3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

30) tecnologia - =

Glosas de innovacion aplicadas a la pyme ISSN: 2254-3376

]

https:/doi.org/10.17993/3ctecno.2023.v12nle43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

2

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

3C Tecnologia. Glosas de innovacion aplicadas a la pyme.

Quarterly periodicity.
Edition 43, Volume 12, Issue 1 (January - March 2023).
National and internacional circulation.

Articles reviewed by the double blind peer evaluation method.

ISSN: 2254 - 4143

Legal: A 268 - 2012

DOIT: https://doi.org/10.17993/3ctecno.2023.v12nle43
Edita:

Area de Innovacién 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/10.17993/3ctecno.2023.v12nle43



https://doi.org/10.17993/3ctecno.2023.v12n1e43
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/10.17993/3ctecno.2023.v12n1e43

3

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143

30) tecnolo

Glosas de innovacion aplicadas a la pyme

Ed.43 | Iss12 | N1 January - March 2023

gia

https:/doi.org/10.17993/3ctecno.2023.v12nle43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

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.ora/10.17993/3ctecno.2023.v12n1e43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

5

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

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/10.17993/3ctecno.2023.v12nle43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

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/10.17993/3ctecno.2023.v12nle43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

7

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

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: 8.
*  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/10.17993/3ctecno.2023.v12nle43



http://ciencias.com/en/journals/infromation-for-authors/
http://ciencias.com/en/regulations/templates/
https://www.3ciencias.com/en/regulations/instructions/
https://doi.org/10.17993/3ctecno.2023.v12n1e43

8

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143

INDEXATIONS

Ed.43 | Iss12 | N1 January - March 2023

[*Jl M clasificacion integrada l I l I ‘

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

https://doi.org/10.17993/3ctecno.2023.v12n1e43



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/10.17993/3ctecno.2023.v12n1e43

9

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143

INDEXATIONS

Ed.43 | Iss12 | N1 January - March 2023

B Dialnet

ERIHANIE

EUROPEAN REFERENCE INDEX FOR THE
HUMANITIES AND SOCIAL SCIENCES

https://doi.org/10.17993/3ctecn0.2023.v12n1e43



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/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

/SUMMARY/



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Using climate models to predict extreme rainfall trend in Yanhe rwverbasin, China 15

Y., Saiyu and D., Peng

Applying the strength reduction method to study of stability of residual mountains: a particular application 33
J., Xin, H., Yucheng and 'I., Qiao

Application of deep NN optimized by multi-parameter fusion in ideological and political construction of 54
professional courses in colleges and unwversities
M., Rui

Basic direction and realization path of PE teaching innovation in PSS based on deep learning model 70
K., Huiming and W., Yang

Deep Learning Network-Based Evaluation method of Online teaching quality of International Chinese 87
Education
L., Wenling

Research on Innovation of Daily Ideological and Political Education for College Students based on Deep 108
Learning Model

7., Xianwei and Z., Yueyan

Research on physical fitness training of football players based on improved LSTM neural network to improve 127
physical energy saving and health
P, Nengchao

The significance of the convolutional deep learning model in the intelligent collaborative correction of English 142
writing
W,, Hong

Application of surveying and mapping technology based on deep learning model in petroleum geological 159
exploration

S., Shang and S., Ping

Evaluation The Water Quality of Al-Rusafa “Treatment Plant in Baghdad City / Al-Rusafa Side Using 176
Several Water Quality Indices
A. S., Ahmed and H. A., Jabbar

Stopping Power Calculation of Protons and a—Particles for C2H4 and C6H6 in Energy Range 0.01-1000 191
MeV
H. A., Ebtehaj and O. K., Rashid

Investigation Of Waste Cooking Otl-Diesel Blend With Copper Oxide Additives As Fuel For Diesel Engine 202
Under Variations In Fuel Injection Pressure
G. C., Madhuri, M., Anil and C. Srinidhi

Preparation of the environmentally friendly green nano insecticide using copper salts 225
H. M. Al-Hamdani and R. S. Hameed

Optimization of specific heating consumption of coke oven plant using flow meler calibration modification 243
M., Niranjan, A., Himanshu and J., Jainedra

https://doi.org/10.17993/3ctecno.2023.v12n1e43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Micro-Are Oxidation Enhances Mechanical Properties and Corrosion Resistance Of Ti-0A1-7Nb Alloy 262
K. N., Qabas, M. S., Jassim and M. D., Nawal

Fathological outcomes of covid-19 for lungs infections based on transfer learning technology 282

A., Omar and L. M., Mohammed

Evaluation Biosynthesized Silver Nanoparticles By Phomatropica Against Some Multidrug Resistance 296
Bacterial Isolates
A. H., Thaer, J. A., Ismail and A. S., Afrodet

Retracted paper 321

Copper At Silica Core - Shell Nanoparticles As Antibacterial Agents By Sol-Gel Chemical Methods 337
A. A., Alaa F. Hashim, R., Khalid Hamdi and E. T., Ibrahim

Bond Strength Of Acrylic Soft Liner To Nd:Yag Laser-"Treated T hermoplastic Acrylic Denture Base Material =~ 354
A. A, Alkasim and S. K., Bayan

Experimental Analysis on Polypropylene Moulded Part for Performance of Laser Printing 366
L. D., Jay, A. K., Manoj and S. Jaswindar

Global stability of the Euler-Bernoulli beams excited by multiplicative white notses 386

Zhenzhen Li, Kun Zhao, Hongkui Li, Juan L.G. Guirao and Huatao Chen

12 https://doi.org/10.17993/3ctecno.2023v12n1e43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

30) techologia

Glosas de innovacion aplicadas a la pyme

13 https://doi.ora/10.17993/3ctecno.2023.v12n1e43



https://doi.org/10.17993/3ctecno.2023.v12n1e43

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023




3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

USING CLIMATE MODELS TO PREDICT
EXTREME RAINFALL TREND IN YANHE
RIVERBASIN, CHINA

Saiyu Yang*

College of Humanities and music, Hunan Vocational College of Science And
Technology, Changsha, Hunan, 410013, China

glorious_csl@163.com

Peng Dai
Brilliance Technology Co., Ltd, Chengdu Branch, Chengdu, Sichuan, 610213, China

Reception: 03/11/2022 Acceptance: 26/12/2022 Publication: 17/01/2023

Suggested citation:

Y., Saiyu and D., Peng (2023). Using climate models to predict extreme
rainfall trend in Yanhe riverbasin, China. 3C Tecnologia. Glosas de
innovacion aplicada a la pyme, 12(1), 15-31. https://doi.org/
10.17993/3ctecn0.2023.v12n1e43.15-31

- https://doi.org/10.17993/3ctecno.2023v12n1€43.15-31



16

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

ABSTRACT

Climate model is an effective medium to study climate system and climate change. Its
simulation results are essentially a crucial data basis for climate prediction and climate
change risk assessment. With the acceleration of global warming, the surface
ecological environment, hydrological dynamic cycle process, social and economic
development are all affected thereupon, resulting in certain influence on the
production and life of human beings. In this regard, this paper conducts a study on
extreme precipitation events of different climate models with Yanhe River Basin as the
study area. The results show that: 1. Yanhe River Basin is a sensitive area to climate
change. In the future, the precipitation in this area, for a long time will not increase
obviously, but fluctuate greatly; 2. The temporal and spatial difference of extreme
precipitation events in the study area is significant. From 2000 to 2050, the
interdecadal fluctuation of extreme precipitation events in the study area is significant.
In the future, the area with the largest volume of precipitation above 12mm will be
concentrated in the southeast part of the study area, followed by the western
boundary area; 3. There are few areas with precipitation above 50mm in the Yanhe
River Basin, and the occurrence frequency has decreased significantly, 4. The
simulation results of different climate models are different. Alao, pursuant to the data
analysis results, different models have certain differences in the spatial simulation of
extreme precipitation. It is speculated that the terrain factors and Monsoon Simulation
factors may affect the simulation results of extreme precipitation events.

KEYWORDS

Climate model; Statistical downscaling; Future climate change; Space-time difference;
Extreme precipitation
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1. INTRODUCTION

Most cities in my country are located on the banks of rivers, lakes and seas, and
are threatened by river floods to varying degrees. In the context of global warming,
with the acceleration of urbanization, urban torrential rain events frequently occur,
extreme flooding events increase, and the resulting disaster losses are also
increasing. However, at present, the capacity of urban flood control in my country is
generally low, and urban drainage standards are backward. In the event of upstream
floods and urban torrential rains, supported by the long-term high water level of
external river floods, it is difficult to discharge or even limit the discharge of internal
waterlogging, which can easily cause serious flood disasters to the city.

The increase of extreme weather caused by climate change has had an important
impact on the ecological environment, economic development and personal and
property safety of countries all over the world [1], especially in the Loess Plateau of
China, where geological disasters are seriously developed, the use of climate models
to study future climate change can effectively deal with the risk of geological disasters
caused by climate change. Climate model is a set of mathematical and physical
equations that describe the behavior of climate system based on basic physical and
chemical laws [2]. The data involved in this program are widely used to predict the
characteristics of future climate change and analyze the trend of climate change. The
research results of climate prediction based on climate models are an important basis
for the government's Special Committee on Climate Change (IPCC) to assess future
climate change [3]. At the same time, Representative Concentration Pathways (RCPs)
scenarios fully consider the impact of future greenhouse gas emissions on climate
change. Among them, RCP 2.6 scenario refers to that the radiation forcing reaches
the peak before 2100 and drops to 2.6w/m2 by 2100, and the global average
temperature rise is limited to 2.0 °C [4-5]. It can well simulate the average
characteristics of large-scale and seasonal climate, but the PCPs spatial resolution
(100~500km) is difficult to directly respond to the model to assess the impact of
climate change or site scale environmental factors [6]. Therefore, improving the
reliability of climate prediction is one of the important issues in the study of Watershed
climate models [7].

In order to effectively improve the reliability of climate prediction, this paper
introduces the climate model into the analysis of extreme rainfall trends along the river
basin. The correction value and the daily precipitation data of future climate change
are calculated, and the analysis of the extreme rainfall trend along the river basin in
the future is finally completed.

2. CASE STUDIES AND DATA SOURCES

2.1. REGIONAL OVERVIEW AND SITE

Yanhe River Basin is the first-class tributary of the middle reaches of the Yellow
River, between 36 ° 23 '~37 ° 17 ' N and 108 ° 45 '~110 ° 28 ' E. Yanhe River Basin is

8| https://doi.org/10.17993/3ctecno.2023v12n1€43.15-31
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one of the serious soil and water loss areas in the Loess Hilly and gully region. It
belongs to the warm temperate continental semi-arid climate zone [8-9]. The north is
Qingjian River Basin, the southwest is Beiluo River Basin, and the south is connected
with Yunyan River Basin [10]. The geographical location of the Yanhe River Basin is
shown in Fig 1.

Figure.1. Geographical location of Yanhe River Basin

As shown in Figure 1,the main tributaries of Yanhe River include Xichuan, Xingzi
River, Nanchuan and Panlong River, with a total length of 286.9 kilometers, an altitude
of 958-1731m and an area of about 7725km2. The basin covers 6 counties and
districts including Baota, Ansai and Yanchang, a total of 53 towns and townships,
about 1027 administrative villages, with a total population of 990000 [11-12].

2.2. DATA SOURCES

Historical observational meteorological data of Yanhe River Basin is derived from
the data of 154 surface meteorological stations covering Shaanxi Province from 1981
to 2013 and interpolated to 0.25 ° by thin disk spline x 0.25 ° horizontal resolution
grid, generating multi-year daily precipitation data from China National Meteorological
Information Center [13-14]. The global climate model is derived from the coupled
multimodal global climate model prediction data set cmip5 in the nex-gddp project in
the United States [15]. This data set is the main tool used by IPCC to predict future
climate change by simulating earth systems such as atmosphere, ocean, land surface
and vegetation, sea ice, etc [16]. Some studies show that cmip5 model has greatly
improved the spatial resolution compared with the previous model, and significantly
improved the simulation effect of extreme precipitation. Three GCMS in cmip5 are
selected to predict future extreme precipitation changes, including the climate system
model BCC of Beijing Climate Center_ CCSM, the multidisciplinary climate research
model miroc5 jointly developed by the climate system research center of the
University of Tokyo, Japan, the Japan Institute of environment and the Japan earth
environment research center. It summarizes the earth system, spatial resolution and
other parameters of the three climate model data. The model has been used to predict
climate change and related extreme events in the Yangtze River Basin, and the model
simulation results are good and close to the observed data [17-18]. Spatial resolution
of mode data 0.25 ° x 0.25 °, the time resolution is day by day, and the time span is

o] https://doi.org/10.17993/3ctecno.2023v12n1€43.15-31
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1981-2060. The typical concentration emission scenario rcp4.5, that is, the emission
scenario is set to maintain the current level of population, economic and technological
development. By 2100, the radiation forcing will be stable at 4.5w/m2, and the change
of greenhouse gas emissions will increase first and then tend to be stable [19].

3. METHODOLOGY

3.1. ANUSPLIN METEOROLOGICAL INTERPOLATION

Meteorological element data is the basis of a variety of geoscience models and
climatology models. Accurate climate element data can be obtained by establishing
high-density meteorological observation sites. However, due to the limitations of
economic level, technical means and terrain conditions, meteorological data in many
places It is more difficult to obtain. In order to obtain meteorological data in areas
outside meteorological observation sites, researchers usually combine statistical
methods with geographic information systems to estimate based on the observed
values of existing meteorological observation sites, that is, spatial interpolation of
meteorological element data.

ANUSPLIN software is a classic meteorological interpolation software, based on
thin disk spline function, suitable for interpolation of various natural station data. The
accuracy is high, and the elevation can be considered as a covariate for difference
[20-21]. The model formula is as follows:

z; =f(x;) +bly;+¢; (i=1,,N) (3. AUTONUM \* Arabic )

Where, Z is the dependent variable at point I, f (XI) is the unknown smooth function
to be estimated about Xi, Xi is the d-dimensional independent variable, BT is the p-
dimensional coefficient about Yi, Yi is the p-dimensional independent covariate, El is
the random error, and N is the number of observations [22].

Where: function f and coefficient b are determined by least square estimation:

N
L

Where JM (f) is the roughness measure function of function f (x), which is defined

2
Z; — f(Xi) - bTyi

+pJin (1) (3. AUTONUM \* Arabic )

as the m-order partial derivative of function f; p is a positive smoothing parameter.

3.2. STATISTICAL DOWNSCALING METHOD

The regional climate model is the result of the comprehensive action of the driving
forces of the multi-scale general circulation model, such as latitude, sea land
distribution, terrain and underlying surface conditions [23]. The assumptions for using
statistical downscaling include: the climate state at different scales is stable and the
statistical relationship is significant, and the large-scale climate model simulation is
effective and the statistical relationship established is effective. Considering the
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complex terrain of the study area, in order to reduce the boundary impact, the north of
Hengduan Mountain where the study area is located is taken as the prediction area.

Statistical downscaling adopts a numerical deviation correction method combining
statistics and dynamics [24]. The method considers that the climate model of any
scale is composed of stable long-term climate state and short-term weather
fluctuation. The specific expression is as follows:

at) = & + o(t) (3. AUTONUM \* Arabic )

Where, o(t) represents the meteorological condition at any time,arepresents the
climate state corresponding to the scale where the meteorological condition is located,
o'(t) represents the climate anomaly of the scale relative to the secondary scale, and
a indicates the average climate state [25]. The observation data and climate
reanalysis data are divided in this way. For climate models with different spatial scales
(such as global and regional), the expression of the linear correction value of the
climate anomaly model of the cumulative distribution function is:

Pe D - 200 o K(Bra+ Bocu) = kBrc (3. AUTONUM \* Arabic )

Where, K is a constant, 0 is the horizontal and vertical correlation distance, BIQA is
the climate state corresponding to the ground observation data at this spatial scale,

and B’GCM is the climate anomaly of the spatial scale corresponding to the global
climate model relative to the spatial scale corresponding to the ground observation
data. The equation is also applicable to global and regional climate models [26-27].

The equation is valid only when n>1 and o = Q. Therefore, the deviation correction
expression of daily precipitation data of future climate change is as follows:

Prg = M, + My, — M, (3. AUTONUM \* Arabic )

In the formula, Pryq represents the daily precipitation value after correction, D is
1-365, My, 4 and Mprj_d are the average value of historical daily climate data and

climate change precipitation estimates. M, 4 represents the estimated precipitation of
climate change [28]. The prediction of extreme rainfall trends along the river basin is
realized by the revised daily precipitation value, the average value of historical daily
climate data, the average value of climate change precipitation estimates, and the
estimated precipitation amount of climate change.

4. 4 RESULT ANALYSIS

4.1. ANALYSIS ON OVERALL CHANGE TREND OF
PRECIPITATION

Under the rcp4.5 emission scenario, during the 50 years from 2006 to 2056, the
regional average precipitation of extreme precipitation in the study area is shown in
Fig 2.
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(a) Regional average precipitation.
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(b) Precipitation Mann-Kendall test.

(c) Precipitation anomaly.
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Figure 2. Inter-annual departure of extreme precipitation in study area.

Fig 2(a) shows that the annual average daily precipitation in the study area
fluctuates around 2.5 mm, with no obvious increase or decrease. Based on the Mann
Kendall method, this paper conducted a test and analysis of the precipitation in the
study area from 2000 to 2050, and found that the precipitation in the study area
fluctuated greatly in the past 50 years. In Fig 2(b), the interannual fluctuations are
relatively large around 2036, and the main mutation year in this region is around 2016.
During the 50 years from 2000 to 2050, there were more abrupt changes, indicating
the possibility of extreme climate events. In addition to the Mann Kendall rainfall test,
precipitation anomalies are also analyzed in Fig2(c). The results show that the
precipitation anomaly analysis results show a similar trend to the Mann Kendall test
results, which more strongly indicate that under the background of future climate
change, the rainfall in the study area will change greatly, and extreme precipitation
events are more likely to occur [29].

4.2. SPATIAL AND TEMPORAL PATTERN AND ANALYSIS OF
EXTREME PRECIPITATION INDEX

In this paper, absolute quantity index, intensity index and frequency index are
selected to analyze the spatial and temporal distribution characteristics of extreme
precipitation. The results show that there are significant differences in the frequency
and distribution pattern of extreme precipitation in the study area. The absolute
quantity index analysis results show that in the next 50 years, the precipitation in most
parts of the study area may exceed 12mm, especially in the eastern and western
parts of the study area. The spatial distribution of absolute indicators is shown in Fig
3.

Figure 3. Spatial distribution of otherthe absolute indices: (a) Daily precipitation over 12
(mm); (b) Daily precipitation over 50 (mm); (c) Daily precipitation over 100 (mm).

In a of Fig 3, the number of days with precipitation exceeding 12 mm in some areas
may exceed 1000 days, that is, more than 20 times a year. In the future, the areas
with the most precipitation above 12 mm will be concentrated in the southeast of the
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study area, followed by the western border area. These areas will receive more than
21 times of precipitation above 12mm per year. The central region has the least
precipitation, at least 19 times a year. Compared with the areas with precipitation
greater than 12mm, there are fewer areas with precipitation greater than 50mm in b of
Fig 3, and the frequency of occurrence is significantly lower. The high-value areas are
distributed in the southeast border area and the northwest border area. Fig 3 c. For
precipitation above 100mm, the study area will not appear. From the temporal and
spatial distribution pattern of absolute precipitation index, it can be seen that the
erosive precipitation in the study area is widely distributed, and the distribution of
heavy rain precipitation is obviously localized, mainly in the junction of the northeast
and southwest of the study area [30].

For the case where the daily precipitation of ¢ in Fig 3 exceeds 100mm, the spatial
distribution of the intensity index is analyzed, as shown in Fig 4.

Figure 4. Spatial distribution of the intensity indices: (a) Daily precipitation; (b) Cumulative
precipitation in 3 days; (c) Cumulative precipitation in 5 days.

Fig 4 shows that the analysis results of the intensity index show that single
precipitation or continuous precipitation of more than 50 mm may occur in most areas,
and more precautions should be taken against the risk of extreme rainstorms. In Fig
4a, it can be seen that the areas with daily precipitation rx1 higher than 30mm are
only distributed in the southeast and northwest border areas of the study area[31-32].
The terrain in the southeast is lower. The daily precipitation in most areas of the study
area is between 25 and 30 mm;

From (b) and (c) in Fig 4, we can see from the spatial distribution of RX3 and rx5
that the areas with precipitation exceeding 55mm for three consecutive days are
mainly distributed in the southeast and northwest of the study area with precipitation
exceeding 55mm for five consecutive days of the entire study area. In terms of
precipitation, the accumulated precipitation in most parts of the study area may
exceed 55mm, while the precipitation in the northwest and southeast of the study area
may exceed 70mm.

The comparative analysis of the intensity indicators of different indicators shows
that under the background of future climate change, extreme short-term sustained
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high-intensity precipitation is very likely to occur in most areas of the study area, and
the risk of mountain disasters cannot be reduced.

In order to reduce the uncertainty of climate change prediction and the possible
model error of predicting a single precipitation, the frequency of extreme precipitation
in the study area was analyzed for multiple consecutive days.

Figure 5. Spatial distribution of the duration indices: (a) The number of over 50 (mm)
cumulative precipitation in 3 days; (b) The number of over 100 (mm) cumulative precipitation
in 3 days; (c) The number of over 50 (mm) cumulative precipitation in 5 days; (d) The number

of over 100 (mm) cumulative precipitation in 5 days.

From (a) and (b) in Fig 5, we can see that precipitation events may occur
continuously for 3 days and 5 days in the study area, and the frequency of occurrence
is higher in the southeast and northwest of the study area, and the prediction results
of the spatial distribution of the intensity index. In addition, it can be seen from c in Fig
5 that due to being in a semi-arid area, the study area did not have extreme
precipitation events with precipitation exceeding 50 mm and 100 mm for three
consecutive days and five consecutive days, respectively.

4.3. COMPARISON OF DIFFERENT GCM MODELS OF EXTREME
PRECIPITATION
Prediction of extreme precipitation events from a single climate model is uncertain.
Therefore, this paper selects several representative extreme precipitation indicators

for model comparison to reduce the uncertainty of a single climate model. The
distribution of extreme precipitation under future climate change is shown in Fig 6.
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Figure 6. The distributions of extreme precipitation under climate change in the future

According to the data analysis results in Fig 6, there are certain differences in
different spatial simulations of extreme precipitation. It is speculated that topographic
factors and monsoon simulation factors may affect the simulation results of extreme
precipitation events. According to the analysis of extreme precipitation index under
different models, as shown in a and b in Fig. 6, the simulation results of absolute
quantity index are not very different, while in the BCC_CS model and the miroc5
model, the two models are generally spatially consistent. The number of annual
occurrences of absolute precipitation exceeding 12mm is higher than 21. In the
BCC_CS mode, the annual occurrence of absolute precipitation exceeding 12mm can
reach 28 times. The areas with more occurrences are mainly located in the
southeastern part of the study, and the annual occurrence of absolute precipitation
exceeding 12 mm in the western part of the study area is less frequent; as shown in ¢
and d in Fig. 6, the precipitation is predicted and evaluated for three consecutive days
under the BCC_CS model and the miroc5 model. . There is a certain difference in the
amount of precipitation for three consecutive days under these two modes. The
maximum precipitation for three consecutive days in the miroc5 mode can reach 130
mm, which is located in the southeastern part of the study area; the frequencies of
precipitation events in the BCC_CS mode and the miroc5 mode for 5 consecutive
days are shown in e and f in Fig 6. From the results, the precipitation frequency index
shows that the average frequency of precipitation events for 5 consecutive days in the
study area can reach 22 per year. The simulation results of these two modes also
have certain continuity and spatial consistency.
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5. DISCUSSION

(1) The climate model with statistical downscaling can effectively reduce the model
uncertainty. The terrain of the study area is complex, so it is more practical to select
rcp4.5 to maintain the current greenhouse gas emission scenario. First, the simulation
effect of different models of IPCC cmip5 on Precipitation in China decreases from the
southeast coast to the northwest inland (Sun Jian, 2016). In terms of the simulation
effect of average daily precipitation, the simulation effect may be better in some areas,
but the overall simulation ability is weak. Therefore, based on the rcp4.5 emission
scenario with high stability, statistical downscaling using the meteorological data of
regional ground stations can eliminate the uncertainty of the climate model to a certain
extent. In small areas with complex terrain, statistical downscaling technology is better
than dynamic downscaling in rainfall prediction, because in small areas with complex
terrain, extreme precipitation is not only affected by large-scale circulation factors
such as monsoon and terrain, but also affected by small-scale climate and weather
systems such as surface radiation and cloud, and is easily disturbed by human
activities. The numerical deviation correction method combining statistics and
dynamics can simulate single day precipitation to a certain extent and improve the
accuracy of GCM data, but its long-term trend and extreme precipitation simulation
effect need to be further tested in combination with ground data.

(2) The above results show that the frequency and distribution pattern of extreme
precipitation in the Yanhe River Basin will be significantly different in the future. In
terms of absolute quantity index, most areas in the study area may have more than
12mm of precipitation, and the number of 12mm of daily precipitation in some areas
may exceed 20 times a year, mainly concentrated in the southeast, followed by the
western region, and less in the central region. The results of intensity index show that
most areas in the study area may have single precipitation or continuous precipitation
with a daily precipitation of more than 50mm. Areas with a daily precipitation of more
than 55mm for three consecutive days are mainly distributed in the southeast and
northwest of the study area. Areas with a daily precipitation of more than 55mm for
five consecutive days basically cover the whole study area. Precipitation events are
likely to occur in the study area for 3 and 5 consecutive days, with more occurrences
in the southeast and northwest regions, which is consistent with the predicted results
of the spatial distribution of the intensity index. The comparison and analysis of
different indexes show that the spatial and temporal distribution of extreme
precipitation in the study area is closely related to the terrain, which may be the result
of the joint action of regional terrain and climate change.

(3) Rainstorm and continuous precipitation are the main factors inducing geological
disasters, and the disaster risk in the study area may be intensified in the
future.Geological disasters in mountainous areas are the result of the joint action of
extreme weather and disaster pregnant environment. The above analysis shows that
under the background of future climate change, the intensity of extreme precipitation
in most regions in the study area will increase, the number of precipitation days will
increase, and the continuous precipitation for 3 or 5 consecutive days may be large,
and the cumulative precipitation can reach 80 mm. The occurrence of continuous
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precipitation may not only reduce the threshold of extreme precipitation, but also
accelerate the development of disaster pregnant environment such as geological
disasters. From the perspective of terrain, steep terrain areas are often prone to
geological disasters. Especially in the southeast region where there may be multiple
high-intensity extreme precipitation, it is necessary to formulate targeted geological
disaster response strategies to adapt to climate change.

6. CONCLUSION

1.Yanhe River Basin is a sensitive area to climate change. In the future, the
precipitation in this area will not increase significantly for a long time, but it will
fluctuate greatly.

2. From 2000 to 2050, the interdecadal fluctuation of extreme precipitation events in
the study area is significant. In the future, the area with the most precipitation above
12 mm will be concentrated in the southeast of the study area, followed by the
western boundary area. Compared with the area with precipitation above 12 mm,
the area with precipitation above 50 mm will be less, and the occurrence frequency
will decrease significantly. According to the results of intensity index, single
precipitation or continuous precipitation of more than 50mm may occur in most
areas.

3. Different climate models have different simulation effects. According to the data
analysis results, different models have certain differences in the spatial simulation
of extreme precipitation. It is speculated that the terrain factors and Monsoon
Simulation factors may affect the simulation results of extreme precipitation events.
When simulating absolute index and continuous precipitation index, BCC_ CSM
simulation results are on the high side; When simulating the intensity index for three
consecutive days, the simulation result of ccsm4 is higher and is similar to that of
BCC_ CSM simulation results have significant differences.

7. DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/
supplementary material, further in quiries can be directed to the corresponding author.
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ABSTRACT

Due to huge disaster-caused force, seismic geological disasters primarily induce
residual landslide, collapse and debris flow disasters with far higher hazard extent
than that of earthquake disasters. Wherefore, this paper, with various vibration slopes
caused by the most representative Wenchuan earthquake as research objects,
introduces the strength reduction method to the stability study of residual mountains in
a certain area, puts forward dynamic stability slope evaluation method based on
dynamic and overall strength reduction method to obtain the mountain slope stability
situation in the process of gradual instability, searches out the sliding surface of
progressive expansion making use of dynamic strength reduction method and
calculates dynamic safety index in the process of gradual slope instability pursuant to
the calculation advantages of dynamic strength reduction method, so as to realize the
analysis and regulation of the whole process of slope instability. The results show that
in the stability analysis of a homogeneous slope, the safety index of slope stability
calculated by strength reduction method is 6.7%, 8.8% and 10.5% higher than that
calculated by finite element limit equilibrium method, Bishop method and Janbu
method respectively. In the stability analysis of a multi-layer soil slope, the safety
index of slope stability calculated by strength reduction method is 4.8%, 4.3% and
9.4% higher than that calculated by other three algorithms. While in the stability
analysis of soft interlining slope, the safety indexes of slope stability calculated by the
method proposed in this paper are increased by 26.10%, 29.11% and 26.46%
respectively compared with other three algorithms, indicating that the stability of
landslide residual mountains calculated by strength reduction method proposed in this
paper is the highest.

KEYWORDS

Strength reduction method; Landslide residual mountain; Stability study; Safety index;
Sliding surface
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1. INTRODUCTION

In mountainous and hilly areas, landslides are more common, and similar to
earthquakes, mudslides and other disasters, generally have relatively large hazard
extent. In the vast land area of China, the geographical conditions are relatively
complex, and the landslide areas are widely distributed, especially in the mountainous
areas of southwest, northwest, and east China [1-2]. When a landslide occurs, partial
or whole pieces of land will appear one after another in a relatively slow speed and a
relatively long cycle, and will intermittently slide. [3-4].

Landslides are extremely harmful, especially that large-scale landslides can
destroy entire villages, cut off rivers, destroy farmland and forests, and even damage
the safety of life and property of people and countries to a large extent, seriously
hindering and destroying the construction process of countries [5]. Landslides in
China have the characteristics of various types, large scale, wide distribution, strong
concealment and strong destructiveness, and most landslides are sudden and
unpredictable, which brings serious harms to the society [6].

In this regard, it is of great significance to implement monitoring and early warning
of landslides. Landslide movement is highly complex and is affected by many factors.
At present, it is difficult to thoroughly understand the internal characteristics of each
landslide, and to accurately predict each landslide [7-9]. However, landslide
monitoring helps to master and analyze the evolution and characteristics of landslide
mass. With the continuous progress of landslide monitoring technology, in order to
obtain more detailed landslide data, a more in-depth understanding of landslides can
be obtained [10-12].

In recent years, many foreign researchers have carried out research on rock
mechanics algorithms. For example, the literature [13] introduced the concept of
damage mechanics in the metal creep fracture research and rock mechanics research
for the first time. The literature [14] used the concept of fracture surface to
theoretically discuss the continuous damage behavior of rock and concrete. Since
then, people have established various damage theories based on different damage
mechanisms and basic theories, and applied them to the study of nonlinear, plastic,
and viscoplastic damage of rock materials. The literature [15] first applied the damage
theory to establish damage mechanics model of rock-concrete continuum. The
literature [16] established corresponding models and theories based on the structural
characteristics of the rock itself. The literature [17] proposed the famous "strain
equivalence hypothesis", which laid the foundation for the study of damage theory.
The literature [18] proposed a new elastic-plastic damage model based on irreversible
thermodynamics and damage mechanics, which comprehensively considered plastic
friction deformation and plastic pore deformation, and adopted damage variables to
describe the development of microscopic defects. The literature[19] defined a damage
variable as the second-order tensor of fracture density, took into account the damage
evolution of this damage variable pursuant to fracture propagation, and thereby
established a corresponding damage model. Based on the homogenization theory,
whereafter, a thermodynamic framework for the meso-mechanical damage model was
built. Zhu Qizhi et al. reckoned that the rock was a heterogeneous material composed
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of an elastic solid matrix and fractures, and proposed a corresponding meso-
mechanical damage model. The literature [20], on the basis of considering the
dynamic propagation of micro-fractures, proposed a corresponding meso-mechanical
model of rock damages, believing that the stress-strain curve, failure strength and
damage development rate of rocks were closely related to the friction index, initial
fracture length and loading rate. The literature [21] came up with a micro-fracture
damage model of brittle rock under uniaxial compression load as well as theories of
micro-fracture fracture mechanics and rock damage mechanics based on the
assumption of random distribution of micro-fractures. To be concrete, the mechanical
properties under the load were analyzed, that is, when the external load reached a
certain level, the micro-fractures began to expand,, the mechanical properties of the
rock changed, and until the macro-fracture of the rock occurred, the fracture growth
rate increased with the external load.

With the in-depth research aiming at foreign researchers, domestic scholars have
also carried out research on the stability of rock and soil slopes. For instance, based
on the principle of object balance, the literature [22] proposed a finite sliding
displacement evaluation method of slope stability according to slope potential
deformation, in which the force exceeding the yield resistance of the sliding body is
used as the calculation standard for the occurrence of the slope and landslide. The
literature [23] used the FLAC valuation method of slope stability according to slope
potential deformation, and carried out the research of seismic slope failure
mechanism combined with the seismic slope numerical simulation software with both
tensile and shear failure functions. Through analysis, it was concluded that the failure
of the seismic slope was composed of the upper tensile failure and the lower shear
failure of the potential rupture zone, and the method for determining the location of the
rupture surface of the earthquake slope was given through various means. The
literature [24] performed a large number of on-site investigations. Precisely, on the
basis of aforementioned above, the special instability phenomena such as vibration
collapse and high-speed ejection of the slope under the strong earthquake load were
studied, and the genesis mechanism of earthquake-triggered collapse and landslide
was classified according to the specific slope structure. Moreover, a calculation
program for the safety index of a landslide numerical simulation software with both
tensile was proposed to study the stability of slopes under the condition of known
sliding surfaces, and a comparative discussion between the traditional seismic slopes
was carried out via FLAC 3D displacement evaluation method. From a mesoscopic
approach, the literature [26] studied the instability mode of slopes via a strength
reduction calculation module in the RFPA software. The literature [27] discussed the
strength reduction method and proposed a more reasonable reduction calculation
method, which promoted actual use numerical simulation software with both tensile.
With the deepening of research, there are more and more improved algorithms for
strength reduction. However, numerous studies have found that in order to study the
stability of residual mountains, it urgently requires to take into account the shear-
tensile composite yield criterion of mountains, as well as single static safety index,
principal stress and cohesion of mountain slopes. For this, numerical simulation
software with both tensile did calculate damaged area of the mountain slope [28-30],
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but did not consider the soil layer of the mountain slope. Not all the soil layers of the
mountains are homogeneous, and some soil layers are multi-layer soil or contain
weak inter-layers, so it is very necessary to study the stability of the residual mountain
according to the conditions of different soil layers.

Pursuant to the fact that the general algorithm does not take into account the pull
fracture and further study landslide residual mountains, in this paper, the shape
change and structural damage characteristics of the residual slopes on the rear wall of
the landslide is analyzed, and the sliding surface searching of progressive expansion
is implemented making use of dynamic strength reduction method. At the same time,
the residual slope of the rear wall of a landslide in a certain area is also a typical
representative and epitome of the many shaking slopes of the "5.12" Wenchuan
earthquake. It can be predicted that in the next 3 to 5 years, it will be a period of high
incidence of collapse, landslides and debris flows in earthquake-stricken areas. The
research ideas, methods and understanding of its post-earthquake stability will also
provide guidance and reference for the evaluation of similar slopes in earthquake-
stricken areas.

2. FAILURE CHARACTERISTICS OF MOUNTAIN
SLOPES AND IMPROVEMENT OF STRENGTH
REDUCTION METHOD

2.1. DEFORMATION AND FAILURE CHARACTERISTICS OF
RESIDUAL SLOPE AFTER LANDSLIDE

According to the interpretation of low-altitude aerial photography near the residual
mountain on the rear wall of a landslide in a certain area by helicopter, and combined
with on-site geological mapping, it shows that after the "5.12" earthquake, there are
mainly three groups of fractures on the surface of the entire back-edge mountains[31].
And the distribution of residual mountains and fractures on the rear wall of the
landslide is primarily: (1) N40°~50°E and N70°E~EW direction, this group of
fractures is mainly consistent with the boundary of the rear wall of a landslide in a
certain area, with an extension length of about 20~200m and; (2) N10°W ~ near SN
direction ~ N10°E, this group of fractures is the same as the main direction of the
Dashuigou and Xiaoshuigou valleys, with an extension length of about 50 ~ 400m,
and showing that unloading and tension are towards the free surface of the big and
small ditches, but the scale of the side of the small ditch is obviously small; (3) N70°W
direction, this group of fractures are distributed on the ridge line of the highest
watershed and are consistent with the trend of the ridge line, with an extension length
of about about 1000m and belonging to the earthquake-vibration fractures on the
steep slope of the ridge [32].

The above-mentioned fractures are all extensional, with an opening width of 10-50
cm. Since the penetration depth of each fracture cannot be measured, according to
the earthquake in the core area (such as Dujiangyan, Yingxiu, Wolong, Beichuan,
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Qingchuan, etc.), the characteristics of the slope seismic effect (that is, the slope
slump effect caused by the earthquake on the thin ridge with a slope gradient of
obviously more than 50° and without deep tensile fracture) are adopted to predict the
distribution of the residual mountain mass on the rear wall of the landslide in a certain
area. The depth of the pull fracture is generally between 10 and 50m. Except for the
N40°-50° E group fractures near the front edge of the mountain, which has penetrated
into the weakly weathered rock body, the rest of the fractures near the ridge line are
expected to be a deep location within the strongly weathered rock body. [33].

Judging from the distribution of the above-mentioned three groups of fractures with
different extension directions and scales, the shallow surface layer of the entire
residual mountain has basically been disturbed as a whole. Instead, collapse, slide
and pull fractures also occur in the direction of large and small ditches, but the former
has more advantages. Although the superficial integrity of the residual mountain has
been basically completely destroyed, the integrity of the underlying weakly weathered
rock mass has remained basically intact.

2.2. ACTUAL FAILURE PROCESS OF MOUNTAIN SLOPE

The slope instability is a gradual process that evolves from part to the whole, rather
than an instant process. Because of existence of weak surface, the mechanical index
of mountain slope decreases due to rainfall, the load dustribution is unbalanced and
local stress concentration occurs, thereby resulting in some elements are damaged
first [34]. Slowly, the principal stress will continue to extend and adjust its own
concentration after the internal components is damaged, regrouping into a stress
region. At this time, the damage area of the mountain structure increases and
converges, and finally becomes a complete mass through sliding surface. Figure 1
shows the whole process of slope damage.

Potential sliding
surface

Sliding
belt

Figure 1. Schematic diagram of progressive failure of mountain slope

In Figure 1, at points 1 and 2, if the shear force is greater than that of the peak
point, the mechanical index will decrease due to rainfall,. At this time, it can be
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regarded as that the shear stress at point 3 has just peaked, and the shear stress at
point 4 is well below the peak value. Moreover, since the sliding belt will continue to
expand, the stress will be completed at point 4, the highest point will be completed at
point 4, and at the same time, a complete sliding surface will be formed. Obviously,
when the sliding zone is produced, its strength value will change from the highest
point to the lowest point. In this way, the whole process can improve the
characteristics of the formation of the Osian sliding zone.

The damage of slope structure and the process of landslide are not sudden, but
gradual. Also, the slope instability is a gradual unsuccessful process, so it is
necessary to reflect the whole gradual process of slope stability for evaluation [35]. If
the strength value of the slope instability is wanted to decrease, strength reduction
calculation will cause the final plastic zone to be too large.

2.3. SLIDING SURFACE SEARCH BASED ON DYNAMIC
STRENGTH REDUCTION

The whole process deformation characteristics of geotechnical materials are mainly
classified into two types, namely "hardening" and "softening". Regarding the shape
change and mechanism damage characteristics of the sliding belt in the unsafe
process of mountain slope, relevant researchers have verified via theory and
experiments that the sliding belt of the slope has softening characteristics. Thus, the
slope stability analysis must take into account the strain softening characteristics of
geotechnical materials [36].

Based on referred strength reduction criteria and softening characteristics of the
sliding belt, some scholars first proposed a calculation method and then obtained the
parameters for reducing the local slope strength cohesion and internal friction angle,
as shown in Figure 2

Elastoplastic Mechanics
Calculations

A,

Reduced local slope strength
parameters
c,Q

Determining the Slope
Plastic Region

.

Rreduction factor K

Figure 2. Strength reduction calculation process

Figure 2 shows the strength reduction process in detail, in which the minimum
value of principal stress calculated is the same as the value of tensile failure strength.
Concretely, it is first to destroy the reduction element index, and then obtain the
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parameters for reducing the local slope strength cohesion and internal friction angle,
so as to perform mechanical calculation aiming at the slope plastic region. Assuming
that the deformation strength characteristics of the sliding zone geotechnical materials
conform to the ideal elastic-plastic softening model, by calculating the damaged area
of the mountain slope according to the elastic-plastic criterion, it is found that the area
of slope increases slowly, which stops when the slope state reaches the limit
equilibrium [37].

Tensile failure often occurs in a certain range of landslide crest, so after
determining mechanical strength parameters of the sliding belt shear yielding, it is
very necessary to integrate the Mohr Coulomb tensile failure model into the numerical
study, that is, if the minimum value of principal stress is the same as the value of
tensile failure strength, the rock and soil mass will suffer unsafe state process. Tensile
composite yield criterion can be expressed as:

Ft=03—0t=0 (1)

A single static safety index can be expressed as:

_1+sincpO N 2ccos@

F* =0, 0

l-sing ° l-sing (2)

In the above formulas, ' and ©3 are the maximum and minimum principal

stresses, respectively; ¢ is the cohesion force; ¥ is the internal friction angle; and o
is the tensile strength.

The tensile strength of the slope is basically unchanged, so the tensile strength is
not reduced in the strength reduction method [38-39]. Only under the conditions that
earthquake and other basic factors work, the tensile strength of the slope will be and
needs to be reduced. When calculating the damaged area of the slope according to
the elastic-plastic criterion, the mechanical strength parameter of the sliding belt is

narrowed by the reduction factor K, that is:

C
Cloc = E
an @

t
¥, =arctan

(3)

In the above formula, e and Pre are the cohesion force and the internal friction
angle of the local damaged area, respectively

3. DYNAMIC STABILITY ANALYSIS OF MOUNTAIN
SLOPE BASED ON STRENGTH REDUCTION
METHOD

From the above data research and actual operation, it is obvious that whether the
slope is safe and stable as time goes by, the whole process of the slope from local
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failure and gradual development to overall instability will change dynamically,
experiencing stable, less stable and unstable evolutionary processes.

The steps for evaluating the dynamic stability of mountain slopes are shown in
Figure 3.

@Edge model @Initial and Boundary Conditions @Reduction factor

Safety factor calculation F,

A

Dynamic discount calculation

L . Reduced Strength
Sliding surface extension ‘b@ Parameters by K
A
< End of dynamic analysis >

Figure 3. Dynamic evaluation process of mountain slope stability

In the traditional slope stability evaluation method, a single static safety index £ is

used to evaluate the slope stability, but the static safety index £ is not conducive to
the stability analysis and regulation of landslide disasters. Therefore, this paper

proposes that the safety index £ is a dynamic stability evaluation index.

(1) When the plastic zone appears in the local element of the mountain slope, the
mechanical parameters of the element in the plastic zone are reduced to indicate that
the strength of the local element softens and decreases.

(2) The overall strength reduction method and formula (4) are adopted to reduce
the strength parameters ¢ and ¢, of the entire slope. The reduction range includes
not only the softened plastic zone, but also the unyielding slope. For the plastic zone
in step (1), the softened parameter value is reduced. When the reduction reaches a

F,

sudden change in the slope displacement, the safety index “s in the current state is

obtained.

(3) According to Figure 3, after the strength parameters ¢ and ¢ are reduced, the
elastoplastic mechanical balance calculation is carried out. Since the elements around

the plastic zone of stress concentration will generate a new plastic zone, the plastic
zone elements will increase.

(4) The increase of plastic zone elements indicates the expansion of the slope
sliding surface. At this time, the mechanical parameters of the newly formed sliding
surface are reduced according to steps (1) and (3).
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(5) According to step (2), the slope safety index F

expansion.

is obtained after sliding surface

(6) The dynamic and overall strength reduction method is used to repeat the above
steps to obtain a series of dynamic safety indexes, stop the reduction after the sliding
surface is penetrated, and finish dynamic security and stability evaluation of the slope.

In order to track the evolution law of the slope safety index £ in the whole process,
this paper, combined with the advantages of dynamic strength reduction method,

selects a representative section to study how to bring the strength reduction
calculation method into the analysis of slope dynamic safety and stability state, in
which the possibility of overall landslide occurrence is small in the gradual failure
process of the slope, but the reduction index K obtained by the dynamic strength

reduction method does not represent the safety index of the slope (as K in equation
(3)), only representing the degree of reduction. Therefore, the dynamic and overall

strength reduction calculation methods are combined to analyze the slope stability,
and slowly enter the unsafe state process, thereby obtaining the safety index via
calculation, and obtaining the stability state of the slope on the basis of the safety
index.

Concretely, the fractures at an overall back-edge mountain are dislocated to reduce
and a representative section is selected as the entire slope, so as to obtain the safety

index £ under the limit state, that is:
! C
c =5
F
an @

, t
¢ = arctan

(4)

In the formula, ¢ and ¥ are the reduced cohesion force and the internal friction
angle, respectively.

4. RESULTS AND ANALYSIS

4.1. LANDSLIDE RESIDUAL MOUNTAIN CONDITIONS IN A
CERTAIN AREA

In a certain area, there is still a mountain with a vertical length of 460-500m and a
horizontal width (between the big water ditch and the small water ditch) of 460-640 m
at the rear wall of the landslide, which is characterized by a steep front edge and a
gentle back edge. The slope of the front edge (that is, the rear wall of the landslide in
a certain area) is about 45°, and the back edge is the original slope with a gentle
slope of 10° to 15°. It can be seen via qualitative analysis that the residual mountain
mass on the rear wall of a landslide in a certain area will be dominated by local
sporadic collapse and slump in the superficial part, and the possibility of overall
landslide occurrence is small. Therefore, in the quantitative calculation of stability, the
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possible sliding surface is formed based on the most unfavorable residual mountain
slope structure and its various structural surfaces, which is regarded as the controlling
boundaries for quantitative calculations of stability. At the same time, the various
residual mountain slopes and superficial residual mountain slopes formed due to the
earthquake will obviously serve as the boundary of the back edge tensile fracture.

Based on comprehensive analysis, it can be inferred that the residual mountain
may have a large-scale failure mode: the back edge through fractures are dislocated
— the middle layer slides — the front edge shear failure occurs, so it can also be
attributed to a three-stage mechanism of tension cracking-sliding-shearing. Among
them, the front edge of the slope crest is most likely to collapse.

4.2. EXPERIMENT PARAMETERS OF MOUNTAIN SLOPE IN A
CERTAIN AREA

According to the geological prototype, geometric mode of right bank is built, and to
perform stability calculation, a representative section is selected. Specifically, the
section model of the computational mesh model is set to be 478m long and 470m
high, and the total number of elements and nodes is 44695 and 71396 respectively.
The rock-material constitutive model adopts the Mohr Coulomb rule for the most
suitable elastic-plastic model criterion. The mechanical parameters of the three kinds
of rock dikes in the corresponding stratum distribution on the vertical surfaces on the
left and right sides, and fixed constraints on the bottom boundary are determined
respectively.

Combined with the exposed shape of the section, the slope mass is generalized as
V2 vi IV 12 Il and II rock-soil mass and concrete after support (C25
strength grade), and the mechanical parameters of the three kinds of rock dikes in the
corresponding stratum distribution are the same as IV-type rock mass. The natural
bulk density, elastic model and Poisson's ratio appearing in this experiment are all
measured by measuring instruments before the experiment. The layer parameter
values are shown in Table 1.

Table 1. Parameters of the calculation model for the slope on the right side of the residual

mountain.
Natural test ) . ..
) ] Elastic Modulus | Poisson's ) Internal friction
Medium weight / ) Cohesion /Mpa
/Gpa ratio angle/ (°)
(kNem-3)
231 25.8 2.0 0.28 0.9 22.8
Deep
unloading 26.2 2.0 0.28 2.0 36.0
fracture
V2 class 22.1 2.0 0.27 1.8 21.8
V1 class 24.5 4.0 0.27 2.0 26.5
IV class 25.8 6.0 0.26 7.0 38.6
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111 class 26.2 8.0 0.24 15.0 50.2
112 class 26.2 7.5 0.23 17.5 51.3
III class 26.5 9.0 0.22 20.0 52.5

In Table 1, a total of 87 groups of physical and mechanical tests of rock blocks have
been completed on the residual mountain. The values of mechanical parameters are
comprehensively determined on the basis of indoor and outdoor tests, combined with
engineering analogy and parameter inversion.

For a homogeneous slope in mountains at a certain area, its geometric model is
shown in Figure 4, and its material property parameters are shown in Table 2.

| 100m |
[ I

200m | 190m

45m

20m

Figure 4. Geometric model of the homogeneous slope of the mountain

Table 2. Soil parameters of mountain homogeneous slope
c/kPa o/(°)
3 19.6

v/ (KN/m3)
20

E/Mpa v
10 0.25

Midas GTS NX is a kind of software that can analyze soil layers and tunnel
structures, which can carry out various analysis of related mountains, strata, soil
layers and tunnels, such as the mechanical parameter analysis of the three kinds of
rock dikes in the corresponding stratum distribution, as well as solid structure and type
analysis, with fast analysis speed, excellent graphics and output capabilities.
Therefore, in this study, Midas GTS NX software is adopted to analyze the stability of
three kinds of residual mountain slopes using the finite element limit equilibrium
method, Bishop method, Janbu method and the mountain slope calculation model
designed herein based on the strength reduction method in order.

The geometric model and material property parameters of a multi-layer soil slope
on a mountain in a certain area are shown in Figure 5, and Table 3 respectively.
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| 50m | 128m | 130m
- I |
Soil layerl
45m
- Soil layer2
25m
Soil layer3

Figure 5. Geometric model of a multi-layer soil slope in mountain

Table 3. Soil parameters of a multi-layer soil slope in mountain

E;:r c/kPa o/(°) v/ (kKN/m3) E/Mpa v
1 0 38.0 19.5 10 0.25
2 5.3 23.0 19.5 10 0.25
3 7.2 20.0 19.5 10 0.25

The geometric model and material property parameters of a soft interlining slope in

a certain area are shown in Figure 6, and Table 4 respectively.

Figure 6. Geometric model of a weak interlining slope in mountain

Table 4. Soil parameters of a weak interlining slope in mountain

Soil
c/kPa o/(°) v/ (kKN/m3) E/Mpa v
layer
1 28.5 20.0 18.84 60 0.25
2 0 10.0 18.84 20 0.25
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4.3. COMPARE WITH THE RESULTS OF DIFFERENT
ALGORITHMS

The calculation results of slope stability are shown in Figure 7 in detail.

After the stability of a homogeneous slope in a certain area is calculated by the
finite element limit equilibrium method, the Bishop method, the Janbu method and the
mountain slope calculation model designed in this paper according to the mechanical
parameters of the three kinds of rock dikes in the corresponding stratum distribution, it
is obvious from Figure 7 (a) that, in a certain area, the maximum safety index
calculated via mountain slope calculation model designed in this paper is 1.081, while
the maximum safety index calculated by the finite element limit equilibrium method is
1.013, the maximum safety index calculated by the Bishop method is 0.993, and the
maximum safety index calculated by the Janbu method is 0.978, indicating that the
slope stability safety index of a homogeneous slope in a certain area calculated by
mountain slope calculation model is increased by 6.7%, 8.8% and 10.5% compared
with that calculated by finite element limit equilibrium method, Bishop method and
Janbu method respectively.

Similarly, in the stability analysis of a multi-layer soil slope, the maximum safety
index calculated by mountain slope calculation model designed in this paper is 1.450,
while the maximum safety index calculated by the finite element limit equilibrium
method, Bishop method and Janbu method is 1.390, 1.383, and 1.325 successively,
indicating that the slope stability safety index of a multi-layer soil slope calculated by
strength reduction method is 6.7%, 8.8% and 10.5%. higher than that calculated by
finite element limit equilibrium method, Bishop method and Janbu method. The
concrete results is as shown in Figure 7(b)

Again, as can be seen from Figure 7(c), in the stability analysis of a weak interlining
slope, the safety index calculated by the finite element limit equilibrium method is
1.027, the safety index calculated by the the Bishop method is 1.003., and the safety
index calculated by the Janbu method is 1.024. Compared with other three algorithms,
the safety index of slope stability calculated by strength reduction method is increased
by 26.46%,, 29.11% and 26.10% respectively.
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(a) Calculation results of the stability of the homogeneous slope of the mountain
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(b) Calculation results of the stability of the multi-layer soil slope in the mountain
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(c) Calculation results of stability of mountain slope with weak interlayer
Figure 7. The results of the mountain stability experiment

All the above data suggests that based on strength reduction method, the mountain
slope calculation model designed in this paper has an optimal stability analysis effect
for the three kinds of slope types in mountains, and the weak interlining slopes in
mountain have the best stability.

5. DISCUSSION

Through the research of this paper, the author thinks that it is necessary to further
bring the strength reduction method into the actual use of reinforced concrete in the
calculation of the stability safety index of mountain slopes, and maybe the seepage
field can be simulated by the function of simulating the temperature field. Also, the
author reckons that there are still several deficiencies in the case analysis of this
paper. For instance, the influence of groundwater has not been considered and the
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application of the various residual mountain slopes in the rock slopes is not studied,
where only the shear damage of rock and soil structure is analyzed. In this regard,
future research may create a subject aiming at the influence of groundwater on slope
stability, and focus on the practical application of strength reduction calculation
method in rock slopes on the basis of the tensile failure of rock and soil, the practical
application of strength reduction calculation method in the safe and stable state
analysis of foundations and underground caverns, and other practical applications
from all walks of life. Moreover. how to use the strength reduction method to design
the support structure in the foundation, cavern and slope is a also topic worthy of
further study.

6. CONCLUSION

China is a mountainous country, where geological disasters such as landslides
occur frequently every year, and losses caused thereupon are vitally massive. When
carrying out landslide disaster management, it is the top priority of current mountain
stability research to reasonably introduce relevant algorithms into the research on the
stability of combined residual mountain slopes. Therefore, this paper proposes a
strength reduction calculation model in the study of the stability of the residual
mountains. And the following conclusions are drawn from the study:

1. The deformation and failure characteristics of the residual slope on the rear wall of
a landslide in a certain area is analyzed. To be precise, from the distribution of three
groups of fractures with different extension directions and scales formed on the
surface of the residual mountain in a certain area, the vibration unloading effect is
not only in the direction of the mouth of the river, but also in the direction of the big
water ditch and the small water ditch. Collapse, sliding and cracking also occur, but
the former has more advantages. Moreover, although the shallow surface layer of
the residual mountain slope in a certain area is disturbed by the earthquake, the
integrity of the underlying weakly weathered rock mass remains basically intact.

2. The stability of a multi-layer soil slope in a certain area in residual mountains via the
method proposed in this paper, finite element limit equilibrium method, Bishop
method and Janbu method is analyzed. It is found that the safety index obtained by
the method proposed in this paper is 6.7%, 8.8%, and 10.5% higher than that
calculated byother three methods in order.

3. The stability of a homogeneous slope in a certain area in residual mountains via the
method proposed in this paper, finite element limit equilibrium method, Bishop
method and Janbu method is analyzed. It is obvious that compared with other three
methods, the safety index obtained by the method in this paper is increase by 4.8%,
4.3%, and 9.4% respectively. Similarly, in a weak interlining slope the safety index
obtained by this method is 26.10%, 29.11%, and 26.46% higher than the other
three methods successively, indicating that the stability of the landslide residual
mountain calculated by the strength reduction method in this paper is the highest.
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ABSTRACT

Curriculum ideology and politics is an inherent requirement to achieve the goal of
“cultivating morality and cultivating people” in colleges and universities, and it is a
beneficial exploration to realize the three-round education. The ideological and
political construction of professional courses in colleges and universities not only
teaches students knowledge and skills, but also helps students form correct values.
Aiming at how to build ideological and political courses in colleges and universities, a
design method based on multi-parameter fusion to gradually optimize deep NN is
proposed. Firstly, the initial NN model without hidden layer is determined by analyzing
the samples and categories, and then the hidden layer is gradually added on the basis
of the initial NN to construct a deep NN with multi-parameter fusion optimization.
Based on the TensorFlow framework, taking handwritten digit recognition as an
example, a deep NN model is gradually designed. During the whole experiment, the
network structure, activation function, loss function, optimizer, learning rate and
sample batch size are continuously adjusted, and finally a multi-parameter design is
designed. The fusion optimized deep NN model with high accuracy provides an
effective idea for building a NN. As the learning rate increases, the performance of the
NN gradually improves. In the training set and test set, the accuracy rate is almost the
highest when the learning rate is 0.3, and the accuracy rate is 93.30% and 92.58%
respectively when the number of iterations is 30, which shows that The NN optimized
by multi-parameter fusion can be well applied to the ideological and political
construction of professional courses in colleges and universities, and has strong
application prospects.

KEYWORDS

Deep NN; TensorFlow; Activation function; Learning rate; Loss function
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1. INTRODUCTION

"Course ldeological and Political" is a new education and teaching concept, which
is different from the traditional ideological and political course education method, and
runs through various professional courses in a hidden education way[1]. Curriculum
ideology and professional knowledge education and teaching go in the opposite
direction. While teachers disseminate professional knowledge, they also focus on
leading students to establish a correct value orientation[2]. Curriculum ideology and
politics take professional courses as the carrier, shoulder the important task of value
leadership, and make it play the overall effect of "1+1>2". In its construction, teachers
and students jointly establish a correct world outlook, outlook on life and values.
Although the school has an independent ideological and political curriculum, it is not
integrated with the major, so it may lead to the phenomenon that students have a
weak sense of social responsibility and professional ethics in the future[3]. The close
connection of the three has higher requirements for college students to have correct
value orientation and firm ideals and beliefs.

In foreign education and teaching, "ideological and political education" and
"ideological and political theory courses" are not clearly used to define the content of
their courses, but implicit education is embedded in the teaching of various
disciplines. Moral quality and values[4]. The social action model of moral education
proposed by American educator Fred Newman. He believes that a virtuous member of
society should have material competence, interpersonal competence, and civic
competence[5]. Thomas Ricorner's moral education model of perfect personality
believes that perfect personality includes three aspects: moral cognition, moral
emotion and moral behavior. Section[6]. In 1916, American educator John Dewey
pointed out in "Principles of Morality in Education" that "Students are accompanied by
ideals, attitudes, moral habits and other learning that are different from the formal
curriculum in addition to the learning of the formal curriculum, that is, 'incidental
learning'. It is proposed that education must pay attention to the influence of various
factors outside the formal curriculum on students” [7]. Fred Newman believes that
students can acquire the environmental competencies necessary for meaningful moral
discourse only through the study of civic action courses[8]. Sukhomlinsky emphasized
that moral education must adhere to the unity of theory and practice, and must run
through all aspects of school teaching and education. Teachers must teach and
educate people, so that teaching and education are organically unified. In 1991,
American educator Thomas Rickner proposed that "'character education' should carry
out implicit education, create a campus moral culture atmosphere, fruitful education,
democratic classroom life, story discussion method and role simulation training and
other moral development[9]. Herbert Heyman made relevant research on political
education in his book "Political Socialization: A Study of the Psychology of Political
Behavior", studying how individuals receive political education and then disseminate
political ideas., and eventually formed a political concept[10]. Dewey pointed out in
"Principles of Moral Education” that "the conscious moral teaching in the classroom is
not as good as it used to be, and it has committed the error of equating the teaching
of ethics with the manipulation and instillation of moral precepts.", put forward that
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moral education should focus on practicality[11]. In "Education and Democracy in the
21st Century", Neil Noddings explained the true connotation of democracy in
education, and mentioned about patriotism, global citizenship, sublime School
education in terms of moral feelings[12]. These all point to the practical significance of
curriculum ideological and political construction.

The NN originated from McCulloch-Pitts (MCP) model, which is the earliest
prototype of the artificial neural model[13]. In 1985, the perceptron algorithm was
proposed, which enabled the MCP model to perform binary processing on multi-
dimensional data, and then the back-propagation algorithm was proposed for the
rapid development of modern NNs. Opened the door. In the 1980s, inspired
convolutional NNs[14] and recurrent NNs[15] were successively proposed, and in the
1990s, LeNet[16] was applied to digit recognition and achieved good results. 2006 In
2009, due to the initial successful application of deep NN theory in machine learning,
Hinton et al. proposed the concept of deep learning[17], which attracted people's
attention. After years of development, it has gradually developed from a single-layer
network to a multi-layer network. The multi-layer NN may contain hundreds of layers
and hundreds of megabytes of training parameters. AlexNet, a deep learning
architecture proposed in 2012, won the 2012 ILSVRC (image Net large-scale visual
recognition challenge) crown, the error rate of Top-5 is reduced to 15.3%[18], and its
effect is significantly ahead of traditional methods. In the following years, the
recognition error rate has been continuously refreshed by new and deeper
convolutional NNs. In 2014, VGGNet Obtained an average correct rate of 89.3%[19],
and ResNet proposed by He et al. in 2016 reduced the classification error rate to
3.57%[20], while the SENet error recognition rate proposed by Hu Jie et al. in 2017 is
only 2.25%. The introduction of various deep NN models has promoted the
development of deep learning.

The rapid development of deep learning is inseparable from the design of better
deep learning models, and people have gradually realized that the structure of deep
learning models is the top priority of deep learning research[21]. The essence of deep
learning is to build an artificial NN model with multiple hidden layers. The structure of
artificial NN, whether shallow or deep, is mainly designed based on experiments and
experience, but there is no set of specific theories to follow[22]. Based on the
TensorFlow framework, this paper adopts a NN design method that is simple and then
complex, and multi-parameter fusion is gradually optimized to optimize the ideological
and political construction of professional courses in colleges and universities.

2. PRINCIPLES OF DEEP LEARNING MODELS

2.1. INTRODUCTION TO TENSORFLOW

Google has excellent performance in many fields related to computers, and the
field of artificial intelligence is no exception[23]. TensforFlow is an excellent open
source deep learning framework based on DistBelief developed by Google in 2015.
The design of NN structure code is concise, and it is favored by more and more
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developers. Not all tensFlow is written in Python, but many underlying codes are
written in C++ or CUDA. It provides programming interfaces of Python and C++, and
basic operations on threads and queues can be implemented from the bottom layer,
and it can also be more convenient to call hardware resources. With the flexible
architecture of TensorFlow, users can deploy to multiple platforms (CPU, GPU, TPU)
for distributed computing and provide support for big data analysis. TensorFlow is also
cross-platform and works on various devices (desktop devices, server clusters, mobile
devices, edge devices).

2.2. DEEP NN MODEL DESIGN

2.2.1. DATA PREPROCESSING

In order to more easily extract the relevant information of the data during training,
the data needs to be pre-processed. Data preprocessing includes normalization
techniques, nonlinear transformations, feature extraction, discrete input, target coding,
processing of missing data, and division of datasets, etc. [24]. The partition of the
dataset is divided according to the evaluation model method validation and cross-
validation. When the model method is validation, after selecting the data set, the data
is generally divided into three subsets: training set, validation set and test set[25]. The
size of the training set accounts for about 70% of the entire data set. T.

Choose the MNIST dataset, which is a well-known machine vision dataset for
handwritten digits. There are two ways to obtain the MNIST dataset, one is to
download it from Prof. Yann LeCun's official website, and the other is to use the official
case of TensorFlow, and the MNIST dataset is included in TensorFlow[26]. The MNIST
data set has 60,000 samples, of which 55,000 samples are training sets, and the
other 5,000 samples are part of the validation set. The division of the entire dataset is
shown in Table 1.

Table 1. Division of the MNIST dataset

Data set Number of samples Sample tensor
Training set 55000 55000%84
Test set 10000 10000x784
Validation set 10000 10000x784

In the data set MNIST, each sample contains the gray value information and the
corresponding label of the sample. Each image sample is composed of handwritten
digits of 28x28 pixels. In order to simplify the model, through dimensionality reduction
processing, the two-dimensional 28x 28 images are converted into a one-dimensional
vector with 784 features, then the feature of the training set is a [55000,784] tensor,
and the features of the test set are [10000,784] and [10000,784] respectively. tensor.
The label corresponding to the training data set is a [55000, 10] tensor, where the
55000th means that there are 55,000 sample images in the training set, and 10
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means that the label of each image sample in the training set is a hot encoding
containing 10 types of numbers[27].

2.2.2. BUILD A PRELIMINARY MODEL THAT MEETS THE
REQUIREMENTS

The samples in the MNIST data set are 28x28 two-dimensional, and the one-
dimensional vector has 784 gray values, which determines that the number of
neurons in the input layer of the NN model is 784. The MNIST dataset is a total of 10
categories of handwritten digits from 0 to 9, so output layer is 10. First design a simple
NN without hidden layers.

The simple NN with multi-parameter fusion is optimized through experiments, and
then the hidden layer is gradually increased on the basis of the NN without hidden
layer.

2.2.3. CHOOSE ACTIVATION FUNCTION, LOSS FUNCTION AND
OPTIMIZER

1. Activation function

The activation function enables the NN to have the ability of hierarchical nonlinear
mapping learning, which can approximate any function and solve more complex
problems. The relu function has been applied in the deep learning network. How to
choose the activation function, there is no definite method, mainly based on some
experience[28]. Several commonly used activation functions are as follows:

(1) sigmoid function. sigmoid is a commonly used nonlinear activation function, and
its definition is shown in formula (1):

f(2)=1/(1+¢"(-2)) (1)

The input z is mapped to the range between 0 and 1, but the sigmoid activation
function in the DNN will origin the problem of incline explosion and gradient
disappearance. The meeting is slow, and the sigmoid function has the disadvantages
of exponentiation, which is time-consuming.

(2) tanh function. The problems of gradient disappearance and exponentiation still
exist in the deep NN with tanh as the activation function. The analytical expression of
the tanh function is shown in formula (2).

f(x)= (e“x—e“(—x))/ (e“x+e“(—x)) (2)

(3) relu function. The analytical appearance of the relu function is revealed in
formula (3).

relu(x) = max(0, x) 3)

https://doi.org/10.17993/3ctecno.2023.v12n1e43.54-68



61

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

relu is a function that takes the maximum value between partitions. It is not
derivable in the entire interval. It only determines the size of the input x and 0.

2. Loss function

The loss function is to estimate the difference between the predicted value ypre =
f(x) of the designed NN model and the real value yhat. Usually Loss(yhat, ypre) is
used to represent the loss function. Common loss functions are as follows:

(1) 0-1 loss function. The definition of the 0-1 loss function is shown in Equation (4).

1, yhat = y pre (4)

Loss ( yhat , ypre ) =
(y ypre) {0, yhat = ypre

The 0-1 loss function does not consider the difference between the predicted value
and the true value. If the prediction is correct, the value of the loss function is 0,
otherwise the value of the loss function is 1.

(2) Squared loss function. The definition of the squared loss function is shown in
formula (5) and (6).

Loss (yhat, ypre) = (yhat — ypre )2 (5)

H(p.q) =~ p(x)logg(x) (6)

2.2.4. TRAIN THE MODEL AND EVALUATE THE MODEL

The parameters of the NN model are weight (weight) and bias (threshold). The
training model is to repeatedly adjust the weight and bias model parameter values
through training samples and learning algorithms, so that the error between the actual
output and the ideal output is less, and finally the NN is solved. parameters required
by the problem. Among the learning algorithms for training models, the most
representative one is the error backpropagation (BP) algorithm, which is widely used
in multi-layer feedforward NNs. The methods of evaluating the model include
validation and cross-validation, and different evaluation methods also determine the
division of the dataset. Common model evaluation indicators for classification
problems include confusion matrix, accuracy, precision, recall, specificity, etc., as
shown in Table 2(Ying et al.).

Table 2. Model evaluation indicators

Confusion Matrix Goal

True Positives True True Positives True
Negatives Negatives

predicts positive True Positive (TP) False Positive (FP) Positive predictive
Model samples value or precision
=TP/ (TP+FP)
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Predict Negative False Negative (FN) True Negative (TN)  [H % it 9 {H =
Samples (TN) (/ TN +
FN)

Recall =TP/ (TP+FN) Specificity=TN/ Precision=
(TN+FP) (TP+TN)> (/
TP+FP+FN+TN)

3. EXPERIMENTAL RESULTS AND ANALYSIS

Experiments were tested using TensorFlow on a Windows 10 system with Intel(R)
Core(TM) i7- 6700HQ CPU@2.6 GHz 2.59 GHz, 8 GB RAM.

The sample image in the MNIST dataset is converted into a one-dimensional vector
with 784 elements, and neurons number in the input layer is strongminded to be 784,
and there are 10 categories of handwritten digits. A simple NN without a hidden layer
has only an input layer [29].

(1) Comparison of loss functions. The learning rate is set to 0.1, the training model
sample batch size is 100, and the number of iterations is 30. The optimizer uses the
gradient descent method to compare the recognition accuracy of the cross entropy
and the squared loss function on the simple NN.

Figure 1(a) is the curve relationship between the training model and the accuracy.
The upper two curves are a group, which is the accuracy curve when the loss function
is cross entropy [30-31]. The lower two curves are Accuracy curves for training and
test sets when the loss function is a squared loss function. It could be gotten from
Figure 1(a) that at iterations number, the training accuracy set is greater than that of
the training set and test set when the loss function is the squared loss function. In
Figure 1(b), the group with high loss value is the loss value curve of the training set
and the test set when the loss function is a squared loss function. The group is the
test set when the loss function is cross entropy. Figure 1(b) shows that the
convergence speed is fast when the loss function is irritated information. From the
comparison of the accuracy and loss value of cross entropy and squared loss function
in Figure 1, it can be seen that irritated information is selected as the loss purpose of
simple NN.
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Figure 1. Comparison of cross entropy and square loss function, (a) Curve relationship
between iteration times and accuracy; (b) Curve relationship between iteration times and loss
value.

(2) Different learning rates. The training model sample batch scope is 100, the
iterations number is 30, the optimizer adopts the incline ancestry method, and the
damage function is cross entropy. Figure 2 shows the contrast of correctness created
on different learning rates. The upper row is the test result, and the lower row is the
test result of the test set.

Figure 2(a) shows three curves of the accuracy as a function when the learning
rates are 0.1, 0.2 and 0.3, respectively. The untried consequences presented with the
increase of the learning rate, the performance of the NN gradually improves. In the
training set and the test set, when the learning rate is 0.3, the accuracy is almost the
highest, and the number of iterations is 30. The accuracy is 93.30% and 92.58,
respectively. %. Figure 2(b) is the curve of the accuracy as a function of the number of
iterations when the learning rate is 0.4, 0.5 and 0.6, respectively. The experimental
results show that the accuracy fluctuates greatly when the learning rate is 0.5 and 0.6
in the training set, especially when the learning rate is 0.5, the accuracy is unstable.
When the number of iterations is 30, the training set with a learning rate of 0.6 has the
highest accuracy, and a learning rate of 0.5 has the highest accuracy on the test set.
Figure 2(c) is the curve of the accuracy versus the number of iterations when the
learning rates are 0.3, 0.5 and 0.6, respectively. The experimental results show that
the accuracy of different learning rates is not much different whether it is the training
set or the test set. The accuracy of the learning rate of 0.5 and 0.6 is slightly higher
than that of the learning rate of 0.3, but the accuracy of the learning rate of 0.5 and
0.6 in the training set is slightly higher. The rate fluctuates greatly. It can be seen from
the analysis in Figure 2 that the learning rate is between 0.3 and 0.4, so the learning
rate is 0.3.
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Figure 2. Effect of different learning rates on the accuracy of NN, (a) The learning rates
were 0.1, 0.2 and 0.3; (b) The learning rates were 0.4, 0.5 and 0.6; (c¢) The learning rates
were 0.3, 0.5 and 0.6.

(3) Batch size. The learning rate is 0.3, the number of iterations is 30, the optimizer
uses gradient descent, and the loss function is cross-entropy to compare the effects of
different batch sizes (50, 100, 150, 200, 250, 300) on the NN model. Figure 3 shows
the comparison of the accuracy of different batch sizes. The upper row is the test
results of the training set with different batch sizes, and the lower row is the test
results of the test set with different batch sizes. Figure 3(a) are three plots of accuracy
versus number of iterations for batch sizes of 50, 100, and 150. The experimental
results show that in the training set, the accuracy rate of batch size 50 is higher than
that of batch size 100 and 150, while the accuracy rate of batch size 100 in the test
set is higher than that of batch size 50 and 150. Accuracy. Figure 3(b) shows the
curve relationship between the accuracy rate and the number of iterations when the
batch size is 200, 250 and 300 respectively. In the training set, when the number of
iterations is 30 and the batch size is 200, the accuracy rate is 93.03%, which is higher
than the batch size of 250 and 200. The accuracy rates corresponding to 300 are
92.89% and 92.85%, and the accuracy is also the highest when the number of
iterations in the test set is 30 and the batch size is 200. Figure 3(c) shows the curve
relationship of the accuracy rate with the number of iterations when the batch size is
100, 200 and 300 respectively. Whether it is the training set or the test set, the
accuracy rate is the highest when the batch size is 100. It can be seen from the
analysis in Figure 3 that the model with a batch size of 100 has the best performance.
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Figure 3. Effect of different batch sizes on the accuracy of NN, (a) Batch sizes 50, 100 and
150; (b) batch sizes 200, 250 and 300; (c) batch sizes 100, 200 and 300.

On the basis of the single hidden layer NN optimized by multi-parameter fusion, a
hidden layer is added to continue to optimize the NN model. The sample batch size is
100, the number of iterations is 30, the loss function is cross entropy, the optimizer is
the AdaGrad algorithm, there are two hidden layers, the number of neurons in the
hidden layer is 500 and 300, and the activation function of the hidden layer is relu, and
compare the effects of different learning rates (0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,
0.45, 0.5, 0.55, 0.6, 0.65, 0.7) on the NN model in the test set. It can be seen from
Table 5 that the accuracy of learning rates of 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, and
0.45 is higher than that of learning rates of 0.5, 0.55, 0.6, 0.65, and 0.7. The learning
rates of 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, and 0.4 have little difference in accuracy, and
their accuracy curves with the number of iterations almost overlap each other, with
learning rates of 0.2 and 0.25 having the best performance. The experimental results
show that the learning rate of the multi-layer hidden layer NN is set to 0.2. The sample
batch size is 100, the number of iterations is 30, the loss function is cross entropy, the
learning rate is 0.2, the optimizer is the AdaGrad algorithm, two hidden layers, and the
number of neurons in the hidden layer is 500 and 300, respectively, in the test set
Compare the effect of different activation functions (sigmoid, relu, selu, and tanh) of
the hidden layer on the NN model.

Table 3. Different learning rates in the test set

Accuracy of different learning rates (%)

Number
0.10 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.60

1 0.964 0.965 0.965 0.967 0.963 0960 0954 0.926 0.234 0.402 0.295
2 0.975 0.974 0974 0974 0973 0967 0.963 0950 0911 0910 0.906
3 0.977 0.978 0978 0.976 0.972 0971 0.968 0959 0.945 0.944 0.941
5 0.978 0.981 0981 0.979 0976 0976 0.972 0966 0.961 0956 0.952
10 0.983 0.983 0983 0.983 0.980 0975 0.976 0970 0.970 0964 0.957
15 0.983 0.985 0985 0.985 0.983 0983 0977 0972 0967 0.968 0.964
20 0.984 0.986 0986 0.987 0.985 0984 0982 0973 0975 0971 0.964
25 0.985 0.987 0.987 0.989 0988 0986 0984 0.977 0976 0969 0.966
30 0.986 0.988 0.988 0.990 0.989 0988 0.986 0980 0.977 0971 0.967
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4. CONCLUSION

Curriculum ideology and politics is an inherent requirement to achieve the goal of
"cultivating morality and cultivating people" in colleges and universities, and it is a
beneficial exploration to realize the three-round education. In this study, a deep NN
model with multi-parameter fusion optimization was constructed and applied to the
ideological construction of college professional courses. The following conclusions
were drawn: (1) At any number of iterations, when the loss function is cross entropy,
the training set and the test set the accuracy of the NN is greater than that of the
training set and the test set when the loss function is a squared loss function; (2) With
the increase of the learning rate, the performance of the NN gradually improves. In the
training set and the test set, when the learning rate is 0.3 The accuracy rates are
almost all the highest. The iteration times are 30, and the accuracy rates are 93.30%
and 92.58%, respectively. When the iteration times are 30, the training set with a
learning rate of 0.6 has the highest accuracy, and a learning rate of 0.5. The test set
has the highest accuracy; (3) batch The curve relationship between the accuracy rate
and the number of iterations when the number of times is 200, 250 and 300
respectively. In the training set, the number of iterations is 30 and the accuracy rate is
93.03% when the batch size is 200, which is higher than the accuracy rate of 92.89%
corresponding to the batch size of 250 and 300. and 92.85%, and the accuracy rate is
also the highest when the number of iterations in the test set is 30 and the batch size
is 200, and the model with a batch size of 100 has the best performance.
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ABSTRACT

At present, the traditional model of PE in PSS (PSS)has seriously affected the quality
of PE teaching in PSS and the perception of PE among primary and secondary school
students. Because of the urgent need for innovation in PE in PSS, this study proposes
the LSTM model to achieve an accurate prediction of the innovation direction of PE in
PSS. Based on the LSTM model, the user behavior is classified by extracting the
important features of the innovation direction. Expression to achieve accurate
prediction of the future development direction of PE. Using the data confusion matrix
to estimate the prediction accuracy of the LSTM model, the four evaluation indicators
of Accuracy, Precision, F1, and AUC are 0.05632~0.2323 higher than the baseline
model. The prediction results of PE teaching innovation in PSS from three aspects of
teaching thought, teaching content, teaching objectives and essence are output,
which has obvious guiding significance for the overall optimization of PE classrooms
in PSS. This result shows that the LSTM prediction model has important practical
value.

KEYWORDS
PE; Artificial intelligence; LSTM network; Model analysis; Innovate
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1. INTRODUCTION

Ball games, track and field, and some sports have converted the governments of
PE in PSS. Methods such as explanation and demonstration have greatly affected
teachers' teaching quality and students' cognition of PE[1]. Such as demonstration
and explanation, teaching students to start, long jump, and pull up. Make students
directly participate in imitation, resulting in a poor experience and poor effect[2-3].
Therefore, PE teachers need to enrich their teaching methods, improve their teaching
ability, make teaching innovations, and flexibly use their innovative methods to teach
students, so that students can enjoy high-quality PE courses[4]. Therefore, the reform
of PE in schools is domineering.

At present, a considerable part of the exploration of sports innovative education
focuses on the innovation of teaching methods[5]. However, if we only innovate in
teaching methods all the time, it is difficult for PE to have a leap-forward development.
Therefore, the overall reform of PE teaching is highly praised by researchers[6]. To
cultivate students' comprehensive sports ability and innovative sports consciousness,
researchers propose that PE should become a kind of lifelong education, and the
teaching model at this stage must be reformed[7]. According to the characteristics and
differences between modern sports and traditional sports, some researchers have
made a comparison from the aspects of innovative teaching environment, inducing
students' original interest, teachers' innovative teaching technology, teaching
evaluation, and extracurricular activities[8-9]. This paper expounds on the design of
an innovative education model in PE from four aspects. In addition, some scholars
pointed out that in the long-term PE teaching, it is necessary to reform the "systematic
learning” mode (traditional teaching mode). Only by combining organically in PE
teaching can we innovate. Some researchers also believe that cultivating students'
innovative spirit, improving the interest of monks, and resonating through students'
innovation, to build a set of general and innovative PE innovation modes in the new
era with innovative function and positive thinking[10].

Based on the development of the deep learning model[11], relevant grounds have
developed explosively[12-13], and these developments have promoted the innovative
development of other industries and other fields. Among them, LSTM is mainly used
for the processing of time series. It can accurately predict the most suitable behavior
mode for users according to the characteristic data with obvious time input by model
users. If the user selects other options, it can make a selection based on the current
prediction[14-15]. However, when choosing an innovation direction, it is often related
to the existing direction, that is, there is a certain opportunity. According to this
characteristic, this study applies the LSTM network to predict the innovation direction
of PE teaching in schools of primary and secondary and determines the
implementation content and path according to the prediction direction.

2. RELATED WORKS

73 https://doi.org/10.17993/3ctecno.2023.v12n1e43.70-85



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

2.1. RECOMMENDATION ALGORITHM BASED ON DEEP
LEARNING AND ITS APPLICATION

Deep learning technology models can accurately capture attributes or features and
promote them to a higher level of representation[16]. Early such technologies were
limited by the Boltzmann machine (RBM)[17-18]. Hinton et al. Used the Boltzmann
machine for modeling according to the data and optimized the fitting efficiency of the
Boltzmann machine by using the contrast divergence algorithm[19]. The results
showed that the optimized method can be well applied to Netflix. Song et al. proposed
to use the NNM of DNN to extract Netflix user information, which is based on a
recommendation model[20-21].

RNN is commonly used to process sequence data. Hidari[22] uses the neural
network system to take the sequence data of the user's click items in the session
record as the input data of RNN. If the quantity of data is large and concentrated, the
prediction effect of RNN is very accurate. According to the above research, some
researchers[23-24] took the historical behavior of news users as input and used RNN
for a recommendation. The research found that it has good results. Liu et al.[25-26]
used nearly 15 different RNN algorithms to process user information. On this basis,
they found a new deep learning algorithm, which has a two-way RNN structure.

2.2. RECOMMENDATION ALGORITHM AND APPLICATION
BASED ON LSTM

LSTM network is improved based on RNN hidden layer unit and has long-term
memory function. Generally speaking, the problem that RNN can solve is the problem
that LSTM can handle and perform well. At present, the LSTM network is mainly used
for natural language processing, speech recognition, and image understanding.
Graves|[27] et al. Took the lead in applying the LSTM network to word prediction. After
training in English and French databases, the accuracy of word prediction is 8%
higher than that of standard RNN. Li et al. [28] proposed a Twitter tag
recommendation system based on the LSTM network. The system first uses the skip-
gram model to generate vocabulary, then uses CNN to generate each sentence in the
article into a sentence vector, and finally uses this sentence vector to train the LSTM
network. The experimental consequences show that the recommendation based on
LSTM achieves better results than the recommendation model of standard RNN and
Gru. A large number of research results show that LSTM network is suitable for time
series information flow modeling.

3. RELATED CONCEPTS

3.1. RNN NETWORK STRUCTURE

RNN is a kind of time recurrent network, which is considered to be the result of
repeated and alternating on the same timeline in a neural network architecture. The
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structural characteristics of RNN determine that it is more conducive to processing
time-series. RNN structure is shown in Fig.1, where a is the processing unit of the
RNN hidden layer, XT is the input value of the current time, and HT is the output value
of the current time hidden layer. As can be seen from Fig.1, HT is determined by the
current input value XT and the output value HT-! of the previous time. HT will affect the
output the next time, that is, each output difference is not only related to the current
input value. It is also related to the output difference of the previous time.
Theoretically, RNN can process any length of time series data. Pascanu[29] and
others used detailed digital reasoning to explain the causes of these phenomena, that
is, the traditional RNN mode usually changes according to the correct direction of the
weight at the end of the time series in the training environment. However, the longer
the input time interval, the smaller the impact on the correct change of connection
weight. Therefore, the network system is more inclined to input new data and does not
have the function of long-term memory.

w w w w
(D)
U U U

Figure 1. RNN network structure

3.2. LSTM NETWORK STRUCTURE

LSTM completes the problem of gradient disappearance and gradient explosion of
the RNN model and retains information for a long time. LSTM and RNN have similar
network structures, but the structure of the hidden layer is more complex, as exposed
in Fig.2

https://doi.org/10.17993/3ctecno.2023.v12n1e43.70-85



76|

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Figure 2. LSTM Structure neurons

There are three control doors inside the LTSM, which are input gate i, output gate
ot and forgetting gate f. The input x; at each moment and the output H.; at the
previous moment jointly determine that the state value of each gate unit at the current
time has been the intermediate unit C.. At time t, the update formula of each door is as
follows [30].

fi=0 (W [h_.x]+b") (1)
i, =0 (W [h_.xJ+5") (2)
C; = tanh(w® - [h,_, x,]+ 3)
C=f*C_,+i*C, (4)
0, =0 (W -[h_.x,J+5°) (5)
h, =0, *tanh (C,) (6)

3.3. PREDICTION RESULT OUTPUT LAYER

The output layer of the prediction results is a two-layer full connection layer: each
node of the first layer is connected to all the data features output by the LSTM unit to
realize the integration of local features; Each node of the second layer is connected to
the second layer, and each node is fully connected. The integration feature is
calculated and the predicted value is output. The calculation is shown in formula (7).

(7)

4. INNOVATION DIRECTION MODEL BASED ON LSTM
MODEL

The recommendation mode can be divided into input part, processing part, and
output part according to function. The input part converts the user's original education
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method into the numerical form required for calculation through the LSTM network,
and the education vector representation used by each user is shown in Fig.3. The
processing part processes the input data through the LSTM network to obtain the
output result. The structure of the LSTM network needs to be determined, including
the number of network layers, time step, and connection settings between layers. We
used the educational method as the number of eigenvalues, defines the dimensions of
input and output data, and determines the structure of the whole LSTM network
model. The softmax layer maps the value of the output vector of the LSTM processing
layer to the (0,1) region. The output part takes the last dimension of the processing
results of the softmax layer to get the final development direction.

Figure 3. Output model

This study constructs an LSTM classification model. It can be used to identify the
index categories of three main sports innovation methods and provide information for
the construction of sports innovation development direction. In this paper, the LSTM
model adopts a three-tier structure. The number of the intermediate network are 70,
50, and 25 respectively. The "CNN" algorithm is used for gradient training and
optimization of network functions. Maxepochs is 70, minibacksize is 30, and the
learning rate is 0.001. For each type of sports innovation direction, 70% of data are
randomly selected as the data of the training set and 30% as data for testing. An
LSTM model is constructed on the MATLAB software platform, and the model is
established and trained by using the deep learning function package. The NVI 7732
processor and NVI 7790 processor equipped with Intel are one set of experiment
environments.

5. MODEL EVALUATION

Compare the predicted classification results of the LSTM model with the actual
labeling results[31] to estimate the presence of the LSTM model. For the model, the
binary classification confusion matrix is calculated[32]. The category recognition
model uses a one-to-many method to define the confusion matrix[33]. Table 1 lists the
"one to many" method of binary classification based on the classical matrix.

Table 1. Confusion matrix of training data set

Class / On class /
Correct prediction as a positive example (TP;) Incorrectly predicted as a counterexample (FN;)
Incorrectly predicted as positive (FP;) Correctly predicted as a counterexample (TN;)
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TP: is the class I positive sample correctly classified by the model; FN:is the first type
of positive sample of model misclassification; FP: is another class i samples of model
misclassification; TN: is the class i other samples correctly classified by the model.
The average accuracy, average accuracy, average recall, average Kappa coefficient,

F1, and area AUC are calculated to appraise the classification performance of the two
BILSTM models[34], as follows:

& 8
“ TP +TN, + FP + FN,

k 9
AP = —TB /k ©)
~ TP + FP,
k 10
AR = —TE /k (10)
& TP + FN,
F, score =—2AP.AR (1)
AP+ AR
1< S (12)
AUC =
2(2 TP, +FN 2 +FP )
k _ 13
Kappa =( M)/k (13)
~ 1- pe,

Where p0; is the accuracy and N is the total number of records.

The individual leveling rate index is not very accurate. F1 score represents the
effectiveness of classifier recognition positive classification[35]. Kappa coefficient is an
index for conformance testing[36-37].

2 14
macro — P =l P (14
n4
1 & 15
macro —R=—"% R, (15)
n =
macro —F, = 2x macro —Px marco -1 (16)

macro — P+ marco — R

N, (17)

accuracy N
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(18)

2(&' —p,-)2
) N

Where Nr is the number of environments, N is the total index, gi is the classification
result, and p: is the classification result predicted by the model[38-39].

ERMSE =

6. RESULT ANALYSIS

6.1. BASELINE MODEL PARAMETER SETTING

To prove the efficiency of the projected model, we choose some machine learning
methods based on artificial feature engineering to extract features. These methods
are often used in decision prediction, Including DT, NB, LDA, LR, SVM, GBDT, and
RF. In addition, we also selected two prediction models based on deep learning CNN
and CNN RNN as comparison methods. The settings of some baseline model
parameters are shown in Table 2, and the other model parameters without initial
values are the default values.

Table 2. Setting of baseline model parameters

Baseline method Baseline parameters Value
SVM Cy C=1,y=1/210
DT criterion gini'
GBDT n_estimator 500
RF n_estimator 500

We could see from Table 3 that the model proposed in this study is 0.0532 ~
0.2323 higher than the baseline model in terms of accuracy, precision, F1, and AUC,
and 0.0422 higher than the most competitive CNN-RNN on average. Among the
traditional machine learning algorithms, GBDT and RF have the best average
performance on the five evaluation indexes, because GBDT and RF are classifiers
based on the idea of decision tree integration, and the final result is determined by
multiple trees. Better prediction. In the application model of deep learning, CNN-RNN
has better performance than CNN, because the CNN-RNN model can not only obtain
the locally relevant information between learning behaviors but also capture the time
relationship between learning behaviors. To a great extent, it captures potentially
important information and improves prediction accuracy. Compared with the deep
learning models CNN-RNN and CNN, our CLNN model performs better in the
prediction of sports innovation direction. This is mainly because the LSTM model can
effectively solve long-standing problems. The simple recurrent neural network (RNN)
can make the error transfer through the time and layer gate mechanism when the
level is more constant, allowing the periodic network to learn multiple time steps,
establish the long-term cause-effect relationship, and expand the prediction
presentation of the model.
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Table 3. Performance of different models on different evaluation indicators

Method Accuracy Precision Recall F1 AUC
DT 0.8394 0.8506 0.9666 0.9049 0.6636
NB 0.8388 0.8800 0.9217 0.9004 0.7241

GBDT 0.8792 0.8887 0.9615 0.9237 0.7694
LR 0.8542 0.8583 0.9768 0.9137 0.6848
RF 0.8622 0.8727 0.9668 09172 0.7174
SVM 0.8620 0.8977 0.9422 0.9194 0.7689
CNN 0.8724 0.8717 0.9678 0.9224 0.7156

CNN-RNN 0.8562 0.8932 0.9528 0.9241 0.7601

CLNN 0.9363 0.8862 0.9624 0.9602 0.8870

6.2. INNOVATIVE DEVELOPMENT DIRECTION OF PE

Through the performance of different models on different evaluation indicators, it is
found that CNN has better accuracy than other models, but its decision-making
accuracy is low. Therefore, CNN-LSTM used in this study is the CLNN model. CNN-
RNN is optimized to improve the accuracy of prediction and decision-making. This
study selects five systems, including the teaching thought system, teaching process
nature, and main goal system, teaching content system, teaching evaluation system,
and sports text introduction system. According to the parameter comparison of model
evaluation indicators in Section 6.1, CNN-LSTM is selected for prediction, and finally,
three innovative development directions are determined: innovative teaching concept,
innovative nature and main objectives of PE teaching process, and innovative
teaching content system.

6.2.1. INNOVATION OF TEACHING IDEAS

Establish the educational thought of "seeking knowledge and innovation" and
"health first" facing the future. The thought of "health first" emphasizes the content and
methodology of the combination of PE and health education, closely combines the
thought of "health first" with the construction of PE discipline and expands the benefits
of maintaining and promoting health. In the field of lifelong PE, we should clarify the
special role of PE in quality service education and give new directions to the teaching
content. PE in PSS should comprehensively promote quality education, and establish
the guiding ideology of PE teaching of "seeking knowledge and innovation" and
"health first" so that students can master basic physical skills and form a good habit of
adhering to physical exercise. physical exercise. PE reform has also changed our
thinking set of taking PE as the educational carrier and education as the goal, re-
understand the goal, function, content, means, and methods of PE, and building a
new PE teaching system for PSS in the 21st century.
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6.2.2. ESSENCE OF PE TEACHING PROCESS AND INNOVATION
OF MAIN OBJECTIVES

PE is not equal to physical exercise. PE is not fitness. PE alone cannot solve the
problem of strengthening the physique. At present, we should combine imparting
knowledge and skills with cultivating consciousness, skills, and habits, and pay
attention to cultivating students' self-learning and self-habit consciousness, to make
students make achievements in PE and lay the foundation of lifelong PE. At the same
time, PE should recognize the transformation from "the main purpose of PE is to
improve physique" to "health first", and establish the main objectives of PE in PSS: (1)
make students have a basic understanding and positive attitude towards PE,
understand the original intention of physical exercise, and establish a healthy concept
of physical exercise; (2) Master knowledge and correct methods of fitness, and be
able to exercise regularly by using a variety of basic sports skills and fitness methods;
(3) Exercise independence and the habit of peaceful coexistence.

6.2.3. INNOVATION OF TEACHING CONTENT SYSTEM

Establish the educational content and curriculum system of PSS in China in the
21st century, and strive to form a diversified and comprehensive PE content system. It
includes: (1) the combination of PE thought education and physical exercise
education; (2) The innovation of primary and secondary school teachers in the
teaching methods and contents of PE and the innovation of the PE system; (3) The
innovative evaluation system of primary and secondary school sports is constantly
changing with the development of the times.

7. CONCLUSION

This deep learning technology can extract the attributes or features of the data and
abstract them into higher-level representations, and use them to predict the direction
of PE innovation, which has long-term guiding significance. This research predicts the
direction of PE teaching in PSS based on the LSTM model. First, it analyzes and
identifies the innovation direction data set, and then uses the LSTM model to extract
text context features from both forward and backward directions to predict the
innovation direction and implementation path of PE. Finally, the basic direction of the
innovation and development of PE is determined, the research is carried out and the
following conclusions are drawn: (1) The LSTM model proposed in this study is
0.0532 higher than the baseline model in the four evaluation indicators of Accuracy,
Precision, F1, and AUC. ~0.2323, indicating that the LSTM model has excellent
prediction accuracy and effect; (2) The PE system is first of all completely dynamic,
and the development direction of PE innovation is essentially the direction jointly
selected by teachers, students, and schools. PE teaching innovation in PSS should be
carried out from three aspects: teaching thought, teaching content, teaching goal, and
essence.
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ABSTRACT

The development of vocational education in the information age requires us to think
about the path and strategy of active change. Course teaching quality evaluation
should also shift from passive evaluation of online teaching development to active
construction of a mixed teaching quality evaluation system. In the information age, the
development of teaching resources is dizzying. From paper to digital, from single to
diverse, from offline to online, from scarcity to mass—various changes impact the
traditional teaching model. Aiming at the online teaching quality evaluation of
international Chinese education on the Internet, this paper proposes a method based
on deep learning. Firstly, this paper proposes an index system construction and
evaluation index weighting for online teaching of international Chinese education, and
collects online data as a corpus at the same time. Then construct the
CNN_BILSTM_Att model, which is composed of the CNN module, the BIiLSTM
module and the Att module. Finally, compare with other model experiments. The
experimental results show that CNN_BIiLSTM_Att has achieved the best results in the
evaluation index results, with P and F1 reaching 97.89% and 97.85%. Compared with
other models, the overall effect is improved by 2%~5%. From this, the superiority of
the model in the online teaching quality evaluation standard task of this paper can be
obtained.

KEYWORDS

Deep learning technology; teaching evaluation; international Chinese education;
online teaching
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1. INTRODUCTION

Data in the teaching and learning process, deep learning technology has an impact
on various elements of the education system in the analysis stage, strategy selection
stage and evaluation stage of instructional design. Meet the teaching needs of
teachers who need a lot of investigation and not enough experience guidance, and
provide guidance for "learner-centered" instructional design [1-3].

(1) The analysis phase of instructional design: Conduct a learning needs analysis.
Through the deep learning technology to analyze the student's online learning
behavior, it is possible to accurately grasp the students' mastery of knowledge.
Learner characteristic analysis, the application of deep learning can help teachers
determine the cognitive development level of learners and analyze the starting ability
of learners[4].

(2) Strategy selection phase: Deep learning technology has changed the traditional
teaching environment of teachers and courseware, and formed an intelligent teaching
and learning environment that can analyze intelligently and assist students’
personalized learning [5-7].

(3) Teaching evaluation stage: Teacher and student evaluation, based on deep
learning data analysis technology, makes the evaluation of students' learning results
more scientific and accurate, reduces the difficulty of analysis, shortens the feedback
cycle, and enables teachers to have a more accurate grasp of students' learning
status. The artificial intelligence technology based on deep learning assists teachers
in supervising and evaluating students' learning behavior, reducing the burden of
teachers' teaching management, and the intelligent marking system helps teachers
reduce repetitive work [8].

International Chinese education is not only a discipline, but also a "national and
national cause", with the dual attributes of discipline and career. As a discipline, since
its inception, international Chinese education has been "growing up with the progress
of the Republic" [9]. Encourage teaching institutions, teachers, students and resource
builders to adjust, change and innovate accordingly. Especially the sudden epidemic
has exacerbated this change. How to effectively construct resources to deal with the
new online teaching quality evaluation method is a problem we need to solve.

Online Chinese teaching for international students provides conditions for liberating
teachers, innovating the research of international Chinese education, solving old
problems, discovering new problems, exploring new laws, and enriching the content of
subject research. It is necessary to make full use of the opportunity of international
Chinese online teaching, data, and teachers’ division of labor and cooperation models
brought by online teaching. On the other hand, it is necessary to start from promoting
the upgrading of international Chinese education and international Chinese education,
improve online Chinese teaching from the aspects of system, model, platform
construction, etc., and lead the development of online Chinese teaching [10-11].

Under traditional conditions [12], the evaluation data is obtained by means of a
questionnaire survey, and then the results are finally obtained through tedious sorting
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work. This method requires a lot of time and material resources, and there are
problems such as inaccurate data collected in special questionnaires. Using intelligent
technical means to obtain real-time online course evaluation data and analyze it, the
results obtained by using deep neural network learning technology have high
accuracy, and the feedback results are used as the basis for teachers to change their
learning methods.

Therefore, this paper proposes a method based on deep learning. The main work
is highlighted as follows:

(1) The evaluation standard system is constructed for the online teaching quality
evaluation method of international Chinese education on the Internet.

(2) Design a set of analytical methods to weight the evaluation indicators.

(3) The CNN_BILSTM_Att network framework is built to realize the online teaching
quality evaluation of international Chinese education [13-14].

2. METHODOLOGY

2.1. CONSTRUCTION OF ONLINE TEACHING QUALITY
EVALUATION INDEX SYSTEM

Online teaching quality evaluation system is an important foundation and guarantee
for online teaching quality, is shown in Fig 1. In order to ensure that the online
teaching quality evaluation index system plays the functions of supervision and
incentives, it is required to follow the objectivity, purpose, consistency,
comprehensiveness and operability of the indicators [15].

(1) The principle of objectivity is important guarantee for the effectiveness and
credibility of online teaching quality evaluation results, and requires scientific
formulation. The process of evaluation criteria should be open and transparent, and
the evaluation results should be collected to ensure the reliability of online teaching
quality evaluation data.

(2) This paper is to improve the level of teaching evaluation quality, stimulate
teachers' enthusiasm for teaching.
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Figure 1. Online teaching quality evaluation index system

(3) The principle of consistency refers to scientific, standardized and systematic
selection of online quality evaluation indicators, requires evaluation indicators to be
based on the laws of online teaching at different ages.

(4) The principle of comprehensiveness requires that online teaching quality
evaluation indicators should cover various cannot be limited to certain aspects and
certain indicators.

(5) The principle of operability requires system is practical and feasible, and can be
carried out continuously and effectively on a large scale.

2.2. WEIGHTING OF EVALUATION INDICATORS BASED ON
ANALYTIC HIERARCHY PROCESS

Online teaching quality evaluation index system based on the questionnaire survey
method and the expert online consultation method based on the analytic hierarchy
process. Colleges and universities at different levels need to consider many factors
such as online course settings, teaching methods, and student source quality when
building an online teaching quality evaluation system [16-18].
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Table 1. Weights of online teaching quality evaluation indicators

Evaluation subject Weights Evaluation indicators Weights Weights ratio
Teaching teacher behavior 50% 10. 805%
management 21.61%
department student behavior 50% 10. 805%
teaching process 48. 5% 8. 88%
Teaching 18 319% teaching effect 26.67% 4.88%
supervision instructional Design 15.27% 2.8%
education resources 9. 56% 1.75%
teaching method 45. 35% 15.79%
teaching content 24. 2% 8.43%
Student 34.82%
teaching effect 19.72% 6.87%
teaching attitude 10. 72% 3.73%
. teaching materials 61.44% 8. 88%
Ministry of
international 14. 32% assessment link 26. 84% 3. 84%
Chinese education . .
teaching routine 11.72% 1. 68%
teaching readiness 60% 6.57%
Chinese teacher 10. 95% teaching implementation 20% 2.19%
teaching feedback 20% 2.19%

(1) According to the index system of online quality evaluation, target evaluation
layer online teaching quality evaluation, and the criterion evaluation layer includes the
teaching management department, the evaluation of teaching supervision, and
students, the evaluation of the ministry of international Chinese education and the
self-evaluation of Chinese teachers. The scheme evaluation layer is the evaluation
index of each evaluation subject, and a hierarchical structure evaluation model is
constructed.

(2) Constructing a comparative judgment matrix by conducting online special
consultation and analysis on the relative importance of the pairwise comparison
between the evaluation subjects and the evaluation indicators to 10 experts;

(3) Carry out the consistency test, the results show that each judgment matrix CR <
0.1, all passed the test;

(4) The weight of the quality evaluation index, calculation results is shown in Table

2.3. CNN_BILSTM MODEL

Online teaching quality evaluation model for international Chinese education is
constructed convolutional neural network (CNN) and bidirectional long short-term
memory network (BiLSTM)-based. The attention mechanism is introduced on the
basis of BILSTM and CNN, and structure is shown in Fig 2.
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Figure 2. CNN_BILSTM model

2.4. WORD VECTOR REPRESENTATION LAYER

After the text data is preprocessed, it is vectorized and then input into the online
teaching quality evaluation model for the next step [19]. The corpus data size is about
6.3GB, and the Word2Vec tool is used for large-scale text training to convert the text
into a low-density vector space. This paper selects the Word2Vec tool skip-gram
model to training word-vectors. The skip-gram model takes all the words in the corpus
as the central word, and predicts the lexical information of its context through the
conditional probability distribution of the correspondence between the central word
and the context. The expression formula is as follows:

pawwy = PV by ()
P(W,)

wherei =t — 1t — 2t + 1,t + 2, W, is the context, that is, the representation
vector of the surrounding words; W, is the center word; word-vectors obtained by
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training as [W,W,,...,W,], where n is the total number of text words. The word

embedding layer converts words into[x,, x,,...,x,]. The training parameters of the
Word2Vec is shown in Table 2.

Table 2. Word2Vec model parameters

parameter value Parameter meaning
sg 1 training model selection Skip-gram
window 5 window size
min count 3 Minimum number of occurrences of a
- word
vector_size 350 vector dimension
epoch 8 number of iterations
hs 0 negative sampling
negative 6 number of negative samples

2.5. CNN NETWORK

As a special type of forward neural network, CNN is used in the field of natural
language processing (NLP) in recent years [20]. The basic structure is divided into
three parts, input layer, convolutional layer and pooling layer, and fully connected
layer, as shown in Fig 3. The features extracted by the convolution layer first
represent the text in the form of word vector matrix, and then scan the matrix through
convolution kernels of different sizes. During the scanning process, the parameter
values of the filters composed of the convolution kernels are fixed. After filtering new
feature map is mapped, and all elements on the feature map come from filters with
consistent parameters.

(1) Enter the evaluation index text input sequence § = {x, x,,...,x,}, the

pre-trained word vector is R?. The convolution formula for the number of words h in
each window is:

c; = ReLU(a)wl-:l-Jrh_l) +b Q)

where, ¢; is the convolution result; ReLU is the nonlinear activation function; i is the
number of words taken per convolution.

(2) The text sequence is n, and the window length is n-h+1. Result formula is:
C= [Cl’ C2, ceey Cn—h+1] (3)

(3) Then, the pooling operation is performed on the result of the convolutional
layer according to the pooling layer, and the output sequence features the parameters
and calculation next layer to prevent over-fitting.
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(4) Finally, the CNN model convolves the contextual semantic content of the
word window to better represent the local features of the text sequence.

Figure 3. CNN network structure example

2.6. BILSTM NEURAL NETWORK LAYERS

LSTM is a special recurrent neural network (RNN) composed of one cell unit and
three gates, is shown in Fig 4. The cell unit is the core computing power and records
the current computing state. Forget gates, input gates, and output gates regulate the
flow of information to and from memory cells. The forget gate clears the memory cells
of useless information. The input gate selects the input information of the current
memory cell. The output gate determines the final output of the information, so that
the storage unit can effectively store the semantic information of a longer sequence.
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Figure 4. LSTM network structure example
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(1) The LSTM unit calculation process is as follows:

(4)
()
(6)

it == 5(‘%)@ + Uiht—l + bl)
0,= S(W,x,+ Uh,_, +b,)
f; = 5(‘/fot + Ufht—l + bf)

where x, is the input text vector; 6 is the sigmoid function and tanh is the activation
function; 7,, o,, f; are the input gate, output gate and forget gate, respectively.

(2) The information unit stored at time t is ¢,, where the input gate and forget
gate are not used to adjust the information unit.

¢, = tanh(W.x, + U,h,_; + b,) (7)

where, W, W,, W,and W, are the weights of different gate control mechanisms
on the input text vector x,; U;, U,, Urand U, are the weights of different gate

control mechanisms on the hidden layer vector h,_;; b;, b,, byandb, are bias

vectors.

(3) Then, the unit information input gate at the previous moment is stored in c,.
¢ = Jicm1 + iG (3)
9

h, = o,tanh(c,)

where, the hidden-layer £, is the output gate and the storage gate c,.
(4) Finally, the forward and backward outputs of the LSTM unit at time t are
concatenated by using and building the BILSTM network layer is shown in Fig 5.

- «
h,=[h,h]€ER" (10)

where n represents the vector set.
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Figure 5. BiLSTM network structure example

2.7. ATTENTION MECHANISM

Although BILSTM neural network can establish context-related semantic vector
information, it does not highlight the relevance of current semantic information and
context [21-22]. Introducing the attention mechanism at the output of the BiLSTM
layer can effectively emphasize the importance in the contextual information, and
enhance the feature expression of semantic information. The attention mechanism is
shown in Fig 6.

Figure 6. attention mechanism structure

(1) First, calculate the weight score ¢; as shown in the formula:
e; = tanh(W;h, + b;) (11)
where, Wl is the weight matrix; ht is the BiLSTM output vector; bl- is the bias vector.
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(2) Then, adopt the softmax function to calculate the attention mechanism
weight score.

o)
XL el .

(3) Finally, the point multiplication and accumulation operations are performed on

the output vector A, of the BiLSTM layer and the weight vector P, to obtain the output
Attention of the attention layer.

Attention = Z P:h, (13)

i=1

2.8. OUTPUT LAYER AND LOSS FUNCTION

A fully connected layer is introduced after the attention layer [23]. First, the
weighted vector of text features is mapped into the label space of evaluation
categories. Then the Dropout mechanism is introduced after the fully connected layer
to avoid the weight update only relying on some features and model overfitting.
Finally, the softmax classifier is evaluation category to which the text belongs, and the
model prediction result is directly output.

Among them, set the softmax classifier loss function as the overall training of the
model:

k
Loss(y,9> = - Zyiln)/z\i (12)
i=1

where, 9 is the label normalization probability; y is the true label probability; the
Adam optimizer is set to continuously update the model parameters and continuously
reduce the loss function value of the model.

3. ACTUAL CASE ANALYSIS AND VERIFICATION

3.1. DATA DESCRIPTION

In the 2019-2021 online storage data of International Chinese Education Online
Teaching Quality Evaluation, text is randomly selected as the corpus. The experiment
is carried out by means of cross-validation, and the training set 80%, validation set
10% and test set 10%.

The development environment is Linux system, GPU uses NVIDIA GeForce RTX
2080Ti (11GB), Python version 3.6.5, framework uses pytorch1.7 and tensorflow1.15
version, CUDA uses version 10.1.
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The experiment adopts a 3-layer CNN model architecture[24-25]. The word vector
convolution windows are set to 3, 4, and 5 respectively. After the pooling operation,
the outputs of each layer are fused to enrich the local features of the context. Set the
number of LSTM units to 128 and the dropout ratio to 0.5. A multi-class cross-entropy
loss function is used. Set the batch sample size to 32, the number of training rounds
to 20, optimizer Adam, and cross-validation to evaluate the prediction performance,
where models hyperparameter settings are shown in Table 3.

Table 3. Setting of experimental parameters

parameter value parameter value
vee_win 100 activation relu
vec_dim 4 Istm_untis 128
Ir 0.001 dropout 0.5
max_len 100 optimizer Adam
mum_filters 128 batch_size 32
kernel size 4. epochs 20

3.2. MODEL PREDICTION AND EVALUATION INDEX

The experimental evaluation system includes recall rate (R), precision rate (P) and
F+ (F-measure) as indicators for evaluating model performance. The specific formulas
of each standard are as follows:

o TP

TP+ FN (14
TP

P=—— (15)

TP + FP

2PR

= 16

'™ P+R (16)

where, TP is the correct number of correct text predictions; FP is the correct
number of incorrect text predictions; FN is the correct number of correct text
predictions; F1 is the harmonic mean of precision and recall.

3.3. COMPARISON OF PREDICTION RESULTS BETWEEN
DIFFERENT MODELS

Mechanism of CNN neural network, LSTM and Attention mechanism in model
fusion is also discussed. Ten groups of comparative experiments are set up, and the
input is word2vec pre-trained word vector. To verify the influence of various models on
the expression and extraction of text features when processing text sequences. The
comparative experiment is constructed as follows.
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(1) CNN model: CNN performs convolution, pooling, and Flatten operations on
word vectors. The input extracts the local features, and uses the fully connected layer
to reduce the dimension. Finally, the softmax classifier is used to output the prediction
result.

(2) TextCNN model: Set 3 convolution kernel windows of different sizes.
Convolutional layer and pooling layer with the same parameters, splicing the output
vector of the pooling layer by line, enriching the semantic expression of local features
of the text.

(3) LSTM model: The input sequence is used for backward semantic modeling, the
high-level features of the text are extracted, the two fully connected layers are
connected to reduce the dimension, and the prediction result is directly output.

(4) CNN_LSTM model: First use CNN to extract the local features, and then use
LSTM to extract the backward semantic information output by CNN.

(5) LSTM_CNN model: first use LSTM for backward semantic modeling, and then
use CNN to extract local features from the output of LSTM.

(6) CNN-BILSTM model: First use CNN to extract the local features and then use
BILSTM to extract the forward and backward semantic information output by CNN,
and further construct the feature expression of the text.

(7) BILSTM model: Forward and backward semantic modeling is performed on the
input sequence, high-level features of the text are extracted, two fully connected
layers are connected to reduce the dimension, and the prediction result is directly
output.

(8) CNN_ALtt model: CNN extracts the local features of the input sequence, and the
Attention mechanism weights the text features to reduce the impact of noise features
on the classification effect.

(9) BILSTM_Att model: BILSTM constructs the contextual semantic information of
the input sequence, extracts the high-level features of the text, and the Attention
mechanism weights the text features to reduce the impact of noise features on the
classification effect.

(10) CNN_BILSTM_Att model: CNN extracts the local features of the input
sequence, and then uses BIiLSTM to extract the forward and backward semantic
information output by the CNN, and further constructs the feature expression of the
text. The Attention mechanism weights the text features to reduce the influence of
noise features on the classification effect.
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Table 4. Results of different models.

Model P/% R/% Fi/%
CNN 86.93 87.23 86.31
TextCNN 88.31 87.62 89.64
LSTM 89.20 90.31 91.24
CNN_LSTM 90.98 91.98 90.31
LSTM_CNN 92.35 93.09 93.02
CNN-BiLSTM 94.13 93.92 93.97
BiLSTM 93.16 94.36 92.49
CNN_Att 96.20 96.08 93.52
BiLSTM_Att 94.12 93.92 93.49
CNN_BIiLSTM_Att 97.89 97.76 97.85
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Figure 7. Execution time of models
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Figure 8. Precision trend of validation set of models

After multiple rounds of experiments and cross-validation of the experimental
results, the evaluation results of various baseline models and fusion models are
shown in Table 4, and the model execution time is shown in Fig 7. Visually
demonstrate the superiority of the CNN_BILSTM_Att model, the training process of
each model is analyzed, and the accuracy change process of the validation set for
each model training process is shown in Fig 8.

From the experimental results in Table 4, CNN_BILSTM_Att model proposed in this
paper has achieved the results in the evaluation index results, with F1 reaching
97.85%. Compared with other models, the overall effect is improved by 2%~5%. The
superiority of this model can be obtained. According to the change trend of the
accuracy rate of the validation set of various algorithm models during the training
process, due to the characteristics of the corpus, the various models with CNN as the
baseline basically reach the convergence state after 10 epochs, and the accuracy rate
is high. The model with LSTM as the baseline has a turbulent trend as a whole, and it
basically reaches convergence after 18 epochs. The variation trend of the accuracy
rate of the validation set of the model in this paper is the best, reaching a state of
convergence after 7 epochs, and the accuracy rate converges at 97.89%, which is
significantly higher than other models in the comparison experiments, which further
verifies the effectiveness and robustness of the model in this paper.

4. CONCLUSION

Aiming at the characteristics of online teaching quality evaluation of international
Chinese education on the Internet, this paper first proposes the online teaching quality
evaluation method of international Chinese education on the Internet to construct the
evaluation standard system and to give weights to the evaluation indicators. Then,
combined with the characteristics of CNN, LSTM and Attention mechanism,
CNN_BILSTM_Att-based Chinese education online teaching quality evaluation.
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(1) The model extracts text local features within word windows through a multi-layer
CNN structure. At the same time, the local feature representation of the concatenated
text is used as the input of BiLSTM.

(2) BILSTM performs forward and backward text semantic modeling to obtain high-
level feature representations of text sequences.

(3) The Attention mechanism performs feature weighting to reduce the influence of
noise features.

The experimental results show that the execution efficiency and accuracy of the
CNN_BILSTM_Att model have achieved excellent results in various model
comparison experiments, which are suitable for online teaching quality evaluation of
international Chinese education. In the following research, we will focus on further
analysis from the aspects of word vector encoding, attention mechanism algorithm,
overall model structure and model hyperparameter settings to improve the overall
efficiency of the model.
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ABSTRACT

Various network information is mixed, which has a great impact education, with
continuous development informatization. However, development of informatization has
provided convenience for the daily ideological political education, effectively solved
time and space limitation daily ideological, and sustainable development. Therefore,
positively influence formation of college students' noble morality. The informatization
education resources can be effectively integrated, and the utilization rate resources
improved. Information resources of ideological and political education, we propose a
complete block diagram of the daily ideological system of college students. First,
design a complete interactive analysis questionnaire for college student’s role of daily
ideological and political education. Through questionnaire survey method, the survey
and statistical weight scores were conducted to analyze the proportion of each
indicator. Then, the framework of education in the network environment is adopted,
which includes, class tutoring learning, class interactive learning, class in-depth study,
process evaluation and feedback evaluation. Learn through a period of ideological
and political education. Collect data as our training corpus. Finally, the training
prediction model BERT-BILSTM-CRF-based trained. Prediction of F1 BERT-BILSTM-
CRF -based can reach 91.09%.

KEYWORDS

Deep learning; ideological; political education; educational innovation; online
education
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1. INTRODUCTION

Daily ideological, political education refers to political education activities that
characterized by practicality, pertinence, and interactivity in addition to ideological and
political theory courses [1-3]. Thematic education, campus culture, community
activities, mental health education, social practice, financial aid education.

With development social informatization, daily ideological political education of
college students has always been focus attention [4-6]. Exchanges and social
information are numerous and complex [7]. The circulation of some information affects
the formation of college students' ideological character. Today's daily ideological
education guide cultivation morality through teachers' reasoning as in the past.
Corresponding innovations and changes, which can positively affect the formation
noble morality information resources [8]. Through the mining and utilization of new
and modern network information resources in informatization, the informatization
education resources can be effectively integrated [9].

At present, informatization and data, and various fields have begun to the industry
[10-12]. Innovation work of college students, how times and develop scientifically data
technology, deep learning technology to important issue faced [13-15]. Promote
development of ideological and political education, so that content of daily ideological
and political education is increasingly enriched and the means are increasingly
perfected. Online resources for teaching have the following effects:

(1) The concept of mining resources, rejects information technology methods such
as multimedia courseware for teaching [16].

(2) The information-based educational resources the information-based resources
are simply applied to the daily ideological, and have not exerted the greatest effect
[17].

(3) Information platforms are flooded complex information, and some unhealthy
resources are also invisibly absorbed by students, which directly affects healthy
development of college students' political education [18].

Data mining utilization of information resources high-quality information education
resources play the growth [19]. Correct data helps to promote the cultivation of high
morality and correct outlook on life and values for college students. It is required deep
understanding of the importance of information resource mining and to carry out
effective mining and utilization healthy education [20]. Through deep learning
technology recommendation and prediction ultimately improve daily training program
for college students.

Neural network gradually develops and matures [21-23]. Emergence word vectors
can solve problem of data sparseness in high-dimensional space, and can also add
more features. The classification and recognition method Bi-directional Long Short-
Term Memory (BiLSTM)-based has improved accuracy compared with traditional
methods [24]. In addition, many pre-training models such as Bidirectional Encoder
Representations from Transformers (BERT), Long Short-Term Memory (LSTM)
networks, Transformer, etc. have recently been used, combined with self-attention
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mechanism, transfer learning, etc. to improve classification accuracy methods [25].
BERT-BILSTM-CRF classification method based on BERT and BERT-BILSTM is
compared with CRF, Convolutional Neural Network (CNN), LSTM and other methods,
and obtained. Higher classification accuracy [26].

Therefore, we propose a training plan based on improving the recommendation
and prediction through deep learning technology, ultimately. Among them, the main
work is highlighted as follows:

(1) Design a complete set of interactive analysis questionnaires. Through the
questionnaire survey method, the survey and statistical weight scores were conducted
to analyze the proportion of each indicator.

(2) Adopt the framework in the network environment, which includes five aspects:
class tutoring learning, class interactive learning, class in-depth study, process
evaluation and feedback evaluation. Learn through a period of ideological and political
education. Collect data as our training corpus.

(3) Design and propose CNN. CNN-CRF, LSTM, LSTM-CRF. BIiLSTM.
BIiLSTM-CRF and BERT-BILSTM-CRF. The experimental results are analyzed and
discussed.

2. METHODOLOGY

2.1. INTERACTION ANALYSIS METHOD OF IDEOLOGICAL AND
POLITICAL EDUCATION

Research application of new methods of data in ideological and political education.
Deep learning analysis data method can predict and analyze the students' network
thinking and behavior. Through mining and data to establish a deep learning model, it
can realize the whole-process and full-sample analysis of individual students or
groups, and realize personalized recommendation for innovation and reform[27-28].
We conduct online questionnaire surveys and statistical analysis through the following
five aspects, is shown Table 1.

Table 1. Questionnaire

Student Group Category\Evaluation Proportion of evaluation grades (%)

Proportion 0 1 2 3 4 Weights

Different types "985" college students 6.0 5.1 28.6  36.0 243

of students Non-"985" college students 3.1 6.0 274 381 254

Humanities 3.8 72 254 370 26.6

Students of Social studies 3.8 6.0 287 347 258

different Science and Engineering 1.9 7.9 254  40.0 248

disciplines Agricultural disciplines 29 6.1 412 258 230

Medical disciplines 1.8 4.5 29.7 379  26.1
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Undergraduate (freshman) 4.0 7.1 283 36.6 240
Undergraduate (Sophomore) 4.2 6.9 29.1  20.8 292

Students of
ents o Undergraduate (Junior) 42 49 257 352 30
different
ages Undergraduate (senior year) 2.9 13.8 233 239 36.1
Postgraduate 3.0 6.9 27.7  38.1 23.4
PhD student 2.5 48 275 363 298

Students with cadre ~ Officer experience (yes) 3.0 8.2 264  38.7 23.7
experience (yes/no)  Cadre Experience (No) 2.7 6.4  27.1 381 257

Political Party member (yes) 3.1 6.7 26.6  38.1 25.5
status Party member (no) 42 179 351 328 200

(1) College students' overall evaluation of campus cultural activities.

(2) The situation of the Party and Youth League organizations where different
groups of college students are located to carry out organizational life. College
students of different age groups, disciplines, and political outlooks have significant
differences in the conditions of their party and youth organizations to carry out
organizational life.

(3) The satisfaction evaluation of college students on the activities of the Party and
Youth League.

(4) The development status education for college students.

(5) Participating in student associations and the satisfaction evaluation of student
association activities.

2.2. FRAMEWORK OF IDEOLOGICAL AND POLITICAL
EDUCATION IN THE NETWORK ENVIRONMENT

Effective use of network resources ideological and political educator. Improve work
effectiveness is urgent. We build a set of ideological education work framework in the
network environment, Fig 1.

Figure 1. Network Environment
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(1) Pre-class tutoring: Pre-class tutoring is the preparatory work for classroom
teaching. The key point of tutoring learning is to use the ideological education and
teaching materials provided by teachers to allow students to independently find out
the ideological tasks and difficulties of the study unit, so that classroom listening is
more targeted. The method is to use the "online ideological and political education" or
"Communist Youth League ideological education" video function module of the
network to issue the pre-class autonomous learning content (the content can be
discussion or divergent thinking, etc.) to each student or each group.

(2) Interactive learning in class: Questionnaires about students' difficult points, and
then use the questionnaire survey module to interact with students. At the same time,
teach knowledge points by watching and other methods.

(3) In-depth study after class: In-depth study after class refers to an important
process in which teachers use question answering discussions or tests to conduct
complementary learning with students after class teaching. Through this stage,
consolidate achieve the teaching purpose of in-depth understanding and further
improvement.

(4) Process assessment and evaluation: Assessment and evaluation refers to the
process in which teachers need to evaluate the teaching link in a timely manner,
which can be carried out by using the assessment question bank (note that this
process is the data automatically generated by the system). Teachers only need to
give praise to students with outstanding performance and good learning effect
motivate other students.

(5) Feedback or evaluation: Students give feedback on the pre-class, after-class,
and assessment. Final calculation ratio is converted into a score, in which we divide
the percentile system into four grades, 0~20, 20~40, 40~60, 60~80 and 80~100, and
collect the information in Table 1 and the selected courses. Information such as name
and viewing time are used as a corpus.

2.3. BERT-BILSTM-CRF CONSTRUCTION

Language preprocessing, a language task for classification, has been a hot
research topic. Compared with traditional language models, it is more conducive to
classification for classification tasks. Collected in this paper contains text and scores.
For the mixed text of text and scores, corresponding features are extracted in the first
layer. BERT-BILSTM-CRF framework is shown in Fig 2. Divided into 4 layers:

(1) BERT and normalization layer. BERT can represent polysemy, and the corpus is
pre-trained by BERT, as shown in Fig 3. At the same time, normalization is performed
for the score features, and the value range of all features is between [0, 1].

(2) Second layer: BiLSTM layer. BiLSTM uses forward-LSTM and backward -LSTM
to capture the contextual features of the text.

(3) Third layer: Attention layer, which different levels of contextual information,
assigns different weights to it, and captures the latent semantic features between
texts.
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3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

(4) Fourth layer: CRF to ensure the predicted labels. CRF to decode and label the
output results, and extract and classify entities.

Figure 2. BERT-BILSTM-CRF framework

Figure 3. BERT's network structure

2.3.1. BERT AND NORMALIZATION

Language models through one-hot, Word2Vec, ELMO, GPT to BERT. However,
module adopted in this paper performs pre-processing on sentences, according to the
characteristics of Chinese word segmentation, the method of whole word Mask is
applied to Chinese. In the whole word Mask.

Deep network based on "self-attention mechanism", and its encoder structure is
shown in Fig 4. Do not have the ability to obtain the sequence of the entire sentence
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like RNN, so to solve this problem, Transformer adds position encoding before data
preprocessing, and sums it with the input vector data to get the relative position.

T

Normalize
I

Feed forward

Normalize

|
Multi-head-

attention
A

Normalize
[
Masked

multi-head-
attention

7

!

Input text

Positional encoding

Figure 4. Transformer

First, word segmentation text sequence is obtained through word segmentation
processing. Part of the word segmentation sequence is used for whole word Mask, in
which a special mark [CLS] is added at the beginning of the sequence, and the
sentences are separated by a mark [SEP].

For score value, we use normalization processing. First, the distance digital feature
(column) is regarded as the unit 1, and then we look at the ratio of the distance
between x and the minimum value to the total distance. The final output is a
percentage between [0,1].

X —Min
Max — Min

(1)

where Min and Max are the minimum and maximum values of the property,
respectively.

T
Attention(Q, K, V) = Softmax( 0

WV )
k

where, Q, K, V are word vector matrices, and d, is the Embedding dimension.

The multi-head attention mechanism is projected through multiple different linear
transformation pairs:
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MultiHead(Q,K, V) = Concat(head,, head,, ..., head,)W" 3)
head; = Attention(QWl.Q, KWZ.K, VWI.V) (4)

where W is the weight matrix. Location information in different spaces.

RelLU and linear activation function form a fully connected feedforward network
(FFN).

FNN(Z) = max (0,ZW, + b, )W, + b, (5)

where the output of the multi-head attention mechanism is denoted as Z, and b is
the bias vector.

2.3.2. BILSTM

The relevant information of the previous moment cannot be used for the next
moment. Recurrent Neural Networks (RNNs) have this capability. However, it is
difficult to learn relevant information when the predicted points are far away from the
dependent relevant information. LSTM can solve this problem very well and learn
long-term dependency information. LSTM addresses the exploding or vanishing
gradients that occur during RNN training. Unit structure is shown in Fig 5.

Figure 5. LSTM
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The common function of input and forgetting gate is to discard the useless
sequence information. For entire structure, the result of multiplying the output gate. Its
structure is expressed by the formula as follows:

I, = 5(‘)Vixt + Uiht—l + bi) (6)
o,= 6(Wx,+ Uh,_,+b,) (7)
fr= 6(Wex, + Ush,_; + by) (8)

where x, is the input text vector; o is the sigmoid function; tanh is the activation
function; i,, o,, f; are the input gate, output gate and forget gate, respectively.

Unit of information stored is cell,, where input gate and forget gate are not used to
adjust the information cell.

cell, = tanh(W.x, + U.h,_; + b,) (10)

where, W, W,, W and W, are the weights of different gate control mechanisms
on the input text vector x,; U;, U,, Urand U, are the weights of different gate
control mechanisms on the hidden layer vector h,_;; b;, b,, byandb, are bias
vectors.

Unit information of forget gate and previous moment is stored in cell,.

cell, = fcell,_| + itcgll, (11)
h, = o,tanh(cell,) (12)

where, the hidden layer A, is calculated by the output gate and the storage gate
cell..

At the same time, input a word vector B output from the RERT pre-training
-«

language model to BILSTM, X, represents the input data at time t, i,, h, and
— - -

- <« — «—
hl = (ho, hl’ ey hl) and ht = (ho, hl’ . ht)

- «
Finally, the two are combined to obtain the output of BILSTM at i, = [A,, h,], and
the forward and backward outputs of the LSTM unit at time t are spliced. Get a

sequence of hidden states t, , 7, ... , .

— «
ho=1[h,h]eR" (13)

where n represents the vector set.

2.3.3. ATTENTION MECHANISM

BiLSTM can obtain contextual information, but does not highlight the latent
semantic correlation between current sequence feature information and contextual
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information. Therefore, an attention layer is added after the BiLSTM network to mine
the latent semantic features between texts.

First, word vector sequence into BiLSTM to extract contextual features.
v, = tanh(h,) (14)

where, the attention weight is v,; &, is the feature vector output by the BILSTM
layer.
Then, the attention mechanism different weights to the different feature vectors of
the text.
exp(v,)
15)
Z:l_l eXp(Vt)

r =

attention weight probability vector is P,

Finally, contextual features and latent semantic features is generated.

n
o = 1Ptht (16)

1—

where, the attention weights are configured as «,.

2.3.4. CRF

CRF chooses conditional random fields for sequence labeling. Classification task,
dependencies between adjacent labels. CRF can obtain an optimal prediction
sequence through the relationship between adjacent tags. It can make up for the
shortcomings of BiLSTM.

First, input any sequence X = (xg, Xy, ..., X,,).

Then, number n words and the number of k labels. For prediction sequence
Y = (3, Yy ---»Y,), the score function:

n n
S Y) = DAy, + X Py (1)
i=0 i=1

where, Aij represents score; A represents transfer score matrix; The probability that
the Y is generated is:

oSXY)

ey, SXT) (18)

P(Y |X) =

Finally, decoder the largest score.
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In(P(Y|X)) = 5(X,Y) ~In( Y s(X.Y))

YeYy

(19)
Y*=argmaxs(X,Y)yey (20)

where, Y represents real annotation sequence; Yy represents possible annotation
sequences.

3. EXPERIMENTAL RESULTS AND ANALYSIS

3.1. DATASET AND TRAINING ENVIRONMENT
CONFIGURATION

The corpus used in this experiment includes student names, place names, course
names, and ages. The experimental data mainly comes from the daily ideological
education storage data of a college from 2019 to 2022, including 502 electronic
feedback questionnaires with a total of 16,465,469 words. The data in the electronic
feedback questionnaire was 10% as the test set, 10% as the validation set and 80%
as the training set. |Data, the marked data will not be changed, and if there are
missing features, 0 will be added.

Table 3. Experimental Environment and Hyperparameters

Category configuration configuration
CPU GTX 2080Ti RAM 128GB
Hardware GPU E5-2650L V3-8 video memory 11GB
operating system Ubuntu 18.04 Linux 64
Python 3.6.12 Tensorflow 220
Software
CUDA 11.0
Transformer layer 12 Hidden layer dimension 768
Parameter
optimizer Adam learning rate 0.001

Training process, Adam optimizer is used; learning rate is 0.001. At the same time,
LSTM dim is 200, batch_size is 64, and max_seq_len is 128. In order to prevent the
overfitting problem. The specific hyperparameter settings and training environment
configuration is shown in Table 3.

3.2. DATASET LABELING AND EVALUATION METRICS

The BIO system, which has 7 labels. In this paper, the recall rate R, precision rate
P and F1 value are used to evaluate the performance of the model. The calculation
methods of each evaluation index are as follows:

A'is the total number of entities, and B is the predicted number.
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P= % X 100% 21)
R = < x 100%
= 6 @2)
2PR
F, = R X 100% (23)

3.3. RESULTS AND ANALYSIS

On the dataset, CNN. CNN-CRF, LSTM, LSTM-CRF. BIiLSTM. BiLSTM-CRF
and BERT-BILSTM-CREF are used for performance analysis, are shown in Table 5.

(1) CNN model and the LSTM model, it can be seen that LSTM is better than the
training dataset in this paper.

(2) CNN, LSTM model and CNN-CRF, LSTM-CRF model, it can be seen that after
adding CRF module, the F1 value is improved. This is because CRF can take full
advantage of the association of adjacent tags.

(3) LSTM-CRF and the BIiLSTM-CRF. BIiLSTM performs better than LSTM,
because LSTM use the following information.

(4) BILSTM-CRF and the BERT-BILSTM-CREF, the F1 value improved, because the
BERT deeply extract text semantic information and fully characterize polysemy.

(5) Among them, the attention mechanism makes the model focus more on finding
input information more relevant to the current output, strengthens the latent semantic
correlation between current information and contextual information, and improves the
accuracy of prediction.

Table 5. Comparison of the effects of each model (/%)

Model P R F,
CNN 80.83 79.52 79.67
LSTM 81.59 82.18 81.37
CNN-CRF 81.16 80.87 80.15
LSTM-CRF 82.68 83.12 82.34
BiLSTM 83.48 83.12 83.02
BiLSTM-CRF 85.87 85.45 85.09
BERT-BILSTM-CRF 91.63 90.56 91.09

At the same time, the time required for each model training round is also
compared, as shown in Table 6. Traditional model is about 15 times that of the BERT-
BiLSTM-CRF. Training time of the BERT-BILSTM-CRF is the least among all models,
indicating that the BERT of the whole word Mask has higher training efficiency.
Compares and analyzes the update of the F1 value in the first 25 rounds, as shown in
Fig 6.
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Table 6. Training time (/s)

Model Time
CNN 1089
LSTM 1834
CNN-CRF 227
LSTM-CRF 392
BIiLSTM 452
BiLSTM-CRF 351
BERT-BiLSTM-CRF 120

Figure 6. Experimental results

CONCLUSION

In this paper, information resources are used to positively influence the formation of
college students' noble morality. Informatization education resources can be
effectively integrated, and the utilization rate of the ideological and political education
resources can be improved. (1) Design complete interactive analysis questionnaires
for college students to evaluate the role of daily ideological and political education.
Through questionnaire survey method, survey and statistical weight scores were
conducted to analyze the proportion of each indicator.

(2) Adopt the ideological political education work framework, which includes five
aspects: class tutoring, class interactive learning, class in-depth study, process
evaluation and feedback evaluation. Learn through a period of ideological and political
education. Collect data as our training corpus.
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(3) Design and propose CNN. CNN-CRF, LSTM. LSTM-CRF. BIiLSTM.
BiLSTM-CRF and BERT-BIiLSTM-CRF. Experimental results are analyzed and
discussed.

Finally, the training prediction model based on the BERT-BILSTM-CRF model is
trained and compared with other models. Experimental results show prediction
accuracy based on the BERT-BILSTM-CREF is the best. Deep learning prediction is
only a reference direction, and practical application.
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ABSTRACT

In order to ensure that the physical function of football players adapts to the
development of modern football level, and avoid the phenomenon of inability to adapt
to the intensity of modern football games due to lack of physical fitness. Aiming at the
physical training of football players, this paper proposes an improved long-short-term
memory network (W-LSTM) model for the optimization and prediction of physical
training. The model effectively combines the global feature extraction ability of LSTM
for time series data and the preprocessing ability of the extracted data, which reduces
the loss of feature information and achieves high prediction accuracy. The front door
is added on the basis of LSTM, which combines training and physical function to
reduce the impact of fluctuations in data outliers on the prediction results, effectively
improving the accuracy of physical training optimization and prediction, and using
body shape, exercise tolerance, exercise intensity and fitness level as input values to
conduct comparative experiments on the three models of W-LSTM, LM-BP and
ARIMA. The study found that W-LSTM has a lower mean square error (0.011) and a
higher correlation coefficient (0.985), indicating that the model proposed in this paper
is significantly better than other existing comparison models in terms of the accuracy
of prediction results.

KEYWORDS
W-LSTM; Football; Athlete; Physical fitness; Prediction model
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1. INTRODUCTION

With the increasing level of football around the world, the competition is
intensifying, and the level of scientific training is also increasing. The daily training
experience of football players around the world shows that athletes in different periods
and regions follow some almost the same training principles in terms of training
content and training methods, and have some similar or even common characteristics
[1]. However, with the diversification of the world football level and training process,
this lack of training content and training methods for individual characteristics has
been unable to adapt to the inevitable laws of football development, and will inevitably
hinder the improvement of athletes' competitive ability and regional football level [2].
Therefore, while we carry out the overall general training of football players, it is
absolutely necessary to carry out individualized training for players, and it is also in
line with the general law of the development of world football.

The physical training of football players is a time series problem for improving
physical energy and health. For the prediction problem of time series, long-short term
memory neural network [3] (long-short term memory, LSTM) has been widely used in
speech recognition [4], network Flow prediction [5], pre-drilling logging curve
prediction[6], power and image prediction [7-8], toxic gas law prediction[9] and other
fields. Mao et al. proposed an LSTM model for image caption generation as early as
2015, pioneering the application of this research field in image caption generation.
Peng et al. [10] used LSTM for the prediction of generated sentences, using dual
LSTM layers to tune the parameters to improve the accuracy of sentence generation.
In 2017, some scholars proposed a new time-varying parallel recurrent neural network
for the generation of sports health image captions, which can obtain dynamic visual
and textual representations at each time step, thus solving existing methods. The
problem that currently generated words do not match the obtained image features in
[11]. In addition, some scholars have applied the attention mechanism to the
prediction of physical education innovation indicators, and found that the attention
model can effectively improve the prediction accuracy of the innovation direction of
physical education [12]. Kyunghyun et al. [13-14] proposed another gating mechanism
of Gated Recurrent Unit (GRU), which is different from LSTM. The goal is to make
each recurrent unit adaptively capture the dependencies of different time scales.
Chung et al. [15] also conducted a specific study on GRU. However, this idea is also
difficult to process data in combination with abnormal fluctuations and large
fluctuations of data.

Physical fithess is one of the five basic elements of football players' competitive
ability, and it is the physical ability necessary for football players to perform their
technical and tactical skills normally and achieve excellent sports performance [16].
Physical fithess plays a pivotal role in a competitive football game. However, each
athlete's upper limit of physical fitness and reserves are not the same, so it is difficult
to excavate the limit of each athlete if the traditional unified training method is used
[17]. In this regard, this study addresses the importance of physical fitness training
using the LSTM model. However, the traditional long-term memory neural network
model has the problem of premature saturation. Therefore, considering the
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improvement of the standard LSTM model, a new W-LSTM model is proposed to input
physical fithess data and physical function data to train the model to reduce the
number of different athletes. The influence of physical fitness and physical fitness on
the prediction results, so as to provide a suitable numerical basis for the training of
different athletes.

2. W-LSTM RELATED MODEL THEORY

2.1. DATA PREPROCESSING

Since the athlete's physique is affected by training and physical function, the
following definitions are made: define t as the number of training days: xi represents
the physical fithess data of the i-th day, then the input data is
Xi = {x1, x2...... xt}, X2 = {x2, x3...... xt 4+ 1}, and so on, until the
last day; the physical energy fluctuation is calculated using the formula
Api = pi — pi — 1, wheni =1, assuming that the data of the previous day is 0,
then Aw1 = w1, the input format for physical fitness is
APi = {Apl, Ap2...... Apt}, AP2 = { Ap2, Ap3, ...... Apt + 1}, and
so on until the last day.

2.2. DEFINITION OF THE MODEL

The input to the LSTM model consists of trained and physical performance data,
i.e. using the data from the previous t days as input to predict physical performance
ondayt+ 1[18]. LSTM is a special RNN structure, which was proposed by Hochreiter
et al. [19] in 1997 to decide when and how to update the hidden state of RNN. Due to
its unique design structure, LSTM can solve the gradient very well. Disappearance
problem, it is especially suitable for dealing with timing problems. Standard LSTM
units include forget, input, and output gates [20]. On the basis of LSTM, W-LSTM
processes its input information accordingly, and takes training and physical function
data as data input, and it also includes pre-gate, forget gate and output gate [21] (Fig.
1), therefore, it can process more information than a standard LSTM, and its input in
this study contains training and physical performance information.
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Figure 1. W-LSTM structure

Front gate, which combines body function information and function change

information to form combined information:
s, =W, xX, +b_+tanh ( ,xP (1)

Among them, X is the body function used to analyze the law of physical changes,
Pi is the function fluctuation information extracted from the physical energy information
as input alone to strengthen the model's processing of physical energy fluctuations,
{Wx, Wp, bx, bp} are network parameters [22]. The output result of the tanh
activation function is between [-1, 1]. The closer the output value is to -1, the greater
the negative fluctuation; the closer the output value is to 1, the greater the positive
fluctuation. The larger the data fluctuation, the greater the impact on the training of the
W-LSTM model. On the contrary, when the fluctuation is 0, the input fluctuation data
has no effect on the training of the model. At this time, the W-LSTM model is
equivalent to the standard LSTM [23].

Forget gate is the historical state information that controls whether to “forget” [24].

N v - - 7

f,=0  xh_+ x5+ )

Among them, ht- 1 is the hidden state of the previous sequence, and Sk is the input
sequence of this time. Define Ws as the weighted matrix of ht. 1, Ur as the weighted
matrix of Sk, and br as the bias.

The Input gate is responsible for supplementing the current input to the latest
"memory". It consists of two parts: first, the Sigmoid layer outputs it; second, a Tanh
layer creates a new candidate value vector, which will be added into the state. Define
{Wt,Ut,bt}{Wa,Ua,ba} as the network parameters of the input gate, then

i, =0(w,xh_ +Uxs +b,) 3)
C" =tanh(w_xh_ + U xs, +b.) (4)
Then update the cell state:
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C,=Cxf +ixC (5)

The output gate controls how much "memory" can be used in the update of the

next layer of the network. Define { Wo, Uo, bo} as the network parameters of the
output gate, and the calculation of the output gate can be expressed by formula 6:

O =o(w,xs, +Uxh_+b,) (6)

After calculating Oy, it is necessary to use the Tanh function to suppress the
memory value to [-1, 1], so the output formula of the final output gate is:

h, = O, x tanh(C,) (7)

The historical information output by the last W-LSTM layer passes through a
prediction layer and outputs the result y:

y=Wxh +b (8)

2.3. TRAINING PROCESS

The training process of W-LSTM is as follows: Calculate the output value of the W-
LSTM cell according to the forward calculation formulas (1) ~ (8) [25]; Backpropagate
in two directions according to time and network level to calculate the error term;
according to the corresponding, calculate the gradient of each weight, and update the
weight; repeat (1) to (3) to obtain a set of optimal parameters and keep them. To
prevent overfitting during training, this study uses the Dropout regularization technique
[26], which was proposed by Prof. Hinton's team in 2014. Dropout provides a clever
way to increase the generalization ability of a network model by reducing weight
connections.

3. TEST AND RESULT ANALYSIS

3.1. EXPERIMENT SETUP INSTRUCTIONS

In this section, the proposed W-LSTM model will be evaluated experimentally. The
experimental environment is: INTEL Corei5 CPU, 2.80GHz; 4G memory. The
experimental data is the daily training data of a football team in Xi'an from April 2022
to May 2022. Each comparative experiment was run 10 times, and the average value
was taken.

Three comparison models are set up:

(1) W-LSTM model, input historical function information and physical fitness
fluctuation information to train the model to make predictions.
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(2) The BP neural network improved by the LM algorithm only takes the historical
functional information as input, and uses the physical fitness information of the
previous n days to predict the physical fitness situation of the n+1th day.

(3) The ARIMA model regards the data sequence generated by physical fitness
over time as a random sequence, and uses a certain mathematical model to
approximately describe this sequence.

At the same time, in order to test the universality of the W-LSTM model, the three
models were compared using four data of body shape, exercise tolerance, exercise
intensity and fitness level.

3.2. SIMULATION COMPARISON TEST

This summary uses the W-LSTM model, the BP neural network improved by the
LM algorithm and the ARIMA model to conduct experiments, and the mean square
error (MSE) and the coefficient of determination (R2) are used to determine the
accuracy of the prediction results.

MSE :
: 2
MSE = ) (Y_actual-Y _predict) ©)
n
R*:
R2 =1 E (Y _actual-Y _predict)’ (10)

E (Y _actual-Y mean)’

MSE and R2 are commonly used indicators to evaluate the accuracy of the model.
MSE is a measure that reflects the degree of difference between the estimator and
the estimated value. The smaller the MSE, the higher the accuracy of the model; the
larger the R2, the greater the difference between the independent variable and the
dependent variable. The higher the degree of explanation, the higher the percentage
of changes caused by independent variables in the total change, and the denser the
observation points are near the regression line, which means the higher the model fit.
Where n represents the total sample, Y_actual represents the real data, Y_predict
represents the prediction result, and Y_mean represents the average value of the real
data.
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Figure 2. W-LSTM prediction results

By modeling and predicting the physical function sequence, Figures 2 and 3 are the
comparison between the prediction results obtained by the W-LSTM model and the
ARIMA model and the actual data. Obviously, for the W-LSTM model, the
experimental value and the predicted value are extremely coincident and very close,
which shows that the W-LSTM model proposed in this study has better prediction
results.

By observing the data in Figure 3, it is found that the experimental results of the
ARIMA model deviate significantly from other models, the coincidence rate between
the experimental values and the predicted values is low, and R2 is even less than O,
which means that the predicted results have nothing to do with the original data. The
ARIMA model performs well when dealing with stationary time series. When the data
is not stationary, a stationary sequence needs to be obtained through a certain
processing method. The physical function data used in this experiment has
continuous invariance and mutation, that is, continuous invariance within a period of
time. Change, the initial stage gradually increases, this characteristic leads to the loss
of too much information when the data is differentiated, resulting in an extremely poor
prediction effect of the ARIMA model and a large deviation.
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Figure 3. ARIMA model prediction results

After the training, the input data is used for prediction, and the MSE of the W-LSTM
model and the BP neural network improved by the LM algorithm changes as the
prediction progresses, as shown in Figure 4. The MSE of the W-LSTM model is 0.032,
the MSE of the LM-BP model is 0.059, and the MSE of the ARIMA model is 0.923.
The MSE of the W-LSTM model is smaller than other models, and the model has the
highest accuracy; while R is larger than other models, which means that the fitting
degree of the W-LSTM model is higher than that of other models. In general, the MSE
trends of the two models are roughly the same, and the MSE of the W-LSTM model is
generally smaller than the MSE of the BP neural network improved by the LM
algorithm [27].
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Figure 4. W-LSTM model and BP neural network improved by LM algorithm
Changes in MSE

126 https://doi.org/10.17993/3ctecno.2023.v12n1e43.127-140



137

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

The input data fluctuates greatly at one-third of the total data, and at this time, the
MSE of both models has a short-term increase, while the MSE fluctuation of the W-
LSTM model is smaller than that of the BP neural network improved by the LM
algorithm. This shows that the W-LSTM model has a better effect on handling large
fluctuations in data. In order to verify the universality of the W-LSTM model, four kinds
of data of body shape, exercise tolerance, exercise intensity and health level are used
as input to carry out comparative experiments on the three models. The experimental
results are shown in Table 1. The table shows the evaluation index of the prediction
results of the three models on the four factors respectively. It can be seen that W-
LSTM has better results than other models, and it shows that the W-LSTM model has
good universality [28-29].

Table 1. MSE and R2comparison

MSE

Model Body shape Exercise tolerance Exercise intensity Fitness level
W-LSTM 0.074 0.031 0.137 0.011
LM-BP 0.163 0.048 0.238 0.017
ARIMA 3.244 -0.891 4.618 0.9048

R2

W-LSTM 0.985 0.867 0.904 0.935
LM-BP 0.967 0.793 0.833 0.919
ARIMA 0.317 -2.442 -2.191 -2.771

It can be seen from the above experiments that the W-LSTM model has higher
accuracy, better fitting degree and good universality. On the whole, W-LSTM is a good
prediction model for the physical fithess prediction problem of football players.

4. CONCLUSION

This paper proposes a physical fitness prediction method for football players based
on the W-LSTM network model. The model is mainly constructed by LSTM, which can
effectively extract the local and global features of influencing factors. After data
analysis and variable reordering based on the maximum information coefficient
method, making the data distribution more regular and easy to train. The research
compares the prediction results of W-LSTM, LM-BP, and ARIMA models. The
experimental results show that: (1) the prediction accuracy of W-LSTM is significantly
better than other methods LM-BP and ARIMA models; (2) W-LSTM has lower MSE
and higher R2 compared to the other two models, the correlation coefficient of its
body shape reaches 0.985; (3) The LSTM is improved to become W-LSTM, and it is
of practical value to apply it to the physical fithess prediction of football players.
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ABSTRACT

To ensure the normal operation of English composition grammar correction and avoid
inaccurate detection caused by faults, it is of great significance to detect abnormal
working conditions in time and diagnose them accurately. Aiming at the complexity of
grammar correction, this paper proposes a PLSTM-CNN model for fault detection in
the grammar correction process. The model effectively combines the global feature
extraction ability of LSTM for time series data and the ability of the CNN model to
extract local features, which reduces the loss of feature information and achieves a
higher fault detection rate. A one-dimensional dense CNN is used as the main body of
the CNN, and the LSTM network is sensitive to changes in sequence information to
avoid model oveffitting while building a deeper network. The maximum mutual
information coefficient (MMIC) data preprocessing method is adopted to improve the
local correlation of the data and improve the efficiency of the PLSTM-CNN model to
detect faults from different initial conditions. The research results show that the
parallel PLSTM-CNN has better prediction performance than the serial PLSTM-CNN,
and its FDR and FPR are 90.5% and 0.051, respectively. It shows that the use of
convolutional deep learning models for the prediction of writing grammar correction
faults has strong application prospects.

KEYWORDS
PLSTM-CNN; Fault detection; English writing; grammar; Deep learning.

https://doi.org/10.17993/3ctecno.2023.v12n1e43.142-157



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

PAPER INDEX
ABSTRACT
KEYWORDS
1. INTRODUCTION
2. CORRELATION MODEL THEORY
2.1. 1D-CNN
2.2. DCNN
2.3. LSTM Long Short-Term Memory Network
2.4. Model Structure Diagram
3. EXPERIMENT AND RESULT ANALYSIS
3.1. Evaluation Results
3.2. Comparative Experiment
3.2.1. Comparison of Average Failure Detection Rates
3.2.2. MODEL inference and inference time comparison
3.2.3. Comparison of Average Fault Detection Rates for Small Samples
4. CONCLUSION
5. CONFLICT OF INTEREST
REFERENCES

il https://doi.org/10.17993/3ctecno.2023.v12Nn1e43.142-157



145

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

1. INTRODUCTION

Writing ability is an important basis for measuring students' English learning and
practical ability, and plays an significant role in promoting the overall development of
language skills. In recent years, the rapid development of computers and networks
has laid the foundation for the reform of college English writing [1]. Due to the
limitations of the current technology of the automatic evaluation system, more
feedback is given to students at the vocabulary level, but there are still many
problems in the evaluation of syntax, text structure, logic, and coherence. Therefore,
relying solely on machine correction and feedback is of limited help to students [2]. To
solve this problem, manual intervention and feedback are required [3]. Therefore, the
need for intelligent collaboration is extremely necessary.

The research on English marking begins with writing feedback. Research on writing
feedback began in the 1950s. Before this, writing feedback was conducted by
teachers. During this period, some scholars conducted comparative studies on
teachers' correction of students' compositions and students' peer evaluation under the
guidance of teachers and found that peer feedback was better than teacher feedback
[4]. In the following decades, more and more researchers from China and abroad
began to pay attention to the application of peer feedback in practical teaching and
research, and their research results provided a lot of guidance for our teaching and
research [5]. However, some problems and difficulties with peer feedback have also
been found in some studies. For example, the correctness, fairness, and effectiveness
of feedback are often questioned, and the operability in writing classrooms also needs
to be verified. In the 1960s, Professor Ellis Page of Duke University in the United
States developed the PEG automatic composition scoring system, and the automatic
writing evaluation system (AWES) gradually developed [6]. For decades, especially
with the development of artificial intelligence technology, the development of foreign
writing automatic evaluation systems has made great progress, such as Criterion, My
Access, and Writing Roadmap [7]. Then there is the study of translation. According to
the basic principle of deep reinforcement learning algorithm, some researchers
designed a neural machine translation model, introduced the evaluation mechanism to
the level of the sentence to be translated, predicted the convergence of the
translation, and used the deep reinforcement learning algorithm as a guiding strategy
for translation. Optimize the word sequence of the translation target, integrate the
monolingual corpus into the training of deep reinforcement learning, and alleviate the
data-sparse problem of translation sentences. After experimental tests, it is found that
this model can improve the overall performance of machine translation. Compared
with other translation models, Whether it is Chinese-Korean or Korean-Chinese, the
BLEU value has been significantly improved [8], but the performance in other aspects
is poor. Considering the problems existing in traditional machine translation, some
researchers have designed a neural machine translation model based on the basic
principle of quality estimation, and used the quality estimation method to score the
pseudo-parallel data generated by reverse translation, and use the data with higher
scores as the basis for quality estimation. Design of CNN's English Machine
Translation Minor Error Detection System [9]. Some scholars use the input of the
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neural network to control the quality of the pseudo-parallel data generated by the
reverse translation, and provide a rich training network as the output for the neural
network model. After experimental tests, it is found that compared with the traditional
model, the model has no effect on the forward translation or reverse translation. For
translation, the BLEU value has been improved, but the function cannot meet the
design requirements [10].

One-dimensional CNN [11] divides the input data along a single dimension without
windowing operation, which is easier to train and has less computational complexity.
Although 1D convolution is the current popular deep learning method, it still has some
limitations. Although the CNN can extract the local features of the data, its ability to
extract the global features of the data is weak. To obtain beneficial features such as
global and local use of data at the same time, this paper proposes an LSTM-CNN
structure based on a parallel structure, which combines the local features extracted by
the CNN and the global features extracted by LSTM to make full use of the data.
features to improve the accuracy of the model, thereby reducing the translation
accident rate [12].

2. CORRELATION MODEL THEORY

2.1. ID-CNN

A CNN is one of the widely studied deep learning algorithms, which has the
characteristics of local connection, weight sharing, and downsampling [13]. The
difference between 1D-CNN and classical CNN is the dimension of the convolution
kernel, which has been widely used in time series feature extraction in recent years
[14]. The one-dimensional convolution operation is shown in Figure 1, and its
mathematical model is shown in formula (1):

Hi=f(H1_1®Wi+bi) (1)

Among them, Hi is the input feature quantity of the ith layer; Wi and bi represent the
weight and corresponding bias of the convolution kernel of the ith layer respectively; f
represents the activation function, here is the Relu activation function, which has a
good nonlinear expression ability.

Pooling layers are also known as subsampling layers. The sub-sampling layer
downsamples the feature map according to the rules and reduces the dimension of
the convolutional feature to reduce the parameters and calculation amount inside the
CNN, and at the same time suppress the network overfitting.

Suppose Hl is the jth feature map of the |-th sub-sampling layer, and its sampling
process is as shown in formula (2), which represents the next sampling function. Each
output feature map corresponds to its own multiplicative bias Bl; and an additive bias
bl [15].
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H! = f (Bldown(H!" )+ ) 2

2.2. DCNN

To alleviate the gradient explosion problem caused by the network depth, the
dense CNN [16] (Dense CNN, DCNN) further connects each sub-layer based on the
residual network structure, so that the output of each layer of the network is used as
The input of one layer ensures maximum feature reuse, alleviates the gradient
disappearance and gradient explosion problems caused by the increase in the
number of network layers and makes the network information flow more smoothly.

Assuming that the number of network layers is, the DCNN contains a total of N/
(N+1)/2 connections. Through the sequence xo passed through the convolutional
layer, the input of the nth layer is the feature map of all previous layers, as shown in
the following formula (3):

x, =H([x),x, -, x,,]) (3)

Among them, [Xo,X1, ... ,Xn-1] represents the feature map in the 0,1...,n-1 layer; HI( )
represents the normalized linear correction unit, Relu activation function, pooling
operation and volume Product equivalence transformation. The output of the
convolutional layer and the pooling method formula is as follows:

‘output S

)

)\’input

-F+1

‘output = S

(10)

2.3. LSTM LONG SHORT-TERM MEMORY NETWORK

A Long Short-Term Memory Network (LSTM) is a temporal recurrent neural network
that is an optimization of a Recurrent Neural Network (RNN). RNN is often used to
analyze and predict time series, but it is used for short time series, and it is not
suitable for long-distance and long period time series. LSTM perfectly solves the
shortcomings of RNN. It significantly improves the model's ability to analyze and
predict long sequences by designing hidden layers without changing the original
model structure. The operation state of LSTM is almost linear, and the entire operation
mode is also chain operation, and there will be no problems such as gradient
expansion and disappearance in the RNN training process, which improves the
prediction effect and accuracy. The LSTM model is mainly composed of a forgetting
gate, input gate, and output gate. After the unit gate enters the forgetting gate, the
forgetting gate is responsible for screening out the unit state that can be retained to
the current moment at the previous moment, and the input gate is responsible for
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screening out a certain number of cells. The input at the current moment is the unit
state at the current moment, and the output gate is responsible for the output of the
unit state [17].

Information is mainly selected through three gate structures: input gate, forget gate,
and output gate. Taking the t-th sample as an example is the input data at the current
moment. Equation (13)~(18) is the process performed by the LSTM unit [20]:

fi=o (W [h.x]+b") (11)
i, =0 (W-[h_.x]+0") (12)
C, =tanh(w‘-[h,_l,x,]+b“) (13)

Where wy, wi, we, and w, are the weights of the corresponding forgetting gate, input
gate, and output gate respectively [18].

2.4.MODEL STRUCTURE DIAGRAM

According to the above model theory, a joint prediction and correction model of
DCNN and LSTM is established, combined with the advantages of the LSTM
algorithm, an LSTM-CNN hybrid model is formed to perform model training on the
data set, and the short text of unknown category is predicted by the trained model. As
shown in Fig.1 [19], this parallel network structure avoids feature loss to the greatest
extent and preserves the global and local information of data features; the residual
structure enhances CNN stability and reduces resource occupancy; batch
normalization layer (Batch normalization, BN) to speed up network training and
suppress network overfitting; the global average pooling layer on the left splices the
dimensionality-reduced feature map with the network feature map on the right, and
finally sends it to the classification layer [20].
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Figure 1. PLSTM-CNN network model

3. EXPERIMENT AND RESULT ANALYSIS

3.1. EVALUATION RESULTS

To show the fault checking results and evaluate the model performance, two
metrics, Fault Diagnosis Rate (FDR) and False Positive Rate (FPR), were used to
evaluate the model performance. FDR and FPR are defined in [21].

Among them, TP (True Positives) represents the number of instances that are
positive classes and are predicted to be positive classes, FN (False Negative)
represents the number of positive classes that are predicted to be negative, and FP
(False Positives) that instances are negative classes that are predicted to be positive
The number of classes, TN (True Negative) represents the number of instances that
are predicted to be negative classes.

To verify the performance of the proposed method, the diagnostic results of the test
data based on the PLSTM CNN model are compared with the results of the two-
dimensional CNN model-based method and the LSTM model-based method on the
test data, and the results are shown in the table., the average fault diagnosis rate
based on the PLSTM-CNN model in the table is 91.4% [22].
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Table 1. The comparison of fault results

Fault type FDR FPR
2D-CNN LSTM PLSTM-CNN  2D-CNN LSTM PLSTM-CNN

Normal 0.91 1.0 1.0 0.08 0.03 0
Faultl 1.0 1.0 1.0 0 0 0
Fault2 1.0 1.0 0.81 0 0 0
Fault3 0.48 1.0 0.92 0.24 0.14 0.07
Fault4 1.0 0.81 0.34 0 0 0
Fault5 1.0 0.92 1.0 0 0 0
Fault6 1.0 0.34 1.0 0 0 0
Fault7 1.0 1.0 1.0 0 0 0
Fault8 1.0 1.0 1.0 0.1 0 0
Fault9 1.0 1.0 1.0 0.58 0.21 0.17
Fault10 1.0 1.0 0.37 0.06 0.01 0.02
Faultl1 0.81 1.0 0.33 0.03 0.02 0.01
Fault12 0.92 0.48 0.98 0.05 0.04 0.01
Fault13 0.34 1.0 0.92 0.16 0.05 0.04
Fault14 0.82 1.0 0.89 0.15 0.61 0.05
Faultl5 0.96 1.0 1.0 0.79 0.61 0.51
Fault16 0.84 1.0 0.98 0.69 0.62 0.48
Fault17 0.09 1.0 1.0 0.05 0.02 0.02
Fault18 0.96 1.0 1.0 0 0 0
Fault19 1.0 0.48 1.0 0 0 0
Fault20 1.0 1.0 1.0 0 0 0
Average 0.86 0.91 0.88 0.14 0.11 0.07

We find that the classification accuracy of different faults varies widely. The
detection rate of faults 3 and 9 is less than 90%, and the detection rate of faults 15
and 16 is less than 50%. In addition, the detection rates of the remaining 16 faults are
all higher than 90%, of which the detection rate of faults 1, 2, 4, 5, 6, 7, 8, 17, 19, and
20 is 100%. Therefore, PLSTM-CNN can effectively isolate most of the faults, and
only a few faults perform poorly. Through the analysis of the data in the table, it is
found that the lower accuracy of faults 3, 9, 15, and 16 is due to the higher degree of
confusion among them, which is consistent with the previous mutual information
calculation results [23]. The PLSTM-CNN model proposed in this paper makes full use
of the local and global features of the original data, and the fault detection rate and
false-positive rate are better than 2D-CNN and LSTM models in faults 3, 9, 15, and 16
with a high degree of confusion. Because both fault 3 and fault 9 are related to the
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change in the initial number of articles, this paper rearranges the variables according
to the method of the maximum mutual information coefficient based on the initial
number of articles, which further improves the fault detection rate of faults 3 and 9.
The degree of confusion of faults 15 and 16 is too high, and there is no effective fault
detection method [24].
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Figure 2. Recognition accuracy of learning rate self-enhancement algorithm

It can be seen from Fig.2 that when the number of iterations is 25, the accuracy
rate is the highest, which is 97.3%, which shows that the use of PLSTM-CNN for
English composition grammar detection has strong applicability. In addition, it can be
seen from Figure 4 that as the iteration continues, the recognition accuracy of the
DCNN model continues to rise. After reaching a certain level, the accuracy does not
change and the network model converges. Therefore, the DCNN model used in this
study has a good effect., it starts to converge after reaching a certain number of
iterations. In this study, this algorithm is used to optimize DCNN with a certain
preprocessing effect [25-27].

3.2. COMPARATIVE EXPERIMENT

To further illustrate the advantages of the parallel neural network structure, we did
the following experiments on average fault detection rate, model training and testing
time, and model stability under small sample conditions.

3.2.1. COMPARISON OF AVERAGE FAILURE DETECTION RATES

To further compare the fault detection capabilities of serial and parallel network
models, based on the data set above, we designed a traditional serial network
structure, as shown in Fig.3. The experimental results are shown in Fig.4. The
average F1 scores on the PLSTM-CNN, tandem LSTM-CNN, LSTM, 1D-CNN, and
2D-CNN models are 92.13%, 89.54%, 84.08%, 84.80%, and 85.78%, respectively.
This shows that parallel CLSTM-CNN has better fault detection performance than
serial LSTM-CNN [28].
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3.2.2. MODEL INFERENCE AND INFERENCE TIME
COMPARISON

The PLSTM-CNN model takes 4.2 seconds to train for each epoch and 7 minutes
to train for 100 epochs. The main reasons for its faster training speed are: considering
the real-time nature of fault monitoring, the convolution layer in this paper is selected
as one-dimensional convolution, which has fewer parameters. Under the conditions of
the same network and hyperparameters, the calculation time is shorter, but Some
accuracy will be lost.

Meanwhile, training deep 2D convolutional networks usually require special
hardware devices, such as cloud computing or GPU acceleration. But 1D-CNN can be
implemented on the CPU of ordinary computers, and its low computational
requirements and compact structure are very suitable for real-time monitoring and
low-cost applications.

Table 2. Comparison of training and inference time

Model Training time for Reasoning time for
one epoch (s) one epoch (ms)

1D-CNN 2.54 10

2D-CNN 65 200

LSTM 3 12

PC LSTM-CNN 3.8 20

SC-LSTM-CNN 4.2 25

3.2.3. COMPARISON OF AVERAGE FAULT DETECTION RATES
FOR SMALL SAMPLES

Considering that the actual English composition grammar detection fault samples
are scarce, the experiment will reduce the number of each type of fault sample. Set
the sampling time to 3 minutes, run for 10 hours under normal conditions, and collect
2000 normal samples. In the simulation of 20 kinds of faults, the simulator runs
normally for 1 hour, then introduces the corresponding faults, and then continues to
run for 1 hour. Thus, 1 hour of failure data (200 failure samples) was collected per
simulation. The simulations for each failure type were repeated ten times with ten
different initial states. The simulation platform collects a total of 4200 sample data,
including 2000 normal samples and 2000 samples for each fault. Choose 70% of the
data for training, 20% for testing, and 10% for validation. The experimental results are
shown in Table 3:
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Table 3. Average failure detection rate of small samples

Model FDR FPR
1D-CNN 83.4% 0.1
2D-CNN 78.5% 0.08
LSTM 84.6% 0.09
PC LSTM-CNN 84.8% 0.12
SC-LSTM-CNN 90.5% 0.051

The study found that SC-LSTM-CNN has a high FDR and a small value of FPR,
which shows that the parallel LSTM-CNN has extremely high prediction accuracy and
stability. Although PC-LSTM-CNN has a high FDR, its FPR value is high, indicating
that its stability is poor and the prediction accuracy is average. The above results
confirm that the parallel LSTM-CNN can still maintain high accuracy on small sample
datasets, and its network structure is more stable than the serial network [29]. 2D-
CNN requires a large number of training samples to guarantee the accuracy, while
1D-CNN still performs well on small-sample datasets[30-31].

4. CONCLUSION

This paper proposes a grammar writing check fault detection method based on the
PLSTM-CNN network model. The model is constructed by LSTM, one-dimensional
dense convolutional layer, one-dimensional global pooling layer, and Dropout layer,
which can effectively extract the local and Global features; after data analysis and
variable reordering based on the maximum information coefficient method, the data
distribution is made more regular and easy to train. The study compares the fault
detection results of PLSTM-CNN, tandem LSTM-CNN, LSTM, and 2D-CNN. The
experimental results show that: (1) the fault detection accuracy and false positive rate
of PLSTM-CNN are significantly better than other methods; (2) for the difficult-to-
detect faults 3 and 9, the PLSTM-CNN model still performs well; (3) parallel
Compared with the serial structure, the PLSTM-CNN structure has better accuracy
and stability, and its FDR and FPR are 90.5% and 0.051, respectively.
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ABSTRACT

Surveying and mapping technology is one of the key technologies used in petroleum
geological exploration and has made significant contributions to geological
exploration. However, with the development of science and technology, traditional
surveying and mapping technology has low work efficiency and poor information
accuracy, which limits its application. This study proposes a surveying and mapping
technology based on the 1DCNN-LSTM deep learning model. Through feature
selection and feature optimization, the important features extracted by 1DCNN are
predicted through LSTM, and the development direction of surveying and mapping
technology is optimized and predicted to promote the development of new surveying
and mapping technologies. application. By using the orthogonal test to optimize the
input factors, determine the relative order of the influence of the factors, and use the
1DCNN-LSTM and BP neural network to train and verify the input factors respectively.
The research results show that TDCNN-LSTM has higher prediction accuracy, and the
prediction accuracy is The results show that the TDCNN-LSTM deep learning model
used in the optimization of petroleum geological exploration and mapping technology
in this study has strong practical significance.

KEYWORDS

1DCNN-LSTM; Mapping technology, Deep learning model;, Neural network;
Optimization.
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1. INTRODUCTION

The traditional surveying and mapping technology has low work efficiency and
requires a lot of human resources to complete the survey work, but the final
information accuracy is poor [1]. Under the rapid development of modern social
science and technology, new surveying and mapping technologies with better
performance have been developed. Digital surveying and mapping are the main
forms, and they have been applied to the fields of hydrogeology, petroleum
engineering, and other fields, and played their due role in the field of geological
exploration. It greatly promotes the development of the exploration field, especially the
geological exploration, and the accuracy requirements of the surveying and mapping
technology are increasing day by day [2-3]. Therefore, it is extremely necessary to
optimize the surveying and mapping technology.

At present, there is little research on the optimization of surveying and mapping
technology, and it is of great significance to use deep learning models to optimize
surveying and mapping technology. In recent years, some scholars have done a lot of
work. Lu X H [4] established a prediction model of surveying and mapping technology
through regression analysis using cutting parameters as independent variables.
Beruvides [5] used the vibration signal sent out during the training process to establish
the prediction model of surveying and mapping technology by using the adaptive
neuro-fuzzy inference system and obtained a higher fitting index and better
generalization ability. Some researchers [6] used the improved particle swarm
algorithm to optimize the node selection of the hidden layer of the BP network and
established the prediction model of the surveying and mapping technology. In
addition, some researchers [7] proposed a parameter synchronization optimization
algorithm for GA signal feature recognition and mapping prediction, established a GA-
WPT-ELM prediction model, and obtained high prediction accuracy. With the
development of artificial intelligence, deep learning makes data processing and results
in prediction more efficient and accurate [8]. Its long short-term memory (LSTM)
neural network algorithm improves the gradient disappearance problem of traditional
recurrent neural networks (RNN) and provides a new method for the prediction of
sequence data. Prediction problems are applied in the field of new technologies [9].
Wang M W et al. [10] established a long short-term memory model and realized the
prediction of the wear of surveying and mapping tools by taking advantage of its
advantages of solving the accumulation effect. Some researchers [11] proposed a
traditional surveying and mapping stage identification model based on a deep LSTM
neural network, which can more accurately reflect the wear state of surveying and
mapping compared with traditional machine learning methods. Yu [12] proposed a
state recognition method based on LSTM, which has higher recognition accuracy than
BP neural network algorithm and SVM algorithm..

Although the LSTM network solves the problem of vanishing gradients, it has poor
performance for batch sequence data processing, resulting in lower accuracy of the
model in result prediction [13-14]. In this paper, taking petroleum surveying and
mapping technology as the research object, a prediction model based on the
combination of one-dimensional convolution and long short-term memory (1DCNN-
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LSTM) neural network is established to solve the problem of batch sequence data
processing, sample key feature learning, and small sample data processing. Mapping
technology optimizes precision problems. Through examples and experiments, the
effectiveness of the 1DCNN-LSTM prediction model for the prediction of the
development of mapping technology is verified.

2. CORRELATION MODEL THEORY

2.1. LONG SHORT TERM MEMORY (LSTM)

Compared with the traditional RNN, the core idea of the LSTM neural network is to
introduce "three gates" in each memory unit, use the three gates to interact with the
unit state, and change the information borne by the united state. The retention of
information is selectively determined within neurons. The most widely used LSTM
network structure is shown in Fig.1.

- ]

Y

A4

Figure 1. LSTM network structure.

As shown in Figure 1, the "three gates" of the LSTM network are the input gate
which determines the retention of new information; the output gate Ot determines the
output degree of information; the forgetting gate ft determines the retention of the
original information state [15]. Its mathematical expression is as follows:

0, =0 (Wo '[ht—laxt]-i- bo) (1)
h, =0, *tanh(C,) )

In the formula: ¢ is the sigmoid activation function, the output range is 0~1; A.; is
the input at the previous moment; x; is the input at the current moment; # and b are
the weight coefficients and bias terms corresponding to the three gates, respectively
[16].
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The LSTM network reduces the number of network layers and the sequence length
through three gated structures effectively solves the problem of gradient
disappearance and realizes the prediction of sequence data [17]. However, due to the
poor processing of batch sequence data in the LSTM network itself, this paper
introduces a TDCNN network structure to make up for this deficiency.

2.2. ONE-DIMENSIONAL CONVOLUTIONAL NEURAL NETWORK
(IDCNN)

Convolutional neural network (CNN) is one of the most perfect algorithms in the
field of deep learning [18], which is divided into one-dimensional, two-dimensional,
and three-dimensional. Among them, 1DCNN is good at processing sequence data,
so this paper selects the 1DCNN network for data processing, the structure is shown
in Figure 2. As shown in Figure 2, the sequence data is input into 1DCNN for
preliminary feature extraction [19], and the sub-sequences composed of high-level
features are effectively extracted, and the interference information is removed as the
input node of the LSTM layer. At the same time, the network can directly identify local
simple patterns in the data and apply them to higher-level networks to form more
complex network patterns [20].

Output

1
2
B3
Input | =) T 3
s
6 |

Figure 2. The structure of the 1DCNN convolutional layer.

Let the ith input data of the convolution layer be 7, the convolution kernels are W,
each with n pieces, the bias is B;, the activation function is £, and the downsampling
operation is to further reduce the dimension of the features of the convolution output.,
and input the corresponding output to the fully connected layer, the fully connected
layer obtains the classification result of this round after weight transformation and
activation, and the corresponding classification error is obtained by comparing with
the true value of the classification [21]. Let the input feature of the fully connected
layer be T, the corresponding weight is W, the bias is B, and the activation function is

£, the output of the convolutional layer and the pooling method formula is as follows
[22]:

O, = f(WX +b) (3)

(4)

1

)]

O, = ReLU
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0,7, (5)

Among them, W is the convolution kernel, XERT x n is the input word vector matrix,
and parameter b is the bias term. Commonly used nonlinear activation functions are
Sigmoid or ReLU. x is the output vector of the previous neural network [23].

2.3. DCNN-LSTM NETWORK MODEL CONSTRUCTION

2.3.1. MODEL BUILDING

Based on the ability of 1DCNN layer data processing and LSTM layer data
prediction, a 1DCNN-LSTM surface roughness prediction model was established [24].
Its structure is shown in Fig.3, including a one-dimensional convolutional layer, a
Batch-Normalize layer, an LSTM layer, and a fully connected layer [25]. After the data
is input, through the Conv algorithm, the features are identified and then entered into
the LSTM layer and the fully connected layer.

Input

v, Batch
a, » ConvlD p e » LSTM » Dense
— Normalize

Figure 3. 1DCNN-LSTM prediction model structure.

2.3.2. MODEL PARAMETER DETERMINATION AND DATA
PREPROCESSING

There are many influencing factors of surveying and mapping technology, mainly
including field surveying and mapping », network layout vf, dynamic real-time
surveying and mapping ap, and geodetic surveying control network point g. There is a
complex nonlinear relationship between these four parameters and new surveying
and mapping technology. Therefore, based on the establishment of the prediction
model framework, the prediction model is optimized through parameter selection [26],
and the specific steps are as follows:

(1) Input layer and output layer. The four milling parameters n, vf, ap and £ are used
as the input node of the prediction model, and the surface roughness Ra is used as
the output node of the prediction model.

(2) Hidden layer. The hidden layer plays a key role in the network architecture. The
number of filters (filters) of the one-dimensional convolutional layer of the model is 1,
the size of the convolution kernel (kernel_size) is 3, and the stride (stride) is 1, and the
padding (padding) is 1. The LSTM layer node is 2, and the fully connected layer node
is 2.
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(3) Learning rate. To adjust the appropriate learning rate parameters and avoid
going over the optimal solution or the model falling into the local optimal solution,
through continuous testing and adjustment, the Adam algorithm model is used, and
the learning rate parameter is finally selected as 0.001.

(4) Data preprocessing. In this dataset, n, v/, ap and p of each group of experiments
constitute a set of input parameters, the output parameters are the micro-milling
surface roughness of each group, and the input parameters and output parameters
constitute a set of sample data.

The purpose of preprocessing the sample data is to normalize the data features of
each dimension to the same value range so that the model training effect is better and
the generalization ability is stronger. For this purpose, all input data are normalized to
[0, 1]in this paper, and the normalization formula is:

Xi = Ximin (15)

Yi=
X

imax

-X

In the formula: x; is the original data; x..» is the minimum value in the original data;
Ximax 1S the maximum value in the original data; y; is the normalized value, and yi€[0,1].

After data preprocessing, the data can be used as an input layer node for Ra
prediction.

3. TEST AND RESULT ANALYSIS

3.1. ORTHOGONAL TEST TO OPTIMIZE INPUT FACTORS

In the micro-slot milling experiment, this paper mainly considers the influence of
spindle speed n, feed rate vf, milling depth ap, and micro-milling cutter helix angle
on the surface roughness. To fully consider the influence of the above four factors on
the surface roughness in a small number of experiments, a four-factor and five-level
orthogonal experiment were carried out, and the parameters are shown in Table 1.

Table 1. Orthogonal parameter factor level table.

Level Field surveying and mapping Network speed Dynamic real-time Geodetic Control

coefficient mapping depth Dot Spiral Angle
1 5 1.5 10 25
2 15 3.0 15 30
3 25 4.5 20 35
4 35 6.0 25 40
45 7.5 30 45

The range analysis method was used to process the experimental results to obtain
the relationship between each factor and the surface roughness Ra, as shown in
Figure 4.

66 https://doi.org/10.17993/3ctecno.2023v12n1€43.159-174



167

Correlation coefficient
Correlation coefficient

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

0.050
0.045 ]
0.045

b= 0.040 \. .\I =
o Q
2 \ / §S — ]
g . Sood0f m-—
© 0.035 5]
S <}
Q Q
= =
g 2
= 0.030 |- = 0035
= =
o o
@] @]

0.025 0.030

0020 L 1 L 1 L 1 L 1 L 0.025 L 1 L 1 L 1 L 1 L 1 L 1 L

0 10 20 30 40 5 1 2 3 4 5 6 7 8
Field surveying and mapping coefficient Network speed
0.050 0.055
|
0.045 | 0.050 - —

0.040 0.045 -

0.035 -/'\-/ 0.040

| ]
0.030 0.035 | —

0.025 1 . 1 . 1 . 1 . 1 0.030 1 1 1 1 1
10 15 20 25 30 25 30 35 40 45

Dynamic real-time mapping depth Geodetic Control Dot Spiral Angle

Figure 4. The relationship between the experimental factors and the Ra value of the
surveying and mapping technology, a) field surveying and mapping coefficient; b) network
speed; ¢) Dynamic real-time mapping depth d) Geodetic control network point helix angle.

It can be seen from the figure that the dynamic real-time surveying and mapping
depth and the geodetic control network point helix angle have similar effects on the
surveying and mapping technology, the correlation coefficient increases with the
increase of its value, and the geodetic control network point helix angle has the most
significant impact on the surveying and mapping technology; surveying and mapping
The technical correlation coefficient decreases with the increase of the field surveying
and mapping coefficient; however, the influence of the network deployment speed is
not significant, so a slightly larger network deployment speed can be adopted to
improve the correlation coefficient of the surveying and mapping technology. In
addition, for the field surveying and mapping coefficient, with the increase of the
abscissa, the correlation coefficient shows a downward trend, while the distribution
speed has almost no change. However, for the dynamic real-time mapping depth and
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the geodetic control mesh point helix angle, both show an upward trend with
increasing depth and angle.

3.2. DCNN-LSTM MODEL PREDICTION AND RESULT ANALYSIS

To obtain accurate and credible batch training data sets, 139 groups of random
experiments were performed, and 164 groups of training data sets were obtained.
Combined with various influencing factors, the main parameters of the random
experiment are shown in Table 2. To make the model training more balanced, the
dataset is randomly distributed before training, and then the normalized dataset is
input into the model to start training [27]. The epochs are chosen to be 5000 times,
during the training process of each epoch, all training datasets will be trained once,
and the network automatically calculates the gradient of the batch loss concerning the
weights and updates the weights accordingly.

Table 2. Parameter range

Field surveying and Network speed Dynamic real-time Geodetic Control Dot
mapping coefficient mapping depth Spiral Angle
5000-75000 1.5-100 6-100 25,30,35,40,45

The 164 datasets are divided into two groups, of which 150 are training sets and
the remaining 14 are validation sets. The training process of the 1DCNN-LSTM model
is shown in Figure 5. It can be seen from the figure that when the training round
reaches 3000 times, the training accuracy has reached about 95%, and the
verification accuracy has reached about 91%, indicating that the accuracy is high.
Very stable and meets forecast requirements. To verify the accuracy of the 1DCNN-
LSTM prediction model, 15 sets of experimental parameters were designed for
testing, and the experimental data were normalized and input into the two prediction
models of the 1DCNN-LSTM neural network and BP neural network, respectively.
prediction results.

Table 3. Prediction results

Number 1DCNN-LSTM Neural Network BP neural network
Ra predicted Errorpercentage Ra predicted Error percentage
value value
1 0.1681 4.2 0.2181 11.09
2 0.0861 3.1 0.2132 12.15
3 0.0192 5.1 0.1055 16.33
4 0.0523 6.4 0.0755 21.36
5 0.0490 0.8 0.0489 18.55
6 0.0207 5.1 0.0230 20.91
7 0.0568 32 0.0110 4.64
8 0.0772 2.1 0.0225 9.24
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9 0.1191 9.1 0.0762 6.22
10 0.0875 7.8 0.0868 3.81
11 0.0542 6.1 0.0871 25.1
12 0.1121 53 0.0940 13.84
13 0.0258 2.2 0.0123 11.2
14 0.1391 10.1 0.1012 13.6
15 0.0913 7.1 0.0847 22.2

As shown in Table 3, to compare the prediction accuracy of the two models, the
average relative prediction error is used as the evaluation index, and the formula is as
follows:

En RI-R (16)
6 - i=1 ait at
E[=1Rai

In the formula: & is the average relative prediction error; Ra; is the predicted value
of each model; Rai is the measured value of the milling test.
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Figure 5. 1DCNN-LSTM prediction model training process

According to the evaluation indicators, the 1DCNN-LSTM model is 5.90%, while the
BP model is 14.92%, and the evaluation effect of the 1DCNN-LSTM model is much
higher than that of the BP model. It shows that the sample features adaptively
extracted by the 1DCNN layer can better reflect the efficient data processing
capability of the network layer than the artificial extraction features, and the short
sequence samples composed of high-level features can effectively improve the
prediction accuracy for the data extraction and analysis of the LSTM layer. Based on
this, the prediction model established by the 1DCNN-LSTM network can accurately
predict the improvement direction of the mapping technology under different
parameters, which fully proves that the prediction model has strong applicability and
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high prediction accuracy. According to the above results, it can be concluded that the
model meets the requirements of accurate prediction [28].

3.3. APPLICATION OF NEW TECHNOLOGY OF SURVEYING
AND MAPPING IN PETROLEUM GEOLOGICAL
EXPLORATION

3.3.1. FIELD SURVEYING AND MAPPING

When using new surveying and mapping technology for field surveying and
mapping work, it is necessary to select an accurate measurement point to ensure the
accuracy of the measurement results[29-30]. Since this measurement point has a
decisive impact on the accuracy of the entire measurement Make preparations such
as the frame to ensure that the technology can be effectively used.

3.3.2. CLOTH NET

In the work of network layout, it is necessary to use connection points or line
connections to achieve it. When performing network layout work for different
measurement areas, it is necessary to do a good job of understanding the local terrain
and formulate a reasonable network layout strategy according to the situation of the
measurement area. For example, in the process of work, two different ways of
construction network and information network are formulated according to the needs.
At the same time, reasonable network distribution can also ensure the network
strength during work, to ensure that the system can make full use of the network for
efficient data measurement and storage, and at the same time make the
measurement results more accurate.

3.3.3. DYNAMIC REAL-TIME MAPPING

The dynamic real-time surveying and mapping work requires a base station, and at
the same time surveying and mapping, it is ensured that each device is used
reasonably to improve the accuracy of the surveying and mapping work. In the survey
work, it is necessary to use a large number of wireless transmission technology, and
the obtained surveying and mapping results are sent to the information receiving
station. When observing whether the rover at the scene can receive the information
sent from different sending stations, it can also rely on the data transmitted by the
base station. to locate. The base station and the mobile station can use the data
observed by themselves and the difference value transmitted by themselves to
calculate to obtain the relative positions of different stations, to output and store the
three-dimensional coordinates.

3.3.4. GEODETIC CONTROL NETWORK
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The new surveying and mapping technology in the geodetic control network is to
use satellite positioning technology to complete the measurement of the basic control
network. Since my country has a very large land area, the distance between each
geodetic control network Measuring tool does not perform effective distance
measurements. In the measurement of the urban control network, measurement tools
need to be used frequently, and the measurement tools need to cover a larger area
and have higher accuracy. The new technology of surveying and mapping has the
above characteristics, can meet the requirements of related surveying work, and has
the advantage of simple operation, which can solve the above surveying problems.

4. CONCLUSION

The traditional surveying and mapping technology has low work efficiency and
requires a lot of human resources to complete the survey work, but the final
information accuracy is poor. This study, this paper takes petroleum surveying and
mapping technology as the research object, and establishes a prediction model based
on the combination of one-dimensional convolution and long short-term memory
(1DCNN-LSTM) neural network, using orthogonal optimization to optimize input
parameters, increase prediction accuracy, and at the same time with BP The accuracy
of the neural network is compared, and the following conclusions are obtained: (1)
The input parameters of the 1DCNN-LSTM optimized by the orthogonal test
optimization method, the results predicted by the model have high prediction
accuracy, high prediction effectiveness, and correlation. The influencing factors are
the dynamic real-time surveying and mapping depth and the geodetic control network
point helix angle, field surveying, and network layout; (2) The prediction accuracy of
1DCNN-LSTM for oil exploration surveying and mapping technology is significantly
higher than that of BP neural network, and the errors of the two are the highest,
respectively. 10.1% and 25.1%; (3) The sample features adaptively extracted by the
DCNN layer can better reflect the efficient data processing capability of the network
layer than the artificially extracted features, and the short sequence samples
composed of high-level features are for the data of the LSTM layer. Extraction
analysis effectively improves prediction accuracy.
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ABSTRACT

The present study was conducted drinking water treatment plant located in districts
which is (Al-Rusafa) in Baghdad city. The study aims to assess the water quality
produced from the above plant using various water quality indices. Twelve physical
and chemical parameters have been tested which are pH, turbidity, electrical
conductivity, calcium, magnesium, chloride, total hardness, alkalinity, sulfate, sodium
and total dissolved solids. Five different approaches and methodologies of water
quality indices were applied to get the level of pollution during a period of nine
months, starting from November 2021 until July 2022.The values WAV WQI for water
treatment pant indicate that the water quality was good. Also, the results of the MNE
WQI showed that water treatment plant produced clean water, but Al-Rusafa
treatment plant in April, the water was very clean. The values of (weighted method)
indicated that the water quality for water treatment plant was good. It was found that
water treatment plant studied gives excellent quality using based on values of CCME
and BCWQ)I indices. It is found that the values of all chemical and physical
parameters are within Iraqi standards. Finally, in the present study, many statistical
equation were found for the purpose of calculating the water quality index for water
treatment plant studied with a proper coefficient of determinations.

KEYWORDS
Water Quality Indices, WAV WQI, water treatment plants, CCME, BCWQI.
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INTRODUCTION

Water is a valuable natural resource that we utilize for drinking and a variety of
other reasons in our daily lives. [1]. Safe drinking water is essential for human health
around the world; as a universal solvent, water is a primary source of protection
against contamination and illness, according to the World Health Organization (WHO)
Water-borne diseases account for 80% of all diseases, and drinking water in many
countries does not satisfy WHO criteria [2], with 3.1 percent of deaths attributed to the
unclean and poor quality of water. [3]. Water pollution occurs when unwanted
contaminants enter water, altering its quality and posing a threat to the environment
and human health. [4]. Some drinking water supplies have been contaminated with
germs, viruses, heavy metals, and salts as a result of insufficient treatment and
management of waste industrial outputs. [5] Diseases such as cholera, dysentery, and
typhoid are caused by a lack of safe drinking water and proper sanitation measures,
and millions of lives are lost each year in impoverished countries [6]. Water is required
not only for metabolic systems in the human body, but also for other activities related
with human life, such as distilled water for laboratories, medical factories, minerals in
drinking water, industries, agricultural, aquatic cultures, and other similar activities [7].
The WQI can be defined as a mathematical tool transforming large quantities of data
obtained from physical and chemical properties of water into a single number
representing the level of water quality (Bharti and Katyal, 2011) [14]. Water quality is
determined by its physical, chemical, and biological characteristics. Before using
water for different intended uses, such as potable, agricultural, recreational, and
industrial water utilizations, it is vital to determine the water's quality. It's critical to
establish water quality metrics in order to assess the condition, quality, and level of
contamination of surface water. Processing related data is necessary, and
professionals should be shown the outcomes. Using water quality indicators is one of
the simplest ways to evaluate current water quality conditions [10]. A need for all living
things as a result, "no water, no life" is correct [9]. As a result, the goal of water
treatment is to deliver water that is as close to pure as possible. Depending on the
source of water, the degree of contamination, and the desired water quality, this
treatment may be traditional or advanced. All water treatment plants in Iraq are
conventional, and they strive to remove suspended and pathogenic contaminants.
Sedimentation and filtering with coagulant assistance are employed to remove
suspended and colloidal particles in these traditional plants, and chlorine is used to Kkill
pathogens. After the water had went through the treatment process, multiple tests
were carried out to measure its parameters and compare them to standards in order
to assess its quality and determine whether it fulfilled the requisite criteria. Physical,
chemical, and biological factors are all tested in this water.

The Tigris river is Baghdad's primary source of drinking water; yet, in recent years,
there has been a rise in wastewater and direct Tigris river discharge. Furthermore, the
presence of antibiotics in drinking water, in addition to other contaminants, was
discovered [8], As a result, one of the most important resources is water.The research
on green ecological agriculture management is of great significance to the
development of ecological agriculture and the solution of various drawbacks and
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crises brought by modern agriculture. However, in the current e-commerce sales, the
safety and quality of agricultural products cannot be presented to customers. Based
on this, in our research, we build an information-based digital management platform,
which includes developed languages, frameworks and database. In the digital
information management platform, we track and monitor the agricultural product
information of green ecological agriculture in Northeast China throughout the whole
process, so as to ensure the safety and quality of the agricultural products during the
sale of the agricultural products on the e-commerce platform. In addition, we also
discussed the economic benefits of this digital information platform for green
ecological agriculture.

CONSTRUCTION OF INFORMATION DIGITAL
MANAGEMENT PLATFORM

In order to better understand the situation of green ecological agriculture in
Northeast China, this chapter mainly introduces the development languages,
development frameworks and tools used in the electronic platform of agricultural
products, and gives a brief introduction to them according to the situation of green
ecological agriculture in Northeast China. The advantages and reasons for selection
are analyzed one by one. These theories or tools include: languages, frameworks,
and databases.

It is necessary to continually studying the water quality, because it is greatly affects
human health. For the purpose of evaluating the level of drinking water quality in the
city of Baghdad, more than one water quality index has been used and selected plant
on the Rusafa side, which is: AL-Rusafa.

STUDY AREA AND METHODS

The present study was conducted to evaluate the treatment efficiency of water
treatment plant in the city of Baghdad on the Rusafa side which is :( AL-Rusafa) using
five indices of water quality. The source of raw water of these plant is the Tigris river.

Samples of drinking water were collected from plant studied for the period from
November 2021 to July 2022. Twelve parameters were used for calculating the water
quality index. These parameters are: pH, turbidity, electrical conductivity, calcium,
magnesium, chloride, total hardness, alkalinity, sulfate, sodium and total dissolved
solids. The lIragi recommended Guidelines for drinking water specifications are
presented in Table 1.

1. MEASUREMENT OF WATER QUALITY INDEX

The most general characteristic of the present study is the use of several water
quality indices in order to ascertain the level of pollution in sone water treatment plant
in the Baghdad city Al- Rusafa side.The water quality indices used in the present
study are as follows:
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1.1. WEIGH AVERAGE METHOD WAYV (WQI)
The WQI index can be determined by the following steps [11]:
1) In this method each parameter has been given a relative weight (Wi).

2) Computing the quality rating scale (qi) for each parameter by using the following
equation:

qi=(Ci/Si)100 (1)
Where:
gi= quality rating scale
Ci= concentration of each parameter in each water sample in (mg/L).
Si=Iraqgi drinking water standards for each chemical parameter.
3) Computing the sub index of each parameter by using the following equation:
Sli=Wixqi (2)
Where
Sli= is the sub index of each parameter
wal =y Sli (3)

1.2. THE MINISTRY AND ENVIRONMENT METHOD MNE WQI

The second water quality index is the method which is adopted by Ministry of
Nature and Environment (MNE) of Mongolia [12]. In this method the number of
parameters has been taken into account and all the parameters have the same
weight. The selected parameters included (Ca+2, Mg+2, TH, Cl-, Na+, SO4-2, Alk,
Fe+3 and TDS).

waQl = > (Ci/Si)/n 4)
Where:

n=is the number of parameters

1.3. WATER QUALITY INDEX

In order to calculate the Water Quality Index, the following steps were used:

Weighting: The word weighting implies relative significance of each of the factor in
the overall water quality and it depends on the permissible level in drinking water as
suggested by Iraqi standard. Factors which have higher permissible limits are less
harmful and have low weightings [13].

Wi = K/Sn (1)
Wi - Unit weight of chemical factor, K - constant of proportionality and is given as:
K=1/(1/Vs1+1/Vs2+ ......... +1/Vsn) (2)
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Vsi - standard value of ith parameter

Rating scale: Each chemical factor has been assigned a water quality rating to
calculate WQ.

Qi =100 [(Va-Vi)/ (Vs-Vi) (3)
Where,
Qi = Water quality for each parameter (i)
Va - average of measured values in the water sample for three months at one place
Vs - Standard value of ith parameter
Vi - ideal value for pure water (0 for all parameters except pH)
The above equation becomes:
Qi=100(Va/Vs) 4)
For pH: The ideal value = 7.0; Max. Permissible value = 8.5,
QpH = 100 [(Va-7.0)/ (8.5-7.0)]
WQIi=Qi*Wi (5)
Water Quality Index (WQI) = [~ QiWi)/ZWi ] (6)

2Wi = total unit weight of all chemical factors.

1.4. THE CCME WQI INDEX:

In the present study CCME WQI was used to calculate the water quality. This index
can be determined as follows:

The F1 is called Scope which represents the percentage of variables that do not
meet their objectives at least once during the interval under consideration (“failed
variables”), relative to the total number of variables measured:

F1=[(Number of failed variables)/(Total number of variables)]*100
F2 is called Frequency which represents the percentage of failed tests :
F2=[(Number of failed tests)/(Total number of tests)]*100

F3 is called Amplitude, which represents the deviations of the failed tests from their
objectives. It is determined as follows:

The term “Excursion” represents the number of times that certain concentration is
different from the objective. When the value of the test is less than the objective,
Excursion is given by:

Excursion=[(Failed Test value)/Objective]-1
When test value is greater than the objective, Excursion is given by:

Excursion=[Objective/(Failed Test value)]-1
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The sum of exertions of individual tests divided by the total number of tests is called
normalized sum of excursions (nse) and is computed as follows:

n .
Y. Excursion
i=1
nse = - -1
Failed Test value

F3 is a function of nse and is given by:

nse
3= -1
0.01 + 0.01nse
Finally CCME WAQI is calculated as follows:

\/F%+F§+F§

1.732

CCMEWQI = 100 —

The water quality is ranked according to CCME WQI as stated in Table(Bharti and
Katyal, 2011)

1.5. BRITISH COLUMBIA WATER QUALITY INDEX (BCWQI).

This index was developed by the Canadian Ministry of Environ-ment as an
increasing index. For water quality evaluation, where water quality parameters are
measured and their violation is determined by comparison with a predefined limit. The
BCWQI makes possible the classification on the basis of all existing measurement
parameters(15). The formula is expressed as:

0.5
2, g2
Fi+F;

BCWQI = | ———
Q 1.453

Where: F1 (scope) = number of the non-succeeded varia-bles to the total number
of the variables; F2 (frequency) = number of the unsuccessful tests to the total
number of tests.

NF

Fl = *100
TNV
NFT

F2 = *100
TNT

Where: NF = number of the failed variables, TNV = total number of variables, NFT
= number of the failed test; TNT = total number of the tests.

In the BCWQI formula 1.453 is the constant used to give confidence to the scale
index number from 0 to 100. The degree of the confidence in the BCWQI depends on
the repeated sampling procedure [POONAM 2013].
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In order to calculate the WQI, the Iraqgi drinking water standard values
corresponding to the measured parameters were used, as shown in Table 1.

Table 1. Iraqi drinking water standards [17],[18],[19],[20],[21],[22],[23]

parameter unit Iraqi standard

pH - 6.5-8.5
Alkalinity mg/L 125-200
Total Hardness as CaCO3 mg/L 500
Magnesium (Mg*2) mg/L 100
Calcium (Ca*2) mg/L 150
Sodium (Na+) mg/L 200
Chloride (Cl-) mg/L 350
Sulphate S04-2 mg/L 400
Turbidity NTU 5
Conductivity ps/cm 2000
TDS mg/L 1000

Table 2. Water quality classification based on WAV method

wal
value

Water Quality

0-25 Excellent

26-50 Good water

51-75 Poor water

76-100 | Very poor water

>100 Water unsuitable for drinking

Table 3. Water quality classification based on MNE method

wal value Water Quality
<0.3 Very clean
0.31-0.89 clean
0.9-2.49 Slightly polluted
2.5-3.99 Moderately polluted
4-5.99 Heavily polluted
6.0 Dirty water
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Table 4. Water quality index scale

wal Description

0-25 Excellent

26-50 Good

51-75 Moderately polluted

76-100 | severely polluted

>100 unfit for human consumption

Table 5. The water quality is ranked according to CCME and BCWQI WQI as stated.

CwaQl Categories Ranks

95-100 Excellent

80-94 Good

65-79 Fair

45-64 Marginal
RESULTS AND ANALYSIS

The values of WAV WQI index of water treatment pant are between (29.91-36.98)
for treated water, and those results showed that indicators of treated water of water
treatment plant studied were good, while the highest value was (36.98) in January due
to the high concentration of Cl- and Mg+2. Also, the results showed that the values of
the MNE WQI of water treatment plant studied are between (0.298-0.35) for the
treated water and all the values indicated that the treated water is clean, but gives
very clean according to MNE method classification in June month, while the highest
value was (0.35) in January due to the high concentration of Cl- and Mg+2. The
values of index of (weighted method) ranged between (33.19-48.44) for the treated
water. The results showed that all index values of treated water of water treatment
plant studied were good, according to WQI method classification. The highest value
found was(48.44) in July, due to the high concentration of TH,Ph and Na. The
obtained value of the Canadian index was (99.99) for the treated water for all months
studied, and the such value indicates that the treated water is excellent according to
CCME method classification. Also, the value of the British index was (100) for the
treated water for all months studied, and such value indicates that the treated water is
excellent according to BCWQI method classification. The statistical program which is
called STATISTICA,version (25) was used concluding statistical equations of water
quality index in terms of time for all plant studied. The coefficient of determination (R2)
is calculated to find the degree of credibility of the equations obtained, which is as
follows of Al-Rusafa Water Treatment Plant as show in the figer.
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In which, WAV is,and t is in( month).The cofficent of determination R2 is equal to
0.855.

WAV=42.45-5.18 t +0.71 (t) 2 -0.03 (t)3 (1)

In which, MNE is,and t is in( month).The cofficent of determination R2 is equal to
0.801.

MNE=40.08-4.47 t +0.67 (t) 2 -0.03 (t)3 (2)

In which, WQ is,and t is in( month).The cofficent of determination R2 is equal to
0.709.

WQI=47.8-9.02 t +2.03 (t) 2 -0.11 (t)3 (3)

[y=42.45-5.18%++0.71*x/2-0.03*"3 R2 Cubic =0.855

38.00
o

36.00

34.00

WAV

32.00

30.00

28.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

month

Figure. 1. Statistical Relationship of WAV Index and Time for Al-Rusafa Water Treatment
Plant.

|y=40.08-4.47"x++0.67*"2-0.03*x"3 R? Cubic =0.801

36.00

34.00

MNE

32.00

30.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

month

Figure 2. Statistical Relationship of MNE Index and Time for Al-Rusafa Water Treatment
Plant.
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Figure 3. Statistical Relationship of WQI Index and Time for Al-Rusafa Water Treatment Plant.

In which, CCME is,and t is in( month)of all Water Treatment Plant:

CCME=0%t+99.99 4)
In which, BCWQ is,and t is in( month)of all Water Treatment Plant:
BCWQI=0*t+100 (5)

9999 f———— 86— 6 — o o' x+99 95

[ ]
[ J

CCME

1 2 3 4 5 6 7 8 9 10 1" 12

month

Figure 4. Statistical Relationship of CCME Index and Time for Al-Rusafa Water Treatment
Plant
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Figure 5. Statistical Relationship of BCWQI Index and Time for Al-Rusafa Water Treatment
Plant.

CONCLUSIONS

The results showed that the treated water quality from the water treatment plant
studies was good according to the WAV classification. All values of MNE index for
treated water from all water treatment plant studied showed that the water is clean but
in April, the water quality was very clean according to MNE method classification. All
values of WQI for treated water produced from water treatment plant showed that
treated water is good water WQI method classification. The results showed that the
water quality for treated water was excellent according to the CCME classification.
Finally the results showed excellent water quality can be obtained for treated water

based on the BCWAQI classification.

Table 6. Average monthly test results for treated water produced from Al-Rusafa WTP.(16)

Parameter unit Value in test
Nov Dec Jan Feb | Mar | Apr May Jun Jul
2021 2021 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022
Turbidity NTU 2.8 1.9 1.7 1.1 1.1 0.9 1.5 1.8 2.0
TH mg-dm-3 | 312 301 331 325 | 299 | 258 257 254 264
PH - 7.88 7.87 | 7.81 79 | 7.88 | 7.87 | 7.89 7.94 7.98
TDS mg-dm-3 | 589 558 585 | 556 | 516 | 456 496 458 471
alk mg-dm-3 | 144 141 148 | 153 | 152 | 148 139 139 141
Cl- mg-dm-3 71 68 73 67 61 53 64 55 62
Mg2+ mg-dm-3 31 29 33 32 28 23 22 23 24
Fe2+ mg-dm-3 | 0.11 0.04 | 0.04 | 0.03 | 0.05 | 0.04 | 0.06 0.05 0.07
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NO3- | mgdm-3 | 042 | 033 | 067 | 043 | 0.78 | 0.99 | 1.16 | 1.01 1.02
NH3+ | mg-dm-3 @ 0.01 0.01 | 0.01 | 0.01 | 0.01 | 0.01 @ 0.01 0.01 0.01
Calcium mg/L 74 73 78 78 74 66 66 64 66
(Ca*?)
Sodium mg/L 706 | 69.2 80 79 93 | 102 | 106 104 131
(Na*)
Sulfate mg/L 195 185 195 188 173 155 168 154 160
(SO4)
EC ps/cm 879 833 873 | 830 770 | 681 741 683 704
Table 7. Water quality indices for Al-Rusafa WTP
WQl | 11/2021 | 12/2021 | 1/2022 | 2/2022 | 3/2022 | 4/2022 | 5/2022 | 6/2022 | 7/2022
WAV | 35.6532 | 34.1972 | 36.9857 | 35.9043 | 33.6845 | 30.0593 | 31.2486 | 29.9148 | 31.8064
MNE | 0.3400 | 0.3266 | 0.3548 | 0.3447 | 0.3288 | 0.2990 | 0.3114 | 0.2983 | 0.3235
wqi | 43.246 | 45.088 | 41.679 | 36.753 | 36.083 | 33.195 | 40.525 | 45129 | 48.441
CCME | 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99 99.99
BCWQl | 100 100 100 100 100 100 100 100 100
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ABSTRACT

In this research, a theoretical study was conducted to calculate the total stopping
power of some relativistic heavy ions (protons and alpha particles) during their
passage through some media (ethylene and benzene) in the energy range (0.01-1000
MeV). The equations were programmed using MATLAB2021, the curve fitting tool was
used, and the calculated results were compared with the experimental data of the P-
Star and A-Star programs for the same missiles in those organic compounds.

KEYWORDS

Mass stopping power, Bethe formula, Relativistic heavy ions, MATLAB2021, P-Star, A-
Star.
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INTRODUCTION

Nuclear and electronic stopping power are two categories of stopping power that
measure the energy loss rate per unit distance in a material [1]. The mechanism of
energy loss depends on the charge and velocity of the charged particle and the nature
of the material medium [2]. When passing in the material medium, As is well known,
charged particles lose some of their kinetic energy when colliding with the target
matter. The continuous operation on the particle path in the medium causes charged
particles to lose kinetic energy until they reach zero, at which point they lose all kinetic
energy and reach the using Bethe equations. [3] It is denoted by the symbol -dEdx
and is measured in MeV.cm-'. The mass stopping power, -dEdx, is calculated by
dividing the stopping power by the density of the material and is measured in MeV
cmz g1 [4]. Electromagnetic force causes an electron to lose energy in collisions with
atomic electrons, resulting in excitation and ionization [5]. In an inelastic collision,
atomic orbital electrons collide. This is so-called because it causes middle-atom
excitations and ionizations (Collisional Stopping Power). In the case of the inelastic
nuclear collisional, "Bremsstrahlung" radiation is produced, with a stopping power
equal to (radiative stopping power) [6]. The overall stopping power of target materials
is calculated when the product of inelastic collisions and excitation is proportional to
the stopping power.Combining the collisional and radiative stopping powers produces
the total stopping power:

< dE> < dE) < dE>

—) =(—) +(— (1)
dx tot dx col dx rad
THEORY

The stopping power of a medium is defined as the average unit of energy loss
suffered by charge particles per unit path length in the medium under consideration,
which can be written as (-dE/dx) depending on the projectile charge and the target
matter. [5]. Mass collision-stopping power is widely used to reduce reliance on
medium density (p). These studies were both theoretical and experimental, employing
a variety of methods. [6]. For compounds, the Bragg additive rule has been found to
be quite effective. According to the rule, The mass-stopping power of a multi-element
substance is equal to the weighted sum of the mass-stopping power of its constituent

atoms. [7].
—dE —dE
= . 2
(de>wm ;w’<de>,- “

Where wi: the ratio of the weight of the elements in the compound.

n;A;
w; = 1 (3)

comp
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ni : number of atoms. Ai: atomic mass of elements in medium, Acomp: atomic mass of
medium, p: the density of the medium, ((-dE)/pdx)_com: Mass stopping power of
compound, ((-dE)/pdx)i: Mass-stopping power for the elements in the compound.

Because the radiative stopping power is efficient, increasing the energy at the
incident -particle energies (100-103) MeV reduces the mass stopping power. [8].

dE zzzlzL "
dx A2 Bethe
where,
2m,c*p?
LBethe =In le——ﬂz —ﬂz—ll’l<l> (5)

K = 0.307075 MeV .cm?/g, Z, the atomic number of elements, Z; the atomic
number of ions (projectile), A atomic mass of elements, f ratio of the velocity of a

projectile to the speed of light, m, Mass of electron, ¢ speed of light, and / ionization
potential of the medium in eV [9].

The stopping power is calculated by multiplying the stopping power multiplied by
the linear attenuation coefficient for a given type of charged particle at a given energy.
(, the probability of an electronic collision per unit distance traveled), as well as the
average energy loss per collision (Qavg). [10].

dE _ /"Qavg U Omax

pdx p p Qmin
The maximum possible energy transfer (Qmax), or the energy transfer by head-on
collision (2y*2mv2), and the minimum possible energy transfer (Qmin), or the
medium's mean excitation energy (I). [11].

owW(Q)dQ (6)

Because it accounts for all possible atomic ionizations, as well as atomic
excitations, an atom's mean The energy of excitation is always greater than the
energy of ionization, whereas the atomic ionization energy is the energy required to
remove the least bound atomic electron (i.e., valence electron in the outer shell)
[12-13].

RESULTS AND DISCUSSION

The mass stopping power was calculated using the Bethe formula for two
materials, ethylene C2Hs4 and benzene CeHe, with a proton and a-particle energy
range from 10-2 MeV to 103 MeV. Using “MATLAB2021” program.

The table (1) show the stopping power values for protons and a-particle in ethylene
and benzene. Figures (1,2,3,4) showed a strong agreement between the current work
with P-Star and A-Star at all energies in target materials, as shown in table.3.
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Table 1. Mass stopping power for proton and a-particle in ethylene C2H4 and benzene C6H6.

Proton «a-particle

Mass Stopping

Energy ) Power ) Mass Stopping Power
2 2
(MeV) p ) p (MeV cm2/g)
(m/sec) (MeV cm/g) (m/sec)
C2Ha CeHe C2H4 CeHs

0.01 0.000021 1384599.00 -7852.4 -8611.1  0.000005 694820.70 -304822.6  -306563.1
0.02 0.000043 1958103.04 -1076.8 -1619.4  0.000011 982622.87 -107151.2  -110612.7
0.03 0.000064 2398157.50 393.282 -32.006  0.000016 1203459.90 -63783.89  -57102.12
0.04 0.000085 2769131.64 886.274 533.449  0.000021 1389633.00 -30945.63 -33972.06
0.05 0.000106 3095958.56 1075.954  772.682 0.000027 1553653.81 -18928.33  -21683.17
0.06 0.000128 3391425.60 1146.474  879.440 0.000032 1701939.05 -11805.29  -14328.20
0.07 0.000149 3663129.05 1163.762  924.506  0.000038 1838300.58 -7242.972 -9570.128
0.08 0.000170 3916018.40 1155.540 938.330  0.000043 1965222.03 -4157.814  -6318.883
0.09 0.000192 4153531.58 1134.760 935.521  0.000048 2084428.54 -1986.755  -4005.564
0.1 0.000213 4378171.74 1107.924  923.647  0.000054 2197176.18 -412.133  -2307.846
0.2 0.000426 6191175.36 839.016 730.547  0.000107 3107213.86 4320.087  3113.057
0.3 0.000639 7582004.78 670.562 591.876  0.000161 3805467.69 4645.263  3739.487
0.4 0.000852 8754245.98 562.137 499.727  0.000215 4394087.21 4423.349  3690.215
0.5 0.001064 9786763.18 486.476 434.440 0.000268 4912640.04 4121.660  3501.760
0.6 0.001277  10720006.14 430.447 385.646  0.000322 5381419.30 3831.700  3292.375
0.7 0.001489  11578005.86 387.120 347.676  0.000375 5812480.28 3572.041 3093.279
0.8 0.001702  12376421.14 352.508 317.204  0.000429 6213677.83 3343.647  2912.233

0.9 0.001914  13126129.51 324.151 292.148  0.000483 6590468.06 3143.163  2749.883

1 0.002127  13835051.47 300.446 271.143  0.000536 6946823.60 2966.558  2604.714
2 0.004247  19550123.42 178.982 162.674  0.001072 9822317.05 1936.584 1729.670
3 0.006360  23924853.58 130.633 119.107  0.001607  12027414.67 1468.118 1320.013
4 0.008467  27604077.67 104.049 95.052  0.002142  13885271.85 1195.475 1078.973
5 0.010566  30837790.82 87.044 79.625  0.002677  15521087.77 1015.060 918.483
6 0.012659  33754316.50 75.153 68.817 0.003211 16999085.82 885.915 803.130
7 0.014746  36429950.03 66.331 60.788  0.003744  18357425.61 788.426 715.791
8 0.016826  38914444.53 59.505 54.569  0.004278  19620975.41 711.953 647.124
9 0.018899  41242388.30 54.055 49.598  0.004810 20807012.35 650.195 591.568

10 0.020966  43438986.55 49.593 45526  0.006343 21928118.41 599.173 545.599
20 0.041280  60952149.63 28.066 25.835 0.010643  30949015.06 346.153 316.661
30 0.060967  74074752.06 20.126 18.551 0.015900  37829067.08 249.383 228.630
40 0.080055  84881964.82 15.926 14.693 0.021116  43594415.15 197.198 181.032
50 0.098566  94185858.35 13.308 12.285  0.026291  48643452.36 164.229 150.910
60 0.116525 102407122.21 11.512 10.632  0.031425 53180963.13 141.379 130.009
70 0.133952 109798179.81 10.200 9.424 0.036518  57328875.04 124.546 114.596

80 0.150868 116525142.64 9.197 8.500 0.041571  61166812.12 111.594 102.729
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90 0.167293  122704532.11 8.406 7.771 0.046584  64750208.80 101.300 93.291
100 0.183247  128422011.09 7.764 7.179 0.051559  68119520.35 92.909 85.593
200 0.320379  169806066.13 4.772 4.418 0.099230  94502418.39 52.924 48.856
300 0.425665 195729016.46 3.734 3.460 0.143396  113602884.92 38.452 35.5632
400 0.508253 213875689.79 3.214 2.979 0.184391  128822328.17 30.889 28.562
500 0.574229 227333673.23 2.905 2.694 0.222512 141513629.59 26.219 24.255
600 0.627766  237694985.92 2.705 2.509 0.258022 152387617.68 23.043 21.325
700 0.671805 245891097.08 2.567 2.382 0.291154  161875929.18 20.742 19.201
800 0.708467 252511435.02 2.467 2.290 0.322114  170265367.43 18.998 17.591
900 0.739312  257949799.09 2.394 2.222 0.351090 177758605.24 17.631 16.329
1000 0.765509 262480130.00 2.338 2.170 0.378247 184505413.74 16.532 15.314

Table 2. Rates of elements in ethylene C2H4, and benzene C6H6.

Target C H
C:H4 0.8563 0.1437
Ce¢Hs 0.9226 0.0774

Table 3. Correlation coefficient between positive calculations Bethe relative equation and

values P-star for the proton and values A-star for a-particle.

Target Proton a-particle
C:H4 0.9745 0.9711
CeHe 0.9877 0.9823
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Figure 1. Show the P-Star mass stopping power in C2H4 as a function of proton energies
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Figure 2. Show the P-Star mass stopping power in C6H6 as a function of proton energies.
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Figure 3. Show the A-Star mass stopping power in C2H4 as a function of -particle energies.
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Figure 4. Show the work with A-Star mass stopping power in C6H6 as a function of a-particle
energies.
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CONCLUSIONS

1.

The Bethe formula is adequate for regulating the mass-stopping power of the
organic compounds investigated.

. Calculations show that the mass-stopping power increases with increasing energy

at incident proton energies (10-1-101) MeV due to the collision-stopping power.

.Because the radiative stopping power is efficient, the mass stopping power

decreases as the energy at the energies of incident particles (10-1-103) MeV
increases.

. Calculations show the mass-stopping power increases with increasing energy at

incident-particle energies (10-2-100) MeV because the collision-stopping power is
the result.

. Because the radiative stopping power is efficient, increasing the energy at the

incident-particle energies (100-103) MeV reduces the mass stopping power.
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ABSTRACT

Fuel Injection is a significant factor when biodiesel-diesel blends are fired in diesel
engines as they have very diverse property when related to diesel. The current work
describes unusual experimental study of Cl engine fuelled with Waste cooking methyl!
ester with copper oxide nano additives at varying fuel injection pressures. The Copper
oxide nano additives were manufactured using homogenous addition method and
were subjected to studies such as XRD and SEM characterization. These synthesized
nanoparticles were later added in waste cooking oil biodiesel blend (WCQO20) with
levels of 10 ppm, 20 ppm, 30 ppm, and 40ppm. The results were noted from a DI-Cl
VCR engine coupled with an eddy current dynamometer. The addition of CuO
particles reduces the ignition delay of WCOZ20 and raises the thermal efficiency of the
engine by an average of 3.9% and limits HC emission by 15.6%.

KEYWORDS

Diesel engine, Performance and emission, NOx emission, nano fuel additives
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1. INTRODUCTION

The frequent rise in fuel prices leads to higher inflation rates which create a hard
time for the common man to face day-to-day economic challenges [1, 2]. The primary
fuel for the transportation sector is diesel and with a high number of diesel engines
running today, researchers have been tasked to find alternate fuel for Cl engines [3,
4]. Diesel engines when patented, used peanut oil and with their strategy of fuel
combustion being compression ignition, thereby denser fuels can be used [5, 6].
Vegetable oils when fuelled in diesel engines in cold environments tend to clog fuel
supply due to their clouding effect at lower temperatures [7, 8]. So the usage of
straight oils as an alternate fuel is out of the question and hence oils need to be
processed to reduce their density and viscosity such that they can be more suitable
for diesel engines [9, 10]. Oils when transesterified lead to ester formation and when
these esters possess properties proportional when equated to diesel fuel. But still,
when the properties of pure esters are compared to conventional diesel fuel they
factor out the possibility to be used as an alternative fuel to diesel engines [11, 12]. To
address this issue, Esterified oils or Biodiesel are blended with diesel fuel and by
doing so, the properties of the Esterified oil-diesel blend have in-line fuel properties
[13, 14]. When these blends are combusted in regular diesel engines, the thermal
performance is good and emissions like CO and HC are limited [15, 16, 1-3]. But the
real problem which restricts the use of Blended Diesel-Oil esters is the fuel
consumption rate and levels of NOx [17, 18]. Researchers performed experimentation
under varying blends 10, 20 and 30% volumetric concentration with diesel and loading
25%, 50%, 75%, and 100% [19, 20]. They concluded biodiesel lowered the efficiency
and enhanced the consumption at all loads. Also, the blends derived from Sterculia
foetida biodiesel lowered the HC, CO, and NOx emissions at all loads when related to
diesel. Yuvarajan Devarajan [30] performed experimental studies on diesel engine
fueled with Ricebrain oil esterified for evaluation of emission and performance
physiognomies Experimentations revealed that blends of rice bran biodiesel
augmented the thermal efficiency and plummeted the BSFC values of the engine
[21-23]. Furthermore, the NOx, Smoke, HC, and CO also recorded a decent fall.
Shanmugam et.al [29] conducted experimentation using 1-decanol blend designated
as D70L20DEC10 under variational influence of CR (16:1, 17.5:1, and 19:1) and EGR
(0%, 10%, and 20%) on diesel engine characteristics. They found that the NOXx
emission rose with rising CR and condensed with growing EGR rates. Both HC and
CO emissions dropped with higher CR values and were augmented with the insertion
of EGR. They concluded the CR 19:1 and 10% EGR rate were the best operating ClI
engine parameters for the ternary blend. Esterified oils or Biodiesel have low calorific
value due to which, the combustion of fuel is better but the amount of fuel consumed
per power unit is higher [24-27]. Researchers have tried to address this issue by
varying the fuel injection pressure and timing of fuel inlet into the combustion chamber
[28-30]. Lower Biodiesel-diesel blends have slightly higher density and viscosity due
to which the fuel management systems [8-10], have to be changed for better
combustion of these denser blends [31]. Increasing the fuel inlet pressure does push
the fuel further in the compressed air and thereby enhancing the fuel-air mixing
process [31, 32]. But by doing so, the fuel pump and injector need to be changed
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[31-35]. Also, denser fuels when injected at higher pressure show higher fuel
combustion pockets thereby exhibiting, a higher amount of uncontrolled combustion
activity [16, 17]. In recent years, a lot of work is done to challenge this malfunction and
one of the ways seems to be the use of nano metal oxides [13-15]. Nano metal oxides
have a higher surface area than volume ratio, which tends to absorb the heat of
combustion and retard the ignition delay of fuel [12]. Nano fuel additives also increase
the amount of fuel combustion activity and also help in the reduction of soot formation.
In addition to this, many Nano metal oxide additives also retard the formation of CO
and HC emissions which signify cleaner fuel burning [19]. In the current paper, a blend
of used cooking oil esters-diesel with copper oxide nano fuel additives is used to
power diesel engines with variations in fuel injection pressure. The reason behind
using waste cooking is to reduce the amount of wastage of used cooking oil and also
the literature on enhancing the emission reduction using WCO and nanoadditives is
minimal.

1.1. NOVELTY OF CURRENT STUDY

The paper concentrates on the impact of variation of fuel injection pressure (FIP),
as an engine parameter and gradational dosing level of copper oxide nanoparticles
WCO20 blend. WCO20 blend was chosen because the current biofuel policy framed
by Government of India is the implementation of 20% biodiesel blending in diesel fuel.
Also, the properties observed by the 20% blend of WCO and Diesel were in line with
diesel fuel. The entire study is performed in 2 stages. In the primary stage, Copper
oxide nanoparticles were synthesized using the homogenous addition method and
subjected to nanoparticle studies such as XRD, and SEM for significance and
morphological study. Collaterally used cooking oil is transesterified using KOH and
methanol. And Finally, the synthesized Copper oxide particles are added to the
WCO20 blend (80%vol.:20 %vol. diesel-waste / used cooking oil methyl ester) at
various dosing levels of 10, 20, 30, and 40ppm to obtain nano fuel blends of
WCO20+10ppm CuO, WCO20+20ppm CuO, WCO20+30 CuO, and WCO20+40ppm
CuO. These derived four fuel blends were fuelled in a VCR-CI engine with variations
in load (25%, 20% 75%, and 100%) and fuel injection pressure variations (180bar,
210Bar, and 240Bar).

2. EXPERIMENTAL PROCEDURES

2.1. NANOPARTICLE BLENDS

Copper Oxide particles were synthesized using a homogenous addition method,
where 2.01 gms of potassium hydroxide and 2.87 g of Cuprous Chloride (CuCI2) were
taken and mixed in deionized water (solvent). Later, this mixture was filtered filter
separation process. The strained matrix was dried and sintered further with a sintering
temperature of 600 deg (Celsius scale). The sintered particles were subjected to
various characterization techniques to signify the formation of Copper Oxide. X-ray
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diffraction was observed on the particles (Figure 1). The observations were noted on
the peaks observed in fig.1 which resemble JCPDS No 48-1548. Table 1 provides the
necessary data obtained from the XRD spectra analysis. The FESEM imaging of the
particles explains the flake type morphology. Figure 2 shows the FESEM images of

CuO particles. The average particle size observed under 500nm magnification was
around 289 nm.

Figure 1. X-ray diffraction of CuO nanoparticles.

Table 1. Characterization of copper oxide nano additives.

Parameters Size
Lattice constant (c) 4.259
% phase 541
Crystalline size 89.35
Theoretical density 37.36 nm
Axial ratio (C/A) 5.95e5 g/cm3
Average particle size 305.59 nm
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Figure 2. FESEM of CuO nanoparticles.

2.2. BIODIESEL PREPARATION

Used cooking oil was obtained from the local restaurants that used refined rice
bran oil for cooking or frying food items. This oil was first sieved for removal of
impurities and later transesterified using a known volume of methanol and KOH as
reaction catalysts using the soxhlet apparatus [28]. The time for the transesterification
reaction was kept at 2hrs and the reaction temperature was maintained at 65 deg.
Celsius. Later the obtained esterified mixture was subjected to gravity separation,
where the bioester was separated. These derived esters were later washed several
times to remove traces of methanol and KOH. The washed used cooking oil methyl
esters were later blended with diesel to volumetric proportions of 20%vol. Methyl
esters: 80 % vol. Diesel.

2.3. PREPARATION OF TEST FUELS

Four solutions (150 ml) of Isopropyl alcohol were taken and copper Oxide
nanoparticles particles were dissolved at various concentration levels of 10, 20, 30,
and 40ppm. Later these four nano fuel solutions were added to the Used Cooking oll
methyl ester blend WCO20. Later this biodiesel having CuO nano fuel were subjected
to ultra sonication at preset rpm. Further, diestrol surfactant was added to bring up
better mixing through surface modification. So a total of 04 Biodiesel test fuels were
prepared and designated as WCO20+10ppm CuO, WCO20+20ppm CuO,
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WCO020+30 CuO, and WCO20+40ppm CuO. The properties of solutions are tabulated

in Table 2.
Table 2. Thermo physical properties of test fuels.
Property | Standard | WC020 WCO020+10 | WC020+20 | WCO20+30 | WCO20+40 Diesel
ppm ppm ppm ppm
Density, IS 1448
kg/m3 P16 844 847 851 855 859 825
Calorific
value, ISF]_448 40.52 40.66 40.69 40.72 40.67 42.62
6
MJ/kg
Kinemati
c IS 1448
Viscosity | P:25 4.25 4.23 4.21 4.15 4.14 2.83
at40 0C
Flash IS 1448
point, 0C P20 91 96 95 96 96 69
Cloud IS 1448
point, 0C P10 8.9 9.1 9.2 9.2 9.2 6.2
Pour IS 1448
point, 0C P10 4.5 4.6 4.6 4.7 4.7 34
Cetane Calculativ
index e Method 51 ) ) ) ) 42

3. EXPERIMENTAL SETUP

The experimentation of 04-derived WCO20 blends having CuO particles was tested
on a Direct Fuel Injection-VCR test rig. The engine was governor controlled for a
preset speed of 1500rpm and the specifications of the engine are tabulated in Table
03. Figure 3 elaborates the line sketch of the test setup. The observation relating to
thermal performance and emissions were noted at CR17.5 and injection timing of 23
deg. bTDC. The engine was warmed by using diesel as starting fuel and later
changed for the remaining fuels. Also, the engine was allowed to run until
stabilization. The readings were noted at incremental loads of 25%, 50%, 75%, and
full engine load and at pulsating fuel injection pressures of 180bar, 210bar, and 240
bar pressures. The variation of Injection pressures was done by using calibrated
injectors of defined fuel injection pressures of 180bar, 210bar, and 240bar. The
specification of the fuel injectors is tabulated in table 04. Uncertainty analysis was
performed using all the values of instruments and emission responses. The Overall
error of the amount of uncertainty was around +2.29%. Table 05 displays all the
instrument's range and accuracy and level of vagueness.
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Table 3. Engine Specifications.

Manufacture Kirloskar Oil.
SFC 251 g/kWhr.
Rated power o4 k\évpal\t/l1500
Standard CR 17.5:1
Bore 87.5 mm
Stroke 110 mm

Injection Timing 23 deg before TDC

Inlet valve open
bTDC

Exhaust valve open 35.5deg b BDC

4.5 deg bTDC

Inlet valve close 35.5 deg a BDC

Exhaust valve close 4.5degaTDC

Figure 3. Schematic diagram of experimental engine test setup.
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Table 4. Injector specifications.

Injector Make Bosch
Fuel Injection pressure 180,210, 240bar
Number of Holes 3
Type of Injection Jerk type
Nozzle Hole diameter(mm) 0.16

Table 5. Device specifications and terminology.

Device specification Range Accuracy Uncertainties
Carbon monoxides (CO) 0-10.00% +0.01% 0.1
Carbon Dioxides (CO2) 0-20.00% 10.01% +0.15

Oxides of Nitrogen (NOx) 0-5000 ppm +1 ppm 0.2
Oxygen (02) 0-25.00% +0.01% +0.1
Hydrocarbons (HC) 1-1500 ppm +1 ppm 0.2
Exhaust gas temp. (EGT) 0-5000C +10C 0.1
Tachometer 0-10000 rpm 10 rpm 0.2

Fuel flow meter 1-30 cc 0.1 cc 0.5

4. RESULTS AND DISCUSSION

The results of the engine are categorized into two stages. In the first stage, the
performance results of the engine were measured in terms of thermal efficiency, rate
of fuel consumption, and the temperature of combusted gases. In the next phase, the
emissions studies coming out of the engine are measured by using AVL make gas
analyzers and smoke meters. All Performance and emissions responses were noted
varying loads with increments of 25% loading and at static Engine Volumetric ratio of
17.5 and Fuel Injection timing of 23 deg. bTDC.

4.1. PERFORMANCE STUDIES

4.1.1. BRAKE THERMAL EFFICIENCY

The derived thermal efficiency of 04 nanoparticle-dosed WCO20 blends, WCO20
blend, and Diesel is portrayed in Figure 4. The observations were noted for 06 fuels in
incremental loads of 25%. It could be illustrated from Figure 4 that as the load is
incremented the BTHE values also rose. Also, we could so see that the addition of
CuO additives does boost the BTHE values. The amount of rise in BTHE for WCO20
with 10ppm, 20ppm, 30ppm, and 40ppm is when compared to base blend (WCO20)
and the rise thermal output observed for WCO20+10ppm, WCO20+20ppm,
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WCO20+30ppm, and WCO20+40ppm when compared to diesel was. This was due to
the phenomenon of secondary atomization and the micro explosion of Cu-lsopropyl
alcohol nano fuel emulsion. These emulsified fuels tend to shorten the ignition delay
and there increasing the combustion duration due to which the BTHE values were
found high. When Nano additive-alcohol solution is exposed to higher pressure and
temperature environment, leads to an explosion of alcohol. Later this explosion or
combustion further diminishes the ignition delay of the WCO20 fuel. This catalytic
combustion activity is responsible for the enhanced thermal efficiency phenomenon.
Furthermore, the initiation of higher fuel inlet pressure does provide better mixing of
air/fuel and thereby contributing to retarded fuel ignition delay. Also, we could observe
the maximum thermal efficiency was observed for WCO20 having 20ppm of CuO at
240bar. The observations found are in line with [21, 22].

25% load 50% load

100% load
75% load

Figure 4. Variation of brake thermal efficiency at varying injection pressures, loads and levels
of CuO.

4.1.2. BRAKE SPECIFIC FUEL CONSUMPTION

The main limiting factor why Biodiesel blends are not so extensively used is due to
the fuel consumption rates and Figure 5 exhibits the BSFC values for varying FIP(fuel
Injection pressure) and load variations. The least BSFC values for loads were shown
by diesel and this was due to the higher heating value of diesel which contributes to
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attaining higher HRR values [24]. It could be observed that when Copper oxide was
added to WCO20 blends the BSFC values does plummet to a small extent. The
percentile decline found when WCO20 with 10ppm, 20ppm, 30ppm, and 40ppm of
CuO was doped was 1.6%, 4.2%, 3.3%, and 3.2% respectively when compared to the
base blend. The addition of these oxide additives in the WCO 20 blend does retard
the fuel ignition delay and thereby time allocation for the total amount of fuel
combustion per KW of power is more. However, the values of BSFC of WCO20 with
CuO were not promising when compared to diesel. Also, it could be noted that at
higher FIP and at full load conditions, the BSFC values were least for all test fuels.
Biodiesel which is denser and has a higher flash point does require enhanced fuel
injection pressure for them to stream into denser compressed air. The amount of
decline of BSFC values when injection pressure was changed from 210bar to 240 bar
for WCO 20, WCO+10ppm of CuO, WCO+20ppm of CuO, WC0O20+30ppm of CuO,
and WCO20+40ppm of CuO was 3.4%, 4.6%, 4.3%, and 4.2% respectively.

Figure 5. Variation of brake specific fuel consumption at varying injection pressures, loads
and levels of CuO.

4.1.3. EXHAUST GAS TEMPERATURES

Exhaust gas temperatures (EGT) of the Cl engines play a prominent role in the
formation of oxides of nitrogen emissions [18]. Also, higher combustion rates display
higher HRR and EGTs. Figure 6 explains the temperatures of exhaust gases formed
after combustion at varying Loads and FIP’s for all 06 test fuels. WCO20+20ppm
displayed Peak EGT values for 240bar pressure and at full load conditions and diesel
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displayed the least EGTs for all loads and FIP’s. The rise in EGT was found when the
FIP was changed from 210bar to 240 bar for WCO 20, WCO+10ppm of CuO,
WCO+20ppm of CuO, WCO20+30ppm of CuO, and WCO20+40ppm of CuO was
5.6%, 6.2%, 8.3%, 7.8%, and 7.7% respectively when compared to diesel. Also, the
EGT ascent percentile at 240bar for WCO+10ppm of CuO, WCO+20ppm of CuO,
WCO020+30ppm of CuO, and WCO20+40ppm of CuO was 3.6%, 4.5%, 3.9%, and
3.7% respectively when compared with Base blend WCO20. This might be due to
higher injection pressure and good cetane rating of fuel which tend to control the
combustion activity and thereby reduce the fuel ignition delay.

Figure 6. Variation of exhaust gas tempratures at varying injection pressures, loads and
levels of CuO.

4.2. EMISSION STUDIES

4.2.1. OXIDES OF CARBON

During the oxidation of fuel, the products do have the presence of carbon dioxide
as a result. Furthermore, its conventional wisdom that, the higher the CO2 levels, the
better the combustion of fuel [4, 6]. On the other hand, the presence of CO in the
exhaust gases of fuel combustion signifies incomplete combustion. It can be observed
from Figure 7 and Figure 8 the percentile presence of CO and CO2, respectively, for
all 6 fuels incremental load and fuel injection pressure. It could be observed that
amount of CO2 increases with increasing load and fuel injection pressure. Diesel
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exhibits the least CO2 levels when compared with WCO20. Also, the presence of CuO
in WCO20 shoots up the levels of CO2. The percentile rise in CO2 levels when CuO
is added in WCO with adulteration levels of 10ppm, 20ppm, 30ppm, and 40ppm is
2.8%, 4.9%. 4.4% and 3.7% when compared with WCO20. Also, with the
enhancement in the Injection pressure from 210bar to 240bar, the rise in CO2 levels
found were 2.3%, 3.2%, 3.5%, 7.6%, 6.1%, and 6.2% for Diesel, WCO 20,
WCO+10ppm of CuO, WCO+20ppm of CuO, WCO+30ppm of CuO, and
WCO+40ppm of CuO respectively. Emulsified esters have good cetane number and
the presence of nanoadditives does retard the fuel ignition delay and thereby
incrementation combustion duration due to which the formation of dioxides are more
than CO.

Figure 7. Variation of CO2 emissions at varying injection pressures, loads and levels of CuO.

4.2.2. CARBON MONOXIDE

When the levels of carbon dioxide rise, the levels of CO reduce for test fuels.
Figure 8 explains the levels of CO emissions. It could be observed that Diesel fuel
combustion provides the highest CO levels when compared to other fuels. The levels
of CO declined with a gradual rise in engine loads and fuel injection pressure which
are in line with the findings of [7, 11]. Also, the addition of CuO in the base blend
further reduces the CO emission. The percentile descent in CO levels when CuO is
added in WCO20 with sullying levels of 10ppm, 20ppm, 30ppm, and 40ppm is 1.9%,
3.8%. 3.4% and 3.2% respectively when compared with the base blend. Also, with the
enhancement in the Injection pressure from 210bar to 240bar, the rise in CO2 levels
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found were 2.3%, 3.2%, 3.5%, 7.6%, 6.1%, and 6.2% for Diesel, WCO 20,
WCO+10ppm of CuO, WCO+20ppm of CuO, WCO+30ppm of CuO and WCO+40ppm
of CuO respectively.

Figure 8. Variation of CO emissions at varying injection pressures, loads and levels of CuO.

4.2.3. HYDROCARBON EMISSION

Hydrocarbon emission is eminent in fuel combustion even though diesel engine
operates in Lean air-fuel mixture ratios. Figure 9 shows the obtained ppm levels of HC
emission for all test fuels at varying loads and fuel injection pressures. It was
observed that with incrementation of engine load and fuel Injection pressure the levels
of HC emission reduced. Diesel showed the highest HC emission when compared to
the rest test fuels. It could be observed that with a change in fuel injection pressure
from 210bar to 240bar, the percentile descent in HC emission for Diesel, WCO 20,
WCO+10ppm of CuO, WCO+20ppm of CuO, WCO+30ppm of CuO, and
WCO+40ppm of CuO is 5.56%, 11.76%, 12.5%, 20%, 18.75%, and 13.6%
respectively. Also the addition of CuO in WCO20, the observed decent in HC emission
was 6.67%, 21%, 16.7% and 17.6% for 10ppm, 20ppm, 30ppm and 40ppm
respectively. These are in line with the findings [6, 23].
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Figure 9. Variation of HC emissions at varying injection pressures, loads and levels of CuO.

4.2.4. NITROGEN OXIDE EMISSION

The development of Nitrogen oxides is inevitable as the combustion of fuel will lead
to heat generation and which in turn acts as a catalyst for the formation of NOx [20,
27]. It could be observed from Figure 10 that with incrementation of load and fuel
injection pressure leads to rise in levels of NOx [25, 26]. The temperatures of
combusted gas play a direct role in signifying the NOx emission as higher EGT leads
to higher combustion temperature and higher temperature acts as a catalyst for NOx
formation. Most researchers have often discussed the heavy rise in NOx levels with
higher volumes of Biodiesel in biodiesel-diesel blends (BDD) which limits the use of
higher BDD blends. In the current study, it was found that the addition of CuO in the
WCO20 blend ascents the NOx levels but to a small extent. It was observed that
higher fuel injection pressure of 240Bar, the ascent found for NOx with 10ppm,
20ppm, 30ppm, and 40ppm addition of CuO in WCO20 was found to be 1.5%, 2.89%,
3.78%, and 4.8% respectively. Similar observations were noted by Keskin et.al.[28]
with 8ppm and 16ppm of manganese dioxide nanoparticles in vegetable oil biodiesel
blends led to an increased NOx emission.

17 https://doi.org/10.17993/3ctecno.2023.v12n1e43.202-223



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Figure 10. Variation Of NOx emissions at varying injection pressures, loads and levels of
CuO.

4.2.5. SMOKE LEVELS

The measured smoke levels for all 6 test fuels could be observed in Figure 11. The
Hartrige Smoke Levels diminished with gradual incrementation of fuel injection
pressure and engine loads. It could be observed that WC0O20 HSU levels were much
higher than that of diesel. It could be observed that with IOP 240 bar, the rise in HSU
levels when compared to Diesel were 17%, 11.2%, 10.3%,10.2%, and 10.8%
respectively for WCO20 having 0, 10ppm, 20ppm, 30ppm and 40ppm of CuO. Also,
with the addition of CuO in WCO20 at 240 bar pressure, the descent of HSU found
was 1.9%, 6.4%, 4.7%, and 4.3% respectively when compared to the Base blend
(WCO020).
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Figure 11. Variation of smoke levels emissions at varying injection pressures, loads and

levels of CuO.

5. CONCLUSIONS

The present explains the performance and emission features displayed by engine
when fuelled with Waste Cooking oil blend and with addition of copper oxide fuel
additives with dosing levels of 10ppm, 20ppm, 30ppm and 40ppm. The engine
observations were noted at increasing loads and variations in fuel inlet pressure.
Below are some major inferences witnessed.

1.

The addition of CuO in WCO20 does retard the Viscosity of fuel and increases
the density of fuel.

The Presence of Copper oxide Nano-additives in WCO20 blend does
contribute in reducing the ignition delay. This reduction helps in obtaining the
complete combustion of fuel.

Higher Fuel Injection pressure does play a promising role in improvement in
Performance and emission features of engine. Also the inculcation of CuO at
Higher FIP of 240bar does further promote in constricting the levels of NOx.

The BTHE of the engine rose with the addition of CuO in WCO20. Also the
BSFC values were limited by the addition of CuO in WCO20.

The Levels of HC and CO retarded with the addition of CuO in WCO20 even at
higher fuel injection pressures. The average decline found for CO and HC
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emission with addition of 20ppm CuO in WCO20 were 2.9% and 12.6%
respectively.
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ABSTRACT

The nanopatrticle was prepared using aqueous extract of naringin Citrus aurantium
and copper salts, which are 100% local materials to combat the white fly Bemisia
tabaci, which have the ability to transmit and spread plant diseases at a very high rate
and pose a great threat to global food production. In tropical and subtropical regions,
the insect problem used in the study has become one of the most serious problems
facing crop protection. The economic losses are estimated in the hundreds of millions
of dollars. The prepared nanoparticles were characterized by the following assays:UV-
visible spectrophotometry, SEM, AFM and FTIR. The results of the study showed that
the nanoparticles of copper salts were more effective in the mortality rates of nymphs,
eggs, and whole insects of the whitefly at concentrations of 100, 200 and 300 ppm, in
addition to that the effectiveness of the nanocide led to higher mortality rates for the
third, fourth and virginal stages of whitefly at 300 ppm concentrations compared to the
results Aqueous extract of Citrus aurantium and copper salts.

KEYWORDS
Nanopatrticles, Bemisia tabaci, SEM, AFM, FTIR, and UV-Visible.
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1. INTRODUCTION

In Iraq, orchids have recently been exposed to infestation with a large number of
different insect pests, which led to various damages in severity and size depending on
the elements of the prevailing climate and among these insect species are the
Aleuroclava Jasmine fly and the jasmine fly on citrus trees. In addition to the white
fruit fly (Mediterranean fly), spiders and powdery mildew insects of citrus trees are
widely spread in the central regions of Iraq's governorates such as Diyala, Baghdad,
Salah al-Din, Karbala, Babil and Wasit, which has exacerbated the damage and the
deterioration of trees and their total production[1,2].Thus the use of chemical
pesticides is one of the most important applied methods for its rapid effect in reducing
high population density and reducing its damage to agricultural crops. It was pointed
out the importance of using a pesticide to control white flies on citrus fruits in Iraq and
the midacloprid, carbosufan and methyl pesticides were also given the highest rates
to kill the whitefly[3, 4].The second half of the twentieth century witnessed an increase
in the use of chemical pesticides in controlling various agricultural pests, and it was
later found that many pesticides have high toxicity and affect human and animal
health as well as negative effects on the entire ecosystem. Likewise, the discovery
and use of techniques such as encapsulation and controlled release led to a radical
change in the use of pesticides, as many pesticide companies produced products
containing nanoparticles with sizes ranging from 100 to 250 nanometers that could
dissolve in water more than it is in current pesticides [5,6].In addition, the
nanoparticles have a role in treating pollution from chlorine solvents, organic chlorine
pesticides, organic dyes and many inorganic compounds [7].The amount of
agricultural pesticides used in Iraq is frightening and requires a serious pause to limit
its use or the use of advanced modern pesticides because it causes many serious
diseases, including kidney failure, cancers of all kinds, congenital and reproductive
malformations and neurological diseases[2,8].Also, farmers' failure to use the
recommended concentrations and relying on their personal experiences in using
these preventive and professional pesticides led to a reduction in safety methods, and
the occurrence of injuries and poisoning for farmers [1,2, 9].Previous experiments
demonstrated the possibility of synthesizing copper oxide nanoparticles using plant
extracts and testing their efficacy as a preservative for wood by using extracts from
neem leaves (Azadirachta indica, Pongamia pinnata, Lantana camara and Citrus
reticulata ) this is for the synthesis of copper [10].While another study showed by
summarizing the data of plants used to synthesize CuNPs nanoparticles and opening
a new path for researchers to explore those plants that had not been used in the past
[11].Also another study showed the development of a non-toxic and cost-effective
biological method for the synthesis of CuNPs, which is a green method for the
synthesis of copper nanoparticles within 15-20 minutes and its high effectiveness
against many pathogenic microbes [12,13,14]. Therefore, this study aimed to arrive at
a preparation of an environmentally friendly insecticide using copper nanoparticles
and to replace the chemicals in preparing copper nanoparticles using the active
ingredients of naringin (Citrus aurantium) extract to control the whitefly.
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2. MATERIAL AND METHODS

2.1. PREPARATION OF AQUEOUS EXTRACTS

Naringin (Citrus aurantium) leaves was prepared by taking 20 grams of previously
washed leaves and cutting them into very small pieces and placed in a volumetric
flask of 250 ml and adding 100 ml of distilled water to them and the mixture was
boiled for 10-12 minutes, then it was filtered and stored in the refrigerator on 4 o C
until experiment and chemical analyzes are performed.

2.1.1. PHYTOCHEMICAL ANALYSIS

The extract of alcoholic naringin prepared for phytochemical detection to reveal the
various biological components of the plant such Tannins, Carbohydrates, Glycosides,
Phenols, Resins, Flavonoids, Saponins, Alkaloids, Protein, Comarins, Turbines and
Steroid was done using standard protocols [11].

2.1.2. PREPARATION OF NANOPARTICLES

It was taken 60 ml of 0.1 M of Cuso4 copper sulfate and added to 10 ml of aqueous
extract of naringin Citrus aurantium gradually with constant stirring, after which a few
drops of 1 M of NaOH were added and the pH was adjusted to 8 of the solution.
Continue magnetic stirring at room temperature for 1 period/ 4 hour until the color
changes to a dark black color, which indicates the occurrence of the reaction and the
creation of nanoparticles, as in Figure 1, [4,15]

Figure 1. Preparation of CuSo4 nanoparticle
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2.2. CHARACTERIZE THE NANOPARTICLES

The nanoparticles were detected at the Nanotechnology Center / University of
Technology/Baghdad by using:

2.2.1. UV-VISIBLE SPECTROMETRY

The ultraviolet rays were used to study the optical properties with a UV-Visible
spectrometry (meter teeh sp 8001) in the range of 300-800 nm [16]

2.2.2. XRD ANALYSIS

It was used X-ray (XRD- 700 Shimadza maxima —a) X-Ray diffract meter to
determine the crystal phases and estimate the size of the crystals, and that with an
electric voltage of 40KV and a current of 30 MA and with a scan range of 100,000)
(-20,000 degrees. Also, XRD patterns were recorded within 0.12. Seconds of
scanning speed and using Cu tubes with copper wavelength 1.54 Ao. [17,18]

2.2.3. FTIR SPECTROSCOPY

An infrared analysis of copper Nano forms was performed with FTIR - 8400S,
SHIMAZW-FTIR spectroscopy with a wavelength ranging between (500 - 4000) cm -
1119, 20].

2.2.4. SCANNING ELECTRON MICROSCOPE (SEM)

The scanning electron microscope is of the type (TESCAN-VEGA / USA) where the
Nano scale particles are scanned with 3 nm beams and 30kv electric voltage knowing
that the device is connected and programmed with computer programs to analyze the
average particle size in the sample [21].

2.2.5. PARTICLE SIZE DISTRIBUTION ANALYSIS

This device is important for determining fast and accurate size distributions of
copper nanoparticles (vision 5.34) with a range ranging from (6- 2 yum nm), and the
dynamic light scattering at 90 degrees, at temperatures from (-110-5) m using high
power (35 mW) for a laser diode.

2.2.6. AFM EXAMINATION

A three-dimensional image was taken showing the copper sulphate nanoparticles
using the deposition method as shown in figure 1.
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2.3. BREEDING WHITEFLY BEMISIA TABACI

Five eggplant seedlings were purchased in pots and placed inside breeding houses
covered from the outside with a dull cloth. Seven pairs of whitefly's adults were
released into each cage for the insect brought from greenhouses and from both sexes
and after 24 hours of laying eggs, the eggs were isolated for each seedling, with the
same the method for nymphs, replicates (eggs, nymphs) were treated, duplicates
were treated with the prepared pesticide by sprinkler, and the killing numbers readings
were taken and recorded after 24, 48, and 72 hours, and the percentage of pesticide
efficacy was calculated using the percentage killing percentage according to Abbot's
formula [6], after which the percentage of the killed percentage was converted into
proportions Angle according to and then subjected to statistical analysis [22]

. Numberofpestbeforetreatmentx Numberofpestaftertreatment
Fatalities % =

x 100(1)

Numberofpestbeforetreatmentx Numberofpestaftertreatment

2.4.FIELD EVALUATION OF THE EFFECTIVENESS OF
NANOPARTICLES ON WHITEFLY

The experiment was carried out on eggplant plants in the greenhouse at the
Zaafaraniya farm in Baghdad city, with three replicates (a plastic house) for the
pesticide under test, and three replicates of the another standard pesticide
(deltamethrine) for good comparison between treatments. The population density of
whitefly Bemisia tabaci was calculated before the control process was carried out by
randomly selecting ten plants for each replicate, in which the numbers of adults were
calculated on the plant leaf in three locations for each plant, which are the top, middle
and bottom (30 leave). Then the plants were sprayed with Nano pesticide by holder,
then the results of killing % were taken after 24, 48 and 72 hours in the same way
mentioned above.

2.5. FIELD EXPERIMENT

For each treatment, the numbers of live eggs, nymphs, and adults were estimated
before treatment and after spraying one day, three days and one week after the start
of the treatment, as the adults were calculated by direct counting method, and the live
numbers of adult adults were counted in the statistical analysis in order to take into
account the accuracy of the experiment in order to not remain dead adult’s adherent
to the surface of the leaf.
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Figure 2. life stages of the whitefly Bemisia tabaci

2.6. STATISTICAL ANALYSIS

The Killing percentage was corrected according to Abbott's equation to angle ratios
[23]. It was subjected to statistical analysis to find out the effect of different factors on
the studied traits. The significant differences between the averages were compared
with the lowest significant difference test [10].

3. RESULTS AND DISCUSSION

3.1. PHYTOCHEMICAL SCREENING

It was presented the active ingredients in the aqueous extract of naringin Citrus
aurantium such as phenols, flavonoids, alkaloids, terpenoid, tannin, protein,
charbohydrates, steroids and saponins in Table 1. Results of this study showed a
highest content of total phenole, alkaloids and protein, then terpenoid, tannin,
charbohydrates and steroides with medium content as in Table 1. Those active
ingredients which are a byproduct of the metabolism in all kinds of fruits and
vegetables act as a great role in protecting the cell from deterioration and stress and
acting as antioxidants to reduce the toxic effects for free radicals [24].

Table 1. The active ingredients in the Citrus Naring aqueous extraction.

Phytochemical test Results
Total phenol ++++
Alkaloids +++
Terpenoids ++
Tannin ++
Protein +++
Carbohydrates ++

https://doi.org/10.17993/3ctecno.2023.v12Nn1e43.225-24]1



233

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Steroids ++

Saponin ++

Heavy content, ++=medium content=+++

3.2. NANOPARTICLES CHARACTERIZATION

The nanoparticles were described in the Nanotechnology Center / University of
Technology / Baghdad followed different ways.

3.2.1. UV-VISIBLE SPECTROMETRY

The ultraviolet rays were used to study the optical properties with a UV-Visible
spectrometry (meter teeh sp 8001) in the range of 300-800 nm [25, 26].

510 500 490 480 470 460 450 440 430 420 410 0

Figure 3. The synthesis of copper nanoparticles using UV-Visible radiation.

3.3. X-RAY DIFFRACTION XRD ANALYSIS

It was used X-ray (XRD- 700 Shimadza maxima —a) X-Ray diffract meter to
determine the crystal phases and estimate the size of the crystals with an electric
voltage of 40KV and a current of 30 MA and with a scan range between 100,000)
(-20,000 degrees. Then, XRD patterns were recorded within 0.12 degrees, seconds of
scanning speed and using Cu tubes with copper wavelength of 1.54 Ao. [27, 28].
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Figure 4. The XRD diffraction of copper nanoparticles

3.4.FTIR- SPECTROSCOPY

An infrared analysis of iron Nano forms was performed with FTIR-8400S,
SHIMAZW-FTIR spectroscopy with a wavelength ranging between (500 - 4000) cm -1
(Huang, et al., 2018). The use of FT-IR is to find the particles and their functional
groups present in the prepared copper nanoparticles. The peaks that appeared are:
3387, 3377.39, 2922, 1645, 15237, 1377, 1246, 1153, 1028, 1028, 9335, 852, 761,
659, 574, 659, 574, 437, 395, 375, that refers to: Alcohol (OH, Alkane (C-H), Alkene (=
C-H), Amine (C-N), Nitro compounds (N-O), Stretch-Acid (OH) and Ester (C=C)
[28,29].

Figure 5. shows the results of the FT-IR examination.
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3.5. SCANNING ELECTRON MICROSCOPE (SEM)

The scanning electron microscope is of the type (TESCAN-VEGA / USA), in which
the nanoparticles are scanned with 3 nm beams and 30 kv electric voltage knowing
that the device is connected and programmed with computer programs to analyze the
average particle size in the sample [21].

Figure 6. Image of CuSo4 nanoparticles using a scanning electron microscope SEM

3.6. PARTICLE SIZE DISTRIBUTION ANALYSIS

This device is important for determining fast and accurate size distributions of iron
nanoparticles (vesion 5.34) with a range ranging from (6- 2 um nm), and the dynamic
light scattering at 90 degrees, at temperatures from (-110-5) m using high power (35
mW) for a laser diode.

Figure 7a. FAM of synthesized Copper nanoparticles with naringin leaf broth.
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Figure 7b. AFM of synthesized Copper nanoparticles with naringin leaf extract

3.7. EFFECT OF NARINGIN (CITRUS AURANTIUM) EXTRACT ON
WHITEFLY STAGES)

Results of this study presented the effect of naringin leaf extract on the mortality
percent of whitefly's eggs and nymphs in Table 2. Results of this study were showed
by increased the concentrations of extract from 100, 200 to 300 ppm showed a high
(P=<0.05) significant effect on whitefly's eggs were 7.6, 18.8 and 26.8 respectively. Also
showed a high significant effect (P<0.05) on whitefly's nymphs were 9.8, 33.5 and
44.8 for 100, 200 and 300 ppm of the copper nanoparticles extract respectively as in
Table 2. [28,30].

Table 2. Effect of citruses Naringin leaves extract on whitefly eggs and nymphs.

Extract concentration (ppm) Mortality %
Whitefly eggs Whitefly nymphs
100 ppm 8.0 9
200 ppm 15.0 27
300 ppm 27.0 44
Average 16.6 27
LSD 4726 * 6.033 *
* (P<0.05).

3.8. EFFECT OF COPPER SALT EXTRACT ON WHITEFLY STAGES

Results of this study presented the effect of copper salt extract on the mortality
percent of whitefly's eggs and nymphs in Table 3. Results of this study were showed
by increased the concentrations of extract from 100, 200 to 300 ppm showed a high
(P<0.05) significant effect on whitefly's eggs were 0.8, 1.8 and 4.8 respectively. Also
showed a high significant effect (P<0.05) on whitefly's nymphs were 2.4, 7.4 and 11.8
for 100, 200 and 300 ppm of the copper salt extract respectively as in Table 3, [1, 28].
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Table 3. Effect of copper salts on whitefly eggs and nymphs.

Extract concentration (ppm) Mortality %

Whitefly eggs Whitefly nymphs
100 ppm 0.8 2.4
200 ppm 1.8 7.4
300 ppm 4.8 11.8
Average 2.5 7.2
LSD 1.152* 2.894 *

* (P<0.05).

3.9. EFFECT NANOPARTICLES CITRUS WITH NARINGIN
EXTRACT ON WHITEFLY STAGES

Results of this study presented the effect of nanoparticles citrus with naringin
extract on the mortality percent of whitefly's eggs and nymphs in Table 4. Results of
this study were showed by increased the concentrations of extract from 100, 200 to
300 ppm showed a high (P<0.05) significant effect on whitefly's eggs were 2.3, 7.8
and 11.8 respectively. Also showed a high significant effect (P<0.05) on whitefly's
nymphs were 72, 88 and 98 for 100, 200 and 300 ppm of the nanoparticles citrus with
naringin extract respectively as in Table 4. Also, it was showed that the average rate
of nymphs’ mortality was significantly higher 86, compared to average rate of
whitefly's egg 7.3. [20, 31-32].

Table 4. Effect of synthesized nanoparticles on whitefly's egg and nymphs.

Extract concentration (ppm) Mortality %

Whitefly eggs Whitefly nymphs
100 ppm 2.3 72
200 ppm 7.8 88
300 ppm 11.8 98
Average 7.3 86
LSD 2.637 * 7.905 *

* (P<0.05).

3.10.NANOPARTICLE EFFICIENCY

The results of nanoparticle efficiency on whiteflies (Bemisia tabaci) tabulated as in
Table 5. It was founded, the relative efficiency of the copper nanoparticles of Citrus
aurantium leaf extract in controling white flies in the field was marked highly
significant difference (P<0.05) 96.8%, 97.6% and 100% after 24, 48 and 72 hours,
respectively compare with relative efficiency of the standard pesticide Decis on
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Bemisia tabaci which reached 59,0, 48. 5 and 40.2 %, respectively. Note that the
recorded fact distinguishes whiteflies as their tolerance and resistance to many
chemical pesticides, so the Nanopesticide can be considered very effective and it is
recommended to use it to combat this pest. This results identical to [6][3] were
founded whiteflies have the ability to develop resistance to both conventional and
nonconventional insecticides. Through the results obtained, the nanoparticles from the
aqueous extract of naringin (Citrus aurantium) showed a very high significant effect in
the mortality rate of the mosquitoes of the third and fourth stages and the virgin in
vitro; in addition to its significant effect on the mortality rates of the white fly stages in
the laboratory and in the field. These results came close to what he found [28]

Table 5. The relative efficacy of the nanoparticles of citruses naringin leaf extract on adult
phase of Bemisia tabaci whiteflies compared to Deltamethrine 2.5% EC.

Examination times Relative efficiency of 2.5% Relative efficiency of Citrus
of Deltamethrine pesticide aurantium leaf nanoparticles
(Hours)
24 hr. 59.0 96.8
48 hr. 48.5 97.6
72 hr. 40.2 100
LSD 5482 * 5077 NS
* (P=<0.05).

4. CONCLUSION

The results of the study showed the possibility and ease of preparing
environmentally friendly nanoparticles synthesis using aqueous extract of naringin
(Citrus aurantium) with copper salts. Moreover, the prepared nanoparticles are fixed
and unchanging, that is, when the nanoparticles are formed, the color of the extract
changes from light green to black and remains constant. Also, the raw materials used
to prepare nanoparticles are inexpensive. Also, the nanoparticles do not generate
generations of insect resistance as is the case with chemical pesticides. So this idea
can be used in the Ministry of Agriculture, and for the benefit of citrus orchard farmers,
which are widespread in most governorates of the country, especially central,
southern and northern Iraq, in addition to the fact that most of Iraq's lands are suitable
for growing fruits, especially citrus fruits. But there are political factors, administrative
and economic corruption, mismanagement of the water of the Tigris and Euphrates
rivers, the spread of various plant diseases, including powdery mildew and the spread
of the white fruit fly, as well as high temperatures and drought in the long summer,
which led to the reluctance of farmers to abandon most orchards. Therefore, this
study proved the possibility of finding an alternative to traditional chemical insecticides
by using green nanotechnology as an environmentally friendly and safe insecticide
that would not be used in Iraq beforehand.
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ABSTRACT

Coke oven plant produces coke which acts as a reducing agent in blast furnaces. So,
coke is an important material which is also called as a reducing agent. Coke is
basically used for manufacturing of steel materials and extraction of metals. In an
integrated steel plant coke is a prime material for making high grade of steels. In this
present research work, the calibration of flow meter is modified. By this modification of
gas flow meter calibration coke oven gas flow reduced from 17100Nm3/hrs to
16900Nm3/hrs, such as 200 Nm3 on hourly basis saving without any extra manpower
cost. The proposed method is also cost effective as it saves Rs 6483000 every month
for producing coke. This methodology is also helpful for reducing the manufacturing
cost of coke in a recovery type of coke plant and stable oven operation and
prolongation of coke oven life. Future advancements in this technique will allow us to
minimize the need for money, which will revolutionize the nation's economy.
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ABBREVIATION
Table 1. Technical type Abbreviation of coke plant.
ﬁ(ei;ial Code Full form
01 C.PD Coke making duration in hr.
02 N1 No. of ovens
03 N No. of pushing target / charging target in a day
04 CW.T Cross chamber wall temperature
05 \% Gas Flow required in Nm3/h
06 C.0.G Coke oven gas
07 (oA Calorific value of coke oven gas in kcal/Nm3
08 Q The Specific heat energy consumption in kcal/kg
09 T Periods of Gas flow in hr
10 W.B.A.D Weekly basis the average technical data
11 N.P.C.P.D No. of pushing and charging in a day
12 S.H.C Specific heating consumption of COG
13 AS.H.C Average of specific heating consumption in (kcal/kg)
14 H.W.F.N Heating chamber wall flue No.
15 P.T Pause heating time in sec.
16 THW.N Temperature of the chamber heating wall No.
17 W dry basis charged coking coal in tones

1. INTRODUCTION

Coke is produced by the proper destructive distillation of coal in coke plant.
Specially feeding coal blend comprising of the various different types of blended coals
of desired coking parameters is heated in an oxygen-free atmosphere (coked) until
the most volatile components in the coal are removed. The process is carried out in
battery, which contains twenty or more tall, wide and narrow ovens arranged side by
side. In [1] this paper during carbonization coal passes through a softening phase
when the coal particles swell and become soft. This soft mass is termed as
metaphase and said to be plastic in nature. During this transformational phase coal
releases most of its hydrocarbons, heavy oils and tar; the coal particles coalesce and
are bound together by the plastic mass. On further heating the plastic mass re-
solidifies into a porous mass called semi-coke. On further heating the semi-coke
contracts and becomes a structurally stable product which we know as metallurgical
coke or simply coke. In [2] the main function of by product plant to purified the raw
coke oven gas. The step by step procedure of purification is little complicated. Firstly
coke oven gas goes to primary gas cooler then coke oven Gas enters into the electric
type tar precipitator from its bottom, via the gas distribution plate gas is uniformly
distributed onto the whole section, then flows through high voltage electric field of the
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honeycomb upward to leave electric tar precipitator and enters into the exhauster unit.
At the upper part of hydrogen sulfide scrubber, hydrogen sulfide in gas is absorbed
with enriched ammonia water from ammonia scrubbing and lean solution from de-
acidifier and ammonia stripping unit. At the same time of hydrogen sulfide removal in
hydrogen sulfide scrubber, also carbon die oxide, hydrocarbons and ammonia are
absorbed. Because the absorption process of hydrogen sulfide, CO2, hydrocarbons
and ammonia is the process of exothermic reaction, therefore both upper stage and
lower stage of hydrogen sulfide scrubber are provided with the coolers for hydrogen
sulfide circulating scrubbing solution. In [3] the primary purpose of coke ovens is to
transform coal into coke, which is utilized in the blast furnace as a fuel and reducing
agent. The entire process of creating coke is fraught with safety risks, such as being
hit by or tangled in moving machinery, getting burned, starting a fire or explosion,
falling and slipping, being exposed to dust, noise, heat, and gas, etc. The majority of
health risks associated with coke production is caused by emissions produced during
coal charging, coal carbonization, coke pushing, and coke cooling. Poly nuclear
aromatic hydrocarbons, which cause cancer, are present in coke oven emissions
along with other hazardous materials. In [4] this article of research developed a new
model for the reducing of variation in the burning of coal to coke during the coke
making process and to gain the good quality and also to proper develop the energy in
coke plant. The total length of the battery is hundred meters, consist of the rectangular
type of shaped heating chambers of length sixteen meters, the height is seven
meters, and the width 0.41 meters with removal door ends.[5]. In [6] this research
paper describes gas pressure in the oven chambers should be positive and higher
than pressure at any point of adjacent heating chamber during whole coking period. In
[7] a new design of optimum control of temperature of gas coming out of the oven into
the stand pipe is about 600-700 °C, and it leaves the hydraulic mains at the
temperature of 80-85°C [8].In [9] in this system of ovens, paired vertical flues are
envisaged which are interconnected with each other with a provision for recirculation
of products of combustion. The heating chamber is divided into pairs of vertical flues.
Vertical flues of each pair are connected at the top through a window in the partition
wall [10]. In [11] coke oven gas can save 300-400 Nm3/hour by using reversal cycle
modification in coke plant [12]. The gas and preheated air are fed to the base of the
flues from where they move upwards under the influence of chimney draught.[13]the
hot products of combustion cross over to the adjacent flues and pass on the
regenerators where the checker-work absorbs most of the sensible heat contained in
the product of combustion.[14]. In this paper, the cooled gases from the regenerator
move to the waste heat flues and then to the chimney. These two currents of heat
flow, i.e. the up-current and down-current are periodically reversed in every 20
minutes to maintain uniform and state temperature condition throughout the whole
battery[15]. Readiness of coke at the end of coking period along the length, height
and width of coke oven chamber by maintain uniform temperature throughout the
length and height of heating wall all along the battery[16].The practical study was to
determine in which of the several type alternative toxic air pollution abatement
systems which affords the most economical solution to the control of at- morphemic
emissions during the charging of coal into the by-product coke plant[17]BF Coke size
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is an important factor for blast furnace of operation. The Some type of methodology
has been investigated in order to rectify the coke mean size.[18]. this paper, various
types of elementary of reaction which having the different steps important for coke
formation during thermal-cracking of the hydro- carbons are to be studied[19]. The
papers describes, by the petro-graphic specific technique and the semi type coking
coals or the non coking of coals to be blended and with coking coals is used to
produce BF coke.[20].

However, a there is a requirement to follow a study to reduce the specific heating
consumption by rectification of flow meter calibration in coke oven plant oven.
Generally in running coke oven plant calibration of flow meter in yearly or half yearly
which includes accuracy of flow of coke oven gas is not correct.

The main objective of the present research work is, to reduce the SHC by
rectification of flow meter calibration instead of yearly to monthly in own plant lab in
coke oven plant. The modification of flow meter is also helpful to reduce the carbon
emission which is eco-friendly to the environment.

2. METHODOLOGY OF RESEARCH

The carbon deposits on coke oven walls may not only interrupt the oven operation.
But also cause damage to the oven walls, although many studies have been made on
the properties of deposited carbons and the mechanism of their formation. There are
few on the quantitative emission of carbon formation in an actual coke oven. For the
purpose of stable oven operation and prolongation of oven life, it is necessary to
remove carbon according to the amount of carbon deposited on coke oven walls. A
flow meter is aspecial type of instrument which is used to measure the flow rate of a
gas then display the flow-reading to the instrument user via an indicator, digital
analogue or the digital type output. The Calibration of the flow meter can be achieved
in one of several ways, but generally involves the comparison of the flow meter
against a reference standard of higher accuracy. Calibration is an essential part of an
instrumentation system to ensure a line of traceability of the measurement system is
maintained. To understand the flow meter performance over a period of time, flow
meter calibration should always be conducted on “as Found” on the practical basis so
meter drift- analysis can be assessed. With the further customer agreement, a further
adjustment of the flow meter reading maybe performed to optimize the flow- meter
errors.

In this paper, it is introduced that a quantitative emission of carbon formation rate
on the wall was developed and new type SOP for regular maintenance, to optimize
the SHC by modification of flow meter calibration instead of yearly to monthly in own
plant lab in coke oven plant. The modification of flow meter is also helpful to reduce
the carbon emission which is eco-friendly to the environment. This method is also
helpful for the reducing of coke oven gas flow.
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2.1. SEVEN METER TALL BATTERY EXPERIMENTAL
DESCRIPTION

The experimental set up for 7-meter-tall coke oven battery required some technical
process and operation parameters which are shown in table1 which is given below.
There are sixty seven number of heating oven, sixty eight number of heating wall and
sixty nine numbers of waste heated boxes for transferring the waste gas tunnel to
chimney. There are three number of charging hole for feeding the coking coal into the
heating oven. Thirty-two tones of blended dried coal is charge per oven and output
coke is around twenty five tones is produced. There are total thirty two number of
heating flues out of thirty two sixteen numbers of heating flues in pusher side and
sixteen numbers in coke side. The experimental brief description is given below in
tabulation form in Table2.

Table 2. Technical parameters for experimental set up.

No. of Dry NO'-Of NO'-Of No. of No. of
No. of No. of waéte charged heating | heating hea.tin Output char. in Oven
ovén heating heat coa?in flues in | fluesin flues gr coke per holeg e? height in
walls boxes | tones pusher | coke walrl) oven ove?w meter
side side
67 68 69 32 16 16 32 25 03 7

2.2. CPD OF RECOVERY TYPE OF COKE PLANT

2.2 describe mathematical formula for time of coking period

N, x 24

CPD =

2.3. NO. OF CHARGING / PUSHING IN A DAY

2.3 describe the advance mathematical expression for determining the No. of
production target like pushing and charging schedule.

N, x 24
CPD

2.4. COKE OVEN GAS FLOW REQUIREMENT OF COKE OVEN
GAS FLOW ACCORDING TO PUSHING AND CHARGING

2.4 comprise that mathematical equation for calculating the required flow of coke
oven gas

v Q*1000*N*W
T C.VXT
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2.5. CALCULATION FORMULA OF SPECIFIC HEATING
CONSUMPTION OF COKE OVEN GAS

2.5 describe the mathematical equation formula for evaluating specific heating gas

V#CV*T

Q= W 000N

This type mathematical expression for calculating in the table 3, table 4 and table 5
respectively.

It was observed that the accuracy of flow of coke oven gas is more on yearly or half
yearly calibration of flow meter. Due to this, flow meter is allowing to pass extra gases
for producing the combustion process without the recovery of the sensible heat. To
establish the reasons for the low efficiency, the calibration method of gas flow meter
have suggested. The modification of gas flow meter calibration on monthly basis with
respect to pushing and the charging and the possible modification type solution is
verified against the Standard Operating Practices and preventive and daily Schedule
jobs of Regular Maintenance). Technical data like number of pushing/charging per day
is 83 and pause time 20 second is used obtaining values express in table 3.

Table3. S.H.C before modification of flow meter calibration.

S/No. W.B.A.D A.S.H.C N.P.C.P.D P.T C.P.D
1 1 670 83 20 19.37
2 2 670 83 20 19.37
3 3 670 83 25 19.37
4 4 670 83 25 19.37
5 5 670 83 20 19.37
6 6 670 83 20 19.37
7 7 670 83 15 18.37
8 8 670 83 15 19.37
9 9 670 83 20 19.37

Table3 describes before modification of gas flow meter calibration coking periods is
around 19.37 hours, pause time average is around 20 second at constant production
target is 83.The average COG flow required in average pushing/charging 83 is 17100
Nm3/hr at above pushing/charging schedule. The all data is taken as on weekly basis
which is mentioned in table 3.
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3. RESULTS WITH FULL DISCUSSION

3.1. MODIFICATION OF GAS FLOW METER CALIBRATION IN
RESPECT OF PUSHING/CHARGING

It was observed that the accuracy of flow of coke oven gas is more on yearly or half
yearly calibration of flow meter. Due to this, flow meter is allowing to pass extra gases
for producing the combustion process without the recovery of the sensible heat. To
establish the reasons for the low efficiency, the calibration method of gas flow meter
has suggested. The modification of gas flow meter calibration on monthly basis with
respect to pushing/charging and the possible rectification solution is verified against
the Standard Operating Practices and Schedule jobs of Regular Maintenance). Due to
additional gas consumption in coke plant at same pushing charging schedule of 83,
the coke oven gas flow is reduced 200 Nm3/hr without affecting the coke quality.

Table 4. S.H.C after modification of flow meter calibration.

S/No. W.B.A.D A.S.H.C N.P.C.P.D P.T C.PD
01 1 660 83 20 19.37
02 2 660 83 20 19.37
03 3 660 83 25 19.37
04 4 660 83 25 19.37
05 5 660 83 20 19.37
06 6 660 83 20 19.37
07 7 660 83 15 18.37
08 8 660 83 15 19.37
09 9 660 83 20 19.37

Table4 describes after modification of gas flow meter calibration coking periods is
around 19.37 hours, pause time average is around 20 second at constant production
target is 83. The average on the before modification COG flow rate requirement in
average pushing and charging 83 is 17100 Nm3/hr as per above pushing and
charging target. The all data is taken as on weekly basis which is mentioned in table
3. After the medication of gas flow meter calibration, The average COG flow rate
requirement in 83 numbers pushing and charging is 16900 Nm3/hr as per above
pushing and charging schedule, which is given in the table 4.Afterthe modification of
the COG flow meter calibration, to the thermal regime of coke oven plant at randomly
at a time, the temperature of cross wall is taken at 05 numbers of heating walls. The
temperature of Cross wall is the all heating wall of the flue (means of the all the 32 no.
of heating flues) temperature recorded reading. The temperature of cross-wall data of
reading is express in table 4, 16, 17, 18, 19, and 20, respectively.
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Table 5. CWT average cross wall reading in a day basis.

HWFN | TH.W.N (16) | TH.W.N (17) | TH.W.N (18) | TH.W.N (19) | TH.W.N (20)
01 1170° 1170°c 1180°c 1180°c 1170°c
02 1170°c 1180°c 1180°c 1180°c 1180°c
03 1180°c 1190°c 1180°c 1190°c 1180°c
04 1190°c 1190°c 1190°c 1200°c 1190°c
05 1210°c 1200°c 1200°c 1200°c 1200°c
06 1210°c 1210°c 1210°c 1210°c 1210°c
07 1220°c 1220°c 1220°c 1220°c 1220°c
08 1230°c 1230°c 1230°c 1230°c 1230°c
09 1220°c 1220°c 1220°c 1220°c 1220°c
10 1220°c 1220°c 1220°c 1220°c 1220°c
1 1230°c 1220°c 1230°c 1220°c 1230°c
12 1220°c 1230°c 1220°c 1220°c 1230°c
13 1230°c 1230°c 1230°c 1230°c 1230°c
14 1230°c 1230°c 1230°c 1230°c 1230°c
15 1230°c 1230°c 1230°c 1230°c 1240°c
16 1220°c 1220°c 1220°c 1220°c 1220°c
17 1220°c 1220°c 1220°c 1220°c 1220°c
18 1220°c 1220°c 1220°c 1220°c 1220°c
19 1240°c 1240°c 1240°c 1240°c 1240°c
20 1250°c 1250°c 1240°c 1250°c 1250°c
21 1240°c 1240°c 1240°c 1230°c 1240°c
22 1250°c 1250°c 1250°c 1250°c 1250°c
23 1240°c 1240°c 1240°c 1240°c 1240°c
24 1250°c 1250°c 1250°c 1250°c 1240°c
25 1250°c 1250°c 1240°c 1240°c 1250°c
26 1240°c 1240°c 1240°c 1230°c 1230°c
27 1230°c 1230°c 1230°c 1220°c 1220°c
28 1220°c 1220°c 1220°c 1200°c 1210°c
29 1210°c 1210°c 1200°c 1210°c 1210°c
30 1200°c 1200°c 1190°c 1200°c 1200°c
31 1190°c 1190°c 1190°c 1190°c 1190°c
32 1180°c 1180°c 1180°c 1190°c 1180°c

The table number 05 describes that the temperature cross wall average data of
reading is taken in shift wise such as A, B and C shifts respectively. This represents,
after the modification of COG flow, the thermal section of the coke plant is not more
affected. The temperature of cross wall is taken in different schedule of shifts like A, B
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and C, in different of timing. Comparing the table3 and the table4, it is observed that
after modification of the coke oven gas flow meter calibration, 200 Nm3/hr coke oven
gas flow is saved. This is beneficial in terms of expenditure.

Figure 1 to 5 shows that the cross-wall temps taken at the different times and
different of shifts do not affect the temp of flues. The randomly taken 5 No. ofwall, the
cross wall temp is almost same in nature.

Figure 1. Variation of temperature for heating wall/flue number.

Figure1 comprises that the heating wall no. sixteen in x axis flue number and y axis
temperature reading is taken. flue number 01 temperature is 1170 °c, flue number 02
temperature is 1170 °c, flue number 03 temperature is 1180 °c, flue number
O4temperature is 1190 °c, flue number 05 temperature is 1210 °c, these temperature
reading shows that temperature is slowly increases with respect to flue wise, the
maximum temperature reading is taken in flue no.20 is 1250 °c. The last five numbers
of flues temperature reading such as flue number 28 is 1220 °c, flue number 29 is
1210 °c, flue number 30 is 1200 °c, flue number 31 is 1190 °c, flue number 32 is 1180
°c.
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Figure 2. Variation of temperature for heating wall/flue number.

Figure2 comprises that the heating wall no. seventeen, in x axis flue number and y
axis temperature reading is taken. flue number 01 temperature is 1170 °c, flue number
02 temperature is 1180 °c, flue number 03 temperature is 1190 °c, flue number
O4temperature is 1190 °c, flue number 05 temperature is 1200 °c, these temperature
reading shows that temperature is slowly increases with respect to flue wise, the
maximum temperature reading is taken in flue no.20 is 1250 °c. The last five numbers
of flues temperature reading such as flue number 28 is 1220 °c, flue number 29 is
1210 °c, flue number 30 is 1200 °c, flue number 31 is 1190 °c, flue number 32 is 1180
°c.

Figure 3. Variation of temperature for heating wall/flue number.

Figure3 comprises that the heating wall no. eighteen, in x axis flue number and y
axis temperature reading is taken. flue number 01 temperature is 1180 °c, flue number
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02 temperature is 1180 °c, flue number 03 temperature is 1180 °c, flue number
O4temperature is 1190 °c, flue number 05 temperature is 1200 °c, these temperature
reading shows that temperature is slowly increases with respect to flue wise, the
maximum temperature reading is taken in flue no.22 is 1250 °c. The last five numbers
of flues temperature reading such as flue number 28 is 1220 °c, flue number 29 is
1200 °c, flue number 30 is 1190 °c, flue number 31 is 1190 °c, flue number 32 is 1180

o

C.

Figure 4. Variation of temperature for heating wall/flue number.

Figure4 comprises that the heating wall no. nineteen, in x axis flue number and y
axis temperature reading is taken. flue number 01 temperature is 1180 °c, flue number
02 temperature is 1180 °c, flue number 03 temperature is 1190 °c, flue number
O4temperature is 1200 °c, flue number 05 temperature is 1200 °c, these temperature
reading shows that temperature is slowly increases with respect to flue wise, the
maximum temperature reading is taken in flue no.20 is 1250 °c. The last five numbers
of flues temperature reading such as flue number 28 is 1220 °c, flue number 29 is
1210 °c, flue number 30 is 1200 °c, flue number 31 is 1190 °c, flue number 32 is 1190

o

C.
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Figure 5. Variation of temperature for heating wall/flue number.

Figure5 comprises that the heating wall no. twenty, in x axis flue number and y axis
temperature reading is taken. flue number 01 temperature is 1170 °c, flue number 02
temperature is 1180 °c, flue number 03 temperature is 1180 °c, flue number
O4temperature is 1190 °c, flue number 05 temperature is 1200 °c, these temperature
reading shows that temperature is slowly increases with respect to flue wise, the
maximum temperature reading is taken in flue no.20 is 1250 °c. The last five numbers
of flues temperature reading such as flue number 28 is 1210 °c, flue number 29 is
1210 °c, flue number 30 is 1200 °c, flue number 31 is 1190 °c, flue number 32 is 1180

°c.

Table 6. -Comparison analysis of hot strength of coke.

Before Before

Serial Weekly basis mi%ﬁ%i:eat mcﬁ:lfitf?éati m?)z];?icr:ilti mc?cflgﬁcr:at modificati | modificat
no. average data ion CSR | on CSR on CRI ion CSI oﬁgﬁs O;}fxs

value value value value (Nm3hr) | (Nmd/hr)
01 First week 63 63 23 23 17100 16900
02 Second week 63 63 23 23 17100 16900
03 Third week 63 63 23 23 17100 16900
04 4thweek 63 63 23 23 17100 16900
05 5thweek 63 63 23 23 17100 16900
06 6th week 63 63 23 23 17100 16900
07 7th week 63 63 23 23 17100 16900
08 8th week 63 63 23 23 17100 16900
09 oth week 63 63 23 23 17100 16900
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Table 6 describes that the hot strength of coke quality, the lab report is taken on
daily basis then after it is taken the average value of weekly basis. The lab report is
same as on the modification of gas flow meter. Before modification coke strength after
reaction(CSR) value is 63 and after modification coke strength after reaction (CSR)
value is almost same as 63. Before modification coke reactive index (CRI) value is 23
and after modification coke reactive index (CRI) value is almost same as 23.by the
modification of gas flow meter calibration, coke oven gas is saved up to 200 Nm3
onhourly basis.

Figure 6. comparative analysis of CSR and CRI Value before and after modification.

Figure 6 describes that the comparative analysis of hot strength of coke quality like
CSR and CRI, the lab report is taken on daily basis then after it is taken the average
value of weekly basis. The lab report is same as on the modification of gas flow meter.
Before modification coke strength after reaction (CSR) value is 63 and after
modification coke strength after reaction (CSR) value is almost same as 63. Before
modification coke reactive index (CRI) value is 23 and after modification coke reactive
index (CRI) value is almost same as 23.by the modification of gas flow meter
calibration, coke oven gas is saved up to 200 Nm3 onhourly basis. The saving of coke
oven gas which is shown in figure 7.
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Figure 7. comparative analysis of coke oven gas flow before and after modification

Figure 7 comprises that the comparative analysis of coke oven gas flow before and
after modification of gas flow meter. Firstly requirement of coke oven gas flow is about
17100 Nm3/hrs then after rectification gas flow requirement is about 16900 Nm3/hrs.
This shows that 200 Nm3/hrs coke oven gas is saving in hourly basis. On the saving
of coke oven gas by the modification of gas flow meter calibration the coke quality is
not change, quality of coke like CSR and CRI value remains constant.

Table 7. -Comparison analysis tabulation of SHC.

. Monthly
A.S.H.C (kcallkg) | A-S-H-C (keall Saving | COG saving Saving of the
Sr. kg) on monthly
N before After th of COG basis(Nm? COG
o. rectification t'?'r t'e (Nms/hr) asis(Nm?) @45
rectification rupees/Nm@
01 670 660 200 144000 648000

Table 7 shows that before and after modification of gas flow meter calibration SHC
value reduced from 670 to 660in kcal’kg. The modified COG flow (with the respect of

pushing and charging), the average saving in COG is 200 Nm3/hour. This will reduce
the production cost of coke.
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Figure 8. comparative analysis between before and after calibration of flow meter

Figure 8 comprises that the experimental value of specific heat consumption with
respect to number of weeks. Specific heat consumption is directly proportional to the
gas flow requirement. Firstly requirement of coke oven gas flow is about 17100 Nm3/
hrs then after rectification gas flow requirement is about 16900 Nm3/hrs. This shows
that 200 Nm3/hrs coke oven gas is saving in hourly basis. After the rectification of
smoke pushing specific heat consumption value is reduces from 670kcal/kg to
660kcal/kg which is given in table 6.

4. CONCLUSION

By this modification of gas flow meter calibration coke oven gas flow reduced from
17100Nm3/hrs to 16900Nm3/hrs, such as 200 Nm3 on hourly basis saving without
any extra manpower cost. The proposed method is also cost effective as it saves Rs
6483000 every month for producing coke. This methodology is also helpful for
reducing the manufacturing cost of coke in a recovery type of coke plant and stable
oven operation and prolongation of coke oven life. Future advancements in this
technique will allow us to minimize the need for money, which will revolutionize the
nation's economy.
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ABSTRACT

Investigation results of micro-arc coating on the (Ti-7Nb-6Al) alloy were presented. It has
potential clinical value in applications such as dental implant, knee, and hip prostheses. An
electrolyte solution of (Na.COs + Na,SiOz). The micro-arc oxidation (MAO) technique was
employed for in situ oxidation of Ti-6Al-7Nb surface. The wettability of a porous TiO, covering
made up of anatase and rutile phases was investigated. The test findings revealed that the
possibility of deposition of ceramics coatings on the surface of Ti-6Al-7Nb alloy by using

voltages (400V )at different deposition times (7, 15, and 30) min. The results indicate that
ceramics layer of titanium oxide (TiOz) which is formed during coating porous and
homogenous distribution. The bioactive composition of the oxide layers can be suitable for use
as advanced biomedical implants. The coatings also revealed an increased surface roughness,
porosity, microhardness, surface wettability and corrosion resistance of the Ti-6Al-7Nb

substrate reaches to (Cr= 0.1114x10 >mpy) in Ringer’s solution and (CR= 1.03x10 °mpy) in
Saliva’s solution with increased deposition time.

KEYWORDS

MAOQO; Contact Angle; Clinical Application; Oxidation Time; porosity; and Corrosion
Resistance
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1. INTRODUCTION

Metallic are the most important technical materials, and because of their great heat
conductivity and mechanical properties, they are used as biomaterials [1]. The most
important characteristic of a metal as a biomaterial is that it does not cause an
adverse reaction when used in service, which is known as biocompatibility [2]. For
load-bearing implants and inner fixing systems, metallic materials are the most
frequently used. The primary functions of orthopedic implants systems are to restore
the load-bearing joints function that undergo to elevate levels of mechanical stress,
wear, and fatigue during ordinary activity [3]. Important orthopedic implants are
prostheses for ankle, knee, hip, shoulder, elbow joints and also need equipment like
cables, screws, plates, pins, etc. that used in the fixation of fracture [4]. Metals are
powerful, and most of them are capable to be formed into complicated forms. During
or after final formation, the required mechanical characteristics of metals can be
accomplished by heat and mechanical processing. In addition, the correct treatment of
components produced from chosen metal compositions can achieve a degree of
corrosion and wear resistance. The high tensile strength, high yield strength, fatigue
resistance and corrosion resistance are some of the features of metallic materials [5].
In medicine, titanium and its alloys have specific advantages over steels, such as low
weight, high corrosion resistance, and a wide range of applications,, low density, low
thermal conductivity, non-magnetism, processing workability, and other properties that
make it a highly appealing material [6]. Because the modulus of elasticity of titanium
and its alloys is closer to that of bone than that of stainless steels and cobalt-based
alloys, stress shielding is less of a problem [7]. Because of a TiO2 solid oxide layer, Ti
alloys are one of the most common choices in biomedical applications due to their
main characteristics. On the other hand, have poor tribological characteristics due to
their low resistance to plastic shearing, low work hardening, and lack of surface oxide
protection [2]. This titanium surface oxide layer, which is generally a few nanometres
thick, has high passivity and resistance to chemical attack [8]. Due to the coarse
microstructure of cast alloys (as seen by a high coefficient of friction), weak shear
strength, low fatigue strength, and restricted elongation compared to wrought alloys,
titanium and its alloys have a high price tag as well as a significant sensitivity to
friction and wear. As a result, extra microstructural modification is often required to
improve mechanical qualities while maintaining the product's form [9]. The surface of
biomedical implants is frequently modified to increase corrosion resistance, wear
resistance, surface roughness, and biocompatibility [10]. In addition to increasing
other desirable features, all revised surfaces should be evaluated for corrosion
behavior. In order to get implants that can survive in the human system for longer
periods of time, a thorough understanding of the interactions that occur at the atomic
level between the surface of the implant, the host, and the biological environment, as
well as all types of micromotions of the implants retained inside the human system,
should be researched further [11]. The material surface has a significant impact on the
biological environment's response to artificial medical devices [12]. Surface
modification does more than simply change the appearance of the surface; it also
enhances adhesion properties, micro cleaning, functionalization of amine, and
biocompatibility [13]. Many types of surfaces may be created using the surface
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modification approach to control correct biological response in a specific cell/tissue
scenario, with the goal of reducing healing time and limiting harmful reactions [14].
Because titanium and its alloys have poor tribological qualities, such as low wear
resistance, they aren't recommended for use in vehicles, the implant's service life is
shortened. Surface coatings can help to solve this problem to a considerable extent.
Surface engineering can significantly improve the performance of titanium orthopedic
devices, allowing them to outperform their inherent capabilities [15]. examples of
surface modification processes: physical and chemical method, laser cladding,
thermal oxidation, plasma spray, and ion implantation [16].

2. MATERIALS AND METHODS

In the test, Ti-6Al-7Nb alloy with element composition of 6.3Al, 67Nb, 0.47Ta,
0.23Fe, 0.180, 0.077C, 0.046N,0.0088H, and the balance Ti (wt%) were used as raw
materials. The substrate was sliced into 13 mm x 3 mm round wafers and polished
using SiC abrasive sheets ranging from 150 to 5000 grit. After that, ultrasonic cleaning
with acetone, alcohol, and deionized water was performed. The ceramic coatings
were deposited using a DC-AC homemade MAO deposition device with a voltage of
(0-500) V and a current of (0-5) A MAO with an impulse frequency of 500 Hz, current
density of 20 A/cm2, duty cycle of 10%, and oxidation durations of 7 minutes, 15
minutes, and 30 minutes at voltage 400V. Deionized water and 10 g/L sodium
carbonite and 2 g/L sodium silicate were used to make the electrolyte solution.
Following the ultrasonic processing of the MAO test sample, the sample was dried
and set aside.

3. RESULTS AND DISCUSSION

3.1. CHARACTERIZATION OF OXIDE SURFACE

In Fig.1 (a) The XRD results proved the deposition of titanium oxide layer after
MAO on the surface of the Ti-6Al-7Nb alloy substrate at 7min. The formation of TiO2
layer on the surface of specimen A3 has crystalline phases: rutile (tetragonal) and
anatase (tetragonal) phases also the (a-HCP) and (B-BCC) return to the Ti-alloy. The
peaks of rutile TiO2 (200), (211), and (202) at 26° (39.3, 54.2, and 76.0) and those of
titania crystals structures (anatase) (101), (103), and (200) at 26° (25.9, 37.9, and
48.3) strength of the Ti-6Al-7Nb alloy peaks reduced compared to the untreated Ti
sample. This is due to the crystal structure of both types, the energy gaps for anatase
are more than those of rutile, this makes the anatase more pores and it's used in
optical application while the rutile is with low energy gape and more stable at high
temperatures and more important for medical application [17]. Limiting voltage
increased, perhaps due to oxide layer formation as illustrated in Fig.1 (b) at 15min.
For the highest deposition time in Fig.1 (c). the presence of anatase indicates that
throughout the MAO process, a significant oxidation reaction took place on a titanium
surface. As a result, the combination of anatase and rutile crystal phases in the coated
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Ti-alloys specimen developed in this work is expected to have a positive influence on
Ti-alloy bioactivity by enhancing their osteogenic properties. It is also suggests that
predominantly anatase is created at lower forming voltages, however because
anatase, as a metastable phase, gradually converts into rutile at higher temperatures
as dielectric breakdown processes increase, the mixture of anatase and rutile phases
develops at increased deposition time [18].

(a)

(b)

(c)

https://doi.org/10.17993/3ctecno.2023.v12n1e43.262-280



267

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143

Ed.43 | Iss12 | N1 January - March 2023

Figure 1. XRD of MAO Process with different time (a) coating at 7min, (c) coating at 15min,

and (d) coating at 30min.

The FESEM results of microstructure coated specimen from Fig.2 which show that
for surface morphology of the oxide layer TiO2 to the Ti-6Al-7Nb alloys at different
magnifications treated by MAO process relatively rougher and exhibited a grainy
structure with limited amount of pores with different sizes by the spark discharges.
Micro-pores and submicron-pores were visible in the MAO coating, with the micro-
pores having a roughly round or elliptical form like a volcanic vent [19].

(a)

(b)

(c)
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(d) (e) (f)

(g) (h) (i)

Figure 2. FESEM Micrographs of TiO2 coating MAO process at different magnification and
time.

A typical porous structure was also found in coating of sample at 15min. Pores with
miximum diameters and homogenous distribution can be observed on the surface of
the Ti-alloy. The diameters of the such holes and the surface roughness grew as the
voltage rose; after 30 min of treatment, the pores diameters increased, and the coated
surface progressively became rough. The oxide layer on both materials is formed by
several micro-protrusions with uniformly scattered pores with diameters varying from
sub-micron to few microns. When compared to a polished surface that hasn’t been
covered, the presence of this porosity improves osseointegration because the pores
function as sites for bone tissue formation, hence improving anchoring [20]. The
FESEM cross-sectional morphology of TiO2 coating layer has a regular thin film
structure in thickness with more compact, homogeneity, and full adhesion between the
coating and the underlying substrate, as shown in Fig. 3 (a). each sample’s coating
layer has a compact diffusion layer in contact with the substrate and an external
porous conversion zone with discharge channels make up the two sections. The
average thickness of the diffusion layer remains constant throughout the procedure.
the average thickness of the external porous conversion layer rises as the deposition
duration increased, from 1.94uym at 7 min to 5.54um at 30 min, as shown in Fig.3 (b
and c).
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(a)

(b)

Figure 3. Cross section of MAO coatings: (a) at 7min, (b) 15min, and (c) 30min.

The formation of crossing pores and big pores distributed along the whole
thickness. Generally, the coating thickness is increased with increasing deposition
time because the voltage on the sample could not reach the sparking threshold, and a
thin layer of oxide film quickly formed on the sample surface because of anodic
oxidation. When the oxidation time was increased, the sparking voltage was reached
and the energy rose; consequently, some discharge channels on the specimens
became evident. Oxide film formed on the inner and outer surfaces of the discharge
channel as the reaction product erupted along the channel. The oxide coating
thickened when the oxidation duration, and energy were increased. Furthermore, the
molten oxide spilled over the discharge tube, immediately cooled, and was deposited
on the surface. The process was repeated until the end of the oxidation reaction,
causing incessant growth of the oxide film [21]. The Presents of schematic data of
EDS results for MAO TiO2 coatings with different times on containing Ti, O, Al, and Nb
ions. EDS analysis showed that increasing of time up to 30 min had it effects on the
content of oxide layer as shown in Fig.4 coated with different times. As a result of the
presence of Ti and O2 components in the coatings, TiO2 layers with varied weights of
these modification elements.
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(c)

Figure 4. EDS result of (a) coating at 7min, (b) coating at 15min, and (c) coating at 30min.

Results of AFM analysis are given in Fig.5, the differences in surface topography
between the substrate and different coatings in 2D and 3D, where observed an
increase in the roughness of the TiO2 coatings because of the phenomena of micro-
discharge resulting from the nature of the MAO process [22]. The Ra of coatings were
more than those of the substrates and increased with time roughness also increased
from (7.19nm) for 7min, (12.6nm) for 15min, and (18.8nm) for 30min because

increase oxidation time.

I
(a)
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(c

(d)

Figure 5. AFM results of samples (a) base, (b) coating at 7min, (c) coating 15min, and (d)
coating 30min.

3.2. MECHANICAL PROPERTIES:

Results of micro-hardness at TiO2 of the coated samples at a load of 50gm (0.49N)
using a fixed loading duration of (15sec.) in Fig.6. In general, it can be observed that
the hardness of coated samples is improved by MAO process. The value of hardness
equal to (268.55 HV at 7min) are significantly higher than that of Ti-6Al-7Nb alloy, and
the increase hardness value with increase the deposition time to the (311.5 at 15min)
because the production of dense oxide layer, which is attributed to formation of
thermal micro arcs during MAO and increase thickness of ceramic coating [17]. The
MAO treated sample’s greater standard deviations might also be attributed to their
higher surface porosity. Which resulted in lower leading hardness at the interface
(287.3HV at 30min).
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Figure 6. Relationship between the deposition time and the micro-hardness of coatings at
TiO2 by MAO process.

Wear resistance is one of the most significant implant mechanical properties that
wear failure contributes from all implant’s failure reasons. Wear mass loss of test
specimens under 10N stress and several times (5, 10, 15, 20, 25, and 30) min were
used to evaluate the wear rates produced by pin-on disc sliding wear tests. Generally,
it can be observed that the weight loss increased with increasing of loading time. Fig.7
shows that high wear rate of Ti-6Al-7Nb alloy substrate comparison, with coating. The
ceramic oxide layers were found to have high wear resistance, resulting in a lower
wear rate in the samples. ceramic coatings deposited TiO2 by MAO process, gave the
best wear resistance and low wear rate (2.78 X 10_5) at 7min. Due to improved
hardness by presence of the alpha and beta titanium phases and presence of
modified elements could be reduce the friction and increase wear resistance of
coating by reduce wear rate. The intensity of micro-discharges rises as the applied
duration increases (30min), resulting in an increase in coating porosity owing to a
decrease in coating electric resistance. The coating porosity distribution has an impact
on both mechanical and tribological properties [23]. This is supported by the current
findings, which reveal that the coating has greater wear rates equal (9.46 X 10_6)
after passing 30min.
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Figure 7. Relationship between wear rate and test time for Ti-6Al-7Nb alloy substrate and
MAO process with different deposition time.

3.3. CONTACT ANGLE TEST

The contact angle, which is an essential measuring tool for determining material
surface wettability was also discovered to be a key factor in increasing the bioactivity
of titanium surfaces. Fig.8 show the contact angles tested of TiO2 by MAO coatings
prepared at various deposition times in Ringer’s and Saliva’s solution. With increased
surface roughness and porosity, the specimen’s contact angle reduces considerably
following MAQO treatment. The contact angle reached value to (56.74° at 7min in
ringer’s solution and 54.7° in saliva’s solution) and decreased with increase deposition
time reached to (11° at 30min in ringer solution and 13.1° in saliva solution). The MAO
treatment resulted in an uneven coating surface, increased roughness, increased
absorbability, and decreased contact angles, all of which together affected the surface
energy; and the OH and O2 oxygen-containing groups produced on the coated
surfboard. These factors combined to increase the wettability of the MAO treated
because a large number of micro/nano-pores formed on the oxidation coating surface
caused its specific surface area to oxidation coating increase, which benefited water
retention [24].
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Figure 8. Results of contact angle in TiO2 at 400V in Ringer’s and Saliva’s solution.

3.4. ELECTROCHEMICAL BEHAVIOR OF THE ALLOY/OXIDE
SYSTEMS

The potentiodynamic polarization curves for the Ti-6Al-7Nb alloy substrate and
TiO2 coated by MAO process samples in Ringer's solution at 37°C+1 at various times
in Fig. 9. Tafel extrapolation is used to calculate the corrosion current densities (icorr.)
and corrosion potentials (Ecorr.) using potentiodynamic curves, and corrosion rates
(CR) were also included in Table.1. It can be seen from the results obtained in the
uncoated substrate has a greater corrosion current density (icorr= 6.8284 A/cm2) of
thus lowest corrosion resistance because of the occurrence of metal ions dissolution
on the surface of the uncoated substrate. The corrosion current density and corrosion
rate of all coated samples by MAO decrease after TiO2 coating, indicating that the
TiO2 coating offers a protective layer on the substrate surface that reduces corrosion
rate. The lowest corrosion current (icorr. = 2.8161 A/cm2) and increased corrosion
potential of the specimens are achieved when coating for 7 min, and this result has a
reduced corrosion rate equal to (CR= 3.48x10-3 mpy), indicating that corrosion
resistance is improved. Furthermore, the film's surface structure influences the
material's corrosive qualities. Materials with denser and thicker oxide layers have a
lower corrosion current density and a lower corrosion rate (icorr. = 0.0902A/cm2), and
a lower corrosion rate (CR=0.111x10-3 mpy) at (15min).
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Figure 9. Potentiodynamic polarization curves of TiO2 coated by MAO process and base at
different time in Ringer’s solution.

The porosity affected the corrosion behavior of highly porous where decreased
corrosion resistance because increased (icorr. =1.3643 pA/cm2) and (CR
=1.686x%10-3mpy). The corrosion behavior of porous metallic materials has in the
present work, the oxygen/air entrapped in the most inner pores neither the difficulty of
electrolyte penetration into these pores, may result in various passive states on the
native oxide surface. The surface area, on the other hand, has minimal influence on
the corrosion rate of porous materials. Although Ti is known for its strong resistance to
localized corrosion, and localized breakdown of its passive coating occurs at
substantially higher potentials, the increased corrosion density with greater porosity
level is due to the larger surface area in contact with the electrolyte, but fissures or
restrictions to the flow of species into the connected pores can result in corrosion
rates that are not proportional to the real contact surface area. Although these
challenges may result in faster corrosion rates, good passivation qualities for porous
Ti structures have been documented in the literature. On the other hand, increased
porosity was also associated with a decreased susceptibility to corrosion (less
negative Ecorr.), as interconnected pores encouraged the free flow of ionic species,
whereas isolated pores trapped the electrolyte and depleted the oxygen supply,
leading to a thinner oxide film. Aside from species free movement, air entrapment, and
electrolyte penetration [25].
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Table.1. Electrochemical parameters of base and TiO2 coated MAO at different time in
Ringer’s solution.

Parameters of coating

icorr. (pAlcmZ)

Ecor. (MV)

Rate of Corrosion

Enhancement percentage

(mpy)x10-% (%)
base 6.8284 -533 8.437 /
7min 2.8161 -342 3.480 58.7
15min 0.0902 -341 0.111 98
30min 1.3643 -390 1.686 80

The corrosion behavior in Saliva’s solution of the alloy and coated samples TiO2 by
MAO process in Fig.10 respectively, and Table.2 it is clear, that the specimen showed
relatively similar behavior to that observed in saliva's solution such as MAO process
for alloy improved corrosion resistance because of reduction in corrosion current

[26,27]].
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Figure 10. Potentiodynamic polarization curves of TiO2 coating by MAO process and base at
different time in Saliva’s solution.

Table 2. Electrochemical parameters of base and TiO2 coated MAO at different time in
Saliva’s solution

Parameters of coating | icorr. (MA/CMZ2) | Ecorr. (MV) Ratzamogy())g 1r Bo;? lon pi?(t:]:r?tzzg?g}; )
base 7.103 -579 8.777 /
7min 3.479 -491 43 51
15min 0.833 -472 1.03 88.26
30min 1.475 -392 1.8 79.5
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4. CONCLUSION

In the current study, the TiO2 coating has been deposited on the surface of
Ti-6Al-7Nb alloy successfully by using micro-arc oxidation process for biomedical
applications.

1. The TiO2 layer formed on Ti-6Al-7Nb alloy substrate material using MAO methods
has circular micro holes in rough and volcanic structures because of continuous
micro discharges occurring during the process. Rutile TiO2 and anatase TiO2
phases are determined on the material surface following the XRD analysis.

2. The substrate's surface roughness plays has an important role to improving
coating-substrate adhesion. AFM topography shows homogeneous and dense at
(30 min).

3. EDS results showed that the ratio of Ti/O increased with time at coating.

4. The apparent contact angle somewhat reduces following treatment at various times.
The surface morphology and composition of the MAO coatings may be the cause of
the MAO coatings' considerable shift in apparent contact angle. Due to its smaller
pores, the wettability of the MAO coating created at lower roughness may be
underestimated. It's possible that the wettability of the MAO coating generated at
reduced roughness is overestimated. The wettability of the MAO coating generated
at higher roughness may be overstated since no gas is trapped and the liquid/solid
interface is rougher.

5. The potentiodynamic polarization results that Ti-6Al-7Nb base alloy substrate and
TiO2 at different times in Ringer's and Saliva's solutions; the best result equal
(icorr.=0.0902uA/cm2) in Ringer's solution and (icorr.= 0.833uA/cm2) in Saliva’s
solution compared to the uncoated sample.
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ABSTRACT

In 2019 a new Syndrome appear on the Large numbers of people like (High
temperature, cough, Loss of sense of smell and taste(forcing a lot of them to enter the
critical care unit after while the virus how case this syndrome named (SARS-CoV2).

The aim of this paper is recognize the patient who effected by covid-19 or not using x-
ray images. Deep learning techniques utilized to classify these images by using
convolutional neural network (CNN). The dataset have been utilized in this work
consist of 1000 x-ray images collected from kaggle website and divided it into 80% for
training and 20% for validation.

The proposed method using the pertained networks such as (EffienentNet BO,
ResNet50) to minimize the training time with high performance, where the
EffienentNet BO network give high accuracy is 98.5%,finaly the model has been
implemented on raspberry pi3 successfully for classification task.
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Covid19; Deep learning; CNN.
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1. INTRODUCTION

Since late December 2019, a new coronavirus illness (COVID-19; previously
known as 2019-nCoV) epidemic has been detected in Wuhan, China, affecting 26
nations across the world. COVID-19 is a condition that is acutely resolved in most
cases, but it can potentially be fatal, with a case fatality rate of 2%. Massive alveolar
destruction and gradual respiratory failure may end in mortality if the condition is
severe enough[1].

Figure 1. X-ray images for Chest of the patient over 50-year-old COVID-19 with pneumonia
[2]

As shows in Fig. 1 the x-ray can appear the development of the lungs disease in
seven days, in the first day the lung is clear but in the days-4 the illness patchy appear
in the x-ray, while in the days-7 the patient will be in the worst case.

Vruddhi Shah et al in 9dec2020. COVID-19 of CT scan pictures was diagnosed
using deep learning. A convolutional neural network is utilized in the deep learning
techniques (CNN). The dataset contains There are 738 CT scan images total, 349 of
which are for the COVID-19 case and 463 are for a different patient. For the
COVID-19 diagnostic, they built a self-made model called CTnet-10, which had an
accuracy of 82.1%. Other models used in this study are InceptionV3, ResNet-50,
VGG-16, DenseNet-169, and VGG-19; with an accuracy of 94.52%, the VGG-19
model outperformed all other deep learning models. [3][4] Nesreen Alsharman and
Ibrahim Jawarneh in 11apr2020, COVID-19 was detected using a transfer learning
method. Only GoogleNet CNN has been used. Dataset comprises 349 photos
showing COVID-19 medical studies in this investigation. Retraining GoogleNet has a
validation accuracy of 82.14 percent[5].

Halgurd S. Maghdid et al. in 12apr2021. From CT and x- ray images, DL was
utilized to identify COVID-19 Pneumonia in the chest. The images are processed
using a standard convolution neural network (CNN) and a specially designed pre-
trained AlexNet model. They used a total of 238 samples (85 x-ray and 153 CT scan
images). According to the tests, the models can achieve accuracy rate more than 98
% when using a pre-trained models and 94.1% when using an other CNN[6].

2. MATERIALS AND METHOD
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Detecting structural anomalies and disease categorization are two common uses of
Deep learning (DL) in radiology. (CNNs) in particular have been found to be very
effective at detects anomalies and diseases in chest X-ray imaging[7]. The human
nervous system provided inspiration for deep learning models. DL has been shown to
improve performance in a variety of fields[8].

2.1. CNN TECHNIQUE

A restricted resource budget is typically used to build CNN, which are subsequently
scaled up for greater accuracy when additional resources become available. [9]. Deep
CNN is now one of the most popular models, with excellent results on a variety of
image categorization challenges. By uncovering robust characteristics (features) in
images and reducing the vanishing gradient problem, the notion of sharing weights in
DCNN allows for successful image categorization[10].

Convolution, pooling, and fully connected layers make up CNN's three layers. The
convolutional layer's primary objective, which is accomplished via the use of filters, is
the extraction of characteristics (features) from input pictures. The pooling layer, which
comes after the convolutional layer, does down sampling and keeps the most
important details from the input pictures. This layer reduces the model's spatial
dimension, even the number of parameters, prevents overfitting, and produces a
model that is more effective. A soft-max activation function is used by the fully
connected layers (final layer) to extract high-level information from the input pictures
and classify them into various categories with labels[11].

3. TRANSFER LEARNING

Transfer learning (TL) has demonstrated to be a very smart strategy, especially in
sectors with limited data. The model can detect the specific characteristics of a certain
classification of images, like shots of the eye, considerably more quickly and often
with far less learning samples and computer resources by utilizing a feed-forward
technique to adjust the parameters in the network. back propagation is used to retrain
the weights of the top layers after the lower layers, which are already tuned to detect
the features present in photos in general, have already done so[12].

3.1. EFFICIENT NET BO TECHNIQUE

Transfer learning is employed in the EfficientNet architecture to save time and
processing resources. The EfficientNet model comprises eight versions, spanning
from BO to B7, where each model number corresponds to a version with additional
parameters and higher accuracy[13]. Its accuracy values are greater than those of
other well-known models as a result{11]. The incredibly effective fundamental
compound scaling algorithms form the foundation of the EfficientNet Models, as seen
in Fig. 2. This technique enables you to modify a baseline CNN to any resource
constraints while maintaining model efficacy, making it helpful for transfer learning
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datasets. In terms of accuracy and effectiveness, EfficientNet models typically surpass
current CNNs like AlexNet, ImageNet, GoogleNet, and MobileNetV2.[14].

By scaling the baseline network EfficientNet BO utilizing the same compound model
scaling technique as EfficientNet BO, they also produced EfficientNets B1-B7. As a
consequence, eight different version of CNN architectures and outcomes are shown
using the ImageNet dataset. A 600x600 image can be fed into EfficientNet B7, which
has 66 million parameters, whereas a 224x224 image may be input into EfficientNet
BO, which has 5.3 million parameters.

CNNs may capture richer and more complex features or characteristics by
increasing network depth. The vanishing gradient problem, on the other hand, makes
network training more difficult. By increasing the network's width, more fine grained
characteristics may be captured. Training is also simple. Networks of various sizes
and depths However, they are unable to capture higher characteristics. Finally, high
level resolution pictures enable CNN to detect finer patterns. Bigger pictures need
more memory and computing power[15].

ConvNets are frequently scaled up to improve accuracy. For example, by adding
more layers to ResNet, although it is possible to scale up ConvNets from ResNet-

18 to ResNet200, the process has never been fully understood, and there are
presently a number of approaches to achieve so. The most common approach is to
make ConvNets deeper or wider[4]. Scaling up models depending on their picture
resolution is a different, less frequent, but quickly gaining popularity method[9][16].

Figure 2. Model Scaling.

3.2. RESNET50 TECHNIQUE

Residual Network is referred to as ResNet, as seen in the Fig. 3. Over time, DL
convolutional neural networks have improved picture categorization and identification
in a variety of ways. By using deeper network to solve more challenging issues and
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improve classification or identification accuracy is getting more and more popular[17].
Deeper neural network training has proven challenging due to problems like the
degradation problem and the vanishing gradient problem. The goal of residual
process is to resolve both of these problems.

Figure 3. Residual Neural Network.

Each layer tries to learn low or high level properties from images. The method tries
to learn some residual in residual process rather than trying to learn more complex
features.[8].

In order to overcome these difficulties, residual neural networks (ResNet) include a
"Residual block," which includes a "skip or shortcut connection," which transfers the
output from the previous layer to the layer ahead, as shown in Fig. 4. If the
dimensions of x and F(x) below are not the same, inputs x is multiplied by a
corresponding weights W to balance the dimensions of the output layer and the short-
cut link [18].

Figure 4. Residual learning: a building block.

4. RASPBERRY Pl 3 SYSTEM

Using the Linux operating system, the Raspberry Pi is a tiny computer board that
may be connected to a display, keyboard, and mouse. The Raspberry Pi may be used
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for electrical structures and network programming. It can also be used as a pc by
installing the Apache Webserver and MySQL on the board.[19].

As seen in Fig. 5, the Raspberry Pi 3 (RPI3) module is a low-cost Linux-based
small computer. It contains 40 GPIO Pins for managing output components like LEDs,
motors, and relays. This section has containing RPI3 hardware specifications [20]:

+  SoC: BCM2837

+  CPU: quad-core 1.2 GHz, type: ARM, Cortex A53
+  GPU: 400 MHz

*  Ram: SDRAM 1 GB LPDDR2-900

*  Four USB Port » 10/100 Mbps Ethernet.

+ 802.11n Wireless LAN and Bluetooth 4.0

Figure 5. Raspberry Pi 3.

5. METHODOLOGY

Fig.6 below shows a block diagram of the whole system design

image acquisition 9 image processing 9{ training model >

test a saved model implemention saved model on
Raspberry pi3

Figure 6. Block Diagram of the whole system.

Image Acquisition: The dataset that has been utilized in this project consists of
1000 images (x-ray) these images are divided into 2 classes each class has 500 x-
rays.

Image preprocessing: Two types of preprocessing have been used in our model

1. Image resize: all x-ray images have been resized to 224 widths and 224 heights.
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2. Data Augmentation: Data augmentation has been used to reduce overfitting during
CNN training and generate more images from the original image. The augmentation
processes applied to training datasets are explained below.

The rotation range is 10 which rotates all training images by 10 degrees.
«  The width shift range is 0.2 which increases the width by 2.
* height shift range is 0.2 which increases height by 2.

The zoom range is 0.2 which zooms in the image by 0.2.

The proposed CNN models using a pre-trained network (Efficient Net BO and
ResNet50) with fine-tuning with data Augmentation to classify covid19 disease. After
image preprocessing, a dataset has been divided into 80% for training and 20% for
validation.

In transfer learning, the convolution and pooling layers have been stopped and
replaced the fully connected layers of the (Efficient Net BO and ResNet50) with the 2
FC layers. The 2 FC layers contain 512 neurons and 256 neurons respectively and
train the network with 80 epochs. The proposed network uses a 32 Batch size and is
trained to utilize Adam optimizer with a 1e-4 learning rate. Loss function
(categorical_crossentropy) has been used to determine a loss function. The final layer
is the output layer with a soft-max activation function, this layer consists of 2 neurons
according to the covid19 and normal case. implementation on raspberry pi3

After completing the training of the proposed network and raspberry pi 3 OS has
been installed. The saved model has been uploaded to raspberry pi and uses Thonny
python IDE to write code x-ray images to classify x-ray COVID-19 diseases. Fig.7
below shows all hardware components that have been used to design the
classification system.

Figure 7. block diagram of the whole system.
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After implementation on raspberry pi3 stage need to test the whole system as
following

+ first step read two images diagnosed as covid-19 and the other normal case
resize the image to became 224*224 as in the model

* load the model that save on raspberry pi3

+ use prediction function
use smtp library

+ enter the email and password of the sender

+ enter the email of the doctor how will receive the result and make the decision
run the systemlf the image was diagnosed as covid-19 the system return (0)

+ Else the result will be (1)

* In the same time the doctor will receive the email with the result (normal or
covid-19).

6. RESULTS AND DISCUSSION

In the results and discussion part shows the result of the testing the (EffienentNet
and ResNet50) networks expressed in figure. (8). The Confusion matrix of the
EffienentNet BO without augmentation, in this cases the model predicted 197 correctly
from 200 sample. Figure(9), represent confusion matrix of the EffienentNet BO with
augmentation only 188 samples classified correctly.

Figure 8. Confusion matrix of the EffienentNet BO without Augmentation.
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Figure 9. Confusion matrix of the EffienentNet BO with Augmentation.

Figure (10), represent the Confusion matrix of the ResNet 50 without
augmentation, in this cases the model predicted 195 correctly from 200 samples.
Figure( 11) represent Confusion matrix of the ResNet 50 with augmentation only 192
samples classified correctly.

Figure 10. Confusion matrix of the ResNet50 without Augmentation.

Figure 11 Confusion matrix of the ResNet50 with Augmentation.
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After the model has been complete training and implemented on raspberry pi 3.
The received email from the raspberry pi 3 after testing two images (covid-19 and
normal ), Fig. 12 represents the covid-19 case and Fig. 13 represent the normal one.

Figure 12. COVID-19 case Figure 13. Normal case

7. CONCLUSIONS

In this work, an automatic system for detecting COVID-19 has been constructed
successfully to recognize covid-19 case and normal case from x-ray images. For
classification, we are successfully used the deep learning methods specially the CNN
network with transfer learning like (EffienentNet BO, ResNet50). The obtained result
presented by EffienentNet BO without augmentation is 98.5% for testing accuracy.
After the model has been implemented successfully on raspberry pi 3,which give the
ability for raspberry pi 3 to distinguish the covid-19 case from normal case from x- ray
image. Finally, raspberry pi 3 send email to the doctor represent the situation of the
patient.
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ABSTRACT

Researchers describe the extracellular manufacture of silver nanoparticles (AgNPs)
from Phomatropica and its effectiveness against certain multidrug-resistant
pathogenic bacteria that were obtained from the Central Laboratory of Quran Hospital.
These bacteria were pathogenic.

The AgNPs were synthesized and characterized by scan electrons microscopy,
Fourier transform infrared spectroscopy, UV-visiblespectrophotometer that established
the mostly spherical nanoparticles synthesis with size range between 55-99 nm. The
potential antimicrobial activity was reported vs (Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumonia, and Escherichia coli)by well
diffusion method.AgNPs showed different inhibitory areas at different concentrations,
the 50ug/miconcentration of AgQNPsappeared inhibition zones varied from(0-21 mm),
while at 100 ug/mlofAgNPs varied between (13-26mm) vs the tested pathogenic
bacterial strains in this investigation. Nevertheless, the synergetic impact of AGQNPs
with antibiotics have beendetected in the increasing the inhibitory impact vs the
pathogenic bacteria.

In conclusion, Extracellular biosynthesis appears to be a scalable and sustainable
process. Because of their biogenic nature, these Ag-NPs might be a better medication
candidate and have the potential to completely eliminate the issue of chemical
agents.Antibiotic-resistant bacteria are proliferating at an alarming rate. To address
this issue, the development of bactericidal agents is critical. AQNPs may provide a
solution for drug-resistant bacteria.

KEYWORDS
Phomatropica; Extracellular; AQNPs ; Biosynthesized ;Multidrug resistant MDR
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1. INTRODUCTION

Nanotechnology, which deals with particles on the microscopic scale ranging in size
from 1 to 100 nanometers, is one of the most active study disciplines in current
material research (Saif et al., 2016). AgNPs stand out among the many forms of
metallic nanoparticles due to the broad-spectrum antibacterial effects they might
produce (Prabhu and Poulose, 2012; Rai et al., 2014; Gupta et al., 2017; Loo et al.,
2018). These nanoparticles are able to attach themselves to the membranes of
bacteria as well as the cell walls, and they might even penetrate the cells themselves.
They cause disruptions in the pathways that are used for signal transduction, they
cause damage to cellular structures, and they create reactive oxygen species (Kim et
al.,2011; Dakal et al., 2016) In the sectors of health and agriculture, AQNPs were
utilized to suppress hazardous microbes (Kim et al., 2012; Mishra and Singh, 2015;
Burdusel et al., 2018).

The vast majority of the currently available methods for producing nanoparticles
have downsides, including the usage of potentially harmful chemicals and the
production of waste that is detrimental to the environment (Iravani et al., 2014; Ahmed
et al., 2016). Because of this, there was a significant increase in interest in methods of
synthesis that are less harmful to the environment in the most recent few years.
Microorganisms that are capable of degrading metal salts and producing
nanoparticles of the required size and shape are used in the methods. These
microbes include bacteria, fungus, and plants (Azmath et al., 2016)

An alternative that is safe, non-toxic, and beneficial to the environment is the
biological reduction of metals, which results in the production of nanoparticles (Banu
and Balasubramanian, 2014). Since they possess a high tolerance for metallic and
are simple to handle, fungi are promising agents for the biogenic production of AQNPs
(AgNPs). They also create a significant number of extracellular proteins, which
contribute to the nanoparticles' already impressive level of stability (Balaji et al., 2009;
Du et al.,, 2015; Netala et al., 2016). In comparison to bacterial cultures, fungal
cultures provide a number of benefits, including a higher rate of biomass production
and the elimination of the need for additional steps to obtain the filtrate (Gade et al.,
2008).

2. MATERIALS AND METHODS

2.1. MATERIALS

Potato dextrose and potato dextrose agar (PDA) have been achieved from
( Himedia, India ) the antibiotics ( Chloramphenicol30mg) was obtained from
( Himedia, India ), (Ampicillin 10mg ) was obtained from (Rosteo, Italy ). and silver
nitrate (AgNO3) have beenbought fromSigma-Aldrich (Germany) and lactophenol
cotton blue from Merke ( India ).
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2.2. ISOLATION AND IDENTIFICATION OF FUNGUS

Phomatropica was isolated from soil sample collected different location in Basrah
(Southern Iraq) during the year 2022. Soil specimens was taken from approximately
(2-5) cm depth.To isolate soil fungus, the serial dilution method was used. To obtain
concentrations between one and four, a one-gram soil specimens has been
consecutively diluted in sterilized purified water (10-1 to 10-4). Each dilution was
transferred aseptically in 0.1 ml increments onto PDA plates. To distribute the sample
evenly, a sterilized glass spreader was used. At pH 6.0 and 28 °C, the plates were
cultured for 5-6 days. The fungal isolates are sub-cultured on (PDA) plates to produce
pure culture. Pure-isolates are kept in a refrigerator at 4 °C for future research. The
isolated fungus was identified using visual characteristics, microscopic structure, and
molecular identification.

2.3. COLONY CHARACTERIZATION

2.3.1. MORPHOLOGICAL AND MICROSCOPIC VIEW OF
FUNGUS

Phomatropica which is used in the biosynthesis of AgNPs, was isolated from soil
and kept alive by maintaining it on PDA medium at 28 degree centigrade and 4
degree centigrade. The colony morphology and micro morphology of the fungus,
including the( color, shape, texture of the mycelia, spore formation pattern, etc), were
used to identify it. The fungus was also cultured on a PDA medium at 28 degree
centigrade for 10 days to analyze its colony morphology. Slide culture was used to
investigate the fungus's micro morphological traits. Cultures were grown on PDA
slides and cultured there for five days at 28 degree. The slides were then dyed with
lactophenol cotton blue and investigated under a microscope light (Dongyanget
al,2021). The taxonomic description led to the identification of the isolated fungus (R.
Schneid. & Boerema,1975 ;Vaibhar, 2012).

2.3.2. MOLECULAR IDENTIFICATION

2.3.2.1.DNA EXTRACTION

The extraction of DNA from fungi was performed using the method descrybed by
(Alshehri and Palanisamy,2020) and following the protocol instructions included in the
kit (Presto™ Mini gDNA Yeast Kit/ Genaid/ USA).

2.3.2.2.POLYMERASE CHAIN REACTION (PCR) USING
UNIVERSAL PRIMERS
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The fungus's internal transcribed spacer region was amplified using PCR.
(Schochet al, 2012).the ITS region of 5.8S rDNA genewas amplified by PCR reaction,
using universal forward and reverse

Primer ITS1-F :5-TCCGTAGGTGAACCTGCGG-3’
and

Primer ITS4- R :5- TCCTCCGCTTATTGATATGC-3’
(Raja et al, 2017).

2.3.2.3.NCBI BLAST

Basic Local Alignment search tool (BLAST) and National Center for Biotechnology
Information (NCBI) both provided insurance for Phomatropica.

2.4. PREPARATION OF BIOMASS

For the manufacture of AgNPs, the Phomatropica was the organism of choice. 250
gm of potato and 20 gm of dextrose are to be added for every liter of purified water. To
eliminate the medium component from the mycelia biomass, the mycelia were filtered
out of the culture broth using Whatman filter paper No. 1 and washed three times in
sterile Milli-Q deionized water. This process was done to remove the medium
component. Ten days were spent incubating Erlenmeyer flasks on a rotary shaker at a
temp of 25 degree centigrade and 120 revolutions per minute. At a temp of 25 degree
centigrade, a 250 ml Erlenmeyer flask was agitated continuously for three days using
the same method while it contained 10 g of biomass (wet weight) and 100 ml of
deionized water. After incubation, the fungal cell filtrate (FCF) was collected by filtering
the solution using Whatman filter paper and a Millipore filter with a pore size of 0.45
microns. Filtrate has beenclam and used in order to bring about the desired results of
producing AgNPs.

2.5. FUNGAL MEDIATED SYNTHESIS OF AGNPS

For the creation of AgNPs, 100 ml of fungal cell filtrate (FCF) was mixed with 0.017
gm of AgNO3 (Sigma-Aldrich 99.9%, Germany) to achieve a final amount of 1 mM,
and the mixture was then left to sit at 28°C in the dark for 72 hours. As a control, flaks
with FCF but no AgNO3 were employed. The creation of AgNPswas verified by the
color change response after a 72-hour incubation time in dark conditions. The
colorless cell filtrate solution with AGQNO3 solution turned into a brown color solution.
An evaluation of the supernatant using a UV-visible spectrophotometer provided
qualitative evidence of the decrease of Ag+.Using a UV-visible spectrophotometer, the
absorbance of the sample supernatant was determined between 300 and 900 nm.
The reaction mix was then centrifuged three times for 20 minutes at 6000 rpm with
distiled water to concentrate the AgNPs. The pellet that was left behind was then
dried in a hot air furnace at 40 degree centigrade. After drying, the sample was placed
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in a glass vial together with nanoparticles that had been collected by scratching with a
sterile spatula. AQNPs were then gathered for additional characterization.

2.6. SILVER NANOPARTICLE DETECTION AND
CHARACTERIZATION

By transforming from colorless to light brown, the biosynthesized (AgNPs) in the
fungal free-cell filtrate were visually evaluated. They were further validated by a UV-
Vis spectrophotometer, scan electrons microscope (SEM), and Fourier transforms
infrared spectroscopy (FT-IR).

2.6.1. SONICATION

After it has been cleansed and centrifuged, researchers employ it in our method,
which involves using sound energy to agitate particle or discontinuity fibers that are
suspended in liquid. In most cases, frequencies higher than 20 kilohertz (kHz) are
used. Ultrasonication may be carried out with the assistance of either an ultrasonic
bath or an ultrasonic probe (sonicator). For our experiment, we used an ultrasonic
bath made by Binder in Germany (Deborah and Chung, 2017 )

2.6.2. ASSAY USING UV-VISIBLE SPECTROPHOTOMETRY

The UV-Vis spectrophotometer (CECIL (CE,7200, England )) was used to measure
the bio-decrease of Ag+ in aqueous solution after the fungal free-cell filtrate treated
with ANO3 had been incubated for 72 hours. 0.1 ml of the filtrate was obtained
during the reduction process, diluted with deionized water, and then placed in a quartz
UV-VIS cuvette. 300 to 900 nm was the range of the scanning. Free-cell filtrate that
hadn't been altered served as a control. This was handled at the University of
Basrah's Polymer Research Center.

2.6.3. FTIR (FOURIER TRANSFORM INFRARED
SPECTROSCOPY) ANALYSIS

The free-cell filtrate underwent Fourier Transform Infrared (FTIR) (Bruker Tensor
27, Germany) examination after 72 hours of incubation. To identify the functional
groups of the stabilizing and biomolecules capping the AgNPs, FT-IR measurements
were conducted. After centrifuging the specimen solution having the nanoparticles at
5,000 rpm for 1200 second, it was filtered. The produced solid material was
subsequently crushed with potassium bromide (KBr), and pellets were created. The
pellet was examined using FTIR. This was handled at the University of Basrah's
Polymer Research Center.
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2.6.4. SCAN ELECTRONS MICROSCOPE (SEM)

This electron microscopy unit at Iran's University of Tehran employed a scan
electrons microscope (SEM) (TESCAN MIRA3, French) to describe the size and
shape of AgNPs( caroling et al., 2013).

2.7. ANTIBACTERIALACTIVITY OF AGNPS

Using the agar well diffusion assay method, the potential of AQNPs was evaluated
for their antibacterial effectiveness (Perez et al., 1990). We evaluated four types of
multidrug resistant pathogenic bacteria, including Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus and Pseudomonas aeruginosa. Each overnight-
grown bacterial culture was streaked with swabs before being placed on sterile Muller-
Hinton agar (MHA) plates. Utilizing a sterilized stainless steel Cork borer, wells in agar
plates with a diameter of 5 mm were created (local,Iraq ). Two concentrations of silver
nanoparticle solutions (50 and 100 g/ml) have beenapplied to the wells. After
incubation for 1 day at 37 degree centigrade, the wells have beeninvestigated for the
existence of inhibitory zones, and the diameters of these placeshave been
determined.

2.8. ASSAY FOR DETERMINING SYNERGISTIC EFFECTS.

To assess the bactericidal effectiveness of these nanoparticles both alone and in
conjunction with antibiotics, the disk diffusion technique was utilized to measure the
synergistic effect of extracellularly generated AgNPs with routinely utilized antibiotics
(Ampicillin, Chloramphenicol) (Devi and Joshi, 2012). conventional antibiotic disks
(Ampicillin, Chloramphenicol). Standard antibiotic discs (6 mm in diameter) were
placed over the MHA medium that had been injected with test organisms after being
impregnated with 20 | of freshly made AgNPs. Positive controls were standard
antibiotic disks. Filtrate devoid of fungi served as the adverse control. For 24 to 48
hours, these plates were incubated at 37 degree centigrade. The inhibition places of
the control and treatment plates have been assessed after incubation. The assays
were all carried out in triplicate.

2.9. EVALUATION OF THE INCREASE IN FOLD AREA

The improvement in fold area was determined by comparing the mean contact area
of the inhibitory place that was formed by an antibiotic by itself and by an antibiotic in
combination with AgNPs. The fold increase area was determined utilizing the formula
(B2- A2) / A2, that A represents the inhibition place diameter generated by the activity
of antibiotics on their own, and B represents the inhibition place diameter induced by
the activity of antibiotics in combination with AgNPs (Birla et al., 2009).
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2.10.STATISTICAL ANALYSIS

We utilized the Statistical Package for the Social Sciences (SPSS), version 2020
(Copyright IBM Inc., USA). The least substantial difference (LSD) test was used in the
statistical data analysis that was performed utilizing Guide. This test was used to
compare the substantial differences that existed between the averages with a
probability threshold of p less than 0.01.

3. RESULTS

3.1. FUNGAL IDENTIFICATION

The discipline of biological science is seeing fast advancements in the use of
nanotechnology. In the course of this research, Phomatropica cell filtrate was used to
effectively produce AgNPs. The fungus was extracted from the soil and cultivated at a
temperature of 28 degrees Celsius on PDA medium. The fungus has been recognized
as Phomatium due to the features of its colony morphology (the colonies appeared
white, and with regular shape, mycelium pale white color (fig 1a), in the single colony
there was a large number of conidia deposit in the middle of the colony) (Fig. 1b) and
its micromorphology (Pycnidia, conidia subglobose, flaskshaped with conspicuous
dark circumval.

Figure 1. Morphology of Phomatropica

(a,b) Macroscopic morphology (7d and 28 degree centigrade); (c) microscopic
morphology ( 40 x).

3.2. GENETIC IDENTIFICATION OF PHOMATROPICA

3.2.1. GENOMIC DNA EXTRACTION

The technique of electrophoresis for DNA extraction under UV transilluminator
showed clear isolated DNA of Phomatropica (Figure2).
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Figure 2. 0.8% of agarose gel Electrophoresis showed total DNA band of Phomatropica.

3.2.2. PCR AMPLIFICATION

The results of the molecular diagnosis of the isolate after electrolysis on agarose
gel(1%) showed that the results of the DNA chain reaction using ITS1-ITS4 interfacial
primers showed the existence of a

clear bundle resulting from the process of duplication of these genes, and the
binding of the primer to its complement sequence in the DNA template ~550 bp
(Figure 3).

Figure 3. The electrophoresis of PCR.

3.2.3. SEQUENCING OF ITS GENE

The ITS nucleotidesequence is 100% homology toPhoma tropica (accession
number JF 923821.1) as registered in the GenBankdatabase. Based onmolecular and
morphological features, the fungal has been determined asPhomatropica.

3.3. SILVER NANOPARTICLE (AGNP) BIOSYNTHESIS

After 24 hours of incubation in the dark condition, P.tropica isolate's extracellular
AgNPsbiosynthesis was visually detected to modify the color of the culture
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supernatant in comparison to the control. Figures 4 and 5 displayed AgNPs harvest
derived from isolation, which ranged in hue from colorless to brown.

Figure 4. Color change observed in fungal cell filtrate (FCF) of P.tropica after exposure to
AgNO3, a- without 1TmM AgNO3 b- after 24h treated with AQNO3

Figure 5. Nanoparticles synthesized byP. tropica

3.4. CHARACTERIZATION OFBIOSYNTHESISAGNPS

3.4.1. SONICATION OF AGNPS SOLUTION

Figure 6 shows how 0.001g of AgNPs were blended with 5§ ml of purified water and
sonicated for 15-20 minutes using an ultrasonic bath.
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Figure 6. the AgNPs solution, the right( a) one before sonication and the left (b) one after
sonication

3.4.2. UV-VISIBLE SPECTROPHOTOMETRY ANALYSIS

By employing a UV-visible spectrophotometer to conduct qualitative testing on the
supernatant, the reduction of silver ions was verified. After 24 hours, 1 ml of the
sample supernatant was removed, and the absorbance has been determined
between 300 and 900 nm utilizing a UV-visible spectrophotometer (fig.7). At 423 nm,
the absorbance peak was noted.

2,4
& Absorbance [A] - 103
1,8
1,2
0,6
0 . r r .
0 225 450 675 900

Wavelength(nm)

Figure 7. UV-Visible spectra of produced AgNPs by fungi.

3.4.3. SCAN ELECTRONS MICROSCOPE (SEM)

Images collected utilizing SEM with a magnification of 200Kx indicated that the
AgNps have been collected and generally spherical in form, with diameters ranging
from 55 to 99 nm.
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Figure 8. The biosynthesized AgNPs in the fungal free-cell filtrate were depicted in a SEM
micrograph as spherical shapes aggregated with size ranges from 55 to 99 nm (magnification
200 K X).

3.4.4. FTIR ANALYSIS

It has been proven that FT-IR experiments have the potential to detect putative
biomolecules essential in the bio removal of silver ions and the stability of AgNPs. The
FTIR spectrum study indicates that the supernatant of Phomatropica includes
biomolecules, which are responsible for the conversion of silver ions into AgNPs
(Figure 9). The results of this research also demonstrated the existence of eight
distinct stretch bands, and their values are as follows: 3358.43, 2925.48, 2845.13,
1745.26, 1645.62, 1539.88, 1455.99, and 1078.01. (cm-1).

Figure 9. FTIR spectrum of AgNPs biosynthesized by P. tropica with distinct peaks.
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3.5. AGNPS HAVE ANTIBACTERIAL ACTIVITIES

The studied strains of Gram negative and Gram positive bacteria were resistant to
the biosynthesized AgNPs' antibacterial action. According to the findings, bacterial
growth was slightly less inhibited by AgNPs at a 50 g/ml concentration (0-21 mm
inhibition zones) than it was by a 100 g/ml concentration (13-25 mm inhibition zones)
(Fig.10). AgNPs had the lowest growth inhibitory activity vsK. pneumonia and the
highest vsP. aeruginosa. Without AgNPs, no inhibitory zones could be seen in the
fungal free cell filtrate (FCF). Similar findings were reported using AQNPs produced by
Papulaspora pallidula by Tawfik and Ahmad (2015).

30
23

15

25,0
21,0
15,5

W 100ug/ml

13,0 13,0 13,0 13,0 M 50ug/ml
8

0,0

0

E.Coli K.pneumoniae P.aeruginosa S. aureus

P.tropica (Biomass)

Zone of inhibition

Figure 10. The growth inhibition zones that four strains of human pathogenic bacteria
displayed in response to two nanoparticles of silver doses (AgNPs) produced by the fungus P.
tropica.

3.6. COMBINATION EFFICACY OF AGNPS WITH
AMPICILLINAND CHLORAMPHENICOL

This particular research utilizing the disk diffusion technique, we tested the
effectiveness of these AgNPs in conjunction with antibiotics at concentrations of 50
and 100 g/ml versus gram-negative and gram-positive bacteria. The width of the
inhibitory zone, measured in millimeters, surrounding antibiotic disks with and without
resistance vs test bacteria is illustrated in Fig. 11 and 12. In all of the instances, the
inhibition places diameter for antibiotics alone and in conjunction with AgNPs
demonstrated a substantial increase in fold area. This was the case with ampicillin
and chloramphenicol at concentrations of 50 and 100 pg/ml of AQNPs (Table 1). The
synergistic activity of AQNPs at 50 pug/ml concentration with antibiotics were found to
be higher vsE. Coli and P. aeruginosa as compared to S.aureusand. K. pneumonia
The synergistic activity of AgNPs at 100ug/ml concentration with antibiotics have been
detected to be greatervsP. aeruginosa and as E. coli compared to K. pneumonia
andS. aureus.
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Table 1. Mean inhibition place (mm) brought about by various antibiotics with/withoutAgNPs
created utilizing the fungus p tropicavs the test organisms

Inhibition Zone (mm )

AgNPs 50ug/ml AgNPs100ug/ml
. Incre Incre Incre Incre
Bacterial Ampi | Am* | ase | chor | C+ ase | , . Am+ | ase | chlor | C+ ase
szl Ci”if‘ AgNP | in | amph | AgNP | in Ci”i‘r’l AgNP | in | amph | AgNP | in
s fold | enicol s fold s fold | enicol s fold
area area area area
E. coli - 12 3 24 25 0.085 - 12 3 24.5 25.5 | 0.083
K. , - 7.5 0.563 | 22.5 22.5 0 - 8.5 1.007 23 245 | 0.134
pneumonia
P'. 10.5 | 2.063 16 20.5 | 0.641 - 13.5 | 4.063 18 25 0.929
aeruginosa

S.aureus 15.5 18 1 0.349 | 245 26 | 0126 | 155 | 18,5 | 0425 | 23 26.5 | 0.327

The increase in fold area of places of inhibition has been determined by comparing the inhibition place
created by antibiotic only with the places of inhibition obtained for antibiotics paired with AQNPs manufactured
utilizing the fungal isolate.

* The values represent the averages of three replicates.
differences that are significant at P 0.01.**

-The diameter of the disc, which was measured to be 6 millimeters, was utilized in the lack of the growth of
bacteria inhibition places in order to compute the fold increase in columns 1, and 7.

Figure 11. Antibacterial activities of biosynthesized nanoparticles of silver at amount (50 g/ml)
vsE. coli (A), K. pneumonia (B), P. aeruginosa (C), S. aureus (D) commercial antibiotic
Ampicillin (1) and a combination of ANPs with Ampicillin (2) commercial antibiotic
chloramphenicol (3) and a combination of AQNPs with chloramphenicol (4) Fungal cell-free
filtrate (5)
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Figure 12. The inhibition places (mm) displayed by biosynthesized nanoparticles of silver at
concentrations (100g/ml) vsE. coli (A), Klebsiella pneumonia (B), P. aeruginosa (C), and S.
aureus (D) commercial antibiotic Ampicillin (1) and an AgNPs/Ampicillin combination (2)
commercial antibiotic chloramphenicol (3) and an AgNPs/Chloramphenicol combination (4)
Fungal cell-free filtrate (5).

4. DISCUSSION

4.1. ISOLATION AND IDENTIFICATION
OFPHOMATROPICAFROM SOIL

Phomatropica has been chosen for the production of nanoparticles because it is
simple to extract from soil, it is straightforward to cultivate on straightforward media
such as PDA, and most importantly, it has consistent biochemical properties ( Rai et
al, 2009 ). In addition, there is no research done so far on selecting Phomatropica for
the production of AgQNPs. This is something that has to be done.

(Boerema et al., 2004) conducted research on the Phoma species based on the
physical and cultural aspects of each species. The recognition of Phoma depending
only on morphological characteristics was relatively inconsistent, which contributed to
confusion over its identity. Because of this, molecular-based approaches were used,
which turned out to be a superior choice for the detection and investigation of genetic
differences amongst fungi (deGruyter et al., 2009; Aveskamp et al., 2010).

Several of the most frequent options for phylogenetic inference at the genus level
or lower is bi-parental, nuclear ITS regions. This is because these areas have a
greater rate of base replacement than the genes found in most organelles. The
phylogenetic connections between Phoma and the groups to which it is closely related
were examined in great detail utilizing ITS sequence data ( Iryini et
al,2009 :Aveskamp et al, 2009).
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4.2. BIOSYNTHESIS AND CHARACTERIZATIONOF AGNPS

Since dangerous bacteria have been showing signs of antibiotic resistance during
the past ten years, researchers are concentrating on creating new antibacterial
substances. Ag-NPs as antibacterial agents have emerged as viable candidates in the
current medical landscape (Duran et al. 2007). AgNPs can be produced by
microorganisms like fungus, which has significant promise for numerous applications
(Alghuthaymiet al., 2015). Due to their capacity to create AgNPs, many Phoma
species were shown to be able to synthesis nanoparticles of silver (Aniketet al, 2013 ;
Sudhiret al,2016 ; Aniketet al, 2011).This is the first account of the environmentally
friendly extracellular production of AQNPs by P. tropica. As evidenced by the color shift
from colorless to brownish after 3 days of incubation after being exposed to a solution
of 1 mM AgNO3, the current investigation demonstrated that the chosen fungus, P.
tropica, displayed a great potential for the AgQNPs synthesis in culture medium. These
results are consistent with earlier research utilizing several fungi species (Asemet al.
2017;Tejal Barkhade.. 2018 ;Bahimbaet al., 2011: Mohamed et al, 2021).

The addition of AQNO3 to the fungal free-cell filtrate caused a color shift as a result
of the excitation of silver's surface plasmon resonance vibration that verified the
decrease of silver ions as reported by (Chitra and Annadurai,2013).

4.3. UV-VISIBLE SPECTROPHOTOMETRY ANALYSIS

The current research demonstrated that UV-Vis spectrophotometry examination
revealed a maximum with great absorbance at 423 nm, which stated that the
investigated fungus had been replicating AgNPs, indicating that the production of
AgNPs has been complete after 3 days of incubation with free-cell filtrate. This is in
line with a few other pieces of art that have been done (Mohamed et al 2021; Aniket et
al, 2013).

When compared to previous studies, it appears that there have been some
variances in the features of the AQNPs generated by distinct species of fungus. These
variations have been seen in the AgNPs (Birla et al. 2009; Chitra and Annadurai,
2013; Maliszewska et al., 2009; Raheman et al., 2011). These variations might be
attributable to the origin of the fungal isolates or strains as well as the environment
under which they grew (Marambio-Jones and Hoek, 2012). Based on the findings of
Neethu et al. (2018), the amount of fungal mycelium was directly correlated to the
amount of AgNP that was synthesized.

4.4.BIOSYNTHESIZED DESCRIPTION AGNPS BY SCAN
ELECTRONS MICROSCOPY (SEM)

Different reaction parameters affect the form and size of biosynthesized
nanoparticles of silver in solution.

The AgNPsbiosynthesized morphology by the chosen fungus was scattered with
size of 55-90 nm, as shown by SEM ostly spherical and pictures.
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Numerous studies have noted that different fungus species, pH levels, and
temperatures affect the AgNPs shape and size that are generated (Martinez-
Castanonet al., 2008; Marambio-Jones and Hoek, 2010; Muhsin and Hachim,
2015 ;Aniketet al, 2013 ).

4.5.FT-IR ANALYSISA OF THE BIOSYNTHESIZED AGNPS

P. tropica has been shown to contain biomolecules that turn silver ions into AgNPs.
These biomolecules occur in 8 different stretching bands, which are: 3358.43,
2025.48, 2845.13, 1745.26, 1645.62, 1539.88, 1455.99, 1078.01, and others (cm-1).

The distinctive hydrogen-linked OH set that could be the result of the formation of
nanoparticles in an aqueous phase, is connected to the bending vibrations of the OH
alcohol bonds, phenols, and the N-H stretching vibration of main protein amides, all of
which make a contribution to the peak at 3358.43cm-1. These vibrations are
responsible for the existence of the peak.

The C-H stretching associated with the methylene protein set and the N-H
stretching associated with the amine salt are both candidates for the causes of the
maxima at 2925.48 and 2845.13 cm-1, respectively. This finding is undeniably linked
to the modification of the electric surroundings of the methylene and methane sets
that was brought about by the close proximity of the AgNPs and carbonyl. The
stretching vibrations of C=0 was the source of the experimental group that could be
seen at 1745.26 cm-1. In the FTIR spectrum, there are two bands that are visible.
These bands have been connected with the stretching vibration of the amide | band
and the amide Il band of the protein, respectively. The bands have a wavelength of
1645.62 cm-1 and 1539.88 cm-1. (Joshi,2012) suggests that the absorption peak at
1455.99 cm-1 might be related to geometric bending vibration of amino acid residue
sets with free protein carboxylate sets -COO- (carboxylate ion), 1078.01 (ethers,
esters, and C-O alcohol stretched oxalic acids), and C-N stretched of aliphatic
amines.

4.6. AGNPSANTIBACTERIAL ACTIVITY ON PATHOGENIC
BACTERIA

At two different doses (100 g/ml and 50 g/ml), the biosynthesized AgNPs were
shown to limit the development of human pathogenic bacterial strains, which were
examined. This was another finding from the present investigation. In contrast, the
effectiveness of AQNPs as an antibacterial agent was inconsistent. Even though the
mechanism by which AgNPs prevent bacteria from growing is not extensively
established, it is possible that it is linked to the impact of Ag+ by leading to damage of
bacterial cell membranes, the damage of enzymes, or the conformational changes of
DNA. This is what has been proposed by other study results (Kim et al. 2007;
Marambio-Jones and Hoek, 2010).
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4.7. COMBINATION EFFICACY OF AGNPS WITH AMPICILLIN
AND CHLORAMPHENICOL

According to increased fold area, the biosynthesized AgNPs and the medicines
ampicillin and chloramphenicol significantly boosted efficiency vs the chosen human
pathogenic bacteria ( Birla et al. 2009). These results are consistent with those of
earlier research that investigated the synergic impact of AgNPs produced from a
variety of fungal species when used in conjunction with a selection of various
commercialized antibiotics and put to the test versus Gram-negative and Gram-
positive bacteria (Fayaz et al., 2010; Devi and Josh, 2011; Gudikandula et al., 2015;
Shareef et al., 2017).

(Fayaz et al. 2010) also showed an increase in the antibacterial activity of
chloramphenicol, erythromycin, kanamycin, and ampicillin when used in conjunction
with  AgNPsvs Salmonella typhi, Escherichia coli, Staphylococcus aureus, and
Micrococcus luteus.

(Devi and Joshi, 2011) showed an improvement in the antibacterial activity of
ciprofloxacin, chloramphenicol, erythromycin, and methicillin when combined with
biosynthesized AgNPs versus Enterococcus faecalis, Salmonella enterica,
Streptococcus pyogenes, and Staphylococcus aureus.

5. CONCLUSION

The production of AQNPs using P. tropicawas investigated in the current study this
finding is the first for this fungus species in Iraq. The generated AQNPs demonstrated
activity versus Gram-positive and Gram-negative human pathogenic bacteria
throughout a wide range. This fungus shows potential as a natural source for the
synthesis of AgNPs, which have applied in the medical product and pharmaceutical
manufacturing industries.
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ABSTRACT

Core-shell Cu@sio2 nanoparticles were created by a chemical reaction in a sol gel,
and their ability to inhibit S. aureus and E. coli bacteria was tested, when synthesized
and characterized using ultraviolet-visible spectroscopy, a copper band could be seen
before and after encapsulation at wavelengths of 625 nanometers and 635
nanometers, which are surface plasmonic resonant frequency bands, respectively.
The production of Cu @Sio2 core shell nanoparticles was further confirmed using field
emission scanning electron microscope (FESEM) pictures. The core shell
nanoparticles have a mean size of 66 nanometers and a spherical shape, as shown in
TEM. The X-ray diffraction patterns for the nanopatrticles, which show face-centered
cubic (FCC) of copper, match the crystal structure of Cu@sio2 we discovered using
fourier transform infrared (FT-IR) spectroscopy, the fourier transform infrared
interaction between the silica and the synthesized copper NPs was investigated. This
revealed the capping of the CuNPs by SiO2. The inhibition zone was evident as a
result of the activities of these compounds (14, 14, 16, and 20) and (24, 24, 28, and
30) against Escherichia coli bacteria and Staphylococcus aureus bacteria,
respectively.

KEYWORDS

Copper Nanopatrticle, Silica, Antibacterial, Inhibition Zone.

https://doi.org/10.17993/3ctecno.2023.v12n1e43.337-352



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

PAPER INDEX
ABSTRACT
KEYWORDS
1. INTRODUCTION
2. EXPERIMENTAL PARTS
2.1. SOL-GEL PROCESS
2.2. CHARACTERIZATION TECHNIQUES
2.3. EQUATIONS USED TO ANALYSIS THE XRAY RESULTS.
2.4. TESTING FOR ANTIMICROBIAL EFFECTIVENESS
3. 3. RESULTS AND DISCUSSION
3.1. X-RAY DIFFRACTION
3.2. UV VISIBLE SPECTROSCOPY
3.3. FTIR
3.4. TEM.
3.5. FeSEM-EDX
4. EVALUATION OF ANTIBACTERIAL
4.1. ACTIVITY OF THE CORE-SHELLS
5. CONCLUSIONS
REFERENCES

239 https://doi.org/10.17993/3ctecno.2023.v12Nn1e43.337-352



340 |

3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

1. INTRODUCTION

The modern concepts for producing nanoparticles with the required size and form
are developing as, science and technology grow more quickly, particularly in the fields
of nanotechnology and material science. [1-4] Metallic nanoparticles are gaining
popularity due to their different physical and chemical characteristics, as well as their
wide variety of applications. There is an increase in interest in working with metals,
polymer particles, metallic nanoparticles, etc. because of they have several
applications in material science due to their tiny size and a huge interaction surface.
surrounding medium affects the features of nanoparticles, and the necessary
attributes can be introduced by changing the ambiance. The scientific discipline of
nanotechnology has enormous promise for use in medicine. Because nanoscience
and biology are comparable to nature, their combination will not only help in the battle
against harmful microbes, but may also lead to a shift in how infectious disease is
treated. [5] [6] Numerous biomedical, and pharmaceutical fields, including diagnostics,
genetic engineering, drug delivery, biomarkers, bioimaging, cosmetics, antibacterial,
cancer, immunology, cardiology, cancer treatment, bioremediation, water treatments,
energy production, and other infectious diseases, can benefit from the use of
nanoparticles. [7-9] Paints typically contain different metals and metal oxides as NPs
because they have antifungal, anti-algal, and antibacterial effects. Exhibiting water
resilience, fewer toxic effects, and antibacterial capabilities through attaching to
bacterial cell proteins. [10]

There are generally two ways to synthesize nanoparticles of Sio2. Since silica has
been widely used as an efficient anticorrosive protective material, numerous attempts
have been made to coat metal nanoparticles with silica shells of customizable
thickness. Due to its excellent compatibility with various materials, great chemical and
thermal stability, and huge surface area, silica is a very important material. SiO2 with
copper exhibited excellent corrosion resistance [11] Multi-infectious bacteria can
produce antimicrobial resistance by adhering to various substrates like medical
equipment or biological surfaces like host organism and forming sticky exopolymeric
substances (EPS) called microbial biofilms [12].

Copper nanoparticles are reported to be more efficient than iron oxide and nickel
nanoparticles in the attack against pathogenic bacteria that produce biofiims and
multidrug resistance. Copper and copper oxide nanoparticles exhibit antibacterial
efficacy against the microorganism's Staph aureus, E. coli, Pseudomonas aerugi, and
B. subtilis the microorganism's Bacillus nosa that produce biofilms. [13-16].

Copper nanoparticles are useful for a variety of purposes, including medicinal,
agricultural, and other industries, and they are inexpensive, these include antifungal,
antiviral, antibiotic, anticancer, and photocatalytic uses[17].

In this study, Cu@Sio2 core-shell nanoparticles are fabricated using the chemical
sol-gel method [18-19]. Ultrasound is used to disperse copper nanoparticles before
mixing them with silica. The final spherical Cu@Sio2 core -shell the spherical shape
was observed as well as measuring the antibacterial activities of Escherichia coli and
Staphylococcus aureus bacteria.
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2. EXPERIMENTAL PARTS

2.1. SOL-GEL PROCESS

Synthesis of Copper Nanopowder in Chemical Sol Gel (average particle size 30
nanometer 299.9%), (TEOS) tetraethylorthosilicate 98%, 0.5 mol (Merck), ethyl
alcohol (99.9%), ascorbic acid (99%), cetyltrimethylammonium bromide =298%, NH3
ammonium hydrate (25%), also utilized was deionized water.

Experiment was carried out 24C° temperature. Shows the composition of core-shell
used in the experiment. The technique of synthesizing core-shell is as follows. First,
the copper solution is made up of 180 mg of Cu nanopowder combined with 10 ml of
distilled water, (0.004 M) cetyltrimethylammonium bromide (CTAB) diluted in 10 ml of
water, and (0.02 M) ascorbic acid mixed in 20 ml of water. and fully dispersed with
ultrasound. Then, while stirring, 32.0 ml of ethanol and 0.5 ml of TEOS were
combined. 1.5 ml of ammonium hydroxide was combined after stirring for around one
hour and the reaction was then completed after another 24 hours of stirring. The core-
shell nanoparticles underwent multiple filtering and washing steps using distilled water
and ethanol.lastlly,80 °C was used to dry powder to produce Cu@sio2 core-shell.

2.2. CHARACTERIZATION TECHNIQUES

Utilizing X-ray diffraction, Cu@SiO2 core-shell peaks were verified. (XRD; Cu, 30
kV, 15 milliampere); Rigaku Corporation), To make specimens, the sol-gel-fabricated
core-shells were disseminated in ethanol. The core-shell shapes were verified using a
transmission electron microscope and fesem. Then, measurements using energy
dispersive X-ray spectroscopy (EDS) produced to confirm the production of the SiO2
shell and Copper nanopowder core. The following techniques were used to
characterize the prepared Cu @Sio2 core shell nanostructures.

2.3. EQUATIONS USED TO ANALYSIS THE XRAY RESULTS.

According to the findings of the XRD examination, the Bragg law Equation (1) was
used to compute the d-spacing (the lattice planes distance between the atoms), and
the Debye-Scherrer Equation was used to calculate the average crystallite size. (2)

2d sin@ =nl (1)

where d is the interplanar distance between atoms, n is an integer (n= 1), and k is
an integer (k= 0.15418 nanometer for Cu Ka).

K
D= (2)
FWHM COS0

where K is a constant number factor (0.89), A= 0.15418 nanometers for Cu Ka,

FWHM is the full width at half maximum, @ is the diffraction angle, and (a) is the lattice

constant, while D is the average crystallite size. (a) For cubic crystals was calculated
by Equation (3) [17]
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a=dVh*+k*+ 2 (3)

Miller's index (h k I) represents cartesian coordinates for cubic crystals.

2.4. TESTING FOR ANTIMICROBIAL EFFECTIVENESS

The antibacterial capabilities of the composite membrane were tested using the
diffusion method against the gram-positive bacterium. Staphylococcus aureus and
gram-negative bacteria a kind of bacteria called Escherichia coli. [20]. A disk-shaped
test specimen and an untreated control were created with a 10 mm diameter and
sterilized in an autoclave for 15 minutes at 120 °C for the disk diffusion procedure.
After that, they were placed on individual agar media with E. coli and S. aureus

cultures and for 24 hours at 37 °C while the inhibitory zone was monitored.

3. 3. RESULTS AND DISCUSSION

3.1. X-RAY DIFFRACTION

Among the most effective and simple methods for determining out a compound's
crystallite properties is X-ray diffraction (XRD). XRD analysis of synthesized copper
nanopowder using ascorbic acid and CTAB as stabilizing and reduction agents,
confirmed that the finished item is made of metal. The Cu-NPs' XRD patterns are
depicted in Fig. 1, and they are very comparable to those seen in JCPDS Copper.
04-0836 (43.6, 50.8, and 74.4) correspond to the metallic Cu planes (111), (200), and
(220). The outcome of XRD examination shows that the produced Cu-NPs have a
face-centered cubic structure (FCC), in addition to copper peaks, other X-ray
diffraction peaks appear after the process of coating the metal with silica figure 2
depicts the Cu@sio2 core shell's XRD pattern. nanostructure as it was created using
the sol-gel process. Peaks seen at 20 values of 21.4, 22.59, 31.8, 45.54, 53.97,
54.55, 56.6, 66.15 and 75.47 correspond to (002), (211), (600), (332), (440),(404),
(620),( 325)and (435) planes of Cu@Sio2. These peaks were quite comparable to
those of the standard JCPDS Card No. 045-0131 for the sio2 [21].

The JCPDS (Joint Committee on Powder Diffraction Standards) was used to
calculate the broadening of the diffraction peaks matching to the strongest reflections,
which indicates the mean size of nanocrystals. From the XRD diffraction pattern
observed for nanoparticles, the Scherrer equation was applied to calculate the
crystallite size.

The results of the XRD examination show that the Cu-NPs that were created had a
structure with a face-centered cubic (FCC) with a lattice constant of 0.36 nanometers
that matches well with the standard lattice parameter (a = 0.3615 nanometers).
JCPDS card no, 04-0836, the average size of copper crystals and cu@sio2
nanoparticles(D) calculated by using equ.1, the Scherrer equation were about 47.08
and 58.9 respectively [21].
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Figure 1. XRD patterns of CuNps

Figure 2. XRD patterns of silica-coated Cu nanoparticles

3.2. UV VISIBLE SPECTROSCOPY

Small metallic nanoparticles exhibit visible electromagnetic wave absorption
through surface-based collective conduction electron oscillation [18]. The surface
plasmon resonance effect is what's happening here. The advantage of this effect is
that it can be used as a tracer for the presence of metallic nanoparticles with a
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straightforward UV-visible spectrometer, as demonstrated by the size dependence of
the plasmonic resonance of the absorption of copper nanoparticles and core-shell
particles of copper / silica prepared by chemical sol-gel method.The results from UV-
visible demonstrate a red shift in the absorption spectra caused by the increase in
particle size caused by the increased silica coating that the synthesis of Cu@SiO:
nanostructure exhibited in the figure displayed SPR peak at 635 nanometer, when it
was at the wavelength of 630 nanometer for cu nanoparticles. Fig:3

Figure 3. UV-vis absorption spectra for Cu and Cu @Sio2

3.3. FTIR

The FTIR spectra of silica (Sioz) fig:3a and 3b Cu @ Sio2 .The wide band at 3356
cm' in the FTIR of Sio2 corresponds to the O-H stretching vibration. of the
condensation of a silanol group (Si-OH) as well as the residual absorbed water in the
FTIR spectra of SiO2 and Cu @ Sio2 in Figure. Water molecules' bending and
vibrations as they absorbed into the surface of the silica particles caused a small peak
at 1666 cm-'. [22].

There were characteristic peaks at 1029 cm-1, 794 cm-1, and 474 cm-1, which
represented, respectively, the bending oscillation of O-Si-O, the asymmetrical
extending vibration of Si-O-Si, and the symmetric stretching vibration of O-Si-O [23].
The vibrations of the silanol groups stretching are connected with the band at 1029
cm-',while the peak at 1396 cm-! is connected to the stretching of the Si-O bond [22].
Similar to the Sio2 spectrum, FTIR spectrum of cu @ sio2 nanoparticles in Figure4b
likewise showed typical vibrations, but peaks were displaced to a higher number of
waves, such as peaks of 2916 cm-1 to 2920 cm-1,peaks between 1423 cm-1 and 1458
cm-’ as well as the peaks between 1639 and 1666 cm-1. This bond can be seen at
1666 cm-! before to the production of nanoparticles and has since migrated to 1639
cm,

The results may confirm that the copper nanoparticles were synthesized and
encapsulated with silica by the Stober's method; The change in wave numbers was
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due to C=C stretching and reveals coordination with Cu nanoparticles. Moreover,

FTIR peak in Fig. 4b indicates that a peak of 624 cm -' It may refer to copper
nanoparticles [24- 26].

Figure 4. ftir spactra of a- Sio2 b- cu@Sio2

3.4.TEM.

The analyses of the TEM pictures are useful equipment for evaluating the size and
form of the prepared nanoparticles. Fig. 4 displays common TEM pictures of cu@Sio2
NPs, their look is spherical in shape with a cover around them, as in Fig. 5, and they

also offer a wide range of sizes cu @sio2 core shell dimeter is between (35 and 120)
nanometer and rate 66 nanometer as in the fig.6.
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Figure 5. TEM images of Cu@Sio2 core shell NPs

Figure 6. TEM Histograms of Cu@Sio2 core shell NPs

3.5. FESEM-EDX

By using feSEM-EDX analyses, the existence of Cu@sioz core-shell was
established, and the outcome seems to show a spherical agglomeration in the particle
size distribution, with diameters ranging from 80 to 184 nanometers. High
magnification examination shows more details, though, including the fact that these
copper nanoclusters are made up of smaller nanoparticles with good homogeneity,
whose average diameter is roughly 152 nanometers (figs. 7 and 8 show this). The
copper that was generated and the silica that it was coated in can both be clearly
seen in the EDX analysis in Fig. 9. It should be noted that the copper-metal NPs were
silicate-coated.
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Figure 7. fesem showing the copper nanoparticle capping with silica

Figure 8. fesem Histograms of Cu@Sio2NPs
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Figure 9. EDS Diagram showing the presence of copper Nps and silica

4. EVALUATION OF ANTIBACTERIAL

4.1. ACTIVITY OF THE CORE-SHELLS

Results of the evaluation of the antibacterial activity of the disc diffusion method
prepared from core and shells in Figures (10) and (11) shows the inhibition region
where the rate of bacterial reduction was for samples (14, 14, 16 and 20) for
Escherichia coli and (24, 24, 28 and 30) for Staphylococcus aureus. Samples were
taken with dilute concentrations (12.5, 25, 50, 100) %. They showed a high bacterial
reduction rate for each Escherichia coli and Staphylococcus aureus in particular,

cu @sio2core shell, showed greater action against Staphylococcus aureus than
their action against Escherichia coli, which was observed from the reduction rate after
only 24 hours. The mechanisms by which copper is toxic to bacteria have been
identified as the generation of free radicals [27, 28], which leads to the
permeabilization of cell membranes, and the degradation of DNA and RNA. In the
case of the antibacterial activity of free radicals, interactions with the proteins inside
the bacteria in samples containing copper result in the production of hydroxyl radicals
(OH) and peroxide anions (O2). The resultant radicals damage DNA and RNA by
degrading intracellular and extracellular components that obstruct the electron
transport system. In addition, the eluted copper affects the bacterial outer membrane,
creating holes in the outer membrane that are atypically formed. Changes in these
membranes alter membrane permeability, leading to a gradual release of
lipopolysaccharide molecules and membrane proteins, leading to the death of the
bacteria [29].

The size, shape, and concentration of copper nanoparticles, as well as the
synthesis procedure, all affect the antibacterial action of cu@sio2 core shell. The
presence of the copper nanopowder coated by SiO2 was verified by TEM
measurements of core shells made using the sol-gel method.Cu@Sio2 nanoparticles
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core - shell displayed sufficient performance as antibacterial agent. Although the
presence of the SiO2 shell prevented direct contact with the Cu nano powder, it still
yielded high a reduction rate for bacteria. Thus, it was confirmed that an antibacterial
agent capable of overcoming the disadvantages of using nanopowder could be
manufactured. In addition, by controlling the thickness of the shell, the elution of Cu

can be delayed and antibacterial functions can be maintained for long periods.

Figure 10. antibacterial activity of copper @sio2 core shell vs E.coli and S. aureus
bacteria(the inhibition zone)

Figure 11. Cu@Sio2 core shell inhibition zone of E. coli and S. aureus bacteria at four diluted
concentrations (12.5%, 25%, 50, and 100%)

5. CONCLUSIONS

A chemical sol-gel process was used to create CuSiO2 nanoparticles with a core-
shell structure. A spherical sio2 shell was formed using the sol-gel process, and Cu
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nanopowder was present at the center. The presence of ammonia was also confirmed
as being essential to the process. Using the shaking flask method, the spectra of xrd
confirm the presence of copper nanoparticles, and the Fesem and Tem images
confirm the formation of spherical particles. A red shift was observed in the UV-vis
absorption spectra, indicating an increase in particle size, and it was confirmed that
the core-shells produced through sol-gel method exhibited antibacterial activity.
Cu@sioz core-shell can be used as a futuristic, effective antibacterial agent in

biomedical applications.
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ABSTRACT

Aim of the study: Using surface roughness and tensile bond strength tests, the
objective of this investigation was to ascertain the impact of laser surface modification
on the binding strength of injectable thermoplastic acrylic denture base material to
acrylic-based soft-liner material.

Materials and methods: Acrylic base soft liner material was bonded to injectable
thermoplastic acrylic resin (Deflex). Forty specimens were created (20 disc, 20
dumbbells) 10 of each specimen type as control specimens, and 10 were treated with
nano pulse Nd: YAG laser. The data were analyzed using the Kruskal-Wallis test and
unpaired t-test (a=.05) and the roughness test was performed utilizing a double
column universal test machine.

Results: Compared to the control groups, the laser group had much increased
roughness and tensile bond strength.

Conclusions. Following Nd:YAG laser surface treatment, the tensile bonding strength
between acrylic soft-liner material and thermoplastic acrylic was increased.
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Thermoplastic acrylic, Nd:YAG laser, tensile bond strength, surface roughness test
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1. BACKGROUND

Following a time of wearing removable dentures, several studies found that
patients invariably have badly fitting dentures as a result of bone resorption that
caused soft tissue shape changes (1, 2). The use of thermoplastic resins has a
number of benefits over traditional powder-liquid systems. With tooth or tissue colored
materials, they offer outstanding esthetics and are quite pleasant for the patient.
These exhibit excellent wear characteristics, high fatigue endurance, high creep
resistance, and solvent resistance in addition to being extremely stable and resisting
thermal polymer unzipping. In order to create more uniformly distributed force,
minimize localized pressure, and improve retention, the tissue surfaces of removable
dentures and maxillofacial prostheses are cushioned with denture lining materials (3,
4).

Studies confirmed the issue of failure between the soft liner and denture foundation
owing to many factors that have a negative impact on the bonding strength (5, 6). The
binding site should be improved and stronger bonds should result from mechanical
locking and increased surface roughness brought about by laser treatment of denture
base resin (7). It is quick and easy to determine how well a material or overlay is
connected to the substrate beneath using the tensile bond strength (pull-off) test. With
the help of this tester, you can decide if surface preparation is necessary, spot relative
changes in potential surface strength throughout a treatment region, and assess the
effectiveness of surface preparation (8).

2. MATERIALS AND METHODS:

Forty specimens were prepared from injectable thermoplastic dentures base
materials and grouped as follows:

1. Group TC: Twenty specimens of injectable thermoplastic acrylic denture base
material without laser treatment.

2. Group TT: Twenty specimens of injectable thermoplastic acrylic denture base
material subjected to surface treatment with Nd: YAG laser with power: 15 watt, hatch:
0.09, speed: 40 m/s, frequency: 20 Hz, and distance off 12 mm.

According to the tests required for this study the specimens were be divided into
two shapes; disc-shaped and dumbbell-shaped.

2.1. PATTERN SHAPES AND DIMENSIONS FOR MOLD
PREPARATION

The molds for the disc-shaped specimens were used with dimensions of (25mm x
2mm = 0.1) diameter and thickness respectively. They were prepared by using high
accuracy Computer numerical control (CNC) to make the plastic shapes for the
specimens for measuring the surface roughness test. Dumbbell-shaped 3D printed
patterns with dimensions of 75 mm in length, 12 mm in diameter at the thick part, and
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7 mm at the thin portion were utilized to create the mold for the dumbbell-shaped
specimens used for the tensile bond test (9). (figure 1).

Figure 1. Mold design for dumbbell-shaped specimens

Plastic patterns were invested in silicone putty impression material, the dental
stone was proportioned and prepared following the instructions of the manufacturer
(WI/P ratio: 20ml/100g) and after which it was poured into the aluminum flask's lower
half and set over the dental vibrator. Putty and plastic designs were added to the
flask's lower half, and then the plastic patterns were cleaned out. Then injectable
acrylic cartridges were inserted in the DEFLEX MAD automated programmable device
and injected into the flask based on the guidelines provided by the manufacturer,
under pressure (5-7Bar) and heat (265° + 10°) for 10 minutes (15min).

With the use of an acrylic bur and a stone bur, all the surplus and flashes from the
acrylic specimens were removed. Next, 600-grit sand paper was used while the water
was continuously cooled. All porous specimens from the specimens gathered for the
study were discarded. For the finished dumbbell shaped specimens, Before
completing, a water-cooled diamond-edged saw was used to remove 3 mm from the
thin middle (9) figure 2.

(A) (B)
Figure 2. (A) disc shaped specimens of thermoplastic acrylic after finishing. (B), dumbbell
shaped specimens before cutting from midsection.
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20 injectable thermoplastic acrylic test group specimens were handled by Nd: The
following settings were used for the surface treatment using a YAG laser (Nano pulse
with fiber optic lens): (15 watts of electricity) (Velocity:40 m/s) (hatch 0.09) (20 Hz
frequency) (Offset distance: 12 mm). The application for a laser therapy was made at
the Institute of Laser for Postgraduate Studies of the University of Baghdad/Iraq,
under the direction of a laser specialist. The metal plate was placed underneath the
acrylic disc after donning protective eyewear, the laser handpiece was held vertically
and at a certain distance from the specimens to continue the laser therapy, as shown
in (figure 3, 4).

Figure 3. Acrylic (disc shape) specimens during treatment with Nd:YAG laser

Figure 4. Tensile bond strength test specimens before soft liner application (dumbbell-
shaped).

For curing the soft liner inside the flask, a digital water bath which is
thermostatically controlled was used. Following the instructions of the manufacturer.
The flask was removed from the water bath and set aside for bench cooling at room
temperature. The flask was opened when it had finished cooling down completely, and
the samples were taken out. For deflasking and finishing, before testing, each
specimen was immersed for 48 hours in distilled water at 37°C in an incubator. (10).

2.2. SURFACE ROUGHNESS TEST

RA mechanical profilometer was used to analyze roughness. Each specimen had
measurements made at several locations for subsequent statistical analysis. The Ra
(roughness—arithmetic mean value of all deviations from the midline's roughness
profile throughout the measurement length) method is used to examine the data (11).
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2.3. TENSILE BOND STRENGTH TEST

The dumbbell-shaped specimens of the current study were used for this test for the
acrylic denture base group, including investigation of failure type: cohesive, adhesive,
and mixed. The specimens was placed in the same metal grip former, which is fixed at
the bottom of the testing machine. The load is applied until failure occurs and the
maximum breaking forces are recorded in Newtons.

The outcome of the Nd: YAG laser treatment of the surface on (1) the enhancement
of the tensile bond strength of both thermoplastic, and (2) surface roughness. Where
the data for this study were gathered, processed, and arranged was evaluated for
each of these. The collected data were analyzed statistically.using the SPSS version
19 computer software.

3. RESULTS

3.1. SURFACE ROUGHNESS TEST

The descriptive statistics for the roughness test are shown in figure (5) and table
(1). The injectable thermoplastic acrylic group demonstrated significantly higher
roughness values after treatment with the Nd:YAG, while the control groups
demonstrated the lowest roughness values.

Figure 5. Surface roughness test of the study groups (values in um)
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Table 1. Descriptive statistics and t test of the surface roughness test values of groups with
and without laser treatment (um).

Descriptive statistics Inferential statistics
Groups N Mean S.D. Min. Max. t-test df P -Value
S.E.

Group 10 0.62 + 0.02 0.59 0.66

TC 0.007

148.4306 9 0.0001

Group 10 278 + 0.03 2.72 2.82 HS

TT 0.009

3.2. TENSILE BOND STRENGTH TEST

In figure and table (6), the means of the various test groups for the tensile bond
strength test are displayed (2). The group's mean tensile bond value (TT) was greater
than the (TC) value for the control groups (no laser surface treatment). The results of
the tensile bond strength test in table (4) showed a very significant difference between
the groups that received treatment.(27.728, P= 0.0001 HS) when compared. The
findings of the pairwise comparisons test for tensile bond strength results between
research groups in table (5) revealed a highly significant difference between (Group
TC and group TT).

Figure 6. Tensile bond strength of the study groups (values in N).

Table 2. Descriptive statistics data and t test of the tensile bond strength test values of Nd-
YAG laser treatment groups and untreated groups (values are in N).

Descriptive statistics Inferential statistics

Groups N Mean + S.E. S.D. Min. Max. t-test df P -Value

Group TC 10 42.80 + 0.90 2.86 | 38.00 | 46.00

Group TT 10 | 108.00+1.66 | 5.25 | 100.00 | 118.00 | 27.728 9 0.0001 HS
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Failure modes are described in (table 3). The injectable thermoplastic acrylic group
showed mostly cohesive failures 80% with laser treatment and 100% adhesive failure
without laser treatment.

Table 3. Modes of failure in each group of specimens

Study Group Adhesive Cohesive Both
Group TC 20 0 0
Group TT 0 16 4

3.3. DISCUSSION

Dental practices have been using thermoplastic acrylic denture base materials for
nearly 50 years. Due to these materials’ beneficial qualities, their use has expanded in
the interim. Their continued advancement has led to the creation of new classes of
increasingly cutting-edge materials and technology that enable the creation of
dentures that are stronger than standard dentures. The following traits of
thermoplastic materials exist: Excellent biocompatibility, no residual monomer, no
allergenic or harmful chemicals, ability to keep form. The use of TMs for immediate
dentures, post-resection dentures, full and partial dentures, and interim dentures
following implantation is increased. because to their excellent flexibility and accuracy
as well as their range of hues. (12).

Surface treatment with a laser beam led to preferred surface roughness results, the
laser beam produced surface changes by ablation that cause melting and vaporization
of the polymer surface and produce that causes some halls, pits and fossa of limited
depth which may result in uniform surface roughness. Surface roughness values of
treated groups significantly increased when compared to the untreated (control
groups), which was caused by the laser's significance as one of the practical uses.
This was used in increasing and improving bonding and adhesion between denture
base resins material and soft liner. Noticeably, the laser surface treatment produced
porous topography with irregular pits and micro-retentive morphological topographical
changes. This study agreed with (13) claimed that a different approach to surface
treatment to get a stronger bond strength between two materials, the laser, has been
suggested. Furthermore, (14) shown that treating the surface of denture base resins
with the laser has been said to be a simple and safe process. Additionally, the recent
findings support the claims made by (15), who claimed that the PMMA's surface had
been modified by lasing in order to expand its surface area and add mechanical
locking.

In the present study, we discovered that employing the laser to treat the surface
effectively increases the binding strength, resulting in long-term adhesion of denture
base materials with acrylic-based denture liners made of soft polymers. Therefore, a
strong adherence is required for the long-term use of a soft denture liner. When a soft
denture liner is required as the basis for a denture, strong adhesion is required for
long-term use. The significant difference in surface roughness between the treated
group and the control group was attributed to the effect of laser surface treatment in
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increasing the bonding of denture base materials and soft denture liners. Because the
laser has an impact on the surface that increases tensile bond strength, the use of
modification methods like lasers is required to prevent these issues.

According to the statistical analysis of the current study, applying a laser to a
surface to treat it strengthened the tensile bond in the laser-treated groups compared
to the control groups. Additionally, the Nd: YAG laser created pits or other
abnormalities that the soft lining material was able to penetrate, enhancing the
connection in the laser-treated groups. Soft lining materials may therefore pass
through any defects or pits left behind by the Nd: YAG laser.

The use of a laser for surface treatment enhanced the tensile bond strength in the
groups treated with the laser compared to the control groups, according to the results
of the statistical analysis carried out in the current study. Additionally, in the laser-
treated groups, the soft lining material was able to infiltrate the abnormalities or pits,
strengthening the connection. As a result, soft lining materials may penetrate
imperfections or pits created by the Nd: YAG laser. (17) conducted tensile
experiments to assess how sandblasting and laser treatments affected the bonding of
acrylic resin and robust liners at the interfacial level, consistent with (7) They found
that lasing PMMA prior to applying a resillient material led to stronger mean tensile
bonds than control specimens. Also, (16) shown that preparing the acrylic resin
surface with laser beams at 3 W, 10 Hz, and 300 mJ produced tiny holes the liner
could enter, strengthening the binding. The increase in cohesive failures after laser
treatment suggests an improvement in the tensile bond strength of the acrylic-based
soft lining to the injectable thermoplastic acrylic resin because the adhesion between
these materials may be stronger than the intermolecular forces of the relining material.
Results that increased the tensile binding strength of the resin-based soft liner to the
acrylic resins were similar with the findings of (18,19), which demonstrated cohesive
failures. The alternative hypothesis, according to which Nd: YAG laser treatments
enhanced the thermoplastic acrylic denture resin's tensile binding strengths to the
denture base soft liner, was accepted and the null hypothesis was rejected.

4. CONCLUSION

1. As demonstrated in this work, laser surface treatments change the surface
morphology of acrylic resin.

2. Nd: YAG laser treatment of surface injectable thermoplastic acrylic then relined with
acrylic-based soft lining resulted in higher mean surface roughness and surface
than seen in the untreated control group.

3. Injectable thermoplastic acrylic surface treatment with Nd: YAG laser (power: 15
watt) (speed: 40 m/s) (hatch 0.09) (frequency: 20 Hz) (distance off: 12mm), has
shown that when employed as a surface treatment agent, it effectively strengthens
the tensile bond between the thermoplastic acrylic denture base material.
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ABSTRACT

Now a day plastic injection molding is widely used process to manufacture
engineering product and consumer goods typically thermoplastic is combined with
rubber or another thermoplastic like RM master batch is used to add color to the
Molded part also the laser marking on plastic part and their printing cut, faint issue
observed. The aim of the study was to Optimize the injection parameters and
processing condition for the laser performance on polypropylene part. To achieve
enhanced dark laser marking on polypropylene, the process parameter of plastic
injection molding and the Raw material master batch mixing parameter successfully
prepared this laser—sensitive composite consisted of a high Laser induced
carbonization rate.in plastic injection molding use of raw material and mixing of master
batch is considerable factor for faint laser marking. Because of laser does not respond
well on carbonization added material, it was evident that master batch having the
carbon properties is much more responsible for faint laser marking issue on
polypropylene material part.

The effect of laser beam interaction (Nd: YVO4) with selected operational parameters
on the Quality of graphical features obtained on the surface of polypropylene-molded
pieces with different surface Textures (variable parameters of the surface layer).
Polypropylene test specimens were injection molded using original injection molds
Products with variable end parameters determined by the position of the cavity circle
can be identified. The layout of the laser function, the beneficiary texture of the
molded piece, the molded color and the support of the marking piece allow the
evaluation of the graphic symbol performance by means of laser marking of the type
of master back in their rendering relationship. Marked evaluation criteria were adopted
for the project.

KEYWORDS

Laser marking, injection moulding, master batch, printing, polypropylene
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1. INTRODUCTION

Plastic injection moulding is the process of heating raw material to its melting point
(plastic resin in pellet form in our case), forcing the viscous material into a mould, and
allowing it to cool into a hardened shape. In almost every product you encounter,
injection moulded parts are used, from electronics to housewares to automotive to
food packaging. At its most basic, it's a very simple process, but there's a lot more to it
than that—from creating the mould to understanding the chemical and physical
properties of the material. Plastic injection moulding arose from metal pressure die
casting processes in the late 1800s. Plastics were introduced in the 1920s, but the
process was still very crude, with simple two-piece moulds manually clamped
together. Since then, the art and science of plastic injection moulding have advanced
significantly [1-5].

1.1. INJECTION MOULDING MACHINE TYPE

Injection moulding is a method of transforming thermoplastics or thermosetting
materials into a wide range of products. Plasticizing and injection units, clamping and
opening units, ejecting or knockout units, and an electric and hydraulic control system
comprise an injection machine or injector.

There are four basic types of injection moulding equipment according to the type of
screw or plunger. [6]

Four types of injection moulding machines.[6]
1. Conventional injection moulding machine.
2. Piston-type preplastifying machine.

3. Screw-type preplastifying machine.

4. Reciprocating-screw injection machine.

Clamping unit (Toggle type) Mold Injection unit
d [ol ° ) [ T B []
I 7 0% llilll\(lll\[l
L I - \
é‘ 7“1]“!1“!]\!\v
q @ — F—— B\ N\
/ Heater
Crosshead / Tie bar Valve Screw Motor

Ejector mechanism  Back-flow Cylinder
Figure 1. Plastic Injection Moulding machine. [4] (Courtesy: Polypastics Co., Ltd.)

In Conventional injection moulding machine, Plastic granules or pellets are poured
into a hopper and fed into the chamber of the heating cylinder in this process. A
plunger then compresses the material, forcing it through the heating cylinder's
increasingly hotter zones, where it is spread thin by a torpedo. The torpedo is placed
in the centre of the cylinder to accelerate the heating of the plastic mass's centre. The
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torpedo can also be heated from the inside as well as from the outside. The material
flows into the mould from the heating cylinder via a nozzle. The nozzle seals the
cylinder and the mould, preventing molten material from leaking. The clamp end of the
machine holds the mould closed. Two to three tonnes of pressure are typically applied
to polystyrene for each inch of projected area of the work-piece and runner system.[6]

To preplastify the plastic granules, Piston-type preplastifying machine uses a
torpedo ram heater. The fluid plastic is pushed into a holding chamber after the melt
stage until it is ready to be forced into the mould. Because the moulding chamber is
filled to shot capacity during the cooling time of the work-piece, this type of machine
produces work-pieces faster than a conventional machine. Because the injection
plunger is acting on fluid material, there is no pressure loss when compacting the
granules. This enables a larger work-piece with a larger projected area.[6]

Screw- Type preplastifying machine is an extruder that is used to plasticize plastic
material. The pellets are fed forward by the turning screw to the heated interior
surface of the extruder barrel. The molten, plasticized material exits the extruder and
enters a holding chamber before being forced into the mould or die by the injection
plunger. The use of a screw provides the following benefits: improved plastic melt
mixing and shear action, the ability to run a wider range of stiffer flow heat sensitive
materials, colour changes can be handled in less time, and fewer stresses are
obtained in the moulded part [6].

A horizontal extruder replaces the heating chamber in a reciprocating-screw
injection moulding machine. The rotation of a screw propels the plastic material
forward through the extruder barrel. The material changes from granular to plastic
molten as it moves through the heated barrel with the screw. As the material
advances, the screw returns to a limit switch, which determines the volume of material
in front of the extruder barrel. During the shot, the screw advances to displace the
material in the barrel. The screw acts as a ram or plunger in this machine.There are
several benefits to using reciprocating-screw injection moulding. Because of the
screw's mixing cation, it plasticizes heat-sensitive materials more efficiently and
blends colours more quickly [6].

The main component of injection moulding machine are clamping unit and injection
unit. Clamping unit consist of three main components such as mould, clamping motor
drive and Tier bars, the sender is clamped onto the edge of a workbench. Injection
Unit consist of three main components viz. Screw motor drive, reciprocating screw &
barrel and heaters, thermocouple, ring plunger.

1.2. LASER PRINTERS

Laser printers are another well-known laser-based consumer product, frequently
used in conjunction with personal computers. Their operating principle is based on
electro photography, also known as xerography, which is the same process used in
photocopiers. Figure 2 depicts the electro photographic process. lons from a corona
discharge charge uniformly a photoreceptive surface with a layer of photoconductive
material. The surface is frequently that of a rotating drum. The surface is exposed
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after charging by scanning the laser beam across it. The intensity of the beam is
varied to create a replica of the desired image. The pattern of light intensity replicates
the pattern of the to-be-printed text or graphics. In laser-illuminated regions, the
photoconductive layer conducts. This allows the electrostatic charge to move and
creates an electric charge pattern on the surface [7-12].

Figure 2. Basic working principle dia. [7]

This sequence is similar to that used in photocopiers, except that the pattern in the
exposure step is obtained from projection of an image of the text or graphics to be
copied in photocopiers. A computer generates the material and sends it to the laser
printer, which stores the data in its memory, composes one page of material at a time,
and controls the scanning of the laser beam to produce the desired image. Laser
printers produce high-quality prints with sharp images and consistent black levels. [7]

The various type of Lasers is green laser, UV laser, CO2 laser and MOPA laser.

1.3. PROBLEM IDENTIFICATION

As shown in the figure 3, the Engine Room RB Upper Cover has the good laser
marking as well as the defective information for the part. In the first stage, the parts
are kept in their respective jigs for further laser marking purposes. The part should be
properly held and jigged before beginning the laser marking. After that, the inspector
should check the part as per inspection and visually check for defects.

As shown in the defect information image below, some alphabetical letters, numeric
numbers, or any specific symbol are found cut or faintly printed; because of this, the
production team faced too many rejections. The faint marking refers to the cutting or
invisible letter found on a part after the laser marking process.
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Figure 3. Laser Printing Process on Upper Cover of the moulded part

1.4. DATA COLLECTION

Before experimentation, to investigate the process parameters of the printing
problem, it is necessary to have a thorough understanding of the process, which is
studied using a process flow chart. The first stage of the work was to collect the
rejection data due to faint laser marking. Performance information and performance
issues for the evaluation of three steps is done on a numerical scale. They are based
on the needs of the high-pressure moulding line of the company or the final product.
Priority is given to the cause with the highest rejection part number. After collecting
three months of production data from various parts in order to identify the part with the
highest rejection ratio. Table 1 displays rejection data for various moulding parts. PPM
stands for parts per million. According to the data presented, the highest rejection was
observed in the ENG ROOM R/B upper cover.
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Table 1. Theme Data (Part wise defect data)

5,762 8,752 74,58 21,972 1,456 66,266
12,432 14,235 9,663 36,330 498 13,708
3,456 2,564 2,657 8,677 250 28,812
4,578

4,562 5,060 14,200 39 2,746
6,532 12,452 4,591 23,575 15 636
7,562 6,423 5,903 19,888 6 302
6,452 5,423 5,855 17,730 5 282
46,758 54,427 41,187 1,42,372 2,269 15937

By combining the three-month production rejection rate of various moulded parts in
a part-by-part pareto chart, it was discovered that the Engine Room RB Assembly
upper cover has the highest value as shown in pareto chart (figure 4), indicating the
highest total process rejection. Hence, the upper cover was chosen for further drill-
down analysis after studying the selected moulded part of the engine room RB
assembly.

Figure 4. Partwise rejection of the component (Pareto chart)

After selecting the moulded part with the highest rejection ratio for drill-down
analysis, it is necessary to investigate which type of rejection occurred as a result of
which part was rejected the most frequently. Printing cut issues, printing faint issues,
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and other process defects such as short mold, sink mark, flash, flow mark issue, and
so on are commonly found in laser-printed parts. Based on the detailed examination
of the collected rejection details, it was determined that the majority of the major
rejections occurred as a result of the Faint Laser Issue in Engine Room RB Upper
Cover, as shown in figure 5.

Figure 5. Rejection Detail Analysis (Pie Chart)

After studying part-wise defect data, a part-wise pareto chart, and pie chart data,
the part with the highest rejection ratio in three months is chosen for the part-wise
pareto chart. And, based on the large number of rejections, it has been determined
that the laser faint printing issue in Engine Room RB Upper Cover is a significant
factor. So, selecting the above parts and causes for project theme improvement and
experiment investigation of process parameters.

The 4M method analysis is a method for evaluating which of the 4M conditions is
responsible for a defect mode. The 4M is a method for identifying and grouping
causes that have an impact on a specific effect. The 4M categories of man, machine,
method, and material are often used in the cause-effect diagram, which is also called
a fishbone diagram. We discovered the following significant factors for the same issue
shown in Figure 6. In this method, raw material and master batch mixing are
considerable factors. In material, the master batch is not suitable for the laser printing
issue, and the raw material to master batch ratio is not optimized.
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Figure 6. Fish bone dia.

The major problem of printing on the company's moulded part is discussed and
resolved with many trials and experiments by changing the different process
parameters in this project. The main objective of the work is to find the cause of faint
printing. Also, to investigate the problem, an experiment with the existing material
using a different batch mixing percentage and time is needed. It is necessary to
finalise the percentage of the master batch and the time for mixing MB. The
experiments have to be carried out with different batch mixing percentages and times
for the suggested material. The final objective of the work is to reduce or eliminate the
rejection rate of the laser printing process in Part Engine Room RB Assembly Upper
by 100%.

A process flow chart is a diagram that represents the decision-making procedures
and the sequential steps of a process. Every step in the chart or visual representation
is denoted by a shape. To depict the movement and direction of the process, these
forms are joined by an arrow or line. From the initial receipt of raw materials to the
final dispatch stage, the following process flow chart is included. Here, the raw
material mixing and raw material loading on the hopper are very important stages.
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Figure 7. Process Flow chart

2. EXPERIMENTAL TRIAL WITH MASTER BATCH
MIXING

2.1. EXPERIMENTAL TRIALS ON EXISTING MATERIAL (340
MASTER BATCH)

To find the exact cause of printing failure on the part, various trials need to be taken
with reference to the rejection rate as discussed above. To determine the precise
cause of printing on the top cover, various trials for master batch mixing, ranging from
8% to 3%, are considered, and the rejection ratio is calculated. A sample image of raw
material with the master batch is given in Figure 8. The existing master batch 340 has
a melting point of 1240 °C and a heat stability of 2800C. The upper cover is subjected
to five trials with existing material, namely master batch 340, with a MB mixing time of
10 minutes. The total lot for each trial is taken as 50, and it has been observed that
the percentage of rejection is reduced with a reduction in the percentage of master
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batch mixing. The results obtained on the injection moulding machine for five different
trials are given in table 2.

Raw Material Master Batch

Figure 8. Raw material and master batch mixing

From the above-mentioned analysis, it is evident that master batch percentage and
master batch Mixing time is a considerable factor for printing faint lines. Hence, there
is a need to improve the master batch mixing as well as change the master batch and
check the issue of mixing at the same percentage level. For this purpose, Master
Batch 394 is suggested for mixing with a mixing ratio of 2% and a MB mixing time of
10 minutes. The comparison study of the existing master batch and the suggested
master batch is given in table 2.

Table 2. Trail on Upper Cover with Existing Material (Master Batch Grade & MB Mixing ratio

% of MB Mixi
. Raw Material % o . ing Trial Rejection
Trial PP Master time. In Lot NG o
Batch 340 min. ° °
T 100% 8% 10 50 7 14%
T2 100% 7% 10 50 7 14%
T3 100% 6% 10 50 6 12%
T4 100% 5% 10 50 5 10%
T5 100% 4% 10 50 5 10%
T6 100% 3% 10 50 2 10%
T7 100% 2% 10 50 1 8%

2.2. COMPARISON STUDY OF EXISTING MASTER BATCH AND
SUGGESTED MASTER BATCH

Based on the number of trials taken, the 2% master batch mixing has been
finalized for further trials for existing as well as suggested materials for Batch 394. By
operating the injection moulding machine for different operating variables and process
parameters of the raw material mixing method, we took the rejection of no. part
reading from the mixing of RM with master batch.
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Existing Master Batch Suggested Master Batch
Master Batch 340 /TP/P Master Batch 394 /TP/P
MFI :-0.29 MFI - 25.1
Gram per 10 min) by ASTM D1238 Gram per 10 min) by ASTM D1238
Melting point (°c) :-124 Melting point (°c) :-126
Heat Stability (°c) :280 Heat Stability (°c) :280
Carbon used:- Black (WN-96) Carbon used  :- Laser Black
Existing Use Suggested
:Master Batch 340 Grade :Master Batch 394 Grade

Following an examination of both the 340 master bath and the 394 master batch, it
was determined that the value of the multi-flow index for the 340 master bath is less
than required, while the value for the 394 master batch is in the middle of the
specifications. As shown in the comparative study above, the carbon used in both
master batches is different. It has been concluded that the 394 master batch is a
suitable factor; further, there is a need to conduct a trial in an optimized percentage of
the master batch with new laser carbon with proper mixing time. Furthermore, a trial in
an optimized percentage of the master batch with new laser carbon and proper mixing
time is required.

2.2.1. GRADE 340 MASTER BATCH TRIALS

The carbon used in both master batches is different, as shown in the comparative
study above.lt has been concluded that the 394 master batch is a suitable factor;
further, there is a need to conduct a trial in an optimized percentage of the master
batch with new laser carbon with proper mixing time. Furthermore, a trial in an
optimized percentage of the master batch with the new laser carbon with proper
mixing time is required. So, for the next trial, the master batch mixing ratio is set to 2%
and the mixing time is set to 10 minutes.

Table 3. Grade 340 Master batch trial Table

°
Sr/no Trial Ba I;n;terial M::sct,:r Trial Lot NG Rejeo;:tion

Batch 340 °

1 T1 100% 2% 50 3 6%

2 T2 100% 2% 50 4 8%

3 T3 100% 2% 50 3 6%

4 T4 100% 2% 50 3 6%

5 T5 100% 2% 50 4 8%

6 T6 100% 2% 50 4 8%
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Figure 9. Grade 340 Master batch trial Graph

2.2.2. GRADE 394 MASTER BATCH TRIAL

As per the comparative study, the carbon used in both master batches is different,
as shown in the comparative study. It has been concluded that the 394 master batch
is a suitable factor; further, there is a need to conduct a trial in an optimized
percentage of the master batch with new laser carbon with proper mixing time.
Furthermore, a trial in an optimized percentage of the master batch with the new laser
carbon with proper mixing time is required. So, for the next trial, the two percentages
of the master batch mixing ratio and the mixing time of 10 minutes are fixed.

Table 4. Grade 394 Master batch trial Table

Srino Trial | W 'I\,";teria' t’/l.,a:tfxa;;:r Trial Lot NG % Rej
1 T1 100% 2% 50 2 4%
2 T2 100% 2% 50 2 4%
3 T3 100% 2% 50 1 2%
4 T4 100% 2% 50 2 4%
5 T5 100% 2% 50 1 2%
6 T6 100% 2% 50 1 2%
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Figure 10. Grade 394 Master batch trial Graph

After taking a constant value of the percentage of master batch mixing and the
master batch mixing time mentioned above, it was discovered that the laser printing
rejection is lower in the 394 master batch than in the 340 master batch, though the
difference is not significant. It has been concluded that the master batch grade
change has a positive impact on reducing laser printing rejection.

3. EXPERIMENTAL TRIALS WITH SUGGESTED
MATERIAL (394 MB)

3.1.1. CALCULATION OF NEW RPN

After finding the solution for cause, it has been concluded that the main causes, like
the first percentage of master batch mixing, the second master batch mixing time, and
the third master batch change (394), are now finalized for the further trial calculation
as shown in table 5. solution for the causes, let's head towards calculating a new RPN
after taking action and a percentage decrease in rejection data.

Table 5. Trial with 394 MB with 2% RM mixing

Srino Trial Mat:fi‘:l op 'y;:ma;;:r Trial Lot NG Rej‘f,ztm"
1 T1 100% 2% 50 2 4%
2 T2 100% 2% 50 2 4%
3 T3 100% 2% 50 1 2%
4 T4 100% 2% 50 2 4%
5 T5 100% 2% 50 1 2%
6 T6 100% 2% 50 1 1%
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3.1.2. IMPROVED CALCULATION TRIAL

After taking actions, there is a change in the rejection number of the part value that
is reduced by almost 50%. It is time to collect data after implementing the RM mixing
process parameter and the percentage of RM mixing as shown in the table 6.

Table 6. Trial with 394 MB with 1% RM mixing

Trial Raw Material PP %Bgtfc':a;t:r Trial Lot NG % Rejection
T1 100% 3% 50 3 6%
T2 100% 2.5% 50 2 3%
T3 100% 1% 50 1 1%
T4 100% 1% 50 0
T5 100% 1% 50 0 -

Table 6 shows how lowering the percentage of master batch mixing affects the
rejection part number ratio in the laser printing issue. Based on the above-mentioned
trials, it has been determined that tumbler mixing for 30 minutes of a new master
batch in a 1 percent ratio produces the best laser printing results with the least
rejection.

4. RESULT AND DISCUSSION

As per the experimentation carried out to resolve the issue of faint printing on upper
cover of the moulded part in the industry, it has been observed that there are no any
problems in the process parameters set for moulding and the moulded part in injection
moulding is perfect. It means, the faint printing on the moulded upper cover is not an
issue of injection moulding and it was the problem due to master batch mixing in the
raw material. Based on the several trials by reducing percentage of master batch 394,
it has been observed that the 1% mixing of master batch 394 is improved the printing
quality and the reduces rejection rate. Based on the analysis carried out the net cost
saving of the printing on the moulded part is INR 2,70,812 as shown in table 7 and the
reduction in rejection quantity is shown in figure 11.
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Table 7. Net cost saving due to reducing rejection quantity

Figure 11. statistics of rejection and reduction in rejection
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To reduce the further rejection of printing on any moulded part the standardization
in process is very important. The process can be standardized with five quality steps
as shown in figure 12. This is the future scope of this research work.

Figure 12. Standardization in process

5. CONCLUSION

+ The analysis, investigation methodology is allowed to study and analyze every
step of perform making process and to achieve the improvement in product and
process quality. The improvements obtained by the implementation of the
recommended actions thus reduce the individual rejection of part and risk level
associated with each defect is reduced.

* By using 4M methodology it is help to easy recognize the main root cause and
improvement.

» After implementation of action the rejection value of faint laser marking is reduced
for each of the part, and the total cost saving Detail is as follow.

Cost INR 45.95 INR part
Rejection Qty. (Feb.2022-APR-2022) 456 no’s
Rejection amount Saving Annually 2,67,612.0 INR
Inspection man power saved 14000 INR

Net Cost Saving (Per Annum) 2,70,812.0 INR

+ By this way laser faint issue, Development time, and cost has been reduced and
also there is less chance of occurring same kind of failure in future.
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ABSTRACT

This paper considers the global stability of the Fuler-Bernoulli beam excited by multiplicative white
noise. Based on the theory of global random attractors, the Hausdorff dimensions of the global random
attractors for the system is obtained. According to the relationship between Hausdorff dimensions and
global Lyapunov exponents, the global stability of the stochastic beam is derived.

KEYWORDS

Global stochastic stability, Stochastic Fuler-Bernoulli beam, Global Lyapunov exponents
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1 INTRODUCTION

The dynamics of the beams are important problem in the elastokinetics [1]. Tajik [2] proposed the
stability analysis of motion equations of unbalanced spinning pre-twisted beam. Dai [3] investigated the
limit point bifurcations and jump of cantilevered microbeams according to Galerkin method and modal
truncation. The bifurcation and chaos for transverse motion of axially accelerating viscoelastic beams
was studied by Chen [4]. Pellicano [5| analyzed the linear subcritical behavior, bifurcation analysis
and stability of a simply supported beam subjected to an axial transport of mass. Based on the direct
method of multiple scales, Mao [6] dealt with problems of stability and saddle-node bifurcations for
supercritically moving beam. Using Melnikov method [7]|, Zhang [8,9] investigated the multi-pulse
global bifurcations of a cantilever beam. Zhou [10] studied the chaos and subharmonic bifurcation of
a composite laminated buckled beam with a lumped mass. Applying the phase plane and positive
position feedback approach, Hamed [11] investigated the stability and bifurcation of the cantilever
beam system which carrying an intermediate lumped mass, to name but a few. For more details, one
can see refer to Refs [12-15| and the references therein.

Stochastic stability is one of the most important issue in the research areas of stochastic dynamics [16].
It is well known that, when the problem associated with stability are considered, there exists a very
useful tool named Lyapunov exponents which can be distinguished as local type and global type [17].
Generally speaking, the solution of system is stability when biggest Lyapunov exponent associated is less
than 0. With respect to the investigations on the stability and other dynamics behaviors for the beams
by using local Lyapunov exponents, one can refer to the Refs [18-20] and the references therein. Similarly,
the global Lyapunov exponents are also the powerful tools in studying the global dynamics for stochastic
beams. Unfortunately, calculating the global Lyapunov exponents is not an easy thing, but if we only
consider the global stability of the system, we can use the Hausdorff dimension of global attractors
associated with system to describe the signs of the biggest global Lyapunov exponent. The method
which can be used to get the Hausdorff dimension estimations associated with the global Lyapunov
exponents was due to Debussche [21|. Employing this method, together with the support relationship
between global random attractors and probability invariant measures proposed by Crauel [22,23]. Chen
et al [24] consider the global dynamics of the Euler-Bernoulli beams with additive white noises. With
respect to investigation on the global dynamics of the nonautonomous the Euler-Bernoulli beams by
global attractors theory, see Chen et al [25].

Let D = (0, L), this paper consider the Euler-Bernoulli beam equation excited multiplicative white
noise in the following form

g + a(ug) — A%u+ [B]|Vul® — p] (~A)u = oulV, (1)
with the hinged boundary condition
T=0:U=Upe =0;2 =L :uU=1uUp; =0, (2)
and the initial value
t=171:u=up,u = uy, (3)

where u = t(t,z),x € D is the lateral displacement of the beam, @(u;) denotes the damping, 5 > 0,0
are constants, the negative and positive of p € R can show the stretch and compress of the beam. HVuH2
denotes the geometry of the beam bending for its elongation. W is the one dimensional two-sided
real-valued standard Wiener process, cuW represents the multiplicative white noise.

Let [lull = Jullpapllulls = lullms oy v) = (40) g2y, 0)s = (4, 0)g(py, where H(D),
H§(D), s € R are the usual Sobolev Spaces,for more detailed, see [26]. A = A? with boundary
condition (2), then D(A) = {ulu € H*(D) H}(D), Au = 0}, and then A is self-adjoint, positive,
unbounded linear operators and A1 € .Z(L?(D)) is compact. then, their eigenvalues {\;};en satisfy
0 < A1 <Ay <---— oo and the corresponding eigenvalues {e;}2°; form an orthonormal basis in L?(D).
Following the the mechanism in [27] p55, the power of (—A)® s € R can also be defined,particularly,
D(A%) = H} (D) H%(D). Moreover, for any s1,s2 € R, s1 > 52, D(A®!) can be compact imbedding in
D(A*2), and the following holds

81—389

[ullsy = A0 lulls,, Vu € D(A™). (4)
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Suppose a@(u;) = aA%ut, here o > 0 is a constant, A%ut is called the damping with strongly form, then
following abstract form of Euler-Bernoulli beam equation excited multiplicative white noises

uy + aAzuy + Au+ (Bl Vul|? = p] (=A)u = ouW,
r=0:u=Up =0;2 =L :u=uy =0,
U(m‘,T) = UO(I’),B{M(%,T) = Ul(.@)

()

The rest of paper is organized as follows. Preliminaries and main lemmas are listed in Section 2. Section
3 is devoted to derive main results and proof associated. The proofs for the main lemmas are given in
Section 4. Finally, the conclusions are presented in section (4).

2 PRELIMINARIES AND MAIN LEMMAS

2.1 PRELIMINARIES

Let Ey = D(A%) x L*(D), Ey = D(A%) x H} (D) equipped with Graph norms and the induced inner
products, then they are all Hilbert spaces. Let (X, || - || x) be a complete separable metric space with Borel
o-algebra B(X) and (€, F, P) be a probability space. We consider Q = {w | w(-) € C(R,R),w(0) = 0}, F
is the o-algebra and P is the Wiener measure. Set a family of measure preserving and ergodic
transformations Oiw(-) = w(- +t) —w(-),V t € R, Consider the following system

{ jfjog;d:f; " (6)

and the solution of system (6) is given by
0
z (fw) = —,u/ et (Gw) (1)dr. (7)

z(Ow) is Ornstein-Uhlenbeck process (in Short O-U process). The following results on O-U process
belong to Fan [28|.

Lemma 1. The Ornstein-Uhlenbeck process z (6ww) defined in system (7) satisfies

1 1
E[z (0 :—,E[ 0 2]:—,
(|2 ()] N |2 (Bew)] o (8)
and there exists a constant t1(w) > 0 satisfying
[ s < [ wwpas < )
z (Osw d3<t,/ z2(Bew)|"ds < —t,V t >tq, 9
—t VTR St 2p
and the mapping t — z (Qyw) grows sublinearly, i.e.
im 209
t—+o0 t
Moreover If u > 23,8 >0, then
E (eﬂfss”‘Z("fw)‘QdT) <en VseRE>0, (10)
when p2 > 1%, r >0, the following holds
E (erf§9+t|z(97w)‘d7> < e\%,v seR,t>0. (11)

The following is Random dynamical system which is due to Aronld [29].
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Definition 1. The flow {0;: Q — Q,t € R} is a family of measure preserving transformations in
probability space, such that (t,w) — Oyw is measurable, 0y = id, O;4+s = 0, 0 0 for all s,t € R. Then
(Q,f, P, {et}teR) is called a metric dynamical system.

Definition 2. A random dynamical system (RDS) on Polish space (X,d) with Borel o algebra B(X)
on (Q,F, P, {0:},cr) is a measurable mapping

dRTxOx X —>X
(tw,z) = (t,w)z

such that P — a.s.

1. (0,w) = id on X.

2. ¢(t+ s,w) = ¢ (t,0sw) o ¢(s,w) for all s,t € RT.
The theory of global random attractors is as following, one can refer to Crauel and Flandoli [22,30] and
Schmalfuss [31].

Definition 3. A random set K(w) is said to absorb the set B C X for a RDS ¢, if P — a.s. there
exists tp(w) such that
¢ (t,0_4w)B C K(w), Vt>tp(w).

Definition 4. Let B C 2% is a collection of subsets of X, then a closed random set A(w) is called
random attractor associated with the RDS ¢, if P — a.s.

1. A(w) is a random compact set.
2. A(w) is invariant i.e. p(t,w), A(w) = A (6iw) for all t > 0.
3. For every B € B,
lim dist (¢ (¢,0_w) B, A(w)) =0,

—00
where dist (-,-) denotes the Hausdorff semidistance defined by

dist(A, B) = sup inf d(z,y), A, B C X.
zcAYEB

The following random fixed point is important in investigating the global stability.

Definition 5. [29, 32 Let o(t,w) be a RDS, a(w) is a random set and consists of one point (P — a.s).
a(w) is called the random fized point if the following holds

o(t,w)a(w) = a(fw), VteRT,

The coming theorem is very useful to verify the existence of global random attractors in this paper.

Theorem 1. [2/] Suppose S:(t,w) is a RDS on Polish space (X,d), and suppose that ¢ possesses an
absorbing set in X and for any nonrandom bounded set B C X,t liin Se (t,0_w) B is relative compact
—+o0

P-a.s. Then ¢ possesses uniqueness random attractors defined by the following

(W)= | Asw).

BeX

where union is taken over all bounded B C X, and Ag(w) given by

Apw)=Jot 0_w)B.

s>0t>s
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Some powerful transformation on system (5) are derived as following. Set v; = uy, we get

Uy = 1,
Vi = —aA%vl — Au — [BHVU||2 — p] (=A)u+ cuW, (12)
r=0:u=u=0;2=0L:u=uy =0,
u(z, 7) = up(x),v1(x, 7) = ui(x),
let vo = v1 + €u, here € > 0, we have
dU
— = QU + X1(w,U), Ur = (uo,ur +euo)” . (13)

where
—el, 1

o= (1) (2) @ (cavcfon F 1)

Xn(w, U) ) < 0 )
X (w,U) = = ).
1w, U) ( Xi2(w,U) — [BIVul|? = p] (=A)u + ouW
System (5) and system (13) are equivalent, thus, the dynamical behavior of system (5) can be reflected
by system (13).
Set v = uy + eu — ouz (Gw), where z (6;w) O-U process formulated by (6), it gives that

av
ﬁ =QV + X, (Qtw) + X3(V)7 V.= (an u1 + eup — oupz (9tw)>T7 (14)

v=(w)=(0) 200= (30 )= (- pvur can )

Biw) \ ouz (Gw)
(Ow) ) N ( o (,u — A2 42 — oz (Gtw)> uz (w) — ovz (Bw) ) '

where

System (14) is a system with random coefficient, which can be studied w by w.

2.2 MAIN LEMMAS

In order to obtain the global stochastic stability of the system (13) based on the global random
attractors theory, the first step should be utilized to verify the system (13) can induce a RDS.

Lemma 2. For any 7 € R and initial value V ; € Ey, system (14) possesses a unique local mild solution
V(t,r,w;V,)eC(r,t+T],E),te[r,7+T),VT>0.

Let ¢(t,7,w) be the solution mapping determined by system (14), which means V (¢, 7,w; V) =
o(t, 7,w)V -, we have ¢(t,0,w) = ¢ (0, —t,0;w) ,V t > 0,V w € Q. Defining

S(t,w) == @(t,0,w), Vt>0,Vw e,

gives the RDS associated with system (14), which together with the relationship between ¢z : (u,v1)? —
[y, 01 — ouz (Bw)]T = (u,v)” implies that system (13) can also generate a RDS S.(f,w) with the
following from

S.(t,w) =171 (Bw), S(t,w)i(w) : By — By,

is the RDS induced by system (13). The following are very important in proof for the existence of the
global random attractors for the system (14).
Let

1
o} (8)\14 — 12p)
1 1 1 ’ (15)
Al (10)\{‘ —15p + 4a2)\f>

=

A

p < , 0<e=min<¢ 1,

W N

then
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Lemma 3. For any given U = [U1,Us]" € Ey, the following holds

€ € 3p£
(QU,U)g, < —§\|UH%E1 - 1Ua|? — =410, 2.

Based on the Lemma 3, we have

Lemma 4. For any given bounded set B € Ey, there exists a random variable r1(w) > 0 and Tp(w) > 0,
for¥ t > Tg(w), the following holds,

15:(t, 0—w) Bl g, < r1(w).

Furthermore,
E (r}(w)) < occ.

Lemma 4 shows that S (¢,w) has a global absorbing set. In order to obtain the existence of the global
random attractors for the system S.(¢,w), besides the existence of the global absorbing set, we need
verify that the S.(¢,w) is asymptotically compact.

To begin with, we decompose the solution V' generated by system (13) with the initial value
U, (w) = (ug, u1 + cup)’ into two parts U = U® + U = (u®, u¢ + eu®)” + (ub,ub + 6ub)T, where U
solves o7

e _ gy + <O,Uu“W>
(16)
Us(w) =0,

and U? solves .
b .
WG — QU+ (0, [BIVul® =~ p] (~A)u + oulW)

(17)
U?_ = (UO, ul + €UO)T

Split the solution V' of system (14) with the initial value V' ; ( ) = (uo, uy + eug — oupz (0—rw))’ into
two parts V = Va4V = (u?, v )T+(ub,vb)T = (u® uf +eu?) (u ub 4 eub — ouz (Gtw))T, where V¢
solves

. T
Ve —QVe + (au“z (Ow), o (,u, — Az + 2 — oz (Htw)> uz (Qpw) — ovz (Gtw))

(18)
V?(W) =0,

and V? solves

T
% =QV'+ <0ubz (Ow) , o (/L — QAT 4% — oz (Gtw)) Wbz (Ow) — ovbz (Htw))
T
+ (0, [B]|Vul® - p] Au) (19)
Vb = (ug, w1 + eup — oupz (0_,w))T .
For the solutions of system (18) and (19), we have the following priori estimates respectively.

Lemma 5. The solution U® of system (16) satisfies

lim )Aan —0.

t—4o00

Eq
Lemma 6. There exists ra(w) > 00, Ta(w) > 0, the solutions U® satisfies

U <rw), Vit>Th(w).
E

Lemma 7. There exists r3(w) > 0,T3(w) > 0, the following holds

|4t

<rsw), Vit>T3w).
Ey
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The variation equations of system (13)

% - QU + X(U)T, (20)
where R R
3 o Xl(U)vXS(U)
X = ( Xa(U), Xa(0) )

0,0
( [B1Vul? ~ p] (~A) - +28(Vu, V) (~A)u + o W,0 ) |
On the other hand
d—t =QV + X, (V) V + X3(V)V, (21)

here V = {V1, 4},

oz (6w),0
o(p—a+2e—o0z(0w))z

(
X3(V) = ( Xa(V), Xas (V) )
(

(O1w) , —0z (yw) ) ’

52(V), X34(V)

0,0
[BIIVull? = p] (=4) - +28(Vu, V) (=A)u,0 > '

Let U = [(A]l, (Afg} be the solution of system (20) with initial t = 0 : ﬁo € By and V= [171, 172} be the
solution of system (21) with initial value ¢t =0 : Vo=IcE,.

Let UM = [ 1(1), Uél)} ,U(2) = {Ul(z), 2(2)} are two solutions of system (13), then

i -u (v -U®) 4+ x, (UM) - x, (U?), (22)

Analogously, let V(D) = {‘/1(1)"/2(1)} = [ug,v1] VO = {‘/1(2),1/2(2)} = [ug,v3] are two solutions of
system (14) with initial values V(()l)7 V(()z)7 where V[()Q) = V(()l) +1I,I=1[,1,] € E, then

dv — y@
b AR A M _y® my _ 2
dt Q(V v )+X2 <V ) X2 (V > (23)
+ X5 (V(1)> ~ X, (V(2)> .
In addition, set I' = [I'y, PQ]T =uW® _py® _ ﬁ, we have the following two Lemmas.
Lemma 8. ForV uj,us € D(A%), there exist constants c1(w), ca(w) in (51), such that
~ ~ 1 1
_ < S04 — A2
HX32 (1) = X2 (UZ)Hz('D(A%),LQ(D)) s aw) HA2u1 AQUZH’
(24)

| Kz (1)

) < co(w).

z(D(A%),B(D)

Furthemnore,
E (c1(w)) < 00, E (c2(w)) < 0.
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Lemma 9. Let S;(w) := S:(t,w), then Sc(w) is uniformly quasidifferentiable on of (w).

The following relationship between Hausdorff dimension and global Lyapunov exponents which will

be used to assert the global stochastic stability.

Theorem 2. [21/Suppose that, for k = 1,...,d, sup wg(DSz(w,u)) is integrable. Then we can

u€A(w)
generalize the notion of global Lyapunov exponents introduced in Ref. [17] by setting

Ay =E[In sup wi(DSc(w,u)) | —E[In sup wrp_1(DS:(w,u)) |,
ucA(w) u€A(w)
for k> 2 and

A =E|[In sup wi(DSc(w,u)) |.
ueA(w)

And it is easy to see that there exists Wy satisfying (26)(27) if and only if

AM+...+Ag<0.

3 MAIN RESULTS AND PROOFS

By Lemma 4, we get that S¢(¢,w) has a global absorbing set, which along with Lemma 5, Lemma 6 and
Lemma 7 gives that S.(t,w) is asymptotically compact. Thus, employing the Theorem 1, it is asserted

that there exist global random attractors .7 (w),w € Q for system 13.

Based on the results and the estimations on global random attractors, the Hausdorff dimension of
the global random attractors <7 (w) can be got by the method proposed by Debussche [21]|. The outline

of this method is as follows.

Firstly, it is verified that S.(w) is almost surely uniformly differentiable on A(w), i.e. for Vu € A(w),
there exist a linear operator DS.(w,u) in .Z(H), the space of continuous linear operator from H to H,

such that if v and u + h are in A(w):
|Sc(w)(u + h) — Se(w)u — DS (w,u)h| < K(w)|h/*Te,

where K (w) > 1,w € § is a random variable, and a > 0 is a constant.
Secondly, there exists an integrable random variable @y, such that

wi(DS:(w,u)) <wg(w), VYued(w), P—a.s,

and
E (In (wg)) < 0.

Thirdly, there exists a random variable @ such P almost surely
ay > 1; al(DSa((«U,U)) < al(w)a Vu € 'Q%(w% P— a.s,

and
E(Ina7) < 0.

Finally,
E(lnK) < oo.

If the (26),(27),(28)(29) and (30) hold, the Hausdorff dimension of < (w) is less than d.

The main results in this paper is given in the following Theorem.

(25)

(26)

(27)
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Theorem 3. Let

8 =2 2M- 2M;
52 (07 +pl)" — 2k -k

163274 ’
1

4
EA]

1~ -1
— mi +
d=min{n €Z |n51)\i2<
1=

when M7, Mg are constants described by (56) stated in Section 4, then the Hausdorff dimension of o (w)
dp (o (w)) < d.
Obuviously, employing and Theorem 2, we have that when

8 (=2 2 oM 2M,
Gl k. Rl

168274 ’
1

4
EA]

A

D=

<

the Hausdorff dimension of for system (13) is 0, which indicates that the global random attractors
consists of only one random fized point which is global stability.

Proof. The solution mapping of system (20) denoted by DS.(t,w,U), and DS(t,w, V) signifies the
solution mapping of system (21). Moreover, let DS, (w,U) := DS.(1,w,U). By Lemma 9, we attain
Se(w) is almost surely uniform differentiable, and the conditions (25) and (30) hold. In the light of (90)
and (91) stated in the proof of Lemma 9 in Section 4, the (28) and (29) are satisfied. On the other
hand, we have

(DS V) = swp o (1 [ THQ+ KalV) + Ka(V)) 0 Qulois )

~0 ~0
where Q,,(s) = Q», (s ViV, Vn> is the orthogonal projector from F; onto the space spanned

by Vi(t ) V (t), here V = S(t,7)V > and V1, ...,V ,, are the solution of system (21) with initial

~0
values V' = Vl, ...,V respectively. For any given time s, V;(s) = {ui(s),vi(7)},i=1,...,nis an
orthonormal basis of Qn(s)El, then

n

TH(Q + X (V) + Xa(V) 0 Quls) = Y- ((Q + Xa(V) + Xs(V)Vils). Vils)) -
i=1
In term of Lemma 3, we get
9 9
@V Vi)g, < =5 IVillh, = 5 Il
and L
(X:sVi, Vi) oo ([BIVull? = p] (=A) s, vi) — (28 (Vu, Vi) (—A)u, vy)
<) [BIVal® = p] (=2 ||uzu + 126 (Vu, Vi) (=)l [4]
<1819l — pl Npall il + 2 A 9] o (31)
)‘1
8, _ 2 163274
<= (67 + pl)* Al + I95ll? + 5 Il
5/\4
1
moreover, we have
e~~~ 9 ~ 112 ~ 112
(X2, V) < (M 12 0)] + M= @) (|, + %2, ) (32)
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where M7, Mg defined by (57) stated in Section 4. Hence, we can obtain
Tr(Q + Xo(V) + X3(V)) 0 Qu(s)

€ 8, 2 16,62 7
< - §HVz'H2E1 +2 (872 + |p])” | Apl” +

IV p])*

5)\f
(o - 00f) ([, + 7L
< St Oy
eEA] =1
+on (M7 |2 (Bi0)| + Mg |2 (Gtw)|2) .

Thus,

Wn(DS:(w,V)) = sup eXp (1 /Ot Tr(Q + /X\Q(V) + 3(\3(1/)) o Qn(s)ds>

1 [t ne 168774 <~ —1
= exp t/ —7+f(ﬂr +1pl)” + 5; Z&-2+2n(M7!z<9tw>\+Mslz(9tw>|2)ds :
0 A} i=1

I

which together with (9) gives that 3 Ty(w) > 0,V t > Ty,

Wn(DSe(w, V))

2nM7  2nMs 1685 (< -1 33
n 7+ n 8_|_ 65°T Z)‘ 2 | (33)
VTTH 2p s)\4 i=1

ne 8n, _ 2
< exp —74‘?(57“24‘“9‘)

Let
1 0
T(0w) = < oz (fw) 1 ) '
Clearly, T'(6,w) is a linear operator from FEj to itself, then we have
DS, (t,w) =T (0ww)DS(T,w).

Let O, be the space spanned by eq,...,e, for any n € N, then the quadratic form x € O, —
|]T(9tw)xH2E1 is well defined, continuous, and nonnegative on O,,. Let ay > --- > a, be the eigenvalues
associated with x1, xo,. .., xn € O, satisfying

(T(0:w)xi, T(Orw)xj) p, = 36
Set x; = (§j,77j)T ,j=1,2,...,n, it can be derived

= (T(Oww)xi> T (01w)xi) s,
(§5:&) g2 + (02 (0w) §5 4 15, 02 (Bw) & + 1)
(&5, &) gz + (g, mi) + 202 () [ 1€ Inj || + 0212 (Ow) [ (£5,&)

1
< €152 + Ins1* + =1 (alz (6iw) | + 0° | (Buw) P) 1€ 2 + ol (Bw) | I 1

IAINA

)\2
o2
<1+ |z (0w) |+ Tz (0w) 2+ A7 + Aol (6w) |.
{ A7
So
1
h’lOéiSln Ul‘z(atw)’_i_ U;‘Z(Qtw) ’2+K+7|2(9tw)‘ ’
2A7 2X7
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for any 1 < i <n. Since
wn(T(Ow)) = arag . .. ag,

we obtain

Inw,(T(6w)) < 1In n01 |z (Brw) | —1— S |z (Brw) |2 + —+ 7|z (Ow) | |, (34)
2\? 2\? ”

which combine with Lemma 1 gives that

E (wn(T(0))) < E [ —r ]2 (6i) | + 12 (6) 2+ 55— + o2 (6hw) |

Y N7 ”1 2 (35)
< M97
where My given by (58) stated in Section 4. Since (33) and (34), we get that

Inwy, (DS (w,U)) = Inwy,(T'(0:w)) + Inw,(DS(T,w))

no
<In |2 (Ow) | —l— T \z(&tw) ]2 + K + —|z (Orw) |
¥: ¥:
onM;  2nMsg 16827t <~ 1L
—E+—(6 T ppl)? 4 2 20y | D5 g
2 VITH 2u el =1

then

o no n
12 (0) |+ 2|2 (0) P+ 5+ 5|2 (0)|
272 272

InM7;  2nMsg 1687 <~ -
n 7+ T; 8+ 517“ Z i
VITH K eN] =1

X exp —%8 + — (,6’7" + |p\)

Employing (35), we obtain
E (@n(DS:(w,U)))

oM,  2nMg 16627 <~
n7+ng+ BT A

< ME | exp f”—5+—(6 +1p)* +

T i
VTTH 2p A =1
Let
8 onM;  2nMg 16827 <~  —1
Wn(w) = My exp —n—8+—n(5?2+|p\)2+ et Blr A

2 e VT 2p el =1

then
E (@n(DS:(w,U))) < E (wWp(w)) , (36)

and

E (Inw,(w)) < 1n My

nM7;  2nMs 1687 <~ -
n 7+ T; 8+ 577“ Z i
VTTH H eA] =1

8
<E |+ = (87 +1pl)" +

together with Lemma 4 we find

onM;  2nMsg  168%F <~ 1
In My x E —%€+—(ﬁr +lpl)? 4 2200, 20by PN 07 < tov
VTH H eN) =1
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Therefore, we get dy (%7 (w)) < d. Especially, if

8 (=2 2 oM 2M,
5 (B +pl)” — -
163274 ’
1
z—:)\;4

1
2
A<

dpr (7 (w)) = 0, which merges with the Theorem 2 shows that the largest global Lyapunov exponent of
Se(w) is
A =E (11151 (w))

2M7;  2Mg  168%F <~ -1 38
7+28+ BIZAZ.Q <0, (38)
VTTH K eN) =1

thus, we can conclude there exists a random fixed point of system (14) which is global stochastic
stability.

e 8, _ 2
<E| -5+ (87 +1p)" +

4 PROOFS FOR LEMMAS

This section is intended to complete the proofs of Lemmas listed in subsection 2.2.

Proof for Lemma 2: Firstly, we display Xo(U) + X3(U) : Ey — E; satisfies local Lipschitz
condition. Since

[ X3(U) = X3(V) + X2 (U, bw) — Xo (V, 0w) ||,
<[ X3(U) = X3(V)llg, + X2 (U, 0w) — Xo (V,00)|| g, »

let ¢ > 0,7 € R are given constant, for VU,V € Ey, |U||g, < ¢, ||V|E, < ¢, combining Lemmas 4 and
7, we get there exists a positive constant C1(T, 7,w, ¢) such that

[ X3(U) = X3(V)llg,
=||(81vta? = p) ((~2)01 = (~a)3) + (BIVTAI = BIVVAIP) (-2
< ‘ﬁ VU, |I? —P‘ AUy — AVi[| + B([[VUL|| + B[VVAI) [AV[| |[AUL — AVA|
<Ci(T,7,w,c)||U — V||g,.
On the other hand, by Lemma 1, there exists a positive constant Cy (7T, 7,w, ¢) which satisfies
1 (U, 612) — X (V.01
= loz (0w) [ |UL = Vill 2 + o2 (Biw) | [ V2 — Un|
Fllo (i + 2 — 0z (0w)) 2 (0w) (Uy — V1)|| + |oaz (0w) | HA%V1 - A%U1H
< loz (9w) ||| 432 — 4301 | + oz (B) | | 4Bvs — ad0n |
(n+2e—0z(6w)) z (Orw
A
< Co(T,1,w,0)||U — V| g,

Lo U|latvi - adw|| + 1oz (0) 12 - 2]

The indicated above conclude Xo(U) + X3(U) : Ey — E; satisfies local Lipschitz condition.

The semigroup method (Theorem 2.5.4 in [33]) is employed to achieve the existence and uniqueness
of solution for system (14). Based on Lemma 3.5 in Ref. [24] and Lemma 2.2.3 in Ref. [33], we have Q is
m-accretive in &1, then it can induce a linear semigroup of contractions formulated by e@*, ¢ € RT, which
together with the assertion that Xo (U, 0w) + X3(U) : B3 — Ej satisfies local Lipschitz condition can
guarantee the system (14) possesses a unique local mild solution with the form

t
V(t, T, w; Vi) =RV 4 / QU9 (X5 (B,w) + X3(V)(s)) ds,
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where, t > 7,t,7 € R.

Proof for Lemma 3 : Since
(QU7 U)El
1 1 2
< e |ULl} + e 0ol + ca||A2Un | U] - 2 |03 [021] - o | A3 T2

1

€ 1.2 ca?\3 12
< —e |U1ll5 + & T2l + 5 : HA2U1H + =2 )? - a HA4U2H
2)\f 20\ = 3p
€ 9 9 ex )\ 3p5 9
< Ve + e NI + 22 ) — a4t - 2ty
27\ —3p
2
£ X" )\ 3pe . 1
<UL+ |~ e+ | Ul - ATy
2 Al AT — 3p 4
€ € 3pe
< IO, - S 10a)” — 2= atva

where, p and ¢ satisfies (15). Thus complete the proof.

Before deriving the other proofs for Lemmas, the following estimations and quantities are introduced

2 (= [s|atal] = o] abu) < - o 4 [1atu -]

28 di
5p2 3p5 1 9 & 19 2
+ o7 + 5 Asu]l” = S8l A%u|” - pl
43 " 2 43 (39)
10220 [0 1 0 1?
wg PlATIP —p]
92 2 0 2
2 (aA%uz (Oyw) ,A%u) < abu2 4 2O a4 e
2 €
2 (a (u +2 —aA? — oz (Htw)> uz (Qw) — ovz (Gyw) ,1))
2 5 20112 L Elil12 1 2 2 (4 12 € 2
<207z (0ww) Pllvll™ + S 10l” + o™ [z (0w) ™ { Zllull” + vl (40)
€ w2 a?
#2020 (LD g+ St
92 2 0 2
92 ((TA%uaZ (Htw) ,A%ua) < §||A%ua||2 + UZ(EMHAéuaF, (41)
2 (U(M 42 —aA? — oz (Orw))uz (Bw) — ovz (Brw) ,A%va>
2 a €. a 2 4 a €i,.a
<20 0) PP 4 51001 402 = ) (21l + 51071 )

€ + 2¢)? a? 1
#5101 + 8020 (2D i 4 e
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(-2 [ﬁnAiuu? —p| Abut, A30")

O bt abue I%,

)\2
+2—HA2U H 4 2¢2 HA2U H + 202 |2(0yw) |? HAQU‘

2 [BlA%ul? - p| (43wl Ade?)
=-2 [BHAiuH2 — p} (A%ub Az + sl — ouz (Orw))
<~ 2 [o1AvulP - p] A3 + D Ab Pl
2 (a (u 2 —ad? —oz (Qtw)> u’z (Ow) — ovz (Bw) ,A%vb>
202|2(0yw)|?
£

E, ,3 1 2 1 €, .1
§§||A4ub|\2+ | ||A4ub\|2+*02|2(9tu))|2||A4vb||2+ §||A4vb|!2

£, .1 + 2¢ a3
FE AR + 407 (00 ((’“‘)HA P+ St
4 €
+0? | (0)? (HAbP + S1akep?),

and
B 1 B
§\|A2U\ISIIUtH < §||V||?}~;1(Hv|| + lleul| + [louz (Bw) |)

B
< SIVIE (Ve +ellVile +olz (0) [V ]6)

< (255 4 Slo ) ) IV I,

By Lemma 4, Lemma 5 and Lemma?, M\(t, T,w) defined as follow is bounded,

B, 1
1%, + §HAQUH3||Ut”

P 2
M(t,rw) = 2 Abult | abur
A

3
- <2s2 - %5 +2—e+2 |p\> |Azul|% < 400,

8a2+2 8 2)2+4 2
M():maX at + (,U"’ 51) * ,*"‘i 5
&

3 2
EAT

S8(u+26)24+6 8a® 2+8 8

M = S\ ee) 7O, O S
max 5)\% + e de e’
1
1
4812 (w) + 3|p|Af
Ml:ﬁ1(>;‘p|17
2\
30r ep?
My = B8 g2+ L
Aj b
e Au+2)2%+2 4a® 2|p|+4 €
My = max 1+4(“1)++ plrd, e\
D% € A 4N?
6 72 2
e1(0) = max d 1. 6r11(w)  ea(w) = max Lréw)JF Bml(w) 7
Al AL

(43)

(44)

(51)
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]-7 p g _25
C(p) = i_ 52
D=0 ey, popoiiz (52)
A
1 1
o (u+2€+2/\f +a)\12>
qg= T , (53)
2)7
—My = —¢ + c2(w), (54)
1
(,u + 2+ a)\f)
My = T + |o] (55)
2\
_ 2 645%7
Mg =¢—— (87 + |p|) Tt (56)
eA]
1
(M + 2+ a)\f) 2
M7—O'+7+ 1 ,Mg 19 (57)
A? 2)0{ 207
M9 _ no + no n no + L (58)

2/ T 20 /T 4H)\1% 21

Proof for Lemma 4 : Taking the inner product of V by V = [u,v]T in E;, we get that
d 1 1
VIR, <2QV. V), +2 (0A¥uz (9w), Abu)
112 1
w2 (= [ofjat] -] abuo) (59)
1
+2 (a (,u + 2 —aAz —oz (Htw)) uz (Qw) — ovz (Qyw) ,v) .

Set, B , o ) o 2
H(t,7,w) = H(u,v) = 2 [B HAMLH —p} + HAQUH + [Jv]].

By (40) and Lemma 3, we find that

= €p 402 |2(0w)|? 1o 2
- i 1o Sl 2l A —
S (u,0) gt e Bl )
a? +2 (1 + 2e 1
PAAY 2o 0) P Al
EA] (60)
2 €
(2 Q 2z (6) P
2
< - %ﬂ(u, v) + Mo?|2(0;w)|*H (u, v) + Z%,

where M is formulated by (47). Then, for any ¢ > 0, the following holds

2 0
(0, —t,w) Se—gt+f_0tMg2\z(9sw)\2ds7_t<_t7 _t’w)+(€4pﬁ/ o= 55+ Mo?|2(0rw)Pdk g
—t
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Since v = u; + eu — ouz (Gw), we get

2
||UH2E1 <2 HA%UH +2||ut + eu — ouz (Guw) 12 + 2||ouz (Htw)H2

2 (61)
a 2 2
<2 | 1+ —|z(6w)” | VI, -
Al
Thus, we have
2 o’ 2 2
1U (0, =t, )|, <2 | 14+ —[z(6:w)]” | [V (0, —t,w) ||,
1
2 -
<21+ %\z({%w)|2 e—§t+f7t MO'Z‘Z(GSUJ)PCZSH(_t’ —t,w) (62)
Al
o? 5\ ep? [ — 251 [0 Mo?|2(6yw)|2dk
+ [ 1+ —|2(0w)] 2% e 2 )s ds.
AL —t

Since the random variable z(f;w) is tempered, along with Lemma 1, we can infer that

952 c40 [0
O |2 (Buw) [Pe SR MO dsqy (g g ) 0,8 — +oo,
A
and 2 2 o
20112(9tw)|25p/ e 55t M zO0w)Pdk g () ¢y 4o,
A 48 )4
similarly
95t/ Mo2Os)Pdsqy (gt w) — 0,¢ — +oo,
and 2 0
ED [ st Mo a(0pw) Pk g g o o
28 )
Let 2 [0
. 0
p1(w) = % . o~ 55+, Ma®|2(0xw)?dk g (63)

According to (59) - (63), we obtain that there exists 77 (w) > 0, such that

1Ot 0-w)llp, = U0, —t,w)|lg, <ri(w), Vi=Ti(w), (64)

where 71 (w) = v/p1(w).

On the other hand, utilizing (10), we obtain

2 0
E (pl (OJ)) — 6& e*%S]E <6Mo-2 fSO ‘Z(ka)|2dk) ds

28 )
2 0 2
e / o5
28 J_w
2 0 e sMo2 2 T _ 52
:gp/ P L P e<6+%)sds (65)
28 JF 28 J_w
= Mo'27
[Nt T
2 Il = Mo?
T 203 <6+ m )
< +400.
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Proof for Lemma 5 : Taking the inner product (-,-)g, of (18) with Azve gives
(66)

%HA%VGH%I =2(QV, A2V p, +2(0A2u’z () , Au®)
+2 (a(,u +2 —ad? — oz (Orw))uz (Bw) — ovz (Brw) ,A%va> .

Substituting (41) and (42) into (66),, we infer the following by combining with Lemma 3

d . 1 .9 €0 aleran2 4 e\ o 2 4% ay2
GV <= SRR, + (24 ) 0% 0) Pl
8a? 4 2

+—3

8(u + 2¢)?
B(u+29? , 8a? 4
EN? C e ex?

3
o 2(0uw) [ ATu|,

_l’_

hence J
1o 4 € 1o 4
ATV, < (=5 + 000 ) ATV,

where M) is given by (46). Thus, we have
0 €
| ATV, Selm Tttt M ALy, w) |,

Since the random variable z(6;w) is tempered, along with Lemma 1 states

0 £
el=e =5t O EMods ) paya( ¢ w)|3 — 0, — 400,

Thus, it can be obtained that
. 14 _
[0 0.0, =0

Proof for Lemma 6 : Taking the inner product (-,-)g, of (19) with V? gives
(67)

LIV, <TO £ 1),

here
T =2(QV?, V?) +2 (cAbulz (Bw) , Atu’) +2 <— [/a’ HAiubHQ - p} Azul, v")

+2 (a (,u +2 —ad? — oz (Gtw)) u’z (Qw) — ovz (Bw) v ) , (68)
oo - o) s (ot ] ).

in which T® is bounded. On the other hand
2 1
-r) (-t )

2
—p} <A§u, ;vb> +2 [ﬂ HAiu — Ay

Y@ — o [ﬂ HAiu — Adye

2
w2 (= [ofat] - p| a2u0t)
b
plA a
S AVIE Ve +

B a
2|V + 2|V + 5

B
S IVIP+ ol | V]
At

1
3lpIad \
L ‘pﬁ'l Hiub, o).

+—1
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Set, X , Ly ,
H (t,7,w) = H(ub, o) = 5 [/3”1 bH “p +HA%ubH 42,

taking account into (67), (68) and (69), we can get

d £ 15}
A ) < = SR + | S IVIE+ il | IVIE+ S

b Ub) (70)

2/8 /8 a Ay
+ MUZIZ(GtW)IZJr?||V||2+€HV I+ 3Jp] | H(u
)‘1 A1

1
28| V|I? +28||VY* + [p|\E .

AL
Thus,
1
—£t+ [0, Mo?|2(0sw) >+ L1 (4”Vll +2[[Ve +3lp‘k )d
H (0, ~t,w) <e o H (—t, —t,w)
1
0 —5s+[) Mo?|z(0kw) >+ (4IIVII +2/ve| *mM )dk
+/ e 2)\1
—t
1
28|V +28[V)* + |p|A{ BHVH p*
1 LV +1ve)?) + +lpl |V + 2| ds.
A i 4/3’

Applying Lemma 4 and Lemma 5, we obtain
5t+fgt MJQ\Z(OSw)|2+M1dsH’(_t ¢ w)
) )

Hl(oa _tyw) <e
0
+ M2/ 67%s+fso MC’2|Z(9kw)\QJeralde7
—t

where M;, My are defined by (48) and (49) correspondingly. Since the random variable z(6:w)

tempered, together with Lemma 1, we find

~EHIS M@ P Mdsgy ! (y g ) 5 0,¢ = 400,

and 0
MQ/ e~ 55t I) MAP|2(0k) P+ Mrdk g o
—t
Let 0
pa(w) = MQ/ o= 55+ Mo?|z(0pw)| >+ Mrdk g (71)
—t
As indicated above, we obtain that there exists To(w) > 0 such that
Ul g, (t,0-1w) = |Ullg, (0, —t,w) < ra(w), Vt=To(w),
where ro(w) = /p2(w).
Proof for Lemma 7 : Taking the inner product (-,-)g, of (19) with A2V? gives
d
CHATVYZ, <2(QVP, A V) 42 (aA%ubz (,w) ,Aub)
(72)

2 (= [s|ata] - p| atu aie)
+2 ( (,u, 12 —aA? —oz (Gtw)> ulz (Byw) — ovz (Buw) , A2 >
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Set,
_ 1
Ha(t,7,w) = Hi(u,v) = |B|ATu|? —p— 2| |AZd|? + AT V|2, (73)
we find ) ) ) ) )
Hi(t,mw) = |ATVPE, + Bl Azl ATu)? - p||AZul||? — 2] A7 ub|?
2
> [ ATu)? + Bl AT ATu)? + (1 — 222 atut)?
A
> ||ATub|? + Bl Azl || ATu))? + C(p)|| AT
>0,

where C(p) is given by (52), which along with (43), (44) and (72) states that

d— _ __ —
ﬁle(u,v) <-— %’Hl(u,v) + Hi(u,v) + M(t,7,w)

1 1
0|z (6w) [* |BllATul? —p —2] 43P

Ap+2)2%2+2 4o 2p|+4 € 3
%“‘74’ |’; + 1 UQ‘Z(etw)‘z“A4ub“2
X2 < A 4N
2 ¢
+ ( + > o?|z (Bw) 2| AT
e 4
< ST (,0) + (14 Moz (0) ) Ty () + BT 7,0),

where M(t,7,w) and Mj are defined by (45) and (50) respectively. Then by Lemma 4, Lemma 5 and
Lemma?7, the following holds

(0, —t,w) < e—%t+fft(1+M3cf2|z(93w)‘2)dsH1(_t7 —t,w)

0
+r / o= 55+ (14 Ms02|2(0kw)[2)dk g
—t

Since the random variable z(6,w) is tempered, applying Lemma 1, we find

e SIS (Mo 2O dsqy, (y g ) 5 0, ¢ — oo,

0
T/ o= 55+ LU Ms0?|2(04w) )k g o
—t
then we get
HI(OJ —t, CU) < /030(0'))7
where p3g(w) = Tf_ot 6_%5+ISO(I+M3U2|Z(6kw)|2)dkds,

Exploiting (61) and (73), we can obtain

1 1 1
IATVPIE, (0,—t) + BllA2u’|* (0, —t) [|ATul]* (0, 1)

12 3
< paolw) + LE ) ATub)2 (0 — 1)
A
+2
< paolw) + PEZ ) AVOY%, (0, 1),
A
then 49
P 1
(1= =) |ATVP|F, (0,—t) < p3o(w),
A
utilizing (52), we get
1762 )‘%
|ATVP(|E, (0, —t) < —/————p3o(w). (74)

A —p—2
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By (72)-(74), we obtain that there exists Ts9(w) > 0, such that
1
1ATVPI[E, (0, 1) < p3(w), V¢ > Tyo(w),

1

p30(w). Since the relation between HA%UZ’HE1 and ||AiVbHE17

where, p3(w) =
Al —p+2

iyt
”A4 HE1 Oa t,UJ)

u:-H

<2 2(Ow)|* | || A3 ,w) 12,

o2

§12747A4 1+ |2(6,w)[? / S5/ (14 M302|2(0rw)|?)dk g
A —p+2 )\1 —t

Since the random variable z(f;w) is tempered, we get the following holds by Lemma 1,

2rg?

——|2(6w)|? /0 e~ 55 (Mo 200Dk g 0,t = +o0,
Al —p+2 -t
and )
1 2r\{ /0 o 55 2 Mso?|2(00) )b g o
Al —p+2
Thus, there exists a constant T5(w) > 0 such that

HAiUb  (h0w) = HAiUb] (0, —t,w) < r3(w), ¥t > Ty(w),

£y

Proof for Lemma 8 : For V k € D(A%), we find that

H ()?32 (1) — X2 (uz)) HH
<[ (BIVurL]? = Bl Vul?) (=A)k|| + 126(Vur, Vi) (=A)ur — 28(Vug, Vi) (—A)us||
<B ([[Vur]] = [Vuz|) ([[Vur]] + [Vuz|) [[(=A) x|
+2B8 [|(Vur, VE) [ [(=A)ur — (=A)uz|| + 28 [ (Vur — Vug, VE) [|[[(=A)us|
<B ([Vur| = [Vuzl]) (IVur || + [[Vuzl]) [(=A)x]]
28 [[Vur || [VE[ [[(=A)ur — (=A)uz|| + 28 [ Vur — Vuel [|[VE[| [(=A)uz],

Merging Lemma 4 with (51), we find

| (K2 (1) = Kz (u2) )
<B (V]| = [Vusl) (| V|| + [ Vuz|) [|(~A)x]|
< (lAur]] — | Ausll) 2r1 ()| (~A)s]

At
28

+pri() Ak [(=A)ur + Aug| + 20 A — Ausl| Ak )
Al i

<c1(w) || Aug — Augl|||AK|, Vuy,us € D(AZ),

along with Lemma 4 demonstrates E (¢1(w)) < oo, hence

HX32 (ul) — X3 OLQ)H,%(D(A%),LQ(D)) - Kesplii%) D(A%)

< c1(w) Az — A%ugH .

(75)
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On the other hand, since

wp | (s

_ IHBIVull? = p] (-A)k + 28(Vu, Vi) (- A)u|

H)A(?,z (U)Hg<D(A%)vL2(D)> )

[Ax]
_ BIVul? = p] (=A)8ll + [[28(Vu, Vi) (=A)u|
- 1Ak
2p
< [BIVul® = p* + =l Aul*.
AL
In term of Lemma 4 and (51), we find
~ T (w) 28
HX?’Q(U)H,%(D(A%),B(D)) =y 7 \5 ri(w) = eafw),
1

and

Proof for Lemma 9 : Taking the inner product of (23) by v —v® in B illustrates

2
B (Q (Vu) _ V(2)> v V(2>)
+ <X2 (V(n) _ X, <V<2>) v _ V(2>)

(X32 (w,u1) — X32 (w,u2) ,v1 —v2),

1dHV(1> _ V(2>‘
2 dt

Eq

_l’_

Merging with (24), we have
1
X2 (0, 1) — Xz (w, )| < 2|42 (ur = wz)]|
Furthermore, we get

(X32 (w,u1) — X32 (w,u2) ,v1 —v2) < || X32 (w,u1) — X32 (w, u2)|| |vr — va]

< cafw) |42 (w1 = ua) | o1 = e

< 02(2“’) va _ V(?)’

2
B
and
( X, (Vm) - X, (V@)) vy .
< loz (Ow) (u+ 26 — oz ((9ltw)) | + 2)\1% loz (6w) |
2M7

+|aozéﬁtw) | (HAé(u” B “m)H2 o — ’UmH2>

(™ = u™ [ F + 0" = ™)

1
oz (Oyw — 02 (0iw)) | + 222 |0z (Biw
(102 0) (4= 02 0 |+ M1 l0= @) |1y
2X7

0’|z (Bw)[?
< | dlz (0w) |+ ——7 | IVa = Vaullz, ,

2A?

(80)
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here ¢ is defined by (53), and
€ €
(@(v-v®) v —v®) < ZIvO - VO - oy — 0. (81)

Substituting (79), (80) and (81) into (77), we get

dHVu) _ V<2>‘ ?

dt

52
B < | = + eo(w) + 2¢]2 () | + — |2 (Bw)]? HV(I) — V(2))
AQ

2

B
thus, we have

I, —Mat2q|2(05w)|+ 25 |2(0sw) *ds
[ve —vol o-tw<e 11, (52)

Ey

taking into account the between ‘ % and ‘ U
1
, ;2 S0y =M 2q|2(0) |+ 21 2(0w) ds
o —ve], <2 {1+ =@ | SERT
E1 Al

here My > 0 is formulated by (54). Combine assertion that random variable z(6;w) is tempered with
Lemma 1, we find

2
952 J2 4 = Mat2q|2(0s) [+ 71 [2(0s00) ds
2 \2Z
|2(0iw) e i —0,t — +00,

and

f_ot—M4+2fJ|Z(9sw)|+L1 |2(8s) | ds
3
1

>

2e < 00,

2
then, 3 ),V t > th, HU<1> — U(Q)‘ .
1

< p}, set p; = max{1,p|}, we obtain

2 2
|[v® v 0, -t,w) = [v0 U (t,6-w) < pillT]5,:
Ey Ey
and
pi(w) = LE(p1(w)) < o0, E(In (p1(w))) < oo, (83)

On the other hand, taking the inner product of (21) by V in F, which together with Lemma 3 shows
~ 112
@V V) < —SIVIE -5 |7 (34)
and DA
(Xsv. V)
Eq

_ ([5||VUH2 —p] (—A)Vl,f/\é) — <2ﬁ (Vu V‘Z) (—A)u, ‘72)

<l - a7 uwug o] 7]

: ) (85)
<2 (v i)« 2 (Zraurfan]) + 5|
<2 o o+ Wﬁm«u o
s

408 https://doi.org/10.17993 /3ctecno.2023.v12n1e43.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

with the similar calculation of (80), we have

~ o~ 2 112
(X2V.V) < | Mol 0) | + "z 0) 2 | |V (86)
1 Ey
where M5 is given by (55). From (84), (85) and (86), we get
d| V|3 5 o’ o2
< e[V, + 2 | | Mslz 0) | + 1z (0) 2] ||V
1 Ey
2\
8 _2 2 ~ |12 64ﬁ2?4 ~ |2
+2 | 2 (572 + 1)) AT+ =5 AT (87)
c DY
0-2 2 ~ [|2
< | =Mo + 2051z (00) [+ Trlz 0 | [V
A4 Eq
1
where Mg > 0 is defined by (56). Thus
~ e, —M6+2M5|z(95w)|+%|z(95w)|2ds
Vile <e M1 [
112 112
by the relation between HV‘ and HU‘ , we have
E1 El
112 o2 ~
o] =21+ Sz | 1913,
Er A4
1
2 /e, 7M6+2M5|z(95w)\+%|z(65w)\2d5
<2 [ L4 g [=(0w) | e M 1] 2, -
)\Z
1
The random variable z(6;w) is tempered, which together with Lemma 1 gives that
> [0, ~Mo+2Ms|2(0:w) [+ T |2(05w) [2ds
20 2 AZ
+|2(Ow)|"e 1 — 0,t = 400,
Al
and )
J2, —Me+2Ms|2(8sw) |+ 21| 2(6sw)[2ds
2e A < 00,
112
then, 3 ¢, ¥Vt > t,, U‘ . < ph, set po = max{1,phL}, we obtain
1
112 12
o] 0 -twy =0 ©06-w) <palls, (88)
E1 Eq
then we can get
E(p2(w)) < oo. (89)

In the rest paper, the value of U at t = 1 is still denoted by fj, and ﬁ(l) = 53’5 (w, U(l)) I, where
53’5 (w, U (1)) is the linear solution mapping of system (20).

According to (84) and (89), we get that

(90)

_ IDS: (w, UD) 1
HDS*E(“’U(D)Hg(EI,Eﬂ:feug’l 6<HI||E1) &
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and
p2(w) > 1,E (In (p2(w))) < oc. (91)
On the other hand, I satisfies

IT@le < 1T -=UD|g, + | - Ullg,

< (p1+p2) Mg,
< (@)

where ¢(w) = max{1,p; + p2}. Obviously, when ¢ =1
IP(L W)z, < @)z,
Combining (91) with (89), we have
E(Inc(w)) < 00, E (c(w)) < 0.

Since S:(w) := Sc(1,w), merging with (88) and (25), we can conclude that S:(w) is almost surly uniform
differentiable on o7 (w).

CONCLUSIONS

This paper consider global stochastic stability of the Euler-Bernoulli beam equations excited by
multiplicative white noise. The system can induce a RDS which owns global random attractors,

1 e 8 —92 2 2My 2Mg
. . . . . -3 §_E<BT 'le) T /7E 2n
moreover, Hausdorft dimension of the attractor is finite. Specially, when A\, * < T ,
1
EAIZ

the Hausdorff dimension is 0, which indicates that the stochastic Euler-Bernoulli beam possesses a
random fixed point which is global stochastic stability.
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