactors are presented in Fig12.
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Figure 8. Amplifier Loop in Quick Figure 9. Separator Component Reduced Mode
Mode applyting FinFET Technology
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Figure 10. Concentrator with Figure 11. Splitter Component in LP
Unbiased Mode Configuration Circuit applyting FInFET

Table 4. Total Energy Comparison

S. No Technology Methodology Average Power
1 42nm Massive Radial MOSFT 2.4813E-04 watt
2 42nm FinFET(SG Mode) 3.3988E-05 watt
3 42nm FinFET(LP Mode) 7.1432E-05 watt
4 42nm FinFET(IG Mode) 2.4868E-04 watt
5 42nm FinFET(IG/LP Mode) 2.2091E-04 watt
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Figure 12. Pg, Lh, Gs, & Unmutated FinFET Converter Discharge Investigation

7. CONCLUSION

To brief, we constructed Au-gated pan FETs as well as Fin-FETs with variable fin-
widths using Tio2 composite thin films including extreme density 2DEGs. We discover
a mathematical gate impedance reduction in the constructed FinFETs when compared
to planar FETs. We show that scaling down the Tio2 fin widths improves gate
capacitance even further. We were able to increase the discharge capacity in the
Mosfets with the shortest fin-widths when comparing to the produced planar FETSs,
resulting in a new dopant electron concentrations modulation. We expect that by
narrowing the fin-widths even more, we will be able to modulate the 12 electron per
unit cell 2DEG density completely. We believe that employing the FInFET technique to
improve massive carrier content modulation in complicated oxides would eventually
lead to reversible control of emerging phenomena in these materials. Using HSPICE,
this research measured the effectiveness of an inverter generator to that of traditional
silicon inverters brass field-effect transistors. The overall power consumption of the
FinFET circuit is substantially lower than that of the planar iron field-effect passive
components circuit.
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ABSTRACT

In this study, a new series of 1,3-dimethyl-6-(amino aceto hydrazine) pyrimidine-2,4-
dione-6-yl with 4-substituted benzyldehyde, The compound (1-5) was synthesized in a
single pot that cyclization by the addition of sodium azide, 2-mercapto acid & 2-amino
acetic acid to produce five-membered heterocyclic rings includes: tetrazoline-1yl
(6-10), thiazolidin-4-one (11-15) and imidazolidin-4-one (16-20) derivatives
respectively. These compounds were characterized using spectral methods [FTIR and
1THNMR, 13C-NMR for some of them] evaluations, measurements, and analyses of
their physical qualities. Each molecule was evaluated for antioxidant activity in vitro to
use the DPPH and phosphomolybdenum methods. When compared to the standard
drug Ascorbic acid, (1-20) demonstrated promising antioxidant activity among the
bioactive molecules synthesized. Furthermore, molecular docking against, substances
showed superiority over the standard medication Exemestane in tests of the
Aromatase enzyme.

KEYWORDS

Tetrazoline, Thiazolidin-4-one, Imidazolidin-4-one, molecular docking and Anti-oxidant
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1. INTRODUCTION

Uracil is an essential pyrimidine representative. It is one of the five nucleobases
and a promising structure in many natural products [1]. Uracil derivatives are
important intermediates in the purine synthesis. One of the four nucleobases that
make up RNA, it is a pyrimidine derivative that occurs naturally. In RNA, uracil couples
to adenine via two hydrogen bonds. DNA with thymine instead of uracil [2, 3].

Compounds containing a high nitrogen content constitute a distinct class of C-N
heteroaromatic compounds [4]. The tetrazoline ring structure contains unsaturated
bonds, which ensures good energy properties [5]. Due to its high nitrogen
concentration, enthalpy of formation [6], and inclination toward lesser sensitivity,
tetrazoline is commonly employed in the construction of high-energy density materials
[7].

Thiazolidinone derivatives have a five-membered heterocyclic ring with one sulfur,
one nitrogen, and three carbon atoms Thiazolidinones are one of the most essential
heterocyclic compounds [8], and their derivatives, which have a carbonyl group in the
fourth position, are an integral part of many synthetic pharmaceuticals with diverse
biological activities [9, 10]

4-lmidazolidinones are a class of nitrogen-rich saturated lactams with medicinal
applications [11]. Imidazolidinone derivatives are currently of interest as
organocatalysts in modern organic synthesis [12]. 4-Imidazolidinones are cyclic
amides, whereas 2-Imidazolidinones are cyclic urea compounds. illustrates
imidazolidinone isomers [13]. The imidazolidin-2-one motif is frequently found in
natural products1,2 as well as pharmaceutically interesting synthetic molecules [14].

as a result of their ease of synthesis, uracil derivatives are regarded as promising
compounds in drug discovery. The pyrimidine core is an important pharmacophore
moiety of biologically active natural and synthetic compounds that compete for the
same binding sites[15] the most conmen biological activities of uracil derivatives in the
last years application Antioxidan t[2], Anti-flamatory [16], Anticaner [17], Anti-leukemia
[18], Antibacterial [19, 20], anti-tumour [21], anti-angiogenesis [22] and Anti-diabetic
[23].

2. MATERIALS AND METHODS

The investigation relied on unpurified chemicals purchased from BDH, Fluka,
Merck, and Sigma Aldrich. In addition, an Electro thermal melting point device was
used to record the melting points, although no corrections were made. Using a
SHIMAZU FTIR-8400 Fourier transform Infrared spectrophotometer, KBr discs were
used to record the (4000-600) cm-1 FTIR spectra of the produced compounds. Using
a BRUKER 400MHz equipment, TMS was used as the internal standard, and DMSO-
d6 was used as the solvent in order to get 1H- and 13C-NMR spectra in Irag. The
Adiwaniyah Technical Institute and the Al-Forat Alawsat University both employed
Japanese Shimadzu 1900i spectrophotometers.
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2.1. SYNTHESIS OF 1,3-DIMETHYL-6- (AMINO ACETO
HYDRAZIDE BENZYLIDENE)- PYRAMIDINE-2, 4-DIONE-6-
YL.(1-5)[24, 25]

A solution of (0.5 g, 0.022 mol.) 1,3-dimethyl-6-(amino aceto hydrazine)
pyrimidine-2,4-dione-6-yl, (0.022 mol.) para substituted aromatic aldehydes in (10 mL)
of ethanol absolute as a solvent were thoroughly mixed with glacial acetic acid as a
catalytic three drops of, and the mixture was refluxed for (6-10) house. The product
was filtrated, water washed and recrystallized by ethanol Table-2 lists characteristics
of compounds in terms of their physical properties (6-10) as well as FTIR spectral
data.

2.2. SYNTHESIS OF 1,3-DIMETHYL-6-AMINO ACETAMIDE[5-(4-
SUBSTITUTED PHENYL)-2H-TETRAZOLINE-1-YL]-
PYRAMIDINE-2,4-DIONE-6-YL.(6-10) [26, 27]

Compounds (6-10) were obtained from reaction of an equimolar a combination of
Schiff bases (1-5) (0.0009 mol.) in ethanol (10 mL). Sodium azide (0.05 g, 0.0009
mol.) dissolved in the same solvent was added and the solution was reflex for (18-20)
house. The product was filtrated, water washed and recrystallized by ethanol Table-2
lists some of the physical properties of compounds (6-10) as well as FTIR spectral
data.

2.3. SYNTHESIS OF 1,3-DIMETHYL-6-AMINO ACETAMIDE[2-(4-
SUBSTITUTED PHENYL)-THIAZOLIDIN-4-ONE-3-YL]-
PYRAMIDINE-2,4-DIONE-6-YL.(11-15)[28]

Throughout this step, (0.0009 mol.) of compound (1-5) of Schiff bases and (0.06
mL., 0.0009 mol.) of 2-mercaptoacetic acid were added dropwise to THF (10 mL).
After that, the reaction mixture was heated to reflux temperature (20-24). The mixture
was filtered, washed, and purified further with ethanol to recrystallization. Table-3
contains a list of a variety of physical properties of compounds (11-15) as well as FTIR
spectral data.

2.4.SYNTHESIS OF 1,3-DIMETHYL-6-AMINO ACETAMIDE[2-(4-
SUBSTITUTED PHENYL)-IMIDAZOLIDINE-4-ONE-3-YL]-
PYRAMIDINE-2,4-DIONE-6-YL.(16-20)[29, 30]

An equimolar amount of Schiff bases (1-5) is added to a mixture (0.0009 mol.) As a
solvent, (10 mL) of ethanol was stirred in, with (0.25 g, 0.0009 mol.) 2-aminoacetic
acid in the same solvent and the mixture solution was refluxed for (20-22) house. The
resulting mix was then result of filtering being reformed from acetone crystals after
being allowed to cool to room temperature. Table-3 lists a variety of physical
properties of compounds (16-20) as well as FTIR spectral data.
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Table 1. the physical properties as well as the FTIR spectral data cm-1 of the compounds that
were produced (1-5).

88

Physical properties Major FTIR Absorptions cm-1
Com. mp | Vi vC-H v(C=N
. d v(C=0 ) Other
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Table 2. the physical properties as well as the FTIR spectral data cm-1 of the compounds that
were produced (6-10).

Physical properties Major FTIR Absorptions cm-1
Com. vC-H
m.p | Yield = =
No. Compound Structure Color | vN-H | Arom v(C=0 | v(C=C Other
°c % ) ) ) bands
Aliph.
[e]
C“S\Nﬂj 3023 | 1708 v(N=N)
. _ =
6 oy Ny =t 3‘2% 31 g0 D‘;ep 3275 1620
(:IH3 OHN/\N)N yellow 2923 1668 1450
v(N=N)
1451
o]
CH.
’ i , 3024 | 1703
7 Ay o, 31031 27 | Hoht 1 5099 1622 | V(NO2)
ok Ol N 1 yellow 2975 | 1687
N Asym.
1523
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v(C-Cl)
o
CHy
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8 o)‘Jr:\/[NH’\[rN';'—g\ o | 35931 75 | Yellow | 3286 7111 4625
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N
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Table 3. the physical properties as well as the FTIR spectral data cm-1 of the compounds that were
produced (11-15).

Physical properties Major FTIR Absorptions cm-1
Com. vC-H
m.p | Yield = =
No. | Compound Structure Color | vN-H | Arom v(C=0 | v(C=C Other
°C % ) ) ) bands
Aliph.
C“s\N)OK/lL y 270-2 Light 3060 | 1699 v(C-S)
11 e e S -1 > 3350 1620
che %&/\S yetlow 2956 | 1674 709
v(NO2)
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oy Lo 2023 3002 | 1701 1521
12 | o T n\f/\ o | T | 84 | Yellow | 3382 sars | 1688 1618 | o/ 1346
v(C-S)
702
v(C-Cl)
o]
oy " ) 3097 | 1733 1091
13 OA)NK/LNWMNE\ o 211232 78 | PP | 3986 1625
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%NJ\/‘L - 230.2 Deep | 3269 | 3060 | 1701 3444
14| oyt a1 | 79 1626
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Table 4. the physical properties as well as the FTIR spectral data cm-1 of the compounds that
were produced (16-20).

Physical properties Major FTIR Absorptions cm-1
Com. vC-H
m.p | Yield = =
No. Compound Structure Color vN-H | Arom v(C=0 | v(C=C :thzr
°C % . ) ) andas
Aliph.
CH i
N 3051 | 1731
| H 253-
16 N e ) 81 | Yellow | 3180 1612 -
254
ch, oog\/‘NH 2977 | 1666
v(NO2)
(o]
SN 3050 | 1693
N -
17 | Adweyrnt e, 2710- | g | DeeP | 5oq4 1630 | ASYm-
Sym. 1344
CH i
S ) 3049 | 1713 v(C-Cl)
18 | At 11%‘1 79 | PP | 3150 1622
ohy 0 A gray 2995 | 1662 1089
o]
L 294- Reddish | 3180 | 3062 | 1692 v(-OH)
19 O%N NH’W{N N—C\ OH 225 75 I 1610
ohy oA yellow 2987 | 1662 3413
o
CHj_ CH3 _ . 3060 1701
20 | Hdurpt-t 22%23 82 L'ﬁht 3298 1625 -
ohy QA _w N, yellow 2977 | 1683

2.5. ACTIVATION OF ANTIOXIDANT DEFENSES (DPPH
RADICAL SCAVENGING ASSAY)[31, 32]

Activation of antioxidant defenses was measured for a range of compounds (1-20)
using a conventional method and the stable DPPH free radical. The compounds 1-20
were produced in DMSO at three different concentrations (50, 100, and 150) M, after
which it was put to a methanol solution (of up to 2 milliliters) that contained 0.0002
grams per milliliter of DPPH radical. After 30 minutes of room temperature incubation,
the spectrophotometer was utilized for determining the absorbance of the reaction
mixture at a wavelength of 517 nm. Ascorbic acid served as a reference substance
when evaluated at the same quantities as the other substances. To determine how
effective ascorbic acid was in blocking DPPH radicals, we used the following formula:
((Ac-As)/Ac) *100. (percentage). An absorbance measurement taken from a control
(Ac) and one taken from a sample (As) are shown.

https://doi.org/10.17993/3ctic.2023.121.83-116



Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

2.6. TOTAL ANTIOXIDANT CAPACITY[33]

It was revealed that the compounds that were synthesized had a total antioxidant
capability when they were tested with the phosphomolybdenum technique. An aliquot
of a solution containing the chemical was combined with one milliliter of reagent that
included 0.6 M sulphuric acid, 28 mM (Na2HPO4), and those were all included (4 mM
ammonium molybdate). After that, a hermetic seal was placed on each of the test
tubes that contained the reaction solution for the compounds that were being
analyzed, and the tubes were then heated to 95 degrees Celsius for an hour and a
half. After bringing the temperature in the room up to room temperature, a
spectrophotometer was used to measure the absorbance of each tube at 695 nm in
comparison to a blank. The total antioxidant activity is reported as the amount of
ascorbic acid that is comparable to one gram. For the purpose of plotting the
calibration curve, the following concentrations of ascorbic acid in DW were used: 10,
20, 30, 50, 70, 90, 120, 180, and 200 g/mL.

2.7. IN SILICO STUDIES

2.7.1. PREPARATION OF THE LIGANDI[2]

Molecular docking research was carried out making use of the Small Drug
Research Suites software package (Schrodinger 2020-3, LLC). The two-dimensional it
was decided to draw out the structures of the freshly produced substances, and then
Maestro 12.5 was used to turn those drawings into three-dimensional structures.
Before docking, the ligands' pH levels were brought up to the physiological range
using the OPLS2005 force field, and energy was reduced as much as possible. The
Epik choice was made so that the ligand could remain in the correct protonation state
throughout the process.

2.7.2. DETERMINING PROTEIN BINDING REGIONS

We uploaded the three-dimensional crystal structure of the aromatase enzyme,
which may be found in the RCSB Protein Data Bank (PDB ID: 3S7S). The 3D crystal
structure has been fixed and prepared with the help of Maestro 12.5's protein
preparation wizard. To get started, the crystal structure had every last trace of water
vapor evaporated. The protein's bond orders and charges were determined before
any of the missing hydrogen atoms were added. lonization of amino acids was
achieved through adjustment of the physiological pH via the Propka software. As a
final step, the OPLC force field was used for restrained minimization. For docking
purposes, this streamlined structure worked wonderfully. After protein preparation, the
best protein binding site was determined by identifying the highest-ranked potential
protein binding sites utilizing the use of the maestro 12.5 glide grid program.

o https://doi.org/10.17993/3ctic.2023.121.83-116
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2.7.3. MOLECULAR DOCKING INVESTIGATION

Binding sites on the receptor were located using the glide grid tool, and the best
ligand poses and binding energies were predicted using ligand docking. To begin, the
Glide docking module in Maestro 12.5 was used to successfully dock all ligands onto
their corresponding receptors. A grid box was generated using the receptor grid
generation platform in the region of the co-crystallized ligand that is favored at the
binding site. Maestro 12.5 was used to perform the simulations. Last but not least, the

maestro 12.5 work space visualizer was used to visualize poses and analyze the
resulting data.

3. RESULTS AND DISCUSSION

Synthetisesed Using Schiff bases of 1,3-dimethyl-6-(amino aceto hydrazine)
pyrimidine-2,4-dione-6-yl and various reagents, a series of new heterocyclic rings with
five members was synthesized Scheme-1. This series includes tetrazoline,
thiazolidin-4-one and imidazolidine-4-one.

4 o )
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n
o ’\Il NH/\n/ \NHZ
CHj °©
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(@}
]
=]
o] IJ
CHa. |
CHy °©
[1-5] ,
\%,
)\ 2
%”O%
0 z
CHs z g Q
~N Ny CHy_
o)\NI NH’er‘N—i(-': G A | N o H
cr|4 OHN \N © ’\I‘ NHY N_C\OG
3 N o CHs % NH
[ 6-10] Mo )j H (16201
H
e vasVs
chy % s
[ 11-15]

\ G= H , —NO, , —cl , —HO ., —N(CHs), j
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3.1. SCHEME-1 SYNTHESIS OF NEW TETRAZOLINE,
THIAZOLIDIN-4-ONE, AND IMIDAZOLIDINE-4-ONE
DERIVATIVES

The first step in the synthesis of new in Scheme-1 tetrazol, thiazolidin-4-one, and
imidazolidine-4-one derivatives. A solution of 1,3-dimethyl-6-(amino aceto hydrazine)
pyrimidine-2,4-dione-6-yl, para substituted aromatic aldehydes and absolute ethanol
Its solvents were thoroughly combined with glacial acetic acid a catalytic three drops
to synthesized Schiff bases derivatives (1-5) in table-1 showed the physical
properties and FTIR of compound (1-5). The FTIR spectrumi34  showing in
figure(1-5) includes the presence of a v(N-H) at (3301-3282) cm-*; v(C-H) Arom. at
(3099-3001) cm-'; v(C-H) Aliph. at (2997-2941) cm-'; v(C=0) at (1731-1656) cm-,
v(C=N) at (1649-1627) cm-1 and v(C=C) at (1625-1619) cm-! of compound (1-5). The
compound (2) have v(-NOz) in asym. at (1521 cm') and sym. at (1346 cm-);
compound (3) have v(C-Cl) at (1091 cm-') and compound (4) have v(-OH) at (3433
cm-1). Compound (5) "TH-NMR spectra data, all signals shown in table-5 and showing
in Figure 21 that contain signal 2.51 (s, 6H, N-(CH3)2); 2.96 (s, 3H, N-CH3); 2.99 (s,

CHs
3H, OxN0); 3.4 (s, 1H, NH); 3.51 (s, 2H, CH2); 3.57 (s, 1H, =CH); 6.75 (s, 1H, N=C-
H); 7.63-8.49 (m, 4H, Ar-H); 9.66 (s, 1H, HN-N). Table-6 shows the 13C-NMR

spectrum data of this compound (5) and showing in Figure 22.

Synthisesed compounds (6-10) by cyclization compound (1-5) through sodium azide
in ethanol as solvent as showing in scheme-1. In table-2 showed the physical
properties and FTIR of compound (6-10). The FTIR spectrum of tetrazoline
derivatives showing in figure(6-10) includes the presence of a v(N-H) at (3319-3275)
cm-'; v(C-H) Arom. at (3077-3023) cm-1; v(C-H) Aliph. at (2997-2923) cm-'; v(C=0) at
(1711-1668) cm-1, v(C=C) at (1625-1608) cm-! and v(N=N) at (1457-1448) cm-1of
compound (6-10). The compound (7) have v(-NOz2) in asym. at (1523 cm-') and sym.
at (1346 cm-1); compound (8) have v(C-Cl) at (1089 cm-1) and compound (10) have
v(-OH) at (3406 cm-'). Compound (7) "TH-NMR spectra data, all signals shown in
table-5 and showing in Figure 23 that contain signal at 2.5 (s, 3H, N-CH3); 2.5 (s, 3H,

CHj
Ow“vo); 3.45 (s, 2H, CH2); 3.46 (s, 1H, NH); 3.56 (s, 1H, N-CH tetrazoline ring);
3.62 (s, 1H, =CH); 4.9 (s, 1H, N-NH-N); 7.5-8.3 (m, 4H, Ar-H); 9.5 (s, 1H, HN-N).

Compounds (11-15) were synthesized by cyclizing compounds (1-5) through 2-
mercaptoacetic in THF as the solvent, as in Scheme-1. In table-3 showed the
physical properties and FTIR of compound (11-15). The FTIR spectrum of
Thiazolidin-4-one derivatives showing in figure(11-15) includes the presence of a
v(N-H) at (3350-3253) cm-'; v(C-H) Arom. at (3097-3002) cm-'; v(C-H) Aliph. at
(2983-2956) cm-1; v(C=0) at (1733-1683) cm-!, v(C=C) at (1628-1618) cm-* and v(C-
S) at (709-696) cm-1of compound (11-15). The compound (12) have v(-NO2) in asym.
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at (1521 cm-1) and sym. at (1346 cm-'); compound (13) have v(C-Cl) at (1091 cm-")
and compound (14) have v(-OH) at (3444 cm-'). Compound (13) "H-NMR spectra

data, all signals shown in table-5 and showing in Figure 24 that contain signal 2.5 (s,
CH3

3H, N-CH3s); 2.5 (s, 3H, Ow“"vo); 3.58 (s, 2H, CH2); 3.83 (s, 2H, S-CHz2); 3.98 (s, 1H,

NH); 4.1 (s, 1H, N-CH thiazolidinone ring); 4.2 (s, 1H, =CH); 7.5-8.3 (m, 4H, Ar-H);

8.7 (s, 1H, HN-N). Table-6 shows the 3C-NMR spectrum data of this compound (13)
and showing in Figure 25.

Synthisesed compound (16-20) by cyclization compound (1-5) through glycine in
ethanol as solvent as in scheme-1. In table-4 showed the physical properties and
FTIR of compound (16-20). The FTIR spectrum of imidazolidine-4-one derivatives
showing in figure(16-20) includes the presence of a v(N-H) at (3298-3180) cm-; v(C-
H) Arom. at (3062-3049) cm-'; v(C-H) Aliph. at (2995-2958) cm-1; v(C=0) at
(1731-1662) cm-' and v(C=C) at (1630-1610) cm-' of compound (16-20). The
compound (17) have v(-NO2) in asym. at (1521 cm-') and sym. at (1344 cm-);
compound (18) have v(C-Cl) at (1089 cm-') and compound (19) have v(-OH) at (3413

cm'). Compound (16) 'H-NMR spectra data, all signals shown in table-5 and
CHs

showing in Figure 26 that contain signal 2.5 (s, 3H, N-CHa); 2.5 (s, 3H, °~xN°); 3.17

(s, 2H, CH2); 3.17 (s, 2H, CHz2-NH); 3.38 (s, 1H, NH); 3.57 (s, 1H, N-CH

imidazolidinone ring); 3.59 (s, 2H, N-CH2); 3.64 (s, 1H, =CH); 7.5-8.3 (m, 4H, Ar-H);
8.7 (s, 1TH, HN-N).
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Table 5. 1H-NMR of compound (5, 7, 13 and 16)

No.

Compound structure

TH-NMR spectral data (5ppm)

o)
CH
3“N)‘j\ CHg
A \ /
N\
0Z >N Y NZCON
| o) H \
CHs -

2.51 (s, 6H, N-(CHs)2); 2.96 (s, 3H, N-
CHs
CHs); 2.99 (s, 3H, OxN<2°); 3.4 (s,
1H, NH); 3.51 (s, 2H, CHz); 3.57 (s,
1H, =CH); 6.75 (s, 1H, N=C-H);
7.63-8.49 (m, 4H, Ar-H); 9.66 (s, 1H,
HN-N)

NO,

2.5 (s, 3H, N-CHs); 2.5 (s, 3H,
CH,

OxN20): 3.45 (s, 2H, CHa); 3.46 (s,
1H, NH); 3.56 (s, 1H, N-CH
tetrazoline ring); 3.62 (s, 1H, =CH);
4.9 (s, 1H, N-NH-N); 7.6-8.4 (m, 4H,
Ar-H); 9.5 (s, 1H, HN-N)

13

. H
N—C Cl

2.5 (s, 3H, N-CH3); 2.5 (s, 3H,
CH,
OxN<£0): 3.58 (s, 2H, CHa2); 3.83 (s,
2H, S-CH3); 3.98 (s, 1H, NH); 4.1 (s,
1H, N-CH thiazolidinone ring); 4.2 (s,
1H, =CH); 7.5-8.2 (m, 4H, Ar-H); 8.7
(s, TH, HN-N)

16

o)N\T I NH’\H’Z‘N\—/E\—Q

2.5 (s, 3H, N-CH3s); 2.5 (s, 3H,
CHs;

OnN#0); 3.17 (s, 2H, CH2); 3.17 (s,
2H, CH2-NH); 3.38 (s, 1H, NH); 3.57
(s, 1H, N-CH imidazolidinone ring);
3.59 (s, 2H, N-CHy); 3.67 (s, 1H,
=CH); 7.5-8.3 (m, 4H, Ar-H); 8.7 (s,
1H, HN-N)

Table 6. 13C-NMR of compound (5 and 13)

No.

Compound structure

13C-NMR spectral data (3ppm)

(o]

4
HsC_

N 5
)\ | 7 H /9 11
8 10

072 >N 6 N N 12

| H

CHs o " e

1 10 N

12 |

CHs
13

28.31 (C4, C3); 58.23 (C7); 65.03 (Cs);
111.23 (C11); 112.35 (C12); 129.97
(C10); 152.54 (Cs, Co); 160.31 (C2, Ca);
165.14 (Cs)

13

28.31 (C4, Cs); 38.23 (C10); 59.11 (C7);
61.13 (C11): 66.01 (Cs); 129.18 (C13).
133.05 (C1a); 136.17 (C1z); 138.26
(C1s); 152.12 (Cs): 160.06 (Cz Ca):
166.93 (Cs, Co)

https://doi.org/10.17993/3ctic.2023.121.83-116




Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

Figure 1. FTIR Soectrum of Compound (1)

Figure 2. FTIR Soectrum of Compound (2)
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Figure 3. FTIR Soectrum of Compound (3)

Figure 4. FTIR Soectrum of Compound (4)
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Figure 5. FTIR Soectrum of Compound (5)

Figure 6. FTIR Soectrum of Compound (6)
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Figure 7. FTIR Soectrum of Compound (7)

Figure 8. FTIR Soectrum of Compound (8)
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Figure 9. FTIR Soectrum of Compound (9)

Figure 10. FTIR Soectrum of Compound (10)
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Figure 11. FTIR Soectrum of Compound (11)
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Figure 12. FTIR Soectrum of Compound (12)
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Figure 13. FTIR Soectrum of Compound (13)
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Figure 14. FTIR Soectrum of Compound (14)
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Figure 15. FTIR Soectrum of Compound (15)

Figure 16. FTIR Soectrum of Compound (16)
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Figure 17. FTIR Soectrum of Compound (17)

Figure 18. FTIR Soectrum of Compound (18)
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Figure 19. FTIR Soectrum of Compound (19)

Figure 20. FTIR Soectrum of Compound (20)
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Figure 21. 1H-NMR of compound (5)
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Figure 22. 13C-NMR of compound (5)
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Figure 24. 1H-NMR of compound (13)
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Figure 25. 13C-NMR of compound (13)
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Figure 26. 1H-NMR of compound (16)
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3.2. DPPH SCAVENGING ACTIVITY

All of the produced compounds (1-20) were either as active as the ordinary
ascorbic acid or somewhat less active. The quantities of 50, 100, and 150 g /ml were
used in a (2,2-diphenyl-1-picrylhydrazyl) test. The ultimate result is stoichiometric in
terms of the number of electrons caught, It can be differentiated from others by either
a changing in the dark violet hue of its exterior (DPPH) or a complete loss of color. We
see a clear decline in efficacy with decreasing concentration in these prepared
samples. Antioxidant activity was highest for component (11) at a concentration of
(150 g/ml), as was out by reviewing the various results. An illustration of the newly
synthesized compound's DPPH scavenging activity (1-20) is shown in Figure 27.

100,00 %
H1 B

4 N

H’7 N

10 m

75,00 % W13 .
16 W

miom

50,00 %

JH ‘i Im. Hl I i HIL

. |

50 100 5

Figure 27. New compound's DPPH-scavenging action(1-20)

3.3. QUANTITATIVE MEASURE OF ANTIOXIDANT CAPACITY

The phosphomolybdenum method was used to calculate the combined antioxidant
power of all synthesized compounds (1-20). This technique relies on the ability of
synthesized compounds to convert colorless 70 Molybdenum(VI) to colored
Molybdenum(V) via the formation of a green phosphate - Mo(V) complex at acidic pH.
The chemical was found to have significantly higher antioxidant activity than ascorbic
acid. Among the recently synthesized uracil derivatives, compounds (1-20) exhibit a
low antioxidant ability against decreased Mo(VI) to Mo(V), as depicted in Figure 28.
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Figure 28. Total antioxidant capacity of the newly synthesized compound (1-20)

3.4. DOCKING STUDIES

To provide light on why synthetic substances have antioxidant properties (1-4, 6-11
and 13-20). Aromatase, an enzyme protein implicated in breast cancer etiology and
induction, was one of many pharmaceutical targets subjected to docking studies. The
crystal structure of Aromatase's crystal structure (PDB id: 3S7S) in association with
the reference drug Exemestane was obtained from the Protein Data Bank (EXM).

There are docking studies shown in Table 5. Compared to the reference medication
Exemestane, compounds (1-4, 6-11, and 13-20) showed a more stable fit into the
aromatase binding pocket through interactions with critical residues ARG 115, PHE
221, TRP224, ASP309, MET374, HIE 480, and HEM60O0.

When compared to the reference compound (-3.657 kcal/mol) in table-7, compound
(14) has a dock score of -7.139 kcal/mol. The docking score is higher here than it is
for co-crystalline.

So, these relationships help to clarify the decline in aromatase activity. This work
adds to the growing body of evidence that the synthesized chemicals have potential
as a new class of chemotherapeutic medications for the treatment of breast cancer

and other associated illnesses. Several compounds' structures are shown in Figure
29.
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Table 7. Consequences of molecular docking of compound (1-4, 6-11, and 13-20)

S Types of Docking Glide

residues Lo Energy
PHE 221, HIE 480 0.740 -16.33
ARG 115, PHE 221, MET 374, HIE 480 0.767 -10.996
HEM 600 -1.735 -37.043
TRP 224, MET 374, HEM 600 -5.530 -24 171
PHE 221, TRP 224, MET 374, HEM 600 -6.486 -44 412
MET 374, HEM 600 -1.045 -48.6
ASP 309, MET 374, HEM 600 -3.503 -30.517
PHE 134, MET 374, HEM 600 -4.456 -31.474
MET 374, HEM 600 -2.910 -39.268
TRP 224 -5.786 -37.608
HEM 600 -3.900 -39.437
MET 374, HEM 600 -7.139 -29.686
HEM 600 -1.166 -24.856
TRP224, MET 374, HEM 600 -5.548 -43.625
ARG 115, HEM 600 -3.685 -35.37
MET 374, HEM 600 -5.050 -26.56
HEM 600 -4.892 -34.777
MET 374, HEM 600 -5.181 -47.623

Standard MET 374 -3.657 -18.206

- https://doi.org/10.17993/3ctic.2023.121.83-116
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compound 4 compound 6

compound 11 compound 14

compound 16 compound 18

\".‘ /\\\
! 1\ ‘ } A

compound 20 standered

Figure 29. View docking Molecular of some compounds and standard

4. CONCLUSION

In this work, synthesis new heterocyclic compounds from reaction uracil derivatives
with sodium azide, 2-mercapto acid & 2-amino acetic acid to produce five-membered
heterocyclic rings includes: tetrazoline-1yl, thiazolidin-4-one and imidazolidin-4-one
derivatives respectively. This compounds was measured biological activity by two
types of anti-oxidant activity DPPH and phosphomolybdenum at three concentration
(50, 100 150) ppm Results shown the phosphomolybdenum is batter worked of this
compounds and the highest Values at 5.023 of compound (11) compare with standard
1.142 in concentration 150 ppm and study molecular docking shown Results The
effectiveness of these compounds for the treatment of breast cancer and other
associated diseases.
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ABSTRACT

This studied the effect of method’s and efficiency application of nano- NPK fertilizer (0,
1 and 2. ) in addition to the soil or foliar spray on the vegetative growth of Olivetti
noier and Thompson Seedless young grapevines grown under Nineveh Governorate
during 2021 season. Applications three levels of nano- NPK 0, 2 and 4gm. as soil
addition either alone or in combination with foliar application of nano- NPK sprayed
three times at 0, 1 and 2.1 significantly promoted all vegetative growth traits, height
and diameter of the main stem, number of leaves, chlorophyll concentration in leaves,
leaf area and leaf area. Moreover, these treatments resulted of vegetative growth
parameters compared with untreated (control). Result showed that fertilization with the
addition of 4 gm. Nano NPK.I, led to a significant increase in the rates of height and
diameter of the main stem, number of leaves, chlorophyll concentration in leaves.
Foliar fertilization with 2 gm. Nano NPK I, led to a significant improving main stem
diameter of seedling, leaf area, leaf area of seedling, chlorophyll concentration in
leaves. Spray with 1 gm. Nano NPK I led to a significant increase in the height of the
main stem and the number of leaves per seedling. Thompson Seedless grape cv. over
Olivetti noier cv. in height and diameter of the main stems, leaf area and the leaf area
of the seedling.
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Nano, NPK, Fertilizer, Grape.
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1. INTRODUCTION

Grape was one of the oldest fruits planted by man, and commercially the most
cultivated and widespread fruit crop in the world, which was mentioned in the holy
books, and the cultivation of grapes in Iraq is as old as the settlement of people in
Mesopotamia (Childers et al. 1995 and Alsaidi, 2014).

In recent years, a lot of studies and research have appeared that dealt with the
introduction of nanotechnology in the agricultural field, which is called Agro-
Nanotechnology, which has significant effects on the global economy. The nano
fertilizers are characterized by having a great ability to dissolve in water in addition to
the speed of penetration into the plant cell, in addition to the possibility of adding such
fertilizers to the soil or spraying on the vegetative system of the plant (Chinnamuthu
and Boopathi, 2009 ; Sabir et al,2014).

Fertilization is one of the horticultural process that must be performed in the
nurseries and vineyard orchards in order to give the requirements of growth and
development of grape vines as a result of the depletion of the nutrients necessary
from the soil. Among these elements nitrogen, phosphorus and potassium are the
important nutrients of the plants, (Epstein and Bloom, 2005 and Marschner, 2012).

The aim of this research to study the efficiency of nano NPK fertilization on the
vegetative growth, mineral content, response of the cultivars to nano-fertilizers and
determining the best way to application of nano-fertilizer of grape seedlings.

2. MATERIALS AND METHODS

The present investigation was carried out during 2021 season on two young grape
cultivars including Olivetti noier and Thompson were one year old, planted at 2x3
meters apart in the grape orchard of the Department of Horticulture and Landscape -
College of Agriculture and Forestry - University of Mosul - Iraq. The soil was loam sail,
full description of the tested soil is given in Table 1.

Table 1. Physical and chemical properties of the experimental soil.

Item Value Available nutrients Value
Sand % 34.8 N g.Kg-1 0.121
Silt % 25.45 P g.Kg-1 3.01
Clay % 39.75 K g.Kg-1 49.76
Texture Loam O.M. % 1.20
E.C. ds/m 0.2

Factorial experiment with the complete randomized block design was applied with
three replicates, two young vines per each. The treatments were as follows by three
factors:

The first factor: Cultivars on Olivette noire and Thompson Seedless Grape.

https://doi.org/10.17993/3ctic.2023.121.118-131
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The second factor: Fertilization by adding nano-NPK (20:20:20) at three levels: o, 2
and 4 gm. Young vine

The third factor: foliar application with three concentrations of the nano-NPK at 0,1
and 2gm.I-' on vegetative growth till runoff.

Three levels of nano- NPK were added when the shoots reached 10 cm in the
length on April 12, 2021, and the second addition was a month after the first addition.
While the nano-NPK was sprayed on the vegetative growth in three times the first was
on April 19, 2021, and the second spray was a month after the first and the third was a
month after the second spray. Tween 80 as wetting agent was applied at 0.1% to all
spray solutions and the young vines were sprayed solution till runoff and control vines
were sprayed water containing Tween 80. Vegetative parameter such as height and
diameter of the main stem, number of leaves / young vine, Leaf area (cm2), The leaf
area of the young vine (cm2. Young vine) and the total chlorophyll concentration in the
leaves were measured on 1 Oct. 2021.

3. RESULTS AND DISCUSSION

3.1. HEIGHT OF THE MAIN STEM OF GRAPE SEEDLINGS (CM)

The data in Table (2) showed that the seedling height of the Thompson Seedless
cv. were significantly superior (165.99cm.) compared with the Olivette noire cv.
(148.50cm). It's evident from the data in the same table that the height of grape
seedlings were affected by nano NPK application, especially when adding
4g.seedlings! of nano NPK and reached 169.28cm. which provided the maximum
value (169.28cm.) compared with the lowest value of height of seedling steam
(156.77) in control treatment.
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Table 2. Effect the method of nano application with NPK fertilizer on height of the main stem
of seedlings (cm) of Olivette noire and Thompson Seedless grape cultivars.

; V. M
Adding nano Foliar nano NPK (mg.I-") c ean
cultivars NPK x Effect of
(g-seedling) 0 1 2 NPK cultivar
0 NPK 139.83 f 145.55 ef 143.67 ef 142.83 d
Olevitte 148.50 b
noire 2 NPK 12133g | 154.17ed | 13533f | 136.94e
4 NPK 166.67 cd 168.00 c 162.50 cd 165.72b
0 NPK 136.30 f 229.50 a 146.33 ef 170.71a
Thompson 2 NPK 135.83f | 168.50c | 159.00cd | 154.44¢C | 165994
Seedless :
4 NPK 13933 f 19150 b 187.67 b 172.83 a
Thompson Seedless 137.16e | 196.50a | 164.33b nano NPK
. 0 NPK 137.16 e 196.50 a 164.33 b 156.77 b
Adding x
Foliar nano 2 NPK 138.07 e 187.25a 145.00 de 145.69 ¢
NPK
4 NPK 128.58 f 161.33 ¢ 141.17d 169.28 a
Mean effect foliar nanoNPK 139.88 ¢ 176.11 a 155.75 b

Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

Spraying with 1 g.I'' of nano-NPK was significantly superior in the height of the
main stem of grape seedlings, which amounted to (176.11) cm, while the control
treatment gave the lowest value were (139.88cm.) for the average height of the main
steam.

The data in Table (2) also indicates that the binary, especially triple, interactions
between the studied factors made clear significant differences between the treatments
of adding 0 nano NPK + spraying with 1gm. nano NPK. |-! for Thompson Seedless cv.
was gave the highest values in the average height of the main stem and amounted to
229.50cm, which significantly outperformed all treatments, while the lowest height of
the main stem was recorded when adding 2 g nano NPK. seedlings-! + spraying with
Ogm. nano NPK.I-! for Olivette noire grape cv. which amounted to 121.33 cm.

3.2. MAIN STEM DIAMETER (MM):

It is noticed from the data of Table (3) that there are significant differences between
the two grape cultivars in the main stem diameter, especially the Thompson Seedless
cv. (14.67mm.) was superior than Olivette noire cv. (12.32 mm.). It is also evident from
the data of the same table that addition 4gm. of nano NPK are significant superior in
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the main stem diameter (14.64 mm.), than control treatment which amounted to 12.24
mm.

It is also noted that spraying with 2gm. nano NPK.I-' has a clear effect which
achieved the highest significant increase in the average diameter of the main stem of
grape seedlings (14.99 mm), while the control treatment recorded the lowest value for
this trait, which amounted to 11.92 mm. It is also evident from the data of the same
table that addition 4gm. of nano NPK are significant superior in the main stem
diameter (14.64 mm.), than control treatment which amounted to 12.24 mm.

It is also noted that spraying with 2gm. nano NPK.I-' has a clear effect which
achieved the highest significant increase in the average diameter of the main stem of
grape seedlings (14.99 mm), while the control treatment recorded the lowest value for
this trait, which amounted to 11.92 mm. It is also noted in the data of Table (4) that the
interactions between the factors under this study achieved a significant increase in the
average diameter of the main stem diameter of grape seedlings, especially when
adding 4 gm. nano NPK + spraying with 2gm. nano NPK fertilizer for Thompson
Seedless grape cv. which achieved the highest average for the main stem diameter
(16.67 mm), while the comparison treatment for Olivette noire grape cv. recorded the
lowest values for this trait, which amounted to (7.79 mm).

Table 3. Effect the method of nano application with NPK fertilizer on stem diameter of
seedlings (mm) of Olivette noire and Thompson Seedless grape cultivars.

: V. M
Adding nano Foliar nano NPK (mg.I") c ean
Cultivars NPK X Effect of
(g-seedling™!) 0 1 2 NPK Cultivar
11.49
0 NPK 7.79f 16.03 ab 11.77 e
Olevitte ed
. 12.32b
noire 2 NPK 10.88 e 12.38 d 1248 d 11.91e
4 NPK 12.46d 12.71d 14.66 cd 13.28 ¢
0 NPK 10.76 e 12.98 d 1440 c 12.72b
Thompson 2 NPK 1451bc | 15.60abc | 15.71abc | 15.27b
Seedless 14.67 a
4 NPK 15.12 abc 16.26 a 16.67 a 16.01 a
Olevitte noire 10.38 e 12.19d 14.39 b Main
Thompson Seedless 13.46¢c | 1495ab | 1554a effect of adding
nanoNPK
. 0 NPK 9.28 e 12.23d 15.22 ab 1224 c
Adding x
Foliar nano 2 NPK 12.69d 13.99 ¢ 14.09 ¢ 13.59b
NPK
4 NPK 13.79 ¢ 14.48 bc 15.66 a 14.64 a
Mean effect foliar nanoNPK 1192 ¢ 13.57b 1499 a
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Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

3.3. NUMBER OF LEAVES / SEEDLINGS

The data in Table (4) indicate the clear discrepancy in number of leaves for the two
grape cultivars under study. The Olivette noire grape cv. (164.17 leaves, seedlings)
were significantly outperformed compared with Thompson Seedless grape cv. (153.06
leaves, seedlings1).

It is also noted from the data of the same table that the addition of nano-fertilizer
was significantly superior to the average number of leaves per seedling for treatments
4 and 2 g. seedling-! were significantly over the comparison treatment (176.77, 176.24
and 122.81) leaves. seedling-1, respectively.

Table 4. Effect the method of Nano application with NPK fertilizer on number of leaves of
seedlings of Olivette noire and Thompson Seedless grape cultivars.

: CV. M
Adding nano Foliar nano NPK (mg.I") ean
Cultivars NPK x Effect of
(g.seedling) 0 1 2 NPK cultivar
0 NPK 100.33 jk 121.33 h 119.03 hi | 113.56 f
Olevitte
noire 2 NPK 182.33cd | 201.13a 166.66ef | 183.37b | 164.17b
4 NPK 187.33bcd | 198.83ab | 198.83ab | 195.55a
0 NPK 95.00 k 108.16 ij 108.16cd | 132.06 e
Th
ompson 2 NPK 17883de | 18216cd | 182.16cd | 169.11c | 153.05b
Seedless
4 NPK 131.50 h 18350 cd | 183.30cd | 158.00d
Olevitte noire 156.66 ¢ 174.32 a 161.51 bc Main
Thompson Seedless 135.11 d 166.12 b 157.94 ¢ effect of adding
nanoNPK
Adding 0 NPK 97.66 e 157.18 ¢ 113.60d 122.81b
% Eoliar 2 NPK 18.58 b 173.73 b 174.41b 176.24 a
nano NPK 4 NPK 159.41 ¢ 179.75b 191.16 a 176.77 a
Mean effect foliar nanoNPK 14588 ¢ 170.22 a 159.72b

Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

The data of Table (4) shows the significant superiority of the treatment of spraying
with 1 gm. nano NPK I* over treatments (2 and 0 gm. nano NPK. ), as well as the
superiority of the spraying treatment with 2 gm. nano NPK. 1-1 was significantly on the
comparison treatment. The treatment of triple interaction between the factors in this
study when adding 2 gm.1-! of nano NPK + spraying with 1 gm. nano NPK |1 was
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significantly outperformed most of the treatments, which amounted to 201.13 leaves.
seedlings, while the treatment of adding zero gm.seedling' of nano fertilizer for
Thompson Seedless grape cultivar recorded the lowest values for the average
number of leaves, which amounted to 95.00 leaves. Seedlings'.

3.4.LEAF AREA (CM2)

It is evident from the data of Table (5) that Thompson Seedless cv. was significantly
outperformed the average leaf area (101.10 cmz2.leaf') over the Olivette noire cv.
(66.69 cmz2.leaf-"). It is noted from the data of the same table showed that the addition
of nano NPK fertilizer had a clear effect on increasing the leaf area, as the treatment
of adding 2 gm. nano NPK. Seedlings! was significantly (90.15 gm. leaf') over the
comparison treatment (73.30 gm. leaf-1).

Table 5. Effect the method of nano application with NPK fertilizer on leaf area (cm2) of Olivette
noire and Thompson Seedless grape cultivars.

: CV. Mean
Adding nano Foliar nano NPK (mg.I")
Cultivars NPK X Effect of
(9-seedling") 0 1 2 NPK Cultivar
0 NPK 29.82 ] 62.83 ghi 66.68 gh 53.11e
Ori‘f)‘i’r':e 2 NPK 57.04hi | 7847ef | 84.52ed 73.24 d 66.69 b
4 NPK 63.28 ghi 88.31 de 69.50 fg 73.69d
0 NPK 54.47 i 87.83 de 138.18 a 93.49¢c
Thompson
Seedless 2 NPK 125.10 b 102.27 ¢ 93.82 cd 107.06 a 101.10 a
4 NPK 93.43 cd 92.98 cd 12178 b 102.73 b
Olevitte noire 50.05d 76.43 c 73.57 c Main
Thompson Seedless 91.00 c 94.36 b 117.93 a effect of adding nanoNPK
0 NPK 4214 d 75.33 ¢ 10243 a 73.30b
Adding x
Foliar nano 2 NPK 91.07b 90.22 b 89.17b 90.15 a
NPK
4 NPK 7836 ¢ 90.65b 9564 b 8821 a
Mean effect foliar nanoNPK 70.52 ¢ 85.40b 95.75a

Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

The data of Table (6) also showed that spraying with 2 gm.I-'Tnano NPK fertilizer
(95.71 cm2leaf-') had a significantly increase in the leaf area compared with the other
treatments. In addition to the significant superiority of spraying at a concentration of 1
gm nano NPK.I-! over the control treatment (70.52 cm2.leaf-1).

The triple interactions between the factors studied in Table (5), it is also showed
that the addition 0 gm. seedling-' of nano NPK + foliar spray with 2 gm. I-! of the same
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fertilizer for Thompson Seedless cv. (138.18 cm2.leaf-1) was significantly superior to all
treatments, while the comparison treatment of Olivette noire cv. was recorded the
lowest values (29.82 cmz2.leaf-1) for this trait.

3.5. THE LEAF AREA OF THE SEEDLING (CM2.SEEDLING")

The data in Table (6) indicates that Thompson Seedless cv. (15657.2
cm2.seedling') was significantly superior to the Olivette noire cv. in the seedling leaf
area which reached 11345.2 cm2.seedling-'. It is noted from the data of the same table
that the addition of 2 gm..seedling-') of nano NPK fertilizer (15764.8 cm2.seedling')
achieved a significant superiority over the control treatment (9276.0 cm2.seedling™).

Spraying at a concentration of 2 gm. I of nano NPK fertilizer on caused a
significant increase in the seedling leaf area (15036.3 cm2.seedling-') compared to the
treatment of 0 gm.I-! of nano fertilizer (10845.4 cm2. seedlings).

Table 6. Effect the method of nano application with NPK fertilizer on seedling leaf area
(cm2.seedling") of Olivette noire and Thompson Seedless grape cultivars.

: CV. M
Adding nano Foliar nano NPK (mg.I-") ean
Cultivars NPK X Effect of
(g-seedling™") 0 1 2 NPK cultivar
0 NPK 2996.0 k 7619.7 i 7920.3 i 53.11 e
Olevitte
Noire 2 NPK 10392.3 h 15731.0cd | 14089.7de | 73.24d | 11345.2D
4 NPK 11860.3gh | 17706.3b | 13791.3ef | 73.69d
0 NPK 5186.0 16946.3bc | 14987.7de | 93.49c¢
Thompson 2 NPK 22353.3a | 14941.7de | 17080.7bc | 107.06a
Seedless 156572 a
4 NPK 12284.3fg | 14786.7de | 223483a | 102.73b
Olevitte noire 8416.2 e 13685.7 ¢ 11933.8d Main
Thompson Seedless 132746¢c | 15558.2b | 181389a effect of adding
nanoNPK
0 NPK 4091.0d 12283.0c | 11454.0c 9276.0 b
Adding x Foliar | 5 \pk 16372.8b | 15336.3b | 155852b 15764.8 a
nano NPK
4 NPK 12072.3¢c | 162465b | 18069.8 a 15462.9 a
Mean effect foliar nanoNPK 10845.4 b 146219 a 15036.3 a

Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

Studying the effect of the triple interaction between the studied factors, it is clear
showed the data in Table (7) that the treatment of adding 4 gm. nano NPK. seedlings-1
+ spraying with 2 gm. nano NPK.I-') for Thompson Seedless grape cultivar gave the
highest values for seedling leaf area (22348.3 cm2.seedling-'), which was significantly
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superior to all treatments, while the comparison treatment of grape cultivar olivette
noire (2996.0 cm2.seedling-') recorded the lowest values for this trait.

3.6. TOTAL CHLOROPHYLL IN THE LEAVES (MG.G-F.W)

The results presented in Table (7) showed that there weren’t any different between
the cultivars in the total chlorophyll content of the leaves in this study. However,
fertilization with 4gm.nano NPK.seedling' gave the highest value of chlorophyll
content 1.31 mg.g-'"F.W which surpassed significantly compared with the addition of 0
nano NPK.seedling-'. The lowest value of chlorophyll content was 0.934 mg.g-' F.W.

Table 7. Effect the method of nano application with NPK fertilizer on total chlorophyll in leaves
(mg.g'F.W) of Olivette noire and Thompson Seedless grape cultivars.

: CV. M
Adding nano Foliar nano NPK (mg.I") ean
Cultivars NPK x Effect of
(9-seedling™) 0 1 2 NPK cultivar
0 NPK 081b 0.92b 0.96 b 0.90 a
Olevitte 2 NPK 0.86 b 0.98Db 1.06 b 0.97 1.02
noire . . . 97 a 02a
4 NPK 0.98 b 1.2400 ab 1.37 ab 1.19a
0 NPK 0.93b 0.98 b 0.99Db 0.96 a
Thompson 2 NPK 0.95 b 1.26 ab 1.29 ab 117 a 1.18a
Seedless
4 NPK 1.03b 1.45 ab 1.77 a 142 a
Olevitte noire 0.88 b 1.05 ab 1.13 ab Main
Thompson Seedless 0.97ab 1.23 ab 1.35a effect of adding
nanoNPK
0 NPK 0.87b 0.95Db 0.97Db 0.93b
Adding x Foliar | 5 \py 0.90 b 1.12 ab 1.17ab 1.07 ab
nano NPK
4 NPK 1.00b 1.34ab 1.57a 131a
Mean effect foliar nanoNPK 0.92b 1.14 ab 1.24 a

Means with the same letter are not significantly different according to Duncan
multiple ranges test at 5% level.

Foliar application of 2gm.I-" nano-NPK was a significant increases in leaf
chlorophyll content giving the highest significant value of 1.242 mg.g-' FW compared
to the lowest value of chlorophyll content was shown in the control treatment of 0.928
mg.g-!' F.W.

Regarding the interactions between all factors, the results showed a combination of
fertilization with 4gm nano-NPK.seedling-! + spraying with 2gm.I-' nano-NPK.I-' with
Thompson Seedless cv. was reached 1.77 mg.g-' FW and gave the highest content of
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chlorophyll compared with control treatment, which gave the lowest value 0.813 mg.
g F.W. for the total chlorophyll concentration in the leaves.

It is clear from the data of the results that the cultivar has a major role in the
vegetative growth characteristics of grape seedlings (young vines). This variation is
due to the genetic factor between the cultivars and according to their strength and the
efficiency of the biological processes that take place in each cultivar, especially the
variation of the genetic structures of each cultivar and the extent of their interaction
with the different environmental conditions and fertilizer treatments, which works to
vary the efficiency of the photosynthesis process and the use of its products in the
growth processes and increase the vegetative growth of seedlings of different grape
cultivars (Alimam, 1998; Mangel and Kirkby, 2001; Hopkins and Huner 2004 and
Aljubori et al., 2022).

Through the study of the effect of nano NPK fertilizer on increasing the vegetative
growth of grape seedlings shown in Tables (2,3,4,5,6 and 7), the efficiency of the
surfaces of particles in ion exchange of nano fertilizer increases the chances of the
absorption of nutrients by the root and vegetative systems and high speed of
nanoparticles in the leaves of seedlings to meet the requirements of vegetative growth
by increasing enzymatic activity and speed of reactions (Morteza et al., 2013 and
Aljubori et al., 2022).

Nitrogen increases the vitality and activity of the meristem areas of seedlings by
increasing the biosynthesis of auxins, amino acids, nucleic acids, chlorophyll, and
many enzymatic facilities that increase the efficiency and elongation of cell divisions
for different plant organs, in addition to the role of physiology of phosphorous in
increasing vegetative growth, which includes its entry into vital energy compounds,
especially phospholipids and nucleic acids and its role in building cell membranes that
have a major role in increasing the activity and effectiveness of seedlings to carry out
photosynthesis, respiration that lead to increase seedling height, diameter, number of
leaves.

In addition to the physiological role of potassium in the processes of regulating the
osmotic effort of cells and its clear role in increasing and activating enzymes related to
photosynthesis (Yasin, 2001, Taiz and Zeiger 2001, and Marschner, 2003 and Aljubori
et al., 2022) and that all these roles of nutrients were reflected in increasing the
vegetative growth of grape seedlings (Alimam and Alsaidi, 2003; Cheng et al. 2010;
Barad et al. 2010 and Aljubori, et al., 2022).

Although the foliar spraying of major nutrients such as nitrogen, phosphorous and
potassium as a method is highly efficient in absorbing these elements through
spraying techniques with nano-fertilizers. Which increasing the efficiency of absorption
of major nutrients, which resulted in the response of grape seedlings in increasing
vegetative growth spraying with nano-fertilizers (Mengel and Kirkby,2001and Alimam,
and Al-Qasim, 2022).

4. CONCLUSION
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The results of this study showed that the cultivar had a clear role in the average
height and diameter of the main stem of the seedling, the area of one leaf and the leaf
area of the seedling, especially for the grape cultivar Thompson Seedless, compared
with the Olivette noire cv.. The addition of nano NPK fertilizer at 4g.seedlings-! or foliar
spraying with 2g.I-" with nano NPK fertilizer singly or overlap with each other caused a
significant increase in the rates of length and diameter of the main stem of seedlings,
leaf area of seedlings, chlorophyll and protein content in leaves and carbohydrate in
branches and the concentration of nutrients nitrogen, phosphorous and potassium in
the petioles of the leaves.
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ABSTRACT

With the continuous development of China's economy, outdoor swimming has
become an indispensable sport for Chinese people thereupon. However, the pollution
of the outdoor water environment is capable of directly affecting the physical health of
outdoor swimming lovers. Given the above, this paper uses the Stochastic Impacts by
Regression on Population, Affluence, and Technology (STIRPAT) model to analyze
the environmental water pollution of lakes and study the influencing factors and
degree of physical health of outdoor swimming crowds. Moreover, this paper also
identifies the causes of water pollution in two respects, namely water pollution and
human pollution and analyzes from the perspectives of water quality monitoring
environment survey and questionnaire survey. The results show that the primary
factors affecting water quality contain weather, swimming crowd density and
environmental pollution around water areas, lake waters have direct and indirect
effects on human health, and the incidence of eye inflammation, itchy skin, stuffy
nose, sore throat, stomachache, nausea, earache, diarrhea, fever and vomiting are
36.4%, 30.3%, 29.5%, 26.5%, 21.2%, 20.1%, 20.1%, 17.0%, 14.8% and 12.9%
respectively.

KEYWORDS

Water environment pollution;, Outdoor swimming; Sports crowd; Influence study;
Water quality monitoring.
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1. INTRODUCTION

With the continuous progress of science and technology, the ability of human
beings to intervene in nature is getting stronger and stronger. The natural environment
on which human beings depend for survival and development is also under enormous
pressure [1]. Various activities of human society discharge pollutants into the
environment, which not only seriously threaten human health, cause property loss, but
also damage the environmental resources themselves [2-3].

In recent years, the number of environmental pollution damages caused by water
pollution has risen sharply [4-5]. Such as the cadmium pollution incident in Beijing,
Guangdong in December 2005, the arsenic pollution incident in Yueyang, Hunan in
September 2006, the arsenic pollution incident in Yangzonghai in September 2008,
the Yancheng pollution incident in Jiangsu in February 2009, and the arsenic pollution
incident in July 2010. Zijin Mining Pollution Incident and Dalian Oil Spill Incident [6-7].

According to reports from the State Environmental Protection Administration
system, yearbooks, journals, literature and online media, between 2005 and 2010, 95
major environmental pollution accidents were committed. Water pollution incidents
caused by pollutant discharge have become an important type of accident that causes
damage to the water environment [8-9].

In recent years, a large number of scholars at home and abroad have carried out
related research on water environment pollution. Literature [10] has some innovations
in the overall theory of water environmental pollution. They break the traditional way of
thinking about water governance and use the theory of sustainable development to
explore new water pollution management models. They believe that achieving
effective protection and sustainable development is the focus of water pollution control
and improvement. They pointed out that to achieve water pollution control, we must
carry out the overall system and institutional innovation. Literature [11] and [12] put
forward the following viewpoints from the perspective of comprehensive management:
they believe that the management of water environment pollution is an important part
of human production activities. Comprehensive treatment is the most powerful
weapon for water pollution control. Literature [13] introduced the market governance
method into the process of water environment governance, emphasizing the
coordinated governance of various departments. Emission trading theory is a
theoretical development in the process of water environment pollution control. In
terms of governance methods, the literature [14] and [15] creatively put forward a new
concept. He believed that the previous water environment pollution control was an all-
powerful government-style governance. In the process of water pollution control, the
role of market participation has been emphasized. The main role of the people is
emphasized here, and it is hoped that the public can actively participate in water
pollution control. Literature [16] focuses more on the idea that the government guides
the whole society to govern, and believes that the degree of cooperation and
coordination between all parties in the society is an important factor affecting the
realization of high efficiency. References [17] and [18] believe that a government,
market, enterprises, farmers and social organizations can be constructed to
participate in the network governance mechanism of water pollution. Reference [19]
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introduces an environmental penalty function based on the evolutionary game model
analysis. Using this model, the distribution of water pollution loads in the Zarjub River
in northern Iran was analyzed. Reference [20] analyzes the influencing factors of rural
water pollution from the legal level. They argue that there is a Chinese rural water
pollution legislation dependent on the cities. References [21] and [22] compared the
investment in urban and rural environmental pollution control in 2013, and found that
the focus of water environmental pollution control is in cities, while the rural water
environment pollution control lacks investment. The study also shows that the uneven
distribution of urban and rural areas leads to significant differences in the effects of
urban and rural water pollution control. Literature [23], from the perspective of urban
development, believes that the acceleration of urbanization has changed the quality
and spatial distribution of water resources. Reference [24] took Hanji Township, Hubei
Province as a case study object, and tested the water quality of Hanji Township. The
main causes of water pollution are agricultural pollution, industrial pollution, domestic
sewage, and waste pollution. Finally, the management countermeasures and
suggestions are put forward. Reference [25] focuses on the current situation of rural
drainage facilities and proposes that the lack of rural drainage facilities leads to
improper sewage treatment, resulting in serious damage to the rural water
environment. Reference [26] starts from the institutional mechanism of rural water
environmental protection and proposes that the current rural water environmental
protection mechanism has gradually become rigid. Reference [27] starts with the
current situation of rural residents' understanding of water law and finds that rural
residents lack access to knowledge of water law. It can be seen that scholars from all
over the world regard water environment pollution as a major problem that affects the
sustainable development of society and economy and affects people's life and health.
Therefore, while promoting social and economic development, we must also do a
good job in the protection of the water environment. This has become an important
theme of economic development and reform in the new era [28-30].

With the rapid development of China's economy, people pay more and more
attention to the spiritual world. Outdoor sports have become indispensable sport for
the Chinese people. Outdoor swimming is especially sought after by outdoor sports
enthusiasts. Therefore, whether the water environment is polluted or not will directly
affect the health of outdoor swimming enthusiasts. This paper takes the water
environment of a suburban lake in a city in China as an example to study the impact
of typical water environment pollution on outdoor tourism and sports people. The
purpose is to analyze the pollution of the lake water environment in the suburbs of a
city and to study the impact on the outdoor swimming population after the water
environment is polluted.

2. MATHEMATICAL MODELS AND DATA SOURCES

In studying the influencing factors of water environmental pollution, some
researchers use different models to demonstrate. Different scholars have analyzed
the influencing factors and their degree of influence. In recent years, the research on
the STIRPAT model has become more and more extensive, and it is mainly applied to
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environmental problems caused by carbon emissions and energy consumption. In the
research on water environment pollution, some scholars have used the STIRPAT
model to analyze the influence factors and degree of influence of water environment
pollution on the health of the outdoor swimming population.

2.1. STIRPAT MODEL

The STIRPAT model refers to an extensible and random environmental impact
assessment model. This paper will use this model in the subsequent empirical
analysis to empirically analyze the environmental pollution of lakes in the suburbs of a
city, the factors that affect the health of outdoor swimming people and their degree of
influence. The STIRPAT model is an extension of the IPAT model. The initial form of
the model can be expressed as:

I=PXAXT (1)

In the above formula, I is the environmental pressure, P is the number of
swimmers, A is the wealth of a city, and T is the technological progress.

The model believes that the environmental pressure [ is determined by the scale of
the number of swimmers P, the affluence of a city A, and technological progress 7.
Due to the limitations of this model in the application, many scholars have modified
the nonlinear regression model STIRPAT model obtained by the IPAT model. The
standard form of the model can be expressed as:

I =aP’AT (2)

The above formula, I, P, A and T respectively represent the same meaning as
formula (1), a,b,c and d the model influence coefficient and the index of each
variable respectively, e is the random error term. In practical applications, to reduce
the influence of heteroscedasticity, logarithm processing is performed on both sides of

the formula (2). To facilitate the expression of each coefficient, it is expressed by f.
After processing, a linear model is obtained. The linear model can be expressed as:

Inl=p+pInP+pin A+pInT+e (3)

The above linear model was used to realize the analysis of factors affecting the
health of the outdoor swimming population by water environment pollution.

2.2. DATA SOURCES

Water pollution is mainly caused by population growth, rapid social and economic
development, and accelerated urbanization [31]. To comprehensively study the
influencing factors and degree of influence of China's water environment pollution, this
paper adds industrial structure, water consumption structure, urbanization and other
indicators based on formula (3), so formula (3) is further extended to formula (4), that
is, the extended linear regression equation of the STIRPAT model can be expressed
as:

Inl=p+pln P+pln A+pInT+p,In ur +pPsln st+pfIn cs 4)
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Formula (4), I is the water environment quality. In this paper, the total amount of
wastewater discharge, COD value and ammonia nitrogen discharge is used as water
pollution indicators; P is the population size; A is the wealth level, expressed by per
capita GDP; T is the technical level, expressed by the intensity of wastewater
discharge; ur is the urbanization rate, expressed by the proportion of the urban
population to the total population; s7 is the water consumption structure, expressed by
the proportion of domestic water consumption to total water; ¢s is the industrial
structure, expressed by the industrial output value Expressed as a percentage of
GDP.

When China studies water pollution, the main statistical indicators include total
wastewater discharge, COD discharge and ammonia nitrogen discharge [32].
According to the research on water environment pollution by Chinese scholars, this
paper uses the total amount of wastewater discharge, COD discharge, and ammonia
nitrogen discharge as indicators to measure China's water environment pollution, and
conducts model test analysis with various water environment pollution factors. The
degree of influence of environmental pollution factors on water pollution [33]. The
water environment pollution evaluation index system is shown in Table 1.

Table 1. Evaluation index system of water environment pollution

Criterion layer Indicator layer Interpretation of indicators

Outdoor swimmers on Number of people swimming

the rise outdoors (P) Minimum number of swimmers

Urban affluence (A) GDP per capita

Techinque level (T) Wastewater discharge intensity

Socioeconomic
development
The proportion of the number of swimmers to

Uiz o (7211 (1) the total number of people

Industrial structure (cs) Industrial output as a share of GDP

Swimmers swimming
habits

The proportion of domestic water

SATIIE, El2fis (&) consumption in total water

The data comes from the 2009-2018 "China Statistical Yearbook", "China

Environmental Statistical Yearbook" and the statistical yearbooks of various provinces,
municipalities and autonomous regions.
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3. CHARACTERISTICS AND CAUSES OF WATER
POLLUTION

3.1. CHARACTERISTICS OF WATER ENVIRONMENT
POLLUTION

The water pollutants in the lake area in the suburbs of a city are mainly phosphorus
and nitrogen indicators. Judging from the monitoring results of the four factors of total
phosphorus, total nitrogen, transparency and PH value, which are the evaluation
indicators of the nutritional status of the lake, the lake water in the suburban lake area
of a certain city is still in a state of eutrophication, with the appearance of periodic
intensive growth of aquatic plants and peculiar smell in the water body, resulting in the
deterioration of the lake water environment quality in the suburban lake area of a city
and affecting the landscape of the lake area [34]. In terms of time distribution, the
pollution degree in the suburban lake area of a certain city has strong regularity, and it
mostly occurs between May and July every year, in terms of spatial distribution,
artificial lakeshore areas are the main areas.

3.2. ANALYSIS OF CAUSES OF WATER ENVIRONMENT
POLLUTION

3.2.1. WATER POLLUTION

Water eutrophication is a phenomenon of water pollution caused by excessive
nitrogen, phosphorus and other nutrients in the water body. Crazy growth destroys the
flow of material and energy in the system and gradually deteriorates the water
ecosystem.

In the water body of a suburban lake area of a city, the external input of nutrient
salts and the release of nutrients in the bottom of the lake area are important factors
that cause the water quality in the lake area on the outskirts of a city to show a rich
state, and at the same time, the eutrophication of natural water bodies is related to the
changes in physical factors such as light, temperature, and dissolved oxygen [35].

The water in a lake area in the suburbs of a city is eutrophic, which mostly occurs
from May to July every year (usually during stratification in summer). At this time,
there is sufficient sunshine and the highest ambient temperature during the day is
generally maintained in the range of 25°C-33°C, basically meeting the external
climatic conditions of water eutrophication.

Nutrients such as phosphorus, nitrogen, etc. in the lake water body mainly come
from the following aspects:
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(1) The phosphorus released by the dead aquatic organisms and the decaying
rhizomes of aquatic plants in the lake, and its humus is deposited on the bottom of the
water, resulting in the enrichment of nutrients, and released under specific
environmental conditions, resulting in the water quality of the lake area is rich in
nutrients, this phenomenon is especially directly affected by phosphorus. In the water
body of a lake area on the outskirts of a city, the change in phosphorus content will
directly dominate the production of a certain type or several types of aquatic plants,
and when phosphorus is the limiting factor, the increase of phosphorus will create
favorable conditions for the large reproduction of aquatic organisms such as aquatic
plants, directly affecting the degree of eutrophication of water quality [36].

(2) The mass reproduction and death of aquatic organisms such as aquatic plants
will consume a large amount of oxygen in the water body, resulting in further
deterioration of water quality. The decrease of dissolved oxygen in various water
layers in the lake area was significantly related to the increase in total phosphorus
content. Nutrients at all levels in the lake will release nitrogen and phosphorus when
they secrete, excrete, and transform and release organic matter, which is also the
source of nutrients. During the transformation and release of organic matter, at the
same time as bacteria decompose them, it is returned to water bodies and sediments
to be released under specific environmental conditions. The faster the aquatic plants
reproduce and the more vigorous the activity, the more they will promote the release
of nitrogen and phosphorus in the substrate.

(3) The supply of lakes and lakes in the suburbs of a city mainly comes from the
surface water in the suburbs of a city, and the water also contains excess nitrogen,
which mainly comes from the excessive application of fertilizers, agricultural wastes
and domestic pollutants in agricultural production. Surface water mainly exists in the
form of phosphate [37].

(4) Some tourists have uncivilized travel habits. Tourists throw bait and garbage
into the lake area at will and artificially add phosphorus and nitrogen to the lake area.

3.2.2. HUMAN POLLUTION

Pollution is caused by the swimmer's secretions, excrement, etc. to the water body
when swimming. In addition, it also includes that after people with certain infectious
diseases or bacteria (viruses) enter the swimming pool, pathogenic factors are
brought into the swimming pool, mainly from the digestive tract and body surface of
the swimmer. Such as saliva, sweat, urine, tears and other secretions and excretions.
The specific sources are the following:

(1) Urinary leakage occurs when the bladder contracts involuntarily due to cold
contraction, and the amount of urine leakage for adults is generally 50ml. According to
the survey, those who urinate during swimming account for about 3.5~5.0% of the
swimmers, that is, one person urinates for every 20 swimmers. The more swimmers in
the pool, the higher the urination rate, so urine is one of the main sources of
swimming pool water pollution [38-39].
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(2) Swimmers spit the water from the entrance into the pool together with saliva
from time to time when swimming. The saliva may contain pathogenic bacteria or
viruses, thus causing the pollution of the swimming pool water quality.

(3) Sweat is also a source of pool water pollution. According to Japan's Liuye
report, the average person sweats 100ml/h when swimming in summer, and the
amount of sweat increase with the increase of exercise. Although the amount of tear
and other secretions is small, because there are often a variety of pathogenic factors
such as germs and viruses in these secretions, it is also an important factor in
polluting the water environment.

(4) In addition, the COz2 in the exhaled breath of the swimmer, together with the
secretions and excrement of the human body, can change the PH value of the water
quality in the water environment, thus affecting the sanitation of the water quality.

4. RESULTS AND ANALYSIS

To analyze the impact of water environmental pollution on the outdoor swimming
population, this paper conducted a water quality test on the lake waters in the suburbs
of a city and investigated the waters and the surrounding environment. At the same
time, the outdoor swimming population was divided into a swimming group and a non-
swimming group, and a questionnaire survey and statistical analysis were carried out
for these two groups.

4.1. WATER QUALITY MONITORING AND ENVIRONMENTAL
SURVEY RESULTS

4.1.1. WATER QUALITY MONITORING METHODS

According to the "Technical Regulations for Lake Water Environment
Monitoring" (2002), 3 monitoring points are set up in the suburban lake waters, among
which monitoring point 1 is a peripheral point susceptible to pollution, monitoring point
2 is a crowded area, and monitoring point 3 is a less polluted area. In deep water
points, 2 parallel samples were collected from each monitoring point. From 3 to 5 pm
from May 28 to June 3, 2021, by GB 17378.4-1998 "Lake Monitoring Specification
Part 4: Lake Water Analysis", sampling and microbial and physical index analysis was
carried out, using C200 type automatic water quality analysis Instrument for general
chemical index analysis. Detection indicators include fecal coliforms, color,
transparency, PH, dissolved oxygen, salinity, floating matter and chemical oxygen
consumption (COD).

4.1.2. ENVIRONMENTAL SURVEY RESULTS

There is basically no industrial and agricultural sewage discharge near the lakes in
the suburbs of a city, and there is scattered non-point source pollution, which is mainly
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caused by the domestic garbage brought by restaurants and tourists washed by
rainwater. Therefore, changes in weather conditions and the number of tourists are
the main reasons for the changes in pollutant discharge. The maximum number of
people during the investigation period is 500-800 person-times, and the minimum is
100-200 person-times. 42 lake water samples were collected, and the lake water
chromaticity was normal. The chromaticity of monitoring points 1, 2, and 3 were
(15.00£3.90), (14.28+£1.20), and (11.42+1.45) NTU, from near-land point to deep
water. The point gradually becomes smaller; the PH value is 8.01~8.10; the salinity is
31%0~33%o; the transparency is >30cm, the water temperature is normal, and there is
no thermal pollution source around. Table 2 shows the water quality test results of
each monitoring point in the suburban lakes of a city.

Table 2. The water quality test results of each monitoring point in the suburban lakes of a city

Ty Dissolved Nitrate Inorganic Fecal
Mor:itgtr;ng PH value C&?{Ba oxygen nitrogen |COD (mg/L)| nitrogen coliforms
P (mglL) (mglL) (mglL) (pes/L)
M;g:::;i;‘g 8.10£0.08 15.00£3.90 6.51+2.16 0.16x0.02 2.70:0.14 0.21+0.02  36.0+7.60
M;g::“;:;‘g 8.09:0.07 14.284#1.20 5.60£2.01 0.17:0.03 3.40:0.14 0.19:0.02  36.0+6.07
Mg::;‘::;g 8.0120.10 11.42+1.45 6.71+1.90 0.16:0.03 3.05¢0.09 0.21+0.03  35.0+6.69

Table 2 shows that in terms of dissolved oxygen and oxygen-consuming substance
content, the dissolved oxygen content of monitoring points 1 and 3 are (6.51 + 2.16)
and (6.71 £ 1.90) mg/L, respectively, reaching the lake water quality class | standard.
Monitoring point 2, the dissolved oxygen content is (5.60+2.01) mg/L, which meets the
Il water quality standard. The chemical oxygen consumption (COD) of monitoring
points 1, 2, and 3 were (2.70+0.14), (3.40£0.14) and (3.05%£0.09) mg/L in turn,
reaching the lake water quality class Il standard.

In terms of nitrogen content, inorganic nitrogen can indicate the status of lake water
being polluted by domestic wastewater, etc., and ammonia nitrogen exceeding the
standard indicates the existence of new pollution. The inorganic nitrogen of 2 samples
exceeded the standard of class Il lake water, and the exceeding rate was 4.7%,
indicating that the seawater was recently polluted. The nitrate nitrogen content of
monitoring points 1, 2 and 3 is 0.16 mg/L~0.17 mg/L, and the inorganic nitrogen
content is 0.05 mg/L~0.45 mgl/L.

In terms of biological indicators, there is no suspended matter in the lake water in
the suburbs of a certain city, and there is white suspended matter in the lake water at
certain times, mainly jellyfish, which are unique to the region in May and June. Fecal
coliforms <156/L, reaching the class | standard of lake water quality.

The results of this survey show that the inorganic nitrogen in the lake water reaches
the standard of lake water category Il and meets the requirement of swimming water.
Dissolved oxygen, fecal coliform and PH value can reach the standard of lake water
category |. The results of the environmental survey of the lake water show that there
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is surface source pollution such as the catering industry in the lake area, and the
dissolved oxygen content in the water is (1.63+0.63) mg/L. The density of swimmers
at monitoring point 2 is the largest, and the dissolved oxygen content in its water is the
lowest, at (5.60+2.01) mg/L. Therefore, the weather, the density of swimmers and the
environment around the lake water are the main factors affecting water quality.

4.2. QUESTIONNAIRE SURVEY AND RESULTS

4.2.1. QUESTIONNAIRE SURVEY METHOD

The field population in a suburban lake was taken as the survey object, and the
questionnaire was formulated and revised according to the actual situation. The
questionnaire contains a total of 42 individual choices, which are divided into two
parts: the on-site questionnaire survey and the follow-up questionnaire after 7 days.
The contents of the investigation included whether there were any changes in the
respiratory tract, digestive tract, eyes, ears, nose, chest tightness, tinea pedis, skin
infection symptoms and changes in mental state, which were completed within 2
consecutive days. The follow-up questionnaire was conducted by telephone, E-mail,
QQ group, WeChat group, etc., and was conducted 7 days after the on-site
investigation.

The investigators of this questionnaire survey are all trained and qualified medical
students. Before the survey, 60 members of the swimming association and 50
students of the school were organized to conduct a preliminary survey, and the
questions in the survey questionnaire were improved. Unify the standards during the
investigation, and eliminate abnormal data during data entry. Monitoring data are
represented by x = 5. Through the above STIRPAT environmental impact
assessment model, the health influencing factors and influence degree of the outdoor
swimming population were assessed. SPSS 10.0 statistical software was used for

data entry, and x2 test and Logistic regression analysis was performed. The difference
was statistically significant P < 0.05.

4.2.2. INFLUENCE ON THE HEALTH OF THE SWIMMING
POPULATION

A total of 500 questionnaires were distributed in this survey, 491 were recovered,
408 were valid questionnaires, and the response rate was over 90%. In this paper, the
population was divided into swimming and non-swimming groups, and on-site
questionnaires were administered to the swimming and non-swimming groups,
respectively. Follow-up questionnaires were conducted again after 7d. The results of
the survey were summarized for both groups and finally, the number of people in both
groups who developed symptoms and the incidence were analyzed. A comparison of
the incidence of different symptoms in the swimming and non-swimming groups is
shown in Figure 1.
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Figure 1. Comparison of the incidence of different symptoms between the swimming group
and the non-swimming group.

As can be seen from Figure 1, 264 people in the swimming group suffered from
itchy skin, fever, nasal congestion, runny nose, nausea, vomiting, stomach pain, sore
throat, earache, diarrhea and eye inflammation, while the number of people in the
non-swimming group found such symptoms for 144 people. In addition, the number
and incidence of any symptom in the swimming group were higher than those in the
non-swimming group. The most obvious one was: in terms of skin itching symptoms,
the number and incidence of the swimming group were 57% higher than those in the
non-swimming group. people, 14.3%. In terms of nasal congestion and runny nose,
the number and incidence of the swimming group were 51 and 10.7% higher than
those of the non-swimming group. In terms of symptoms of nausea, the number and
incidence of the swimming group were 43 and 13.2% higher than those of the non-
swimming group. In terms of inflammation, the number and incidence of the swimming
group were 57 and 14.3% higher than those of the non-swimming group, respectively.

According to the above data, the number and incidence of skin itching, fever, nasal
congestion, runny nose, nausea, vomiting, stomach pain, sore throat, earache,
diarrhea and eye inflammation in the swimming group were higher than those in the
non-swimming group. The incidences of itching, nasal congestion and runny nose,
nausea, vomiting, stomach pain, sore throat, eye inflammation and diarrhea were

significantly different (P < 0.05 or P < 0.01), while there was no statistical difference
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in the incidence of fever and earache between the two groups. academic significance
(P < 0.05).

4.2.3. LOGISTIC REGRESSION ANALYSIS OF RISK FACTORS
AFFECTING THE HEALTH STATUS OF THE SWIMMING
POPULATION

Taking the symptoms of the population (whether there is the respiratory tract,
digestive tract, eyes, ears, nose, chest tightness, tinea pedis, skin infection symptoms
and mental state, etc.), wearing earplugs, swimming goggles, etc.) were used as
independent variables, and a two-class logistic regression analysis was performed.
The logistic regression multivariate analysis of the risk factors for the health status of
the swimming population is shown in Table 3.

Table 3. Logistic regression multivariate analysis of risk factors for the health status of the
swimming population

Influencing Walid 0

Swim 1.367 12.337 3.925 1.830-8.417
Itchy skin
Swallowlake 4 395 454 10,771 1 4.023 1.752-9.236
water
Swim 093 317 8618 3 2535 1.362-4.718

Eye
inflammation

Not wearing
diving glasses 889 332 7.193 7 2.433 1.271-4.661

Table 3 shows that the main risk factors for skin itching symptoms in the population
include swimming (OR value 3.925, 95%CI: 1.830-8.417) and swallowing lake water
(OR value: 4.023, 95%ClI: 1.752-9.236). Statistical significance (P < 0.01), which
indicates that swimming and swallowing lake water sentences can increase the risk of
skin itching in the population; the risk factors for eye inflammation in the population
include swimming (OR value: 2.535, 95%Cl: 1.362~4.718) and swimming Without
diving glasses (OR value: 2.433, 95% ClI: 1.271-4.661), the difference was statistically

significant (P < 0.01), indicating that swimming and swimming without diving glasses
can increase the risk of eye inflammation in the population.

5. DISCUSSION

The disposal of water environmental pollution incidents, especially the restoration
and assessment of water environmental damage, is a blank field in China, and there
is a lack of systematic research on the relevant assessment method systems. This
paper takes the water environment of a lake in the suburbs of a city as an example to
study the impact of the polluted water environment of the lake on the health of outdoor
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sports swimmers. However, it does not involve the process of China's disposal of
water pollution incidents, as well as the related content of the concept and
assessment method of environmental damage assessment. Therefore, in the future
research direction, it is mainly China's research on the disposal process of water
environmental pollution incidents, the concept and assessment method of
environmental damage assessment, which has important theoretical significance and
technical support for the establishment of environmental damage restoration and
assessment method system, the development of environmental damage assessment
method practice, and the construction of environmental economic policy system. The
protection of the water environment not only protects human survival, social progress
and economic development, but also sustains the need for a good ecological
environment. Lake bathing is best to wear waterproof goggles as well as ear plugs,
etc., use water to rinse the whole body immediately after bathing and use eye drops
and ear drops for prevention if necessary. At the same time, we should strengthen the
monitoring of the density of the swimming crowd and control the surface source
pollution to protect the physical and mental health of the crowd.

6. CONCLUSION

This paper takes the water environment of a suburban lake in a city as an example
to study the impact of the polluted water environment on the health of outdoor sports
swimmers. And analyzed from two aspects of water quality monitoring and
questionnaire survey. Finally, the influencing factors of water environment pollution on
the outdoor tourism population are studied:

(1) Judging from the results of water quality monitoring and environmental
investigation, the inorganic nitrogen in the waters of the lake reaches the class Il
standard of lake water, which meets the requirements for swimming water. Dissolved
oxygen, fecal coliform and PH value can reach the class | standard of lake water. The
survey results of the lake water environment show that there is non-point source
pollution such as food and beverages near the lake waters, especially on rainy days,
and the dissolved oxygen content in the water is (1.63£0.63) mg/L. The density of
swimmers at monitoring point 2 was the highest, and the dissolved oxygen content in
its water was the lowest, which was (5.60+2.01) mg/L, which shows that weather,
swimming population density and environmental pollution around the water are the
main factors affecting water quality.

(2) According to the questionnaire survey, lake waters have direct and indirect
effects on people's health (including skin, respiratory tract, stomach, eyes, ears, etc.).
The main symptoms are itchy skin, fever, nasal congestion, runny nose, nausea,
vomiting, stomach pain, sore throat, earache, diarrhea, and eye inflammation.

(3) The results of the questionnaire survey show that polluted lake waters can have
adverse effects on the health of the population. The main manifestations were eye
inflammation at 36.4%, skin itching at 30.3%, nasal congestion and runny nose at
29.5%, sore throat at 26.5%, stomach pain at 21.2%, and nausea at 20.1%, the
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incidence of ear pain was 20.1%, the incidence of diarrhea was 17.0%, the incidence
of fever was 14.8%, and the incidence of vomiting was 12.9%.

It can be seen that the impact of lake water quality on the health of the population is
related to the swimming habits of the swimming population. Lake bathing is best to
wear waterproof goggles as well as ear plugs, etc., use water to rinse the whole body
after bathing and use eye drops and ear drops for prevention if necessary. At the
same time, we should strengthen the monitoring of the density of the swimming crowd
and control the surface source pollution to protect the physical and mental health of
the crowd.
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ABSTRACT

With the rapid development of information technology in China in recent years, the
network-sharing function in social software such as "WeChat" has begun to serve as a
safety aid for educational work and promote the emergence of a new teaching model,
So this paper proposes a new idea of basketball teaching based on the WeChat
safety-aided sports model. Firstly, under the method of research, the importance of
the practical part of the teaching content of the basketball specialization course is
analyzed by principal component analysis; then the suitability of basketball teaching
theory under WeChat safety-assisted is analyzed according to the correlation
reliability test, measurement ANOVA and post hoc test of score rate; based on Kinect
sensing technology, a basketball teaching model based on Kinect motion capture and
Joint construction is constructed; finally Obtain weights according to different weight
calculation methods and construct a basketball teaching quality evaluation system
based on fuzzy synthesis. The results showed that the experimental class achieved
3.16+£1.609 (pcs) and 82.38+8.450 (points) in the 4-meter fixed distance passing into
the zone; 35.18+9.167 (sec) and 84.72+10.798 (points) in the half-court dribbling and
folding marching layup; 4.8-meter fixed distance one-handed over-the-shoulder
basketball in the experimental class. The experimental class achieved the standard
score of 3.63+2.282 (one) and the technical evaluation score of 82.28+7.857 (points)
for the 4.8m fixed distance one-handed over-the-shoulder shot.

KEYWORDS

Weight calculation method; Microsoft safety-assisted sports; Teaching model; Fuzzy
evaluation system; College basketball teaching
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1. INTRODUCTION

With the advent of the information age and the rapid development of wireless
communication and network, the Internet has become closely connected with people's
life, work and study [1]. WeChat, as an instant messaging software, is not limited by
time and space, and it is not only widely used for socializing, but also becomes a
communication medium and a safety aid for educational work, which has become a
new and generally recognized educational approach driven by information technology
[2-3]. WeChat has various functions, for example, the WeChat group function can
provide a platform for communication between teachers and students and WeChat
public number is an effective and fast way to obtain learning resources [4]. Teachers
can capture high-quality graphics and explain micro-videos before class and publish
them through the WeChat platform, and they can also make online classroom tasks.

In recent years, more and more research on WeChat safety-assisted physical
education has been conducted, and its application in different sports has achieved
good teaching results. sport education model (SE) model or sports education model,
SE model is based on the theory of sports education, which is developed from game
theory and game education theory [5-6]. zhu et al. [7] integrated WeChat into the
teaching of yoga and found that the WeChat platform could help teachers reasonably
arrange the time, intensity, and frequency of practice, and was also beneficial to the
improvement of skills and the formation of exercise habits. The experimental study
found that the combination of the WeChat platform and PBL teaching was beneficial to
the improvement of students' motor skills, and the safety assistance of the WeChat
platform could reduce the time of classroom lectures and demonstrations so that
students had more time to practice. The students' participation motivation is also
greatly improved.

Liu et al [9-11] combined previous research experience on the sports education
model to integrate the WeChat platform into the sports education model, taking into
account the advantages of both for teaching design, emphasizing the importance of
both giving full play to the advantages of online teaching on the WeChat platform and
strictly following the teaching structure process of the sports education model to make
an effective interface between the two. Wang et al [12] proposed an adaptive analysis
based on Kinect of running posture and Meng et al [13-14] proposed that the MU
safety-assisted sports education model can solve the problem of students' weak
knowledge of sports items and also provide an online channel to solve in-class
problems as a way to ensure that the game process is not interrupted while solving
students' in-class problems.

In summary, WeChat plays a great role as a safety aid in physical education, and
researchers have designed and verified its advantages in teaching through WeChat
safety aid teaching. Some scholars have incorporated WeChat into the basketball
teaching mode, and the research results found that WeChat can be incorporated into
the basketball teaching mode more conveniently and effectively to promote students'
overall development and independent learning. This paper addresses the
shortcomings of the traditional basketball teaching model in the information age,
proposes basketball teaching ideas based on the WeChat safety-assisted sports
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model, constructs a basketball teaching model based on Kinect action analysis, and
uses a fuzzy evaluation system to classify and discriminate the proposed method. The
SE model is used to emphasize the development of students' sports knowledge,
culture and students' initiative. Finally, by understanding the role of the WeChat
platform for physical education, and drawing on the experience of previous people in
integrating the WeChat platform with other teaching models, the advantages of both
are combined and integrated, and basketball teaching in colleges and universities is
designed and applied through macro and micro, to be able to provide new teaching
ideas and solutions for basketball teaching.

2. THE CURRENT SITUATION AND INNOVATION OF
TEACHING CONTENT OF BASKETBALL
SPECIALIZATION COURSES IN COLLEGES AND
UNIVERSITIES

2.1. INVESTIGATION AND ANALYSIS OF THE IMPORTANCE OF
THE PRACTICAL PART OF THE TEACHING CONTENT OF
THE BASKETBALL SPECIALIZATION COURSE

Investigations show that basketball specialization courses tend to overemphasize
the transmission of existing skills, tactics, and theoretical knowledge and ignore the
innovation of existing basketball culture, so the teaching content focuses on the
transmission of existing knowledge, skills, and experience. Some teachers of
basketball specialization courses take book knowledge as the only teaching content,
teaching is simplified to "teaching", learning is equivalent to "learning from books", and
teaching activities are limited to experience and cognitive activities [15-16].

Table 1. Questions, structure and reliability test of the questionnaire of the practical part of the
teaching content of the basketball specialization course

Component
e Technical and
Practical ability tactical skills

Teaching the game

Practice of field command and refereeing 745
Basketball special physical training 741
Basketball tactics teaching and training 667 514
Teaching and training of basketball techniques 895
Teaching and training skills practice 480
Characteristics Root 2.416 1.377
Cumulative explanation rate of variance (62.555%) 40.271 % 22.284 %
Cronbach's alpha coefficient (0.730) 751 464
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Using principal component analysis with Varimax orthogonal rotation [17], two
factors with characteristic roots greater than 1 were extracted to explore the structure
of the practical part of the teaching content of the basketball specialization course.

In the 2-factor structure, the Kaiser-Meyer-Olkin value for the 6 topics was 0.671
and Bartlett's Test of Sphericity Approximate (15) = 100.197 (p < 0.001), indicators
that the topics are suitable for exploratory factor analysis. 2 The cumulative variance
explained by the 2 factors reached 62.555%. The topic of basketball tactical
instruction and training was highly loaded in both factors, but basketball tactical
instruction and training was categorized as the second factor based on previous
teaching experience. 2 factors measured the practical part of the basketball
specialization course content in terms of f1 practical ability and f2 technical and
tactical ability, respectively.

The total score of each factor is then calculated, followed by the normalized score
of the factor score according to the following algorithm: normalized score = (x-min)/
(max-min); the normalized score takes the value of each factor score to be between 0
and 1, which is the scoring rate of each factor.

Practical ability is 1=(practical ability-3)/12. There are 3 questions in this factor,
each question has a minimum value of 1 point and a maximum value of 5 points, so
the minimum value of this factor is 3 points and the maximum value is 15 points.

Technical and tactical ability is 1 = (technical and tactical ability - 3)/12. There are 3
questions in this factor, each question has a minimum value of 1 point and a
maximum value of 5 points, so the minimum value of this factor is 3 points and the
maximum value is 15 points.

The mean value after normalization was 0.10417, and the practical ability was
significantly greater than the technical and tactical ability, with p less than 0.001. The
three topics consisting of practical ability of teaching and competition, the practice of
clinical command and refereeing, and basketball special physical fitness training were
relatively favored by basketball special teachers. The three topics of teaching and
training of basketball tactics, teaching and training of basketball techniques and
practice of teaching and training ability, which consisted of technical and tactical
ability, were relatively unpopular, and the reasons for this may be related to the
training objectives of basketball specialization courses in each school, where teachers
pay more attention to the cultivation and education guidance of students' practical
ability.
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2.2. STUDY ON THE ADAPTABILITY OF THE
THEORETICAL PART OF BASKETBALL TEACHING
WITH THE ASSISTANCE OF WECHAT SECURITY

Table 2. Questions, structure and reliability test of the questionnaire of the theoretical part of
the teaching content of the basketball specialization course

Title T Quality 2 Athlete 3 Athlete Theory
of athletes | management | Basketball Injuries
Basketball sports scientific research work 908

Nutrition and recovery of basketball players 837

Mental training of basketball players 819

Basic quality and coaching requirements for
senior basketball coaches
Basic quality and development of high-level
referees

737 624

676

Basketball awareness and its cultivation 644 815

Organization and management of basketball

i 606
competition
Basketball rules and referee law 831

Selection and training of children and youth
basketball players

Theory and methods of basketball teaching 631 901

877

The structure of the theoretical part of the teaching content of the basketball
specialization course was explored by using principal component analysis with
Varimax orthogonal rotation and extracting three factors with characteristic roots
greater than one.

In the 3-factor structure, the KAISER-MEYER-OLKIN value for 13 questions was
0.838 and Bartlett's Test of Sphericity Approximate (78) = 541.460 (p < 0.001),
indicating that the questions were suitable for exploratory factor analysis. The
cumulative variance explained by the 3 factors reached 70.992%. f1 Athlete quality, f2
Athlete management and f3 Athlete theory were measured in 3 aspects of the
theoretical part of the basketball specialization course content. Factor 1 Athlete quality
consists of 7 topics such as basketball injury, prevention and rehabilitation, scientific
research work in basketball, nutrition and recovery of basketball players,
psychological training of basketball players, basic quality and coaching requirements
of senior basketball coaches, basic quality and development of high-level referees
and basketball awareness and its development, which require students to have high
advanced quality in research and training [18-20]. Factor 2 Athlete management, on
the other hand, consists of three topics such as organization and management of
basketball competitions, basketball rules and officiating law and selection and training
of children and youth basketball players, requiring students to be able to be not only a
qualified referee, but also to approach management-oriented personnel for youth
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selection and training. Factor 3 Athlete Theory is composed of three topics such as
basketball teaching theory and methods, basic basketball theory and basketball
training theory and methods, etc. Factor 3 tends to the theoretical knowledge of
basketball teaching and training.

Then, based on the above factors, the total score of each factor is calculated, and
then the normalized score of each factor is calculated according to the following
algorithm: Normalized score = (x-min)/(max-min); the normalized score takes the
value of each factor score to be between 0 and 1, which is the scoring rate of each
factor.

The athlete quality is 1=(athlete quality-7)/28. There are 7 questions in this factor,
and each question has a minimum value of 1 point and a maximum value of 5 points,
so the minimum value of this factor is 7 points and the maximum value is 35 points.

Athlete Management 1 = (Athlete Quality - 3)/12. There are 3 questions in this
factor, each question has a minimum value of 1 point and a maximum value of 5
points, so the minimum value of this factor is 3 points and the maximum value is 15
points.

Athlete Theory 1 = (Athlete Quality - 3)/12. There are 3 questions in this factor,
each question has a minimum value of 1 point and a maximum value of 5 points, so
the minimum value of this factor is 3 points and the maximum value is 15 points.

Table 3. Descriptive statistics of the three factors of the theoretical part of the teaching

content.
Athlete Quality 247 25
Athlete Management 152 20
Athlete Theory 128 17

Table 4. Repeated-measures ANOVA for the mean score rate of the three factors

Error source Sum of squares - mean square --

Intra-group variation 19.032

Error variation 1.672 126 13

Table 5. Post hoc test of the mean score rate of the three factors

(I) Factor 1 (J) Factor 1 Difference of means (I-J) Standard error
2 94 20 0

1
3 119 22 0

2 3 25 20 629
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Table 3 shows that the highest mean value is the athlete quality factor and the
lowest mean value is the athlete theory factor; the repeated measures ANOVA in
Table 4 shows that there is a significant difference between at least one pair of the
three-factor means in the two-way comparison; the two-way post hoc comparison in
Table 5 shows that there is a significant difference between the mean values of Factor
1 and Factor 2 and Factor 3, and there is no significant difference between the mean
values of Factor 2 and Factor 3.
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Figure 1. The trend of the average score of the factor of the theoretical part of the teaching
content of the basketball specialization course

To sum up, we can see that the factor of athlete quality is very important content for
basketball teachers in the teaching process. In different basketball eras, along with
the rapid development of social and political economy, the demand of society for
talent tends to be diversified, and no longer stays in single talent demand. Factor 2
and factor 3, on the other hand, are old-fashioned contents, which is less and less
valued by teachers and students.

2.3. BUILDING A BASKETBALL TEACHING MODEL BASED ON
KINECT MOTION CAPTURE AND JOINTS

The Kinect sensor uses Prime Sense's illumination encoding technique to acquire
depth information, Light Coding uses infrared light to measure space, and CMOS
sensors to read the encoding of light. These encodings are then analyzed by chip
decoding calculations to eventually produce a depth image information [21-22]. Light
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Coding differs from traditional TOF and structured light measurement techniques by
using light waves instead of the previous pulses, and no special photosensitive chip is
required, only a common CMOS photosensitive chip, a change that reduces the cost
of the solution. Light Coding uses light waves to measure a specific region of space,
so Light Coding is essentially a structured light technique [23-24]. However, unlike
conventional structured light, the light emitted is not a periodic variation of image
coding, but an encoded light source with three-dimensional depth [25].

To build an efficient basketball teaching and training safety aid system, image
processing techniques can be used to mark the joint points of the arm and analyze the
athletes' movement trajectory to recover the athletes' technical movements and obtain
the required parameters. Therefore, athlete modeling consists of 2 stages as
described above. In stage (1), focus on the shot preparation, raising the arm,
squatting and extending; in stage (2), mark the speed and angle of the shot. The
optimal shot data can be calculated so that the same shot data can be used to
continuously train the athlete to develop muscle memory and can effectively improve
shot accuracy [26-27]. The pitcher's arm joint model is shown in Figure 2.

e

Figure 2. Arm joint model

Assume that the shoulder joint A, elbow joint B and wrist joint C are represented by
M (i = 1,2,3). The pixel area of each marker is represented by G,(i = 1,2,3), and
the number of pixel points of the corresponding pixel block L;(i = 1,2,3). The pixel
block G; is as follows:

G = {(xl’yl)’ (X2, ¥2), (%3, ¥3), ”'(xn’yn)} (1)

In the above equation, x; and y, represent the coordinates of the pixels marked in
the video image, respectively. The coordinates of the center of mass of each pixel
block can be used as the coordinates of the 3 joints in the shooting process. The
formula is as follows:

B, (x,y)=C(xL,,yC) (2)
l o
Xc =;E[;1xl‘ (3)
1 «n
Yc =n_2i;l i

@)

Y, Change over time:
Ve = f(t) (5)

According to the above equation, the objective function is defined as:
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argmax [y, s, - v, <e ©)

Where, € represents the residual error and ” Yo ” represents the regular term. It
1

can be obtained by differential equations, matching tracking, etc. y,. The time from
preparation to shooting can be expressed by the following equation:

L =f_l(yo) (7)

-1
where J indicates an inverse take. In the training safety aid system, the number

of frames should be an integer. In the coordinate axis system, the maximum number

-1
of frames, T, on the axis y is denoted as J (yo)-

T=g(t0)+1 )

For the recognition and characterization of human curves, the Hough transform
algorithm is used [28-29]. The Hough transform algorithm is a parametric aggregation
algorithm for voting through the point-to-point pairwise and Hough parameter spaces
in image space, which transforms image detection into a parametric computational
problem, thus making the problem more intuitive and accurate. The Hough transform
algorithm has been widely used in video image processing, and after years of
research, the application range is even wider. It plays an important role not only in
video image processing, but also in access control systems, industrial inspection and
even military activities. It can effectively reduce the influence of external factors such
as noise and solve the problem of incomplete and interrupted video. For example, the
equation of the circle is as follows:

(x—a)2+(y-b)2=r2 (9)

a and b are the centers of the circle, while r is the radius. In the coordinate system
of the safety-assisted training system, the point (x, y) is unknown. And (a, b) and
radius r are the input conditions, then the equation of the above circle can be rewritten
as:

(a—x)2+(b—y)2=r2 (10)

In the above equation, there is an exchange between (x, y) and (a, b), while (a, b)
and r are unknown, so (x,y) is converted to a known number. It is known by
calculation that in the whole image space, when there are valid feature points (x, y),
there exists a cone space with corresponding threshold values. Each effective feature
point (X, y) in the image space corresponds to a cone in the parameter space. The
difference at the same point in the image space corresponds to the cone in the
parameter space, and the two cones will inevitably intersect at the same point. The
process records the variables of repeated points with the same parameters by
initializing the 3D accumulator in the parameter space.
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2.4.BASKETBALL TEACHING QUALITY EVALUATION SYSTEM
BASED ON THE FUZZY SYNTHESIS
First, the set of evaluation indicators (thesis domain) Y, which describes the

indicators or criteria for the comprehensive evaluation of various evaluation factors,
denoted as:

Y:()ﬁa)’za ”'ayn) (11)
Where y,, y,, -+, y, is each evaluation indicator or criterion and n is the number of
evaluation indicators.

The set of evaluation metrics can also be a collection of multilevel recursive
structures [30-31].

For different evaluation indicators, the weight F domain can be calculated
according to different weight calculation methods, such as hierarchical analysis,
weighted average method, Delphi method, expert estimation method, etc., and the
weight F domain is noted as

F = foes ) (12)

Second, the set of evaluation scales G, which describes the scale used to evaluate
each evaluation indicator, is denoted as

G =1(81,8 " 8&n) (13)
Where m is the number of evaluation scales in the evaluation scale set.

The grading of the evaluation scale can be done in a graded manner or a score
manner, such as

G =(0.8,0.6,0.4,0.2) (14)

Third, the affiliation degree v; describes the degree of possibility of making an
evaluation scale g; with an evaluation index y; for the evaluation factor A;. The

affiliation degrees of all evaluation indicators for the scenario A, from the affiliation
matrix V, which is a fuzzy relationship matrix, denoted as

o 7T

V — I/Zsl I/ZSZ I/ZSj I/ZSm

B T A

VS VS VS VS

nl n2 nj nm (15)
In the matrix Vs, the element vlf} can be calculated based on the evaluation results
made by the experts participating in the evaluation, i.e.
s bl;

V. =—

b (16)
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where b denotes the number of experts participating in the evaluation, and bl.“;.

denotes the number of experts who make g; evaluation scales for the i-th evaluation
>

indicator y; of the program A,. Obviously, Z v =1

j=1
3. OVERALL EXPERIMENTAL SCHEME DESIGN

3.1. EXPERIMENTAL SUBJECTS AND GROUPING

The pre-tests of basic basketball skills and physical fitness were conducted in two
classes of public physical education basketball elective course of Inner Mongolia
Normal University in the first semester of academic years 2021-2022, and 32 healthy
students, without special diseases and with no statistically significant differences in
basic basketball skills and physical fithess were selected as experimental subjects in
the two classes respectively. The two classes were randomly divided into the control
group and the experimental group for teaching experiments, and the experimental
group adopted the reciprocal teaching method with the assistance of WeChat security,
while the control group adopted the traditional teaching method for teaching
experiments[32-33].

3.2. MACRO AND MICROSTRUCTURAL DESIGN OF WECHAT
SAFETY-ASSISTED CAMPAIGN EDUCATION MODEL

The physical education teaching process is a structure and procedure for carrying
out various effective teaching activities in a planned and purposeful manner to
achieve the teaching objectives. The design of the teaching process directly affects
the implementation of the teaching model, therefore, the effectiveness of teaching
depends on the scientific and operational design of the teaching process. In the
process of the theoretical exploration of the SE model, Gao Rong made the top-level
design from macro and micro levels to enhance the operability of the model to make it
more in line with the actual situation of Chinese school sports, and this study will also
make the top-level and detailed design from both macro and micro aspects. From the
macro perspective, the SE model differs from the conventional teaching model in the
setting of teaching units. The sports education model divides the whole semester
teaching into several phases, which is the setting of the sports season in the SE
model, and the sports season includes 5 phases, which are sports season
preparation, pre-game season, in-game season, post-game season and celebration
activities. The micro perspective mainly includes the setting of classroom teaching
structure, the allocation of classroom teaching time in different teaching phases of the
sports season, the design of the sports season teaching plan, the design of teaching
evaluation and the preparation of lesson plans.
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Figure 3. Teaching structure of WeChat safety-assisted movement education model

3.3. CONTENT SCHEDULE OF TEACHING EXPERIMENTS

In addition to the test week, the design of the teaching experiment includes

basketball skills practice, physical fitness class practice, etc. The total number of 10
weeks of the teaching experiment, the detailed arrangement of the teaching lesson
plan is as follows:

1.

© 00 N O O b

Physical fitness pre-test (30s push-ups, standing long jump, five-lane folding run on
the basketball court).

. basic basketball skills test (30s double pass and catch, half-court folding and

dribbling, 1min shooting from outside the reasonable rushing zone).

. Ballistic exercises, newly taught learning principles of two-handed chest passing

and catching.

. Learning to pass the ball in situ with both hands on the ground, physical drills.
. Introduction to learning the two-handed chest pass between rows.

. Learning in situ one-handed over-the-shoulder shooting.

. Review the marching one-handed over-the-shoulder shot.

. Review of the in-situ one-handed shoulder shot.

. Physical fitness post-test, classroom contextual interest survey.
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3.4. TEACHING PROCEDURES OF TRADITIONAL TEACHING
METHOD AND RECIPROCAL TEACHING METHOD WITH
THE ASSISTANCE OF MICROSOFT SECURITY

The traditional teaching method and the reciprocal teaching method with the
assistance of micro-video security are similar in terms of organization and method in
the early stage of the class, mainly the teacher organizes the formation and explains
and demonstrates, but the biggest difference between the two is mainly in the
organization of students' practice and the correction and guidance of wrong
movements.

(1) In the traditional teaching method, when teaching technical movements,
teachers first explain and demonstrate and then let students imitate and practice,
correct errors and help, and finally teach through reinforcement exercises, students
mainly practice collectively in groups and independently, and teachers' feedback to
students is mainly language tips and individual error cases focused on explaining.

Traditional
teaching method |

\ i
The teacher °
——<_demonstrates the action > 7\17 1

Students work |
in groups

1

—————— Teacher Tour guide~—

The teacher
summed up

Figure 4. Flow chart of traditional model teaching

(2) Under the teaching method of reciprocal teaching method with the aid of micro-
video safety, the teacher first conducts a centralized demonstration and explanation of
technical movements during the teaching process, and after the students carry out
collective consolidation exercises to deepen their memory, the teacher distributes the
standard movement videos designed in advance according to the teaching content to
the students, and explains to them how to use the standard movement videos,
introduces the roles of students and teachers, and then organizes the students to
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practice according to The teacher will then organize students to practice in free teams
according to the learning content. This is shown in Figure 5.
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| Wechat interactive Observer targeted

| action guidance | exercise

+
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| Teacher Tour |
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|

[ The teacher
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Figure 5. Flowchart of teaching and learning under WeChat security-assisted campaign

3.5. SCHEMATIC DIAGRAM OF TEACHER-STUDENT
COMMUNICATION STYLES FOR DIFFERENT TEACHING
METHODS

In traditional teaching methods, the teacher usually communicates directly with the
practitioner and gives direct feedback to the student on the problems that arise during
practice. Students are usually divided into groups of two or more, and given the roles
of practitioner and observer. During the practice, the teacher walks around and
communicates with the observer, and the observer gives feedback to the practitioner
based on his or her observation and communication with the teacher. The specific
communication style is shown in Figure 6:
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Figure 6. Diagram of teacher-student communication style

3.6. ANALYSIS OF EXPERIMENTAL RESULTS

3.6.1. COMPARATIVE ANALYSIS OF TWO-HANDED CHEST
PASS PERFORMANCE

From the data in Figure 7, we can see that the experimental class achieved
3.161£1.609 (passes) and 82.38+8.450 (points) in the 4-m fixed distance pass into the
zone, while the control class achieved 2.19+1.401 (passes) and 77.88+8.958 (points).
t number=2.067, t technical evaluation=2.569; P number=0.043<0.05, P technical
evaluation=0.013<0.05. In conclusion, there were significant differences between the
experimental class and the control class in the experimental post-test scores of the
two-handed chest pass technique, both in terms of standard scores and technical
evaluation scores, and the experimental class had better scores than the control
class.

m Passing pose
m Passing time
= Passing accurate

The experimental The control group 1 The experimental The control group 1
group 1 group 2

16
14
12
1

(=)

Score

S N B~ O

Figure 7. Comparison of two-handed chest pass performance
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The ratio of males to females in the experiment is 1:3, with more girls. For girls, it is
difficult to pass the basketball into the hoop flatly and quickly by upper limb strength
alone, so the three technical aspects of stirrups, extensions and paddles must be
consistent to fully transform the power of lower limb stirrups into the power of passing,
and then improve the power, direction and speed of passing. In the traditional
teaching method, students can only think about the technical movements from the
practitioner's perspective, but in the reciprocal teaching method, students can learn
the technical movements from different perspectives and have a deeper
understanding of the technical movements while observing their teammates' practice,
which has a good promotion effect on mastering the power and coherence of the
technical movements of the passing ball.

3.6.2. COMPARATIVE ANALYSIS OF MARCHING LAYUP
PERFORMANCE
After the experiment, the learning effect of marching one-handed over-the-shoulder
shooting in the experimental and control classes was tested by using half-court dribble

folding marching layup as the test index, and the specific test results were tested by
SE independent sample t-test as shown in Figure 8:

Passing accurate  w Passing time ™ Passing pose

The control group 1 |
|

The experimental group 2 —

The control group 1

The experimental group 1

0 2 4 6 8 10 12 14 16
Score

Figure 8. Comparison chart of marching layup scores

The data in Figure 8 shows that the experimental class achieved 35.18+9.167
(seconds) and 84.72+10.798 (points) in the half-court dribbling fadeaway layup, while
the control class achieved 41.27+11.723 (seconds) and 78.63+11.370 (points). t
values were t time=-2.316, t technical evaluation=2.198, t time=0.024<0.05, t technical
evaluation=0.032<0.05. In conclusion, there were significant differences between the
experimental class and the control class in the experimental post-test scores of the
marching lay-up technique, both in the attainment scores and the technical evaluation
scores, and the experimental class had better scores than the control class.
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Due to the limited practice time, the teacher can only correct some students or
collectively correct them according to the common problems in the process of
practice, which makes some students' problems in the process of practice not solved
in time, and at the same time, students' attention may be distracted in the
independent practice, so the frequency of violation or poor hit rate in the final test is
higher than that of the experimental class, resulting in lower average scores in the
standard and technical evaluation than the experimental class.

3.6.3. COMPARATIVE ANALYSIS OF ONE-HANDED OVER-THE-
SHOULDER SHOOTING PERFORMANCE

The data in Figure 9 shows that the experimental class achieved 3.63+2.282
(shots) and 82.28+7.857 (points) for the 4.8 m fixed distance one-handed over-the-
shoulder shot, while the control class achieved 3.09+£1.957 (shots) and 74.72+8.224
(points). t number=1.000, t technical evaluation=3.757. This shows that there is a
statistically significant difference between the technical evaluation scores of the
experimental class and the control class in the post-test of one-handed over-the-
shoulder shooting, and the experimental class has better scores than the control
class; however, there is no statistically significant difference between the attainment
scores of the experimental class and the control class, so the students are learning
the one-handed over-the-shoulder shooting technique. However, there was no
statistically significant difference between the experimental class and the control class
in terms of attainment scores.

25 - m Passing pose

= Passing time

20 A Passing accurate
15

10 -

5 | I I

0

The experimental The control group The experimental The control group
group 1 1 group 2 1

Score

Figure 9. Comparison of one-handed over-the-shoulder shooting performance

The one-handed shoulder shot has the advantage of a high shooting point and is
not easy to be targeted by the defense, but it is also the most difficult to learn. The
one-handed shoulder shot consists of several technical aspects such as basic
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standing posture, bending knee and stirrups, top elbow, arm extension and wrist
paddle, etc. The technical aspects are interconnected, and any disconnection in the
shooting process will lead to deformation of the shooting action, which will affect the
shooting action. The standardization of the shooting action is affected. The study
confirmed that timely feedback among students in learning basketball one-handed
over-the-shoulder shooting can significantly improve students' performance in
shooting skills.

4. CONCLUSION

This paper addresses the shortcomings of the traditional basketball teaching model
in the Internet era, proposes a new idea of basketball teaching based on the WeChat
safety-assisted sports model, constructs a basketball teaching model based on Kinect
motion capture and joint behavior, and uses a fuzzy evaluation system to classify and
discriminate the proposed method. Analysis using multiple experimental control
groups shows that the Microsoft safety-assisted sports education model proposed in
this paper has stronger motivation for students to learn basketball compared with the
traditional teaching model; students learn to understand and master basketball
through teamwork, team communication and role-playing strengthen students'
emotional experience; the creation of real game atmosphere and game creation
enrich students' game experience. All of these are conducive to meeting students'
basic psychological needs, thus contributing to the enhancement of internal motivation
and the internalization of motor motivation.
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ABSTRACT

In recent years, the field of deep learning has flourished, not only breaking through
many difficult problems that are difficult to be solved by traditional algorithms but also
bursting with greater vitality when combined with other fields. For example, product
emotional design based on deep learning can integrate users' emotional needs into
the actual product design. In this paper, we aim to use deep learning and affective
technology in the creation of AR interactive picture books to transform the reading
process from static to dynamic, enrich visual stimulation, and increase the fun and
interactivity of reading. In this paper, based on the three-level theoretical model of
emotion, the emotion labeling results are input to a deep neural network for learning,
to establish an emotion-based recognition model for picture book images. The results
show that the model can well analyze the emotion of images in AR picture books, and
the accuracy of prediction is a big improvement compared with traditional machine
recognition algorithms. The application of AR virtual implantation technology in
interactive picture books on the market is often just a marketing gimmick while
combining deep learning and emotional technology can better create diverse
interactive picture books to meet children's emotional reading needs, enhance reading
engagement, and stimulate children'’s creativity.

KEYWORDS

Deep learning; affective technology; AR implantation technology; interactive picture
book; three-level theory.
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1. INTRODUCTION

In recent years, the continuous development of artificial intelligence algorithms
such as deep learning and the emergence of ever-changing new media have
contributed to the growth of various emerging technologies that have gradually
changed the way information is relayed [1-3]. At the same time, digital technology, as
one of the emerging technologies, has also been developing rapidly, and this
technology is especially reflected in the field of picture books, creating a new wave
that has a profound impact on the way children read. Augmented reality (AR) is a
common and popular over-the-top concept, the principle of which is to use computer
technology to transfer virtual information into the real environment to achieve the
combination of virtual and reality [4-7], in three-dimensional form, the application of
AR technology to interactive picture books can improve children's extraction and
recognition of information [8-9], allowing children to feel the overlap of virtual and real
scenes to enhance the virtual emotional experience and provide a deeper
understanding of knowledge. The application of deep learning and emotional
technology will strengthen the emotional analysis in the creation of AR picture books
and enrich the emotional education function of interactive picture books.

Research on AR books first started with The Magic Book by Billinghurst et al
[10-12]. It is essentially a mixed reality application. In this application, by using a
handheld display equipped with a small camera, the experiencer can then experience
a realistic virtual world through a paper book. Since then many scholars have studied
AR books. Professor Hiromichi Kato and Mark Billinghurst jointly developed the first
open-source framework for AR, AR Tool Kit [13-15], through which applications for AR
can be easily written to superimpose virtual scenes onto real environments. The
literature [16-17] introduces natural feature tracking techniques on AR books. The
literature [18-19] focuses on the user interface design and interaction design of AR
books. The literature [20-21] focuses on the design and research of interactive 3D
books based on AR technology, introducing key technologies and proposing the
production process. In the field of AR picture book publishing, Leo Paper Group
publishes and designs the augmented reality interactive three-dimensional book The
Search for Wondla [22], and the German company ArsEdition publishes the
augmented reality book Aliens and UFOs [23-25]. By installing a special player, it is
possible to see the three-dimensional scenes in this children's science fiction story on
any camera-equipped computer through the Internet, breaking through the bottleneck
of local reading.

In the era of new media, the application of AR interactive picture books is emerging.
This paper will analyze the application of augmented reality technology based on
deep learning and emotional technology in the creation of interactive picture books
with the help of quantitative models based on the concepts of emotional design, deep
learning, AR virtual implantation technology and interactive picture books, and explore
how deep learning and emotional technology can better serve the application of AR
virtual implantation technology in the creation of picture books. This paper establishes
a quantitative emotion model based on psychologist Robert Pultchlt's emotion wheel
and Donald Arthur Norman's three-level emotional design theory. Then we compare
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and analyze the algorithmic ideas of several current mainstream deep learning
network models, and determine that VGGNet is more suitable for emotion
discrimination and prediction of AR picture books. Finally, we establish an AR
interactive picture book image sentiment analysis platform through deep learning
training in an image sample library.

2. EMOTIONAL AND DEEP LEARNING

This paper uses cutting-edge deep learning techniques to learn product image
emotions to promote the development and application of affective design, and
affective design and deep learning are the two fundamental cores of this paper. This
chapter introduces the concepts and development of these two topics and the lack of
research in each of them, to discover the research points of this paper before the
specific research is carried out. Among these two topics, affective design is the basic
theory of this paper, while deep learning technology is the technical tool of this paper.

2.1. EMOTIONAL DESIGN

People's need for emotion can be found everywhere in life at any time, for example,
compared to electronic books, people feel that the paper version is not only more
comfortable but there is also a kind of emotional experience that is difficult to imitate
with electronic books, perhaps a gentle and solid touch, perhaps a distant memory is
touched, perhaps the familiar fragrance of paper brings a sense of freshness. For
example, the phone can give me a timely notification of charging when it is out of
battery, and give me a warm reminder when the weather is bad, bringing a sense of
warmth and surprise. In modern society, machines are becoming more and more
common, but people have an innate fear of machines; we feel they are complicated,
cold, and even dangerous. Human-to-human communication is the most natural and
intimate, so | hope the machine can be more humanized, and realize the
humanization of the machine is the main purpose of human-computer interaction
research, and the key to humanization is to make the machine have emotion.

Emotional design is the process of making design objects with emotional factors,
taking into account the user's physiology and psychology throughout their life cycle,
and catering to their innermost emotional needs to induce emotional responses.

2.1.1. SOURCES AND CLASSIFICATION OF EMOTIONS

Emotions were not separated independently long ago and still belonged to the
realm of philosophy. It was only in the 19th century that the German psychologist Von
Wundt separated the study of human emotions from philosophy and began scientific
research. With the development of time and the maturity of theories, the study of
human emotion was refined into three major branches, behavioral theory, theory of
mind, and cognitive theory.
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There are various classifications of human emotions, and the earliest days of
psychology used a dichotomy to classify emotions into positive and negative
emotions. In 1980 psychologist Robert Pultchlt proposed the emotion wheel to
describe the association between emotions [26-27]. Robert Pultchlt's psycho-
evolutionary theory of emotions is one of the most influential taxonomies of common
emotional responses. He believed that there are eight most basic emotional elements
as shown in Figure 1, which are anger, fear, sadness, dislike, surprise, curiosity,
acceptance, and cheerfulness.

-~ - .
remorse ~ X - = disapproval

Figure 1. Robert Pultchlt's Emotional Roulette

2.1.2. EMOTIONALITY IN PRODUCT DESIGN

Emotional design is proposed by Donald Arthur Norman, an American cognitive
psychologist, and its main idea is to attract users' attention and induce their emotional
response through design, to realize the emotional communication and connection
between humans and design objects and bring a better experience and deeper
impression to users.

- https://doi.org/10.17993/3ctic.2023.121.176-198
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The purpose of emotional design is to bring positive emotions or complex emotions
dominated by positive emotions. Talking about emotion from the perspective of design
can even be extended to the category of style. For example, simplicity is style, which
can also be said to be an emotion, because it reflects not only the properties of the
design itself but also the psychological feelings of the viewer.

Emotions have objective and subjective aspects. The objective aspect refers to the
emotional factors embedded in objective things or phenomena, while the subjective
aspect refers to the subjective feelings and understanding received by the viewer or
experiencer. For design works, the objective aspect is the creator's use of design
principles (such as composition principles), combined with psychology, to integrate
colors, shapes, and materials to form a complete system to trigger a specific
emotional response in the experience, which is the process of injecting emotions into
the creator. The subjective aspect of emotion is influenced by the individual
differences of the experience, such as the aesthetics, experience, and preferences of
different experiences, so each person may have very different emotions towards the
same work. It is also influenced by the different states of the same experience, such
as the mood at the time. Even so, due to human commonalities, there is a strong
convergence in the perception of a particular phenomenon, as evidenced by the
research of Dacher Keltner's team.

2.1.3. THREE-LEVEL THEORETICAL MODEL

In Emotional Design, Professor Donald A. Norman divides the emotional design
into three levels: instinctive, behavioral, and reflective [28-29]. The instinctive layer of
design is concerned with the human sensory experience of the material
characteristics of a specific product, which are usually visible or palpable, such as the
structure, color, material, and form of the product. The instinctive layer is the most
basic part and the first to attract people's attention. The behavioral layer of design is
concerned with the interaction process between the product and the user, focusing on
the efficiency and enjoyment of the operation, including the functionality, performance
and usability of the product. The behavioral layer is about the design of product use
so that the function of the product can conform to human behavior to the maximum
extent, in this level of design, the shape of the product and design principles are not
the most important, the most important is the performance of the product. The
reflection layer is essentially also due to the role of the first two levels, but in the three
levels is the most difficult to achieve, need to start from the user's common culture
and information, resonate with the user, but the impact on the user is far-reaching,
which is also the reason why a large number of the current market to give the product
a certain quality and story, to create a different and evocative feeling to the user.
However, in the actual design process, the three levels of emotional design are not
completely independent, but intertwined and difficult to distinguish, as shown in Figure
2 a diagram of the relationship between the three levels, only for different levels of
design focus will be different. Instinctive design is the human-computer dialogue of
intuitive feeling, behavioral design is the human-computer dialogue in the process of
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use, and reflective design is a dialogue of deep consciousness activity shown
between humans and products.

Behavioral
Design
Fun to use and
efficient

Instinctive
Design
Human Senses

Reflective Design
Deep consciousness
activity

Figure 2. Emotional design three levels of relationship diagram

2.2. DEEP LEARNING

Emotions can be learned. There has been a lot of research using machine learning
techniques to perform sentiment analysis for various types of image content. Machine
learning is the process of training a model with data, allowing the machine to find
patterns and use the knowledge learned to analyze and judge new data. The core part
of this process is to design algorithms that allow the computer to learn automatically,
so that the whole learning process "comes to life", and to continuously optimize the
feature weights through backpropagation to improve the learning effect. With the rise
of deep learning, more and more work is being done using deep learning features
instead of traditional hand-designed features for analysis. Among them, deep learning
is a data-driven feature extraction process. Under the premise of ensuring data
quality, the more training samples there are, the deeper features can be obtained and
the more ideal the training effect is. Compared with traditional algorithms, the
expressiveness of deep learning is significantly more efficient and accurate, and the
obtained abstract features are much better in terms of robustness and generalization,
and the whole training process is end-to-end, so there is no need for human
intervention in the middle.

One of the most important technologies for deep learning is neural networks. A
neural network, which mimics the human brain, relies on neurons to transmit and
process information, and the entire network is a system that includes a large number
of neurons. A neuron is a simple classifier that is used to identify object features.

2.2.1. CONVOLUTIONAL NEURAL NETWORK
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Convolutional neural network (CNN) [30-31] is arguably the most typical structure
of deep learning networks. 1998 LeNet-5, proposed by Lecun et al. is the first real
multi-layer network, and its convolutional network structure is shown in Figure 3. It
uses convolutional structure to obtain one-dimensional or spatial data, for example,
temporal data is a one-dimensional form of data, while pictures are a two-dimensional
form of data, and convolutional neural network is especially good at processing
picture-like two-dimensional structure data. The process of convolutional data
extraction is a special mathematical operation, and convolutional kernels have been
used in research related to image content processing for a long time.

. C3: f. maps 16@10%10
C1: feature maps ps 16@ S4: f. maps 16@5%5

6@28%28 C5: layer ge; jayer OUTPUT
120 84

INPUT
32x35

S2: f maps
6@14x14

| . Gaussian connections
Full connection
Convolutions Subsampling ~ Convolutions Subsampling Full connection

LeNet-5 Network Structure
Figure 3. Structure of LeNet-5

The network starts with an input layer, which is typically an image. Next are
successive alternating convolutional and pooling layers. The convolutional layer
consists of multiple feature maps, i.e., feature maps in Figure 2, and each feature map
consists of multiple neurons, which are connected to some local block of the previous
layer's feature map by the weights of the convolutional kernel. The convolution kernel
is a matrix of weights, for example, it can be 3x3 or 5x5. The extraction of features is
performed by the convolution operation of the convolution kernel with the feature
maps of the previous layer, and as the number of convolution layers deepens, the
feature maps obtained become more abstract. In the same feature map, the weights
of the filters are the same, called weight sharing, which has the advantage of reducing
the complexity of the model on the one hand and capturing the local features of the
input on the other. The locally weighted sum of each convolution kernel after
convolution with the previous layer is passed to a nonlinear function (called the
activation function) to obtain the output of the convolutional layer. The activation
function is an indispensable feature of convolutional neural networks to enhance the
expressiveness of the network. The commonly used activation functions are the
sigmoid function, tanh function, ReLU function, etc. The calculation formula is as
follows.

1
] d(x) = 1
sigmoid(x) T+ (1o (1)
2
tanh(x)=m— 1 (2)
ReLU(x) = max(0,x) (3)
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The learning effect of a convolutional neural network can be defined by the loss
function. And the training goal of the convolutional neural network is to minimize the
loss of function. The common loss functions are the 0-1 loss function, square loss
function, logarithmic loss function, etc. Suppose the input is given as X, the true value
is Y, and the predicted value of the convolutional neural network model is f(x), then
the squared loss function L(Y, f(X)) is

LY, f(X)) = (Y = f(X))* (4)

The training process is divided into two processes: forward propagation and
backward propagation. First, forward propagation is performed, and the prediction
result f(x) is calculated layer by layer according to the given input X. Then the
corresponding loss is calculated according to the defined loss function, and then the
backpropagation of the gradient is performed according to the loss using the
stochastic gradient descent algorithm. The bias of the loss to each parameter in the
network is calculated by the chain rule of derivatives, and then the weights are
updated, and the update formula is

oL(Y, f(X))
n
aa)i

(5)

where @; is one of the weights in the network and 7 is the learning rate, which is
used to control the intensity of the weight update.

2.2.2. DEEP NEURAL NETWORK

A deep neural network (DNN) is a feedforward neural network with multiple hidden
layers [32-33], also known as MLP, and its structure is shown in Figure 4. This DNN
has a total of L+1 layers, where layer O is the input layer, layers 1 to L-1 are the
hidden layers, and layer L is the output layer, and adjacent layers are connected by a
feedforward weight matrix.

0 1 2 L-1 L
o0
208
)
INPUT HIDDEN LAYERS OUTPUT

Figure 4. DNN structure schematic
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Assuming that layer [ has n; neurons, the vector consisting of the inputs of these

neurons is z") and the vector consisting of the outputs is h®D. Also, we let u = h" to
distinguish the final output of the DNN from the output of the hidden layer, given a

training sample with the feature x, at this point there is h® =70 =y, According to
the rules of DNN computation

20 = W=D 4 pO | =12, L (6)

whereW® e °Xi-1 is the matrix of weights from layer [ — 1 to layer [ and
b e ° ™ is the bias vector of the layer I. Then there is

WO = () @)

The activation function of the output layer depends on the nature of the problem to
be solved by the DNN. Linear activation functions or sigmoid functions are usually
used for regression problems, sigmoid functions are usually used for binary
classification problems, and for multi-classification problems, the most commonly
used is the softmax function, which takes the following form.

exp (20)
ZZL=1 exp (Z(L,k))

zEPdenotes the krd component of the vector z(,

u = softmax (Z(L)) =

(8)

Combined with the above process, the features x of the training samples are first
sent to the input layer, then propagated through each hidden layer in the direction of
the arrow in the figure and finally reach the output layer to obtain the final network
output, a process called forward propagation.

DNN can also be trained with a backward propagation algorithm, and the
parameters of DNN are

0={whbo0|1=12 L} 9)
The features of the training sample set used are denoted as
y={xemi=12L,S} (10)
The corresponding label is noted as
R={rli=12L,S} (11)

The loss function on the training set is

1S
E®,1R) =< X EO,%,1) (12)
i=l
E(0, x;, r;)is the loss function corresponding to the training sample X;. The goal of
training is to minimize the training set loss function. To obtain satisfactory
performance, model optimization is often performed using large-scale data, so the
method often used for DNN training is stochastic gradient descent.
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Firstly, x is sent to the DNN input layer to complete the forward propagation and
E(6, x;, ;) is calculated based on the output and the label r. Define the error signal of
the layer [ as

o OE(0,x,r)
e =———" -
oz

0= (13)

The error signal e(L) of the output layer can be easily calculated according to the
loss function, and for the hidden layer according to the chain rule of derivation

oh® |, oz"
_ 9z"*" _aE( > a”)| (D)
TR0 g | e/ (Z )
0= (1)

_ " | (1+1) 1 f (D)
=W ee f (z ) (14)

where © denotes element-by-element multiplication. From this calculation process,
it can be seen that the error signal is propagated from layer L to layer 1 through the
weight matrix in the opposite direction of forward propagation, hence the name
backward propagation. Finally, according to the chain rule, we can get

aE(ﬂ,x,r)| _ 0E( ,x,r) az" — e "
oW o, a2 oW (15)
E@0.x.r)|  _0E(.xr) 92" _
b, CZANN)
= (¢

(16)

Based on the above derivation process of forward and backward propagation, it
can be found that the training of DNN involves a large number of matrix operations,
which are well suited to speed up the computation by using graphics processing units
(GPUs). The development of GPU technology is credited with driving the deep
learning research boom. Since GPUs are suitable for large-scale matrix operations, to
give full play to their power, in actual training, we use the mini-batch SGD algorithm,
i.e., for each iteration, a small number of samples are randomly taken from the
training samples to form a mini-batch, and the gradients corresponding to all the
samples in it are calculated at the same time, and this gradient information is used to
update the model parameters in this round. the use of SGD can greatly accelerate the
training of DNN The use of SGD can greatly accelerate the DNN training speed.

2.2.3. VGGNET NETWORK

In 2014, Simonyan and Zisserman, scholars from Oxford University, proposed the
famous VGG family of models (including VGG-11/VGG-13/VGG-16/VGG-19) [34-35]
and achieved second place in the classification competition and first place in the
localization competition at the ImageNet competition that year.VGGNet, with its good
generalization performance, VGGNet has been widely used in the field of computer
vision.
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The network structure of VGGNet is shown in Table 1. VGGNet replaces five
convolutional layers with five groups of convolutions, adding the previous part
consisting of five convolutional layers superimposed with an activation function, so
that each part does not consist of one convolutional layer plus an activation function,
but multiple such combinations, with pooling operations between each part[36-37].

Table 1. Architecture of VGGNet

IS T R B B

11 Layers 11 Layers 13 Layers 16 Layers 16 Layers 19 Layers
Input (224%224 RGB) Image
conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64
LRN conv3-64 conv3-64 conv3-64 conv3-64

Maximum pooling layer
conv3-128 conv3-128 conv3-128 conv3-128 conv3-128 conv3-128
conv3-128 conv3-128 conv3-128 conv3-128
conv3-256 conv3-256 conv3-256 conv3-256 conv3-256 conv3-256
conv3-256 conv3-256 conv3-256 conv3-256 conv3-256 conv3-256
conv1-256 conv3-256 conv3-256
conv3-256

Maximum pooling layer
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv1-512 conv3-512 conv3-512
conv3-512

Maximum pooling layer
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv1-512 conv3-512 conv3-512
conv3-512

Maximum pooling layer
Fully connected layer-4096
Fully connected layer-4096
Fully connected layer-1000

Softmax layer
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VGGNet has the following main advantages.

1. VGGNet uses convolutional kernels with small sensory fields instead of those with
large sensory fields, which can reduce the number of network parameters. Since
the number of parameters is greatly reduced, one convolutional layer with a large
sensory field can be replaced by multiple convolutional layers with a small sensory
field, thus increasing the nonlinear expression capability of the network.

2. Starting from VGG-16, VGGNet introduces a convolutional layer with 1x1 kernel
size, which enhances the nonlinear expression ability of the network without
affecting the size of the feature map.

3. APPLICATION OF AR VIRTUAL IMPLANTATION
TECHNOLOGY IN INTERACTIVE PICTURE BOOKS

Augmented Reality (AR) is a branch of VR technology, which is currently used in
various fields such as design and life. With the maturity and progress of AR
technology, AR technology has been gradually applied to new fields such as
education, with a wide range of radiation, such as medical systems, cultural heritage
preservation, games and entertainment, children's publishing books, etc. AR
technology system extends from a simple desktop to a complex interactive experience
and gradually expands to touch screen and portable convenience.

3.1. COMBINED APPLICATION OF AR TECHNOLOGY IN
MULTIPLE DIRECTIONS

Currently, in the context of AR technology being widely used in other fields, the
technology has also begun to be applied in the book publishing industry. In the
process of application, it will also fully combine other forms of technology, such as
digital technology, multimedia technology, etc. The use of these technologies provides
more possibilities for augmented display technology so that it can be applied to more
fields. The static and single content expression is presented in a realistic and three-
dimensional way.

3.2. FEATURES OF AR TECHNOLOGY

AR technology is to fuse virtual impact and real impact, and enhances reality to
achieve real-time interaction, and through three-dimensional registration to complete
the realization of AR products.

1. Virtual reality fusion refers to the enhancement of realistic scenes with the
superimposition of virtual objects and realistic environments. Augmented reality
technology provides an intermediate transition state for children, this transition state
is partly virtual imaginary and partly real, the emergence of this transition state can
alleviate children's anxiety due to cognitive uncontrollability after age enhancement
and constant exposure to the external world. Potential space, as a kind of
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intermediary in the transition space, can prompt children to enter reality from the
fantasy world, participate in reality and cognize the object.

2. Real-time interaction means that people can interact and operate with the
enhanced reality environment machinery through the device. This interaction should
meet real-time requirements. Augmented reality technology can convert the static
content of science-based children's picture books into a huge network linked by
keywords, consisting of graphic images, animation, sound effects and text and
other media to form an independent text. Children interact with AR picture books
and can get a new reading experience with the help of clicking, touching and
hearing, which is incomparable to traditional picture books.

3. Three-dimensional registration (also called three-dimensional alignment) is a one-
to-one fusion correspondence between the computer-generated virtual image and
the real environment, and maintains accurate positioning and correspondence,
while the correspondence between virtual objects and the real environment must be
perfectly integrated to facilitate users to use their portable cell phones to use the
camera to aim at the QR code for identification, to identify the information materials
that match the QR code.

3.3. COMPARISON OF AR INTERACTIVE PICTURE BOOKS AND
ORDINARY PICTURE BOOKS

AR interactive picture books and traditional picture books are communication
mediums to convey information in the form of images. AR picture books are based on
traditional picture books, integrated with augmented reality technology, cell phones
scan the picture of the book in three-dimensional presentation. The traditional picture
book display form becomes more diversified. It can be said that AR picture books are
developed based on traditional picture books, and AR picture books can meet more
needs of children. The comparison of the two is shown in Table 2.
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Table 2. Comparison table of traditional picture books and AR picture books

_ Traditional picture books AR picture books

(1) Cell phones scan the
picture of this book, a three-
dimensional model and
animation display appears on
the screen, more vivid image,

Traditional picture books
convey information through

Vision pictures, the output of enhance the emotional
knowledge points is more experience of children. (2)
homogeneous. Augmented reality technology
allows the presentation of
models’ diversification.
Without parents around to The content of the science is
explain, children can only can equipped with audio
read with their own commentary, subtitles, etc.
understanding. more memorable for children.

(1) interacting with the model
inside the phone screen.
through gesture operations
can achieve zoom in, zoom
out, pan zoom in, zoom out,
pan, rotate, etc., which can
enhance children's reading

Hand-turned book touch only,
no interactive operation

interaction. . . .
interest in reading. (2) AR

picture books, by adding
game sessions, can to
develop children's thinking in
a multi-dimensional way.
AR development supports a
wide range of systems to
meet the needs of different
needs of different models.

Traditional science picture
Other Dimensions books do not meet children
for digital needs.

3.4. USE OF DEEP LEARNING AND AFFECTIVE TECHNIQUES

AR interactive picture book is a comprehensive picture, voice, click an interactive
multimedia product, combined with deep learning product emotional design can make
the AR interactive picture book greatly enhance the expressive power, and interactive
effect significantly improved.

3.4.1. EMOTION DECODING AND EMOTION LABELING

The most important medium in picture books is images, and how exactly do the
underlying features of images generate high-level abstract emotions? It is difficult to
explain clearly even for humans, and the machine learning this process is a huge
semantic gap, and the process of deep learning is to bridge this gap, but because of
the end-to-end nature of deep learning, the machine learning process in terms of
which features are extracted is something that no one can say. One cannot
understand what rules are used to map the underlying features to the high-level

ol https://doi.org/10.17993/3ctic.2023.121.176-198



Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

sentiment semantics. This is often referred to as the "black box" of deep learning. The
current research in the field of computer science has a lot of neural network feature
extraction rules and emotion mapping rules, the object of study is the machine, and
the study is "how the machine learns emotion".

Starting from the international award-winning works of high quality and reflecting
contemporary design trends, and guided by design emotion theory, we selected
product design images with more obvious design emotion characteristics and
established a preliminary design gallery with 2048 images covering common product
categories. Next, we invited design professionals to extract design emotion
vocabulary based on design knowledge and experience and learning of the three-level
theory, and to label the images in the design emotion gallery with emotion, identifying
the typical emotion label for each design image and the design feature label that
generates emotion.

As shown in Table 3, the overall distribution of various sentiments of the picture
samples was obtained after the aggregation of all data annotations.

Table 3. Sentiment distribution of image samples

Emotional share Level of affiliation

Easy 22.70% 2
Comfort 12.15% 2
Simple 11.08% 1
Trust 10.91% 3
Softness 10.36% 1
Happy 8.47% 1
Noble 7.03% 1
Surprise 5.61% 1
Ordered 5.62% 2
Lovely 4.37% 1
Belonging 1.71% 3

In the emotional labeling of product images, the first level of emotion not only has
the largest number of words, but also has the highest total percentage, reaching
46.92%, and the second level also has a total percentage of 40.46%, and the highest
percentage of ease of use and comfort belongs to the second level, becoming the
most prominent emotional words, which also reflects the current trend of emotional
design towards the second level. The third level of emotion not only has the least
variety, but also accounts for far less than the first two levels, with only 10.91% and
1.71%, and the sense of belonging has become the most unattractive emotion.
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3.4.2. EMOTIONAL DEEP LEARNING

Based on the 2.2.3 VGGNet deep learning network, 1500 of the above 2048
images were used for model training, and the remaining images were used for testing.
After the model training is completed, the sentiment with the highest probability for
each image is taken as a single label for the test set, the degree of compliance
between prediction and actual labeling is compared, and the accuracy is measured in
the form of a percentage, which is more intuitive and clear. In this paper, cross-
validation is used to calculate the final learning effect. Cross-validation, also known as
cyclic evaluation, is done by first dividing the total data set into multiple parts at
random, using one part of the data for testing and most of the remaining part for
training the model, which can be used to find the prediction accuracy in the test set,
and then selecting the second part for testing and the rest for training. This cycle
continues until all samples are tested and only tested once, and finally, the average of
all predictions is taken. According to this method, we divide more than 2000 images
into random equal parts and use one part for testing and the rest for training the
model, so that each part is used for prediction once in 10 rounds. The average of the
10 results is taken as the evaluation criterion. The process can also be repeated
several times, each time with a different randomly divided sample, to achieve multiple
cross-validations for more accurate results.

The predicted results of the sentiment probability distribution of the images are
shown in Figure 5.
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Figure 5. Predicted results of the probability distribution of emotions
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With this calculation method, we obtained a final single-label accuracy of 61.02%,
which is a very good learning result compared to the 50% to 60% accuracy of single-
label classification of emotions by traditional machine learning methods. The
horizontal axis of the figure indicates 11 emotion categories: pleasant, cute, surprise,
soft, comfortable, trust, plain, easy to use, noble, sense of order, and sense of
belonging. The vertical axis shows the proportion of each emotion in each picture. It
can be seen that the prediction results of the learning are all improved compared with
those before the learning, and the prediction curves fit better and better as the number
of learning samples increases. The evaluation of the learning results in this study
includes two parts, the evaluation of the loss of multi-label distribution (KL loss) and
the evaluation of the accuracy of single-label classification (cross-validation), and the
combination of the two aspects can be a good measure of the learning effect. The
evaluation results demonstrate the feasibility and superiority of deep learning in
emotion recognition and also show that the emotion-based design combined with
deep learning can better serve the AR interactive picture book creation.

4. CONCLUSION

As the book industry becomes more and more depressed, traditional paper picture
books are slowly forgotten by children and parents, and many children are even
addicted to smartphones, |IPads and other mobile devices, rarely reading picture
books. The combination of AR technology and traditional industry links can well inherit
the culture of traditional paper hand-drawn, giving children's picture books a new
connotation, such as AR interactive picture books are more dynamic, enhance the
reader and the book presents interactivity, increasing the fun of paper books. At the
same time, different from paper picture books, AR interactive picture books can
strengthen the interactive communication experience based on deep learning
algorithms. By analyzing and summarizing the sources and connotations of emotional
design, we focus on the three levels of emotional design, highlighting the second and
third levels of emotional needs in the creation of interactive picture books. The
creation of AR interactive picture books with such new technology, can bring children
an emotionally pleasant experience when reading and subtly educate them.
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ABSTRACT

Emotional computing and artificial psychology is a new research direction that has
received increasing attention in the field of harmonious human-computer interaction
and artificial intelligence and is also a new intersection of mathematics, information
science, intelligence science, neuroscience, physiology, psychological science and
other multidisciplinary intersection. The current problems and drawbacks in the
teaching of popular music in colleges and universities, and the search for methods
and measures to reform and innovate popular music education in colleges and
universities are the difficulties of current music teaching work. In this paper, we try to
apply a robot cognitive-emotional interaction model to college pop music teaching,
and establish an emotional interaction model based on reinforcement learning with the
help of cognitive-emotional computing of human-computer interaction, to be able to
integrate emotional interaction in pop music teaching and to make an accurate
emotional analysis of students' singing effect. Different from traditional music teaching
methods, the robot-based cognitive-emotional interaction model established in this
paper can establish an innovative teaching model for college pop music teaching and
optimize the teaching effect.

KEYWORDS

Robot cognition; Emotional interaction; Popular music;, University teaching;
Optimization and innovation
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1. INTRODUCTION

As human communication is natural and contains multiple emotions, it is also
natural to expect computers to have the ability of emotional cognition in human-
computer interaction. How to enable computers to recognize, understand, and
generate human-like emotions has received widespread attention from disciplines
such as computer science, brain science, and psychology, and has given birth to the
intersection of cognitive-emotional computing [1-3]. As an important way to reflect the
application value of artificial intelligence technology, the research of human-computer
interaction systems has received common attention from academia and industry, and
human-computer interaction products have gradually entered people's daily life.
Influenced by the great satisfaction of material needs, people have begun to desire
and pursue the sense of fit brought by human-robot interaction at the emotional level,
and hope that robots can have the cognitive-emotional computing ability to generate
advanced anthropomorphic emotions while satisfying daily interaction needs [4-5].
The study of cognitive-emotional computation for robots is the key to realizing
advanced human-robot interaction technology with organic integration of emotions,
which has important practical significance and high research value. The applications
of robotic cognitive-emotional interaction models are also becoming more and more
multifaceted. In the field of popular music teaching in colleges and universities, this
paper is devoted to making innovations with the help of cognitive-emotional interaction
robots for its disadvantages such as backward teaching model, preaching by the book
and lack of vitality [6].

Intelligent human-robot dialogue systems, as an intuitive manifestation of
intelligence in artificial intelligence technology, have become an important research
component for achieving natural and harmonious human-robot interaction. In recent
years, to improve robot anthropomorphism in human-robot interaction systems and
create a harmonious and friendly human-robot interaction environment, researchers
have conducted a lot of research around cognitive-emotional computing of robots in
open domains, and numerous cognitive-emotional interaction models with important
reference values have emerged. The literature [7-8] proposed an affective interaction
model based on a guided cognitive reappraisal strategy to emotionally regulate
external affective stimuli and promote the positive affective expression of the robot to
some extent. In the literature [9-10], the cognitive emotion model of the robot is
integrated into the smart home environment, and the cognitive reassessment strategy
guided by positive emotion is obtained by optimizing and analyzing the cognitive
emotion model of the service robot in the smart home environment using simulated
annealing algorithm, and the probability of transferring emotional states is updated
based on the cognitive reassessment strategy. Literature [11-12] proposed the multi-
emotion dialogue system MECS, which tends to generate coherent emotional
responses in dialogue and selects the most similar emotion as the robot response
emotion. The literature [13-14] proposes emotional chat machines that can produce
appropriate responses not only in terms of content relevance and syntax but also in
terms of emotional coherence. In response to the teaching of popular music in
colleges and universities, the American Education Act explicitly proposes that music
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education in schools should break with tradition and no longer be limited to the
teaching and development of traditional resources, but expand to all aspects of
popular music and contemporary music [15]. German universities believe that both
elegant music and modern music should be actively drawn from the advantageous
factors of these musicians in the teaching and development of universities so that
students can have a richer musical vision from them and can be exposed to richer
musical content [16]. With the continuous development of music education, the
application of popular music in college education has become more and more
extensive, making the music classroom in colleges and universities more colorful and
further highlighting the function and value of popular music teaching.

Establishing and maintaining social connections with others is a basic human need
in interpersonal relationships, and when users use more anthropomorphic robots as
partners and establish relationships with them, they have a better willingness to
continue interacting with these robots for a longer period than with those robots that
are more rigid in their expression. As robots become more anthropomorphic, the user
experience increases and the trust and dependence on the robot increase. In this
paper, we investigate the application of emotional robots to the teaching of popular
music in universities. First, we quantify the emotion analysis of human-robot
interaction by multi-dimensional emotion description, which makes it possible for the
robot to compute emotion. Then, the emotional input and output of human-robot
interaction are simulated based on reinforcement learning algorithms, to establish its
complete cognitive-emotional interaction model. Finally, the model is practiced in
college pop music teaching, and a pop music teaching model that makes innovations
in traditional music culture is proposed.

2. EMOTIONAL DESCRIPTION AND EMOTIONAL
INTERACTION

2.1. AFFECTIVE DESCRIPTION MODEL

The ultimate goal of robotic cognitive emotion computing can be interpreted as
giving human-like artificial emotions to robots in interactive systems by simulating
human emotion processing to build trust between humans and machines. The main
research content includes three parts: emotion recognition, emotion modeling and
emotion understanding. Due to the complexity and abstraction of actual emotion,
before establishing the robot cognitive emotion interaction model, it is necessary to
recognize and quantify the emotion of the user interaction input content, and convert it
into an emotion state vector that can be recognized and processed by the computer,
and at present, according to its different ways of emotion description, the methods for
emotion recognition and quantification The current methods for emotion recognition
and quantification can be divided into dimensional emotion description models and
discrete emotion description models.

https://doi.org/10.17993/3ctic.2023.121.200-220



205

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

2.1.1. DIMENSIONAL SENTIMENT DESCRIPTION MODEL

The dimension-based emotion description model describes emotions as coordinate
points in a state space composed of Cartesian product operations, each dimension in
the state space corresponds to a psychological attribute of emotion, and the
magnitude of the value on the dimension reflects the strength of the emotional
characteristics corresponding to the psychological attribute, and the emotion
description capability of this space covers all emotions [17-18]. In other words, that is,
there is a one-to-one mapping relationship between the emotions that exist in reality
and the coordinate points in the state space. At the same time, the similarities and
differences between different emotions can be quantified and analyzed by calculating
the distance between coordinate points. The basis of emotion calculation is to find this
mapping dimensional theory, which regards the transition between different emotions
as a continuous and smooth state transfer process. The dimensionality-based model
of emotion description has received a lot of attention from scholars because it
combines the characteristics of continuity and complexity of human emotion
distribution. According to the different ways of dividing emotional attributes in
psychology, dimension-based emotion description models have one-dimensional, two-
dimensional, three-dimensional and more multi-dimensional spatial theories.
Currently, the widely used dimensional description models are the two-dimensional
activation-valence spatial theory (AV), where the Arousal axis is the activation
dimension, representing the degree of pleasantness-unpleasantness, and the Valence
axis is the valence dimension, representing the degree of agitation-calmness. The
three-dimensional Pleasure-Activation-Dominance (PAD) spatial theory, in which the
Pleasure axis is the Pleasure dimension, representing the degree of positive and
negative affective states, and the Arousal axis is consistent with the Arousal axis in the
AV spatial theory, representing the individual's level of neurophysiological activation.
The AV spatial theory is shown in Figure 1, from which we can see that the emotional
labels that exist in daily life can be mapped to coordinate points in space, and the
magnitude of the corresponding coordinate values in each dimension varies according
to the strength of each emotional attribute.

Arousal

excited

alamed

happy
Anger Joy

insterested

afraied annoyed
pleased

nervous Valence

content
sad relaxed

Sadness Neural

Figure 1. Activation Degree-Validity emotional space
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2.1.2. A DISCRETE SENTIMENT DESCRIPTION MODEL

Discrete models of emotion description describe emotions in the form of a finite
number of adjective labels and are widely used in people's daily lives, as well as in
early computational research on emotions. Rich linguistic labels can describe a large
number of affective states, but which classifications are of higher research value? This
question can be attributed to the classification of basic affective states based on
adjectival labels [19-21]. In general, the categories of emotions that can cross different
races and cultures and are shared by humans and socially oriented mammals are the
basic emotions. Table 1 lists the definitions and classifications of basic emotions by
different scholars.

Table 1. Definition of basic emotions by different scholars

Scholars Basic emotions

Weiner, Graham Happiness, Sadness

Watson Fear, Love, Rage

James Fear, Grief, Love, Rage

Panksepp Anger, Disgust, Anxiety, Happiness, Sadness

Ekman, Friesen, Ellsworth Anger, Disgust, Fear, Joy, Sadness, Surprise

Fridja Desire, Happiness, Interest, Surprise, Wonder, Sorrow

McDougall Fear, Disgust, Elation, Fear, Subjection, Tender-emotion, Wonder

Plutchik Anger, Interest, Contempt, Disgust, Distress, Fear, Joy, Shame,
Surprise

G S Anger, Interest, Contempt, Disgust, Distress, Fear, Joy, Shame,
Surprise

Arnold Anger, Aversion, Courage, Dejection, Desire, Despair, Dear, Hate,

Hope, Love, Sadness

In summary, considering the rich and strong emotions of participants in open-
domain HCI systems, the continuous model based on the PAD emotion space is
chosen for the quantitative analysis of emotions in the open-domain cognitive emotion
study of robots [22-24]. In closed-domain HCI systems, the emotions of the
participants are simpler, and the discrete emotion model is chosen to classify the
emotions into positive, negative and neutral when studying the cognitive emotions of
robots for the closed domain.

2.2. COGNITIVE-EMOTIONAL COMPUTING FOR HUMAN-
COMPUTER INTERACTION

In the long history of robotics research, researchers have focused more on the
design and manufacturing of robots, control systems, drive systems, and content
representation, until the introduction of "affective computing" and the gradual shift of
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robotics research to intelligent robotics, robot cognitive emotion research has received
increasing attention [25-27]. The study of robot cognitive emotion has received
increasing attention from researchers [25-27]. Emotion is a subjective response to a
valued relationship, which is simply the process of perceiving the impact of external
values on oneself, and to facilitate an intuitive understanding of this process, a triad
can be used to represent cognitive affective computing formally:

SC=(S,C, W) (1)

where S denotes the set composed of different types of information carriers such
as text, speech and pictures. Different carriers contain different emotional features,
and there are large differences between the representations of different features.

C denotes the set composed of different sentiment categories. C can denote a
discrete set of sentiment states composed of several basic sentiment states, or a
spatial set of sentiment states composed of different sentiment dimensions.

W denotes the set composed of different emotional trait intensities, and the
intensities can be initially quantified into basic high, medium and low levels, or further
subdivided.

Emotional features combined with intensity features form the core of cognitive
sentiment computing. Cognitive sentiment computing first identifies and quantitatively
analyzes the data features related to objective things extracted from different
information carriers. Secondly, the affective features in the data features are
calculated under different polarity dimensions to achieve the subjective affective
perception of objective things. Finally, it is fed back to the participant with an
appropriate sentiment expression. The cognitive sentiment computation can be further
described as a combination of state space composed of S, C and W by Cartesian
product operation, i.e:

SC=SxCxW (2)

In recent years, the emergence of smart speakers and other devices has largely
promoted the productization of human-robot interaction systems. In the process of
cognitive-emotional modeling of robots, existing research has achieved better results
in the extraction and recognition of emotional features. With the development of
intelligence in various industries, research in Al-related fields has been greatly
promoted, and its ultimate development goal is to establish intelligent bodies with the
ability to observe the environment and to think and decide independently.
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3. THE COGNITIVE-EMOTIONAL INTERACTION
MODEL FOR ROBOTS BASED ON REINFORCEMENT
LEARNING

3.1. COGNITIVE-EMOTIONAL COMPUTING BASED ON
REINFORCEMENT LEARNING

In the process of human emotion generation, individual emotional state responses
are not only related to external emotional stimuli but also related to their emotional
states and emotional interaction motives. When performing affective state response,
we should not only consider the influence of contextual multi-round interaction context
on the probability of transferring the current affective state but also consider the
influence of the current affective state response on the subsequent interaction
relationship. Therefore, to effectively carry out robot emotional strategy learning, this
paper proposes to use reinforcement learning features to establish the correlation
between contextual multi-round emotional state and current response emotional state,
and perform cognitive emotion computation for the robot, and the computational
framework is shown in Figure 2.

Current emotional
state

External emotional N Emotional state N The next moment N Responding to

stimulation transfer probability of emotional state emotional output
A

Cognitive-emotional
computing based on
reinforcement learning

Figure 2. The framework of robotic affective computing

To facilitate the implementation of participant sentiment state tracking, sentiment
quantification and state evaluation are performed on the interactive input content. In
this paper, we quantify the sentiment of the interactive input content and obtain its
corresponding sentiment value E; = (p,a,d) in the PAD continuous sentiment
space. Secondly, the interaction sentiment value vector E; is evaluated in terms of
state, and its sentiment state vector I(E;) under the action of six basic sentiment
states in the PAD continuous sentiment space is obtained. The emotion state
evaluation function is defined as:

I(Ei) = [il, i27 i3, i4, i5, i6] (3)
1/h
= h#0

ij = 0,iy = 0,10, = 1,200, ig = 0

https://doi.org/10.17993/3ctic.2023.121.200-220



Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

— T - _
h = (E;— E)CAE; — E)T,j = 1,2,-,6 (5)

where E; denotes the interactive input sentiment value. j = 1, 2, ...,6 denotes the
six basic sentiment states of happy, surprised, disgusted, angry, fearful, and sad,
respectively; EJ denotes the sentiment value corresponding to basic sentiment jG]
denotes the covariance matrix of the clustering region of basic sentiment j. hj denotes
the distance between E; and E;. then denotes the assessed value of the affective
state of E; under the action of E;.

3.2. EMOTIONAL INTERACTION MODEL BASED ON
REINFORCEMENT LEARNING

The reinforcement learning model is based on the principle that intelligence, in its
current state, performs a behavior to interact with the environment and enters a new
state, while obtaining the corresponding immediate reward from the environment, and
then evaluates this behavior according to the reward, and the reward value increases
for behaviors favorable to goal achievement and decays for behaviors unfavorable to
goal achievement, and this process continues to cycle until the termination state
[28-31].

3.2.1. STATUS

The state s indicates the emotional state in which the intelligent body is, which is
usually given by the external environment. To reduce the granularity of emotion
division and increase the continuity and delicacy of robot emotion expression, the
PAD continuous emotion space containing 151 emotion states is taken as the emotion
state space of the intelligent body in this paper, and the emotion state vector of each
emotion state in the space under the action of six basic emotion states is taken as the
possible interaction input response emotion states.

3.2.2. BEHAVIOR

Behavior a denotes an action executed by the intelligent body in the interactive
response process when selecting the next round of response emotional state with the
search space of the emotional space size. The activity process of the intelligent body
in the emotion space is the Markov transfer process between the emotional states in
the emotion space.

3.2.3. DISCOUNT FACTOR

The discount factor y can be used to calculate the future reward decay of the
cumulative rewards of a state sequence when the environment is stochastic. In this
paper, we consider that the more distant the future moment is from the current
session, the smaller the effect of future rewards on the satisfaction used to measure
the affective state of the next round of sessions. Its value is between 0 and 1. The
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greater the importance of future rewards is considered, the greater the value of y, and
vice versa the smaller the value of y.

3.2.4. REWARDS

The reward r can be used to measure the future satisfaction of the obtained
affective state after the intelligent body performs the corresponding action a. Both
sides of the human-robot interaction have certain emotional motivations during the
interaction. Based on the principle of interpersonal attraction in social psychology, the
emotional motivation of robot interaction is set to achieve a certain degree of
emotional affirmation, emotional guidance and emotional empathy for the participant,
and the emotional reward function is constructed accordingly.

1. Similarity emotional reward function: Considering the process of interpersonal
interaction, people often hope that the other party can produce similar emotional
responses to themselves, to achieve the emotional affirmation of the participant, the
cosine similarity is calculated to measure the similarity function between the
emotional state vectors as

I1(E,, )I(E,)
e ey 6)

2. Positive affective reward function: Considering the process of interpersonal
interaction, people will achieve some kind of emotional guidance to others by
adjusting their emotional expression state. Therefore, to achieve emotional
guidance for participants, this paper increases the participants' willingness to
interact by setting the robot's emotional positivity guidance. In fact, the higher the
positivity, the better, especially when the participant's emotion is negative, it may be
counterproductive. The synergistic effect of positivity and similarity can effectively
solve the problem of over-guidance. Therefore, in this paper, the positivity of the
response emotional state vector is calculated as

n= P(Ek+l )= P(I (Ek+1 ))= 2111'1

n=S(E..E )=

+1°

(7)

3. Empathic affective reward function: Consider the process of interpersonal
interaction in which interpersonal attraction is not only related to the similarity
between individuals but is also influenced by complementary relationships with
each other. Complementary relationships are influenced by the fact that people
sometimes tend to prefer people who can complement them in some way. In
emotional interactions, this can be interpreted as the expectation that the other
person has empathy and resonates with them in terms of emotional expression.
Therefore, this paper measures emotional empathy by calculating the
interrelationships between emotional state vectors
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=M(E ,E  )=————log, P(I(E
h ( = k+1) 1+mnk(Ek+1)0g2 ( ( k)|a)

1
+—— log, Pla|I(E
1+rank(Ek) &2 (a| ( k))
(8)
For behavior a, the final reward it receives is the weighted sum of the above 3
reward measures

R(a | I(Ek ))=0L,r1 +0L,7, + 07, (9)

where a,, a,, and a; are the corresponding weight parameters, respectively.

3.2.5. STRATEGIES

The policy P is used to represent the probability distribution corresponding to when
the intelligence chooses the next emotional state in the current state and can be
expressed by the formula

n(als) =P, (](Ek+l)|I(Ek)) (10)

The initial value is the initial transfer probability between affective states. The model
is generally optimized using a strategic gradient algorithm, so its value is related to the
future reward value available for selecting the next affective state, with a greater
probability of occurrence for actions that receive a large future reward value and
correspondingly a smaller probability of occurrence for actions that receive a small
future reward value.

3.2.6. MODEL OPTIMIZATION

The model update training is achieved by parameterizing the policy through the
policy gradient algorithm, to maximize the future cumulative reward expectation by
optimizing the model parameters. Therefore, the objective function is to maximize the
expected value of future rewards, defined as

T
Ly ©) = Epyio l; R(a,.1(E, ))l
=1 (11)
where R, (a;, I(E,)) denotes the reward value obtained by acting a, in the state
I(E,); then the gradient is updated using the likelihood ratio technique

VoLy 0)= ive log, P(ak=l (Ek ))R (ak’l (Ek ))
-1 (12)

Finally, the parameter 6 is updated using the obtained gradient values
enew = 6old + BVBLRL(G) (13)
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When the cumulative reward expectation is maximized, the sentiment state
corresponding to the resulting optimal policy is the optimal response sentiment state
for the interaction input.

3.2.77. EMOTIONAL INTERACTION PROCESS SIMULATION

This chapter uses two Agents to simulate the emotional interaction process
between the Agent and the external environment by continuously interacting with each
other. The interaction process between two Agents can be described as follows: first,
Agent 1 is given a random emotional state £, and then Agent 1 converts it into an
emotional state vector (E;)1 through emotional evaluation and then transmits this
vector to Agent 2 as input, after which Agent 2 converts the corresponding response
emotional value E, evaluation into an emotional state vector /(E,) back to Agent 1,
and this process is repeated until the maximum number of interaction rounds is
simulated. The interaction goal is to be able to select the optimal emotional state with
the maximum future reward under the current interaction input emotional state. The
emotional interaction process between Agents is shown in Figure 3.

Agent 1 Agent 1 Agent 1

Figure 3. Emotional interaction process

The distance of spatial distance is used to map the similarity between different
affective categories in the affective space. The transfer probability between emotional
states differs with different distances and similarities between categories. The closer
the distance, the greater the state transfer probability; conversely, the farther the
distance, the smaller the state transfer probability. Therefore, to facilitate the
calculation and analysis of the emotional states in response to external emotional
stimuli, this chapter uses the top n emotional states in space that are closest to the
Euclidean distance from the external emotional stimulus point as the candidate
emotional states for each round of Agent interaction.

3.3. ROBOT EMOTIONAL STATE UPDATE

In this paper, the optimal response emotional value Pﬁ,l of the robot in continuous
emotional space is calculated by combining the six basic emotional values with the
probability of emotional state transfer Egj[ll obtained by the robot after being subjected
to external emotional stimuli to achieve the emotional state transfer of the robot in
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continuous emotional space [32-33]. First, assuming that the optimal response
emotional state vector obtained from the reinforcement learning model corresponds to
a strategy p, the probability of transferring the response emotional state to the six
basic emotional states based on the user input can be obtained as:

Bl Ein )= [P0, PQ), PGP, P PO = [{siysiashyasiyssiya] 149
Second, the k — 1 rounds of robot response emotional state transfer probability
Pk I are updated by combining the kK — 1 rounds of robot emotional state transfer
probablllty PkJrl and the k rounds of interactive user input optimal response emotional
state transfer probablllty P(E, |E{‘IR) with the following equation:

Py ()) = Prg () + ¢, P()) (15)

P(j)- mln{P(Ek+1| Ey, )}
€ max{P(Ek+1| EHR )}—mm{P( k+l EII;R )} (16)

where C; represents the confidence level of transferring the interaction input
response emotional state to the 6 basic emotional states [34-35]. The resulting
transfer probability Pg“ is then normalized to obtain the transfer probability of the
k + 1-round interactive robot response emotional state as:

P.())= P—(J)
EP;‘“U)
Pt = [0, B (2, B 3): Bt(4), B (9) Bt (6)] (17)

Finally, the coordinate p03|t|on(pk+1,ak+1,dk+1) of the k + 1 -round robot optimal
response emotional value E + in the emotional space is calibrated based on the
obtained robot emotional state transfer probability PXEL . which is calculated as

RH °
follows:
6
P = Epj B ()
Jj=1
6
Qe = E ;5.1 ()
Jj=1
6
k+1 E k+1(j)
= (18)
Egy = (pk+1>ak+l’dk+l) (19)

Based on the above conditions, the interaction input content emotion is quantified
and evaluated based on the PAD emotion space, the user and robot emotion
generation process in the human-robot interaction system is modeled using
reinforcement learning, the long-term correlation between the current interaction input
emotion state and the contextual long-term emotion state is established, and the
model parameters are optimized and updated by maximizing the reward value

3 https://doi.org/10.17993/3ctic.2023.121.200-220
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expectation, and finally, the optimal response emotion state corresponding to the
obtained user input is realized by updating the transfer probability of k + 1 rounds of
robot emotion state, and the optimal response emotion state of the robot in the
continuous emotion space can be obtained.

4. INNOVATION OF POPULAR MUSIC TEACHING IN
COLLEGES AND UNIVERSITIES

4.1. POPULAR MUSIC AND TRADITIONAL MUSIC CULTURE

In the new era, the traditional music teaching mode is increasingly unable to meet
the continuously growing spiritual and cultural needs of students, and pop music
teaching in colleges and universities needs to develop in a diversified direction so that
students can express their real emotions more intuitively through learning and
mastering pop music. Pop music teaching in colleges and universities mainly presents
the following characteristics.

1. Both artistic and popular

The teaching of popular music in higher education should be fully based on art
education, but on top of that, it should also ensure that it is more significantly
popular to ensure that students can understand and accept it in the teaching
process. In the teaching of pop music in colleges and universities, it is because of
the artistic and popular characteristics that students are more likely to understand
and sing it. In conclusion, the teaching of pop music needs to be both popular and
artistic. In the process of development, universities should firmly grasp the pulse of
the development of art education, distinguish it from other types of music, and make
the teaching height continuously improve through more professional control.

2. Tradition and fashion intermingle

The content of popular music teaching in colleges and universities have both
characteristics of tradition and fashion. Tradition refers to the unique ideological
nature of popular music over the years of development, which can, to a certain
extent, pass on the culture and values of the era in which it lives, and has a
stronger ideological appeal and influence, and that influence is fundamental to the
continuous development of popular music, as well as being a characteristic that
needs to be observed in the process of building popular music.

3. Integrating and diversifying at the same time

The reason for this is that the curriculum should take into account the
comprehensive quality and development requirements of students, and needs to
have a certain degree of comprehensiveness, but also needs to add corresponding
special practical courses to fully ensure that students can have a high level of
comprehensive quality. In addition, pop music was established late, and it needs to
integrate instrumental music, vocal music and music management in the actual
teaching process to improve its perfection and become one of the more mature
music majors, so it has a more significant comprehensive.

https://doi.org/10.17993/3ctic.2023.121.200-220
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4. Unity and independence are common

Popular music in colleges and universities can also fully reflect the unity and
independence of music in the teaching process. Unity mainly refers to the teaching
process, teachers set the subject construction plan, curriculum system design and
other content based on the curriculum design and other music majors' teaching
methods. Based on this, the construction of each music major can maintain a high
degree of unity, and the basic construction steps in the implementation process will
not have a high degree of deviation, and can jointly promote the orderly
development of the overall music major construction.

5. Inheritance and innovation co-exist

Heritage and innovation is one of the characteristics of teaching popular music in
colleges and universities, and also the purpose of teaching popular music in
colleges and universities. Artistic, popular, traditional and fashionable belong to the
characteristics of pop music itself, while inheritance and innovation are based on
the artistic level for enhancement. The inheritance of teaching and professional
construction of popular music in colleges and universities is mainly reflected in a
variety of musical concepts, music construction and inheritance of traditional art
music, in addition to the inheritance and expansion of the way of professional
construction of conventional music and the development of the experience of art
education in colleges and universities. Compared to other contents, the way of
building conventional music is the inheritance of methods, while the way of
developing popular music mainly targets the innovation level and is the most
innovative compared to other characteristics. In actual teaching, the combination of
inheritance and innovation can fully reflect the developmental qualities of the
professional con