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IMPROVING THE EFFICIENCY AND RELIABILITY OF RENEWABLE ENERGY
SYSTEMS: A STUDY OF PARALLEL AND DISTRIBUTED ARCHITECTURES FOR
INTEGRATED WIND AND SOLAR POWER GENERATION

XING CHEN, DINGGUO HUANG, QINGCHUN REN, YONG YANG, AND YE YUAN*

Abstract. The implications of relevant sustainable practices have reflected the scholastic features to improve the environmental
resources. The study highlights the importance of conservation of environment and power system in search of proven solutions to
improve the penetration level. The need for flexibility has signified the special characteristics that are conventional in increasing
the integrity of renewable resources. The ideologies have global trends have integrated the cost of affectivity with the growing
applications of power projects. The architecture of wind and solar energy has touched successful benchmarks with respect to the
real world implications. The conceptual practices help in initializing the practices towards biomass as well as determining the
impact of renewable energy on wind and solar power energy in a significant manner. In addition to that, the applications of solar
or photovoltaic cell have been mentioned in the study which has greater significance. The ideas based on the emission of greenhouse
gases have been evaluated in the study that shows the after effects as well. The use of passive solar energy and active solar energy
has clearly discussed the concept of sustainability and the process of administering towards various climatic conditions. Lastly,
the impact of renewable resources on social, environmental, technical and economic aspects has verified the relevant practice of
sustainability.

Key words: Sustainability, renewable sources, passive solar energy, active solar energy, reliability, greenhouse gases

1. Introduction. Energy efficiency simply refers to reducing excessive energy use to perform continuous
tasks. A decrease in energy use brings up a variety of benefits, including knowing the greenhouse gas emission
and reducing the cost value at the economic and household levels. While renewable technologies are readily
helpful in accomplishing the objectives and are a way of reducing fossil fuels. This study explores how to
make renewable energy systems more reliable and effective. The project investigates the potential of parallel
and distributed architectures with a focus on integrated wind and solar power generation. The study seeks to
maximise the effectiveness and dependability of renewable energy systems by examining these methods, offering
significant insights into the world of sustainable energy.

The motivation behind this abstract lies in addressing the critical need for sustainable practices in the
context of environmental conservation and power systems. It recognizes the pressing global concern of envi-
ronmental degradation and the importance of seeking viable solutions to increase the adoption of sustainable
energy sources. This study aims to shed light on the significance of preserving the environment while enhancing
the penetration and reliability of renewable resources.

The primary aim of this research is to explore and emphasize the special characteristics of renewable energy
sources, such as wind and solar power, as key components in achieving a sustainable future. By delving into the
practical implications of these technologies, the study seeks to establish real-world benchmarks and applications
that can contribute to a cleaner and more sustainable energy landscape. Furthermore, the research aspires to
examine the impact of renewable energy sources, particularly in the realms of wind and solar power, with
a specific focus on biomass. It aims to comprehensively assess their contributions and implications, thereby
providing insights into the significance of renewable energy in both local and global contexts.

2. Objectives.
1. To evaluate the importance of renewable energy in improving the reliability of the ecosystem
2. To determine the impact of renewable energy on wind and solar power energy
3. To understand the distributed architecture for the supervision of energy management

*Chongqing Qingdian New Energy Development Co. Ltd., Chongqing,401121, China (dingguohuang21@outlook.com)
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Fig. 3.1: Effectiveness of renewable energy on the ecosystem

4. To analyze the challenges faced during the adoption of renewable energy

3. Methodology. The analysis process includes a wide spectrum of knowledge based on the analytical
approaches in composing the literature portion [26]. Secondary data has been identified as relevant in terms
of analyzing the entire study which comprises statistical and numerical information. Secondary data imposes a
wider scope in analyzing the importance of renewable energy resources proclaiming to generate ideas on wind
and solar energy [1]. The phenomenon is well recognized by the qualitative data having a valuable outcome in
elaborating the section on the efficiency and reliability of renewable energy resources.

3.1. Evaluating the importance of renewable energy in improving the reliability of the ecosys-
tem. Renewable energy has no such exception to the rule of thumb and has its own ways of implementing the
improvement of solar and wind energy. Renewable energy is good for the planet as it helps in reducing excessive
pollution and it brings social cohesion as well [2]. The pollution caused by the combustion of greenhouse gases
is controlled by the implication of renewable energy.

Renewable energy has zero emission of greenhouse gases. The combustion of fossil fuels is significant in
contributing the global warming. Most renewable resources are useful in terms of reducing global complexities
by considering the full life cycle of technologies [3]. The increase in fossil fuels worldwide has resulted in
excessive forms of global warming. Such issues can be controlled by the application of renewable practices.

Renewable energy is cost-effective. The use of renewable energy is beneficial in many ways mostly it is
highly cost-effective in nature. Since renewable resources have been a great need to fulfill the geopolitical crisis,
the upheavals of energy resources are often considered calculative in decentralizing climate change [4]. As a
result of this, the recollection of technology and an aversive use of renewable projects can lead to effective
results.

Renewable energy is accessible in nature. Renewable energy is highly accessible to various parts of the
world and it is more independent from remote success. Especially for cities, an energy based on distributed and
decentralized knowledge is significant in avoiding weather-related fluctuations [5]. Business and trade industries
are highly benefitted by the use of urban energy to expand the rate of accessibility in suburban and peri-urban
regions.

3.2. Impact of renewable energy on wind and solar power energy. Renewable energy is derived
from natural sources that aim in replenishing the higher rates of pollutants. Wind and solar energy does not
generate atmospheric thermal pollution or contaminants. Rather, they reduce atmospheric emissions which
mainly accumulate greenhouse gases, carbon dioxide (CO2), nitrogen dioxide (NOx), and the particulates of
sulfur dioxide (SO2) [6].

Active solar heating. Active heating enables the process of collecting and administering the distributed
approaches that create a source of solar energy that enables the transfer of carrier fluids. It functions with
the help of solar energy by transferring the hot fluid which can be either air or liquid [7]. Active solar heating
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Fig. 3.3: Rate of accessibility in renewable energy

reduces energy consumption having diverse applications. It hardly takes any maintenance cost and manages to
work in various climatic conditions.

Passive solar heating. Passive solar heating is a necessary mechanism that is used to protect buildings from
excessive ultraviolet sun rays. It is a well-designed system that reduces heating and increases the cooling effect
of the buildings. The goal of passive solar heating is to absorb the excess heat and maintain a comfortable
room temperature [8].

In the structure shown in figure 3.5, it has been illustrated that passive solar technologies can be used both
in a direct and indirect manner to gain spacing for thermal mass based on thermo siphon. As a result, passive
solar energy minimizes the emission of carbon into the environment which is a much more conventional process
in the heating systems in a significant manner [9)].

Application of solar or photovoltaic cell. Solar electricity generates the use of electrical powers that helps in
forming the process of the semiconductor devices that are closely associated with computer chip programming.
Photovoltaic cells are useful in generating electrical energies that mainly comprise electrons connected to the
utility of sound alternatives [10].

Figure 3.6 illustrates the semiconductor material is the core tool that acts as a protective layer and stops
the ultraviolet rays from penetrating into the surface. Through solar cells, environmental sustainability can be
achieved which makes it ideal for the ideal mechanism of operations and maintenance of cost cells [11].

3.3. Understanding the distributed architecture for the supervision of energy management .
Investing in the electricity distribution generated from renewable energy develops various energy resources such
as solar, wind, biomass, and ocean waves. With the development in technology, it can be administered that
affordable power distribution is competent for energy management [12]. It helps in supervising the elements
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that improve supply management practices. Similarly the switching of the system from a central controller
to inter-communicative tools has bridged the gap made by the challenges. In addition to that, the power-
generating paradigm ensures the safety and services towards autonomous sustainability [13]. The supervision
of energy has uplifted sustainability practices through renewable resources.

Serial converter connection. The isolation process has led to the emergence of DC-DC converters in terms
of generating the basics of solar and wind energy. The connectivity gets stronger with a series of high-voltage
output stabilizers in order to reach the desired output [14].

Figure 3.7 illustrates the current practices involving renewable practices in accordance with outreaching
the converter outputs. The high resolution has enriched the goals of the breakdown voltage of the output
that has been programmed simultaneously [15]. The adaptation of serial converter connection includes various
advantages:

1. Tt uses less number of wires

2. It associates the path of connectivity between receiving and transmitting devices
3. It supports long-distance communication that

4. Tt encourages the usage of renewable resource practices

Cascading converter connection. The gain in the rate of voltage is theoretically measured that is inductive
in nature accumulating the robust applications of electricity distribution. After the introduction of renewable
energy, the relevant approaches have converted the regular use of energy transfer into the management process
[16].
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The above system is based on various modalities with respect to the initiation of cascading arrangements
[17]. There are various applications of the cascading converter connection which mainly include:
1. Predicting the system performance under abnormal conditions
2. A static and comprehensive way towards dynamic performance
3. Robust source of connectivity between the individual PV modules
4. Providing alternative paths to promote renewable practices

Connecting converters in parallel form. In the augmentation of the power supply, the requirement for
connectivity has often led to the optimization of the distribution system. This distribution is a mode of
inquiring about the distribution of practices with respect to the homogenous distribution of power supply [18].

The above structure shown in figure 3.9 possesses the exact features that are relevant to the dispersion of
connectivity. This phenomenon is an ultimatum that has cultivated the practice of stressing semiconductor
resources [19]. In comparison to homogenous distribution, the power project has various relevant implications
for sustainability.

1. The mechanism technically generates output powering

2. It manages the issues of overload by improving the connectivity sources

3. It is intended to maximize the load-sharing practices toward redundant operations

4. The learning parameters are adjusted and converted to the algorithm
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Fig. 3.9: Connecting converters in parallel form

3.4. Challenges faced during the adoption of renewable energy. Renewable technology has become
better with time progress and it has access to all the resources that are responsible to contribute nearly 20% to
the consumption of global energy. Wind and solar energy are bringing about clearer and more innovative ways
in order to capture the cost of energy [20]. The challenges have induced pressure on the environment thereby
disrupting the practice of offering renewable resources. It can be measured that non-renewable resources can
be found in certain parts of the environment. Such practices are a predicament of ideas that are approachable
to the course of limited amounts of sources [21].

High initial costs of installation. Carbon emissions are the main reason for global warming and it has been
observed that in order to increase the adaptation renewable energy needs proper installation. Solar as well as
wind energy are the cheapest ones and are used widely [22].

However, the figure 3.10 highlights the installation process which is abnormally high and is around 21%
between the years 2021 to 2022 which is $2,000 per kilowatt. There is a wide margin in the installation of fossil
fuel plants. Moreover, due to high-power storage, the installation becomes even more difficult [23].

Lack of policies and subsidies. The lack of policies and subsidies is a hindrance to the installation of
renewable energy. In addition to that, political stigma, corporation lobby, and inherent dependencies have been
challenging during the installation process [24].

The figure 3.11 establishes the dangers of climatic depletion that have started to affect the lives of people
which eventually lead to the loss of the ecosystem. In addition to that, the high property taxes on fossil fuels
have been a threat to the local community in order to establish sustainable energy [25].

4. Results. The above systematic diagram shown in figure 4.1 illustrates that an increased rate of sustain-
ability can lead to various effective outcomes. The various impacts of renewable energy can be demonstrated
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in the form of a comprehensive understanding of the global environment. The varied elements can be discussed
as follows:

Social and environmental impacts. Renewable energy has played a crucial role in foregoing the practice of
reliable and sustainable resources. This has reduced the emission of harmful gases producing greenhouse gases
which is less that is between 90-99% as compared to coal fire plants of 70-90% significantly [27]. Additionally,
social impacts comprise the elimination of poverty and change in climate mitigation.

Technical aspects. The evolution of technology has clearly exceeded all expectations on the verge of sustain-
able practices. Technical synergies have played a large role in the primary supply of energy [28]. Renewable
practices have raised the range of connectivity measuring technical support to improve the electricity demands.

FEconomic factors. Renewable practices have raised human well-being and have developed the overall GDP
growth rate. By doubling up the share, it has increased the global rate by 1.1% significantly [29]. This is
related to USD 1.3 trillion with respect to the service of fossil fuels.

Commercialization. Renewable energy commercialization involves the additional factors that have improved
the research knowledge. This has contributed to 19% of the energy consumption towards photovoltaic thermal
power stations [30].

5. Conclusion. In conclusion, the research presented in this study underscores the critical role of semi-
conductor materials in protecting against ultraviolet rays and enabling the use of solar cells for achieving
environmental sustainability. It highlights the potential of renewable energy sources, including solar, wind,
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Fig. 4.1: Impact of sustainability

biomass, and ocean waves, in reshaping energy management practices and supporting the transition to cleaner,
more sustainable power generation methods. The investigation further delves into the advantages of different
converter connection methods, including serial, cascading, and parallel forms, to optimize energy distribution
and ensure the efficient operation of renewable energy systems. The challenges faced during the adoption
of renewable energy are recognized, particularly the high initial installation costs and the lack of supportive
policies and subsidies. These challenges, along with the influence of political and corporate interests, pose
significant hurdles in transitioning to cleaner energy sources. Nonetheless, the research underscores the urgency
of addressing these challenges to mitigate environmental degradation and ensure a sustainable energy future.
The findings suggest that renewable energy can significantly reduce greenhouse gas emissions, alleviate poverty,
and drive economic growth, ultimately leading to a more sustainable and environmentally responsible energy
landscape.
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IMPLEMENTATION OF RULES AND ROUTINES IN PHYSICAL EDUCATION
TEACHING AND LEARNING IN CHINA

HUIMIN ZHANG*

Abstract. Physical education is a significant aspect of the Chinese education system. Moreover, on a regular basis, physical
education is an integral part of the Chinese education system. Therefore, the following study looks into different rules and routines
for physical education teaching and learning in China. Most of the rules and regulations are formed based on guidelines provided
by the Ministry of Education. Therefore, a systematic discussion regarding physical education training in China is conducted in the
analysis. The significance of physical education (PE) in the Chinese education system cannot be overstated. It serves a dual purpose
by not only promoting physical fitness but also fostering holistic personal development. PE contributes to the physical well-being
of students, helping them lead healthier lives, but it also instills essential life skills like teamwork, discipline, and perseverance. In
China, the Ministry of Education, as the overarching authority on educational matters, plays a pivotal role in shaping the rules
and routines governing physical education. These rules encompass a wide array of aspects related to the curriculum, including the
allocation of resources, curriculum design, assessment, and teaching methodologies. By adhering to these regulations, educational
institutions across the country can ensure a standardized and comprehensive approach to physical education.

Key words: PE education, the benefit of physical education, Resource allocation of PE education in China

1. Introduction. For Chinese students, it is essential to follow a regular physical education routine along
with their regular studies. Moreover, the education ministry of China has provided strict guidelines regarding
the physical education system that helped to formulate the base of regular physical training [1]. Therefore,
through a secondary analysis, the following study looks into the implementation of rules and routines in physical
education teaching and learning in China. At the same time, the study has discussed the problem of the same.
Through a secondary analysis, a coherent discussion related to possible solutions is discussed in the study.
Additionally, results are formulated based on the information gathered from the secondary data.

Physical education (PE) is an integral and indispensable component of educational systems worldwide. It
encompasses a broad spectrum of activities and teachings designed to promote physical fitness, health, and
well-being among students. In addition to fostering physical health, physical education plays a significant
role in enhancing cognitive, emotional, and social development. This multifaceted approach to education is
particularly significant in China, where it has been woven into the fabric of the education system for many
years.

The Chinese education system places immense importance on physical education, recognizing that a healthy
body is closely linked to a healthy mind. Beyond the benefits of improved fitness, physical education imparts
values such as discipline, teamwork, and perseverance, which are integral to a student’s holistic development.
This system’s commitment to physical education has led to the formulation of a set of rules and routines that
govern the teaching and learning of physical education in China. These rules, often dictated by the Ministry
of Education, provide a framework for curriculum development, resource allocation, and assessment practices
within the realm of PE.

2. Objectives. For the development of the empirical analysis and formulation of reliable results following
objectives were followed.
1. To discuss the elements impacting the implementation of rules and routines in physical education
teaching and learning in China
2. To analyze the impact of physical education and teaching on the Chinese students
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Fig. 1.1: Benefits of physical education in different strata

3. To elaborate on the issues related to the implementation of rules and routines in physical education
teaching and learning in China

4. To discuss possible results and solutions in order to improve the physical education teaching and
learning for Chinese students

3. Methodology. The methodology of an empirical analysis looks into the factors that aided in the de-
velopment of the analysis. Therefore, a secondary method for collating the information was chosen. Moreover,
all the information was collected from secondary resources such as past articles and research papers [2]. The
collection of secondary information aids in collecting reliable information thus a reliable result can be formu-
lated [3]. Furthermore, for analysing the secondary information a qualitative method of analysis was followed.
The process of analysing physical education teaching and learning for Chinese students is required to analyse
sociological factors. Moreover, physical qualitative methods aid in establishing reliable relations that are routed
in society [4]. Therefore, the method of quantitative analysis and the use of a secondary qualitative method is
justified for analysing physical education teaching and learning in China.

3.1. Rules and Routine for PE in China. At the time of past analysis, it was noted that there are
certain rules and related reasons for the rules for PE education in China. For instance, mandatory PE education
is one of the major rules that enforce PE education for everyone. In addition, the implication of PE education
needs to be safe and diversified for each of the students [5].

From the figure 3.1, the implication process of PE education for Chinese students is described. Moreover,
the implication of PE training is described in the process [6]. It is seen that the educational process of PE is
dedicated to the development of interest in sports activity.

3.2. Factors impacting the implementation of rules and routines in PE teaching and learning
in China. To establish a coherent understanding related to the implementation of rules and routines in PE
teaching in China understanding the related factors is essential [7]. Moreover, the factors of PE education are
subjective and can vary based on situations [8]. Following are some of the essential elements that contribute to
the personal nature of PE education.

Priorities of the education system. For PE training, the emphasis on academic success and another curricu-
lum can result in less time and funding being allotted for physical education. This may affect how rules and
procedures are established and followed in physical education classrooms.

Chinese Culture and Beliefs. China’s social norms, such as amenability to authority and self-control, can
affect the implication of rules for physical education settings [9]. Further, Students’ conduct and attitudes
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Fig. 3.1: PE education system implication process for Chinese students

Fig. 3.2: Impact of PE on students
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Fig. 3.3: Illustration of the Chinese education system
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toward following regulations might be influenced by cultural norms. Thus, it can be contemplated that cultural
norms impact the implication of PE teaching in China.

Availability of resources. In order to carry out some routines and activities, sports facilities and equipment
must be available and adequate. The range of physical education exercises may be limited by a lack of adequate
facilities [10].

Policies made by the government. Government-imposed educational policies have an impact on how much
focus is given to physical education in the curriculum [11]. Rules and procedures can be implemented more
successfully with the help of supportive policies.

Education leadership. After the government leadership in educational institutions has the authority to
implement the rules and regulations for students. Therefore, effective implementation of rules for PE Education
can be greatly influenced by the school leadership [12]. Moreover, the dedication to promoting physical education
and fostering a supportive atmosphere for rules and routines have a direct relation with educational leaders.

3.3. Issues related to the rules and regulations for physical education teaching and learning
in China. During the analysis of secondary information related to the rules and regulations related to PE
education for Chinese students, some problems were noted. Some of the problems are the following:

Scareceness of the faculty and resource. China is one of the majorly populated counties in the world that
have a more number of students in schools and colleges. As per the information for 2022 around 59.6% growth
in the number of students enrolled in the tertiary education system was recorded [13].

However, from the figure 3.4, it can be seen that in 2021 the number of students was 44.3 billion and it
grew to 46.5 billion. On the other hand, a 1.69% in resource allocation was observed in the Chinese education
system, thus appropriate allocation of resources is a major issue in maintaining rules and regulations regarding
PE education [14].

Massive class size and limited teachers. It is difficult for teachers to successfully manage and provide each
student with individualized attention during PE courses in Chinese schools due to the prevalence of large class
numbers [15]. Such factors can impact the effectiveness of education and the growth of personal skills.

Gender Inequalities. In PE classes, there may be a gender imbalance in the activities available, with some
activities having a stronger male or female bias. As a result, there may be fewer possibilities for skill development
between genders, and gender stereotypes are reinforced [16].

From the figure 3.5, it can be contemplated that there is a growth in the number of students per teacher.
It can be noted that the average has gone to 18.5 students per teacher. Considering the large population of
China even a growth of 1 on average can be challenging for teachers [17]. Thus, it can be comprehended that
there is an issue in human resources that impacts the implications of rules and regulations in physical education
teaching and training.
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4. Possible solution for countering Issues in the implementation of rules and routines in PE
teaching in China. At the time of analysing past literature for comprehending the implementation of rules
and regulations, it was noted that there are certain impacts on the students. Thus, all of the issues need to
be countered effectively in order to achieve optimal results for the students. In order to counter the issues
following aspects can be followed:

Allocating appropriate resources for PE. During the systemic analysis of the issues related to PE education,
it was noted that resource allocation is a major problem. Activist related to PE aids to meet the physical as
well as mental needs of the students [18]. Thus, allocating resources can benefit the process of implementing
rules and routines for students.

Setting two-tier enforcement. It was noted that government and school administration are primarily re-
sponsible for the implication of PE for students [19]. Therefore, it can be contemplated that with a tow tire
administration for the PE teaching basic issues of the system can be resolved. Moreover, resource allocation
can be done effectively.

Diversifying the PE programs. For the effective implication of the PE programs for student’s diversification
can be beneficial. Moreover, each student are different in nature and each class has different requirements
regarding PE education [20]. Therefore, with the implication of a diversified system, students can be benefited
and the shortage of teachers can be countered.

5. Results and Discussion. At the time of analysing past literature related to PE education in China,
it was noted that there are some rout benefits for the students [21]. Moreover, implementing certain rules and
making them an integral part of the education system can aid students in the long term [22]. Additionally, it
was noted that there are some central issues such as resource selection and availability of teachers. The issue of
location resources in an effective manner hinders the implementation of mandatory rules for the students [23].

The figure 5.1 illustrates the budget allocation per student in China. It can be seen that there are 40% of
students receive 1000 to 3000 Yuan per student. Therefore, it can be said that there with such an increase in
the budget a better PE education.

On the other hand, it was noted that there are issues related to teachers’ availability. It was contemplated
that there in order to appropriately understand student needs an increasing number of students was noted
[24]. Considering the benefits of PE education for students it can be said that increasing human resources
can be beneficial for the quality implication of rules and regulations human resource is an essential factor.
Furthermore, it was noted that rules and regulations are essential for the holistic development of the students
[25]. Additionally, the rules and routines are set by the education ministry of the government and school
authorities [26]. Therefore, it was found that establishing a two-tier regulation can benefit the process of
implementing rules and ruins for the students. In such a manner, individual needs of the students can be catted
in a systematic manner [27].
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Fig. 5.2: Relation between PE and cognitive ability of students

6. Conclusion. Thus, secondary qualitative research was conducted in order to understand the implica-
tion of rules and routines for physical education teaching in China. It was noted that PE aid in the overall
development of the students. Furthermore, there are physical and mental benefits to PE. On the other hand, it
was noticed that there are some issues that hinder the implication of rules for PE. However, it was noted that
the implication of resources and diversification in the activities such issues can be countered. By examining
the multifaceted aspects of physical education in China, this research contributes to the broader discourse
surrounding the role of PE in shaping well-rounded individuals. It sheds light on how China’s educational
system incorporates physical education to promote both physical fitness and character development, nurturing
a generation of students equipped not only with academic knowledge but also with the tools for a healthy,
balanced life.
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RESEARCH ON THE DESIGN OF INTEGRATED ENERGY MANAGEMENT AND
OPTIMIZATION CONTROL SYSTEMS FOR NOVEL POWER SYSTEMS

ZHIQIAN YANG, XIANYOU WU, QIUHUA CHEN, AISIKAER, LIANGNIAN LV, AND LEI WU*

Abstract. This research paper is determining the impact of integrated energy management and optimization control for Novel
power systems. Research objectives have been made based on integrating power system for reducing power consumption based on
optimization parameters. Optimal control is mainly dealing with control law by finding out a given system and delivering certain
criteria for achieving goals. There are mainly three parts for problem optimization purposes those are included decision, constraints
and objective functions. Four different objectives has been made those are mainly discussed about the importance of the power
systems regarding integrated management system. There are various factors that are affecting optimizations including the role
of the multigrain recursion, global convergence, properties of the optimization model and local convergence. Along with this, the
optimization control system has been played a crucial role for the power systems development purposes. Research has been based
on the effective design of energy management for power systems. The primary application for the optimization techniques is based
on the storage system, electromagnetic-based design and mapping design for the microwave structure. The rate of unsustainable
energy management is increasing and sustainable energy management system is decreasing. The conclusion has been based on the
significance of the optimization control for the power systems.

Key words: Global convergence, Novel power systems, integrated energy management, optimization control, Problem opti-
mization, local convergence, Energy management

1. Introduction. An energy management system or EMS is a system that is based on a computer-aided
tool and it is mainly used by the operators of the electric utility grids for controlling, monitoring and performance
for generating and determining the transmission system. Management optimizations are delivering efficient uses
of energy and delivering the best performances for production purposes. There are various effective strategies
for energy management purposes those are includes tracking progress, collection of bill data, and identifying
sources and the rate of energy consumption.

The growing demand for efficient and sustainable energy management systems has become a pressing
concern in the contemporary world. To address this concern, this research delves into the profound impact
of integrated energy management and optimization control within novel power systems. By investigating this
critical intersection of energy management and control, we aim to shed light on how such integration can lead
to reduced power consumption and, consequently, a more sustainable energy landscape.

Optimal control, as a central theme of this research, focuses on the development and implementation
of control laws that are meticulously tailored to a given system. These control laws play an instrumental
role in guiding the system toward achieving specific criteria and goals. The optimization process itself is a
multifaceted endeavor, encompassing decision-making, constraints, and objective functions, which jointly shape
the trajectory of power systems.

2. Objectives.
1. To determine the importance of an energy management system for the power system
2. To evaluate the importance of energy optimization for the Novel power systems
3. To examine the key components of integrated energy management for the Novel power system
4. To analyze the optimization technique in the Novel power system.
Our research revolves around four distinct objectives, each designed to highlight the pivotal importance of
power systems in the context of an integrated management framework. These objectives delve into a range of
critical factors that influence optimization outcomes, including the multifaceted aspects of multigrain recursion,
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the global and local convergence properties of the optimization model, and the role of power systems in this
grand scheme.

3. Methodology. The analysis procedure is based on a wider spectrum of knowledge-based analytic
approaches determining purposes. Secondary data analysis has been done in this research paper and this is
determining renewable energy and numerical information for the research paper. Secondary data analysis has a
higher scope on developing renewable energy for determining Novel power systems. Qualitative data has been
generated based on valuable outcomes for determining the reliability and efficiency of energy resources [1].

3.1. Importance of an energy management system for the power system. The major purpose of
BEMS is to determine the optimization of energy and energy management that is mainly based on information
analysis. The energy management system is decreasing the overall costs of the operations and it is developing
the rate of productivity [2].

Functions of EMS: EMS is mainly referring to the collection of automated tools that are mainly used
for monitoring, controlling and optimizing the overall performances, sub transmissions systems. The significant
EMS includes energy targets, measurements, energy policy, roles and responsibilities and energy efficiency
development plan. For cost-saving purposes and increasing reputations and competitive edge, EMS is playing
a significant role [3]. It is delivering various stages for decreasing electrical energy consumption costs and
people can save around 30% on total energy costs with the help of the implementations of the EMS. The main
purpose of the EMS is to manage and achieve optimum energy utilization, and procurements with the help of
the organizations. It is helping to decrease energy costs and environmental effects [4].

The figure 3.1 is representing the impact of the EMS, which is based on various aspects those are included
occupancy, storage device, building power supply and RES sizing for data forecasting purposes.

Reduce operational costs and productivity: The major benefit of EMS’s ability is to decrease the
overall electricity costs by optimizing energy and monitoring. With the help of the data collection, admin-
istrations are predicting the usage of energy usage and effective budget handling purposes [5]. Lighting and
temperature regulation is playing a significant role in developing productivity and it is helping to maintain
indoor temperature along with minimal lights. EMS is a system for optimizing, controlling and monitoring
transmission and energy usage and it is determining the ability of the heating, ventilation and lighting [6]. It is
helping to decrease the materials and time waste and deleting the employee’s perks and determining efficiency
equipment purposes.

Build a positive brand image: Organizations are trying to decrease the carbon footprint rate by
decreasing the energy consumption rate. It is helping in better relationship management purposes among
potential investors and partners [7]. It is creating value for the functional aspects and develops emotional
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conditions for the development of loyalty and competition. There are various ways for creating positive and
effective brand images those are includes delivering customer services, creating valuable content, search engine
results analysis and understanding the target market.

Increase ROI and Increase property wvalue: Installing EMS is needed for cost-effective solutions
and people are optimizing this system for conserving energy and delivering ideal solutions for global warming
[8]. Power transmission is regulated by the EMS and it is expanding the lifespan by increasing the ROI
rate and appliances. Satisfying customers and delivering efforts for the development of property management
purposes, it is playing a significant role. ROI is helping to develop revenue arte and sales growth for the
organizations and developing digital marketing aspects and delivering contributions for revenue development
purposes [9]. Capitalizing the market upswings, and reinvesting gains, is playing a significant role. ROI is
playing a significant role for developing the profit rate and developing invested property.

3.2. Significance of energy optimization for the Novel power systems. Optimizing energy systems
is developing efficiency and cost-effectiveness for saving money and decreasing greenhouse gas emissions. It is
creating jobs; meeting the demands and saving money that are the major importance for energy systems
development purposes [10]. Effective energy optimization can lead to significant cost savings. Power systems
often account for a substantial portion of operational expenses, and optimizing energy consumption can reduce
these costs. It also helps in prolonging the life of equipment and reducing maintenance and replacement
expenses.

Purpose and benefits of the energy system: For the industrial process energy optimization is playing
a significant role and developing energy efficiency rate. The major key components for reaching the goals are
to develop process integration techniques and focus on the heat exchanges that are mainly used in the industry.
The major purpose of energy control programs is to manage safety in the workplace and prevent start-up and
motion [11].

Optimization techniques in power systems: There are various traditional methods for the power
system those are included QP, NLP and NFP. There are mainly four stages for the optimization those are
included analysis, research, and implementation purposes. Global optimization methods and local optimization
methods are the major methods for optimization purposes [12].

The figure 3.2 is representing the strategy for the novel energy system that is based on BMS and DC or AC
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Fig. 3.3: Economic programming for an energy hub in the power system

system. The key features of the optimization are based on decision variables, objective functions and business
constraints [13]. Along with this, there are mainly two types of optimization those are included discrete and
continuous optimization. The positive impact of the optimizations includes accurate information, higher quality
of results, developing efficiency and greater adaptability [14].

The figure 3.3 is representing the overall process for the input and output energy for the energy hub system.
It is based on four different stages those are included setting constraints, proper decisions, defining objective
functions and employing optimization algorithms [15].

3.3. Key components of integrated energy management for the Novel power system. Key
components for energy management are based on communication network, measurement devices and software
applications. Those systems are helping to manage information efficiently and based on various aspects for
an effective EMP [16]. There are mainly six stages for the EMS which are mainly based on getting proper
commitment, developing an action plan, understanding the issues, planning and reporting. Environmental
sustainability, social, human and economic sustainability are the major key component for sustainability devel-
opment purposes [17]. Four major key features for the energy-efficient design mainly consist of natural light,
solar gains and insulation [18].

A robust communication network serves as the backbone of integrated energy management. It facilitates
real-time data exchange between various components of the power system. This network enables seamless
monitoring, control, and coordination of energy resources and loads. Moreover, it ensures that the system can
respond promptly to dynamic changes in demand and supply. Power systems are part of a broader energy
grid. Energy optimization contributes to grid stability by preventing overloads and power imbalances. This is
especially important as the grid integrates more renewable energy sources.

4. Challenges faced by the Novel power supply. Computations are needed non-zero time for de-
termining the uncertainty and truncation is negatively affecting stability. The primary challenges for the
optimizations are include workloads, lack of proper resources, visibility and remote work [19]. Along with this,
there are various challenges for the power system those are including threats from cyber attacks, grid moderniza-
tions, frequency power outages and electricity transmission losses [20]. The major problems of the power system
include voltage swell, dips, voltage unbalance and harmonic. The shortage of fuel, differential tariff structure,
delays in tariff revisions and higher AT&C losses. The future challenges for the power system are mainly based
on cyber challenges, environmental emissions, electricity load growth and environmental emissions and climate
change [21]. Power outages are the common cause of power system failure purposes and it has occurred due
to human error, equipment malfunctions, storms and surges in the system. Inefficient coal supplies in thermal
power plants are creating a power crisis in the power points [22]. There are four reasons for the poor power
quality those are includes load imbalance, harmonic pollution, low power factors and voltage variations.

5. Results. The positive impact of this kind of algorithm is to determine the control of DGs and this
algorithm is solving single point chain issues. With the help of the virtual leader, this algorithm is directly
setting a proper design and achieving frequency and output for achieving leader. It is helping to design the
secondary control data and it is following basic theory.
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The figure 5.1 is representing an integrated design that is mainly based on two different strategies those are
included a robust optimal management strategy ad secondary control strategy. This is based on consistency
controller, mechanism and FTSMC and for the energy management system; it is based on robust and multi
objectives constraints [23].

The figure 5.2 is showing the designed control structure that is based on the physical and cyber layer.
The voltage and cyber layer is the most common layer that is affecting the main grid. The frequency and
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output voltage have been determined by the droop control and the droop control is designed by the generating
operations [23]. In this research study, the designed secondary data control methods are needed for the DG’s
controlling purposes.

The novel power systems are delivering power efficiency, greater performance and better quality results for
the power systems. It is mainly specialized in designing and manufacturing electrical power systems and all the
products are based on higher and advanced technology. It is mainly a microprocessor and analog planning-based
power system and all the products are measured by Mil-std1275 and ISO [24].

The figure 5.3 is showing the effectiveness and the graph chart for the sustainable energy management
system. The functions of the EMS are includes security assessment, network model building, dispatch and
automatic generation control. Integrated energy management is helping to schedule, forecast, commercial
statements and accounting purposes. Those are helping in proper interaction along with renewable energy
and delivering competition [25]. EMS is decreasing the rate of energy consumption, developing industrial
productivity, and improving global enterprise. IES is developing cost effectiveness and modern and advanced
temperature is heating and developing efficiency.

The energy transition is influencing the development of renewable energy sources and the overall growth of
the energy production is creating complexity regarding grid managers and regulating electricity in the supply
chain. Result analysis has been showing that smart meter data is delivering proposed machine learning and
block chain-based energy trading purposes [26]. The power management method for the multi-source systems
mainly leads to the application of the charging stations and delivering optimal operation planning for cost-
considering purposes. Integrated energy system is developing the quality of the grid and it is maintaining the
balancing power and capacity. There are various ways for controlling the power system those are included
regulations, using shunt capacitors, changing transformations and controlling voltage [27].

For developing stability, and reliability for the power system, energy storage systems are playing a significant
role in the power system. Cost saving is the major benefit of energy management and it is decreasing climate
change and developing reputations. The crucial components of the EMS are includes energy policy, roles and
responsibilities, measurements, monitoring, energy targets and objectives [28]. The power system, it is playing
a significant role in operating electric utilities for managing, optimizing, controlling and delivering proper
performances for the transmission system.

6. Conclusion. The research findings presented in this study have far-reaching implications for the de-
velopment of power systems and energy management. The study primarily focuses on the design and imple-
mentation of integrated energy maintenance and optimization control systems for Novel power systems. One
of the standout results of this research is the development of an algorithm that effectively controls Distributed
Generators (DGs). This algorithm not only addresses single point chain issues but also utilizes a virtual leader,
which plays a pivotal role in establishing a robust design and achieving precise control of frequency and power
output. Such advancements in control algorithms are essential for improving the reliability and efficiency of
power generation from DGs, which are increasingly integrated into modern power systems.

Furthermore, the research introduces an integrated design that combines a robust optimal management
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strategy with a secondary control strategy. These strategies are essential for maintaining grid stability and
efficient power management. The incorporation of elements like consistency controllers, mechanisms, Fault-
Tolerant Sliding Mode Control (FTSMC), and multi-objective constraints demonstrates the complexity and
depth of this integrated design. This research also underscores the necessity of well-defined secondary data con-
trol methods, especially in the context of DGs, where precise control is crucial for grid reliability. This research
offers a comprehensive understanding of the integrated energy maintenance and optimization control systems
for Novel power systems. The findings demonstrate the critical role of advanced algorithms, integrated designs,
and sustainable energy management systems in the modern power landscape. As the energy sector continues to
evolve, these findings are pivotal in guiding the development of more efficient, reliable, and sustainable power
systems.

Fundings. This work is funded by the Science and Technology Department of Xinjiang Uygur Autonomous
Region under grant No. 2022A01004-2.
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STABILITY STUDY OF NEW POWER SYSTEM BASED ON MULTI-INTELLIGENT
BODY COLLABORATION

XIANYOU WU, ZHIQIAN YANG, XIN DU, LIANGNIAN LV, AISIKAERY AND YANCHEN YANGT

Abstract. Developing, implementing, and maintaining a multi-intelligent body collaboration system necessitates significant
investments in finances, time, and expertise. While multi-intelligent body collaboration has the potential to enhance power system
stability significantly, it also comes with challenges related to interoperability, security, system complexity, and resource allocation.
Resource allocation and training costs can be substantial. Addressing these challenges is crucial to harnessing the full benefits
of this approach and ensuring the reliable and efficient operation of power systems. Effective communication and coordination
strategies among intelligent agents are integral to maintaining power system stability. Timely information exchange, load balancing,
disturbance management, and the integration of Al contribute to a more resilient and adaptive energy grid. As technology advances,
refining these strategies will be essential to meet the growing demands of an ever-evolving power landscape. As technology marches
forward, it becomes increasingly evident that the refinement of these strategies is paramount. The dynamism of the power landscape,
driven by technological advancements and evolving needs, necessitates an agile and adaptable power system. The fusion of multi-
intelligent bodies and modern technology stands as a testament to our collective pursuit of a more reliable, efficient, and sustainable
energy future. In this ever-evolving landscape, the innovation and enhancement of these strategies are our compass, guiding us
toward a brighter and more efficient future.

Key words: Multiintelligence, Sustainability, Power system, Challenges, Communication, Behaviors.

1. Introduction. A stability study of a new power system based on multi-intelligent body collaboration
involves assessing the robustness and reliability of this innovative approach to energy management. This system
employs multiple intelligent entities that work collaboratively to ensure the stability of the power grid. At its
core, this power system harnesses the capabilities of artificial intelligence, machine learning, and advanced
control algorithms to manage the intricate balance between power generation, distribution, and consumption.
The term ”"multi-intelligent body collaboration” implies the interaction of various intelligent components, such
as smart meters, sensors, control centers, and even consumer devices, in a coordinated manner. One key aspect
of this study involves evaluating the system’s ability to predict and respond to power demand and supply
fluctuations.

The modern power system is a dynamic and complex network that forms the backbone of our modern civi-
lization. It supplies electricity to homes, industries, and institutions, ensuring our daily activities run smoothly.
As the electricity demand grows, power systems face increasingly complex challenges. These challenges include
the integration of renewable energy sources, the need for improved grid resilience, and the optimization of
energy distribution. In this context, a multi-intelligent body collaboration system has emerged as a promising
solution to enhance the stability and efficiency of power systems.

While the potential benefits of multi-intelligent body collaboration in power systems are substantial, it is
essential to recognize that its implementation is not without challenges. This article delves into the intricacies
of this approach, focusing on the key aspects that need to be addressed to exploit its advantages fully. We
will explore the challenges related to interoperability, security, system complexity, resource allocation, and
the substantial costs associated with training and resource allocation. By understanding and mitigating these
challenges, the power industry can harness the full potential of a multi-intelligent body.

2. Objective.
1. To analyze the potential benefits and challenges of implementing multi-intelligent body collaboration
in power system stability enhancement
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2. To develop a comprehensive model of the new power system integrating multi-intelligent bodies

3. To evaluate the impact of different intelligent agent behaviors on power system stability under various
operating conditions and disturbances

4. To identify the effectiveness of communication and coordination strategies among intelligent agents in
maintaining power system stability

3. Methodology. This study mainly uses a secondary qualitative data collection method to gather infor-
mation related to the work on a new power system based on multi-intelligent body collaboration. Furthermore,
the study should assess the economic viability of implementing such a system [2]. The secondary data collection
method must be statistical and theoretical, and it can easily give information related to the topic. Additionally,
it is essential to evaluate the financial feasibility of putting such a system into practice.

3.1. Identify the benefits and challenges of implementing multi-intelligent body collaboration
in power system stability. Various potential challenges and benefits are available, and smart grid implication
is one of the most influencing challenges. Along with that, there are high investment costs, privacy, operational
complexity, and maintaining security; these types of issues might be considered potential challenges [1]. Multi-
intelligent body collaboration in power system stability enhancement offers numerous benefits. Firstly, it can
leverage the combined capabilities of multiple intelligent agents, such as Al algorithms and control systems, to
swiftly detect and respond to stability threats. This can lead to faster fault identification and corrective actions,
minimizing disruptions [3]. There are various benefits also available, such as a smart grid that is connected
with efficient transmission of electricity.

The above-mentioned Figure 3.1 indicates that this study is mainly focusing on the “wind energy (WT),
solar energy (PV), gas turbine (MT), electric heat boiler (EB), gas boiler (BL), energy storage battery (EES),
heat storage tank (HS)”, and it is demanding on the side-electric energy heat machine [4]. Additionally, col-
laboration among various intelligent components allows for enhanced prediction accuracy. By integrating data
from diverse sources, like sensors, weather forecasts, and load patterns, the system can make more informed
decisions, leading to improved stability and reduced risk of blackouts. However, this approach also presents
challenges. Interoperability among different intelligent components is a critical hurdle [5]. Ensuring seamless
communication and coordination between AI agents, control systems, and human operators requires sophis-
ticated integration techniques and standardization protocols. Data security and privacy are another concern.
Collaborative systems involve sharing sensitive operational data among different intelligent agents. Protecting
information from unauthorized access or cyber-attacks demands robust cyber security measures.
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3.2. Develop a model of the new power system integrating multi-intelligent bodies. The model
powering system is a combination of analyzing and studying behaviors and performance of the power system. In
an era marked by rapid technological advancements and the increasing demand for sustainable energy solutions,
the development of a comprehensive model for a new power system that integrates multi-intelligent bodies has
garnered significant attention [6]. This study explores the key components and benefits of such a system,
highlighting its potential to revolutionize the way we generate, distribute, and consume energy. There are
various sources and power systems available, and those are:

Integration of Renewable Energy Sources. The new power system model emphasizes the integration of
renewable energy sources, such as solar, wind, hydro, and geothermal power. These sources offer a sustainable
alternative to traditional fossil fuels, reducing greenhouse gas emissions and mitigating climate change [7].

Advanced Smart Grid Infrastructure. Smart grid infrastructure is an electricity network it is used in various
technologies, and it helps to monitor and manage those sources that help to fulfill the demand for electricity for
users. Smart grids enable real-time communication and coordination between various energy generation and
consumption points, optimizing energy distribution and load management [8]. The incorporation of a smart
grid infrastructure forms the backbone of the multi-intelligent body-integrated power system.

Decentralized Energy Generation. The new model shifts from centralized power generation to decentralized
systems. This approach empowers individual households, businesses, and communities to generate their energy
using renewable sources, contributing to energy self-sufficiency and grid resilience [9].

Developing a comprehensive model for a new power system that integrates multi-intelligent bodies holds
immense promise for transforming our energy landscape. This theory was developed by Howard Gardner in
the year 1983 to leave the concept of traditional intelligence and introduce the world to multiple intelligence
processes 12]. This model leverages the power of renewable energy sources, advanced technology, data analytics,
and distributed Al to create a more sustainable, efficient, and resilient energy infrastructure.

4. Evaluate the impact of different intelligent agent behaviors on power system stability.
Various impacts are available from different intelligence and power system stability; along with that, Voltage
stability is the main contrast that impacts electric system operation. The impact of different intelligent agent
behaviors on power system stability is a complex topic that requires careful analysis [10]. Intelligent agents
can play a significant role in enhancing the stability of power systems under various operating conditions and
disturbances. These agents can include advanced control algorithms, machine learning models, and optimization
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Fig. 4.1: Communication system in renewable energy sources

techniques. Voltage fluctuations might cause voltage stability, which can happen in equipment failures and
power outages [11]. One central area where intelligent agents impact is load forecasting and demand response.
By accurately predicting future load patterns and adjusting demand accordingly, agents can help maintain a
balanced supply-demand relationship, reducing the likelihood of instability caused by sudden load changes.

4.1. Analyze the effectiveness of communication and coordination strategies in maintaining
power system stability. There is a strong connection available for making good communication, and it plays
a significant role in “conveying information for ensuring a stable supply of electricity”. Effective communication
and coordination strategies among intelligent agents play a pivotal role in maintaining power system stability
[12]. In today’s complex and interconnected energy landscape, where power generation, distribution, and
consumption are constantly evolving, the need for seamless information exchange and collaboration cannot be
overstated. Firstly, clear communication is crucial for timely decision-making and response. Secondly, effective
coordination among agents ensures a balanced load distribution [13]. Furthermore, coordination enhances
resilience against disturbances.

Incorporating machine learning and Al techniques into communication and coordination strategies further
enhances their effectiveness. These technologies enable agents to predict potential instability based on historical
data and emerging patterns. By proactively addressing these concerns, the power system can avoid instability
triggers before they occur. However, challenges do exist. Ensuring interoperability among diverse intelligent
agents, which may be developed by different manufacturers or for different purposes, requires standardized
communication protocols [14]. Cyber security measures are also paramount to protect against malicious attacks
that could exploit communication vulnerabilities.

5. Results. In the above-mentioned figure 4.1, it is showing the most significant issue in the power grid
design and operation are frequency stability and control. There are various processes have been introduced
to incorporate this process [15]. When it comes to power reserves, each specification is unique and requires a
certain amount of reserve to handle any deviations in power. It’s important to keep these reserves available to
ensure smooth operations and prevent any disruptions. When it comes to balancing supply and demand in the
energy market, the key lies in controlling the output of dispatch able generating units. This is where most of
the work is done, ensuring that energy is being produced and distributed in the most efficient and effective way
possible [16].

It’s a complex process, but one that’s absolutely essential to keeping the lights on and the world running
smoothly. Moreover, the collaborative nature of these intelligent bodies ensured efficient energy distribution
and load balancing. By continuously exchanging data and making informed decisions, the system optimizes
energy flow, minimizes wastage, and enables the integration of renewable energy sources at a larger scale [20].
This not only enhances environmental sustainability but also mitigates the challenges posed by fluctuating
power generation.



Stability Study of New Power System Based on Multi-Intelligent Body Collaboration 665

Generghon side contros Dl viva el wild ssiliad

L]

Crrivviesg loecaes froee
sy weschosr ol
TR CRATV

Fig. 5.2: Sustainable energy transaction

The result of a stability study conducted on a novel power system based on multi-intelligent body collabora-
tion yields insights into its potential for revolutionizing energy networks, as mentioned above. This innovative
approach leverages advanced technologies like artificial intelligence, machine learning, and interconnected de-
vices to enhance system stability and reliability [17]. The maximum number of people are facing sustainable
energy resource issues due to greenhouse gas emissions and global climate change. The stability study shows
that integrating multiple intelligent entities, such as smart grids, IoT devices, and predictive analytics, con-
tributes to real-time monitoring, fault detection, and adaptive control. These issues mainly happened because
“fossil fuels led by coal, natural gas, and oil contributed 61.3% of global electricity generation in the year 2020”.
This synergy reduces the risk of cascading failures and blackout events, improving the overall resilience of the
power system [18]. Energy plays a crucial role in all nations’ progress and sustainable development. It is widely
recognized as one of the most important factors determining the pace at which a country grows and develops.

Without adequate energy resources, it would be impossible for economies to thrive and for people to lead
comfortable lives. Therefore, it is essential to prioritize energy policies and investments to ensure a brighter
future for all [19]. Sustainability is a crucial aspect of the global energy transition. All dimensions of sustain-
ability must be taken into consideration while formulating and implementing policies, planning, operating, and
dispatching energy resources for both generation and consumption. Only then can we ensure a sustainable
future for generations [21]. As data flows between various components, providing robust encryption and in-
trusion detection systems is imperative to prevent potential cyber threats that could compromise the system’s
reliability and security. For a long time, energy did not seriously factor in sustainable development. However,
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sustainable development and sustainability issues now play a central role in energy and electricity by anchoring
the evolution of the sustainable development paradigm. We must continue prioritizing sustainability in the
energy sector to ensure a better future.

6. Conclusion. In conclusion, the stability study of a power system based on multi-intelligent body
collaboration is a comprehensive assessment of this innovative approach’s technical, operational, and economic
aspects. It examines how the synergy between various intelligent entities can enhance grid stability, adaptability,
and efficiency. By addressing challenges related to prediction accuracy, communication, resilience, and cost-
effectiveness, this study paves the way for a more resilient and responsive energy infrastructure. The distributed
nature of intelligent entities allows for real-time data collection and analysis, enabling proactive adjustments to
prevent disruptions. This can lead to more efficient load management, reduced downtime, and enhanced grid
stability. Moreover, the stability study would delve into these intelligent bodies’ communication protocols and
data-sharing mechanisms. Efficient data exchange is crucial for quick decision-making and coordinated actions.
It’s important to ensure that the communication network is robust, secure, and capable of handling the vast
amounts of data generated by the system.

The future of power systems lies in the continued development and integration of multi-intelligent body col-
laboration. Future directions in this field include further advancements in artificial intelligence, the deployment
of more sophisticated IoT devices, and the incorporation of advanced predictive analytics. These innovations
will improve grid stability, adaptability, and sustainability. Additionally, research should focus on creating
standardized protocols and frameworks that facilitate seamless interoperability among various intelligent agents.
As the energy landscape evolves, power systems will need to adapt continuously, and multi-intelligent body
collaboration will play a pivotal role in ensuring a reliable and efficient energy distribution network for the
future.

Fundings. This work is funded by the Science and Technology Project of SGCC (Research on Wind
Generator Transient Voltage Optimal Control Technology in Weak Power Grid) (4000-202214067A-1-1-ZN).
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STUDY ON GRID-CONNECTED POWER QUALITY IMPROVEMENT OF WIND FARMS
BASED ON REPETITIVE CONTROLLER

MINJIE ZHUF LIANGNIAN LV] XUBO LE} AISIKAER$ HAIBO LITAND YUCHENG GAO!

Abstract. The project highlights the wind energy and the process followed in the wind farms in order to generate the energy
by using wind power and wind capacity as well. Moreover, it has been observed that wind energy is also considered one of the most
effective electrical energy sources. The application of wind energy can be beneficial for different aspects of the business sectors
of different countries across the globe and this is possible because of its cost-effectiveness. Furthermore, this study encompasses
the strategies employed within wind farms to preserve and efficiently harness wind power for the generation of electrical energy.
Notably, the project delineates the utilization of a diverse array of instruments, each instrumental in the conversion of wind power
into valuable wind energy. Beyond the realm of technology, wind farms grapple with a spectrum of formidable challenges, stemming
from the inherently capricious nature of wind. In addition, various issues concerning power quality and the stability of the power
system have also been identified within these wind farms. To ameliorate these multifaceted challenges, the project introduces a
range of meticulous control measures for implementation.

Key words: Wind farms, Wind turbines, motor, instruments, grid, access, power, issues, voltage.

1. Introduction. Wind farms are also known as wind power plants in which different modern technology-
based equipment and software applications have been used to generate energy from the wind forces. It has
been observed that the power of wind and the forces of wind are converted into electricity power. This kind of
energy source which is provided by high-power wind sources is also known as renewable energy. The capacity
of generating electricity-based energy is not limited to a particular amount. Moreover, this kind of energy
source is the “lowest cost energy source”. Among different types of equipment, the most useful equipment
utilized in wind farms in order to generate electricity from the wind forces is wind turbines. With the help of
wind turbines, the developer can use the forces of surrounding winds and conserve them and convert them into
electricity energy. Apart from different advantages it has been observed that different challenging situations
are also observed in the wind farms while converting the wind forces into electricity energy. The uncontrolled
nature of wind forces results in the development of different types of challenging situations. Apart from this
various other issue are also observed in the wind farms such as power quality-related issues, and the stability
of the power system-related issues as well.

As the global energy landscape undergoes a transformative shift towards sustainability and renewable
sources, wind energy has emerged as a prominent and environmentally responsible solution. Wind farms,
comprising arrays of wind turbines, play a pivotal role in the generation of clean electricity. However, the
integration of wind energy into the electrical grid introduces a unique set of challenges, particularly with regard
to power quality. Wind energy is inherently intermittent due to the variable nature of wind speeds. This
intermittency can result in fluctuations in power generation and, consequently, issues related to power quality
when integrated into the grid. Voltage and frequency variations, harmonics, and flicker are some of the power
quality concerns that grid operators and utilities must contend with. The need to enhance the quality and
reliability of electricity supplied to consumers underscores the significance of this research.

By conducting an in-depth analysis of the Repetitive Controller’s application in wind farms, this research
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aims to contribute to the broader goal of optimizing the performance of wind energy systems while ensuring
high-quality power delivery. It underscores the importance of stable and reliable electricity supplies as we
strive to meet the ever-increasing demand for clean and sustainable energy. In a world seeking to reduce carbon
emissions and mitigate the effects of climate change, the enhancement of grid-connected power quality in wind
farms is a critical step towards realizing a more sustainable and environmentally responsible energy future.

2. Objectives. Different motivation has been observed behind the development of this study. Hence these
motivations are further illustrated as the objectives of this study in the below section.

1. To identify the issues of different power quality control aspects of the wind farms

2. To investigate the challenging conditions the wind conservation farm can experience due to power grid

3. To find out the various ranges of controllers that are used in the wind farms

4. To describe the role of wind turbines in the enhancement of production capacity of the electricity energy
in the wind farms

5. To examine the innovative ideas and their contribution to the improvement of the output level of wind
farms

3. Methodology. The conducted study is based on the different information which is collected about
wind farms and the technology used in wind farms as well. It has been observed that different types of
motors and turbines are used in wind farms for converting wind energy into electricity power [1]. Information
about different challenging conditions and the different innovative strategies adopted by wind farms are also
incorporated in this study. It has been observed that all data are mainly secondary in nature. As the use of
secondary information has been observed in the development of this research project, therefore, it can be stated
that the use of the qualitative method is also present in the research project as well.

3.1. Power Quality Issues of Wind Farms. The motivation that has been observed behind the devel-
opment of the wind farm is to utilize the wind forces and convert them into electric energy. The quantity of
the electric energy can be described by its voltage and frequency [2]. Due to the variation in the frequency
power generated in the form also varies as well. This can cause lower quality of the generated electric energy.
Moreover, it has been observed that it is next to impossible to maintain a constant frequency and voltage for
the electrical power generated by using the wind forces in the wind farm [3].

Wind energy, as an increasingly prevalent renewable energy source, has brought substantial benefits in
reducing greenhouse gas emissions and enhancing sustainability. However, the integration of wind farms into
the electrical grid introduces power quality challenges that must be effectively addressed. One of the primary
issues pertains to the variable and intermittent nature of wind. Wind speeds fluctuate, leading to inconsistent
power generation, which can result in voltage and frequency variations. These variations can, in turn, disrupt
the stability of the grid and affect the quality of electricity supplied to consumers.

Harmonics are another significant concern associated with wind farms. Harmonics are unwanted, high-
frequency electrical disturbances that can lead to equipment malfunction and efficiency losses. The non-linear
characteristics of power electronic converters within wind turbines can introduce harmonics into the electrical
grid, impacting the overall power quality. Additionally, flicker, which is the rapid variation in voltage magnitude,
can be generated by wind turbines, causing undesirable fluctuations in lighting and equipment performance,
and potentially leading to discomfort and inconvenience for end-users

Among different problems, the development of harmonic distortion is considered as one of the major issues,
and due to this issue it has been observed that a wrong measurement has been detected by the wind turbine [4].
Among different reasons, some common reasons for developing this situation differ in the speed drivers of the
wind farms. When this differentiation between two-speed drivers becomes then this causes the development of
harmonic distortion. Moreover, it also needs to be noted that “large concentrations of arc discharge lamps”, and
“saturation of magnetization of transformer” are another two reasons which also contrived in the development
of the harmonic distortion [5]. Due to this harmonic distortion, the voltage in the grid of the wind farm got
influenced and it started fluctuating as well. There are two different harmonic voltage grids that have been
noticeable in the wind farm which affected the measurements of the voltage unit. These two grids are “harmonic
of 5th and 7th grids”.
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Fig. 3.1: Power quality issues of wind farms

3.2. Power Grid Challenging Conditions of Wind Conservative Farm. It has been observed that
the “intermittent nature of the wind energy” is one of the highly influential challenging situations developed
in the wind form which in turn creates power grid-related challenging conditions. In other power plants, the
developer has the ability to control the power that is used in order to generate electrical energy [6]. Though
in case it has been observed that the speed and the force of the air cannot be controlled by the developer
as a result of this the developer finds it difficult to match a high-speed containing air and convert them into
electrical energy as well. Due to this uncontrolling power of the air, the output generated after the conversion
has also become out of control and out of expectation as well [7].

Moreover, the availability of wind is another challenging situation faced by the developers of wind farms.
The high range of availability of the wind makes suitable conditions for generating electrical energy from the
wind forces [8]. On the other hand, a minimum amount of wind availability is required for generating electrical
energy. When the availability of the air is below the minimum range then this situation creates an inability in
the development of electrical energy [9]. In addition to that it has been observed that it lowers the production
rate of electrical energy. Moreover, the uncertain condition of the wind capacity also results in the development
of different issues regarding the power quality issues of the produced electrical power. It has been observed
that this uncertain condition also resulted in the development of instability in the electrical power as well [10].

3.3. Types of Controllers used in Wind Farms. Different types of controllers have been used in these
wind farms and these controllers have been involved in impacting the production rate of the generated electrical
energy [11]. Moreover, it has been observed that wind turbines are responsible for conserving the winds from
the surrounding areas. Therefore, the winds collected by the wind turbines are monitored by the controller that
is used in the wind farms as well. Along with different computer devices and OS, systems are also involved in
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Fig. 3.3: Controllers used in wind farms

playing the role of the controller which can be able to control the speed and the capacity of the wind turbine
that is used in the wind farms [12].

Apart from that the mostly used controllers of wind farms are “large numbers of switches”, “hydraulic
pumps”, “valves, and different shaped motors” as well. These all have the ability to control the working
capability of the wind turbulence that is used in wind farms [13]. Moreover, the size of the wind turbulence is
also another aspect that can also control the power of the wind turbulence as well. These controlling machines
are also helpful for impacting the performance capability of the wind turbulence and it enhances the capability
of conserving the wind only in one cycle. When the wind conservation capacity becomes high then it is also
helpful for enhancing the production rate of the generating electrical energy [14].

3.4. Innovative Ideas that can improve the Wind Farm Output Levell. Different types of inno-
vative ideas have been observed which are considered one of the measures that are helpful for enhancing the
capability as well as the effectiveness of the wind farms in terms of maximizing the production rate of the
electrical energy by those wind farms [15]. The inclusion of retrospective measures is considered as one of the
innovative ideas and in case the developer used this measure in the controlling aspect then it has the capability
to maximize the performance capability of the wind farms. Moreover, thus specific measures are also involved
in developing different opportunities for controlling the capability of the wind turbines and maximizing the
capacity of the wind turbines as well [17].

The measurement technology is also considered another measure of improving the out[ut level of the wind
farms [16]. By incorporating these measuring techniques the developer can be able to measure the availability
of the wind and the spread of the wind in the surrounding areas of the wind farms and use these measurements
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for further conserving the winds from the surrounding areas as well. Moreover, the application of advanced
levels of Pitch, Yaw, and rotational speed is also helpful for enhancing the out level of the wind farms [17].

3.5. Role of wind turbines in the wind farm. Wind turbines are involved in contributing a high level
of impact in the generation process of electrical energy [18]. Moreover, it has been observed that the application
of wind turbines is involved in turning wind power into electrical energy. This whole process of turning wind
power into electrical energy is also known as the process of generating electrical energy by using wind power
and wind capacity as well. Moreover, it has been observed that the high range of the hands of wind turbines is
helpful for arranging greater areas of the wind. With the long hand of the wind turbines, the reaching capacity
of the wind turbines exceeds by a high level [19].

With the help of the inclusion of a high-speed-containing motor, the speed of the wind turbine can be
increased and this impacts maximizing a greater amount of wind from the surrounding space [20].

4. Results. With the inclusion of different types of technology and software applications, it has been
observed that the capacity of wind farms gets maximized and this is helpful for generating a high range of
electrical energy. Moreover, the application of wind energy is increasing day by day in different countries due
to its cost-effectiveness. The easy way of developing this renewable energy is also another reason for enhancing
the usage of wind energy [21].

The above-concerned fig. 4.1 contains the percentage of the utilization of wind farms in different countries.
It has been observed that in the year 2016, the UK does not have any exposure to wind farms. On the other
hand, in the year 2022, the exposure of wind farms and their utilization in the generation of high levels of
electrical energy has reached its maximum. Moreover, other countries of the world also reach their highest
range in terms of using wind farms for different purposes of the development of the country.

The above-developed fig 4.2 contains the five different countries of the world which have the largest wind
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farms and also contain the largest amount of wind energy capacity as well. Among the top 5 countries, China
ranked in the first position, and in the year 2021, almost 750 terawatt hours of energy will be produced in
China by using the wind forces in the wind farm as well.

5. Conclusion. By summarizing all the information thus it can be concluded that the concerned project
contains all the information about the wind farms and the strategy used by the wind farms in order to conserve
the wind and transform them in order to generate the electrical energy. It has been observed that different
strategies, different technology, different instruments, and different techniques that are used for conserving
the wind forces and further utilized for producing electrical energy are illustrated in this project. Moreover,
different challenging situations faced by wind farms are also described as well. This challenging situation lowers
the efficiency of the wind farms and as a result of this scenario, the production rate of generating the electrical
energy becomes low. the study also highlights the challenges that wind farms face, which can diminish their
efficiency and consequently impact the rate of electrical energy generation. Addressing these challenges and
continuing to refine wind energy technologies are imperative steps in the journey towards a greener and more
sustainable energy future. It underscores the global shift towards wind energy and emphasizes the importance
of overcoming challenges to further enhance the efficiency and effectiveness of wind farm operations. As the
world seeks to reduce carbon emissions and bolster its commitment to renewable energy, the role of wind farms
in achieving these objectives remains pivotal.
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SMART FARMING USING THE BIG DATA-DRIVEN APPROACH FOR SUSTAINABLE
AGRICULTURE WITH IOT-DEEP LEARNING TECHNIQUES

BUYU WANG*

Abstract. The study showcases the process of deep learning operated in agriculture, including Deep IoT, which makes the
procedure easier using the deep neural system. The use of the IoT in the agrarian sectors makes the evolution of firms more
effective. The application of the IoT detector supports the making of grade derivatives in the husbandry department. Marketing
of crop finance is two other operations of smart agriculture that help for better harvest farming. Through the IoT technology in
the farming industry, agriculturalists can get notifications about the temperature and climate. The method needs professional and
qualified employees in the division to properly monitor the system and the methods.

The submission of the proper nourishment for the proper crop increases the life duration of the harvest and makes the crop free
from menace. The velocity of the manufacture of undeveloped items can also be improved by using the IoT. The function of the
BDA and IoT has enlarged for the healthier construction of farming items. The foreword of elegant farming in the rural industry
requires more capable and qualified trainers to give the personnel proper teaching. The urbanization of the farming process and
the use of elegant and modern technology are well-designed in the time of “Agriculture 3.0.”

Key words: Big-data-driven approach, IoT, smart farming, Sensor technologies, deep learning, Agriculture etc.

1. Introduction. The big-data-driven approach or BDA is a process by which a decision is taken with
the help of the observation of the data by the complex data. With the help of the IoT, the improvement in
agriculture has increased [22]. The algorithm process in deep learning used in agriculture includes DeeploT,
which makes the process more accessible using the deep neural system. The IoT helps to connect the devices
to the internet, which is helpful for the better performance of the system. UAV used in the IoT technology is
one of the most effective for the agricultural department.

The main advantageous of smart farming are as follows,

1. Automation of tasks like planting, harvesting, and irrigation reduces the need for manual labor, resulting
in increased efficiency and reduced labor costs.

2. Precision application of fertilizers, pesticides, and water ensures that resources are used more efficiently.

3. Smart farming technologies enable farmers to monitor and control various environmental factors such
as soil moisture, temperature, and nutrient levels, leading to better crop management and higher yields.

4. Early disease detection and pest control help protect crops, ensuring a more abundant harvest.

5. Reduced use of resources such as water and chemicals lead to a more sustainable and environmentally
friendly farming approach.

Smart farming, also known as precision agriculture, is an innovative approach to farming that leverages
technology to enhance productivity, efficiency, and sustainability in agriculture. It involves the use of various
technologies such as sensors, automation, data analytics, and connectivity to optimize various aspects of farming.

2. Objectives.
1. To understand the approach of BDA in smart farming
To find the feasible techniques of BDA that are helpful for the agricultural department
To determine the issues of the use of the IoT process in smart farming
To estimate the future effectiveness of deep learning in the agricultural department
5. To assess the effectiveness and impact of the use of modern technology in the farming department
The main motivation behind the research is ,
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1. The primary motivation is to improve the efficiency and effectiveness of agriculture. The use of deep
learning and IoT technologies in agriculture is seen as a way to streamline various processes and make
them more efficient, leading to better outcomes in terms of crop yield, quality, and resource utilization.

2. The research aims to explore the application of the Internet of Things (IoT) in the agricultural sec-
tor. TIoT can offer real-time monitoring and data collection capabilities, which are vital for precision
agriculture. The motivation is to leverage IoT technology to enhance decision-making and overall farm
management.

3. The study seeks to contribute to the evolution of agricultural practices and the agricultural industry
as a whole. It recognizes that modern technology, such as IoT and deep learning, can lead to more
advanced and effective farming methods and help agricultural firms progress.

3. Methodology. The use of a vast number of data and information used in the study is helpful for the
analysis of the impact of the IoT in smart farming. The data and information are collected from various kinds
of secondary sources like the internet, journals, and articles. The application of the IoT in the agricultural
department makes the growth of firms more convenient [13]. The secondary method used in the study is
beneficial for analyzing the impact of deep learning in smart farming.

3.1. The approach of BDA in smart farming. Different approaches and techniques are used in the
BDA, which are effective for smart farming in the present day. The application of the water cycles, the rainfall
patterns and the fertilizer requirements are the most effective and valuable for smart learning [26]. Smart
farming is the process of farming that uses advanced techniques and IoT technologies for the better growth and
development of agricultural items. Applying artificial intelligence techniques is also a helpful tool for the smart
farming process.

3.1.1. The approach used in the intelligent farming. There are many kinds of factors and techniques
that are used in smart farming for the better quality of the products. Sensor technologies are crucial
techniques for managing the temperature and other natural factors used in intelligent farming [12]. The
ordinance of the IoT sensor helps the making of quality products in the agriculture department.

The process of integration of the smart technique is the main factors of the implementation of the new
and innovative technique in the smart farming. The upgradation of the traditional methods and enhancement
of the quality and production of agricultural products is another factor of the smart farming technology. The
communication process and use of innovative technology is the one of the most helpful approaches for the
development of the process of smart farming [11]. There are various kinds of methods and techniques of the
smart farming like precession farming, aquaponics, hydroponics and the vertical farming.

The use of the different kinds of techniques is different and the application of this techniques increase the
efficiency of the methods and also reduce the workload of the farmers. The popularity of the above techniques
and methods gaining increasingly day by day among the farmers. The application of this techniques in the
farming sector also reduces the effort of the workers which leads to the increment of the rate of requirement of
the employees in the business.

From the figure 3.1, it can be said that the core process of the smart operation of smart farming is the
storage of the data in the data cloud and the proper analysis of the data and information [28]. The constellation
of the process and the planning of the farming of the crop have to be done by the proper verification by the IoT
technologies [10]. Marketing and the insurance of crop finance are two other operations of smart farming that
help for better farming of the crop [17]. Therefore, the proper implementation of the techniques and avoidance
of the traditional practices and processes become helpful for the enhancement of smart farming in the present
day.

The figure 3.2 shows that the yield prediction and the prediction of the weather affect the growth of the
farming of agricultural items. The processing of the data and the analysis of the information help to increase
the production of farming items [23]. The analysis of the data related to the quality of soil and the weather
are two effectives for better farming. The improvement of the communication process is smart farming and the
recruitment of skilled workers helps to implement the process in the growth of the agricultural items in the
farming industries [2]. Therefore, the techniques and approaches that are used in the BDA for smart farming
are useful for enhancing sustainability in the agricultural department.
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3.2. Techniques of BDA for the agricultural department. Different kinds of techniques and process
are used in the agricultural industries for making a revolution in the industry. From the year 1890 to the year
2020, the agricultural department faced various kinds of revolution in the department. The implementation of
the machine in the agricultural department was shown from the year 1890 to the year 1940 [24]. For farming,
the proper knowledge of the climate and weather is very important to increase the rate of farming in a particular
area [1]. With the help of IoT technology in the farming industry, farmers can be able to get information about
the weather and climate. The use of the smart farming sensor becomes beneficial for knowing the condition of
the weather.
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Fig. 3.3: Data-driven farming in the world

3.2.1. Livestock monitoring. Enabling the livestock monitoring process by using the tag or collar on
the animals, the health condition, location and blood pressure and many other things of the animal can be
detected. This device and the process is helpful in the agriculture sector and helps the farmers to understand
the unhealthy things that is out of the range of normal factors. With the help of the livestock monitoring
process the farmers can be able to understand the viral illness of the animal and after the detection they can
be able to take the proper step according to the level. Other than the detection of the health of the animal, the
monitoring system is also affective for the tracking of the GPS for collecting the historic data and information
about the grazing place.

The main benefits and effectiveness of the livestock monitoring process are:

1. The analysing of the time to give birth of the animals and determining the breeding
2. Tracking of the patterns of grazing and the appropriate place for grazing

3. Determining the condition of health of the animals

4. Analysing the data and information that are historic

With the help of smart technologies like IoT technologies and the BDA, the process of smart farming
becomes easier. Through the process of livestock monitoring, the health of the animals can be determined [21].
The detention of the diseases of the animals and the process of recovery of the animal from the diseases can be
easily estimated by the above process.

3.2.2. Greenhouse automation. One of the most impactful and effective technologies in smart farming
is the process of the greenhouse automation. With the use of the BDA and IoT technologies, the detection of
the level of greenhouse gases becomes easier for farmers [5]. The future detection of the condition of the soil
and the level of humidity can be estimated with the help of this process. In the process of BDA, the detection
of the weather using the smart weather station is also useful to understand the condition of the weather for
better farming.

The figure 3.3 shows the range of the usage of the data-driven process globally. Most of the countries in
the world use the 2G data for smart farming and the range of 80% of the cover of the data is from 100 to
200. The usage of the 4G data is in the range below 40% and for the range greater than 200, 60% of the 4G
data is used. The use of the various new and innovative technologies in the agricultural sector helps to errs the
effect of the greenhouse gases in the present days. The data and information that are used in this sector are
collected from the internet and the authentic sources helps to emission the effect of the greenhouse and harmful
gases. The technique of the data-driven in the agricultural sector helps to automate the harmful impact of the
harmful emission. The installation of the software technologies and the automated actions helps to decrease
the temperature in the environment with the opening of the process of ventilation. Thus, the controlling of the
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temperature under the greenhouse automation is useful for the improvement of the works in the agriculture
department.

4. Issue of the IoT process in smart farming. The use of the [oT in smart farming also includes
some issues and problems in agriculture. The common issue with the use of the IoT in smart farming is the
lack of skilled and knowledgeable workers in the ToT [14]. The scarcity of skilled workers in this sector made a
negative impact on the application of various kinds of methods and technologies for better work in the process
of smart farming [25]. The IoT system in smart farming is mainly used for the monitoring of the use of the
sensor and the analysis of the automotive irrigation system [20]. Thus, the process needs more experienced and
skilled employees in the department for the proper monitoring of the system and the technologies.

Among the all issues, the most vital and effective issues of the use of the IoT farming in the agricultural
sector is the problems in the assess in the internet process. The lack of the internet connection in the rural sector
makes the process of the agriculture less effective. In the year 2022, the value of the IoT in the agricultural
sector is 13.7 US dollars and the value will be increased to 28.56 US dollars in the year 2030. The excessive
use of the IoT things in the agricultural sector required the high skilled employees in the agricultural firm.
Therefore, the lack in the number of the workers in the agricultural sector is a big issue of this department.

One of the most vital issues of the use of the IoT in smart farming is the location of the firms. Most
of the agricultural firms are located in remote areas and rural areas. For rural areas, the scarcity of the
internet and the issues of the network convention become the main problems for the agricultural department
[3]. Also, the tools and the equipment of the IoT are of high cost and this is one of the most vital problems
for smart farming [11]. The need for the proper resources of money makes the use and the process of the IoT
less effective for the implementation of smart farming in the present day [7]. Another challenge that is faced by
the agricultural sector is the lack of security for the employees and farmers in the industries. The increment of
insecurity among the farmers is one of the big issues for smart farming. The implementation of the technology
and modern internet process requires more security for the agricultural department and this helps in the growth
and development of smart farming in the recent era.

5. The future effectiveness of deep learning in agriculture. There are both positive and negative
effects of the use of the BDA and IoT in the smart farming. The application of the IoT in the farming industry
becomes helpful and effective if the techniques can be used wisely [29]. With the help of the deep learning
process, the workers in the agricultural department can be estimated the crop diseases and also estimate the
benefits of the fertilizer [4]. The application of the appropriate fertilizer for the appropriate crop increases the
life span of the crop and makes the crop free from danger [15]. The reduction of the cost can be happened by
the use of deep learning in the agricultural department. Therefore, by using the process of deep learning, the
cost and the price of the crops and other agricultural items can be minimized.

The IoT has a great future in the agricultural department and the use of this technology will be helpful
for the better benefit of the farmers. The use of the IoT in the agricultural department helps to optimize the
resources of the crops [30]. The rate of the production of agricultural items also can be enhanced by the use of
the IoT. Monitoring the climate and the farming of the greenhouse become easier with the use of technology
in the farming industries.

The figure 5.1 shows that in the year 2021, the rate of precession farming is the highest among all other
techniques. In the year 2030, the use of techniques that are effective for smart farming becomes increased [27].
Therefore, it is clear that in the future, the application of the BDA and IoT become increased for the better
production of agricultural items.

6. Results. It is clear from the above discussion that the application of the various kinds of technologies
and methods in smart farming makes the process of farming more interesting and easier. Deep learning is one
of the most impactful and effective ways to increase the rate of the production of agricultural items [16]. As
a result, the introduction of smart farming in the agricultural industry requires more skilled and experienced
trainers for giving the workers proper training [8]. The implementation of IoT technologies and the BDA in
the agricultural department needs more money and resources [9]. The scarcity of money and resources become
one of the most common issues in the agricultural department.

The figure 6.1 shows the aspects of the IoT in the Department of Agriculture. The strategic feature of
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Fig. 6.1: Smart Farming and the IoT

“Agriculture 1.0” is the application of tools that are simple and easy to use [18]. The manpower and the use
of animals are the main processes of this kind of agriculture. In the part of “Agriculture 2.0”, there was
used various kinds of machines and chemicals. This upgradation process increases the rate of productivity of
the agricultural department in the past years [19].

The figure 6.2 shows ways smart farming is shaping the growth of farming style through the usage of tech-
nology. The urbanization of the agricultural process and the use of smart and modern technologies are applied
in the time of “ Agriculture 3.0” The last stage of the agricultural process, the process of “Agriculture 4.0”
makes the smart devices and the smart process for the growth and development of the sector [6]. From the
above research it can be conclude that the innovative technologies in the data science gives a new revolution
for the development and growth of the agricultural sector. The skilled based agriculture in the present days is
the important factor that driven the technology and information sector to a high level. The emerging of the
countries by the revolution of the agriculture department through the world improve the entire cycle of the
agricultural sector. Thus, the use of the BDA and IoT technologies in smart farming is useful for the increment
of the rate of production and the quality of the crops.

The initiatives of the government and NGO helps to driven the agricultural department to a next level. As
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Fig. 6.2: Smart Farming

a result, it can be said that the changing of the weather is the one of the most effective for the development of
the agricultural department and the growth in the production rate. The growth of the plants and crops can be
detected properly with the help of the detection of the temperature of soil and weather. The implementation
of the new technologies and methods in the agricultural sectors is the most useful and valuable process in the
present days.

7. Conclusion. In conclusion, the study underscores the substantial influence of Internet of Things (IoT)
and Big Data Analytics (BDA) on the field of agriculture. It demonstrates that the adoption of IoT and BDA
technologies has brought about a profound transformation in agriculture, marking a shift from the traditional
”Agriculture 1.0” to the more advanced and data-driven ”Agriculture 4.0.” This transition reflects the effective
application of innovative methods and technologies, resulting in increased efficiency, sustainability, and pro-
ductivity within the agricultural sector. Nevertheless, the conclusion also acknowledges that the integration of
modern technologies is not without its challenges. One such challenge is the need for careful planning and the
recruitment of skilled and capable workers in the agricultural industry to effectively harness the potential of
IoT and BDA. Looking forward, the conclusion anticipates further advancements in agricultural production and
crop quality, as the continued utilization of IoT in smart farming promises to bring about noticeable positive
changes in the agricultural landscape. This future-oriented perspective highlights the ongoing opportunities for
growth and development in agriculture through the incorporation of IoT technology.
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SCALABLE SOLUTIONS FOR WIND AND SOLAR DISTRIBUTED GENERATION: A
STUDY OF PARALLEL ALGORITHMS IN A SMART GRID ENVIRONMENT

JIANZHONG LI, FEIPING YANG, YU CHEN, LI AO, AND WEI XIAO*

Abstract. The main application of the informative data in the sector which are related to the energy are defines and explains
as one of the crucial elements of Energy Internet. The advancement of the grid system are very vital as well as promising and
faces many issues that are connected with the implementation of the renewable energy including solar and wind energy. The
capacity of collecting of the data is the main elements of make are easy in taking decisions. The advancement of the technologies
and its improvement has many benefits and advantages which was shown by the data analytic of the renewable source of energy
in the various power stations. This is the framework which shows the development and growth of the potential establishment of
the analyzation of the data and information in the smart grid and the utilities of power by the renewable resources. The seven
domains and approaches are used for the purposed of predicting the stability, flexibility and safety from the advancement of the
grid system. The secondary qualitative methods are used to define and explain the importance of the grid system in relation with
the renewable source of energy that is wing and solar energy.

Key words: Grid system, renewable source of energy, Energy elements, seven domains etc.

1. Introduction. The term scalability or scalable solutions is referred to or defined as the capacity or
the capability of a network or the system which are being developed or transformed easily [3]. Its main aim
is to fulfill or satisfy the growing or increasing demands and wants for enhancing or developing the smart grid
which is accepted to be highly desirable in increasing the scalability [15]. The term distributed generation
is also connected to scalability or the scalable solution. The distributed generations are basically defined or
described as a variety of technologies that are used in generating electricity near or at the places where are been
used, that includes, winds, solar panels, and a combination or mixture of heat and power [14]. The smart grid
environment in connection with the solar and wind are basically a system of digitalization that mostly consists
of controlling, monitoring, analyzing, and examining the flow of bidirectional power. The term bidirectional
power flow includes various generating units like hydropower generation, thermal power stations, nuclear power
stations, end-use of consumers, and solar power plants [10]. In short, the scalable solution is defined as the
techniques and approaches or the system model that works or functions and describes its ability to perform or
cope under an increased workload.

The transition to clean and sustainable energy sources is a pressing global concern, and wind and solar
distributed generation have emerged as key players in this paradigm shift. As the demand for renewable energy
continues to grow, there is a critical need for scalable solutions that can efficiently harness and manage power
from these sources [3]. In this context, this paper explores innovative strategies and technologies designed to
facilitate the scalability of wind and solar distributed generation systems. By addressing the challenges and
opportunities inherent in this field, this research aims to pave the way for a more sustainable and scalable
energy future.

Renewable wind energy is a vital component of the modern energy landscape, offering a clean, sustainable,
and increasingly important source of power. As the world grapples with the dual challenges of meeting growing
energy demand and combating climate change, the harnessing of wind energy has taken center stage in the
transition towards a more sustainable and environmentally responsible future [15]. Wind energy’s importance
lies in its ability to provide a reliable and abundant source of power without the associated greenhouse gas
emissions and environmental impacts of fossil fuels. Wind turbines, strategically positioned in regions with
consistent wind patterns, capture the kinetic energy of the moving air and convert it into electricity. This
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process not only reduces our reliance on finite and polluting fossil fuels but also contributes to significant
reductions in carbon emissions, making wind energy a critical player in mitigating climate change [14].

Moreover, the scalability of wind energy systems allows for their deployment across various scales, from
small residential turbines to massive wind farms, making them adaptable to diverse energy needs. The eco-
nomic benefits are also noteworthy, as the wind energy sector has spurred innovation, created jobs, and driven
investment in both developed and emerging economies.

In this era of environmental consciousness and sustainability, renewable wind energy serves as a beacon of
hope, offering a path towards a cleaner, more resilient energy future. This introduction sets the stage for a
deeper exploration of the technologies, challenges, and opportunities associated with this essential component
of our renewable energy landscape.

Solar technology spans a diverse range of applications, from rooftop solar panels on residential homes to
vast solar farms that generate utility-scale electricity. Its scalability, adaptability, and eco-friendly nature make
it an integral component of the global transition towards a cleaner, more sustainable energy landscape. Solar
energy, often heralded as the cornerstone of sustainable power, is an increasingly prominent player in the global
energy landscape. At its core, solar energy is harnessed from the most abundant and inexhaustible source
known to humanity—the sun. The concept is simple yet revolutionary: by capturing the sun’s radiant energy
and converting it into electricity or thermal energy, solar power offers a clean, renewable, and widely accessible
solution to our growing energy needs.

The importance of solar energy cannot be overstated. In an era marked by environmental concerns, energy
security, and the imperative to reduce greenhouse gas emissions, solar power emerges as a beacon of hope. By
tapping into this formidable energy source, we can significantly reduce our dependence on fossil fuels, mitigate
climate change, and ensure a more sustainable and resilient energy future.

The research article is organized with section 2 of objectives, section 3 of methodologies, section 4 of results
and section 5 of conclusions.

2. Objectives.

1. To describe the impact of the scalable solution in relation to the solar and winds of the distributed
generation of a parallel algorithm in the development of the smart grid environment

2. To evaluate the various or numerous methods that are used or are involved in the scalable solution or
the scalability in connection with the distributed generation of solar and wind in the development of
the nations

3. To explain the various advantages and benefits that are used in the solution of the scalability of the
wind and solar distributed generation for a developed system of smart grid.

4. To identify the various challenges which are faced by scalable solutions in the improvement of the
environment by the smart grid environment.

3. Methodology. The extensive explanation of the informative data as well as their analytical contem-
plation has been a very important part of the composition or the study of the literature. The gathering and
assembling of the informative data have been done through secondary sources [22]. The gathering and collect-
ing of the information have been verified and demonstrated in terms of their statistical and numerical data. It
has been instrumental in providing better and more useful learning about the scalable solutions of winds and
solar energy distributed generation for the development of the smart grid environment across global medical
platforms [6]. The explanation of the scalability and smart grid, its impact, methods, and advantages that are
used in improving the environment have been evaluated and explained in the study [1]. The use of qualitative
data has also evolved as a valuable factor in building a strong connection between the given and elaborated
information and data in the following sections.

3.1. Impacts of the Scalable Solutions for winds and solar energy. The term smart grid technology
mainly enables the adequate and effective distribution and management of various renewable energy sources
that include wind, solar, and hydrogen. The technologies of the smart grid are very useful and crucial as it
connects and combines a variety of numerous distributed energy resources investment to the grid power [16].
The usage of Internet of Things (IoT) is made for the collection and assembling of informative data and is later
utilized for carrying out various activities.
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Fig. 3.2: The usage of the smart grid in renewable sources

The figure 3.1 represents the process of the smart grid system in connection with renewable sources which
includes wind and solar energy. The various utilities are able to detect or catch and resolve or solve all the
problems and issues quickly through continuous usages of the self-assessment [22]. These utilities no longer
depend upon the consumer in order to report the outages; this process of the self-healing capacity is a very
important and crucial element of the smart grid. The relationship or connections between renewable energy
like solar and wind and smart grid revolve around the collecting or gathering of data [5]. This means that the
farms of the winds use the mechanical gears that are vital to provide support or link to the numerous sensors.
Later on this, each sensor is able to record the present environmental and climatic conditions [19]. It provides
a quick response through the gird in order to give alert or warning of any problems, this enhances both the
quality and the safety and services. Research has found that with the usage of the smart grid, the safety in the
environment has increased by 70-80% in the environment.

The above figure 3.2 is the representation of the uses of the smart grid in renewable energy industries, which
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Fig. 3.3: The center of energy management

include the solar thermal industry, biomass industries, and thermal power plants [7]. In comparison with
fuel-based energy power stations, renewable sources of energy also required more transformed and advanced
management and distribution of power, which includes the capability for production and balancing [17]. All
advancements and developed technologies can only be accomplice by the smart grid.

3.2. Advantages of the scalable solution in relation to the solar and wind-distributed gener-
ation. The smart grid is defined or can be explained as the improved and developed generation delivery of
energy which is usually based on services that are quick and fulfill all the time demands [18]. It is mainly about
the informed and influential consumption or combination that is provided by the efficiency of energy in order
to reduce the environmental impacts and frequent climatic change [8]. The company named RCI is the only
company that can offer or provide the complete industrial standard scalable solution for the establishment of
the smart grid in the environment in connection with renewable sources of energy.

The scalable solution of the solar and wind distribution is the source of renewable energy and power. The
vast distribution of electricity can be done without the burning of any kind of fuel. The resistance to the
burning of fuel also reduces the rate of pollution in the environment. The US is the largest source of the
production of renewable energy [13]. One of the main benefits of the use of solar panels is that the price of
the solar panels is affordable. The energy and the power of the use of the solar system and scalable solution in
the wind distribution generation is the high voltage of the light. The variety in the climate can be estimated
properly with the help of the use of the scalable solution.

In the figure 3.3, it is a representation of the center of the management of the energy that and its process and
how its transmission from the renewable energy to the various home and vehicles. The company RCI’s solution
mainly focused on competence in Telecommunication, IT, Advancement of Metering infrastructure, and the
management of the data systems for energy which is based on the IP for the management of renewable sources
of energy with the storage systems. This main aim is to create a micro-based system that is on the concept or
idea of the virtual power plant for the virtual power capacity [8]. The smart grid’s main objective or strategy
is mostly based on distributed generation, the management of the demand and supplies, and approaches for
industrial and residential, and commercial consumers. The RCI technology that is based on the introduction
of the smart grid is mainly based on the IEEE smart grid conceptual model [18].

3.3. Methods involved in the scalable solutions in connection with the solar and wind-distribu-
ted generations. In the present times there have been seen increased demands for the integration of the
distributed wind and solar resources of energy into the existing power grids that are electrical [11]. The uncertain
nature of the energy resources that are renewable is the main reason for the operation of the networks that
faced new issues or challenges in maintaining the balance between the generation and the load [17]. The one
of the most useful methods that are used in solar technologies is the passive solar design, heating of the solar
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water, heating and cooling of the space, and the effect of the photovoltaics.

The process of the improvement of the condition and quality of the present environment depends on the
basis of the system of the solar hybrid system. The use of the photovoltaic panel of the solar system increases
the capabilities and range of the batteries, charger controller, and cable connection [15]. With the help of the
distribution of energy and generations, generations of a variety of technologies can happen. The best method
for solar distribution is the use of a panel of solar photovoltaics. This is the simple and effortless that creates
solar energy and the generation of renewable energy.

The above figure 3.4 show the methods and the techniques that are used in the grid system for the
distribution of the energy. The establishment or the introduction of intelligent and smart distributed energy
plants of resources are used in order to fulfill the new requirements and demands [22]. This intelligent distributed
energy is used to provide the power plants which are virtually which means the management of the demand
and the generation which is flexible.

4. Main challenges faced by scalable solutions in the improvement of the environment. The
smart grid technology includes all the improved and developed real-world and digital infrastructures that
provide, monitor, explain, and manage the energy or the electricity [5]. These supplies or the management
of the energy are supplied from a variety of the sources in order to meet their demand for the power that is
required in the homes and the business from the suppliers who supply electricity/energy [8]. This advanced
and developed grid technology can supply efficiently and coordinates the demand and supply of the energy
that leads to the usage of the management of the data and its capabilities. Moreover, through by the usage
of advanced gird technologies, there is also a reduction in the operational costs and environmental influence in
order to maximize the overall system of the stability, resilience, flexibility, and reliability.

The above figure 4.1 is the graphical representation that explains the digitalization or the advancement of
the grid technologies and the initiatives taken to improve the environment by using the renewable sources like
solar and wind energy [9]. The main challenges or the issues which are faced by the scalable solution for the
expansion of the gird technologies in terms of renewable sources are as follows,

Research shows that the economic influence of the pandemic of the COVID-19 put efforts on the zero
transmission of the harmful gases by 2050 [20]. In order to put this in effect the funding is necessary and due
to the pandemic, the country has still not recovered from its losses. Restore of the national and international
transport is the one of the most effective and beneficial for the recovery of the economic position of a country.
The improvement of the global economy can be increased by the improvement of the global economy of each of
country. The application of the SG in the various kinds of business of the countries helps to increase the rate
of production and profit of the business. Improvement of the SCM is a helpful process for the recovery of the
global economy. The global economy can be improved by the improvement of the connection and communication
between the countries.
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Fig. 4.1: Digitalization of the grid technologies

There are many countries that have established the farms that are related to the winds and the production
of the solar power, and the zero transmission of the harmful energy generation into the grid of electricity [4].
Traditional energy like fossil fuels is still required in order to provide electrical energy to the grid power. When
these countries stop the production and the usage of these fuels, this creates a scarcity of the available resources
and fluctuation in the availability of the energy and the prices [2].

The fluctuation of the price and the values of the products is the reason for the decrement in the rate of
import and export tax of the products. The increment of the growth of the population in the world is the
reason for the enhancement of the demand for the products. The increment of the demand for the products is
caused by the fluctuation of the rate and price of the products. The four main factors for the fluctuation of the
price of the products are physical capital, human resources, natural resources, and the misuse of technology.

4.1. Various Domains of the Smart Grid in Connection with renewable energy. The National
Institute of Standards and Technology (NIST) in the conceptual model of the smart grid provides or delivers
a higher level of frameworks for the system of a smart grid that explains the seven vital and crucial domains,
that includes, the transmission, the distribution of energy, the bulk and the advanced generations, services and
market providers, customers, and operations [1]. The SG in the renewable energy covers around seven kinds of
domain and the domain are related to operation, marketing, providing of the service, transmission of the energy,
customer service and distribution. The operation of the interconnected domain is the factor of the capability of
the operation of the various domain. The main aim of the SG technology is the upgradation of the conceptual
model that remain the same kinds of the edition. The responsibilities factors of the SG help to improve the
connection of the renewable energy. The improvement of the function and the electrical grid system depends
on the application of the AG in order to the renewable energy.

The domain of the smart grid technology played a role for the increment of the service and communication
among the stakeholders. The capacity of the decision making and the performing of the skill can be able to
achieve the goal and aim of the customers. Each and every domain in itself is a combination of the all the
crucial features and elements of the smart grid connecting each other with the two-way electricity, energy, and
communications path [23]. These connections or the relation are basically based on the intelligent, dynamic,
and future electricity grid. The performance of the service by the business and the companies helps to dis-
tribute the energy resources and decrease the load on the customers. In the each and every service sector, the
proper implementation of the process and procedure is the most effective thing for the increment of the rate of
production.

The above figure 4.2 represents the most important and crucial the seven domains which are involve in the
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grid system. These seven and the most important domains are how all the communications and the flow of the
electricity and the energy combines or connect each domain [12]. These are all domains that influence the flow
of electricity and are vital and as well as connected to each other [21].

4.2. Results. According to the study, it has been shown that the establishment of the smart grid market is
expected to reach 80 billion by 2024. The growth and the development in the inclination towards digitalization
or enhancement of the grid energy supply system are nearly owned 50% of the market growth and supply
60-50% of the energy or electricity that is not harmful to the environment. Most of the industries face issues
and challenges due to the power cut and declining resilience from the traditional transmission and production
infrastructure. In order to modernize the activities of the grid many countries have been preparing to deploy
the infrastructure of the smart grid.

The deployment or the destruction of the technologies which are related to the smart grid offers or provides
many advantages for the combination of the renewable resource of energy that includes solar and wind energy.
Therefore, this grid technology facilitates and benefits the increased demand for the security of energy. In
addition, there are many favorable schemes and the initiative has been taken to transform the energy generation
and its infrastructure that will develop the smart grid by making it a global market trend by 2025.

As a result, from the above study, it is clear that the foundation of SG technology in the business sector
provides the evolution of the power grids that exist in the present day. The increment of the security and
privacy and the reliability of the grids that are traditional are mostly impracticable. The process of the solve of
the issues and problems of the SG puts pressure on the huge amount pf energy consumption and the backbone
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of the bandwidth of the business. The monitoring of the real-time and the controlling of useful applications
are two main important factors of the use of the SG technologies. The addition of the EC to the SG helps to
solve the issues and problems and improve the efficiency of energy consumption. From the research, it is clear
that the installation of IoT-based technologies in the solar distribution techniques helps to decrees the issues
and problems and improve the application of the parallel algorithms in the solar distribution.

5. Conclusion. In conclusion, the results of this study shed light on the immense potential and importance
of the smart grid system in the evolving energy landscape. The research highlights that the smart grid market is
on a trajectory to reach an impressive 80 billion by 2024, signifying the significant growth and development in the
transition towards a more digital and sustainable energy supply system. Furthermore, the study underscores the
pivotal role of smart grid technology in addressing the limitations of traditional power grids. It offers heightened
security, improved privacy, and enhanced reliability, all of which are increasingly impracticable with conventional
grids. However, it is essential to acknowledge the energy consumption and bandwidth demands that come with
solving these issues. Real-time monitoring and control are crucial facets of smart grid technology, and the
incorporation of Energy Cloud (EC) solutions further enhances energy efficiency. One of the key takeaways
from this study is the critical role of smart grid technology in promoting the integration of renewable energy
sources, particularly solar and wind power. This integration not only bolsters the global shift towards greener
energy but also caters to the increasing demand for energy security. The adoption of favorable schemes and
initiatives aimed at transforming energy generation and infrastructure positions the smart grid as a prominent
global market trend by 2025.
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PHYSICAL EDUCATION TEACHING QUALITY EVALUATION METHOD USING
MOBILE EDGE COMPUTING IN THE ONLINE AND OFFLINE ENVIRONMENT

HUIMIN ZHANG*

Abstract. The development of different technology has impacted the different stages of human life. Additionally, with the
implication of computing technology sports and physical education can be improved. The use of mobile edge technology aids in
gathering precise data related to physical education. Therefore, a specific improvement is possible. This following analysis has
looked into the factor of mobile edge computing that aids in the evolution of physical education teaching. Moreover, the study has
focused on developing an appropriate path for the integration of MEC into PE education. By utilising Mobile Edge Computing
(MEC) technologies in both online and off-line learning contexts, this study offers a thorough way for assessing the quality of sports
teaching. The suggested approach integrates multiple characteristics and performance measures to evaluate the efficacy of physical
education instruction and participation, taking into consideration the changing educational landscape.

Key words: Mobile edge technology, Physical education, issues in implementing MEC for PE

1. Introduction. The development of physical education (PE) teaching has a vast number of factors.
For instance, there are physical as well as mental benefits of quality PE training [4]. Therefore, the following
empirical analysis has looked into the factor of physical education teaching quality evaluation method using
mobile edge computing in the online and offline environment [19]. Furthermore, through a systematic analysis
all the possible factors of the same are discussed and the results are developed based on the analysis of secondary
information. Therefore, a detailed analysis is presented in the following study.

Physical education plays a fundamental role in promoting physical health and well-being. It helps in-
dividuals develop fitness, strength, and endurance, reducing the risk of health issues such as obesity, heart
disease, and diabetes [3]. It provides a platform for students to acquire and refine a wide range of motor skills,
from basic movements to more complex sports-specific techniques. These skills contribute to overall physical
competence. Physical education instills the importance of regular physical activity, encouraging students to
adopt and maintain a healthy lifestyle throughout their lives. It fosters habits of exercise and fitness. Regular
physical activity is associated with improved mental health [5]. Physical education can reduce stress, anxiety,
and depression while enhancing mood and overall psychological well-being. Physical education fosters social
interaction and teamwork. Participation in sports and group activities helps students develop essential social
skills, such as communication, cooperation, and sportsmanship. It teaches discipline, responsibility, and time
management. Students learn the importance of punctuality, preparation, and adhering to rules, which are
valuable life skills [22].

The research offers a comprehensive approach to assess the quality of sports teaching. By integrating mul-
tiple characteristics and performance measures, it provides a robust framework for evaluating the effectiveness
of physical education instruction and participation. This contribution is valuable for ensuring that the evolving
educational landscape is well-catered to.

This research contributes as follows,

1. The study recognizes the impact of technological advancements on various aspects of human life and
extends this impact to sports and physical education.

2. The research identifies the utility of MEC technology in gathering precise data related to physical
education. This contribution underscores the significance of data-driven insights in enhancing the
teaching and learning experiences in sports and physical education.

*School of Public Teaching and Practice Wuhan Technical College of Communications, Wuhan, 430065, China
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Fig. 1.1: Framework for technology-based PE education

2. Objectives. In order to develop the analysis in a coherent manner following objectives were followed:
1. To discuss the possible factors related to the development of Physical education using mobile edge
computing
2. To look into different technology that aids in the development process of Physical education teaching
3. To analyse possible issues in the implication of mobile edge technology in the development process of
Physical education teaching
4. To discuss the possible solution for the identified problems

3. Methodology. The methodology of the following analysis deals with different elements and strata of
the empirical analysis. Moreover, all the techniques used in the process are depended on the methodology
of the study [5]. For the comprehension of factors and issues related to physical education, all the possible
factors are analysed through the collection of secondary information. Secondary data aid in the development of
research which is ethically sound and delta oriented [22]. Moreover, the process of developing a reliable result is
supported by the use of qualitative analysis. Therefore, for the holistic development of the study, a secondary
qualitative method was employed.

3.1. Elements related to the evolution of PE teaching using mobile edge computing . At the
time of analysing past literature related to computing technology for PE education, it was observed that there
are certain factors that directly or indirectly impact the implication. Following are some of the factors that are
related to the implication of computing technology for the evolution of PE teaching:

Collection and processing of real-time information. MEC enables real-time data collection and analysis of
the same [23]. Therefore, enabling the gathering and analysis of movement data from students during workouts
aid to contemplate the issues in the training.

Moreover, such information can be utilized to deliver individualized feedback, monitor development, and
instantly change the complexity of tasks [14] Additionally, classified training programs can be formulated with
the help of such specified information.

Interactive session for teaching PE. MEC is a whole system that has interactive elements such as augmented
reality (AR) and virtual reality (VR) experiences. In addition, with the implication of MCA for PE education
having a realistic experience is possible [16]. Hence, by generating realistic virtual settings in which students
may partake in a variety of physical activities, these technologies might increase students’ motivation and
engagement.

The effect of the interactive session between the PE teacher and the students is undeniable for the physical
and mental growth of the students. With the help of proper integration and communication, the issues and
problems of the students can be determined properly. The issues for the lack of understanding of the students
can be find by integrating with the students. The use of the mobile computing programming and online sources
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help to determine the personal issues of the students [25]. Giving the examples using the virtual tools attract
the students to see the examples and sometimes the examples help the students to come out from the mental
disorder. The use of the online system in the educational department increases the level of attraction of the
students and this effects on the willingness of the students. Therefore, the application of the online and offline
strategies are helpful for the growth and development of the students.

Appropriate resource allocation. During the analysis of the past literature, it was noted that process resource
allocation is a major factor that influences the MEC implication for PE. Moreover, it was noted that appropriate

Teachers’ knowledge and understanding. It was noted that the technological understanding of teachers or
coaches is essential for the effective implication of MEC technology [20]. Moreover, making decisions based on
the information collected from the MEC technology is an important part of the evolution of teaching. Hence,
training of the teachers in relation to technology is essential.

Data security. During the past data analysis it was noted that the data is an essential aspect of the evolution
and implication of MEC technology [2]. Moreover, the data breach can damage the implication of the evolution
of teaching. Therefore, securing the information is essential for such instances.



Physical Education Teaching Quality Evaluation Method Using Mobile Edge Computing 695

FLAFT

Dol J
=
At Pl
e

E =
(B =

MELC metwork
# i
ey s
s W

A

2 - .-(f

i . K e
U am, o & ¥ ©

Teremwiesls

Fig. 3.3: Architecture of MEC-based IoT technology

3.2. The real-time implication of MEC in physical education. The implementation of the MEC in
the section of the physical education helps the students for their better improvement and grow. The development
of the physical growth of the students also includes the growth of the physical, mental and emotional. One
of the most vital and important factors of the physical department is the maintenance of the discipline of the
students. Discipline is the most vital and important factor for the growth and development in the life of every
individual [19]. The practice of uncontrolled behavior becomes one of the effected on the future of the students.
Therefore, the controlling of uncontrolled behavior can be done by the application of the physical training and
discipline of the students.

The concept of physical movements is affected by the exploration of the awareness of the body and increases
the relationship among the different parts of the body. The use of the mobile device and the internet system in
the physical education system helps to increase awareness among the students [16]. The increment of awareness
about physical movement is a helpful and effective process for the future growth of the students.

The figure 3.3 of the empirical analysis shows a detailed working process of MEC technology. All of the
components of the technology can be seen in action in the above illustration. MEC technology works with
integration with IoT devices in order to work in an appropriate manner [6]. Moreover, the network can be
divided into three layers that are cloud storage, MEC networks, and terminals. The terminal works as a
mediator station and provides actionable data in the terminals where actions are taken [19]. In addition, the
server of an MCE technology acts as a storage for the data. Moreover, the server stores information thus
accurate historical data aids in the comparison of information.

Moreover, the process of simulation data indicated the accuracy of the system in order to improve training
for PE education [13]. Therefore, it can be contemplated that with the implication of MEC technology im-
provement in the development process is possible. Therefore, developing an accurate system in online as well
as offline mode is possible. Moreover, the process aids to determine the vulnerability of an athlete and points
out the gaps for the player.

3.3. Issues related to the implication of MEC for the evolution of PE training. Through the
analysis of past information, it was noted that there are certain issues related to the implication of MEC for
PE education. Such issues hinder the development of PE training and resource wastage is common in such
situations [12]. Following is a coherent discussion of the issues related to the implication of MEC for PE
education

Financial resources and accessibility. One of the major issues that can hinder the implication of MEC for
PE education is found to be financial resources [25]. The development of MEC infrastructure requires different
elements which are expensive and expensive. Lack of funding makes it difficult for institutions or schools to
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purchase the required tools and technology, which might result in an uneven distribution of MEC-enhanced PE
activities [1].

Lack of adequate knowledge of human resources. To utilize MEC-based machines and platforms success-
fully, both teachers and students need to get training [11]. Moreover, a basic meaning for handling systems
and comprehending information is essential for human resources. Thus, the lack of training can hamper the
appropriate use of such technology [18]. In addition, the influence on PE instruction can be limited by a lack
of technical skills.

Infrastructure development. The network infrastructure that MEC depends required to be strong and
dependable [7]. Network coverage issues in some areas might result in differences in who has access to MEC-
based PE instruction. For a flawless experience, it is crucial to have good connectivity [21]. Hence, it was noted
that infrastructure is the basic issue that needs to be improved for an effective evolution of the PE system.

The development of the infrastructure of the education institute and the schools helps the students in their
future growth. Developing the infrastructure of the educational institute helps the students to understand
the usefulness of the learning capabilities and activities. The recruitment of the skilled and experience PE
instructors in the educational department helps the students to grow the physical skilled. For the physical
improvement of the students, the implementation of the modern and innovative tools is very much important for
the students of the physical department [22]. Thus, the value and effect of the improvement of the infrastructure
of the educational sectors is helpful for the growth and development of the students.

Real-time information. One of the major benefits of MEC technology is that it provides a real-time per-
spective for PE education [6]. In addition, real-time information aids to analyse gaps and adapt to the situation
based on real-time data. Therefore, it can be contemplated that real-time information provided by the MEC
technology aid in the evolution of PE education teaching.

4. Results. In order to understand the impact of MEC technological enhancement on the evolution of PE
teaching a secondary analysis was conducted. Moreover, through the systematic analysis of past information,
it was contemplated that there is a high chance of improvement in PE education [24]. It was noticed that
there are certain elements in the possess of implementing MEC technology for PE education. For instance, the
collection and processing of real-time information is a major factor in the evolution. Similarly, it was noted
that training and understanding of the teachers influence the decision-making process for PE education [15].

As a result, it can be said that the use of the HBCR to assist the wearable sensors has a positive effect on
the increment of the quality of teaching. Application of the aerobic training is the most beneficial and helpful
for the educational growth of the students of physical education. The comparison between the CRF and CBCR
has no significance difference and the limitation of the symptom helps to test the observe group [9]. From the
whole study, this can be said that the outcomes of the use if CPET for the students of the physical education
made a great difference between the other students. The unusual participation of the students in the aerobic
training decreases the specification and intensity of the students. For analysing the information related to the
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implication of MEC for PE a real-time analysis was conducted. For the study, it was noted that their different
environments have different implications for the MEC system for PE education [17]. At the moment, migration
learning is required to make edge computing end servers cooperate [9].

The application of the mobile edge computing and the online system increase the capacity of the under-
standing of the students. For the students of the physical education, the proper demonstration of the physical
activity and the outcomes of the activity helps to increase the attention of the students. With the help of the
use of the mobile edge and the internet process, the education authority can be able to demonstrate the effect
and impact of the practice of the activity of the physical department of education [1]. The use of the offline
training physical students is the most effective to improve the quality of the teaching learning process. The
self-learning is the most effective and valuable for the growth and development of the students who studied the
physical education.

The figure 4.1 depicts the simulation information related to physical education. For the study, 4 different
environments subjugated the overall test. Moreover, the implication of simulation data shows that the majority
of the system’s functionalities can satisfy the system requirements [7].

The figure 4.2 is related to the low limb movement frequency changes. It can be seen that the development
of the system’s fundamental purpose can handle the administration of physical education [7]. Additionally, it
can be contemplated that a lot of sports event publicity can be immediately published to the system with the aid
of such a method. Therefore, the value of the sports education management system is progressively represented



698 Huimin Zhang

Campagn sypwrviun Hrath rbscatam Pryriond vscarion
Spart pallicy ol physicat baabt ol ion hrgarazatamal
InanagEnienl
Tadition fursling Tadora wam

Fig. 4.3: Different dimensions of PE in schools

in terms of sports event registration, score entry, and associated sports event publicity [10]. Moreover, with the
implication of complex algorithms, a better perspective can be achieved for the test.

The simulation of the use of the offline environment in the physical education institute effect on the future
development of the children. Sometimes the teachers and mentors of the educational institute takes the students
in a educational excursion which boost the experience of the students and improve the level of understanding
of the students. The application of the super vector machine in the educational department is the one of the
most helpful and effective process and strategies for the betterment of the students [17]. The neural network
is the most beneficial for the implementation of the innovative technology in the physical department of the
physical educational institute. Thus, in the present days, the use of the online and offline computing practice
helps to increase the skilled of the students.

The figure 4.3 provides a detailed illustration related to PE in school. It can be seen that the impact of
physical education can be traced to different aspects of school education. Furthermore, through the secondary
analysis of environmental simulation, it was observed that the environment has a major impact on the implica-
tion process [8]. Moreover, the efficiency of the evolution process for the teaching of PE education has a direct
relation with the environment. It was analysed that there are certain aspects that create a hindrance to the
evolution process. Moreover, such hindrances have an influence on online as well as offline mediums [9]. For
instance, understanding the staff member has a major influence on the implication process. Additionally, the
expensive nature of the system influences the process of implication

5. Conclusion. Thus, the above analysis has coherently discussed information related to the use of MEC
technology in order to develop the PE educational strategy. Moreover, the process has highlighted various
factors related to the technology and its implication. It was established that various environments have various
impacts on the implication of MEC. Furthermore, it was established that the factors such as cost and efficiency
of human resources have a direct impact on the implication. Therefore, with effective use of the system it was
noted that certain evolution for the PE training is possible. Additionally, both online and offline modes of
training are impacted by such factors. The study emphasizes the potential positive impact of MEC technology
on the evolution of PE education. It highlights the role of real-time data collection and processing as a crucial
factor in this evolution. This implies that the use of MEC can enhance the quality and effectiveness of teaching
in the field of physical education. The study points out the effectiveness of utilizing Heart Rate-Based Cognitive
Radio (HBCR) in conjunction with wearable sensors for improving the quality of teaching. In particular, the
application of aerobic training is highlighted as a valuable educational tool. Real-time analysis is identified as a
critical tool for understanding the implications of MEC for PE education. The study recognizes that different
environments can have varying effects on the MEC system’s performance, indicating the need for adaptability
and customization.
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STABILITY STUDY OF GRID-CONNECTED POWER SYSTEM FOR WIND FARMS
CONSIDERING POWER CONTROL

LIANGNIAN LV, ZHONG FANG, ZHIQIAN YANG, AISIKAER, LEI WU} AND YANCHEN YANGH

Abstract. Wind energy has emerged as a pivotal practice in the contemporary energy landscape, generated through grid-
connected power sources aligning with the vernacular principles of systemic approaches. This study explores the surge in initiation
rates, offering insights into various factors impacting sustainable electricity production. Intriguingly, this research delves into
the intricacies of managing the variability and uncertainty inherent in energy demand, catalysing the integration of grid-based
solutions that enhance sustainability. It probes the dynamic nature of power supply paradigms, revealing a journey of continuous
enhancement by applying cutting-edge resource methodologies. Amidst the backdrop of global shifts in electricity dynamics,
this study uncovers the profound implications of energy depletion and wasteful consumption practices, spotlighting a burgeoning
movement towards optimising grid electricity resources on a macro scale. The intricacies and nuances of power supply challenges
are comprehensively dissected, offering valuable insights. Furthermore, the study explores the pivotal role played by information
technology innovators in consolidating the predictability of wind energy, augmenting its viability. It also aligns with forward-looking
reviews, underscoring the actionable strategies taken. The culmination of these efforts not only enhances predictability but also
unlocks a spectrum of reflective and adaptive resources in wind energy utilisation.

Key words: Grid frequency, variability, wind farms, AC-DC converters, modelling, power control

1. Introduction. The control of grid frequency is an essential power system that is used to penetrate
wind turbines for maintaining the stability of power grids. By allowing individuals to access and evaluate the
source code, the security level increases. The evaluation of such designs is important in terms of predicting the
conditions in considering the grid frequency.

The importance and motivation of this research are multifaceted and underscore its significance within
the broader scientific and technological landscape. Firstly, this study addresses the pressing global need for
sustainable energy sources. In an era characterized by environmental concerns and the imperative to reduce
carbon emissions, wind energy stands out as a clean and renewable solution. Understanding its dynamics
and harnessing its potential is crucial for mitigating climate change and ensuring a more sustainable future.
Moreover, the motivation behind this research is driven by the ever-increasing demand for electricity. As our
societies become more technologically advanced and interconnected, the need for reliable and efficient energy
sources becomes paramount. Wind energy has the potential to contribute significantly to our energy mix, but
its variability and unpredictability pose challenges that this research aims to address. By exploring methods
to enhance the predictability and reliability of wind energy, this study seeks to ensure a stable and consistent
power supply, reducing our dependence on fossil fuels and their associated environmental consequences.

Furthermore, the research’s importance lies in its contribution to technological innovation. As we grapple
with the complex challenges of integrating intermittent renewable energy sources into our power grids, the
development of modern methods and solutions becomes essential. This research explores these cutting-edge
approaches, offering potential solutions that can revolutionize how we harness wind energy. By doing so, it not
only addresses pressing environmental concerns but also contributes to the evolution of energy systems and
grid management. It strives to make wind energy a more reliable and predictable component of our energy
infrastructure, ultimately driving us toward a greener and more sustainable energy future.

2. Objectives.
1. To analyze the role of grid electricity in managing booth variability and uncertainty of loads
2. To determine the importance of generator modeling and wind turbine

*Goldwind Science & Technology Co., Ltd, Beijing, China,100176 (1iangninlvi@outlook.com)
TState Grid Jibei Electric Power Co., Ltd, Beijing, China, 100032
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3. To understand the order of frequency suitable for controlling the power system of wind farms
4. To evaluate the challenges of grid integration of wind power for wind farms

3. Methodology. The analysis of the grid integration comprises a vast course of practices with respect to
the optimization of wind energy. The control of winds is an essential factor which required critical discussion
[1]. The study can be obtained by secondary data analysis in terms of statistical and numerical evaluation.
The analytical spectrum covers the maximum power point tracking, power quality issues and other such valid
resources with respect to the issues related to the integrity of resources [2]. The use of qualitative data has
been verified with valuable aspects providing an array of information related to the study.

3.1. Role of grid electricity in managing both variability and uncertainty of loads. The photo-
voltaic (PV) rays are the power system that serves well in managing both the variability and uncertainty of
loads. Settings aside the practicality of the plan, the problem can be solved by reaching the global target by up
to 20% significantly [3]. The electricity grid plays a crucial role in establishing the power station that results
in the emission of power supplies.

System Ramping Capability (SRC). System ramping capability is the power that changes the direction of
the wind by generating power. This speed is essential that can ramp up or ramp down based on the systematic
supply functions [4]. Rating the ramp event is essential as it generates the maximum capacity of wind farms
with a range smaller than 4h.

The above systematic diagram shows the quality of adaptability that provided a pathway towards a robust
comprehensive declaration strategy [5]. The passage of electricity has been estimated to be productive in various
ways.

Purpose of the grid in energy management. The link between the smart grid and energy management
allows for monitoring the redundant factors with respect to preventing system disruptions. Electric grids in
wind supply are the integrated solutions that are relevant to administration practices [7]. Smart grids use
digital technologies, sensors and software applications which maintain the stability of the grid pertaining to the
reliability of resources.

The figure 3.2 reflects the importance of the grid in energy management with a connection of the AC-DC
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Fig. 3.4: Passive stall control

controller. The service practices are sufficient in the utility grid showing prominent outcomes.

Integrated variable renewable energy. Running the grid integration increases the generation and collection
of loads that are metered to associate demand and supply services. An energy capacitor system has strong
connectivity to stabilize the wind farms during a change in wind speed [8]. The voluntary use of resources has
initiated the interconnections that seek to accommodate significant power system provisions.

The figure 3.3 highlights the systematic practices that are essential for fostering low emissions as well as
the use of conventional energies. The percentage of storage increases with an increase in variable generations
[9]. This has improved the quality of power stations by sharing the resources predominantly.

3.2. Importance of generator modeling and wind turbine. Wind energy plays a crucial role in
establishing an environment-friendly low-carbon economy. Traditionally, DSC machines have synchronized the
machines and induction tools that lead to the modeling of wind turbines [10].

Passive stall control. The utilization of wind energy is subjective to initializing passive stall control to pump
water and to install various resources that create turbulence to the rotor blade that is designed to progress with
a subtle process [11].

The figure 3.4 declares the passive role of practices that are relevant for medium and large-scale wind
turbines, and inductors. These are needed to make permanent magnets that can consider various machines
featuring guidelines for quicker reference [12].

Rectifiers and inverters. Rectifiers and inverters are the electrical mechanisms that aim in improving the
electronic circuits for a better flow of current. They rectify the power supply and make the programming stable
for wind farms [15].

The act of converting an alternative current into a direct current is relevant to the current flows that are
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Fig. 3.6: Wind power integrated system

measured as rectification. Inverters increase the rate of sustainability by modifying the course of wind energy
and with a better knowledge of controlled rectifiers.

3.3. Order of frequency suitable for controlling the power system of wind farms. The frequency
level for controlling the power supply projects is managed by the transformer. When an alternative current is
linked with alternating voltage, a magnetic field gets generated significantly [16].

Wind power integrated system. Grip integration is a collection of activities that are spilt into categories
based on the activation of planning and execution activities. In addition to that, network development and
system operations are relevant that help in increasing the power technology [17]. It helps in providing a
significant change in the production system of power supply that allows proper optimization of wind energy in
real-time analysis.

The figure 3.6 illustrates the terminologies based on energy production hydraulic turbines that are pumped
up from the low storage reservoirs. With respect to the power delivery services, it is the generation of power
supply that is objective in avoiding the unbalanced state of grid practices [18].

Optimization of wind energy. The optimization is obtained by associating a wind farm that helps in im-
proving the feasibility of the wind energy system [19]. There are various ways odd improving wind turbine
performance that can change the scenario towards sophistication.

1. Predicting the course of the wind

2. Establishing a constant speed transmitter

3. Variability in speed generator

4. Sophistication in loads programming and RPM

The systematic diagram elaborates on the features that increased the reliability of wind energy by with-
drawing power from solar energy and converting it into power transmitters.
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Trajectory optimization model. The model is a power of sizing the trajectories for non-linear programming
of wind energy which is a solution to all the negative consequences. Classically, the indirect methods have
inculcated the optimization of partial and implicit differentiation in a significant manner [20].

The figure 3.8 highlights the process of attraction and repulsion that are interconnected in terms of non-
optimal practices. Moreover, analyzing the wind scale and parameters of the trajectory optimization in terms
of stabilizing the wind energy operations in a respective manner [21].

4. Challenges of grid integration of wind power for wind farms. One of the primary issues in grid
integration is wind power is an intermittent nature of wind energy. The controlling elements are to be treated
so as to generate turbine technology and protection issues [22]. Challenges address the instability and quality
of energy integration that are outsourced as special elements.

Output power prediction. Although power prediction is an essential part of wind energy, it may sometimes
give rise to various issues that include voltage fluctuations and the inability to meet reactants at the right time.
This may lead to the deployment of resources which in turn is responsible for de-tracking reactive powers [23].

The high rate of fluctuation is clearly presented in the above figure 4.1 but fails to resonate with the
variation in wind speed. This reduces the smoothness of variable speed up to 75% which in turn is responsible
for the high consumption of power [24].

Low voltage capability . The ability of voltage protection reduces with excessive turbine programming
resulting in disruptions in the power stations. The equivalence of the stimulation control is suppressed due
to the post-fault segments which are currently irrelevant to develop non-superconducting issues [25]. The
dispatchable issues are always high in the demand scale policies to a greater extent.
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Fig. 4.1: Output power prediction
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Fig. 4.2: Low voltage capability

The figure 4.2 illustrates the low voltage capability which is low key and is least maintained in the sage of
voltage. It loses the capability to remain in service and to organize deep-volt segments [26].

The issue in power quality. The fault in the rising supply is detrimental in nature declining the efficiency
level predominantly. The frequent processes may at times become unable in controlling the contingency events
[27].

The figure 4.3 highlights that the rate of interruptions and imbalance in electrical flow is prevalent in
nature. It can be proven that a deviation in frequency can cause harmful effects on the wind power supply in
accordance with the harmonics of electricity.

5. Results. The above systematic diagram determines the factors that are respective to stabilizing power
control. The ideas relevant to the practice of ideas are figured as original in terms of replenishing irrelevant
prodigies.

Power plant developers. The range of power plant supplies induces the level of proximity in the field of
electricity. Power plant developers have facilitated the course of building possibilities that are subjective to
resource analysis [28].

Information technology developers. Developments are essential in terms of navigating the technical plan-
nings that are significant in working profitability.

Service providers. Service providers have a proper significance resolution of the fundamental approaches
with the optimal supply level services. The range of possibilities rises with a rise in the association of significant
applicants based on global programming of practices [29]. The verification is well established in accordance
with the technical prospects based on projective modules to enhance the service provider practices. As a result
of this, the relevant approaches have evoked the practice of pepper initiation in a significant manner.

Variability and uncertainty of the power system. When considering the power balance, the variability of the
power system plays an important role that reducing the risk factors to a certain extent. Uncertainty exists in
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Fig. 5.1: Factors responsible for conducting wind farms

measuring the forecast values that are respective of the multiple instances [6]. Variability is quantified by the
distribution of power frequencies that are derived from sufficient data resources.

The structure shown in figure 5.2 proposes the separation of variability and uncertainty in the power system.
The countermeasures address the efficiency of operations in applying the strategies that are determined to
renewable energy resources significantly [6].

Variable speed with partial scale frequency. Variable speeds are an essential way of measuring the frequency
of the scales that are used for converting kinetic energy with large power-capturing capabilities. Basically,
partial scale frequency depends upon the level of electricity that are approachable in nature [13].

The systematic diagram shown in figure 5.3 focuses on the power rating scales that are defined as speed
ranges. The smaller the frequency converter, the more conceptualized it is from an economic point of view [14].

6. Conclusion. In conclusion, the systematic examination presented in this study reveals a comprehensive
understanding of the factors that play a pivotal role in stabilizing power control, particularly within the context
of wind power stations. The novel insights into these factors are instrumental in optimizing the utilization of
this global resource, ushering in real-time benefits and heightened electricity generation. The authenticity
of these findings accentuates the significance of prioritizing effective power control, ultimately resulting in a
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heightened level of stability within grid-connected power supplies. The establishment of wind farms, as a direct
outcome of this research, embodies a transformative step towards realizing enhanced reliability and efficiency in
energy generation. This progression towards knowledge refinement underscores the importance of continually
advancing the sophistication of practices in the field. By addressing the marginalization of resources and
embracing innovative techniques, we can elevate the sustainability and dependability of wind power, further
contributing to the broader goals of a sustainable energy future. The journey toward a greener and more
resilient energy landscape is contingent upon the thoughtful application of such research-driven insights and
the ongoing pursuit of excellence in power control within wind energy systems. The research may offer insights
into power control and stability for specific wind energy setups, but generalizing these findings to all wind energy
systems worldwide should be done with caution. Wind energy varies widely in terms of scale, technology, and
environmental context, and the research may not account for all these nuances.

Fundings. This work is funded by the Science and Technology Project of SGCC (Research on Wind
Generator Transient Voltage Optimal Control Technology in Weak Power Grid) (4000-202214067A-1-1-ZN).
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RESEARCH ON SPEECH COMMUNICATION ENHANCEMENT OF ENGLISH
WEB-BASED LEARNING PLATFORM BASED ON HUMAN-COMPUTER INTELLIGENT
INTERACTION

YUFANG GU*

Abstract. This study presents a novel web-based learning platform that leverages human-computer intelligent interaction to
enhance English communication skills. The platform integrates cutting-edge technologies to create an immersive learning experience,
combining natural language processing, speech recognition, and interactive exercises. Learners engage in real-time conversations
with virtual tutors, receive personalized feedback, and access a vast repository of educational resources. The platform not only
facilitates language acquisition but also encourages self-paced learning, making it a valuable tool for both educators and students.
By harnessing the power of artificial intelligence, this web-based platform represents a significant advancement in the realm of
English language education. To overcome these issues this paper proposed SVM with an improved satin Bower bird optimization
algorithm (SVM-ISBBO). SVM-ISBBO uses fog computing services that minimize the latency and speeds up the process, effectively
handling huge wearable devices. In this proposed work SVM-ISBBO monitors the students communication, vocal parameters, blood
pressure, etc, and these values are obtained from wearable sensor devices and their notifications are sent back to teachers. Teachers
diagnosed the student information and sent back the alert notifications to the students for taking proper medications. All this
information is stored in fog-based cloud storage in a secure manner. The accuracy rate of KNN got 78.56%, NB got 81.74%, SVM
got 85.15% and the proposed work of SVM-ISBBO got 92.34%.

Key words: English communication, fog computing, SVM, Satin Bower Bird Optimization, web communication.

1. Introduction. Nowadays, due to technological advancements in the communication field monitoring
the health status of students and maintaining communication management. And the transmission of English
communication information via a proper wireless communication network in a secure manner is a challenge. By
implementing algorithms, handling unstructured data, and producing organized output in report format like
electronic documents with reports in a secure[8]. Communication monitoring information about students is ob-
tained from various wearable sensor devices on communication servers digitally. Due to the rapid growth of tech-
nology, various attackers can attack the transmission of communication information to clinical information[19].
For monitoring student information remotely based on IoT technology and collecting the smart health informa-
tion of student’s physical and mental strength, living environment, lifestyle, hereditary communication issues
details, etc. This IoT-based communication information is transmitted to a cloud storage computing service
through the wireless network. from the cloud storage, teachers can monitor and diagnose students’ health
conditions and send notification messages like early prevention of disease and its corresponding treatment [14].

The communication cyber-physical system uses smart communication sensor devices, a wireless communica-
tion network, and managing the sensor signals generated from communication sensor devices. To implement the
MCPS, various machine learning and deep learning algorithm are applied in the monitoring of communication
English communication information[17]. Cyber-physical system detects attacks in the storage of communication
information in cloud computing. The main objective of the CPS environment is providing the secure using an
artificial intelligence-based environment [23].

L. Zheng et.al[24] presented a system for producing an alert signal at the early stage warning for high-risk
students using deep learning algorithms and maintaining electronic health records. Shuwandy et al. [15] de-
scribed that CPS embedded the sensor devices with IoT technology and stored the communication information
in the cloud storage platform. Ahmad Ali AlZubi et.al [4] proposed that Cyber-attack detection in communica-
tion uses cyber-physical systems and machine learning techniques. Wazid et al[20] propose Al-based technology
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for the prediction of a cybercrime attack in communication information and it uses an edge-based IoT environ-
ment. In view of existing research work, the issues are inefficient in handling huge wearable sensor devices, and
lack of detection of the attack in the storing of English communication information. To overcome these issues
this paper proposed SVM with an improved satin Bower bird optimization algorithm (SVM-ISBBO). SVM-
ISBBO uses fog computing services that minimize the latency and speeds up the process, effectively handling
huge wearable devices. The main contribution of this work is:

1. Monitoring student communication level these values are obtained from wearable sensor devices and
stored in a fog node-based cloud storage platform.

2. For monitoring the abnormal condition and providing secure storage of student health information in a
fog node-based cloud storage platform by implementing SVM with the improved satin bowerbird optimization
algorithm.

The paper has been organized as follows: Section 2 describes the review of the literature, Section 3 method-
ology of monitoring and secure storage of communication cyber-physical system-based student English commu-
nication information using SVM-ISBBO, Section 4 discusses the experimented results and Section 5 concludes
the paper with future directions.

2. Review of Literature. In the IoT-based technology of cloud computing embedded computation re-
sources, heterogeneous data structure, storage capacities, and high-speed processing have been included in the
development of smart communication systems. This fog computing links the smart sensor devices with the cloud
storage platform. It provides a quick response time, but the issue with cloud computing is the negative impact
of handling real-time reactions[2]. Fog computing is used in the English communication system which includes
three levels of processing namely data is collected from edge devices of sensors, multiple devices are interlinked
with one another, and processing of collected sensor data takes less than a second with its decision-making
process[16].

The smart English communication system has become popular in the earlier diagnosis of a disease which
provides proper treatment to the student. At the same time, a smart communication system consists of various
sensors with MRI, PET, CT, etc. In order to provide the best quality of treatment to the student as well as to
control the spread of the virus smart communication system is required. This smart communication system is
monitored by a web based monitoring system[3]. A. A. Mutlag et.al[12] described the concept of enabling the
technologies for fog computing in communication IoT systems. Kontakt LS, et al [10] presented an accurate
prediction of the speech issues of the student by applying the machine learning technique and securely storing
health information in a cloud storage platform.Li , et al[11] described the handling of communication information
from various communication sensor devices and analysis stored in cloud storage platforms as well as handling
big data analytics.Wu et al [21] presented that cyber-physical systems are based on preserving and securely
storing English communication information and also detecting malicious attacks in the CPS. Thamilarasu et al
[18] proposed that detection of attack in the English communication information is stored in cloud computing
and also the detection of attacks in IoMT.

3. Methodology. An effective communication cyber-physical system for monitoring and securely stor-
ing communication information using fog computing service based on SVM with improved satin bower bird
optimization algorithm (SVM-ISBBO). This communication cyber-physical system integrates the various com-
munication sensor devices and obtained the communication-based sensor information and stores it in a fog
node-based cloud storage system in a secure manner. The framework of SVM-ISPBO is given in Figure 3.1.

Figure 3.1 contains three layers data collection layer, the communication data stored in fog node-based
cloud storage layer, and the communication data information processing layer.

3.1. Data Collection Layer. From the student, communication sensor signal information is collected
and stored in a fog node-based cloud storage system. This collected communication information is diagnosed
by the teachers and updates the current health status of students via a mobile app. The wearable sensor devices
which are used in the monitoring of the health status of the students are temperature sensors, blood pressure
sensors, heartbeat sensors, ECG sensors, EEG sensors etc. This sensor information is collected via wireless
communication. These sensor devices are embedded with ESP8266 Node MCU microcontroller[6]. It is high
processing speed, low cost, and provides accurate results.
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Table 2.1: Survey on the smart communication system in CPS

Author Name.

Sensors used.

Description.

Ahmed Elhadad et.al

temperature, ECG, and

Communication Monitoring System for Managing the Real-Time No-

(2022) [1] blood pressure sensors tification in a fog computing system.
S. Senganet.al (2022) | temperaturesensor, Smart communication communication system for providing security
[13] Heartbeat sensor devices on MIoT using Raspberry Pi
I. Ahmed et.al (2021) [1] | temperaturesensor, A deep-learning-based smart communication system for student dis-

Heartbeat sensor

comfort detection at the edge of the Internet of Things

Al-Sheikh et.al (2020)
2]

Heart rate, ECG, and-
body temperature sen-
sor

Arduino, NodeMCU is used for transferring information via Wi-Fi.

Elangoet.al (2020)[7] Heartbeat sensor, | Storing health information in NodeMCU edge devices and implement-
bodytemperature sen- | ing the communication protocols of Wi-Fi/ HTTP, and MQTT.
sor,

Islam et al. (2020) [9] Heartbeat sensor, | Storing health information in NodeMCU edge devices and implement-
bodytemperature sen- | ing the communication protocols of Wi-Fi/ HTTP, and MQTT.
sor,
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Framework of SVM-ISPBO

3.2. Communication Data Storage in Fog-based Cloud Storage. The fog node lies between commu-
nication sensor devices and cloud storage computing. Sensor communication data were obtained from various
wearable sensor devices. It minimizes latency, provides security, enhances the reliability of storing information,
and has high storage capacity. Communication data were collected from all sensor devices and it has been
transmitted to fog-node-based cloud storage. These communication data are transmitted for a pre-processing
stage of the communication data information processing layer. In the monitoring of communication information,
fog computing facilitates the processing of communication data without reducing its dimensionality of data and
also prevents congestion of the network. Communication data stored in the cloud storage are transmitted to a
communication server, the teachers monitor the health information and send the health status to the student

via mobile application.
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Fig. 3.2: Pre-Processing

3.3. Communication Data Information Processing Layer. The communication data information
processing layer contains three modules namely pre-processing, feature extraction, and monitoring English
communication information using SVM-ISPBO.

3.3.1. Pre-Processing. The communication sensor information is obtained from various sensor devices
and it is in various formats like images, time series, numerical values, etc. And also, it may contain random
samples as well as continuous sample structures. Therefore, pre-processing steps are needed for handling various
formats of collected data. The steps involved in the pre-processing are given in Figure 3.2.

Discretization & Normalization. For the discretization of collected communication sensor data, the aspects
of frequency and time are essential one. For that this paper uses standardized collected sensor values in the
range between 0 and 1 is termed normalization. In order to handle the complex variations of sensor data and
for the prediction of diseases based on the regression analysis and it can be evaluated as:

Q=0+ 0B;iM+e¢ fori=1,2...m (3.1)

The sample input sensor communication data along with its variance and error value is termed by €;. The least
square values are denoted by By and ;. The average values are evaluated from the sample input communication
sensor data, by using standard deviation which is defined as:

_ Z?:l M;

3.2
Frequ (3:2)

I

Here, Frequ represents the frequency of data and M; is the sample communication input sensor data. Then
the normalization is denoted by:

ng = 0— (3.3)
M; — p;

Here € is residual value and o; is variance.

Windowing. The basic concept of windowing is splitting of communication sensor signal values into small seg-
ments in the aspect of time domain. Here the communication input sequence of senor signals is seny, sens , ...,
sen, and it is separated into windows with equal number of sensor activities acwy, acws, ..., acw,. Here acw;
is defined as window by signifying [sen; — Asen, sen;]. The length of the window is varied from one window to
another. Based on the time domain two sensor signal activities are fall into the same window.
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3.3.2. Feature Extraction. In order to detect the attack in the storing of communication information
feature extraction is an essential one. It extracts the significant features or relevant features from the dataset.
In this work of SVM-ISPBO, which extracts the statistical features of mean, entropy, variance, and standard
deviation.

Mean. It is the ratio of sum of communication data to the total number of communication data in the
database. It is represented as:

1Y
mean=— Z Qi (3.5)
Y=

Here y represents the total instances in the dataset and Q; is the i** data.
Entropy. Analysing the probability of arranging communication sensor data with n ways and it is defined
as:

Q
entropy= — prlongx (3.6)

r=1

Here, p, is the probability of data and z is the possible sample data values.
Variance. It is the mean squared difference between every communication sensor data in the dataset and
its mean value, which is represented by:

1 & 5
variance=—-—i Q;—mean 3.7
=N ) (3.7

1=

Standard Deviation. It is defined as root of variance, which is represented as follows:

! i Z (Qi—mean)? (3.8)

y—1 =

3.3.3. Monitoring MCPS based Communication information using SVM-ISBBO (Proposed).
In the communication cyber physical system-based model monitoring the student information and storing the
information securely in the fog node-based cloud storage system uses support vector machine with optimized
algorithm of improved satin bower bird optimization algorithm (SVM-ISBBO). In this communication cyber
physical system are integrates the various communication sensor devices and obtained the communication-based
sensor information and stored in fog node-based cloud storage system in a secure manner.

3.3.4. Support Vector Machine in MCPS web communication monitoring. In the smart English
communication cyber physical system, communication sensor signals are obtained from various communication
sensor devices. After applying the pre-processing stage, extract the relevant features of the communication
sensor information. SVM algorithm is used for analysis of collected communication sensor signals of the student.
By using MCPS, SVM algorithm classifies the communication sensor information based on its range of value.
MCPS monitored the communication sensor signal information and analysis that critical situation of student,
immediately itsends the alert message to student’s physician and caretaker.

The mathematical formulation of applying SVM is to find the optimal hyperplane which separates the
features of the labelled data. Let H is the Hilbert space with inner product of (.,.) and its induced norm |.||.
let us consider R! be the m-dimensional Euclidean distance space and it is defined as ( : R® — H is a mapping
function. For a training communication data set,

MTD; = {(pi ) Ipi € {~1,1}}i, (3.9)
Here ¢; is the label of p; and its marginal function maf; is defined as follows:

maf, (p) = (w,0(p)) +6, p e R (3.10)
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Here 0 is the bias term, to yield optimal hyperplane w and 6 are used in training data set. Toi get the optimal
hyperplane, objective function is required,
Minimize: ¢ (w,6) = L|w|® + CpF_, &
Subject to constraints: ¢; (w, 0 (a;) +60) >1—¢
£E>0,1=1,2,...,k

Here Cp is the regularization parameter and by using Lagrange multiplier method Equation 3.3.4 can be
rewritten as follows to get optimal vector w .

l
w= Zai%’ 0 (pi)
i=1
Subject to constraints : Zizl a;q; =0

Here «; is i =1,2,...,1. Substitute Equation 3.3.4 in Equation 3.9,

maf; (po) = (w, 0 (po)) + 0

l
= <Zai%‘ ®(pi),@(po)> +0 (3.11)

!
— Zaiqi @ (pi),0(po)) +6
i—1

Let L : R x RY — R be a kernel function and it can be expressed as follows:

L (pi,p;) = (0 (p:), 0 (p;)) (3.12)
Then based on Equation 3.11
mitdy (po) = ioziqiL (pi» po) +0 (3.13)
i=1
Now SVM can be represented as follows:
svi (po) = sgn (maf; (po)) = { 31 i{f%j}l(l&)()))ioo (3.14)

Here the support vectors are trained with training data set of non-zero value of a.The kernel function L and
coefficient C, and it is used to classify the data. This SVM technique monitors the abnormal status of student
health status and securely storing of communication information in fog node-based cloud storage platform. To
improvising and more accurate monitoring of abnormal status of student health status based on the wearable
sensor information optimization algorithm is required. Therefore, this work implements the improved satin
bowerbird optimization algorithm.

3.3.5. Improved Satin Bower Bird Optimization Algorithm. Satin Bowerbird Optimizer (SBBO) is
an is an intelligent optimization algorithm, determines that in the wild the adult male of Satin Bowerbird which
simulates the breeding behavior. It has a strong power of survival and skill in reproduction. By constructing
courtship cabin the matured Satin Bowerbird wins the female by attracting it by holding aluminous object
in its beak, continuous loud singing which improves the probability of successful courtship. The male Satin
Bowerbird constantly resists the challenges of its competitors and protect its nest from damage based on its
survival rules. The steps involved in the SBO for the detection of attack in MCPS model and monitors the
student information in an effectively.
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Step 1. For initialize the population of Satin Bowerbirds randomly, this paper uses Logistic chaotic map
for initialize the population of Satin Bowerbirds which improves the diversity of initial population, optimized
accuracy and speed in convergence. Therefore, it is called as improved Satin Bowerbird optimization algorithm
(ISBBO). This Logistic chaotic map is defined as:

The value of p as a control parameter which ranges from 0 to 5. When the value of y is larger as 5, then its
initialization of population will get enhanced. In the solution space various courtship cabin is generated for
various satin bowerbird M B.

Step 2. Evaluate the fitness function of each individual satin bowerbird and compute the ratio of fitness
function to overall fitness function value based on the probability of individual selection of satin bowerbird.
This probability of selection of courtship cabin is computed by:

_ 0 0 1 Wi
sims={ TP Y <o (47

The fitness value of fitn;represents that §" courtship cabin and f (y;) is the objective function of j'* courtship
cabin
Step 3. Update the position of male Satin Bowerbird optimization algorithm in the last iteration by using:

y;tker-i-l — y;'%er + /\k <(ylk+2ypl“"7k> — y;ck) (3.18)

Here yﬁfr is the k-dimensional component of j* individual male satin bowerbird in the itert® iteration. v
is the k-dimensional component of present global optimal position of population. The step factor of A\ is

evaluated by:

- [0
B 1+6Lj

Ak (3.19)

Here « is the maximum step size and a; is the probability of choosing the target courtship cabin with value
[0,1]. From the Equation 3.19 clearly shows that for the selection of target location with respect to greater
probability along with its smaller step size. If the probability of selection of target location is 0 means, then
its step size is largest and it is represented as «. Similarly, If the probability of selection of target location is 1
means, then its step size is largest and it is represented as a/2.

Step 4. To prevent local optimization, strong male satin bowerbird often steals from other male satin
bowerbird courtship cabins and destroys the cabins. At the end of each iteration of ISBBO algorithm, randomly
improve the mutation process. At this stage, y;i follows the normal distribution and it is represented as:

y;ter+1 ~ M (y;’_i;cer’ 0_2) (320)
M (yjicm, 0®) = yjie™ + (0 x M (0,1)) (3.21)

The evaluation of standard deviation is:
o =z % (Varimas — VaTlmin) (3.22)

Here, scaling factor is denoted by z and varimes , Varim: are upper limit and lower limit of variable ;.
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Table 4.1: Description of features in the Cleveland dataset

Features Description

p-Age Age of student in years

p-Sex Female or Male

p-Chole Measure of serum cholesterol

p-Chp Types of chest pain

T_restbps Resting blood pressure

F_bs fasting blood sugar

Rest_ecg Resting measure of electrocardiographic
Thalach maximum heart rate

Exang Exercise caused angina

Oldpeak__ ST ST depression caused by exerciserelative to rest
Slope Slope of the peak exercise ST segment

Ca Number of major vessels of coloured by Flourosopy
Thal Type of Defect

Step 5. Based on initial population and population generated from mutation process in each iteration new
population is formed. The fitness value function is generated for all individual male satin bower bird with
its combination of population. This generated population is arranged in ascending order. In the analysis of
individual male satin bowerbird has minimum fitness function value are removed. It retained only the largest
fitness function value of male satin bowerbird. In this stage the optimal solution is computed and repeat the
process until it reaches the maximum iteration. This SVM-ISBBO algorithm improvising and produce more
accurate monitoring of abnormal status of student health status based on the wearable sensor information and
send alert message to the student through physician in proper time. The student information also securely
stored in the fog node based cloud storage platform.

4. Result & Discussion. The proposed work of SVM-ISBBO is used for monitoring the health infor-
mation and securely storing the communication information. This proposed work SVM-ISBBO is evaluated
the performance of analysis in the aspect of detection of accuracy, prediction of attack, ratio of delay, cost of
communication, sensitivity, specificity and F1-Score.

4.1. Data Set Description. The dataset used in an effective communication cyber physical system for
monitoring and securely storing communication information using fog computing service is Cleveland dataset
from the UCI repository.The attributes are collected from various communication sensor devices like temper-
ature sensor, ECG, pulse oximeter, temperature, and blood pressure sensors. The data were collected and
saved in the fog node-based cloud storage platform. It consists of 5060 records, 13 features. Table 4.1 is the
description of Cleveland dataset. This dataset contains heart disease related information.

This proposed work is compared with existing algorithms of KNN [22], NB, SVM[5].

True Positive Rate (TPR). The attack in the MCPS is exactly classified as an attack is known as sensitivity.

TP
TPR=——— 4.1
R TP+FN (4.1)

False Positive Rate (FPR) or Miss Rate. Tt is also called as false alarm. This identified the normal data is
considered as an incorrectly identified as an attack.
_ FP
- FP+TN

False Negative Rate (FNR) or Fall Out. It is also called as miss rate. Incorrectly identified the attack data.
that is, true positive will be missed.

FPR (4.2)

FN

FNR=FN 7P

(4.3)



Research on Speech Communication Enhancement of English Web-based Learning Platform 717

Table 4.2: performance metric measures of SVM-ISBBO

Algorithm TPR TNR Miss Fall Out | MCC
Rate

KNN 0.793 0.764 0.078 0.061 0.25

NB 0.789 0.752 0.082 0.064 0.36

SVM 0.863 0.834 0.087 0.59 0.21

SVM-IBBO(Proposed) | 0.931 0.911 0.059 0.051 0.18

True Negative Rate (TNR). The normal data is correctly predicted as normal and it is called as specificity.

TN

TNR=7 N FP

(4.4)

Mathews Correlation Coefficient (MCC). 1t is a corelation between predicted output with real data.

B (TP.TN)— (FP.FN)
MOC= \/(TP+FP).(TP+FN).(TN+FP).(TN+FN) (4.5)

MSE. The mean squared error (MSE) calculate the average of the squares of the differencesbetween the
predicted values and actual values.

n

MSE = > (i = o)’ (1.6

i=1

RMSE. 1t is similar to MSE but for compute this by root of MSE.

n

RMSE = |~ (41 — ya) (4.7)

i=1

From the table 4.2, the proposed SVM-IBBO in the monitoring of health information using MCPSis given.
The proposed work of SVM-IBBO got 0.931 in TPR, 0.911 in TNR, 0.059 for miss rate , 0.051 in fall out and
MCC 0.18.

Percentage Rate of Delivery Communication Sensor Data Packet. The percentage of delivery of commu-
nication sensor information is determined by number of packets of communication information delivered for
a particular time in an effective way. The percentage between the sent packet of communication sensor data
and obtained packet of communication sensor data is evaluated as delivery percentage rate of communication
sensor data packets. This can be shown in Figure 4.1.

From the Figure 4.1 it seems that the number of sensor devices increases and transmitting rate of commu-
nication sensor values are decreased in the proposed work of SVM-IBBO. Therefore, it produces high delivery
percentage rate of communication sensor data packets.

Response Rate. When transmission of communication sensor information from various sensor devices to
fog node-based cloud storage platform. Response rate is rate of interaction of sensor devices for obtained the
sensor information and stored it in fog node. This period of response in the network is given in Figure 4.2.

From the Figure 4.2 seems that the proposed work SVM-IBBO gives high response rate of transmission of
communication sensor information. Figure 4.3 shows that error rate in the monitoring of English communication
sensor information.

In the analysis of monitoring of health-based sensor information our proposed work SVM-ISBBO requires
minimum error rate. Figure 4.4 shows that accuracy rate of proposed work.

In the analysis of Figure 4.4, shows that accuracy rate of KNN got 78.56% , NB got 81.74%, SVM got
85.15% and proposed work of SVM-ISBBO got 92.34%.
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5. Conclusion. An effective communication cyber physical system for monitoring and securely storing
communication information using fog computing service using SVM-ISBBO was implemented. Communication
sensor information is obtained from various wearable sensor devices of student’s body and storing this informa-
tion securely in fog node computing until it safely transmitted to communication server for permit the teachers
to access it. In this work Cleveland dataset is used. This proposed work SVM-ISPBO monitors the students’
heart rate, temperature, blood pressure etc and these values are obtained from wearable sensor devices and
its notifications are sent back to teachers. Teachers’ diagnosis the student information and sent back the alert
notifications to the students for taking proper medications. The accuracy rate of KNN got 78.56% , NB got
81.74%, SVM got 85.15% and proposed work of SVM-ISBBO got 92.34%.This proposed work produces high
performance in various aspects of accuracy, TPR, TNR, Miss rate, fall out and monitor the abnormal com-
munication sensor information in an efficient and accurately. In future, this work may be extended up to for
providing more secure in the fog node by applying the encryption of communication sensor data.
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OPTIMIZATION STUDY OF GRID ACCESS FOR WIND POWER SYSTEM
CONSIDERING ENERGY STORAGE

XUBO LE* QIUHUA CHEN{ MINJIE ZHU} YUCHENG GAO$ BINGYE ZHANGYAND AISIKAERI

Abstract. This study gives an optimized study with details discussion of the access of wind power grid systems and the
energy storage that is high in demand in recent days. The wind power system is a renewable energy resource that can help to meet
the need or crisis of energy related to the fuel resources that are being increased in recent times. This is also helpful where energy
access related to the power supply is difficult. This may also help the places where the shortage of energy and power supply is
faced. There are some issues that are faced at different times that are related to the maintenance and handling of the power grid
of the wind turbines. The technical process of handling the machines and the one-time cost of investment on it at the first time is
also difficult. There are some benefits of the wind power grid with high energy storage capacity that may help to fulfill the demand
for energy that is the main issue of the total system of power supply nowadays. The issues should be mitigated with the help of
expert and at the coastal area where there is plenty of continuous flow of wind may be helpful with supply of power supply with
wind. These advanced systems hold the potential to mitigate the pervasive energy demand issues plaguing contemporary power
supply systems. By expertly addressing these challenges and strategically locating wind power grids, especially in coastal areas
with consistent wind flow, the dependable supply of electrical energy can be significantly enhanced, thereby offering an effective
solution to the prevailing energy supply challenges of our time.

Key words: Power, grid, system, energy, storage, issues, challenges, capacity, renewable, fuel, resources

1. Introduction. The intermittency of power generation with the help of wind can be the cause of some
challenges for normal operation schedules and in different energy states. The power plants that are related to
the Pump Storage are made with wind power plants. It can be helpful for the improvement of the resilience
power system and the access to large-scale source distribution has been helpful to maintain a stable operation
of the energy system with the help of grid systems.

On the other hand, it is also an important thing to make energy storage units and increments of the
consumption process of renewable energy resources and its stable operation with the help of the grid system
and wind power system is one of them. The energy storage process has a great advantage that is helpful for
balanced load, maintenance of the frequency, and the stability of the grid for voltage along with the buffering
of the grid.

This study may help to figure out the energy storage space with consideration of the static security that
can be effective for renewable energy resources like wind with great safety with a reduced cost of investment in
grid systems.

The grid scale storage plays a very important or vital role in the Net Zero Emission by the year 2040
scenario. This storage system also providing the crucial system and the services that are ranging from the
operating of the reserves and the balancing that are short term. It also ranges from the ancillary services
and the stability of the grid as well as the investment connected to deferment in the transmission and the
distribution of lines. This deferment investment is used for the long — term storage of energy as well as the
restoring of the operations that are represented by the grid and following the blackout.

In an era marked by the urgency to transition towards sustainable and renewable energy sources, wind
power systems have emerged as a pivotal solution to meet the ever-growing global demand for electricity. The
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integration of wind energy into our power grids offers a cleaner, more environmentally responsible alternative
to conventional fossil fuel-based electricity generation. However, as wind power gains prominence in the energy
landscape, there arises an increasing need for efficient and reliable grid access and energy storage solutions.
Wind power systems, powered by the kinetic energy of moving air, offer an abundant and renewable source of
electricity. These systems have the potential to significantly reduce greenhouse gas emissions and contribute to
the reduction of our carbon footprint, thus playing a pivotal role in mitigating climate change. However, the
inherent intermittency and variability of wind resources pose challenges in maintaining a stable and reliable
power supply. This is where the synergy of wind power systems and energy storage becomes indispensable.

This research seeks to unravel the complexities and nuances of grid access for wind power systems while
considering energy storage as a pivotal component. By investigating the technical, economic, and environmental
aspects of this integration, we aim to provide valuable insights into the development of sustainable and reliable
energy solutions. As we collectively strive to reduce our reliance on fossil fuels and transition to greener energy
sources, the fusion of wind power and energy storage holds the promise of a brighter and more sustainable
energy future.

2. Objectives.

1. To gain a comprehensive understanding of the fundamental principles and intricacies involved in en-
abling wind power systems to seamlessly connect with the grid while considering the integration of
energy storage solutions.

2. To assess the implications and influence of integrating wind power systems with the electrical grid,
particularly in terms of optimizing and enhancing energy storage capabilities.

3. To investigate the challenges those are faced at the time of making grid access for the wind power
system

4. To get the solutions by mitigating the issues faced in the making of Grid access of wind power systems
in energy storage

3. Methodology. A data set with the help of analytical inspection in the form of composition of the
literature review section. Here, the application of the secondary data set has been verified with different
statistical information and articles that are related to wind power and grid access. The secondary data are
authentic and collected from Google Scholar and from different news articles. The secondary qualitative data
collection method has been followed and interpretivism philosophy has been used. The deductive approach of
the research is used for the present study. The deductive approach helps to connect the theoretical aspect and
the scientific collection of data and get a relation between them [18].

Accessing the grid for wind power systems is a complex process that requires coordination with multiple
stakeholders, from regulatory authorities to utility companies. It’s essential to approach the integration with
careful planning and adherence to technical and regulatory requirements for a successful and sustainable wind
power project.

4. Accessing the Grid for Wind Power Systems with the Energy Consideration System. Grid
integration with the help of wind energy is a collection of all the activities that are related to the connection
of WPPs with the grid. In the first stage, the planning along with the activities before the GOP is done [9].
The physical connection encompassing the activities that are occurring with the firm of wind with the grid is
made. The last and final stage is the operation of systems, which are helpful for the activities occurring after
the connection of the grid [7].

Wind energy is incorporated with a unit commitment process and with the help of an economic dispatching
process [24]. Forecasting is required for the prediction of hourly variability of wind and that is helpful for energy
production. The forecasting lead time has to be reduced as it may be helpful for using the grid in time.

Pumped storage hydropower technology stands as the most widely adopted energy storage method, with
significant potential for further expansion across various regions [12]. Batteries, on the other hand, have
demonstrated remarkable scalability and are integral to grid-scale energy storage solutions. Over recent years,
battery technologies in conjunction with grid-scale storage systems have consistently exhibited substantial
market growth and development [7]. In addition to these, alternative storage technologies, such as gravity-
based storage and compressed air energy storage, play a comparatively smaller role within the contemporary
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landscape of energy storage systems.

Moreover, the term hydrogen that is detailed separately or differentially is a developing or the growing
technology [8]. It is demonstrated as the growing technology that has the additional potential for the seasonal
storage related to the renewable energy [13]. While the approaches are still made or projected the development
and the growth in the system of the storage capacity or possibility of the gird-scale are not presently on the
track in connection with the net zero emissions that need a great hard work and efforts.

4.1. Impact of Winf Power Plant and Grid System for Energy Storage. Integration of new power
plants can create an impact on the grids that exist and on the incumbent generators. The impact of the multiple
time of scale can be described as an hour to hour, day to day, and seconds to second [4].

The impacts of the wind power on the in the system of the grid is mainly depends on the large expansion of
the level of the penetration related to the wind energy, the generation mixture of the electricity in the system
of the grid-scale, and the size and accuracy of the grid. The expansion of the penetration of the wind-energy
at the moderate or the lower level is the matter of the capital investment or the cost.

These issues of the cost are highlighted by numerous regional and national integration studies. This
integration of the capital and cost that are highlighted are modest fairly. The low or the moderate penetration
levels of the wind energy in the power system operation of the power system are hardly impacted. In recent
years 2022, the supply of the power of the wind is less than that of 6 per cent demonstrated by the overall
demand of electricity.

There are various establishments of the control procedures and the system reserves that are available for
the dealing with variety of the sully and demand that are moderate in dealing with additional variability the
lower penetration of the wind energy. This lower penetration of the wind energy levels up an around 30 per cent
that are describes depending on the nature of the significant system. In order to get the higher penetration in
the level of the wind energy that represents some changes or transformation in the system and the procedures
of operations that are required for the accommodation for the further penetration of the winds.

The impacts of the power of the wind energy on the grid power system could be categorized in the long
and the short term affects. The long term effects are mainly related to contribution of the wind power that is
provided to the adequacy and its capability in order to meet reliably with the problematic situations. Therefore
the effects that are short-term are usually caused by the balancing of the system at the time operational scale.

Locally, the wind power plants mostly interact with the voltage of the grid, similarly to any other stations
that are related to the power. This context includes the quality of the power, the state steady voltage deviations
and the control of the voltage at vor the near the sites of the wind farms and this all must be taken into
considerations. The power of the wind provides the control of the voltage and the active power or frequency
control. The wind power plants might reduce the distribution and the transmissions losses when applied through
as generations that are embedded.

1. Wind power plants can create an impact on the voltage level and the flow of power in different networks.
This may be beneficial for the system that is near the load centers and for the low penetration level
areas [26].
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Fig. 4.2: Grid energy storage system

2. Wind power plants may help at the time of low voltage time which can help to improve the up
gradation of the transmission and distribution features of current. Connecting with the remote area
and sometimes, the pressure of the area that is high in demand of electricity and voltages may be
helpful with the help of a wind grid system [23].

3. Wind power has a requirement of measuring and regulating the control and technology generation with
a great penetration level in the local area network.

4. If there is the absence of sufficient current and power exchange between the regions and countries that
may be helpful with the supply of wind generation and supply [20].

5. Wind power plays an important role in maintenance and stability that contributes to helping the total
system with the security of the voltage supply

6. The power plants of the wind can influence the level of the frequency and distribution of the energy in
the all the networks. It also supports and benefits the system In the voltage at the time of faults that
during the low voltage. This wind plants the reactive power that are able to control all the systems
that are installed at the end of the long lines which are radical. This radical lines benefits the system
since they support the quality of the voltage as well as the part of the grid.

7. The power of the winds plays a very crucial and vital role in the management of the accuracy and
efficiency of the system of the grid as well as the production of the power and storage of the power. It
also impacts the security or the safety of the supply of the power in the system of the electricity.

4.2. Challenges faced by the Wind Integration and making Grid Access for the Wind Power
System. The main primary challenge that is associated with the wind firm is the intermittent nature of winds
at different times. Conventional power plants are made and they can give a constant source of voltage that is
estimated for distribution [16]. Wind first generated the voltage as per the availability of winds which is highly
variable. Therefore, the power generation is uncertain at different times. The quality of the power and voltage
is also uncertain as it is dependent on the flow and speed of the winds [25]. The stability of the voltage and
the need for it at different times is stable but the wind is not stable the whole time.

Hence, the voltage stability within the wind grid system exhibits fluctuations. Additionally, the construction
and installation costs of power plants are notably high, demanding extensive space [2]. Investing such significant
capital in a domain characterized by unpredictable wind patterns and power output is not always economically
feasible. Furthermore, the grid-related equipment and technologies necessitate expert handling due to their
complexity.

There is a lack of technological skills among people to handle the wind grid [17]. The lack of constant
current and voltage supply, uncertainty of the amount of the voltage, and the issue those are being faced at the
time of making the voltage switch [13]. With the help of wind creates issues to store the current and using it
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with the help of renewable energy resources this crisis time of merely. Therefore these challenges are affecting
the wind grid power in a great way [5].

4.3. Solutions for mitigating the Issues faced in making of Grid Access of Wind Power Systems
in Energy Storage. The industry of electricity is going under processing changes worldwide with the help of
implementation of the new generation, distribution, and transmission. With the help of consideration, national
and regional markets should be the main target for making growth in renewable energy sources [15].

Technologies of new generation on a wider scale can help to mitigate the significant challenges that are
faced in the grid system of wind power. In different regions, wind integration issues may be faced over the
time of installation of the wind power mills. Sometimes there should be changed the fuel box of the electricity
generation process system should be changed in the integrations [14]. There should be invested different
technical professionals who have the knowledge about the total process of power grid handling and access in a
great way. Training should be provided to the people who are willing to access this system of renewable energy
resources [6]. To cut the cost of installation, a huge amount should be given subsidies from the Government to
encourage people to use this grid and access it. The awareness of renewable energy resources should be helpful
among the people to get interstate and to use it at different times that are useful for power consumption [22].

5. Results.

5.1. Energy storage for the application of grid. Energy storage can be the asset that may be one of
the most valuable assets of the grid system [19]. This can be helpful for the provision of the management of a
load of power, quality of power, and uninterrupted power supply that can help to increase the efficiency of the
demand of power supply and to get a more sustainable energy system [21].

There are different types of energy storage systems that are suitable for grid-scale applications. Locations
of different places are facing the issues. On the other hand, the capacitors used for wind turbines are most
effective for conservation of the power and energy [1].

The cost imposed in the total system for renewable energy resources in the market and balancing it with the
help of increments of concern of policymakers. The techniques of use and analysis should be assessed in the early
stage of the development of the grid power-making stage [11]. The type of approval of the total certification
system can also help to mitigate the barriers that are hampering the total process. Storage capacitors should
be high technologies that may help to conserve the charges and power [10]. This may help to enhance the
energy storage increment that should be used in the time of shortage of power supply or voltage shortage.
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Fig. 5.2: Recent trend of wind energy system

5.2. Benefits of wind power energy through grid access. The presence of solar power and an
electric grid can create an impact on the natural gas and fire plants by modifying the level of output of variable
generation. Fossil fuel generators are non-renewable energy resources that may be finished in the near future
[25]. Wind power energy is a clean resource of renewable energy that may be used in the future without fear
of being finished.

With the help of wind turbines, the energy is harnessed using the mechanical and technical way with the
help of spin generators for creating electricity [3].

Wind energy is an abundant and inexhaustible resource, and it does not pollute the air by burning any fuel.
In the United States, the largest energy resource of renewable energy is the supply of wind energy continuously
[8]. It helps to become less reliable on renewable energy resources. Wind energy has a great help of 329 million
metric tons of carbon emission on an annual basis which is equivalent to 71 million of car emissions that can
be the cause of acid rains and greenhouse gasses [12].

As per the basis of lands and regional basis, wind energy and its cost are competitively low in comparison
with the other resources. It may be a great cost-saving technical process in the future to get more energy and
power and voltage [6]. Wind energy can be implemented in the village or remote areas also as the coastal area
may be helpful with the flow of wind. Island communities are other places where the supply of fuel energy is
not easily available, but the resources of the wind are plenty and this may be helpful for the place to get the
energy supply [4].

The power plants of the wind might need the additional development or growth in the distribution and the
transmission of the infrastructure that are related to the grid system. In relation to the case when any of the
power plants are connected to the system of the grid.

In order to show connection with the high resources that are remote that includes the off-shore or the air or
the wind that are very large in the regions that are remote as well as the centers of the load. The new radical’s
lines that are need to be constructed for the building of the pipe lines for the gas and oil. This building of
the pipeline will maximizing the effects and shows the smooth impacts on the geographically distribution of
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the winds. The supply of the power of the wind required many techniques and approaches for regulating and
maintaining control similarly any other technology that are related to the generations. This management is
necessary for the reduction of the challenges and the issues also increase the power of the firm and include the
additional tramission of the energy and power. The absence of the sufficient and the intelligent and the well
maintained and the management of the power of the supply and wind and exchange of the power between the
countries and the regions are also done through the grid system of the power.

The grid system of the power is describes as the combination or the mixtures of the non-management system
that usually demands the production of the of the power that might results in the maintain the efficiency and
the frequency of the power supply of the winds where they are constrained.

6. Conclusion. In conclusion, wind energy grids represent a crucial component of the modern power stor-
age system, offering the ability to capture and store energy for future use, thereby reducing our reliance on finite
fossil fuel resources. Through a comprehensive examination of data collected at various intervals, it becomes
evident that the application of energy storage, facilitated by wind energy grids, plays a pivotal role in sustaining
a continuous and reliable power supply in regions where traditional sources may fall short. This integration of
power grid systems and energy storage, driven by wind energy, underscores its significance as a catalyst for the
advancement of innovative technologies. These technologies, in turn, are poised to meet the surging demand
for efficient and sustainable power supply systems, ushering in a brighter and more environmentally responsible
energy future.
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EVALUATION OF MONITORING TECHNOLOGIES AND METHODS FOR MICRO
PLASTICS IN WATER AS NOVEL POLLUTANTS: THE EXPLORATION OF ACCURATE
QUANTITATIVE ANALYSIS AND EFFICIENT SCREENING

KE HU, DONGDONG LI, XIAOLEI CUI, DONGHUA HU, JUNLIANG CHEN, SHAOPENG ZHUAN, HAO CHANG,
YAPING ZHANG, TINGTING AN, AND JUQIN ZHANG*

Abstract. Micro plastics have recently emerged as a major biohazard that has a considerable impact on the environment.
Moreover, of the detrimental capabilities of micro plastics, a hope of controlling efforts of micro plastics has been in the headlines.
microplastics have gained notoriety due to their adverse effects on the environment and wildlife. Controlling these minuscule
yet harmful particles requires effective monitoring, detection, and management strategies. This analysis delves into the diverse
techniques and technologies available for tracking and mitigating microplastic pollution. Therefore, the following analysis has aimed
at analysing the monitoring technologies and methods for micro plastics. Additionally, the monitoring methods are observed along
with the advantages and disadvantages. For the development of the analysis, a secondary qualitative method was used in the process.
Additionally, the graphical representation of the efforts for controlling the novel pollutant is analysed along with relevant problems.
Hence, a coherent discussion is presented in the following analysis. This research contributes to the broader understanding of
microplastic pollution and its monitoring while underlining the need for enhanced control measures. It provides a valuable resource
for policymakers, environmentalists, and researchers working toward a cleaner, more sustainable environment. As microplastics
continue to infiltrate ecosystems worldwide, comprehensive monitoring and control efforts are of paramount importance.

Key words: Micro plastic, Ocean pollution, Screening, Sources

1. Introduction. Microplastics, minuscule plastic particles less than 5 millimeters in size, have become a
global environmental concern, particularly when they infiltrate aquatic ecosystems. These tiny plastic fragments
have emerged as significant pollutants in our water bodies, presenting a range of ecological and human health
challenges. The proliferation of microplastics can be attributed to the breakdown of larger plastic items,
like bottles and packaging, and the widespread use of microbeads in personal care products. Additionally,
microplastics can originate from the wear and tear of synthetic textiles, tire abrasion, and the degradation of
marine debris

Due to the properties of micro plastic, it is hard to detect the presence of the same in the environment.
Therefore, development in the methods of detecting micro plastic plays a major role in environmental protec-
tion. It was estimated that around 92% of plastic particles are present in the ocean as a major pollutant [1].
Additionally, it was noted that such a heavy amount of plastic is harmful to ocean wildlife. Thus, the follow-
ing analysis has aimed at evolving the monitoring technologies used for micro plastic detection [2]. Further,
advantages and disadvantages are presented in the following analysis in order to determine the impact of the
methods.

In figure 1.1, micro plastic monitoring comprises of various waste particles that have been reported as
harmful around the globe to understand the role of waste water which is increasing abruptly. In this section,
the various array based reflections have been made that are based on microbes and are primarily settled due
to 76.9% of the total MP detectors [3]. With the increase in micro plastic pollution, the rivers and seas are
suspected to lose their nutritional values soon thereby harmony the lives of the water bodies predominantly.
As a result of this, the various harmful factors are addressed to have concomitant outcomes that are found to
be difficult in practice.

The detrimental impact of microplastics is multifaceted. They pose a direct threat to marine life as they
are often mistaken for food and ingested by a variety of organisms, from zooplankton to fish, eventually entering

*The First Geological Brigade of Hebei Bureau of Geology and Mineral Resources Exploration, HanDan, 056000,China (Corre-
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Fig. 1.1: Graphical representation of micro plastic monitoring

the food chain. Beyond the ecological consequences, microplastics are also a matter of human health concern as
they can carry harmful chemicals and transfer them to the seafood we consume. it is imperative to comprehend
the extent of microplastic pollution in water, monitor its presence, and develop strategies for its mitigation.
This paper offers a detailed analysis of microplastic monitoring technologies and methods, shedding light on
their advantages and disadvantages, and emphasizing their significance in addressing this modern environmental
challenge.

2. Objectives. In order to develop the results in an effective manner the following analyses objectives
were followed:
e To provide a comprehensive analysis of microplastics and their influence on aquatic ecosystems.
e To examine the methodologies employed in microplastic monitoring.
e To assess the existing limitations in environmental microplastic detection technologies.
e To explore the drawbacks of various monitoring methods and their implications for scalability.

3. Methodology. The methodology of analysis looks into the elements that contributed to the develop-
ment of the empirical analysis. Therefore, it can be contemplated that the methodology of a study is responsible
for the systematic development of tangible results [3]. In order to analyse the monitoring methods of micro plas-
tics secondary data was considered in the study. Furthermore, a qualitative method of analysis was employed
in the following analyses. Collecting secondary information can be beneficial in analysing reliable information
[4]. Additionally, with the use of the qualitative method of analysis, it was possible to implement a reliable
relation among different factors. Further, advantages and disadvantages were analysed and reliable methods
are prescribed based on the relations.

Microplastics are tiny plastic particles or fibers measuring less than 5 millimeters in size. They can come
from various sources and can be broadly categorized into two main types: primary microplastics and secondary
microplastics.

1. Primary Microplastics:

(a) Microbeads: These are small plastic particles commonly found in personal care products such as
exfoliating scrubs and toothpaste. When washed down the drain, they can enter water bodies,
posing a threat to aquatic life.

(b) Nurdles: Nurdles are pre-production plastic pellets used in manufacturing. Accidental spills during
transportation or handling can lead to their entry into water systems.

(¢) Microfibers: Microfibers are tiny threads shed from synthetic textiles when we wash our clothes.
They are a major contributor to microplastic pollution in oceans.

2. Secondary Microplastics:
(a) Fragmented Plastics: Larger plastic items, like bottles and bags, can break down over time into
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smaller fragments due to weathering processes. These fragments then become secondary microplas-
tics.

(b) Tire Wear Particles: As vehicle tires wear down, they release small rubber particles containing
microplastics into the environment. These are often washed into water bodies by rain.

(c) Plastic Film Fragments: Discarded plastic bags and packaging materials can degrade into smaller
pieces that find their way into water systems.

The harm caused by microplastics includes ingestion by marine life, with potential health effects extending
up the food chain to humans. These particles can disrupt ecosystems, harm wildlife, and introduce toxins into
aquatic environments. Addressing microplastic pollution is crucial to protect both the environment and human
health.

3.1. Micro plates and their impact on environments . Micro plastics have emerged as a major micro
pollutant over the years. Primarily micro plastics are small plastic particles that are not destroyed and cause
pollution in the environment. Micro plastics range in size from less than 5 millimetres to as small as a few
nanometres [5]. They are a kind of plastic waste that may be discovered in a variety of environmental contexts,
such as soil, water, and even the air [6]. The disintegration of bigger plastic objects, the breakdown of synthetic
fabrics, and the discharge of micro beads from personal care products are just a few of the potential sources of
micro plastics. It was noted that around 92% of micro plastics are found on the ocean surface [7]. Therefore,
micro plastic can be contemplated as one of the major pollutants of aquatic wildlife.

In the above graph 3.1, the different sources of micro plastics are illustrated along with their share of ocean
micro plastic. It can be seen that synthetic textile is one of the major pollutants that have a 35% share. In
addition, was such as car tires and dust are one of the major contributors to the increase in micro plastic
particles in the ocean. Additionally, personal care products have a 2% share of increasing the plastic in ocean
beds [8].

It was noted that there are two kinds of micro plastic that are responsible for the pollution.

The primary source of micro plastic: Primary micro plastics can be defined as plastic particles that
are purposefully produced in a small size, such as plastic pellets used in industrial operations or micro beads
used in cosmetics and cleaning goods 9.

Secondary sources of micro plastics: Secondary micro plastic are plastic fragments that are left over
when bigger plastic objects deteriorate and break apart over time [9]. For instance, environmental elements
like sunshine, wind, and wave action can cause the breakdown of plastic bottles, bags, and other plastic items,
resulting in the production of smaller particles.

3.2. Methods for monitoring micro plastic. Due to the growing identification of micro plastics as new
pollutants with potentially adverse effects on the environment and human health, the assessment of monitoring
technologies and methodologies for micro plastics in water is of utmost relevance. Understanding the distri-
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Fig. 3.2: Fourier Transform Infrared Spectroscopy (FTIR)

bution, concentration, and origins of micro plastics in aquatic habitats requires accurate quantitative analysis
and effective screening. Following are some of the methods used for micro plastic monitoring:

“Fourier Transform Infrared Spectroscopy (FTIR)”: Based on their molecular vibrations, FTIR
can distinguish between various polymer types in micro plastics [10]. It may be used in conjunction with other
quantification techniques and is helpful for qualitative analysis.

Raman Spectroscopy: Raman spectroscopy has the benefit of being non-destructive and, similar to
FTIR, can distinguish different kinds of polymers [11]. Both qualitative and quantitative analyses can benefit
from Raman spectroscopy [3].

Method of optical microscopy: Micro plastics can be visually identified and quantified using optical
microscopy, including stereomicroscope and microscopy employing dyes like Nile Red [12]. Although time-
consuming and somewhat limited in its ability to identify microscopic particles, it is reliable [13].

Method of Sediment sampling: Sediment is a type of testing that is helpful in detecting the excessive
amount of plastics under the sea level. It is performed by extracting the plastics and products of plastics by
the potential sources with the help of commercial ships and aquaculture activities [16]. Through sediment
sampling, the depth of the sea bodies can be estimated and the microscope reviver rate is expected to raise
with the different pre treatment methods. The extraction of micro plastics may include both the steps in which
natural organic materials are degraded resulting in rinsing off the saturated solution segments [18].

Organic degradation: Degradation can be possible when microorganisms such as the fungi and bacteria
with the help of enzymatic actions convert themselves into the metabolic products such as carbon dioxide,
methane and water respectively [19]. It includes the initial attachments off microbial and micro plastics with
the assistance of the bio degradable energies that are the outcome off microbes.

Dye natural fibres: The influence of common textile based on cotton fabrics are assessed to be durable
that generates nearly 14,000 particles of cotton fabric. The microbes are formed under water by cross linking
with the repellent treatment to contribute into loosing the microfiber shedding in the global marine environment
[21]. However, a mismatched plastic waste ends up entering into the water bodies causing miserable harm to
the water bodies. The practice of bio degradation is worldwide and it helps in dumping waste and litters into
smaller fragments to replenish the micro plastics as well as to measure the density of the water.

Sieve supernatants: The separation of harmful particles from the water bodies has made new techniques
and efficacies to separate micro plastics from the matrix thick and rich mass of obligations. The abundance of
micro plastics is pertinent to be limiting the associated hazards and thereby increasing the ample of resources
to factories the reliability of the obtained results in a significant manner [23]. It is relevant to the micro plastics
that can be compared relatively by isolating the micro plastics from the mass of environmental samples in order
to get the appropriate results.

Auto sampler: Auto sampler is use for the collection of samples that are precise in the artificial practices
of collecting the samples of the dust particles to gain utmost productivity. It is an automated machine that
is associated with the gas chromatographers that revolves in the horizontal position. Auto sampler liquids
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Fig. 3.3: Sieve supernatants of micro particles
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Fig. 3.4: ATR FTIR analysis

comprises of concentric hoardings that enable the pumping syringe to push the bio resources into the water
bodies. The sampling apparatus is the titration that determines the carousal auto samplers to inhibit into
the potential courses to acknowledge the floating of discharged liquid that are commonly used in the gas
chromatography [22].

ATR FTIR analysis: Attenuated total reflectance(ATR), is the most widely is sampling method that
determines the transformation of water bodies particles to administer the range of samples to form to explore
the natural differences to explore the natural habitat that are accustomed to cluster the organic functions to
control the water molecules in order to determine the frequency of the water bodies [24]. The mineral resources
are observed to articulate the various concomitants in a selective manner.

The above figure 3.4 is illustrates the functional elements of the ATR cycle that reflects the IR beam
samples which is protruded to verify the IR sources. The relevant practiced are determined to acknowledge the
functional operations in a significant manner.

3.3. Gaps in the process of Micro plastic monitoring. During the analysis of past literature, it was
noted that there are some specific issues related to micro plastic detection [14]. One of the major factors was
related to the cost of the process. It was noted that the cost of FTIR and Raman Spectroscopy was one of
the major hindrances to the mass implication of such methods. However, the effectiveness of the methods is
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comparatively better than other methods. Additionally, it was determined that such methods are complex in
nature [15]. Hence, it can be contemplated that the complexity of the process of major decision-making and
data interpretation can be impacted.

4. Results. In order to determine the monitoring process of micro plastic a systematic analysis was
conducted where different factors were observed. It was noted that micro plastics are one of the major issues that
are polluting the ocean beads. Therefore, accurate monitoring is essential in order to improve the condition [16].

In the above illustration 4.1, a predictive analysis is presented that indicts the growth of micro plastic
pollution by the year 2050 [17]. It can be seen that with appropriate precautions it is possible to stop the
emission rate by the year 2020. However, the above graph further indicated that falling to control the micro
plastic can result in a 2.5 million tone of micro plastics in the ocean [18]. Therefore, developing effective
monitoring is essential for the process.

From the above graphical 4.2 representation, a detailed understanding of the surface micro plastic can be
comprehended. It can be contemplated that there are different levels of the sink for the Micro plastics [19].
Hence, it was found that the monitoring methods need to efficiently identify the different levels of micro plastic
identification. Moreover, for such implications, micro plastic need to methods need to be cost-effective [20].
At the time of analysing pat literature, it was noted that there are certain issues related to the methods that
are hindering the mass application [21]. For instance, costly processes, complex methods, and interpretation of
accurate information are major disadvantages of FTIR methods [22].

However, some of the modern methods are able to counter such issues in an effective manner. For instance,
Method of holographic identification where a 3D imaging of the particle is created [23]. In such a manner, a
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Fig. 4.1: Predictive analysis of the possible directions of micro plastic pollution

Fig. 4.2: Time history showing (a) the total mass of marine micro plastic present at the ocean’s surface with
and without sinks (black line), sinks present in the North Pacific (yellow line), and sinks present close to coasts
(blue line).

better prediction of the micro plastic can be conducted. Furthermore, Nano particle methods aid to identify the
small sizes of plastic [24]. Therefore, an effective contemplation of the particles can be conducted. Additionally,
methods of collecting samples have a major impact on the Identification method of the data [25]. It was found
that with appropriate sample collection size, range, and propagation of the particles can be identified [26].

The above figure 4.3 signifies the probability rate of the micro particles that are addressed as detectable to
produce logarithmic scales. The popularity of the instrumental conditioning have enforced the various courses
of actions to acknowledge the supplementary data sets that can be exposed to the rising commercial possibilities
in a significant manner [26]. The maximum water level is measured to be cumulative in nature to measure
the uncertainties of micro plastics being exposed into the water bodies. The concentrated part is laid off to
factorise the small vesicles forming plasma membrane around the water bodies. The cumulative frequency
raises to 1.0 with a concentration of activating platelets to compliment the activating exposure to over activate
the homeostasis of the circulating micro particles [25].

The above figure 4.4 illustrates the co exposure of viruses developed from the micro plastics that abnormally
increases the mortality rate of the fish and other water animals. The graphical presentation shows that with
zero micro particles, the water remains harmless and clear as crystal. The moments it is accompanies with
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virus and nano particles, it decreases the proximity level of the water making it harmful and poisonous for the
water bodies [18].

The above figure 4.5 illustrates the global annual plastic dumping into the water bodies and carcinogenic
substances. This reduces the fertility of the water thereby making it less effective for the water living bodies.
The prevalence of viruses has reduced the quality of the water thereby making it polystyrene in condition
[19]. The credibility level reduces and the nylon micro fibres incrses the mortality rate of the water bodies by
exposing them to the harmful gases.

5. Conclusion. Therefore, the following analysis conducted a secondary analysis on the impact of micro
plastics and effective monitoring methods of the same. For instance, it was found that monitoring methods
such as FTIR and Raman Spectroscopy are one of the major monitoring methods for micro plastic in ocean
beds. Additionally, it was noted that there are different sinking stages of the micro plastic that need to be
monitored in an effective manner. Gaps in the process were discussed in an effective manner that sheds light on
the disadvantages of current methods. It was noted that cost-effectiveness and accuracy is the prime hindrance
to the scalability of such systems. Therefore, a coherent discussion on the use of monitoring technology for
micro plastic in ocean beds is presented in the study.

In conclusion, this study underscores the critical importance of microplastic monitoring in addressing the
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Fig. 4.5: Dumping of plastics in water bodies annually

growing environmental crisis posed by these minuscule yet highly damaging particles. Microplastics have
emerged as a significant biohazard, profoundly impacting both aquatic ecosystems and the health of organisms
within them. The systematic analysis conducted here has shed light on the various aspects of microplastic mon-
itoring, from understanding their sources and distributions to evaluating the effectiveness of different methods
and technologies. The findings have revealed the urgent need for accurate monitoring and mitigation efforts to
curb the escalating pollution of water bodies, particularly the oceans.

The predictive analysis presented in this study serves as a stark reminder of the trajectory of microplastic

pollution if immediate action is not taken. While the possibility of halting the emission rate by 2020 exists,
the consequences of failing to do so are dire, with projections of 2.5 million tons of microplastics flooding
our oceans by 2050. It is imperative that we heed these warnings and work towards implementing effective
monitoring strategies to control the growing menace of microplastics. Additionally, the results indicate that
different methods for monitoring microplastics come with their own advantages and disadvantages.
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A METHOD FOR SPECIFYING YOGA POSES BASED ON DEEP LEARNING,
UTILIZING OPENCV AND MEDIA PIPE TECHNOLOGIES

ANURADHA T* N. KRISHNAMOORTHY| C S PAVAN KUMAR! L V NARASIMHA PRASAD § CHUNDURU
ANILKUMAR § AND USHA MOORTHY"!

Abstract. Yoga is a years discipline that calls for physical postures, mental focus, and deep breathing. Yoga practice
can enhance stamina, power, serenity, flexibility, and well-being. Yoga is currently a well-liked type of exercise worldwide. The
foundation of yoga is good posture. Even though yoga offers many health advantages, poor posture can lead to issues including
muscle sprains and pains. People have become more interested in working online than in person during the last few years. People
who are accustomed to internet life and find it difficult to find the time to visit yoga studios benefit from our strategy. Using the
web cameras in our system, the model categorizes the yoga poses, and the image is used as input. However, the media pipe library
first skeletonizes that image. Utilizing a variety of deep learning models, the input obtained from the yoga postures is improved to
improve the asana. The algorithms like VGG16 (Visual Geometric Group), VGG19, Convo2d, CNN.

Key words: Deep Learning, Media Pipe, OpenCV, VGG16, VGG19, Skeletonization.

1. Introduction. Yoga is a type of exercise is not just those looking to stay fit and healthy but for those
who seek harmony in their lives. An admixture of asanas and postures, yoga is aimed to help with inflexibility,
attention, and calmness. From bending and stretching to contemplation, yoga helps to regulate ails, reduce
weight, and attack issues like stress and anxiety. Yoga is the ideal drug for those who like to lead healthy
lives and make a connection with body, mind, and spirit Mortal posture assessment is a delicate issue in the
control of PC vision. It manages confinement of mortal joints in a picture or videotape to shape a cadaverous
depiction. To accordingly fete an existent’s posture in a picture is a worrisome errand as it relies upon colorful
perspectives, for illustration, scale and thing of the picture, enlightenment variety, foundation mess, dress
kinds, environmental factors, and connection of people with the environmental factors. The external gadget
with a built-in algorithm that recognizes body corridors and markers as a result in each depth image. The
approach is based on arbitrary decision trees that were trained from a sizable database of artificial body part
marker images. Several mortal body models and a database of mortal stir prisoner data are used to create the
synthetic training images. The diversity and unpredictability of the stir prisoner data reveal the efficiency of
the body part recognition system. For instance, the training data set’s unbalanced distribution of data in one
stir delicacy bloody compared to the other orders will have a poor impact on the recognition performance. It
should be carefully designed to collect the training data somewhat from the area of mortal activities. In real life,
negotiating this is difficult. Many locomotion’s, gestures, and standing behaviors can be easily acquired using
marker-grounded stir training and are included in stir databases that are open to the public. However, because
of marker occlusion, landing behaviors that need the person to thicken, sit, kneel, or bend are more taxing and
do not yield as many data as standing behaviors. A sizable collection of stir data from various stir orders is used
to train the recognition system, however only some stir orders may have enough diversity. The foundation for
posture evaluation and recognition is the information-gathering of the entire body. In order to collect posture
information using colorful detectors, numerous biases have been devised. The most popular detectors are
inertial dimension units, wearable entrance markers, picture detectors, and electromyogram detectors (IMUs).
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In general, people do not need to wear redundant equipment while using image detectors, picture other side be
easy body pose should not cause image occlusion
The contribution of the paper is summarized below: -

1. A useful system for categorizing yoga positions that can be practiced at home unaccompanied. The
general pose discovery model is replaced by the precise and reliable Google Media Pipe library for body
key point recognition.

2. To make the system less amenable to different conclusions, the model employs training and testing
images with different backgrounds. The system allows for background changes and disturbances, such
as exposure to bright light, because the background in each image is the same.

It makes use of a sizable dataset made up of pictures of yoga poses for testing, training, and validation.

4. Future research on yoga pose detection will be made possible by comparative analysis of the various
models.

5. A precise and low-latency model is provided for real-time settings for practitioners who are housebound.

w

2. Related Work. The 3D CNN architecture’s planned structural elements. The 3D CNN armature’s
suggested structural elements. also shows the developed network’s configuration data, including the large count
of parameters corresponding to the different layers, kernel sizes, and the overall size of the point maps. As
depicted in the mentioned figure, the input to the specially constructed containing 3D CNN as an image cell
made up of sixteen frames with a resolution of containing 112 x 112 x 3 pixels that were taken from the video’s
inputs of yoga poses. Neural network, which is made up of different layers 8 Conv3D layers ,5 MaxPool3D
layers and AvgPool3D subcaste, reuses the input picture cell after classifying one of the ten Yoga actions using
a SoftMax classifier. Each of the 3 x 3 x 3 kernels used in the convolutional layers corresponds to aimlessly
initialized pollutants. During convolution, the pollutants apply a stride of one along the spatial and temporal
boundaries with border mode set as valid. For the network to increasingly prioritize discriminating features
from the input video of the Yoga positions, the number of pollutants in the convolutional layers is gradually
raised from 64 to 512 [12]. Our slice technique produces stir data, which is used to train arbitrary decision
trees that automatically annotate input depth photos. The bodily portion to which each pixel in depth pictures
corresponds is identified by a label. Reliable offers for the locations of 3D cadaverous joints are the outcome of
the algorithm for recognizing mortal disguises. A decision tree labels pixels in a rather noisy manner. A noisy
labelled image built on mean shift offers the cypher common [23]. the use kinematic shell limitations to enhance
the delicacy and robustness of typical offers. The severity of the bones and their fixed connection are used to
infer the kinematic restrictions. A femur, for instance, connects a hip and knee joint and places restrictions on
the range of motion for each joint. The depth values between the connected joints should fluctuate linearly from
the knee to the hipsterism within an error threshold since they are intended to measure on the face of the ham.
We can recognize body corridor mislabeling thanks to these restrictions [21]. The model was written in Python
using the Keras Successional API. The shape of the input case is 45%9*18, which represents 45 success frames
with 18 key points that each include X and Y coordinates. ReLLU activation is having to key spots of every frame
for point birth in time-distributed CNN subcaste with 16 contaminants of size 3* 9* 3. CNNs are better able
to value scale- and gyration-steady spatial characteristics. The CNN subcaste can value spatial characteristics
like the angles and distances between the vibrant focal points in a frame. The CNN affair is subjected to batch
normalization for quicker convergence. This is a powerhouse subcaste that prevents overfitting by dropping
some weights at random. The CNN data is applied to each of the 45 frames and smoothed before being fed with
20 units and a 0.5 unit forget bias to the LSTM sub-caste. The CNN subcaste uproots certain features, and
the temporal changes in the features are recognized by LSTM [22]. A body posture modeling and evaluation
system to celebrate and assess yoga poses and suggest instruction to learners is proposed in this study. A
two-stage classifier was built using FCM and BP-ANN to model and celebrate full-body poses. Because of its
crucial nonlinear processing, BP-ANN Detectors recommended as the first classifier to classify yoga stations
into distinct orders capability, and FCM was espoused as the successive classifier to categorize the postures in
a order for the flexible fuzzy partition. The two-stage classifier could handle the variations in subject position
while improving recognition outcomes at a reasonable computational cost. Extension: To further improve the
recognition delicacy, we also suggested a recognition technique to reject insulated honored products and noisy
results with accretive probability [8]. The article suggests a system for correcting posture or poses. With
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Fig. 2.1: Open Pose Architecture Model

YogaST, three categories of poses have been created using the kinect technology: Downward Dog, Tree Pose,
and Warrior Pose are examples. A yoga expert system has been created using texts and graphics to direct the
practitioner. the approximately 5500 photos in the YOGI collection [14]. Angles and joints from these photo
frames were fed into various machine learning models, including Logistic Regression, Random Forest, and
Support Vector Machine, using the "tf-posture” technique (SVM). In the experiment, skeletal characteristics
of the human posture in the photo frame were extracted using Open Pose architecture, and they were then
stored in a NumPy array. Its model is a straightforward neural network architecture with two hidden layers
and an output layer [5]. The posture is estimated with a help of web camera that helps us in capturing the real
time image. They took into consideration 12 sun salutation asana poses that were recorded on a webcam. The
method creates a skeletonized image and on that image feature extraction is applied and through ML model
a sun salutation is classified along with Support Vector Machine (SVM), k-nearest neighbors (KNN), Logistic
regression and Naive Bayes producing 96% of the result [9)].

The VGG 19 convolutional neural network is the model utilized for the experiment. It comprises 19 deep
layers that are made up of a successional composite of complication, corrected direct unit activation, and Max
Pooling layers. illustrates the VGG-19 model’s connected layers. The size of the input subcaste is 224 x
224 x 3, which corresponds to the height, range, and RGB (red, green, and blue) channel separately [2]. the
interconnected successional layers that make up our final experimental model. Figure 8 shows the Transfer
learning VGG 19 model’s armature. A SoftMax activation function that conforms to five class markers for each
of the a fore mentioned yoga acts makes up the affair subcaste. The Adam optimizer, which combines grade
descent with incitement and root mean square propagation, is used in this model. Since it is a multiclass bracket
model, the Adam optimizer’s literacy rate is set to 0.001 and its loss function is categorical cross entropy [1].
The model’s performance is covered with a batch size of 16 and several ages or passes set to 25. demonstrates
the VGG19 model’s performance standards on the train and test datasets. We notice a more suggestive change
in the model’s delicacy after five ages or passes, and it plateaus at 98 percent delicacy after twenty-five [13].

The suggested model’s DCNN armature is like the models. The three layers (convolutional layers) along
with the max-pooling layer with a 2x2 window size and of 2 strides make up the feature extraction portion.
The first three convolutional layers comprise 32(first layer), 128(second layer), and 256(third layer) each with
a size of 3x3 and 1 stride. Because there are three maximum pooling layers used in the armature, the point
feature extraction creates 256-point maps that are three times smaller (3*1) than the size of the input image
(24*8). likewise, the fully interconnected layers receive these qualities (the bracket part). The first, alternate,
and third layers, which make up the bracket portion, respectively have 128, 64, and 32 neurons each and use
the ReLLU activation function. However, the final subcaste uses the SoftMax activation function and contains
26 neurons per labor. Since we used a tenfold cross-validation approach during the training procedure, ten
DCNN models were trained for 100 ages [11]. This study employs Convolutional Neural Networks (CNNs)
for the identification of various poses. Utilizing Kinect, the study investigates a range of image combinations,
including RGB, Depth, RGB-D, and background-subtracted RGB-D [4].
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Fig. 2.2: VGG19 Architecture

A custom dataset was created by capturing diverse activities carried out by various individuals in various
indoor environments. The findings indicate that the most effective approach for indoor video-based fall moni-
toring involves combining RGB background-subtracted and Depth with CNNs [3]. In this research paper, we
introduce a system designed for recognizing Yoga postures. This system not only identifies the specific Yoga
pose being performed by a practitioner but also retrieves relevant Yoga training information from the Internet
to provide guidance on correct posture [15]. To achieve this, we initially employ a Kinect device to capture the
user’s body map and extract the body contour. Subsequently, we utilize ’star skeleton,” a rapid skeletonization
technique that connects from the centroid of the target object to the contour extremes. This star skeleton
serves as a representative descriptor for recognizing the practitioner’s Yoga posture.

Lastly, the system retrieves Yoga training information associated with the recognized posture from the
Internet, assisting the practitioner in maintaining the correct posture during their practice [20]. This paper
introduces a system designed to track and assess the precision of various yoga poses, thereby assisting users
in their yoga practice. The system utilizes Microsoft Kinect to capture real-time data on the movement of
different body parts, allowing for the calculation of angles based on the detected joint points. These angles
are then employed to evaluate the accuracy of specific yoga poses for the user. The system has demonstrated
the capability to promptly identify and assess a variety of yoga poses in real-time [7]. This paper aims to
construct a model for training data that aligns with human posture characteristics, thereby breaking down this
complex problem to reduce computational complexity and enhance system performance in practical applica-
tions. Through real-world experimentation, the model identifies distinct body movement postures by observing
sequences of human postures, employing matching, identification, and classification processes [19]. The results
affirm the feasibility and effectiveness of the proposed method for human posture recognition. Furthermore, for
detecting human movement targets, the paper introduces a method based on Gaussian mixture modeling, and
for extracting human object contours, it proposes an approach based on the Sobel edge detection operator.

Additionally, this study includes an experiment on human posture recognition and an assessment of our
cloud-based monitoring system for elderly individuals utilizing our methodology [18]. The proposed system
begins by detecting humans before conducting posture analysis, restricting the posture recognition process to
human silhouettes. The human detection technique is intentionally designed to exhibit resilience to diverse
environmental factors. As a result, posture analysis relies on straightforward and efficient features that are
intended for characterizing human silhouettes without considering environmental constraints [10]. The posture
recognition method, employing fuzzy logic, can identify four static postures and is robust against variations in
the camera-to-person distance and variations in a person’s body shape. With a satisfactory posture recognition
accuracy of 74.29%, this approach can effectively identify emergency situations, such as a fall, within a health-
oriented smart home [17]. Visual Gesture Builder, a data-driven machine-learning tool for detecting gestures,
was employed to accurately capture essential yoga movements. This gesture analysis technology is currently un-
der investigation for potential integration into exergames designed for personalized medical interventions. The
research objective is to evaluate whether a machine learning algorithm embedded in a basic computer-based
video exergame can evaluate the acquisition of yoga skills in specific target populations, thereby promoting
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Fig. 3.1: Land Marks in Media Pipe Pose

healthy physical activity [6]. This paper introduces an alternative, computationally efficient method for rec-
ognizing Yoga poses in complex real-world settings using deep learning. In pursuit of this goal, a Yoga pose
dataset was curated, featuring the participation of 27 individuals (comprising 8 males and 19 females) and
encompassing ten Yoga poses: Malasana, Ananda Balasana, Janu Sirsasana, Anjaneyasana, Tadasana, Kumb-
hakasana, Hasta Uttanasana, Paschimottanasana, Uttanasana, and Dandasana. The videos were recorded
using smartphone cameras with a 4K resolution and a 30-fps frame rate. For real-time Yoga pose recognition,
a three-dimensional convolutional neural network (3D CNN) architecture was devised and implemented. This
architecture is a modified version of the C3D architecture initially designed for human action recognition. In
the proposed modified C3D architecture, computationally intensive fully connected layers were pruned, and
additional layers like batch normalization and average pooling were introduced to enhance computational effi-
ciency. To the best of our knowledge, this study is among the first to leverage the inherent spatial-temporal
relationships among Yoga poses for recognition. The designed 3D CNN architecture achieved a test recognition
accuracy of 91.15% on the in-house curated Yoga pose dataset containing ten distinct Yoga poses [16].

3. Data Collection. All the videos contain amassed for greater than 40 seconds in an enclosed space at
a frame rate of 35 frames every second. An overall of 88 training videos are 1.5 hour, 5 minutes, and 5 seconds
long at 35 frames every second, or roughly 750 frames. For every terminal state of each pose, roughly a hundred
samples should be collected in order to create an effective classifier. It is critical that the samples used in the
collection reflect a range of camera perspectives, landscape features, body types, and position variations. 33
pose landmarks are predicted by the MediaPipe Pose data set landmark model.

The data set body mark model in Media Pipe Pose predicts the area of overall pose landmarks nose,
left__eye inner, left eye, left eye outer, right eye inner, right eye, right eye outer, left_ear, right_ear,
mouth_ left, mouth_ right, left_sholder, right_shoulder, le- ft_elbow, right_elbow, left_wrist, right_wrist,
left_ pinky, right_pinky, left index, left thumb, right thumb, left hip, right hip, left_knee, right knee,
left__ankle, right_ ankle, left_ heel, right _heel, left_ foot_index, right_foot_index A full-body segmentation
mask displayed as a two-class segmentation can be predicted by Media Pipe Pose (human or background).

4. Methodology.

4.1. Neural Network Architecture. This model majorly works with neural network where the model
tries to imitate the human brain to recognize the yoga posture. Initially, after the skeletonization of the image
or the real time image, the model grasps the random inputs from the input nodes and passes through the hidden
layer providing the output. But before resulting in the output the model tries to recognize the detected model is
relevant to its posture or not through the other proposed algorithms and goes through backpropagation method.
As the human brain tries to learn from the errors, the model imitates the same format of human learning from
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Table 3.1: Key points Used

No | Key Point No | Key Point
0 | Nose 17 | left_ pinky
1 | left_eye_inner 18 | right_ pinky
2 left_eye 19 | left index
3 left__eye_ outer 20 | right_index
4 | right_eye_ inner | 21 | left_ thumb
5 | right_eye 22 | right_ thumb
6 | right_eye outer | 23 | left_hip
7 left ear 24 | right_ hip
8 | right_ear 25 | left_knee
9 mouth_ left 26 | right_knee
10 | mouth_ right 27 | left ankle
11 | left_ shoulder 28 | right_ankle
12 | right_ shoulder 29 | left heel
13 | left__elbow 30 | right_ heel
14 | right_ elbow 31 | left foot index
15 | left_ wrist 32 | right_foot_index
16 | right_ wrist
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Fig. 4.1: Neural Network Architecture

errors and mistakes. The model goes through all these phases and recognizes the exact yoga posture and using
media pipe the points allocated to each phase and part of the body, the model reads the skeletonized image
and through the angles between the points allocated to joints and guides us in practicing the right posture.

A major portion of the exploration work on the Yoga Dataset has been carried out using Convolutional
Neural Networks (CNN). A complication is to input as a sludge performing in activation. It can learn a huge
number of pollutants under constraints specific to a training dataset. The armature substantially comprises
colorful layers with pollutants and activation functions. The convolutional subcaste applies pollutants to the
input image. Pollutants are vital in armature since they descry the spatial patterns in an image grounded
on the change in intensity values of pixels. A pooling subcaste is added to reduce computational costs by
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dwindling interlayer connections. Weights and impulses are added to completely connected layers, which
connect neurons from different layers. Powerhouse layers are added to drop neurons, reducing the size of the
model. Experimenters have experimented with different layers and activation functions in their work. Shows
the armature of a Convolutional neural network.

From figure 4.2 describes about Keyframes are created from each frame of the videotape in the first phase,
which is followed by their storage in JSON format. Key points are various body parts that make up a person
and are important for the formation of a yoga disguise; examples include the shoulders, elbows, wrists, knees,
etc. For important aspects, we used the Media Pipe library, a cross-platform toolkit created by Google that
offers incredible ready-to-use ML results for computer vision applications.

A highly optimized, trained CNN model is utilized in this phase to infer thirty-three 3D milestones and
entire body from RGB video tape masks with the background segmentation frames. This phase also uses a
CNN model for high-dedication body position shadowing. Three equals are generated by the Media pipe library,
with Z denoting the depth of a 2D match. (10). Fig. 3.1 displays the 33 key points provided by the Media
Pipe library, whereas Fig. 4.1 shows the outcome of using the key points to root the data.

4.2. Training. In this paper, we have analyzed the yoga pose classification techniques in detail and have
also created a model to contrast with the existing approaches. While most of the models exceed expectations
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Table 5.1: Accuracy of Various Classes

S.No | Name Class Accuracy (%)
1 Validation | Framewise | 98.45
2 Training Framewise | 97.56
3 Real Time | polled 99.05
4 Test Polled 96.34
5 Test Framewise | 97.89

with higher performance metrics, the dataset needs to be more mature. An ideal dataset should be diverse
and should reflect real life as much as possible. Overfitting and Underfitting a machine learning model can
perform worse on newer data and leads to poorer accuracy and other performance metrics. Data Augmentation
techniques can help in producing more data and thereby improve the size and the quality of the dataset For the
visualization of asanas, features are carried out using Open Pose and the common position values are recorded
in the JSON train. CNN and LSTM (Long Term Short Memory) models are also connected. Due to the
combination of the two, we can recognize the fashionable set of data created by CNN (Convolution Neural
Networks) and the data dependencies for long term created by LSTM. Theano’s backend and Keras are used
to collect the model. The performance of the entirely linked subcaste’s relationship with SoftMax activation
is scaled using the categorical because of its suitability cross-entropy loss function happened. Because of the
straightforward inputs and small design, the training is quick at about 22 seconds every time. Over the course
of training, both the modify in delicacy and the loss function independently. Initially, the accuracy of both
increases fleetly with training accuracy staying below the validation accuracy The variations for training and
confirmation accurateness, and training and validation misplacements throughout network training. The both
accuracy increases steadily for the first 10 years, as depicted in the figure. however, a marked difference in
accuracy can be seen in later ages. Also, it is possible to see that the validation accuracy detects the training
accuracy, shows that sufficiently generic model is and will render the chosen Yoga poses coherently on test
or unseen Yoga options. Once the network converges for the 25th time, none of the two measures—training
accuracy nor validation accuracy—undergoes any substantial change (the model becomes pregnant). At the
fifteenth repetition, the errors and misplacements transfer their asymptotic values. Nevertheless, When the
model was impregnated, training was stopped after another 18 epochs, with the validation accuracy remaining
unchanged. As a result, the Model Checkpoint call back job automatically saves the model of the weights
corresponding to the time having good validation accuracy, for conclusion test data of yoga disguise input
videos. In conclusion, our developed model successfully fitted the dataset of difficult real-world Yoga poses
from our own set during training within 25 epochs.

5. Results and Discussion. The perpetration of other transfer literacy models for image classification
similar as ResNet50, Inceptionv3 and Efficient Net. Advanced data addition ways can be used to give added
quality- concentrated data which aids the model’s interpretation. Although it is computationally precious,
tentative GANs and neural style transfer styles transfigure an image from one sphere to another furnishing
robust data to feed the neural network models. The count of acts used to develop in the data set to aggrandize
the dataset’s quality and bring further credibility to the use of the yoga classification model. Table 5.1 represents
the accuracy of various classes.

The work provides self-train systems for recognizing and correcting the posture into consideration and uses
the RGB webcam. In our data consisting the yoga postures based on the image of the system performed well
and giving instructions to correcting the yoga pose includes totally various from each and every appearance, it
gains an total accuracy of 90% in feature extraction.

They used homemade point birth and make a distant model for every yoga pose, which performs and gives
lower time count devouring to apply and requires a good number of features add . In our route a good order
of Yoga is reachable as can append any neuron in every t thick subcaste and again train the model on the
substitute data in the dataset. The given model contains 99.38% is also prideful to containing model as shown



A Method for Specifying Yoga Poses Based on Deep Learning, Utilizing OpenCV and Media Pipe Technologies 747

Accuracy(%)
3.5
9
T
9E
Br.5
ar
.5
1
¥5.5
85
Gl -5
Framewise Framewise Polled Palled Framewiie

Fig. 5.1: Comparison of Accuracy for various classes

Score 75 FIGHTING]

Fatimrud ihe righi mom ot sdos

LI s rlegisl mrrm

Lxiarg ihe mngée of right kip

Raduce the ongle ot ieft sip

Fig. 5.2: Adho Mukha Svanasana

in figure 5.1.

5.1. Real Time Yoga Posture. From fig 5.2 Based on the trained data, the model suggests the person
instructions to make the posture perfect. By comparing the real time practice to the trained practice with the
body points and angles between the joints, the model has instructed the person to lift his right arm, extend
the angle at right hip, and to extend the right arm at elbow giving the score 75.

From figure 5.3 this posture got some different angles compared to the previous yoga pose. These angles
are now to be compared to the real time practice. As we can see the both arms of the person, the left arm is a
bit tilted whereas the other arm is straight. The model instructed the person to lift his right arm and his left
arm.

From figure 5.4 the person is instructed on lifting his left and right arm and extending and reducing the
angle at his right and left hip to make the posture perfect giving the score 77

From figure 5.5 the current posture lacks some details from the actual posture and the person is instructed
on extending his both right and left arms reducing the angles at his right hips and knees and extending the
right leg more. According to the score 67, the person needs to work on this posture more.

From figure 5.6 the practitioner got advised about lifting his both arms to make the namaskar gesture
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straight and perfect and to make his right leg straight. And about the left knee, the person still needs to
increase the space between the knee that is to increase the angle.

6. Conclusion. We have created a system in this design that consists of a channel for disguise identifi-
cation, point localization on the mortal body, and an error identification method. This technique attempts to
aid individuals in correctly yoga practice on their own and assist with ailments that may result from improper
yoga poses. The approach using the algorithms CNN (Convolution Neural Networks) and the algorithm LSTM
(Long Short-Term Memory) on disguise data attained to the library of Open Pose for Yoga actions discovery
and set up to be largely successive. A device identifies the all poses on recorded videos as of the all activities
of real time for every person. The devices gained detects Yoga shows in a videotape with 99.04% for framewise
and 99.38% after polling process of each 45 frames. The network device scored 97.92% in real time activity of
different people shows its capability to achieve easy more contents and conditions. The approach is suitable for
evaluating the stoner’s disguise from the front and providing feedback so that they can improve their yoga dis-
guise using deep literacy techniques. The designed model is mounted atop a dashboard that was likewise made
with stoners in mind It would be commented that our route predicates the need for any different technical tackle
for Yoga pose adjustment and can be enforced on taken input from employing RGB camera. additional yoga
postures, more datasets, and real-time image and video activity are all included. The device can be mounted
on a mobile for tone-training and real-time forecasting. This work improves as proof of effort identification.
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INTERFACE CONTROL AND STATUS MONITORING OF ELECTRONIC INFORMATION
EQUIPMENT BASED ON NONLINEAR DATA ENCRYPTION

MIN YAN*AND HUA ZHANGT

Abstract. An advanced electronic information equipment interface control and status monitoring system is proposed to ensure
the fairness, objectivity, and security of information while identifying responsibility for traffic accidents. Through an in-depth
analysis of the system’s security requirements and the current landscape of information security technology, a robust security
strategy is developed for each crucial system stage. A PC-based platform is developed for efficient data acquisition, secure processing,
reliable transmission, and fortified storage, focusing on implementing nonlinear data encryption methods. Performance evaluation
of the system involved rigorous testing using files ranging from 3MB to 10MB. The results of the proposed system revealed a
significant improvement in the system’s overall speed and efficiency, showcasing an average performance enhancement of one quarter
compared to the original platform. The proposed system demonstrated an impressive 15% to 30% increase in processing speed,
establishing its capability to ensure data integrity protection during information transmission, facilitate accurate identification of
data recording equipment post-accident, and safeguard the security of stored data. The developed electronic information equipment
interface control and status monitoring system effectively addresses critical challenges associated with ensuring data integrity and
security in traffic accident investigations.

Key words: Traffic accidents; Data encryption; Information security; Fairness; Objectivity

1. Introduction. In the current era of rapid economic growth, the exchange of information has become
increasingly crucial. However, certain factors, such as the propagation of connecting cables and space saturation,
significant challenges to efficient information transmission. To tackle these issues, scientists have developed various
short-range wireless communication technologies. These technologies involve communication distances of less
than 200 meters and employ radio technology for data transmission among different devices. Notable examples
of such technologies include Bluetooth, Wireless Fidelity (WiFi), IrDA, UWB, Near Field Communication
(NFQC), ZigBee, WLAN, Ad Hoc, WMN, and ANT, each occupying distinct wireless frequency bands and offering
unique performance, technical advantages, and application environments [123].

The significant advancements in Bluetooth’s technical specifications, particularly with the release of the
Bluetooth 4.0 specification in 2010, the competitiveness of Bluetooth products in the market has surged, leading
to an expanding scope of applications. Statistical data indicates a rapid upsurge in the production of Bluetooth
technology products since 2007, with global sales surpassing 1 billion units in 2008, reaching 1.6 billion units in
2011, and nearly 2 billion units in 2012. According to ABI’s market tracking report on the Internet of Everything
(IoE) in the second quarter of 2015 (MD-IOE-104), the worldwide count of Internet of Things interconnection
devices is projected to exceed 45 billion by 2020, with at least 14 billion of these devices utilizing Bluetooth
specifications. Bluetooth technology products are anticipated to account for at least one-third of Internet of
Things interconnection devices by 2020. The widespread application and integration of Bluetooth products
within the increasing Internet of Things landscape have made them ubiquitous in everyday life [456].

Despite being the primary wireless communication technology acknowledged by the industry, concerns
regarding the security of Bluetooth technology have persistently echoed throughout the external sphere and the
extensive user community. With the continuous evolution of network technology and the substantial enhancement
of computer processing capabilities, Bluetooth’s conventional encryption algorithm mode has become inadequate
to meet the security demands of the contemporary application landscape. Presently, the utilization of Bluetooth
applications has witnessed consistent spread. Notably, not only traditional sectors such as medical, commercial,
financial, defense technology, aerospace, and the military, characterized by high information value and stringent
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security prerequisites, impose fresh security requisites on Bluetooth, but also various mass industries, including
the automotive sector, security, automated control, environmental monitoring, smart home technology, urban
management, modern architecture, and the Internet of Things, have thrust Bluetooth security concerns to
the forefront. Consequently, Bluetooth technology’s current data security performance is causing significant
apprehension [7, 8].

2. Literature review. In 1994, Ericsson’s mobile communication department pioneered developing a
cost-effective and energy-efficient wireless technology to facilitate the connectivity between mobile phones and
nearby devices, eventually named Bluetooth. Subsequently, in February 1998, Ericsson, in collaboration with IT
industry leaders including Intel, KM, Nokia, and Toshiba, established the ” Bluetooth Special Interest Group”
(Bluetooth SIG), formally solidifying its presence in the technological landscape. The consortium welcomed the
participation of additional technology giants such as 3Com, Microsoft, Motorola, and Lucent, who joined the
ranks of Bluetooth SIG as active proponents [9].

On July 26, 1999, Bluetooth SIG introduced Bluetooth specification 1.0, marking a significant milestone in
the evolution of the technology. This was followed by the release of Bluetooth Specification 2.0 in November
2004, which proposed the Enhanced Data Rate (EDR) transmission mode. The latest Bluetooth specification,
3.0, was unveiled on April 21, 2009, incorporating the high-speed transmission mode, boasting a maximum 24
Mbps [10].

The concept of low-power Bluetooth, originally conceptualized by the Nokia Research Center, began its
developmental journey in 2001 and was officially launched in October 2006 under the name Wi-Bree. Initially
targeted at applications in personal medical and security domains due to its exceptional low-power Design and
compatibility with traditional Bluetooth, Wi-Bree exhibited strong market potential in the medical and safety
sectors. Comnsequently, the Wi-Bree Forum announced its incorporation into the Bluetooth Special Interest
Group (SIG) on June 12, 2007, leading to its renaming as Ultra Low Power (ULP) Bluetooth [11].

In mid-2008, ULP was rebranded as Bluetooth Low Energy, with plans to introduce low-power Bluetooth
specification products in mid-2009. Subsequent advancements led to the official launch of Bluetooth Specification
4.0 by the Bluetooth Special Interest Group on June 30, 2010, combining traditional, high-speed, and low-power
Bluetooth capabilities, propelling Bluetooth technology to a new level. The Bluetooth Technology Alliance
continued this trajectory with the introduction of the Bluetooth 5.0 specification on June 16, 2016, announcing
substantial enhancements in transmission distance, speed, and data capacity, thereby setting the stage for a new
generation of Bluetooth standards from the end of 2016 to the beginning of 2017 [12].

The author’s primary focus centres on conducting an in-depth analysis of the system’s security prerequisites
and proposing comprehensive security measures for each system component, closely integrating insights from
information security technology. Emphasizing the system design’s pivotal aspects and pragmatic aspects,
the author has developed a PC-centered platform dedicated to data gathering, secure processing, continuous
transmission, and reliable storage. This platform validates the establishment of communication channels and
the effectiveness of the data protection processes [13].

3. Research Methods.

3.1. Safety Demand Analysis. The primary risk to the secure transmission of data within the system
during the data processing phase arises from potential transmission failures or wireless interferences during the
data transfer between the front-end acquisition unit and the central unit. These challenges concerning data
integrity, timely delivery, and the security of Bluetooth wireless connectivity. Furthermore, ensuring storage
security involves verifying the freshness and integrity of data upon its arrival at the central unit. The goal is to
guarantee the authenticity of device identity and data integrity, thus necessitating implementing the proposed
storage process security measures. The safety structure diagram showing the data processing process within the
system is presented in Figure 3.1 [14].

The fundamental security of the system is chiefly responsible for safeguarding the integrity and protection
of the system’s software and hardware elements, alongside the associated technologies utilized in their creation
and operation. This entails implementing robust strategies to reinforce the inherent defenses of the system
against potential vulnerabilities and threats. Notably, it emphasizes the deployment of dependable protocols
and mechanisms to strengthen the system’s flexibility against unauthorized access and breaches.
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Fig. 3.2: Schematic of system security

Conversely, the heightened security dimension of the system primarily revolves around the meticulous
management of data, incorporating sophisticated information security protocols and cryptographic methodologies
to establish an additional layer of defense. The system uses sophisticated cryptographic techniques to encrypt
and decrypt sensitive data, reinforcing its capacity to resist potential cyber threats and unauthorized breaches.

The system’s security framework, encompassing both the foundational and advanced security layers, is
concisely represented in Figure 3.2. This visual representation underscores the comprehensive structure of the
system’s security architecture, highlighting the pivotal interplay between foundational security measures and
state-of-the-art technical procedures for ensuring robust data protection and overall system integrity.

3.2. System security design and implementation.

3.2.1. Data integrity design and implementation. Within this system, the preservation of data
integrity pertains to the seamless transmission of data from the front-end unit to the back-end unit via Bluetooth
communication. Additionally, it ensures the perpetual authenticity of the recorded information before and
after the back-end unit ultimately stores the data. This entails guaranteeing that the data remains unaltered
throughout these two critical data transmission and storage stages [15].

In the area of cryptography, the concept of the hash function is intricately intertwined with safeguarding data
integrity. Typically employed to generate concise data ”fingerprints,” the hash function aids in distinguishing
data through its distinctive characteristics. Notably, any alterations to the data trigger corresponding changes
in its associated ”fingerprint.” Consequently, in cases where data integrity is potentially compromised during
transmission or storage, data integrity verification can be facilitated by recomputing the data’s fingerprint and
cross-verifying it against the original data fingerprint. This process effectively ensures the continual authenticity
of the data [16].



754 Min Yan, Hua Zhang

Y .-'—"-.'.
i Frreadt % i \
| ' H_ ok |
BLgun e e T e
i anwinee M law i
| !
. P (" v
K _I_

- E—— - -
.'r ‘.'I |'f x'.
W Thare getirvan= B Thare grawares
|I it | Mok Tensciben | P I|
! L)

I"H .-'II h .--"II

—
; N e ‘-.
¥ | T T i
| kmhrrqmudllhl | TR R | m:_".wJ u-:; | |
\ [ » raTalng g _E_EH__\;‘:‘. recrhing ermbal
— M1_Male "H—r”ll
1 e

Fig. 3.3: Process for Ensuring Data Integrity

Let’s consider the data structure M_Image, which encompasses both temporal and spatial information stored
within the system. The hash function, denoted as H, is employed in the context of the security mechanism
implemented within the front-end unit. Notably, the processor within the front-end unit undertakes the hashing
operation, as depicted in the following Equation 3.1.

H _Code = H(M _I'mage) (3.1)

Consequently, the resultant output is the fingerprint of the recorded data, often referred to as the message
digest of the data. Subsequently, during the transmission of the data structure package within the system via
Bluetooth or upon the data’s entry into memory through the system bus, it becomes necessary to re-execute
the hashing operation exclusively at the receiving end of the transmission channel or when retrieving the data
structure from memory. This operation is demonstrated as follows:

H _Code' = H(M _Image) (3.2)

This results in the new condensed message representation of the data. Comparing H_Code and H_Code’
for equality signifies the data’s integrity. It is crucial to note that this determination relies significantly on the
security attributes of the hash function. Moreover, given the embedded nature of the system components and
the inherent constraints on data transmission and processing capacity, adopting a relatively uncomplicated and
convenient hash function is imperative.

Specifically, the hash functions can be categorized into those without keys and those with keys. In cases
where hash functions without keys are utilized, it is essential to ensure the secure storage or transmission of
the message digest (H_Code). Consequently, a hash function with a key to generate the condensed message
summary is recommended. The outlined process is as follows:

(1) H.Code=H(M_Image) and H_Code’=H(M_Image)

(2) H.Code?=HCode

Here, K represents the key of the HMAC function. In the practical data communication framework of the
system, K functions as a provisional key solely dedicated to upholding the integrity of data transmission. Its
primary objective is to secure the successful exchange of validation data between the front-end and back-end
through the HMAC function. Consequently, the session key can be designated for both communicating parties
during data transmission. It is crucial to securely store K within the system, ensuring its confidentiality and
safeguarding its integrity. Figure 3.3 illustrates the design process for data integrity protection [17].

Within the data integrity mechanism framework, if the newly computed message digest differs from the
initial message digest dispatched by the front-end unit, the system will discard the data. To ensure data integrity,
the system utilizes a retransmission strategy to compensate for any discarded data.
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Fig. 3.4: Model for Implementing Digital Signatures using Public Key Cryptosystems

3.2.2. Design and implementation of non-repudiation of data records. Non-repudiation prevents
the originator of a message from disowning the disseminated or transmitted message. In the system context, the
vehicle monitoring data pertains to the information captured by the onboard equipment installed within the
vehicle. As this data constitutes authentic records of the accident scene, it may contain information not in favour
of certain parties. Consequently, to uphold the principle of impartiality, when the ”evidence” is subsequently
presented to the accident responsibility adjudication authority, the authority must verify the identity of the data
recorder, i.e., the vehicle equipped with the monitoring system, and ascertain the origin of the evidence data.
This verification is essential to prevent any evasion of unfavourable records. The non-repudiation mechanism
within the system ensures the accountability of the data recorder and the data, thereby safeguarding the integrity
and reliability of the entire process.

More specifically, the system’s data security protection entails ensuring the security of the data both before
and after storage. This comprehensive security measure is augmented by implementing a sophisticated digital
signature scheme, representing an advanced level of protection within the system.

The data information the system captures incorporates the timestamp associated with the data recording
process. In this context, verifying the consistency between the data generation time and the time of the recorded
events is instrumental in ensuring the data’s current state. However, this verification guarantees the data’s
chronological accuracy and does not provide comprehensive assurance of its authenticity. The system must
employ a digital signature mechanism to guarantee non-repudiation of the data’s origin [18].

In the system, attaining non-repudiation through digital signature for data relies on applying public key
cryptography as an encryption algorithm. This technique employs a pair of keys, where one key is used for
encryption, and another distinct yet related key is employed for decryption. Its notable advantage lies in the
computational infeasibility of determining the decryption key solely based on knowledge of the encryption
algorithm and key. When the public key encryption is utilized for digital signatures, the private key is initially
employed for encryption, a process known as signing. To enhance efficiency, it may process either a segment of
the message or the message summary.

As previously discussed, following the wireless transmission of data via Bluetooth and its verification for
integrity, the data is stored in the temporary memory of the central control and data centralized processing
unit. Before direct storage, the original data, which is currently devoid of any association with the recorder’s
identity, requires further security processing. The message digest of the original data, generated during the
integrity verification, serves as the security hash code output by the corresponding data hash function. In this
scenario, the system’s private key encrypts this hash code to create a signature. Consequently, the recorded data
concerning vehicle accidents and the accompanying signed information are stored in the non-volatile memory of
the central control and data centralized processing unit. Concurrently, the system’s signature represents the
public key generated with the private key and disseminated through alternative channels such as the Public Key
Infrastructure (PKI) system [19].
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Fig. 3.5: Schematic diagram of data confidentiality processing

When the system’s data necessitates submission to the certification authority for verification, the certifying
entity extracts ”evidence” data from the system’s non-volatile storage. It validates it using the data record
claimant’s public key. This process verifies the authenticity and validity of the data recorder’s identity, thereby
facilitating the objective of responsibility identification. Figure 3.4 illustrates the schematic diagram of the
implementation model, demonstrating the application of public key cryptography as a digital signature within
the system. To verify the identity of the digital signature to the data recording device, here we use the RSA
algorithm based on the mathematical problem of large prime number decomposition.

3.2.3. Data confidentiality requirements. Based on the preceding examination of the system’s security
requisites, it is evident that the comprehensive security framework for monitoring vehicle operation and accident
data primarily emphasizes the integrity of wireless data transmission and the authentication of the data storage
device. Typically, the data stored within the system is either inaccessible under normal circumstances or
possesses minimal confidentiality demands. However, considering potential functional expansions, sensitive data
such as GPS coordinates can be subjected to encryption.

In practice, the information logged by the onboard system doesn’t require confidentiality measures for
external parties. Even if the data is intercepted, the integrity of the key data recording information and the
originating equipment remains unchanged. Consequently, the data retains the authentic details of the involved
parties and upholds its legal validity as ”evidence” for the responsibility identification authority.

In light of this, we establish the system’s data confidentiality requirement as an extended security mechanism.
The fundamental implementation concept involves the nonlinear data encryption after the signing process
before its storage. Conversely, before its use as ”evidence,” the data undergoes decryption to eliminate the
confidentiality shield, followed by public key verification. This approach is depicted in Figure 3.5.

In the data security design, we employed the AES symmetric encryption system. While ensuring the system’s
security demands, we have considered the performance criteria on the embedded hardware platform. Encrypting
specific, limited-sensitive data fulfils the security needs and alleviates the functional strain on the system.

4. Result analysis and Discussion.

4.1. Test platform for Bluetooth transmission and data security processing. Two key techno-
logical facets underpin the wireless Bluetooth vehicle safety monitoring system conceptualized by the project.
Firstly, Bluetooth wireless data transmission’s implementation and security technology facilitates data integrity
protection, signature verification of data publishing devices, and encrypted storage of data message digests. To
demonstrate the efficacy and practicality of these technologies within the system, the author has established a
test environment on a PC platform, emphasizing Bluetooth wireless transmission and data security processing.
This initiative has preliminarily actualized the research objectives and key technologies outlined in the system
design.

To underscore the realization of Bluetooth communication and data security processing, the embedded
control PC in the test platform has been substituted with a PC. The Bluetooth module is connected to COM1
and COM4, respectively. The software environment for the test platform has been compiled using Visual
C++v6.0 and is executed accordingly. The two Bluetooth devices within the test platform adhere to the
agreed-upon protocols for seamless communication.

Main equipment address: 00 80 38 14 3¢ CC COM1

Slave address: 00 80 38 14 3d 0f COM4
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4.1.1. Test platform software. The testing software employs the Visual C+4v6.0 serial port control,
MSComm, to regulate the serial data communication interface. It effectively manages the Bluetooth module
and facilitates data transmission via the HCI interface of the Bluetooth host.

4.1.2. Bluetooth communication function realization. Initialize the slave device (00 80 37 14 3d 0f):
Select the function reset by chip, set the authentication enable, set the event filter, read the device address and
query enable.

#define HCI_.RESET 701 03 0C 00”
#define HCI.WRITE_AUTHENTICATION_ENABLE 701 20 0C 01 00”
#define HCI.SET_EVENT _FILTER 701 05 0C 03 02 00 02”
#define HCI. READ _BDADDR 701 09 10 00”
#define HCI.WRITE_SCAN_ENABLE 701 1A 0C 01 03”

Bluetooth module reply time grouping.

At this time, the slave device has entered the waiting query state.

Main device initialization (00 80 37 14 3c cc): select the function by chip reset, set authentication enable,
set event filtering, read device address and search device in sequence.

#define HCI.RESET 701 03 0C 00”
#define HCI. WRITE_AUTHENTICATION_ENABLE 701 20 0C 01 00”
#define HCI.SETEVENT _FILTER 701 05 0C 03 02 00 027
#define HCI.READ_BDADDR 701 09 1000”
#define HCI_LINQUIRY 701 01 04 05 33 8B 9E 06 00”

Subsequently, the primary device yields the search outcomes, identifying a nearby Bluetooth device as the
target slave device. Upon selecting the ”create ACL link” function by the primary device, both the master and
slave devices confirm the successful establishment of the link, denoted by the event group comprising the other
device’s address. The command structure for transmission is as follows: m_StrAddress represents the location of
the Bluetooth device’s address, specifically the slave device address.

HCI_.CREATE_CONNECTION1+m_strAddress+ HCI_.CREATE_CONNECTION2

Following the successful establishment of the ACL, the master-slave device events are synchronized accordingly.

Post ACL link establishment, the transmission of data files becomes feasible. The sender showcases the time and
location details of the file’s record and transmits it to the receiving end. Concurrently, the HMAC function is utilized to
compute the summary of the data file. The function for calculating the data file summary is as follows:

void CBluetoothDlg:Mac(CByteArray & data, CByteArray & mac)

Assuming the HMAC function key is: ”01234567890123456789,” the data file information slated for transmission
aligns with the information obtained by the receiving end.

Based on this, we can deduce that the sequence of message digests computed by the identical hash function with
the key remains consistent before and after the file transmission. This consistency serves as a verification of the file’s
integrity throughout the transmission process.

4.1.3. Implementation of digital signature and verification. This section primarily includes two key
functions: data security processing and security verification, enabling private key signature, data encryption and
decryption, and public key verification. Depending on specific test requirements, signature and encryption can be
independently chosen.

The public key information is manually inputted for device verification during the test without a Public Key
Infrastructure (PKI) system for providing public key release. Furthermore, to ensure the security of the signature private
key, the USBeKey facilitates the private key signing in the RSA public key encryption algorithm.

The electronic key eKey is the ”electronic key and ID card” within the client (i.e., the signatory). This USB-based
product features a smart chip and a read-write controller, exhibiting a sleek design for convenient portability across
various computers equipped with USB interfaces. It functions as a tool for digital signatures, identity authentication,
secure information and data encryption, and the storage of personal certificates within a network environment. With a
user storage space of 64K, it enables personal information, passwords, keys, certificates, and more storage. Additionally,
it supports the RSA 1024-bit public key cryptography algorithm, allowing direct generation of RSA key pairs within the
chip and facilitating functions such as signature/authentication and encryption/decryption. It provides an API dynamic
library for streamlined programming.
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Table 4.1: Comparison Results of Speed Test

Processing time(s)
File type | File size Original platform Author’s text
platform
MP3 3.10MB 7 7
EXE 6.35MB 13 9
Z1P 10MB 400 340

i
o - [ hgmal pliaiars i
[ et plarforra
o 14
T e
H
k-]
g o=
By
E iy
‘m 12D
=]
1
0
L] v 13 []
] T  E— —
WE EXE T

File type

Fig. 4.1: Comparison of Processing Times between Original and Author’s Platforms

During security processing, the initial step involves selecting the desired file for processing. If encryption is necessary,
the encryption key must be entered. After selecting ”Execute,” the program prompts the user to store the file following
security processing for verification purposes.

4.2. Speed test. Files within the range of 3MB to 10MB were chosen for testing purposes, and the outcomes of
the tests are presented in Table 4.1 and Figure 4.1.

The Table 4.1 presents the processing durations for various file types on both the original and author’s platforms. It
offers insights into the processing time in seconds for MP3, EXE, and ZIP files, along with their corresponding sizes.
The data emphasizes the superior efficiency of the author’s platform, showcasing reduced processing times compared to
the original platform for all file types. As indicated in Table 4.1, the author’s platform demonstrates an average speed
improvement of one-quarter over the original platform, resulting in an increased speed of 15% to 30%.

5. Conclusion. The integration of wireless Bluetooth technology with advanced data security processing, including
data signature, encryption, and decryption, has led to the development model for a vehicle-mounted monitoring system.
With the support of embedded control technology, this model maintains data integrity during information transmission,
safeguarding against breaches and tampering for dependable data transfer. Furthermore, the system’s ability to identify
data recording equipment post-incident supports its security infrastructure, ensuring a robust mechanism for secure
data storage. This contributes significantly to maintain the integrity of critical information providing credible evidence
for post-incident analysis and investigations. Through the whole integration of these technologies, the system supports
data transmission against potential vulnerabilities and establishes a strong foundation for ensuring data credibility and
security in vehicle safety monitoring. As a robust tool, it guarantees sensitive information’s accuracy, authenticity, and
confidentiality, significantly enhancing safety and security standards within vehicle monitoring and surveillance.
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DETECTION AND PREVENTION OF CYBER DEFENSE ATTACKS USING MACHINE
LEARNING ALGORITHMS

YONGQIANG SHANG*

Abstract. Recent advancements in computing power, memory capacities, and connectivity have led to a corresponding surge
in the utilization of big data, online platforms’ prevalence, and machine learning’s sophistication. Concerns regarding safety and
the need for state-of-the-art security tools and methods to counter evolving cybercrime are amplified by the swift digitization
of the world. This study investigates defensive and offensive applications of machine learning in cybersecurity. Additionally, it
explores potential strategies to mitigate cyberattacks on machine learning models. The focus is on how machine learning facilitates
cyberattacks, including developing intelligent botnets, advanced phishing using spear techniques, and deploying stealthy malware.
Furthermore, the paper highlights the significance of artificial intelligence in digital safety, emphasizing its role in malware analysis,
network vulnerability assessment, and threat prediction.

Key words: Internet risk estimation, Machine learning, Threat detection, Cyber safety, App-level protection

1. Introduction. Cryptography remains a top priority as the world transitions to a digital infrastructure.
With advancements in network infrastructure, such as the World Wide Web, gaining access to cutting-edge
science and technological breakthroughs has never been more convenient. Freeware and academic articles are
increasingly accessible to the general public online. However, security experts and malicious players have easy
access to state-of-the-art technology and research, each with their motivations for manipulating them. Safety
measures have benefited from the development of techniques and innovations made possible by studies and
advances in artificial intelligence. These technologies simplify the identification and effective counteraction of
potential security threats. But, hackers can leverage this data to plan and execute more sophisticated and
widespread attacks. Hackers hold a significant advantage in the ongoing battle on the internet, as they must
only be successful once out of numerous attempts [1].

Achieving a 100% success rate is imperative when the goal is safety. Numerous studies revealed that in
2017, hackers targeted a diverse array of businesses, individuals, and mobile applications. Documents such
as surveillance records, accounting information, and personal data were among the stolen information. The
potential consequences of this data falling into the wrong hands, whether the general population or the black
market, could be catastrophic. Here are some research findings on the impact of cybersecurity on businesses,
organizations, and individuals [2]:

e Recently, over 350 trillion dollars have been lost or stolen due to cybercrime, including the costs incurred
for repairing damages caused by criminal activities.

e A shortfall of over 1.8 million cybersecurity professionals is projected by 2022.

e Companies must spend at least $100 billion annually to keep up with evolving technology.

e Intruders generate over a billion dollars yearly through ransomware attacks like WannaCry and Cryp-
toWall.

Keeping step with and combating the escalating complexity of intrusions is becoming increasingly challenging,
given the rapid obsolescence of safeguards. The average time to identify an intrusion is approaching seventy days.
The growing magnitude and intricacy of intrusions further complicate efforts to keep up with the continuously
emerging new threats and vulnerabilities. This challenge arises from the increasing sophistication and breadth of
intrusions. Here, the authors focus on artificial intelligence, an emerging discipline with far-reaching implications
for online safety [3].

*Xinyang Agriculture and Forestry University, Department of Information Engineering, Xinyang Hennan 464000, China
(yongqiangshang80163. com)

760



Detection and Prevention of Cyber Defense Attacks using Machine Learning Algorithms 761

1.1. Defence against cyber-attacks using machine learning . Machine learning is a subset of Al
that enables machines to learn and improve from data without being programmed. It employs mathematical
frameworks derived from the analysis of patterns in datasets to achieve this objective. These models are then
applied to make predictions based on newly acquired information. For example, machine learning systems are
utilized in the e-commerce sector to customize product recommendations for individual shoppers. Moreover,
machine learning is finding applications in the medical field for predicting outbreaks and assessing whether a
patient is predisposed to developing cancer based on their medical history. Machine learning holds considerable
potential for diverse applications across various fields [4].

Machine learning techniques are broadly categorized into prospective (controlled) artificial intelligence
methods and pattern identification (or uncontrolled) machine learning techniques. In controlled learning, an
algorithm is provided with a set of training data and tasked with predicting the value of a target variable
using various learning methods. For example, a machine learning model may determine whether an internet
protocol (IP) address is involved in a distributed denial of service (DDOS) assault based on factors such as
the geographical origin of the IP, the frequency of web requests, and the time of day the requests were made.
Various machine learning methods, including linear and logistic regression, decision trees, and support vector
machines (SVMs), fall under the umbrella of supervised learning. Conversely, the objective of unsupervised
learning is not to predict a specific variable. Uncontrolled algorithms learn to uncover relevant patterns and
correlations in datasets. For instance, clustering and association algorithms may be employed to identify groups
of malicious software with common operations and behaviour [5].

The domain of cybercrime and security is rapidly adopting machine learning. Beyond being a prevalent
application area, the IT sector offers various potential uses, including malware analysis and log analysis, where
machine learning is widely deployed. Both well-intentioned users and those with malicious intent leverage the
powerful machine-learning capabilities of the internet. The upcoming section will explore the dual nature of
machine learning’s application in internet security and criminal activities [6].

1.2. Machine Learning Techniques for Detecting Cyber Attacks. Two approaches to cyber threat
detection are signature and anomaly-based, employing ML techniques. Recent advancements in artificial
intelligence methods have facilitated the establishment of signs to identify the code and behaviour of spyware
accurately. These signatures are integrated into the construction process. Several strategies have been developed
for the swift and efficient retrieval of signatures from versatile parasites, including NSG and LSEG, which are
methods for creating signatures based on network behaviour. The LESG method primarily focuses on viruses
propagated through buffer overflow attacks. Figure 1 illustrates the attack vectors in the world [7].

The F-Sign method extracts a signature from the worm’s code, which can be utilized to detect and halt
the worm’s propagation. Alternative methods for generating signatures of malicious software based on the
network traffic it produces include semantic aware (SA), as documented in scholarly publications. These
technologies can accurately detect malicious activity even when the system has considerable noise. Building a
model using anomaly-based approaches is a common practice for identifying cyberattacks, encompassing typical
and typical network activity patterns [8]. These methods commonly employ unsupervised, semi-supervised,
and supervised algorithms, all rooted in artificial intelligence. Techniques like k-means, fuzzy c-means, QT
and SVM are frequently utilized for constructing clustering approaches in unsupervised learning. When these
techniques aggregate network activity, a decision often arises regarding whether or not the cluster should be
labelled malicious. Completely unsupervised algorithms adhere to a common rule, positing that the most
significant clusters are the only consistent ones. As a result, routine network occurrences exhibit no signs of an
attack. In reality, individuals must determine which combinations should be deemed abnormal. Supervised
machine-learning strategies require at least one learning stage to be completed before initiating the traffic model
construction [9].

In most cases, learning concludes once internet traffic patterns are sufficiently processed. Numerous
controlled anomaly-based systems for detecting network intrusions employ various machine-learning methods.
The proposed approaches typically divide the attack detection process into two phases: the first, termed feature
vector extraction, and the second, known as the method development phase. For instance, developers utilized
information theory to identify cyber threats, employing a metric based on entropy and information gain. Qutliers
were identified using a linear classification algorithm [10].
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Fig. 1.1: The attack vectors worldwide in the year 2022

Unusual App activity is detected using a k-NN classifier with OS events, such as the quantity of started
processes and system interactions. The authors applied a k-NN classification with metrics to the KDD sample
to detect SYN Flooding, U2R, and remote-to-local (R2L) attacks. Classifiers and neural networks were jointly
employed for spam detection. To identify DoS assaults, the researchers utilized a statistical approach. Feature
vectors were used to train the Naive Bayes predictor, encompassing various UDP and TCP packets and their
sizes. Attributes were successfully calculated using discrete wavelet transform (DWT) and combining retrieval
based on a broad range of network properties. More sophisticated techniques, such as Hidden Markov Models,
were used to identify denial-of-service and application layer assaults. Additionally, artificial neural networks are
increasingly used in intrusion detection [11].

RBF artificial neural networks are applied to analyze network data for anomalies. Artificial neural networks
prove effective in identifying UDP flooding incidents. Internet surveillance techniques based on support vector
machines have also been investigated. The existing literature may offer solutions utilizing rough set theory
and semi-supervised learning. The genetic method was employed to detect outliers. After the learning process,
a set of rules is generated to characterize normal and aberrant traffic patterns in the network. The program
underwent testing using data from the DARPA database. The feature vector encompassed the TCP connection’s
length, the amount of data transferred, and the link’s originating and final IP addresses. The evolutionary
algorithm and the correlation method were utilized to identify SQL Injection threats [12].

The subsequent sections of the article are organized as follows. The related works provide an overview of
artificial intelligence, addressing supervised and unsupervised learning. The third section examines the proposed
methodology for online safety, including network risk assessment and identifying and preventing infections. The
fourth section explores the utilization of machine learning in cybercrime, with its simulated experiments and
results.

2. Related works. Detecting intrusions and other abnormalities within the underlying Internet of Things
(IoT) network is becoming an increasingly urgent concern. As IoT technology is deployed across various
industries, the number of attacks and threats against it has also increased. Attack disruption attacks, data type
searching, fraudulent authority, fraudulent functioning, scanning, espionage, and improper configuration are
just a few of the attacks and irregularities that can compromise an IoT network. In this analysis, we compare
the results of various machine learning models to assess their ability to predict incidents and anomalies on
IoT devices reliably. Machine learning (ML) methods such as logistic reconstruction, SVM, RF, decision trees,
and neural network training have all found applicability in this context. Performance levels are compared and
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contrasted using criteria for precision, recall, reliability, F'1 scores, and the area under the receiver operating
characteristic curve [13].

Random Forest demonstrates superior performance across various metrics, even when the accuracy of the
two approaches is comparable. In particular, the RF technique outperformed other methods’ ability to detect
and clear assaults effectively. The comprehensive study concluded that, based on the dataset analyzed, the RF
approach is recommended for addressing intrusion issues in IoT networks, leading to these findings. It provided
more accurate sample-level predictions for denial of service (DoS) and normal instances than any previous
approach. These results suggest that RF analysis is well-suited for this investigation [14].

This study employs traditional ML methods on the dataset and then compares them without introducing
any novel methodologies based on this dataset. Consequently, there is a need for further research to develop a
reliable detection method, including a deeper exploration of the framework’s general structure. The data from a
simulated setting presents potential challenges when transitioning to real-time data applications. Addressing
these challenges requires a more empirical study focusing on real-time data to provide a more comprehensive
solution. The varying patterns of behaviour exhibited by different micro-services in the network contribute
to the irregular behaviour of IoT services at different times. More research is necessary to understand these
dynamics thoroughly. Despite achieving an impressive 99.4 per cent accuracy, the study’s findings indicate that
while RF performs well compared to other approaches, its continued effectiveness is not guaranteed with large
datasets or unexpected scenarios. Therefore, additional research is suggested [15].

The hardware and computer software can be the foundation for an intrusion detection system. The primary
objective is to monitor a system or a system of systems to ensure that no malicious or policy-breaking behaviour
goes undetected. Intrusion detection systems (IDS) consider various network-related variables, such as source
addresses, procedures, and banners, to assess the irregularity of behaviour. The fundamental goal of any security
detection system is to achieve the highest level of precision while minimizing false alarms [16].

In intrusion detection, the study aims to identify the essential building blocks required for creating a
detection framework. The model utilizes an ensemble method for identification that requires significantly less
processing power, addressing challenges faced by conventional group-based surveillance algorithms. The article
employs the Chi-square feature selection and a classification array consisting of SVM, modified naive Bayes
(MNB), and LPBoost to construct an intrusion detection model. Chi-square feature selection analyzes variance
to control the importance of each feature, focusing on those that matter in determining a class. Laboratory
findings demonstrate the LPBoost ensemble’s superior precision compared to baseline classifications. The most
effective method for predicting the class label involves using a majority voting system, such as support vector
machines, multi-network averages, or LPBoost, instead of a single classification. Given the substantial class
disparity throughout the network traffic, this is preferable, providing a more robust approach than a single
classification [17].

In the contemporary era marked by a digital revolution, knowledge storage, accessibility, and dissemination
over the web have experienced significant and exponential growth. The emergence of innovations based on the
IoT has further contributed to eliminating digital barriers and enhancing data and information exchange across
pervasive networks. These IoT innovations have notably improved communication between devices, leading to
heightened concerns among consumers regarding data theft, privacy breaches, and the secure transmission of
their data and information over the web [18].

Various approaches, including deploying detection and prevention devices, are employed to combat data
theft and other online data safety risks. This research specifically compares and contrasts two types of intrusion
detection systems. The first type utilizes a machine learning strategy called SVM, while the second type employs
an association rule data mining methodology known as Apriori. Both methods have originated from academic
research. Research findings indicate that SVM surpasses Apriori in terms of accuracy, while Apriori demonstrates
greater efficiency in testing duration [19].

Over the past decade, there has been a significant increase in individuals relying on the internet as their
primary information resource. Technological advancements such as the IoT and high-performance computing
(HPC) have accelerated the pace of online data access and the sheer volume of information generated. This surge
in data production and accessibility has made safeguarding sensitive information from unauthorized access more
challenging. Consequently, developing analytics and innovative models to mitigate threats posed by attackers
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and scammers to private data stored online has become imperative [20].

The approach to enhance security is to limit the quantity of data stored online. In this study, the authors
evaluated and compared the performance of two feature and two categorization methods for intrusion detection,
aiming to mitigate the impact of data theft and other real-time network security breaches on computer systems.
Leveraging the gathered information, researchers developed a robust intrusion model to prevent real-world
attempts at network penetration in live software settings. Cyber-physical systems (CPS) integrate digital
information processing capabilities and communication networks with tangible components and operations.
Among the various anomalies that can impact the proper functioning of these systems, safety breaches and
breakdowns are particularly common. While extensive research has focused on defect diagnosis and security
analysis in CPS independently, the crucial and timely challenge of distinguishing between different sources of
irregularities, such as flaws and attacks, remains inadequately addressed [21].

This study concentrates on the energy-aware smart home (EASH) system and its internal communication
ecosystem. Specifically, the authors define the challenge of distinguishing between component breakdowns
and network attacks in EASH, considering how these elements influence information exchange patterns. Key
contributions of this paper include a formal demonstration of the relationship between these irregular sources and
an ML-based methodology for identifying the issue. The developed system undergoes testing in both simulated
and real-world laboratory environments, with findings indicating the potential to achieve a classification accuracy
rate exceeding 85% [22].

Analysis of the classes and features employed in the proposed method suggests significant classification
precision improvements based on our laboratory findings. The results from these tests substantiate these
hypotheses. The study aims to explain the outcomes of a task to differentiate between anomalies affecting an
EASH system. This suggests that observed anomalies could stem from malfunctioning hardware or malicious
network activity. A discrimination operator was developed after studying the connection between various
abnormalities and their impacts on the system’s information channels [23].

Utilizing ML-based categorization algorithms sets the approach apart. This research concludes that
supervised machine learning methods offer a viable option for distinguishing between faulty and attack classes
with high reliability. Explorations into misclassifications of cases with similar effects on the network were
conducted in simulation and real-time testbed experimental environments, encompassing analyses of aberrant
classes and the considered properties. The findings suggest modifying description datasets by adding or removing
features could enhance categorization outcomes [24].

The widespread adoption of IoT-connected devices is rapidly approaching, with IoT services expanding
to achieve ubiquitous integration. The increasing popularity of IoT-enabled gadgets and services has led to
many risks and attacks against them. While intrusions on the IoT are not new, the growing embedding of
IoT in our lives and society underscores the critical need to enhance cybersecurity measures. Understanding
potential threats and attacks against IoT infrastructure has become imperative. The research aims to explore
the diverse dangers that could impact IoT devices and offerings, analyzing and characterizing the incursions and
attacks directed at them. Recognizing potential threats is a prerequisite for implementing effective protective
measures for the IoT. This article focuses on cybersecurity threats to the IoT, with the primary objective being
identifying resources and inventory of potential threats, vulnerabilities, and attacks against the IoT [25].

A presentation highlighted security vulnerabilities associated with IoT devices and services, summarizing the
most pressing issues affecting IoT safety. Secrecy, anonymity, and trust in entities were identified as challenging
security aspects. The study emphasized that addressing privacy and security concerns is crucial for ensuring the
security and user-friendliness of IoT devices and services. The article also investigated cyber threats driven by
the unique characteristics of cyberspace, including individuals, motives, and capabilities. Evidence suggests that
threats from government intelligence services and organized criminal groups pose more formidable challenges
than lone hackers, as they may target fewer predicted goals, with a single attack expected to have a more
significant impact [26].

The study concluded that manufacturers and consumers are crucial in ensuring IoT security. To address
the weaknesses in the current security infrastructure, new standards for the IoT are essential. This research
aims to contribute to future endeavours to enhance the understanding of vulnerabilities in IoT infrastructure
and assess the likelihood of attacks against IoT and the consequences of such assaults. Early considerations in
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Fig. 3.1: The workflow of the proposed technique

the product creation process should include security measures such as access control, authentication, identity
management, and a flexible reputation management system. This survey is anticipated to benefit security
experts as it illuminates the most critical issues related to IoT security, offering a deeper understanding of the
threats and their features [27].

3. Proposed Methodology. In this investigation, we employ an approach to intrusion detection and
propose measures to enhance the security of innovative environments. The diagram illustrates the utilization
of a K-nearest neighbours (KNN) classifier in the proposed method for intrusion identification. Following the
dataset selection, a preliminary processing phase is implemented, converting certain symbols to numerical values
to enhance the accuracy of the detection rate. The subsequent training phase involves the application of the
KNN technique, training the model using 65% of the dataset. The final step involves evaluation, wherein the
remaining 35% of the data assesses the model’s accuracy. To further measure the performance of the proposed
system, metrics such as the accuracy detection rate and the occurrence of four types of warnings are estimated
in this phase. The architecture of the proposed model is explained in Figure 3.1.

Following the collection of information, preparation becomes necessary due to the unstructured nature
of the features, which consist of text or numeric values. K-nearest neighbours (KNN) specifically deal with
numerical data during the training and testing. Therefore, the objective of the preliminary processing stage is to
convert symbols and characters into their numerical equivalents. The training and evaluation stages are crucial
in developing an intelligent model. During the training phase, KNN enhances reliability, reduces false alarms,
and assesses the false alarm rate. The dataset is then partitioned into a training set (comprising 60% of the
total) and a testing set (representing 40%). Testing holds significance as it determines the model’s effectiveness,
with metrics such as precision, recall, and F1-score being computed at this stage.

3.1. Dataset Description. To establish an effective detection and prevention framework, having an
accurate and current database is essential for concluding the operations of various cyberattacks. In this
context, we leverage the multi-step cyberattack dataset (MSCAD), which comprises six individual files such as
MSCAD xlsx, NO, Scan, App01, App02, WB01, and WBO02.

The annotated form of the provided dataset can be located in the MSCAD .xlsx file. Each of the six provided
PCAP documents underwent analysis in OpenVPN. The timestamp is crucial in assessing whether network
communication is malicious or benign. After processing these PCAP documents, the MSCAD dataset comprised
79 features with corresponding labels. The primary attack concept in MSCAD is rooted in a password-breaking
model. MSCAD'’s secondary attack methodology predates the volume-based distributed DoS concept.

3.2. K-Nearest Neighbors. K-nearest neighbours (KNN) can effectively address regression and classifi-
cation problems, offering simplicity in theory and practical implementation. However, its efficiency tends to
decrease as the volume of data increases, resulting in sluggish performance. The training step, on the other
hand, is highly time-efficient, as the data itself serves as a model for future identification, enabling spontaneous
and randomized programming based on the provided information.
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3.3. Evaluation Metrics. Assessment metrics are crucial in testing and refining classification algorithms
within an intelligent intrusion detection system (IDS). These metrics are employed to evaluate the effectiveness of
the IDS. In this study, precision is utilized to assess the effectiveness of KNN. Using Equation 3.1, the precision
is defined as the percentage of detected activities correctly categorized [28].

actions accurately categorised

Precision = (3.1)

sum total of actions

The efficiency of a system can be quantified by calculating the occurrence of four distinct sorts of alarms

(the ambiguity matrix). All four possible outcomes are true positive (TP), false positive (FP), true negative
(TN), and false negative (FN) are identical.

TP = % +FN (3.2)
TN = % +TP (3.3)
FN = % +TP (3.4)
FP = % +TN (3.5)

In addition, Equation 3.6 and 3.7 are used to calculate accuracy and recall.

TP
A = __ 4+ FN .
ccuracy TP + (3.6)
TP
ll=—+FP .
Reca TP + (3.7

The Fl-score is also used as a periodic mean of both recall and accuracy. The formula for the F1 score is as
follows:

Recall

F1 — score =2 x (Precision X ———
Precision

+ Recall) (3.8)
The relationship between the model size and recall, serving as a comprehensive guide that reveals the
connections and dependencies within the framework, is represented in Figure 3.2.
The efficiency anomalies concentrating on the effects of employing distinct standard frameworks for each
individual and URL response are shown in Figure 3.3. This figure is a pivotal reference point, shedding light on
the complexities of using separate frameworks.

4. Experimentation & Results. This research divides the dataset into a training set and an evaluation
set at a ratio of 56% to 39%. The proposed intrusion detection system is then assessed based on accuracy,
precision, recall, and F1 score. The experiments are conducted on a computer with 64 GB of DDR4 memory,
two gigabytes of dedicated graphics processing RAM, and two Intel Xeon 8 Core processors running at 2.43
GHz, housed in Dell PowerEdge T430 servers.

As indicated in Table 4.1, the model achieves an accuracy rate of 82.75%. This implies that the outcomes
obtained using KNN machine-learning technique for detecting various attacks are generally reliable. To measure
the system’s capability in identifying intrusive situations, we utilize the MSCAD dataset, as demonstrated in
the evaluation of the datasets. Figure 4.1 provides a comparison of our findings with the work of others.
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Fig. 3.3: Performance of finding anomalies using a separate normal model for every URL request

Figure 4.1 displays the accuracy values for three models: an IoT-based model with 94.6%, an ML-based
model with 96.2%, and a proposed model with 98.5%. These accuracy percentages signify the proportion of
accurate predictions made by each model, with the proposed model achieving the highest accuracy, followed
by the ML-based model and the IoT-based model. The findings suggest that the proposed model performs
exceptionally well, showcasing a strong ability to make precise predictions.

The model’s accuracy rate of 93.10% indicates the overall correctness of its predictions, showcasing the
proportion of accurately classified instances in Table 4.2. The recall rate, at 90.22%, measures the model’s
efficacy in correctly identifying relevant instances within the dataset. The F1-Score, reaching 91.42%, provides a
balanced assessment by considering both precision and recall. Together, these metrics furnish valuable insights
into the model’s multilayered performance, contributing to its predictive capabilities across diverse dimensions.

5. Conclusion. In this article, the application of Al is explored in security, considering both protective
and threatening perspectives, and has discussed potential challenges faced by machine learning-based models.
Machine learning offers an efficient approach to automating complex online operations for offensive and preventive
purposes. As machine learning becomes an integral part of hackers’ cyber cache, it is anticipated that the
complexity and diversity of Al-based attacks will increase. Computer education and security professionals are
advised to stay updated on the modern developments in ML, including adversarial learning, to leverage this
knowledge for national security. This study sets the stage for further research into the challenges of implementing
scalable cybercrime systems using artificial intelligence in diverse operational contexts. This research focuses
on detecting cybersecurity issues using a machine learning-based approach, specifically employing the KNN
technique. The proposed system’s evaluation involves TP, TN, FP, FN, and measures such as F1-score, accuracy,
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Table 4.1: Detection accuracy rates

Alarms style | Accuracy Rate (%)

TP 94.32

TN 91.97

FP 5.68

FN 8.03

Precision 82.75

Accuracy (%)
2]
98
57
o
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™
93
L7
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Fig. 4.1: Accuracy Rate Comparison

precision, and recall are calculated, revealing promising results.
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SECURITY AND PRIVACY OF 6G WIRELESS COMMUNICATION USING FOG
COMPUTING AND MULTI-ACCESS EDGE COMPUTING

TING XU# NING WANG | QIAN PANG! AND XIQING ZHAOS

Abstract. The challenges surrounding the confidentiality of data transmission in the context of the upcoming sixth-generation
(6G) wireless networks are proposed in this research. The study explores the potential role of blockchain systems in enhancing data
security. It examines the integration of machine learning (ML) techniques to address the growing complexities of handling massive
data volumes within the 6G environment. This research involves a comprehensive survey of existing strategies for maintaining data
confidentiality in automotive communication systems. It further investigates an analysis of confidentiality approaches inspired by the
6G network architecture. The study examines the potential security implications of the Internet of Everything (IoE). It evaluates
current research issues related to safeguarding data confidentiality within the framework of 6G communication among vehicles. The
exploration involves reviewing ML techniques and their applicability in resolving the data processing challenges inherent in the 6G
wireless network environment. The proposed work reveals the increasing complexity and variability of the 6G wireless network
environment, leading to potential challenges in protecting private and confidential data during communication. It highlights the
promising role of blockchain systems in addressing data security concerns within the 6G network context. Additionally, the study
underscores the transformative potential of integrating ML techniques to handle the massive data volumes generated within the
6G ecosystem. The research highlights the importance of these technologies in mitigating data security risks and ensuring the
confidentiality of information exchanged within the 6G communication framework.

Key words: Multi-access Edge Technology, Safety and Security, Internet of Everything (IoE), Wireless Communications,
Cloud Computing Environment

1. Introduction. The extensive availability of wireless communication devices has had a profound impact
on individuals’ daily lives and has accelerated the expansion of the manufacturing sector. Businesses engaged in
online communication and entertainment have particularly gained the rewards of the current fourth-generation
(4G) infrastructure. The upcoming fifth-generation (5G) communication networks will order the Internet of
Things (IoT), autonomous vehicles, and both virtual and augmented reality (AR/VR) applications. However,
the absence of a personal touch in 5G communications has urged researchers and companies to anticipate the
forthcoming phase of wireless communication. Despite its numerous benefits, 5G technology lacks a human
element [1, 2].

The connectivity framework of the 6G generation transforms ”linked objects” into ”associated intelligence.”
Substantial investments in research and development for the 6G communication system are primarily directed
towards the press, the product, and the fundamental building blocks. The emergence of advanced Intelligent
Computing, the capability to gather, transmit, and assess information, and the facilitation of a diverse array of
applications and intelligent services are all anticipated advancements with the introduction of 6G technologies.
Human advancement will be ordered in the 6G paradigm above information, technology, and services. It is
anticipated that the 6G communication infrastructure will strengthen confidentiality and security by eliminating
any vulnerabilities associated with these issues, thus enhancing the overall reliability of the network. However,
if conventional approaches to machine learning are used, the central server structure could be susceptible to
privacy and security risks originating from various internal nodes, potentially resulting in a single point of
failure [3].

Traditional artificial intelligence methods are inadequate for processing vast amounts of accumulated data.
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Consequently, the sole solution presented by 6G involves the implementation of distributed artificial intelligence,
with all customer-sensitive data stored within a set of instructional equipment close to the vehicle. The upcoming
7sixth generation (6G)” of mobile phone networks, the successor to 5G mobile communications, represents a
significant departure from the current technological landscape. 6G is anticipated to introduce cost efficiency,
heightened security, and enhanced privacy to the system. Achieving this objective necessitates the integration
of advanced technologies within the wireless network infrastructure. The ongoing deployment of automated,
self-driving vehicles equipped with navigation systems, voice recognition structures, multiplayer games or movies,
shopping capabilities, advertising functions, surveillance systems, and weather forecasting systems aims to
reduce accidents, fatalities, and property damage. In today’s increasingly automated environments, machine
learning, often combined with artificial intelligence (Al), is a recent innovation in this domain [4].

Deep training is a form of artificial intelligence capable of discerning patterns and characteristics using vast
datasets generated by lens detectors, ultrasonic detectors, and other devices. Automated driving, facilitated
by autonomous vehicles (AVs), enables real-time adjustments of an automobile’s acceleration and braking
capabilities based on road conditions. The accuracy of judgments relies on both the input information and the
capabilities of the deep learning (DL) model. Over the past few years, the focus on interconnected vehicles
within the internet-of-vehicle (IoV) program has shifted towards integrated cognition. Data exchange and
communication between mobile nodes will soon incorporate a hybrid approach, combining vehicle-to-anything
(V2X) and designated limited-range transmission. Wireless access in vehicular environments (WAVE) relies
on the 802.11p IEEE protocol, which will require updates to manage the substantial data flows across the
internet. Anticipated advancements in 6G technology are expected to enhance V2X capabilities, highlighting
privacy-protective features in these scenarios [5].

The beginning of self-driving vehicles represents an increasing technology that, upon full integration, promises
customers a seamless and stress-free travel experience courtesy of machine learning and multi-access edge
computing (MEC). By feeding back collected data to edge structures, MEC facilitates the automation of vehicles
through edge intelligence (EI), enabling them to anticipate and respond appropriately. The implementation of EI
technology has the potential to strengthen the network’s dependability and generally reduce latency. However,
despite the manifold benefits outlined, the pursuit of establishing an automated 6G ecosystem faces various
challenges. Ensuring the reliability of wireless networks, preserving the privacy of individual nodes, safeguarding
sensitive data, and other related factors necessitate careful consideration [6].

A relatively young AI technology has swiftly emerged as one of the most powerful tools in its domain. Its
adaptability has led to its widespread use in diverse fields, such as wireless network security, traffic monitoring,
and dynamic topology alert systems, as well as for ensuring data reliability and privacy. These applications
represent only a fraction of AT’s potential. While initially intended for monitoring geographically dispersed
networks, Al is now commonly employed to improve networks’ overall efficiency and functionality. The network’s
initial structure was deliberately kept simple to enable upgrades at any node, anytime. Since integrating Al,
the network has been continuously monitored and fortified against potential threats. Encryption methods are
frequently employed to detect and prevent suspicious activities within wireless networks, including monitoring
network load and traffic volume to identify and counteract denial of service (DoS) attacks. Al-based technology
can complement existing network security strategies, ultimately reducing wireless security risks [7].

Artificial intelligence, machine learning, and deep learning algorithms, previously unattainable services, have
become feasible. These innovative techniques have enhanced our understanding of wireless environments and
enabled accurate predictions across various activities. Tasks such as capacity classification, resource management,
and data security stand to benefit significantly from the application of such technology. Implementing these
methodologies can positively impact the quality of experience (QoE) and enhance network reliability. Furthermore,
advancements in machine learning have automated the creation of communication models, facilitating the
development of increasingly sophisticated methods for connectivity. Additionally, users can now request internet
access, prompting the system to identify relevant devices and service-oriented applications and provide them
to the user in an orderly fashion. Previously, users had to expend significant time and effort conveying their
requirements to network technicians for tailored system maintenance [8].

The aim of achieving greater adaptability and swiftness in this sphere is realized by implementing a
Software-Defined Networking architecture. By enabling easier access to complete permissions, access providers
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can better cater to the needs of clients with stringent requirements, which stands as the primary objective of
this initiative. By integrating multiple encryption mechanisms, SDN and Al can streamline various operations,
including load distribution, process management, and network security against potential threats. Some estimates
suggest that over 55 per cent of access providers plan to incorporate Al into their infrastructures to streamline
current processes. The recent spread of Al-powered devices with embedded connectivity has sparked notable
advancements in in-vehicle connectivity. This modern technology has significantly enhanced the performance of
various blockchain-powered devices, including IoVs and software-defined networks (SDNs). While the current
5G technology adequately supports existing devices, it may face challenges accommodating future technologies
such as 3D video chats. The convergence of Al and IoT has led to a wider array of interconnected devices
capable of participating in and benefiting from online communication [9].

Hence, in the future, 5G will only be able to support a limited data volume or a large customer base. Under
the current 5G standard, administrators can manually configure and optimize their networks. Consequently,
manually managing a sprawling, dynamic, and widely dispersed network poses significant challenges. In a
scenario beyond 5G (B5G) or with the advent of 6G, the integration of Al technology is anticipated to render
these vulnerabilities obsolete.

2. Related works. In vehicle networks, numerous drivers can engage in real-time information exchange
while providing a diverse range of conveniences to fellow motorists. These services include GPS navigation,
ridesharing, valet parking, real-time traffic updates, and digital vehicle diagnostics. The fifth generation (5G) of
radio communication technologies introduces significant enhancements in security, accessibility, and network
capacity. Educational and corporate institutions have displayed considerable interest in 5G-supported vehicular
networks (5GVNs), expecting them to have a transformative impact on the transportation landscape and foster
various novel connectivity options. Simultaneously, advancements in sensor technology and the expansion of
regional data collection systems have made gathering extensive information from vehicle users, including identity
verification, status updates, and location tracking, an unavoidable reality. Regrettably, 5GVN still grapples
with diverse privacy threats, leaving users’ information, viewpoints, locations, and movements susceptible to
potential breaches. The latest research findings examine 5GVN’s architecture, features, and capabilities. It
subsequently delves into the privacy objectives of 5GVN and the associated security risks, providing an in-depth
analysis of existing solutions to preserve user privacy. Finally, potential avenues for further research are outlined
to stimulate greater interest in this innovative design and its privacy concerns while encouraging grassroots
initiatives to address these issues effectively [10].

The 5GVN represents a groundbreaking framework poised to revolutionize the scale of service deployment
and vehicle communication. As 5G networks expand and electric vehicles become increasingly commonplace, 5G
will become more deeply ingrained in our daily lives. Nevertheless, privacy risks continue to raise a spectrum
of concerns for automotive users. This research extensively evaluates numerous privacy-preserving options for
5GVN, encompassing an exploration of its architecture, features, and capabilities. The study emphasizes the
imperative of protecting user privacy, assessing the threats within 5GVN, and examining the problems and
solutions ensuring user anonymity within the 5GVN context. Ultimately, the study highlights the need for
continued attention and effort to address 5GVN and its associated security challenges [11].

The 6G represents cutting-edge technology with promising capabilities for addressing the demanding
communication requirements of autonomous vehicles. Its potential benefits include minimized latency, reduced
communication costs, and a strong focus on safeguarding user data in the dynamic 6G ecosystem. Various
technologies, such as machine learning, deep learning, artificial intelligence, and blockchain, can be used to
address these challenges. However, the increasing number of vehicles on the road and interconnected IoT devices
has made ensuring a reliable flow of information over the Internet increasingly complex, particularly with the
application of conventional ML techniques.

The authors examine the potential privacy implications of IoE within the context of 6G automotive
interactions, highlighting ongoing research concerns in privacy preservation. Safeguarding consumers’ privacy
and security remains a principal consideration in wireless networks. While introducing 5G technology brought
new threats to user safety and privacy, the advent of 6G network technology is expected to mitigate these issues.
As a result, advancing an efficient and reliable identification mechanism becomes imperative in 6G-powered
transportation communication [12].
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The IoV introduces a novel computing model offering several advantages to drivers and users, including
route suggestions, reduced traffic delays, and enhanced driving experiences. However, sharing IoV participants’
data with external entities exposes them to potential privacy breaches. This article conducts a comprehensive
analysis of the privacy risks associated with IoV. It proposes strategies for addressing these concerns, examining
the privacy challenges of IoV’s architecture. In this exploration of the IoV, the authors focus on ensuring the
security of sensitive information. Initially, researchers investigate the structural intricacies of IoV, highlighting
the inherent privacy challenges. The authors established a cohesive framework for safeguarding personal data,
encompassing encryption, anonymity, and perturbation as essential privacy measures. Additionally, potential
avenues are thoroughly examined for research, emphasizing IoV applications and advanced methodologies while
prioritizing individual privacy requirements [13].

The paper addresses the privacy challenges associated with V2X communication in the cloud by introducing
the security evaluation methodology with understanding considerations. Leveraging artificial intelligence
on previously collected data enables the assessment of cloud-based uncertainties based on prior evaluations.
Moreover, PAU accounts for privacy-preserving capabilities derived from moment-to-moment vehicle interactions.
It presents a security aggregation technique that combines online and offline perspectives to enhance the precision
of the security assessment. In these models, a method is established for generating the mixed zone by selecting
nodes with a heightened awareness of confidentiality. The outcomes of our research validate the efficacy of our
approach on various fronts, particularly in stimulating the system against malicious behaviour and slander-based
attacks using historical data stored on the public Internet.

The rapid advancement of technology and modern vehicles underscores the critical need to ensure the
security and reliability of the IoV. This environment inherently faces ongoing security challenges due to the
vulnerability of wireless networks, leading to concerns about personal safety, protection, and anonymity on
roadways. Over the years, various privacy- and security-preserving techniques have been proposed to mitigate
destructive player attacks, complex computations, and high communication costs, aiming to overcome the
limitations of existing solutions [14].

Several approaches have been suggested by computer security experts, authors, and practitioners to address
the security and privacy concerns [15]:

(i) The proposed system integrates a structure akin to fog cloud vehicular ad hoc systems.

(ii) The solution incorporates an identity protection mechanism based on public key cryptography for
securing user information.

(iii) To assess and rank four distinct algorithms for dynamic routing using a simulator, tracking the findings
for each protocol and conducting a graphical analysis of the collected data throughout the simulation. The
combined impact of ECC deployment and the optimal routing protocol on VANET performance are evaluated
in this context.

The VANETS safeguarding many prior initiatives have merely repurposed conventional security methods
that have proven effective without accommodating the network’s specific nature. Several solutions advocated by
security specialists rely on trusted platform modules (TPMs), perceived as single points of failure, or involve
intricate computations impacting VANET efficiency. In response to our examination of VANET architecture
and its associated security challenges, an approach is formulated that fulfils the requirements for confidentiality
while ensuring the protection of individual user privacy [16, 17].

A novel system, called the fog cloud, has been introduced to incorporate fog computing. This was
accomplished through experiments, inspections, and evaluations in Network Simulator 3 to identify the optimal
routing protocol, addressing the intricacies of security solutions. The dynamic source routing (DSR) algorithm
was determined to be the most effective approach when implementing ECC within the system. Leveraging
encryption to uphold user confidentiality and ensure anonymity is based on insights from the study on each of
the employed methodologies [18].

3. Proposed Methodology.

3.1. Internet-of-everything (IOE) Security Concerns in the Fifth Industrial Revolution. In-
dustry 4.0 has seen a surge in standards owing to technological advancements such as artificial intelligence (AI),
the IoT, and cloud-based computing. Its core aim is to make various businesses "smarter,” overseeing an array
of tools and technologies throughout their life cycles. Automation is the key to reducing the need for human
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involvement in labour-intensive processes. The goal is to leverage Al to bridge the performance gap between
computers and machine learning (ML) devices, ultimately achieving higher overall efficiency. Looking ahead to
Industry 5.0, the focus is on integrating human and artificial intelligence. Many experts anticipate that human
interaction will be pivotal in this next industrial revolution. Industry 5.0 is self-assured to boost production,
catering to human and robotic adaptability. This will facilitate seamless information and feedback exchange
between humans and machines, ultimately enhancing productivity. Within the Industry 5.0 framework, emphasis
is placed on optimizing the quality of final products by differentiating tasks that require research and innovation
from mundane, time-consuming activities. Skilled labour is encouraged, as people will be responsible for coding
instructions for robots, promoting mass customization in manufacturing. Unlike the previous phase, Industry
4.0, which focused on mass production, Industry 5.0 significantly focuses on personalized and individualized end
products, as depicted in Figure 3.1.

Machine learning (ML) is an increasingly reliable and prevalent innovation in the medical field. ML-based
models are now used to diagnose patients, leading to faster and more accurate assessments. However, achieving
a fully automated environment requires more than just these models. The concept of Industry 5.0 opens the
possibility of automated processes, including patient examination and medication administration, based on the
findings. In recent years, high-tech devices equipped with sensors have been developed to monitor patients’
conditions, such as smartwatches and fitness trackers. These devices provide valuable data that aids physicians
in conducting thorough examinations. In critical situations, these devices can communicate with each other
and alert the medical team. According to Industry 5.0, robots could independently perform crucial surgical
procedures, enabling human physicians to focus on innovation and research.

Internet manufacturing is a new technology that integrates IoT devices and cloud-based approaches to
provide an automated virtualization experience to end-users. This collaboration among international stakeholders
aims to reduce production costs and increase overall productivity. Cloud computing in content creation offers
various advantages, including improved quality, reduced production expenses, enhanced security, and reliability.
It also helps minimize environmental impact by preventing the mass production of defective items. Moreover,
integrating human insights into IoT and artificial intelligence development can help address issues associated with
unexpected mishaps. By combining human intelligence with machine intelligence, many unforeseen disasters,
including earthquakes, tsunamis, and other natural calamities, can be efficiently mitigated.

3.2. New 6G methods for protecting security. The extensive wireless connections within future
6G environments, particularly in various vehicles, will raise the bar for ensuring privacy and security. The
forthcoming 6G networks will require specific features to address potential security breaches. While several
advanced techniques have demonstrated their capabilities within the 6G context, their ability to uphold security
and privacy remains uncertain. Conversely, technologies such as cloud computing and system software are under
scrutiny concerning the privacy aspects of 5G.

In summary, the potential solution for mitigating the reliability challenge in the upcoming 6G environment
involves addressing key concerns, including reducing privacy risks by implementing available and contemporary
solutions. Figure 3.2 provides insights into how certain common technologies could minimize privacy and security
risks.

The Blockchain approach has experienced significant growth in distributed database technology, gaining
traction in the mobile phone industry through various publicly available DLTs. Leveraging blockchain to
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integrate multiple services into a 6G network ecosystem while maintaining security offers numerous advantages.
However, incorporating machine learning (ML) or additional data analysis techniques might lead to potential
vulnerabilities in 6G networks despite the benefits of integrating AI approaches. Several machine learning
methods are susceptible to various forms of attack during both the training and testing phases. Consequently,
verifying the authenticity and source of data before subjecting it to various artificial intelligence methods is
crucial. The use of immutable data in DLT can help ensure data integrity, with this assurance being shared
among the numerous parties involved in establishing the trustworthiness of Al robots in a dynamic environment.
Drawbacks arise from users’ exposure to a wide spectrum of security issues when employing DLT in a 6G
context, potentially impacting the efficiency of the 6G ecosystem. Vulnerabilities in programs, limitations in
programming languages, and numerous security and privacy ambiguities in internet connections are primary
sources of these attacks. Such confusion can lead to compromised trust, financial losses in cryptocurrency
transactions, or the unavailability of an internet connection or website.

Integrating digital currency within the 6G network architecture framework offers solutions for specific
challenges and new opportunities. Public ledgers are more relevant than private ones regarding security routing
concerns. For example, validating whether smart contracts have been updated becomes highly challenging since
every node in a blockchain-based network is responsible for their validation. Smart contracts are an integral
part of blockchain infrastructure, crucial for enabling automation and ensuring the legitimacy of transactions.
Various reliability testing methods are used to search semantic faults to ensure the correctness of a smart
contract. Moreover, rigorous monitoring of artificial intelligence (AI) blockchain nodes or malicious software
with strict control over access and verification is essential. These solutions can withstand a wide array of attacks.
Blockchain innovation enables the implementation of several security measures, including privacy by design and
trusted execution environment (TEE), making it possible to construct more resilient networks. Below are some
examples of networking types that a distributed ledger can accommodate.

There are various blockchain types, including open, closed, connection, and mixed networks. Utilizing
different types of internet infrastructure gives rise to different privacy concerns. If, for instance, more than 50%
of attacks against a particular 6G enterprise are executed through publicly accessible blockchains, proactive
measures may become necessary. The subsequent step involves establishing either a consortium blockchain
or a private ledger, which can enhance efficiency, reduce vulnerability to attacks, and better safeguard the
confidentiality of a given dynamic node. Hence, introducing any blockchain system impacts specific risks and
the diverse services offered in a 6G environment.

The emergence of quantum computing technology is anticipated to eventually replace all existing computa-
tional methods and cryptographic systems. It is suggested that vulnerabilities in 6G wireless networks could
be detected, mitigated, and prevented using this approach. Networks leveraging 6G are proposed to achieve
unprecedented dependability with quantum technology, enabling the transition from silent communication
modes to cognitive-communication pathways. Several qualitative methods have been proposed to address the
continual exponential issue in public key cryptography. Moreover, quantum computers are expected to strengthen
their security infrastructure shortly. Based on its foundation in the atomic structure of information, quantum
computing is widely expected to significantly anticipate novelty and security, enhancing the dissemination
capabilities of 6G communication, which rests on quantum data.

Oblivious transfer is a conventional information dissemination method wherein the sender is unaware of the
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specific information being transmitted. Yet, such information exchanges are not feasible in quantum computing,
as any information leakage may disrupt a two-way connection. According to the quantum principle, systems
lack a replicating property, rendering the precise replication of their states physically impossible. Thus, to
successfully tamper with the data, an adversary must first extract its random quantum state and then replicate
it into a duplicate without altering the original state of the data. A quantum collision could also occur if different
values fed into a hash function yield the same result.

Numerous industries and academic institutions are investigating and creating Quantum attack solutions to
address the increasing challenges of upcoming 6G communications. Several diverse quantum-proof algorithms
are founded on lattice-based structures, hash values, or multiple variables. The issue related to computing
on a lattice can be resolved by leveraging IoT devices, which offer enhanced performance, connectivity, and
more. Since traditional random oracle models will not suffice with quantum-proof algorithms, it is crucial to
authenticate security at multiple levels within a quantum-obtainable random oracle framework. This prevents
adversaries from potentially querying the random oracle in non-relativistic time if the framework is unprotected.

The forthcoming 6G ecosystem will enable a wide array of automated tasks to be executed without human
intervention, encompassing monitoring, computation, recovery, and optimization. Zero-touch infrastructure &
services management (ZSM) is an emerging architecture that establishes fully autonomous wireless connectivity
emphasizing cybersecurity through artificial intelligence and machine learning. As extensive sixth-generation
mobile networks will generate massive volumes of data, wireless networks must incorporate artificial intelligence
and machine learning to handle the resulting data overflow. The authentication checks in 6G connections can
be enhanced using a diverse array of distributed cryptographic techniques based on artificial intelligence and
machine learning. The primary benefits of this deployment approach are the precision and foresight of machine
learning and artificial intelligence algorithms for cryptography within a 6G context.

There are challenges to overcome and rewards to gain when bringing Al and ML into a 6G setting. Some of
the difficulties are described in applying AI/ML in 6G is shown in Figure 3.3.

The most demanding question that must be answered before using Al and ML in a 6G setting is whether or
not we can have faith in these innovations to reliably and securely run a susceptible network.

3.3. Analysis of privacy-protecting methods for 6 G-powered automobile communication. The
global demand for cutting-edge autonomous vehicles equipped with advanced features has increased. The rapid
advancement of virtual reality technology has raised concerns regarding security and privacy, thereby underscoring
the importance of safeguarding both drivers’ safety and privacy within a fully automated wireless environment.
The extensive data collection from multiple devices to provide diverse consumer services necessitates implementing
various security approaches that effectively protect this information without compromising user privacy. In
the context of 6G networks, the transmission and management of voluminous data become significantly more
complex, given the exponential increase in the number of end nodes compared to 5G networks. Balancing the
delicate data security and privacy concerns within the 6G landscape while maintaining the current encryption
techniques’ privacy standards requires careful consideration of the data processing costs and the need for privacy.

Monitoring each device within the 6G wireless network poses a substantial challenge, potentially diminishing
the efficacy and transparency of the data acquisition process. Consequently, adopting big data technologies
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across distributed networks with a focus on ensuring privacy and security could increase the system’s overall
computation and transmission costs. Key obstacles to maintaining user security and privacy in a 6G network
include the introduction of security vulnerabilities that may lead to the theft of users’ personal information
during extensive wireless communications. Additionally, the significant data accumulation facilitated by 6G
technology could potentially compromise the privacy of individual nodes within the network as 6G ushers in a
new era of Al-powered, high-tech devices, the deployment of various applications across the network’s framework
necessitates the development of innovative lightweight security measures at the network edge. Achieving this
balance will require a stable environment prioritizing exceptional service provision while ensuring user safety
and data privacy.

The careful management and restriction of access to data collected by various service-based applications
is crucial for ensuring that these applications function as intended, especially concerning information related
to the user’s identity and immediate surroundings. In a 6G environment, blockchain technology presents a
novel solution to address customer privacy concerns. While integrating blockchain technology into 6G networks
offers numerous benefits, there are also potential drawbacks. Blockchain can potentially serve as a safeguard
in maintaining data security within a 6G landscape. Blockchain enables users to maintain security without
compromising their physical location or identity by functioning as a unified messaging system across the network.

It is important to note that blockchain, a form of distributed ledger technology (DLT), operates on a publicly
accessible platform. Consequently, all user data collected within this framework may become publicly available.
While 6G technology strives to establish a more secure architecture that enables reliable service-based and
network-based activities, there remains a significant risk to the security and privacy of the data collected and
the relationships established between dynamic nodes. Despite the potential for digital currencies to facilitate
privacy objectives among distributed service-oriented devices, potential security and privacy concerns persist.

Digital certificates, CoinJoin, and similar techniques can effectively alleviate privacy concerns for consumers.
One crucial area where privacy issues have significant implications is ML approaches, supported by cutting-edge
and rapidly expanding Al techniques in the 6G environment. When utilizing a flexible 6G system, it becomes
possible to securely store the user’s personal information in specific devices distributed through AL/ML methods.
However, there remains a risk that AT and ML-based methods might be susceptible to attacks from other Al
and ML methods, resulting in data loss, alteration, or other unintended consequences. Various forms of artificial
intelligence can be employed to safeguard users’ private data, including messages, geolocation information,
and other sensitive data. Within an AT/ML-driven framework, an attacker typically seeks to predict the next
unpredictable outcome generated by the knowledgeable model during the training or testing phases.

The concept of quantum computing can be personalised to enhance reliability and increase efficiency in
a 6G setting. As researchers explore better and more robust ways to protect users’ privacy, these diverse
and heterogeneous approaches can help maintain 6G wireless networks over time. However, the anticipation
of integral applications and vast scenarios within 6G communication networks has amplified the significance
of privacy protection and highlighted notable privacy-related issues, such as anonymity, node connections,
and the lack of reports on the visibility of changing nodes within the wireless infrastructure. As a result,
many individuals remain cautious about providing their personal information online. Consequently, employing
randomized patterns to provide consent for sensitive data sharing has become a common approach to privacy
protection. Several proposed approaches address confidentiality-related issues to mitigate the potential of
adversaries studying private information.

4. Experimentation & Results.

4.1. Recommended model for asymmetrical privacy protection. In this ecosystem, we present
DPSmartCity, an SDN-based technology that protects user confidentiality and provides network administrators
more flexibility. Below are some code snippets to illustrate the core concept of our proposed solution. To address
the limitations of current research, we introduce the DPSmartCity approach, designed to establish a thriving
and efficient smart city leveraging the Internet of Things (IoT). The IoT infrastructure within a smart city
ensures the security of individuals’ personal information. The DPSmartCity framework comprises two main
components:

1) A software-defined networking (SDN) enabled IoT-based smart city.
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Fig. 4.1: Dynamics of Privacy-Preserving Mechanisms in Smart City IoT Infrastructure

2) A strategy for safeguarding individual privacy within the wired smart city, particularly when utilizing
IoT devices with varying levels of confidentiality.

In the provided example, all IoT nodes are interconnected through an OpenFlow bridge, which is then
linked to a central hub known as an SDN administrator. The software-defined networking (SDN) controller
communicates with the cloud computing environment. IoT devices are interconnected in our smart city scenario,
and their data is routed to OpenFlow switches through SDN. The SDN controller oversees and regulates these
switches via wireless or wired connections. The correlation, highlighting the benefits of SDN infrastructure, can
be connected within this innovative city concept, illustrated in Figure 4.1.

These advantages include enhanced mobility, remote administration, and centralized control while ensuring
data remains confidential. The SDN controller maintains constant connectivity with both Cloud links, enabling
it to receive instructions from the cloud and relay them to IoT devices, facilitating bidirectional data flow. First,
the ToT-based smart city is integrated with the SDN paradigm, followed by the embedded approach that upholds
user privacy, as depicted in the confidentiality technology flowchart presented in Figure 4.1. Upon the control
system receiving modified data, it is directed to the SDN, eventually making its way to the cloud for further
analysis by the SDN controller. Conversely, if the data isn’t highly sensitive, the IoT device transmits it directly
to the Internet.

When an IoT device generates private data, it employs differential privacy (DP) to safeguard this information.
Within a connected urban environment, each IoT device has two options to choose from to protect user privacy:

1) A differentially private approach utilizing the Laplace probability principle.

2) A differentially private technique employs the inverse exponential probability.

The SDN controller updates the dissemination of the currently active differential privacy approach every hour.
As a result, the distribution pattern of the utilized approach in vulnerable IoT devices fluctuates between Laplace
and exponential probabilities on a minute-to-minute basis. Following applying one of these DP techniques, the
device transmits the data directly to the Internet. Due to the continuous updates to the designated privacy
protocol across all connected devices, the dynamic environment’s fluctuations and intentional differential privacy
intrusion are more effective in preventing the leakage of sensitive information. The detailed procedure can be
expressed as follows.

Let us consider a scenario where information is transmitted between IoT devices and recipients as quickly
as possible, but there are instances where information transmission may require several minutes. If data transfer
exceeds a certain time threshold, the protocol switches to the alternative method during data transmission.
Therefore, if the required time for communication delivery is denoted as 7; = minp;, M, where it represents the
time needed for successful communication delivery, notably, the value of p; is directly linked to M, indicating
that as the value of M increases, the probability of the approach being unsuccessful rises. Consequently, the
value of p; approaches one as the value of M approaches its maximum. Additionally, we interpret the symbol T
as signifying an extended period during which any protocols are vulnerable to breach, further increasing the
complexity of theft attempts. The initial decision regarding the protocol at the onset of the attack diminishes
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Fig. 4.2: Calculational effort and T’s relationship

Table 4.1: CPU Usage Trends for Different Device Configurations

Time (s) | Number of Devices | CPU Usage (%)
1 500 22
4 500 20
14 500 28
1 165 16.5
165 16.5
16 165 16.5

the chance of success to one-quarter. Therefore, if denotes the likelihood of success at any given time (regardless
of the technique employed), the probability of success is a quarter of the anticipated value of each of the
remaining four techniques. The escalation in processing costs directly results from the mounting operational
load. Moreover, interpreting as the probability of the entire process failing, will oscillate between its minimum
value for lower values of M and its maximum value of 1.0 when M equals the value of T. Employing the method
across multiple mode