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REVOLUTIONIZING THE APPLICATION OF AUTOMATIC INSPECTION SYSTEM FOR
INDUSTRIAL PARTS USING AI MACHINE VISION TECHNOLOGY

BAOJUN WANG *AND YULAN LV f

Abstract. This paper addresses the challenges of large data management, prolonged operation times, and low detection
efficiency encountered in automatic detection systems. To overcome these issues, we propose a novel research and application
method utilizing AT machine vision technology. The methodology employs the Pulse-Coupled Neural Network (PCNN) algorithm
for analyzing machine control points, enhancing system reliability and detection efficiency. Furthermore, a three-stage sliding table
mechanism is implemented to facilitate seamless operation restarts. Notably, our approach significantly reduces the time required
for key operations, such as feeding, imaging, decision-making, on-site inspection, and re-inspection, all within 5 seconds and 1 meter
distance. It supports high-precision dynamic identification, detection, and correction of errors during high-speed movement, thereby
enhancing overall system performance. The experimental results demonstrate exceptional accuracy, particularly in detecting small
parts measuring 28.87 mm in length and 12.36 mm in width, achieving an impressive precision of 0.04 mm. Additionally, our
system boasts meticulous hardware selection, robust software stability, and high-performance capabilities, culminating in improved
detection efficiency and accuracy. This research not only contributes novel ideas and results but also holds significant commercial
value in industrial applications. Overall, our proposed methodology represents a noteworthy advancement in automatic inspection
systems, offering superior performance and reliability compared to existing approaches.

Key words: Pulse-Coupled Neural Network; decision-making; on-site inspection; re-inspection; high-precision dynamic iden-
tification.

1. Introduction. In recent years, with the continuous deepening of industrial restructuring and transfor-
mation and upgrading of modern manufacturing industries, more and more enterprises have begun to implement
"machine substitution”. The combination of robotics and machine vision technology has become a disruptive
force in the ever-changing field of modern manufacturing, transforming industries around the world. The need
for industrial restructuring and the constant search for efficiency and innovation have led to exceptional adop-
tion of these technologies in recent years. The era of “machine substitution” has arrived, as companies in the
aerospace and automotive industries gradually integrate robots into their operations. Robots have become
essential tools driving innovation in many industries, from automating complex production lines to speeding
up logistics procedures [1]. Figure 1.1 vividly illustrates the growing scope of robotics, which is penetrating
various sectors and driving supporting industries. At the heart of this revolution is the very essence of robotics:
the magic of engineering power and intelligence. As shown in Figure 1.2, the emphasis on the advancement of
robotics technology has been increased, highlighting its strategic importance in the fields of modern technology
and industry. Making robots in automobiles, logistics, aerospace, ships and even food, and other fields have
been more and more widely used, and led to the development of related industries. Robot is a kind of automa-
tion equipment or device that integrates various advanced technologies such as machinery, sensing, recognition,
decision-making and control, and has some intelligent capabilities; the emphasis on development is increasing
day by day. Robot technology and its application have become a "must fight” for today’s technology and
industrial development, and have important strategic significance.

As the 7eye” of the robot, the machine vision system is a device that obtains the characteristic image of
the detected object with the help of optical devices and non-contact sensors, and extracts information from the
image through a computer for analysis and processing, thereby realizing detection and control. Machine vision
system has the advantages of good real-time performance and high positioning accuracy, which can effectively
increase the flexibility and intelligence of robots, and is one of the important means to realize industrial

* Shanxi Institute of Mechanical & Electrical Engineering, Changzhi, Shanxi, 046011, China (baojunwang354@yahoo.com).
T Shanxi Institute of Mechanical & Electrical Engineering, Changzhi, Shanxi, 046011, China,

2103



2104 Baojun Wang, Yulan Lv

The lens
CDD imdustrial camra
Image acyuisition canl

Industrial control device
iisplay

Image processing
Exeoutisn unil

Detection targel area

Fig. 1.1: Automatic recognition and detection based on machine vision

1,06 - T
0,04 =
[ ‘
0, T T T T
¥

Fig. 1.2: Scale of the global machine vision industry from 2008 to 2018

PSR P e B md s Sy e

el

automation and intelligence [1]. With the continuous improvement of various technologies and the increasing
demand for high-quality products in the manufacturing industry, machine vision has been mainly used for
defect detection in industrial electronic assemblies from the beginning, and has been gradually applied to
automobile manufacturing, food monitoring, visual navigation, transportation, military, textile processing and
other fields, the market scale continues to expand [2]. The vision system is connected with the mechanical servo
mechanism to form an open-loop control visual servo mechanism. The introduction of visual servo system can
improve the degree of automation of product inspection, but there are still shortcomings in acquisition accuracy,
detection speed and algorithm robustness [3]. Therefore, it is of great significance to study machine vision
related technologies to improve the industrial development of industrial intelligent robots. The author mainly
summarizes and analyzes the development history, research status, related core technologies and automatic
identification and detection system of machine vision, taking the research progress of machine vision technology
as the breakthrough point, and makes an outlook on the future development trend [4].

In industrial production, the pursuit of precision, efficiency, and quality assurance are essential requirements.
As the industry evolves and consumer demands increase, the need for reliable and efficient test systems becomes
increasingly important. To meet this need, the integration of artificial intelligence (AI) and machine vision
technology is emerging as a revolutionary force that is expected to redefine the flexible inspection system
landscape. Traditionally, manual inspection processes are labor-intensive, time-consuming, and prone to human
error, creating major challenges for manufacturers seeking to ensure consistency and quality. However, recent
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advances in Al and machine vision technology have brought about a paradigm shift, providing unprecedented
opportunities for automated testing and quality control. The combination of AT algorithms and vision systems
gives these inspection machines the cognitive capabilities to distinguish complex details, detect errors, and
classify anomalies. It often provides superior accuracy and efficiency. This combination of technologies not only
streamlines the testing process, but also increases accuracy and reliability, minimizing the risk of errors and
optimizing production efficiency. Additionally, Al-based vision systems have the ability to continuously learn
and adapt, allowing them to adapt to changing production needs and changing environments. Through iterative
feedback loops and improvements, these systems continually improve their performance and strengthen their
position as essential assets in modern industrial environments. This article explores the transformative potential
of AI machine vision technology to revolutionize automated industrial part inspection systems. Explore the
applications, benefits, and various future prospects of this breakthrough technology based on recent advances,
case studies, and industry insights. From automotive assembly lines to precision engineering systems, the
integration of Al-driven image processing promises to open new frontiers in quality assurance, productivity,
and innovation.

1.1. Contribution. Automated sensor systems play a central role in modern industrial environments,
ensuring the quality and accuracy of manufactured parts. However, these systems often encounter challenges
such as handling large data sets, long operating times, and low detection efficiency. In response, our paper
proposes a new research and application method that leverages Al machine vision technology to overcome these
obstacles and improve the performance of automated inspection systems. The methodology of our method is the
use of the PCNN (Pulse Coupled Neural Network) algorithm, a powerful tool for analyzing machine checkpoints.
By integrating PCNN into our system, we improve detection reliability and efficiency, allowing for more accurate
and faster error identification. In addition, we are introducing a three-stage sliding table mechanism designed
to support smooth restart of operations, meeting the need for uninterrupted workflow in industrial environment.
This mechanism ensures that key operations, including feeding, imaging, decision-making, spot checking and re-
checking, are completed in just 5 seconds and at a distance of 1 meter, maximizing efficiency and performance.
A notable feature of our method is its support for highly accurate dynamic error identification, detection,
and correction during high-speed motion. This capability significantly improves overall system performance,
allowing for real-time adjustments and minimizing production disruptions.

The rest of this article is arranged as literature review in section 2, methods in section 3, results and
discussion in section 4 followed by conclusion in section 5.

2. Literature Review. The literature review provided covers a wide range of research efforts that ad-
vance object detection and segmentation techniques in various fields. Each study brings unique insights and
methods to address the complex challenges inherent in detecting objects in complex backgrounds or dynamic
environments. Let us discuss each contribution: Lee, E. proposed extended object detection in complex back-
grounds based on fractal features [5]. This approach can explore the fractal characteristics of objects to improve
detection accuracy, especially in situations where objects are embedded in cluttered or irregular backgrounds.
Nguyen, N.H. presented a pulse-coupled neural network for detecting aerial and bridge targets [6]. This neural
network architecture excels at detecting targets in complex contexts, leveraging principles inspired by the syn-
chronization of biological neurons. Binh, K. proposed morphologically enhanced relative connectivity entropy
for automatic object detection [7]. This method can use morphological operations and entropy calculations
to improve the robustness of object detection, especially in situations with different object sizes or shapes.
Jeong, H.G. presented a multi-motion object segmentation algorithm based on the level set method [8]. This
algorithm can use the level setting method to delineate the boundaries of moving objects in dynamic scenes,
thereby providing accurate segmentation regardless of object motion. Zhao, W. proposed a method for fast
division of level sets [9]. This method is capable of optimizing the computational efficiency of level set-based
segmentation, allowing for rapid and accurate identification of objects in real-time applications. Roos, M. H.
proposed a moving object detection algorithm based on gradient direction information [10]. This algorithm can
take advantage of gradient direction signals to identify moving objects in video sequences, thereby providing ro-
bust detection performance under different environmental and lighting conditions. Ma, C. introduce automatic
target detection based on watershed transformation combined with genetic algorithm [11]. This approach can
use genetic algorithms and watershed transformations to identify targets in images, providing strong noise and
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clutter resistance. Krebs, J. proposed an improved level setting method for multiple object detection and track-
ing [12]. This method can improve traditional level set algorithms to facilitate accurate detection and tracking
of multiple objects in complex scenes. Vuong, Z. conducted extensive research on multi-object detection and
image sequence tracking [13]. This research can explore advanced algorithms and techniques to simultaneously
detect and track multiple objects in dynamic environments. Li, R. presented a target segmentation method
that involves subsample extraction and correlation calculation [14]. This method can use pattern matching
and clustering techniques to accurately segment targets from background clutter, thereby providing robustness
in object recognition. Wu, S. proposed a target detection method using random decision trees and statistical
matching subwindows [15]. This approach can use statistical and machine learning methods to detect targets
in images, providing scalability and adaptability to a variety of scenarios. Wieduwilt, E. introduces gradient
direction histogram detection operator for target detection [16]. This operator can take advantage of gradient
information to distinguish between positive and negative samples, thereby improving the accuracy of target
detection in harsh environments. Overall, these contributions highlight the breadth and depth of research
efforts aimed at advancing automatic object detection and segmentation techniques. By leveraging innovative
methods and interdisciplinary approaches, researchers aim to meet the changing needs of object detection in
various application areas.

2.1. Research gaps. Based on the comprehensive literature review provided, several research gaps and
opportunities for further investigation can be identified: Some studies address the detection of objects in
complex backgrounds, such as Lee’s discovery of fractal features [5], and Bin’s proposal for improved entropy
calculation [7], methods are still needed. It can reliably detect objects in the middle of very cluttered or
irregular backgrounds. Developing robust algorithms capable of accurately distinguishing objects from complex
environmental contexts remains a significant research gap. Jeong’s work on multi-motion object segmentation
[8] and Roos’ algorithm for moving object detection [10] highlight efforts to address segmentation objects in
dynamic scenes. However, there is still much room for improvement in algorithms that can effectively segment
objects subject to complex motions, such as occlusions, deformations, or rapid changes in appearance. Despite
Zhao’s proposal of a fast level set segmentation method to improve computational efficiency [9], achieving
real-time performance is still a challenge for many object detection algorithms, especially in applications that
require fast, high-performance processing. resolution image or video stream. Research focuses on speeding
up algorithms without compromising guaranteed accuracy. Several studies, including Krebs’s improved level
setting method [12] and Wang’s research on multiple object detection and tracking [13], consider detecting
and tracking multiple objects at the same time. However, there is a need to further explore algorithms that
can robustly handle occlusions, object interactions, and scale variations, especially in cluttered or dynamic
environments. Adaptability to varying conditions: Although Wu’s approach using stochastic decision trees
is promising for target detection [15], achieving robust performance under Varying environmental conditions,
such as changes in lighting, weather or viewing angles, remain a challenge. Research focused on developing
algorithms that are adaptable and flexible to such variations is essential for real-world implementation. Most of
the reviewed research focuses on image-based object detection; However, there is growing interest in integrating
multiple methods, such as LiDAR, radar or depth sensors, to improve detection performance, especially in
challenging situations such as low visibility. Research on fusion techniques and multimodal approaches can
lead to significant advances in object detection. Evaluation metrics and benchmark datasets: Although the
experimental results presented in the reviewed studies demonstrate the effectiveness of the proposed methods,
evaluation metrics are lacking standardized and benchmark datasets to compare the performance of different
algorithms. Developing comprehensive evaluation frameworks and datasets tailored to specific application areas
can facilitate fair comparisons and reproducibility of research results.

Filling these research gaps will be the main goal of this research work. This not only involves advancing
the state-of-the-art in automated object detection and segmentation, but also contributes to the development
of more robust, efficient and adaptable systems for various industrial and practical applications.

3. Methods.

3.1. The basic working principle of PCNN and its algorithm improvement. PCNN has a multi-
neuron model, which is a bionic machine for animal visual recognition, where each neuron is a layer of a neural
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network capable of recognizing the results of the network without training[17]. It also includes: spatio-temporal
summation characteristics, dynamic pulse emission characteristics, and vibration and oscillation characteristics
due to synchronous pulse emission. In image processing, PCNN can be widely used in digital image seg-
mentation, edge detection, detection, enhancement, fusion, pattern recognition, target classification, intrusion
prevention, etc. It can be used in wavelet theory, mathematical morphology, and fuzzy processing, and together
with other signal processing technology, it is widely used in graphics and other operations. The wiring process
of the neuron can be approximated as the transfer process of the integration loss, which is the linear output
[18-19]. PCNN is a feedback mechanism built by connecting many neurons, each neuron usually has three parts:
a receiver, a network (multiple transformations) and a machine electric pulse [20-21]. In real-world imaging, the
neural network’s connectivity corresponds to the pixels in the image one-to-one, that is, the number of pixels in
the image corresponds to the neurons in the network, more. it will be. This corresponds to many neurons. When
used for edge detection, the performance of the algorithm changes with the number of iterations, and so does
the detection result. Each iteration corresponds to a binary image output showing the details of the target
and the background, but the results of each iteration are not ideal. According to the maximum data entropy
rule, as the number of iterations increases, the maximum data entropy is often used to determine the quality
of the image, because the highest value The amount of image information entropy indicates that the image
contains important information. the number of iterations.It is not possible to determine which results are better
before testing, which is one of the shortcomings of PCNN, that is, its results cannot be objectively evaluated.
Considering the shortcomings of the traditional PCNN edge detection algorithm, the author wrote a PCNN
algorithm program based on the average maximum information entropy detection of objects, stationary objects,
and images, and improved the traditional PCNN algorithm. , reducing unnecessary repetition, speeding up the
algorithm, capturing the joint target in time, and obtaining target information.The author detects the edges of
the image lena.png by using the advanced PCNN algorithm and traditional edge detection algorithms such as
Sobel operator, Roberts operator, Prewitt operator, LOG operator, and Canny operator as complete and with
good continuity, but there are many spurious ones. edge in the extracted result.The edge removal by improving
PCNN is very successful, and the target edge can be extracted more in areas with complex backgrounds.

3.2. The network model of PCNN. The PCNN model consists of basic neurons, and each neuron is
mainly composed of two functional units: the feedback input domain and the connection input domain, which
are connected to its neighboring neurons through the synaptic connection weights M and W, respectively.

3.3. Visual inspection and recognition automation system design. The author developed a PCNN-
based recognition and detection system by combining LabVIEW software and Matlab software.The system has
two parts: the vision system and the control system. The vision sees and sees the incoming objects, and after
receiving large data, converts it into a control signal, and sends the control signal to the control card to control
the corresponding functions;Additionally, the control has a XYZ three-degree-of-freedom slide table. First, the
workpiece is moved to the camera and the focal length is adjusted to place the part in the best measurement
position, while the vision system records the image of the part and precisely defines the edges of the part.
PCNN algorithm, then the edge of the part is processed by the Vision Assistant module, and the control signal
is generated according to the measurement, identification and recognition of the car size, and the control signal
is converted into energy control card using the control of the control parts of the mechanism. The specific
process is shown in Figure 3.1.

3.3.1. Experimental platform construction. The equipment of the final chair is composed of upper
computer (production computer), lower computer (Leisai four-axis motion control card and image capture card),
servo motor , driver, CCM three-axis sliding table and shadowless space and DC power supply. These include:
The upper computer is used to send motor control instructions, receive graphic and operating instructions,
display information, and human interaction- computer; The four-axis control card of the downstream computer
receives instructions from the upstream computer, generates voice control signals, and sends the signals to the
servo motor drive. digital I/O port and the driver completes the speed and direction. . monitoring, signal
amplification, engine operation; After the motor receives the driver’s control signal, it is used as an actuator
to perform the corresponding function, and the CCM three-axis sliding table mechanism can move three levels
of movement: left, right, front and rear. freedom and education; The optical card receives signals from the
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Fig. 3.1: Program running process

control computer, collects an image of the area, and then sends the image data back to the supercomputer for
processing. done through the digital 1/O port.

3.3.2. Software development. In the professional development of LabVIEW2011, the author uses the
MatlabScript node to call the Matlab program, and the controller is connected to LabVIEW to realize and
control the automatic equipment, as shown in Figure 3.2. After the program starts running. , the first control
card sends the control signal to move the slide in the Z direction, send the part, run the camera with LabVIEW’s
VisionAcqusition module, collect the image of the part, and bite it with the values , and then call him. In
order to run the PCNN edge search on a node, Matlab converts the edges to digital images after processing,
and then LabVIEW’s VisionAssistant module measures the length, width, and end of the ratio. measure the
measured value with the standard value, determine the quality of the part, and make a motion control diagram
to understand the movement of the Y-table three-level slider. No need to wait for another time to complete
the orientation, location measurement, reset after completion, or explain the measurement.

The integration of LabVIEW and MATLAB application in the evolution of PCNN-based detection and
recognition systems represents a holistic approach that leverages the strengths of both platforms for effectual
and effective implementation. This system further consists of the two main components: the vision system and
the control system, each of which carry out separate but interrelated functions.

3.3.3. Visual System. The visual system is incorporated as the "eyes” of the system and is accountable
for capturing images of incoming objects and processing them for analysis. First, use the camera carriage with
3 degrees of freedom to position the part within the field of view of the camera. This ensures precise alignment
and optimal measurement conditions. After positioning, the camera captures images of the part, which are
processed using the PCNN algorithm. PCNN’s edge detection feature allows the system to accurately identify
the edges of a part. This is important for subsequent analysis. The processed edge information is further
refined with the Vision Assistant module, which can integrate another image processing techniques to improve
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Fig. 3.2: Flowchart of the control system

edge sharpness and remove noise and artifacts. The vision system then performs measurement, identification,
and recognition tasks based on the features extracted from the parts, such as size, shape, and specific features.
The results of these analyzes are converted into control signals that provide instructions for further action by
the control system.

3.3.4. Control System. A control system converts the output of a vision system into executable com-
mands to control mechanical components or devices. The control signals generated by the vision system contain
information about the measurement results and object properties and are received by the control system. Using
LabVIEW software, the control system processes these signals and converts them into commands suitable for
controlling the 3 degrees of freedom carriage and other related mechanisms. The control system communicates
with the power control board or other hardware components to perform specific actions. Adjust part positions
or activate specific tools based on analysis. Analysis is performed by a visual system.

In summary, LabVIEW and MATLAB integration facilitates seamless communication and coordination
between vision and control systems, allowing PCNN-based detection and recognition systems to detect, analyze,
and accurately detect incoming objects in real time. This multidisciplinary approach leverages the strengths of
both software platforms to create important and adaptable solutions for a wide range of industrial applications.

4. Results and Discussion. The main characteristics of field detection and analysis automation systems
are the ability to guarantee accurate measurements, robust algorithms, and stable system operation. The
authors began a thorough investigation to determine these important aspects and began collecting images with
different backgrounds under uniform illumination. Using traditional edge detection methods and an improved
pulse-coupled neural network (PCNN) algorithm, the authors carefully analyzed and identified the edges of
the object. A comparative analysis of edge extraction using traditional methods and his PCNN algorithm
enhanced in the background yielded convincing results. Images processed using the PCNN algorithm had more
detail and improved sharpness than images processed using traditional methods. It is noteworthy that the
ability of the PCNN algorithm to improve accuracy on difficult backgrounds and enable robust edge and object
detection even in difficult scenarios. The evaluation was then extended to repeated measurements using both
the LabVIEW algorithm and the improved PCNN algorithm as shown in Figure 4.1. A standard model with
known dimensions (length 28.87 mm, width 12.36 mm) serves as a benchmark, and measurements are performed
under constant illumination conditions and indirect position guidance. As the position of the scale changes
continuously, the length and width measurements also change. In particular, measurements performed using
the improved PCNN algorithm had smaller deviations from the sample values compared to those obtained with
the LabVIEW algorithm. This result highlights the excellent stability and accuracy of the PCNN algorithm,
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Table 4.1: Experimental results

H ‘ length/mm H width/mm H Parts display H

Right | 28.84 12.34 Qualified
left | 28.92 12.40 Failed

which facilitates accurate measurements even under fluctuating conditions.

Additionally, the system’s ability to accurately detect position during high-speed movement (1 m/s) was
evaluated, providing an outstanding detection accuracy of £0.04 mm. Extensive testing on 20 production
batches confirmed the system’s effectiveness in establishing appropriate product dimensions (length [28.83 mm,
28.91 mm)] and width [12.32 mm, 12.40 mm)]), thus ensuring consistent and reliable analysis results as shown
in Table 4.1. Comprehensive evaluation shows that when system accuracy is maintained at 0.04mm, objects
can be clearly separated, with the entire analysis process achievable in a fast timeframe of 5 seconds. Notably,
discrepancies between measured and actual dimensions were quickly identified, highlighting the system’s ability
to accurately detect potential differences and defects. Essentially, the systematic evaluation highlighted the
robustness, reliability, and effectiveness of the field detection and analysis automation system. By leveraging
advanced algorithms and precise measurement techniques, the system delivers excellent accuracy and stability,
facilitating seamless and reliable analysis of objects in a variety of environments, conditions and different
activities.

The detection machine has a stable, high precision and good working time, and during the detection and
confirmation, the three-axis sliding table is working parallel, which improves the level of automation the system
[22-24].

A runtime comparison of traditional edge detection methods and an improved PCNN (Pulse Coupled Neural
Network) algorithm provides valuable insights to improve accuracy and increase computational efficiency. This
result clearly shows that using the improved PCNN algorithm significantly reduces the execution time, from
256 seconds for the traditional method to just 100 seconds for the PCNN algorithm. This significant reduction
in processing time highlights the superior computational efficiency of the PCNN algorithm in edge detection
tasks. Notably, the PCNN algorithm still maintains or improves accuracy despite its increased processing speed
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compared to traditional methods. This efficiency increase not only improves the overall performance of the
detection system, but also enables rapid image analysis and facilitates rapid decision-making in a variety of
applications. In summary, the observed runtime differences highlight the significant computational advantages
offered by the PCNN algorithm, making it an attractive choice for edge detection in automated analysis systems.

5. Conclusion. The author presents an innovative automatic search and authentication control system,
underpinned by a vision-based detection and recognition automation package developed through the integration
of LabVIEW and MATLAB software. Employing the refined PCNN edge extraction algorithm, experiments
conducted on a fixed platform in a garden setting yielded promising results. The observational analysis un-
derscores the system’s adaptability to dynamic measurement scenarios, wherein fluctuations in measurement
position induce corresponding changes in length and width values. Notably, the integration of the vision system
with a servo mechanism establishes an open-loop optical servo mechanism, elevating product control automa-
tion capabilities. This enhancement addresses deficiencies inherent in conventional control systems, such as low
control precision, inadequate automation efficiency, and lack of trust, while facilitating comprehensive analysis
and defect detection across diverse tasks including food inspection, size analysis, and partial analysis. The
system achieves remarkable efficiency, with tasks such as photographing, size analysis, partial analysis, and
table reset completed within a mere 5 seconds. Moreover, the system demonstrates robustness in detecting and
analyzing objects in motion, showcasing its potential for real-time applications even at speeds of up to lm/s.
The developed system represents a significant advancement in automation and control technology, offering
unparalleled accuracy, efficiency, and adaptability. By seamlessly integrating cutting-edge software tools and
innovative algorithms, it promises to revolutionize various industrial processes and elevate the standards of
product inspection and control automation.
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RESEARCH AND APPLICATION OF BIG DATA CLUSTERING ALGORITHM BASED
ON AI TECHNOLOGY IN CLOUD ENVIRONMENT

DAN HUANG *AND DAWEI ZHANG f

Abstract. Traditional big data filling algorithms often give inaccurate results due to vulnerabilities to different data types.
To solve this problem, this study presents a new big data clustering algorithm powered by AI technology in a cloud environment.
The study proposes an advanced Big Data clustering algorithm that leverages Al technology in a cloud environment. It optimizes
clustering based on predicted strength using parallel processing. The research focuses on optimizing the clustering algorithm
based on the predicted intensity through parallel processing. Experimental results demonstrate that image clustering stability is
achieved when the number of clusters exceeds 4, indicating reduced sensitivity to random factors. Although it was not possible to
precisely determine the optimal number of clusters, the use of an optimization algorithm showed that at four clusters the prediction
intensity reached its peak, ensuring more accurate cluster identification. Through rigorous testing, the optimal number of clusters
was determined to be 4. Clustering results show that visitors characterized by certain attributes show higher interest in most
columns. This algorithm makes it easier to cluster incomplete large data, improves clustering speed, and improves the accuracy of
filling in missing data. Compared to existing methods, this algorithm leverages Al technology in the cloud environment to optimize
clustering based on prediction intensity, providing improved accuracy and efficiency during processing in big data management.

Key words: Distributed Computing; Prediction Strength; Algorithm Research; Cloud Environment; Clustering Algorithm.

1. Introduction. In today’s data-driven landscape, the growing amount of information has brought data
to the forefront as a key strategic asset alongside natural resources and human capital. This paradigm shift,
driven by the rapid development and widespread adoption of computer technology, internet connectivity, mo-
bile devices, and cloud computing, has ushered in an era of data ubiquity across many different industries.
Moreover, the challenge is not only to manage its size, but also its complexity, which is characterized by differ-
ent data types, pervasive noise, and high-dimensional structures. Effectively harnessing the hidden potential
of this vast amount of data requires advanced analytical techniques. Clustering algorithms, in particular, are
essential tools for identifying meaningful patterns and deriving actionable insights from large datasets. How-
ever, given the complexity of big data, traditional clustering techniques often fail and yield inaccurate results,
especially in situations where data integrity is compromised. To address these challenges, this study attempts
to present an innovative solution in the form of an improved big data clustering algorithm based on artificial
intelligence (AI) technology in electronic environments. By leveraging the power of cloud infrastructure and
Al the algorithm aims to overcome the limitations of traditional methods by optimizing the clustering process,
improving prediction accuracy, and increasing computational speed. Through a comprehensive study on the
use of advanced clustering techniques and parallel processing techniques, this research aims to not only improve
the accuracy of clustering results but also streamline the processing of incomplete and noisy datasets. This
section highlights the importance of addressing the challenges posed by big data clustering, highlighting the
integration of Al and cloud computing as essential elements for achieving advanced clustering capabilities, and
the proposed It paves the way to highlighting the rationale of the approach.

Data, as a quantitative representation of information, constitutes a strategic asset like natural and human
resources, representing important economic and scientific value. The advent of computing and information
technology, especially the widespread adoption of internet technology, digital platforms, mobile devices and
cloud computing, has fueled explosive growth in Generate data in many different fields. This increase in data
production manifests itself in many different types, characterized by extensive noise and high complexity [1].
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For example, Baidu processes 10 to 100 PB of website data daily, while Taobao accumulates transaction data
volumes of up to 100 PB. Meanwhile, Sina Weibo generates 80 million messages per day, and a provincial branch
of China Mobile registers phone communications at prices ranging from 0.5 PB to 1 PB per month. In addition,
a provincial police office accumulated 20 billion pieces of road vehicle monitoring data over three years, a total
of 120 TB. Forecasts from IDC, a leading computer information analysis and consulting company, predict that
the global annual volume of data will reach 35 ZB by 2020 [1]. The term “big data” has emerged to summarize
the nature of such large, unstructured, digitized data sets. In 2008, recognizing the emerging challenges and
opportunities inherent in handling big data, the journal Nature devoted a special issue to technical obstacles and
officially introduced the concept of “Big Data” [2,3].Therefore, these large unstructured data sets, characterized
by their digital and high-dimensional nature, are now often referred to as big data.

1.1. Article Contribution. This research contributes to the field of big data management by presenting
a new big data clustering algorithm supported by AI technology in a cloud computing environment. Leveraging
advanced clustering techniques and parallel processing, the algorithm optimizes clustering based on predicted
strength. Experimental results demonstrate that clustering stability is achieved when the number of clusters
exceeds four, indicating reduced sensitivity to random factors. Using an optimization algorithm, the study
identifies four clusters as optimal, thereby improving the accuracy of cluster identification. The algorithm
significantly improves clustering speed, missing data filling accuracy, and allows clustering of large incomplete
data sets. Compared to existing methods, this algorithm delivers higher accuracy and efficiency by leveraging
AT technology in the cloud environment. The results highlight the practical benefits of optimized clustering
algorithms, showing a significant reduction in the influence of random factors on clustering results. Additionally,
the study highlights distinct visitor behavior patterns, which have implications for improving user engagement.
Overall, the proposed optimization algorithm shows significant application value across industries, promising
to reduce the time complexity and economic costs associated with data clustering analysis. Further research
efforts are needed to refine and apply advanced clustering algorithms to effectively meet changing business
needs and user preferences.

2. Literature Review. In order to optimize network resources and improve user experience, Paknejad,
P proposed a large-scale network traffic monitoring and analysis system based on Hadoop, which is an open
source distributed computing platform established to process large amounts of data on hard disks. The system
has been deployed to run on the core network of large cellular networks, and the system works well and has been
widely praised [4]. Banerjee, A In order to solve the problem that the processing efficiency of frequent subgraph
mining decreases when the amount of data increases, a frequent subgraph mining algorithm FSM-Ho FSM-H
based on the MapReduce framework is proposed, which is suitable for all the latest FSM algorithms [5]. Through
experiments, we verify that the parallel frequent subgraph FSM-H is effective with a large comprehensive dataset.
Qin, X conducted in-depth research on the development status of MapReduce at home and abroad, pointed out
the advantages and disadvantages of domestic and foreign MapReduce research results, and at the same time,
deeply analyzed the development status and trends of key MapReduce technologies [6]. Finally, he expressed
his views on the future development direction of the MapReduce distributed framework. Li, C decomposes
noisy data into clean data, Gaussian noise and sparse error matrix, and then performs low-rank subspace
clustering, which can improve the robustness of the model [7]. Wen, L. H combined sparsity and low rank to
give a multi-subspace representation model; In the LRR model, the column representation coefficient matrix
and the row representation coefficient matrix are simultaneously low-rank constraints, so that the row and
column information can complement each other and de-noise each other, and a hidden low-rank representation
model is proposed [8].

The applications of big data clustering algorithms are mainly concentrated in the fields of graph processing,
pattern matching, and market analysis. There are various difficulties in cluster analysis research of big data,
and these difficulties are determined by the characteristics of big data itself [9]. After entering the era of big
data, the amount of data that needs to be processed has increased dramatically, and the traditional clustering
method using serial data analysis has been difficult to adapt to the data processing requirements in the current
cloud computing network environment, the author adopts a parallel method to study and optimize the big data
clustering algorithm with the prediction strength as the starting point. Starting from one or several attributes
of a specified data set, this process of classifying it is called clustering, and the process of clustering does not
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require a full knowledge of all the properties of the dataset. Generally, each of the divided categories is called
a cluster, and the similarity of the data on one or several specific attributes, as a standard for the division
between different clusters. Therefore, in the process of clustering, it is not necessary to set classification criteria
in advance, but the classification is performed automatically based on the specific attributes of the data itself.

2.1. Research gaps in existing literature. Despite significant progress in big data clustering algorithms
and their applications in various fields such as graph processing, pattern matching, and market analytics, several
research gaps still exist, requiring deeper inquiry and innovation.

1. Scale network traffic analysis: Although Paknejad’s Hadoop-based system proves its effectiveness in
monitoring large-scale network traffic, there is still a need to optimize scalability, especially in The
mobile network landscape is expanding rapidly. Further research could focus on improving the sys-
tem’s ability to efficiently process and analyze network traffic data while accommodating growing data
volumes.

2. Improving the efficiency of frequent subgraph mining: Banerjee’s FSM-Ho algorithm offers a promising
solution to improve the efficiency of frequent subgraph mining using Using the Map-reduce frame-
work. However, there is a need to explore additional techniques to further improve the scalability and
performance of the algorithm, especially with regard to handling larger data sets and complex graph
structures.

3. Meeting the challenges of big data clustering research: Qin’s comprehensive analysis of Map-reduce
technology highlights both its advantages and limitations in meeting the challenges of data processing
big material. Future research efforts could delve deeper into addressing specific barriers encountered
in big data clustering, such as handling different data types, scalability issues Scaling and optimizing
algorithm performance in distributed computing environments.

4. Improving robustness and handling noise in data clustering: Li and Wen’s study of low-level subspace
clustering models and multi-subspace representations provides valuable insights value in improving the
robustness of clustering algorithms. However, further research is needed to develop techniques that can
effectively handle noisy data and improve the accuracy and reliability of clustering results, especially
in situations where large data are available data is heterogeneous and has many dimensions.

5. Automating cluster analysis in cloud computing environments: Despite advances in parallel big data
clustering methods, there are still gaps in automating the cluster analysis process in networks cloud
computing.

Future research could focus on developing intelligent clustering algorithms that are able to dynamically adapt
to changing data patterns and network conditions, thereby optimizing resource utilization and improving perfor-
mance. Improve user experience in cloud-based applications. Addressing these research gaps will help advance
modern big data clustering algorithms, allowing more efficient analysis of large-scale datasets in various appli-
cation domains.

3. Research Methods.

3.1. Data fusion in cloud environment. With the rapid development of network technology, especially
the Internet, the amount of unstructured or semi-structured data is increasing day by day. Among them, the
IDC survey report shows that: The amount of unstructured data in the enterprise accounts for 80 percent
and is growing exponentially by 60 percent every year [10]. If the structured data in the enterprise records the
development and transaction activities of the enterprise meticulously and intuitively, then the unstructured data
is the key lifeline of the enterprise development and the method to improve the competitiveness of the enterprise.
Therefore, in order to make the enterprise develop rapidly and steadily and improve the core competitiveness
of the enterprise, the research on unstructured data is imminent.

Therefore, in order to make full use of unstructured data, grasp the lifeline of enterprise development, and
improve the core competitiveness of enterprises, enterprises must process unstructured data to realize data
fusion and provide high-quality data guidance for future enterprise decision-making. However, due to the huge
amount of unstructured data, it is difficult to quantitatively analyze it, its manifestations are diverse, which
makes the integration results inefficient and inaccurate, which has a great impact on the results of future
data analysis and may bring unpredictable losses to enterprises [11]. Therefore, how to carry out data fusion
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Fig. 3.1: Hadoop ecosystem structure diagram

efficiently and quickly, and provide reliable data guarantee for later data analysis and data mining, is a very
challenging task.

The concept of data fusion originated from sensor data fusion, which is a series of processing of data from
multiple sensors, in order to obtain unknown, useful information. Sensor data fusion has existed for a long
time and was proposed around the 1970s, at the same time, it is widely used in military, biomedical and
transportation [12]. The concept of data fusion also exists in the field of information retrieval. Data fusion in
information retrieval mainly refers to merging the retrieval results of each independent data set into a unified
result, so that the combined effect is as close as possible to the retrieval effect on a centralized data set.

3.1.1. Data Analysis System. There are two main directions of the current big data analysis and
processing system: Batch processing systems represented by Hadoop; Stream Processing systems developed
for specific applications. The main difference is that batch processing systems need to store and then process,
while stream processing systems process directly [13]. A single data analysis and processing system is difficult to
adapt to the rapid increase in data volume in the current cloud computing network environment, a hybrid data
analysis system that mixes application architecture with underlying design languages and high-level computing
modes for big data processing is more suitable for current application needs.

The Hadoop ecosystem structure is shown in Figure 3.1.

The core of Hadoop is Distributed File System (HDFS) and MapReduce. HDFS has high fault tolerance
and high throughput data access, suitable for applications deployed on cheap machines and large datasets [14].
MapReduce is a mature programming model for parallel computing of large data sets. HBase is a column-
oriented data database, it runs on HDFS. The main goal of HBase is to quickly locate and access the required
data for billions of rows of data that exist on the host. HBase can also be used in combination with Hive and
Pig, with their high-level language support, HBase can easily and quickly perform statistics on data.

The core of the Hadoop framework is HDFS and MapReduce. Here is mainly to explain the composition
of HDFS, as shown in Figure 3.2.

Next, we describe the relationship between NameNode, DataNode and Client from three operations: file
writing, file reading, and file block copying [15].

(1) File writing: First, the Client makes a request to write a file to the NameNode, after the NameNode receives
the request, according to the size and configuration of the file, it feeds back the DataNode information
under its jurisdiction to the Client, after receiving the DataNode address information returned by the
NameNode, the Client divides the file into blocks and writes them to the DataNode in sequence [16].

(2) File reading: First, the Client sends a request to the NameNode to read the file, the NameNode responds
after receiving the request, and feeds back the DataNode information of the stored file to the Client,
the Client receives the DataNode information sent by the NameNode and performs a read operation
on the file.
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Fig. 3.3: MapReduce flowchart

(3) File block copy: When the NameNode finds that the number of file blocks has not reached the minimum
number of replications, and detects that some DataNodes have failed, the NameNode will issue com-
mands to the DataNodes under its jurisdiction to copy file blocks with each other, and these DataNodes
will perform block copy operations with each other after receiving the NameNode instructions.

In addition to the map and reduce functions, a mature MR model also contains three functions: Part,
comp, group, the following author will introduce the relationship between them [17]. First, the part function
divides the data output by the map and distributes it to the available reduce tasks; Then all the keys will
be sorted under the comparison function comp; Finally, the data is grouped by group for the convenience of
reduce calls. It is important to note here that functional operations are performed on keys in key-value pairs
without involving values, and the keys here are any kind of data that are comparable [18]. Proper selection of
part, comp, and group functions can realize the division and grouping of complex tasks, which is particularly
important when using mixed keys. The following is a detailed description through the flow chart of MapReduce,
as shown in Figure 3.3.
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As can be seen from Figure 3.3, MapReduce can be generally divided into two processes: Map and reduce.
In Figure 3.3, it can be seen that the MapReduce instance in the figure contains 2 map tasks and 3 reduce
tasks. The map function is called once for each block of input data (the four light gray squares in the Figure).
When the map stage is completed, it generates 10 sets of intermediate key-value pairs and outputs them for
further processing. Each set of intermediate keys corresponds to a shape (triangle and circle) and a color (light
gray, dark gray, and black). These key-value pairs are assigned to 3 reduce tasks through the Partition function
based on a part of the key (like color) (and of course also by shape). You can also formulate a Combiner class
for the map function as needed to combine the output composite key-value pairs. Finally, the group function
groups the entire key-value pair, so that the reduce function completes the classification of the five key-value
pairs [19].

The actual execution of MR programs (that is, what we call jobs) is implemented through an MR archi-
tecture, such as Hadoop. An MR cluster consists of a series of nodes running on a fixed number of map and
reduce processes. It’s worth noting that the partition function is partially dependent on the number of reduce
tasks, because it sends key-value pairs to the available reduce tasks. If the MapReuduce instance program in
Figure 3.3 is running in a Hadoop cluster, and it contains 1 map process and 2 reduce processes, that is to say,
1 map task and 2 reduce tasks can run at the same time; Therefore, this 1 map task will be processed in this 1
map process, and these 3 reduce tasks will need these 2 reduce tasks to be processed.

3.2. Clustering Algorithm for Prediction Strength Optimization. The number of clusters expected
to be divided into clusters is an important parameter in the clustering process, and the authors used the
prediction strength-based method proposed by Tibshirani in 2001 to calculate the number of clusters. The
prediction strength is defined as formula (1):

pk(s) = 1r<nji£1k 1/(ngj(ng; — 1)) Z I(DI[C(A,k), Bl = 1) (3.1)
== i1/ @i,i* € Ay

The specific calculation steps are:

1. Divide the current data set into test set A and test set B by random division;
Using k as the current number of clusters, cluster the two subsets and record the results;
Distinguish the clustering results of the two subsets;
Count the classification errors of all samples in set A in set B, and calculate the correct rate of allocation;
The prediction strength with k as the number of clusters is the minimum value among all the correct
rates.

In the prediction strength definition, C'(4, k) indicates that the set A is clustered into k categories, Ay;
indicates the jth category that the set B is clustered into, ny; indicates the number of elements in Ay,
D[C(A, k), B; is the element value of the i row and i’ column in the discriminant matrix of the clustering
result. It can be seen that the predicted strength value pk(s) € [0, 1] is affected by the number of clusters. The
larger the prediction strength value, the stronger the prediction ability of the current clustering algorithm to
classify new data elements into correct clusters. The random division of the data between the prediction set
and the test set will cause the prediction strength to be seriously disturbed by accidental factors [20]. The
author proposes to divide the data into multiple random classes first, and use them as the test set to calculate
the prediction strength, and take the average of multiple prediction strengths as the final prediction strength
under the current number of clusters, so as to reduce the interference of accidental factors on the prediction
strength, function as an optimization algorithm.

The number of clusters k is determined by the prediction strength, and the corresponding algorithm for
clustering is as follows:

U o

Input: dataset D= dy,ds,...,d;,...,dy,, the current optimal number of clusters k
1. Select k data points df,...d ybelonging to D from the D set as the centroids of the clustered clusters;
2. For Vd; € D, its corresponding cone should be N;=arg min; ||d; — d||;
3. Modify the centroid position d} = (3. sign(N; = j)d;)/ (>, sign(N; = j)) of each cluster
4. Take the sum of squares of errors between the centroid of each cluster and the data points in the cluster
as the criterion function G(N,d') = i, [|d; — d};
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Fig. 4.1: BIC criterion model function curve

5. Repeat steps (2) and (3) until the value of (4) no longer changes, obviously, the value of the criterion
function is shrinking.
Output: The cluster Ny, ..., Ny where the centroid df,...,d'\ is located

Among them, N__j should be the cluster where the centroid d; closest to the data d; is located, sign(N; = j)
indicates that its value is 1 when N; = j, and its value is 0 in all other cases [21].

4. Analysis of results.

4.1. System Composition. To understand visitor behavior on live streaming platforms, visitor engage-
ment duration data was analyzed in different columns. The analysis involved importing data from three columns
and using a model built using the Bayesian Information Criterion (BIC). This criterion serves as the main mea-
sure for determining the optimal number of clusters and sets the number of anchor points for the analysis to
her three variables.

4.1.1. Model Optimization and Prediction Strength. Figures 4.1 and 4.2 show function curves
showing the relationship between the number of variables and the number of clusters. Note that the BIC
criterion alone does not have a significant impact on determining the number of clusters when the number of
variables is the same. As shown in Figures 4.1 and 4.2, when the number of clusters exceeds 4, the cluster
images tend to become stable, indicating reduced sensitivity to random factors. Although it is clear that the
optimal number of clusters should exceed 4, it is still difficult to determine the exact value [22].

4.1.2. Optimized algorithm and improved cluster identification. We find that using the optimized
algorithm, the prediction strength reaches its maximum value at four clusters. This finding indicates that the
number of clusters can be determined more accurately using an optimization algorithm. Based on the test
strength, it was concluded that the optimal number of clusters is actually 4. The resulting curve after cluster
analysis is shown in Figure 4.3.

4.1.3. Visitor Attribute Analysis. Analysis Figure 4.3 shows the different behavior patterns of visitors
based on the categories assigned to them. Visitors characterized by the first attribute type have increased
interest in most columns, which is very much in line with the content focus of the platform. This idea suggests
opportunities for customized services to improve user engagement. In contrast, the fourth category of users
shows little interest in the platform’s current content, and there is no potential for targeted or strategic content
adjustments to re-target that segment of users.

This result highlights the importance of using advanced clustering algorithms, such as the BIC criterion
and algorithms using predictive strength optimization, to derive valuable and actionable insights from big
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data. Understanding visitor behavior patterns allows platform operators to refine content strategies, improve
user experience, and optimize resource allocation. Future research efforts may focus on improving clustering
methods and exploring real-time adaptation strategies to respond to changes in user preferences.

5. Conclusion. The results of the performed experiments highlight the tangible benefits of using optimized
clustering algorithms in real applications. By improving traditional clustering methods and optimizing the
determination of specific cluster numbers, our study shows a significant reduction in the influence of random
factors on clustering results. Our results reveal that when the number of clusters exceeds four, a stable trend
emerges, suggesting a reduced susceptibility to random influences. Although the exact value of the optimal
number of clusters remains elusive, our optimization algorithm facilitates a more precise determination, with
maximum prediction strength observed for four clusters. Our analysis highlights distinct visitor behavior
patterns, with a particular focus on increasing visitor interest with attributes that align with the platform’s
content focus. The use of this optimization algorithm promises significant practical benefits, including reduced
time complexity and economic costs associated with large-scale data clustering analysis. By streamlining
clustering processes and improving accuracy, our approach has significant application value in various industries.
Further refinement and adoption of advanced clustering algorithms are warranted to continuously improve the
efficiency and effectiveness of data analytics to meet growing business needs and user preferences.
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A STUDY ON THE PREDICTION METHOD OF ENGLISH PERFORMANCE IN
UNIVERSITIES BASED ON THE STACKING INTEGRATED MODEL

TONGSHENG SI*

Abstract. Students’ performance in higher education reflects their overall quality in higher education. By predicting the
performance, students with greater learning problems can be screened out early and given appropriate guidance. To predict
students’ performance in English, the knowledge information of courses, examination papers, and historical examination records
are used to build a feature project of students’ examinations. Meanwhile, the features strongly correlated with their performance
are filtered out. Then the next step of performance prediction is carried out. The results showed that a neural network long and
short-term memory performance prediction model incorporating an attention mechanism was more effective than other models in
predicting English performance in higher education. Further experiments found that the model reduced the error by 1.04% on the
MAE metric, 0.53% on the RMSE metric, and increased its value by 4.12% on the R2 metric. Adding the new feature dataset led
to better forecasting by the Att-LSTM model in all metrics. This indicated that the enhanced dataset temporality could improve
the effectiveness of the Att-LSTM model in predicting English grades in higher education. The stacked integrated prediction model,
by integrating multiple strong regressors, can avoid poor prediction and excessive overall bias due to one regressor and increase
the soundness and prediction precision of the mode.

Key words: Stacking, Achievement Prediction, Integrated Learning, Attention Mechanism, English in higher education

1. Introduction. With the fast growth of national education computerization, a large amount of data
on education has been generated in the education management system[15]. Data mining has been a new
power in these sectors [5]. However, the application of this technology in student performance prediction is
still underdeveloped and still being explored [12]. Big data has made a huge difference in how people work,
live and think, and its impact on the education sector cannot be ignored [9]. Big data is becoming a huge
force for progress and change in the education system [2]. Education is undergoing a dramatic change due
to the influence of big data. The education sector continuously generates and accumulates a large amount of
data, which constitutes big data in agriculture [10]. Big data’s importance in education and its huge value is
gaining more attention. With the construction of information systems on campus, there is a hardware basis
for collecting and processing the various data generated by students on campus [6]. Therefore, this study uses
the Stacking integrated model to study English performance prediction in colleges. A multi-model overlay
prediction model based on the integrated learning stacking method is proposed for college students’ English
grades. The algorithm takes the prediction results of XGBoost, Light GBM and Att-LSTM models as input
and then uses multiple regressors to integrate the prediction results to obtain the students’ grade prediction
results.

2. Related Works. Under the influence of big data, the education sector is undergoing a dramatic change.
It constantly generates and accumulates large amounts of data, which constitute a large amount of energy in
agriculture. The importance of big data in education and its huge value is becoming increasingly visible. With
the continuous construction of information systems on campuses, there is a hardware basis for collecting and
processing the various data generated by students on campus. So that college English can be promoted and
students can achieve better grades. Achievement prediction has become an important topic and has been
thoroughly studied by many scientists. Mubarak et al. proposed a supermodel of deconvolutional networks
and long-term and short-term memory, dubbed CONV-LSTM, to extract features automatically from the raw
MOOC dataset and to forecast each student to drop or finish the course. The proposed model showed an
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improved performance [11]. Wu L proposed a spatial recurrent mould grounded in deep attention, which learnt
to focus on key target components and encoded those into space expression characterization. The method
was experimentally demonstrated to outperform two typical fine-grained recognition tasks [13]. Thanh et al.
proposed a profound study using classroom data conversion and factorial data over time to predict the pupils’
grades. The experiment was built on 16 statistical collections relevant to various fields of study, collected
from about 4 million samples from the student message board of a large-scale discipline network in Vietnam.
The outcomes indicated that the presented approach offered excellent forecasting results, particularly when
transforming the data and applied to practical cases [4].

Liu et al. proposed a new framework for student performance prediction using machine learning to cap-
ture features and fused attention mechanism-based recurrent neural networks. Experiments demonstrated the
effectiveness and practicality of the method with an accuracy of 98% [7]. Baruah et al. presented a deeply
neuro-fuzzy web based on the MapReduce framework for multiple universe optimization of grade competition-
based student performance prediction. The values of the proposed method in terms of mean square error, root
mean square error and mean absolute error were 0.3383, 0.5817, and 0.3915, respectively [3]. Abdollahi et al.
presented a depth study-based multi-step algorithm to predict trip times using 5-fold cross-validation to detect
the ability of the prediction mode. The proposed algorithm performed on a mean of 4 minutes outperforming
a deep neo-network applied to the original eigenspace [1]. Meng et al. presented a deep feedforward forecasting
model of neighbourhood neural networks to implement a suitable software system for employment forecasting
and guidance of college and high school students, and the results showed some applicability [8]. Zhang et al.
presented a method for predicting exploits using a multi-step N-gram characteristic selection and hierarchical
integrated study. The results showed that the presented approach was validated on the server exploit buffer
spill exploit and resource management exploit datasets with the lowest false positive and false negativity rates
of 1.58% and 4.06%, respectively [16]. Xie et al. proposed a model for predicting grades through an attentive
multilayer LSTM that combined students’ demographic and clickstream datasets for integrated analysis. The
results showed higher prediction accuracy and could provide timely interventions [14].

Currently, the research on student performance prediction is less concerned with the association between
course knowledge data and performance. Its applicability and extensibility are narrow, which is not conducive to
the practical application of relevant research findings. Meanwhile, existing studies have also paid little attention
to the effect of time-series factors on predicting pupil achievement. Thus, this study proposes a neural network
long- and short-term memory performance prediction mode incorporating an attention mechanism and a multi-
model overlay of university students’ English performance prediction mode. The algorithm takes the prediction
results of XGBoost, Light GBM and Att-LSTM models as input, and then uses multiple regressors to integrate
the prediction results. Finally, the prediction results of students’ performance are obtained, and a new idea is
proposed for the comprehensive research of English education in colleges.

3. A Stacking Integrated Multi-Model Overlay Based Approach for Predicting English Per-
formance in Higher Education.

3.1. A neural network long and short-term memory performance prediction model incorporat-
ing attention mechanism. The first step for predicting English grades in higher education is pre-processing
students’ English grade data. The pre-processing allows richer information to be obtained on language test
data and makes it easier to access questions. The data set records all knowledge points besides the student’s
English grades, with classification, sectioning, numbering and complexity information. Also, for each English
test, the dataset records the points in the question paper, and the scores accounted for by those points. They
are pre-processed through cleaning, feature engineering, and the generation of training datasets to investigate
the intrinsic correlation between the data. These data provide a view of the overall distribution of student per-
formance and also enable an understanding of whether there are any anomalies in the examination performance.
Student performance is plotted according to a range of statistics per 10 points while being able to draw a box
plot of student performance, as shown in Figure 3.1. Figure 3.1 shows that most students in this English
course are within 60-100. Among them, the median score of students is more than 80, and a few students score
under 60, indicating the good overall performance of college students. However, a small number of students
have a score of 0 and might miss exams. The exam score of 0 is low, so this part of the anomaly is removed. In
the construction of feature engineering, a computer program is usually used to record data, which is convenient,
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Fig. 3.1: Statistical Chart of Student Test Results

fast, and has a large amount of data. Attributes with strong correlations with scores are generally screened
out, while those with weak correlations are excluded. Point-biserial correlation coefficients are used to analyse
correlations between bivariate and continuous variables. The relation between student performance and gender
is obtained by computing the point-biserial correlation coefficient, which is given in equation 3.1.

b = (ﬁ_@) N AV E) (3.1)

In equation 3.1,Yj is the observed mean of the gender metric coded as 0. Y is the mean of observations for
gender indicators grouped under the code 1.Nj is the approximate value of the observed values of males and
females coded as 0. N7 is the quantity of gender-specific views encoded as 0. N is the number of observations.
Sy is the reference deviation of all metric measurements. If one starts with the complexity of the test paper,
Pearson’s coeflicient of correlation is used to assess the intensity of the online relationship between two contin-
uous entities. Pearson’s coefficient is used to calculate the total complexity and its performance correlation, as
shown in equation 3.2.

 SE-m)y-my)
\/Z (x - xm)Q Z (y - ym)2

In equation 3.2, m, represents the mean of the total complexity of x. m, denotes the average of the outcomes.
y indicates the outcome of the correlation. The paper’s complexity greatly impacts students’ final grades and
could be used to forecast their grades. In turn, the different points of English knowledge can have a differential
effect on students’ achievements. The data size is effectively reduced by reducing the dimensionality of the
original data. To perform a non-negative matrix decomposition for an already existing matrixV" € R*™, the
matrix W € R needs to be found with the matrix H € R!*™ such that it satisfies equation 3.3.

r (3.2)

Vn*m ~ Wn*rHr*m (33)

In equation 3.3, = is used mainly because the solution used is only an approximation. r < n,7 < m. In
the general case of (n+m)r < nm, the relationship between a more complex feature set is constructed by
feature engineering. Table 3.1 shows the specific feature descriptions. Table 3.1 divides the college English
exam papers into three granularities for each knowledge point from coarse to fine, namely, class, subsection
and knowledge point. The student’s performance will change in each test. However, the long-term performance
will stabilize within the same range. After multiple exams, students learn from their previous mistakes and
can avoid the same mistakes, so their performance on exams will have some influence on subsequent exams.
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Table 3.1: Description of college English achievement characteristics

Features Format Describe

Student Id String Student ID

Exam Id Integer Exam ID

Complexity Integer = Complexity
ComplexityRatel-5 Float Proportion of complex 1-5
Typel-10 Integer  Chapter classification 1-10
Subjects1-10 Integer  Subjects classification 1-10
Knowledgel-100 Integer = Knowledge points 1-100

Fig. 3.2: Flow Chart of the Noticing Mechanisms

Therefore, the prediction of English grades in higher education can be seen as a time series prediction. In
this study, student performance is predicted by the LSTM model, which incorporates an attention mechanism.
The flow processing of the general attention mechanism is shown in Figure 3.2. In the general concentration
mechanism, four key data values are available. The input is represented as a key-value pair (Q,K) of Q and K.
The weights of the key-value pair are obtained by calculating the similarity between the Query and each Key.
Then the values representing the importance are obtained by normalization. Finally, the attention values are
obtained by summing the results for each value according to the importance values. The attention function
can use addition or dot product. The attention function can be expressed as shown in equation 3.4.

Ly
Atteneion (Query, Source) = Z Similarity (Query, Key;) * Value; (3.4)
i=1
In equation (4), L, is the total length of the input features. There are 3 main stages in the attention mechanism.
The first step is to choose the appropriate method to find the correlation coefficient between the query and the
key. Methods such as vector dot product method, vector similarity method and MLP neural network method
can be used. The formula for the calculation method, see equation 3.5.

F(Q K;) = QTK;
F(Q,K:) = iz (3.5)
F(Q,K;)=MLP (Q", K;)

In equation 3.5, F(Q, K;) is the correlation coefficient. Qis the Query. K; is the different keyword Key.
For K;, the correlation coefficient F' (Q, K;) can be expressed as S;. The previous correlation coefficients are
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processed using Softmax on the second stage to obtain the weighting coefficients. The two advantages of this
processing are that all keyword weights are processed as a probability distribution with a sum of 1, and that
the importance of important keywords can be increased by its own function. The result of the Softmax formula
is shown in equation 3.6.

6F(Q7Ki)

a; = Softmazx {(}S;) = Softmax {(} F (Q, K;)) = W

(3.6)

In equation 3.6, a; is the weighting factor corresponding to K;. In the third stage, the weighting coefficients
a; and V; are calculated to obtain the final attention values, as shown in equation 3.7.

Lm
Attention (Q, K,V) = ZaiVi (3.7
i=1

In equation 3.7, V; denotes the value of the weight coefficient. LSTM is controlled by input, output, and
forgetting gates, which enhance its long-term memory capability and effectively solve the gradient disappearance
while filtering relatively unimportant information and reducing training time. The complete LSTM cell state
is displayed in Figure 3.3.

From Figure 3.3, in the LSTM cell state, C;_; is the cell preservation state after the previous processing.
hi—1is the retained state-of-play of the latent level after the last processing. o is the input data where the
sigmoid function is performed. ® represents the need to perform a dot product operation on the data. tanh
represents the activation function operation to be performed on the data. In the LSTM cell, the forgetting gate
is represented by f;, the entry gate is represented by i;, and the out gate is represented by o;. The input data
of LSTM is represented by x;. The hidden state input to the next cell after completing LSTM is represented
by h¢. The cell state input to the next cell after completing LSTM is represented by C;. LSTM is mainly used
to obtain information about the input feature. The attention mechanism helps it quickly sift out the important
messages from many features and focus on the most helpful information. Unimportant data are filtered out
to increase the training efficiency of the mode. The Att — LST M market mode is designed by combining the
attention mechanism. The model has good results for predicting English grades in colleges, and its architecture
is shown in Figure 3.4.

Figure 3.4 shows that the college English grade prediction model of Att-LSTM contains a five-layer struc-
ture with an input layer, an LSTM, an attention mechanism, a fully connected layer and an output layer. The
input layer is to import the student performance data into the model. Various data related to students and
courses have been filtered and constructed through feature engineering. Feature vectors are constructed based
on historical examination paper information, knowledge and performance information that can be identified.
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The exam count window is n. The feature window for consecutive exams is X,,. See equation ( 3.8) for details.

{ X, = (21, 22,...,2,)

3.8
Tp = (r1,72,...,7%) (3.8)

In equation ( 3.8), x, represents the nth test, where the data features of this test are represented by 7. The
LSTM layer is governed by three doors: the forgetting door, the input and the lower gate. The LSTM first
filters the cell states by the activation function of the forgetting gate. A vector is calculated from the secrecy
state h;_1 at the former time ¢ — 1 and the current input information x;, and the vector takes values within
0-1, indicating the degree of data retention corresponding to the cell state. No retention at all is represented
by 0 and full retention is represented by 1. The specific calculation is shown in equation ( 3.9).

o(x) = sigmoid(z) = —= (3.9)

{ f1 =0 (Wfl‘t + Ufht_l =+ bf)
TFe—s

In equation ( 3.9), fi is the forgetting gate. x; is the input message for the present. W and Uy are the
parameters of importance. by is the parameter for the correction offset. After the calculation of the forgetting
gate is completed, the calculation of what new data should be entered for the cell state is then done. The data
are updated by the hide status h;_1 from the previous time t-1 and the present input information x;. Then the
new candidate memory cell 5,5 is obtained using h;_1 and x; via tanh function, calculated as shown in equation
(3.10).

’it =0 (WZ.’Et + Utht,1 + bl)

Cy = tanh (Wazy + Ushy_q + bz) (3.10)
tanh(x) = 5% = S5

In equation (3.10), 4 is the input gate for the current operation t. The parameters of importance are W;, Uj,
Wg, and Ug. bg is the correction offset. C; is the state of the memory cell selected for the current operation.
tanh {(} x) is the hyperbolic tangent function. Once C} is calculated, C;_; is updated and the value after C}

is determined. However, after x; passes through i;, i; will use o (x) to fuse the data from 6’t into Cy. The
calculation results are shown in equation 3.11.

Ci=fi®Cio1+i, @ Cy (3.11)

In equation 3.11), C;_; represents the memory cell state from the previous operation t-1. After calculating Cy,
the information is sent to the next hidden layer of cells based on h;_; and z;. Then tanh is used to calculate
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a vector at o; to obtain the final result. The calculation steps are shown in equation ( 3.12).

{ o1 = 0 (Woxs + Uohy—1 + b,) (3.12)

hy = 04 ® tanh (Cy)

In equation ( 3.12), o; is the outgate. W, and U, are the significance parameters. b, is the correction offset. x;
is the data source for the current operation t. h is the current hidden status. The input feature information is
captured at the attention mechanism layer, and low-impact features are filtered out. The fully connected layer
aggregates the results of the attention regime tier into the final prediction data.

3.2. Stacking-based multi-model overlay prediction model for English language performance
in higher education. The stacking algorithm combines multiple prediction models and uses the prediction
results of each model as a new training set for retraining, thus improving the prediction performance and making
the predictions more stable. The construction of the Stacking model consists of two main layers, one consisting
of three base regressors, Light GBM, XGBoost and Att-LSTM. The second is a meta-regressor using the LR
algorithm, which uses the output data from the first layer as its input, and LR to make the final prediction of
student performance. This constitutes a stacking prediction model with a two-layer structure, which is shown
in Figure 3.5 below.

Figure 3.5 shows that in the first level of the training model, the whole data collection is organized first
into a single set for training Dy.qin and a test set at Dyes;. The three machine learning algorithms are then
trained separately to obtain the three base regressors My, M, and M3. To guard against modes that perform
well on already existing known domains and behave badly on an unknown dataset, it is essential to ensure
the generalization capability of the scale. In this study, a five-fold cross-validation method is applied to each
underlying regressor during the definition. The set of training is partitioned into D}, i, D7 ains Dirains Diains
and D} . and each copy is taken as the validation set in turn for five times iterative coaching. The mode
expression for each training is shown in equation 3.13

M} = N; (Dtrain — Dfouin) (3.13)

In equation 3.13, Mf is the mode produced by the algorithm at the crisscross certification training. N; is the
i — th algorithm. i € (1,3), k € (1,5). The trained base regressor M} predicts the remaining validation set.
The specific calculation is shown in equation 3.14.
)/;k Mk (D‘fram ) . (3 14)
Vo= (VL V2,92.94,99) = (312,68 .. 07) |
In 3.14, Y is the set of predictions from base regressors for the cross-validation training using MF. Y; is the

1
predicted value of DF for all validation sets for the ¢ — th base regressor after 5 cross-validations. During

train
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Fig. 4.1: Complexity of Papers and Mean Score Spread of the School Community

the cross-validation process, the base regressor Mi’“ predictions at Dy.s; are calculated. This average is then
used as the test set for the next regressor. The detailed calculation is shown in equation 3.15.

Aik = Mzk (Dtest) (3 15)
N L5 A f A . .
Zi= i35 2k = (2022.23,...,27)
In 3.15, Z{‘”‘ is the prediction result of the crisscross certification training of the i — th base regressor used for
the test set. Z; is the mean of the predictions from the base regressor for the i — th cross-validation. In the run
of the linear regression model, the mediated results derived from the basis regressor in the first run are used
in the stacking algorithm to construct a new training set Si,qin and test set Sies:. The data formats for Sirqin

and Siest are (()A’”, 3722-, }}32> ,yi) and ((le, Zgj, Zgj,) ,yj>, and the prediction results are shown in equation
‘3.16.

{ Mstacking = LR (Strain> (316)

PredSet = Msta.cking (Stest )

4. Experiments and Analysis of English Performance Prediction in Universities Based on
Stacking Integration Model.

4.1. Experiments and analysis based on the Att-LSTM prediction model. In terms of feature-
building choices, students’ test scores were generally influenced by test difficulty. The harder the test question,
the more challenging it is to obtain a high score. All knowledge points in English in higher education were
categorized, and labelled, and their complexity determined. The distribution of the correlation between the
complexity of a paper and the average score in a particular exam is shown in Figure 4.1 below.

Figure 4.1 showed that there were 5 levels of paper complexity, with the difficulty categorized into 1-5. The
complexity of the paper was determined for a given examination. Overall, the complexity of the paper was
negatively correlated with the mean score, the more difficult the paper, the lower the student’s score. To verify
the effectiveness of a neural network long and short-term memory performance prediction model incorporating
an attention mechanism in predicting English performance in higher education, three benchmark models were
used in the experiments for comparison. To further ensure the stability of the experimental results, a quintuple
across the verification process was employed to split the database into 5 equal portions. One of them was used
as the validation set, and the remaining four were used as the training set. The models were trained on the
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Table 4.1: Experimental results

Models Evaluation Indicators 1 2 3 4 5
MAE 4.597 4.581 4.569 4.602 4.599

RF RMSE 6.564 6.547 6.534 6.571 6.564
R2 0.241 0.211 0.211 0.268 0.262
MAE 4.435 4.378 4.388 4.413 4.399

RNN RMSE 6.415 6.34 6.348 6.325 6.366
R2 0.284 0.291 0.28 0.281 0.284
MAE 4.269 4.295 4.284 4.292 4.291

LSTM RMSE 6.23 6.266 6.261 6.262 6.251
R2 0.244 0.239 0.245 0.233 0.247
MAE 4.213  4.219 4.208 4.217 4.204

Att-LSTM  RMSE 6.136 6.175 6.164 6.178 6.146
R2 0.244 0.236 0.248 0.238 0.248

|

il

%E -— s & g
| —

Fig. 4.2: Comparison of Forecast Results of Different Indicators

training set using different machine-learning algorithms. By iterating five times, the trained model was tested
on the validation set for its effectiveness and predicted a result on the testing machine to obtain five test results.
finally, the five results were averaged as the final model prediction results in Table 4.1.

In Table 4.1, the experiments provided statistics on the prediction findings of the different modes. The
prediction results of the prediction models constructed by the four model algorithms tended to be stable over
the five training sessions over multiple training sessions. Figure 4.2 compares the five prediction experiments for
different students’ performance prediction models at different metrics for a more intuitive view of the individual
metrics.

In Figure 4.2, the performance metrics for each model were increasingly better from RF to Att-LSTM.
The Att-LSTM model outperformed the other benchmark modes. Since the Att-LSTM model incorporated
an attention mechanism, it could better capture the more valuable information when processing the data, and
the prediction results would be better. However, to further ensure the stability of the experimental results
evaluation, similar to the previous experimental setup, the constructed dataset was divided randomly into
training and testing sets, and the ratio of the two data subsets was kept 8:2. A five-fold validation of crossover
was used and the mean value was used as the final mode metric. The experimental outcomes are listed in Table
4.2.

From Table 4.2, the effectiveness of the Att-LSTM model in predicting English grades in higher education
could be improved when the temporality of the dataset was enhanced. By comparing the different data results,
the error was reduced by 1.04% on the MAE metric, 0.53% on the RMSE metric, and its value was improved
by 4.12% on the R2 metric. Across the metrics, the addition of the new feature dataset resulted in better
prediction results for the Att-LSTM mode. It was demonstrated that the Att-LSTM grade prediction model
could achieve the task of student grade prediction on both datasets and had relatively good results.

4.2. Experiments on predicting English performance in higher education based on stacking
integration model. To verify the effectiveness and accuracy of a stacking multi-mode overlay prediction
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Table 4.2: Att-LSTM model prediction results

Models Dataset MAE RMSE R2
Att-LSTM D1 4.201 6.142 0.214
D2 4.112  6.121 0.221

Table 4.3: Att-LSTM model prediction results

Models Evaluation Indicators | 1 2 3 4 5
MAE 4.211 | 4.213 | 4.239 | 4.211 | 4.179
LightGBM | RMSE 6.154 | 6.121 | 6.201 | 6.189 | 6.159
R2 0.124 | 0.101 | 0.101 | 0.118 | 0.132
MAE 4.175 | 4.148 | 4.188 | 4.163 | 4.201
XGBoost RMSE 6.180 | 6.129 | 6.168 | 6.151 | 6.159
R2 0.132 | 0.141 | 0.130 | 0.150 | 0.141
MAE 4.145 | 4.125 | 4.139 | 4.142 | 4.139
Att-LSTM | RMSE 6.123 | 6.126 | 6.129 | 6.122 | 6.131
R2 0.224 | 0.231 | 0.230 | 0.223 | 0.239
MAE 4.131 | 4.121 | 4.121 | 4.122 | 4.114
Stacking RMSE 6.114 | 6.125 | 6.101 | 6.101 | 6.046
R2 0.230 | 0.231 | 0.229 | 0.232 | 0.238

model for college English grades, a comparison experiment was conducted using a Stacking integrated model
with the base regressors Light GBM, XGBoost, and Att-LSTM. Five experiments were conducted on each of
the four models in the training set, and the mean was obtained as the final test result, as indicated in Table
4.3.

In Table 4.3, the Stacking integrated model had improved in terms of evaluation metrics compared with the
single performance prediction models, namely XGBoost, Light GBM, and Att-LSTM. To more intuitively verify
the various performance of the Stacking integrated model and observe its stability, the experimental results of
cross-validation of each model on different data sets were counted, and the change curves of MAE and RMSE
of different prediction models under five experiments were plotted. This is shown in Figure 4.3. From Figure
4.3, the Att-LSTM model outperformed XGBoost and Light GBM in all indicators of the first three prediction
models and achieved better experimental results by capturing the changes in students’ historical performance.
In the above figures (a) and (b), the XGBoost model had large fluctuations in the prediction of grades in the
face of different data, while the Stacking integrated prediction model could avoid poor prediction and large
overall deviation due to one regressor by integrating multiple strong regressors, which improved the robustness
and prediction accuracy of the model. After determining the base regressors and meta-regressors, the stacking-
integrated student performance prediction model was constructed. The experimental results showed that the
Stacking integrated college English performance prediction model would have better prediction results than
using only the base regressor.

5. Conclusion. The study addressed the problem of predicting English grades for students in higher ed-
ucation. Using a dataset of course knowledge points and historical English grades of college students, two
prediction models were designed for grade prediction, thus enhancing the applicability of student grade predic-
tion. Feature engineering was established based on students’ test scores. Attributes with strong correlation
to grades could be filtered out, while those with weak correlations were excluded. Attributes with test paper
complexity were selected for the next grade prediction. The neural network long and short-term memory per-
formance prediction model incorporating the attention mechanism is more effective than any other models. In
further experiments, by comparing the results of different data, the error was reduced by 1.04% on the MAE
metric, 0.53% on the RMSE metric, and its value was improved by 4.12% on the R2 metric. Across the metrics,
the addition of the new feature dataset resulted in better prediction findings for the Att-LSTM model. This
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Fig. 4.3: Results Comparison Chart

indicated that enhanced dataset temporality could improve the efficiency of the Att-LSTM mode in predicting
English grades in higher education. The stacked integrated prediction model, by integrating multiple strong
regressors, could avoid poor prediction and excessive overall bias due to one regressor and improve its robustness
and prediction accuracy.
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APPLICATION OF ANN IN TOURISM BUSINESS DEVELOPMENT FOR DEMAND
FORECASTING AND MANAGEMENT OF TOURISM HEADCOUNT

HONGYING ZHANG*AND LINGYUN JIANG?

Abstract. With the rapid development of tourism, it is imperative to forecast tourism demand to maintain the long-term
stable development of the tourism industry and make good planning for future tourism enterprises. The study uses the classical
model of artificial neural network-BP neural network for tourism number demand prediction, given the problems of traditional BP
neural networks, such as prematurity and poor convergence speed, this paper studies the iterative optimization of the algorithm of
particle swarm fusion immune mechanism and finds out the optimal network parameters, to build an IAPSO-BP tourism demand
prediction model. Tourist amounts from 2007 to 2017 in certain area-related data samples, the training model of iterative speed
and fitting effect, and the rolling forecasting method will be used to predict the 2018-2022 years of travel. It can be seen from
the convergence curve that the convergence speed of parameter optimization of the IAPSO algorithm is the fastest; the improved
TAPSO-BP network has the best training fitting effect, with a relative average error of 2.03% and an absolute average error of 4.37%,
which is better than other forecasting methods. The TAPSO-BP prediction model has higher accuracy and better performance,
which can provide an effective basis for the development planning of tourism enterprises and has higher practical application value.

Key words: : tourism enterprises, BP neural network, demand forecasting, immune particle swarm

1. Introduction. Tourism is booming as people’s living standards improve and their spiritual and cultural
needs grow. Conducting tourism demand forecasting in future management planning work is extremely impor-
tant [23]. Establishing effective and scientific tourism demand forecasting can provide tourism enterprises and
the tourism industry with future directions for tourism development, help managers plan the rational applica-
tion of tourism facilities and other resources, and provide a strategic basis for tourism companies to develop their
development [9]. Due to the many factors affecting tourism demand, traditional forecasting models’ demand
prediction is ineffective; the prediction error is large, and the search for high-accuracy forecasting methods is an
important issue in tourism research. Artificial neural networks are systems that simulate the brain to process
information efficiently and have good classification and prediction functions. Among them, feedforward back
propagation neural network (BPNN) has high fault tolerance and is widely used in various fields [25]. In tradi-
tional BPNN, the training is prone to local optimal and slow learning convergence, the research uses particle
swarm algorithm combined with immunity mechanism to improve the BP network, optimize the parameters of
the neural network, enhance the global search capabilities, and avoid the phenomenon of “premature”. Using
the improved BP algorithm to construct the tourism demand prediction model can improve the accuracy of
prediction, promote the long-term stable sustainable innovation and development of tourism enterprises, facil-
itate the improvement of the tourism system, and realise the rational management and utilization of tourism
resources.

2. Related Work. Establishing effective tourism demand forecasting models and finding efficient tourism
demand forecasting methods are important research topics for many researchers. park E research team proposed
a method for forecasting tourism numbers from news data, using seasonal regression averaging to select news
topics, and testing the effectiveness of the selected news topics in forecasting demand. the results confirmed
that forecasting models using news topics outperformed comparison models and can promote close integration
between tourism destinations and news media [16]. Xiao Y research scholars proposed a hybrid model to predict
tourism traffic demand to avoid tourism congestion, using an integrated empirical model decomposition to
remove noise interference from the sequence and using the search composite index for tourism traffic prediction.

*School of Tourism and Culinary Arts, Wuxi Vocational Institute of Commerce, Wuxi, 214153, China (hyhyzhang@outlook.com)
tSchool of Intelligent Equipment and Automotive Engineering, Wuxi Vocational Institute of Commerce, Wuxi, 214153, China
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The model training results showed that compared with the contrast model, the prediction error of the proposed
model is lower, instructions to remove noise interference can improve the model prediction accuracy [22]. Chen L
researchers developed a multivariate prediction method using data rearrangement technology, grouping tourism
demand sequences to represent specific poles of demand each year and then reordering them to predict seasonal
demand. The Hong Kong demand forecasting empirical analysis concluded that the model could significantly
improve the prediction accuracy compared to the traditional univariate model [5]. Breda E and other scholars
used tourism flow data from Italy as a sample to estimate expenditure elasticity concerning income and exchange
rate for tourism demand in Italy. They found that the elasticity of tourism expenditure concerning the exchange
rate was negative, varying from -0.5 to -0.7 and between -0.5 to -0.7. The factors affecting expenditure are mainly
the number of tourists [3]. Ouassou et al forecasted the tourist demand of the Moroccan region, and proposed a
hybrid prediction method combining traditional methods with artificial intelligence techniques, from the analysis
of the prediction results, the hybrid prediction method can overcome the limitations of both traditional and
artificial intelligence techniques and outperformed other contrasting models, with high accuracy of prediction
results [15]. Nasirzadeh F et al. proposed a prediction interval method based on artificial neural networks to
predict people’s labour productivity more effectively. The results indicate that the method constructed by the
research institute can effectively predict the value of labour productivity and can be widely applied in different
projects with very objective performance [14]. Yang F’s team proposed an optimization method based on
artificial neural networks to improve the prediction accuracy of diesel engine preheating and recovery systems.
In the experiment, a genetic algorithm was introduced to improve the BP neural network, and 7 committed
steps improved the system’s output power. The results show that the optimized data error is small, and the
prediction accuracy of the system is significantly improved [23].

With the good achievements of artificial neural networks in the field of prediction, more and more re-
searchers carry out in-depth research. Jahani A. et al researchers added multiple layers of perceptrons to an
artificial neural network model to analyze the impact of human activities on biodiversity, through the analysis of
vegetation, soil and other variables, found that human activities can affect soil moisture and reduce the diversity
of vegetation, the results of the study can help managers develop plans to reduce some human activities [8]. Al
R scholars conducted a study on the prediction of tourism visits. They proposed using artificial neural networks
as a computational tool to predict tourism visitation data using multiple regression. The results showed that
the method showed the correlation of the predictor variables and improved the accuracy of the prediction, which
can help tourism sector managers understand the visitation [1]. Soh A N et al. researchers. Used the tourism
composite index to predict the fluctuation of the tourism market, and the results showed that using the seasonal
adjustment method could highlight the signal of tourism demand, predict the prospective development of the
tourism market, and provide an information basis for macro regulation of tourism development [19]. Mandal A
research scholars used artificial neural network models to estimate engine emissions from new fuels as well as
to check performance attributes, using different algorithms and functions for training, and experimental results
showed that artificial neural networks helped to predict data from the early stages of the experiment and that
pollution from new fuels was reduced under different engine load conditions. That detection using artificial
neural networks was better than other methods [12]. Cachim P researcher proposed the use of artificial neural
networks for modelling to deal with complex problems in the face problems such as wood design specifications,
training multilayer feedforward neural networks for predicting the temperature of wood cross sections under
fire; the investigation results showed that artificial neural networks can effectively predict the temperature of
wood cross sections and the results obtained can help to calculate the strength of members [4]. Hota S and
other researchers proposed combining elephant swarm optimization methods with ANN models to apply to the
mutual fund NAV data prediction. The performance of the obtained model was compared with ANN, ANN-GA,
and ANN-DE models during the experiment. The results indicate that the comprehensive performance of the
proposed model has always been optimal [7]. Researchers such as Park A proposed a research method based
on improved artificial neural networks and vector autoregression to effectively predict the US dollar exchange
rate. The root mean square deviation is used as the index to compare the predictive ability of different models.
The data shows that the performance of the model built by the Institute is better, and more than 30% has
reduced the Root-mean-square deviation [17, 13].

A brief description of the research results at home and abroad shows that artificial neural networks are
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widely used, and there are more methods to predict tourism demand. Still, the accuracy of the prediction
needs to be improved. The study proposes a particle swarm algorithm combined with an immune mechanism
to optimize the parameters of artificial neural networks and establish a tourism demand prediction model to
improve the model prediction accuracy and promote tourism development.

3. Construction of a tourism demand forecasting model based on IAPSO-BPNN.

3.1. BP neural network algorithm and its optimization. Predicting tourism demand, providing a
theoretical framework for business tourism management, and promoting the steady growth of tourism are all
extremely important as the number of tourists increases. An information processing system called an artificial
neural network (ANN) imitates the neural architecture of the human brain; it uses computers to combine
electronic components to accomplish the brain’s functions of memory, information processing and judgment,
and so on. In practical applications, most use BP neural networks, which are the essence of the forward
network in artificial neural networks [18]. In BP neural networks, information is propagated forward while
the parameters in the network are corrected using error backward adjustment, gradually reducing the error
between the ideal value and the actual value, achieving the effect of fast convergence to reduce the internal
error of the system [24]. The three main components of BP neural networks are the input, hidden and output
layers; by mutual connection weights between layer and layer, there is no connection between neurons; each
layer contains multiple neurons, and a typical three-layer BP network structure is shown in Fig 3.1. When
the BP network learning algorithm is run, it first selects a structurally reasonable network, sets all adjustable
parameters (weights and thresholds) to uniformly distributed smaller values, and sets the expected error to e.
Secondly, the input sample calculation is performed, and the weights and thresholds of the output layer and
hidden layer nodes are corrected. Finally, it sets n = n+1 and inputs new samples (or samples from a new cycle)
until the network error meets the predetermined requirements. The input order of samples in each training
cycle should be randomly reordered. When the BP neural network propagates forward, the data information
passes through the input layer to the hidden layer, and the output layer obtains the result information through
processing the hidden layer. It assumes that the input data information is z = (z1, 22, ... ,a:a)T, there are
neural elements in the input layer, and a; neural elements in the hidden layer of the BP neural network, and
the output information is '’ = R%. The output expression of the n neural element in the hidden layer is
Equation (3.1).

x%zf(Zwijxi—9n>,n:172,... ay (3.1)
i—1
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In equation (3.1),w;; represents the weight value between the input layer and the hidden layer; z; is the output

of the input layer neuron, and 6y is the threshold between the two layers. The output layer has b neurons, and
the output y € R?, and the output layer expression is shown in equation (3.2).

ay
yk:f<Zw§jx;L—6‘§c>,k:1,27...,b (3.2)
n=1

represents the weight between the hidden layer and the output layer; 9; is the threshold
so the derivative

In equation (3.2),w;j
between the two layers and f (z) is a continuously derivable Sigmoid function f (z) =

of the function is equation (3.3).

_1
1+e—2=>

F = f(2) (1= f (2)) (3-3)

In practical application requirements, a bipolar Sigmoid function is also used, with an expression as in equation
(3.4).

l—e"

= A4
14+e® (34)

f(z)
After obtaining the output value and comparing it with the expected value, the error signal is propagated
backwards, and the propagation process propagates forward from the output layer by layer, correcting the
weights by feeding back the error so that the output value is infinitely close to the expected value. The error
formula for calculating the first & sample is equation (3.5).

b

Bi=3 3" (s — Tor)’ (35)

n=1

In equation (3.5),Tjx is the expected output value of the n neuron element; y;; is the actual output value of
the n neuron element. The correction formula for the connection weights of the neurons in each layer is shown
in equation (3.6).

Awk+1)=Aw(k)—Irx g(k) (3.6)

In equation (3.6),lr stands for learning efficiency,g (k) stands for local gradient vector, the expression is g(k) =

agq(:;) " and E stands for the error function. The execution flow of the BPNN algorithm is shown in
w=w
Fig 3.2.

From Figure 3.2, it can be seen that the BP network model is based on the error backpropagation algorithm
in artificial neural networks as its learning algorithm. Its learning process consists of four processes: The input
mode is a "pattern forward propagation” process from the input layer through the middle layer to the output
layer, and the desired output of the network and the actual output error signal of the network are corrected layer
by layer through the middle layer to the input layer through the ”error backpropagation” process of correcting
the connection weight, The process of network "memory training”, which involves the repeated alternation of
"mode forward propagation” and ”error back propagation”, is the process of "learning convergence” where the
global error of the network tends to the minimum. The nonlinear mapping ability of BPNN is strong, and
each layer of the structure can be set with arbitrary parameters to obtain different effects according to the
actual application, but the essence of the BP neural algorithm is using the gradient descent method, and the
initial conditions can easily affect the performance of the algorithm [21]. The network training process will
only go "downhill”, which is very easy to appear prematurely and the global search ability is not strong; the
BP algorithm has a fixed learning factor in the learning process, and the learning factor has certain values to
achieve the minimum final error, which seriously affects the convergence speed of the algorithm. The amount
of hidden layers and nodes in the network structure is difficult to determine, and there is no rigorous explicit
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Fig. 3.2: BPNN algorithm execution flow chart

data support, and can only rely on experience, while in practical applications, the laws of the problem vary
greatly and the structure is more difficult to determine, these shortcomings make BP neural networks much
less effective for wide application [11]. In order to avoid the premature phenomenon of the BP algorithm and
enhance the global search ability, the study uses the algorithm of particle swarm combined with an immune
mechanism to train the network structure, and the results obtained are used as the parameters of the BP
algorithm, which is trained to search for the global optimal parameters.

In Particle Swarm Optimization (PSO), particles determine the distance and direction of flight based on
the velocity of the current optimal particle and the fitness value, search around the current optimal particle,
and update their position information as the number of iterations increases until the global optimum is found
[2]. In the P dimensional search space, there exists a population of M particles, and the ith particle’ position

in space is represented by X; = (x;1,x0,...,zip),t = 1,2,..., M, the velocity variable of the ith particle is
represented by V' = (v;1, via,...,vip). The particle fitness is generated according to the objective function, the
optimal particle information obtained from the current search is represented by P; = (pi1,pi2,-..,pip), and

the location information of the optimal individual in the population is represented by P,,¢g € {1,2,...,M}.
During the iteration, the particle is updated with the operation formula shown in equation (3.7).

VIt = x (wV 4 e1 sy % (P — XE) + co ko % (PI—X1))

3

Xt =Xty (3.7)
W = Wpax — 7’”‘;;;‘;;:::“‘ X num

In equation (3.7), t is the amount of iterations,cy, co is the learning factor, which is generally positive,ry, ro
is usually a random amount distributed at[0, 1]; w represents the inertia weighting factor,wmin,,. stands for
maximum and minimum of w; x is the compression factor, the expression of which is given in equation (3.8).

2
1
2—p—(p? —4p)?

X = (3.8)

In equation (3.8),p = ¢l 4+ ¢2, >4 . The PSO algorithm is a global optimization algorithm, simple operation,
and very easy to implement, but PSO converges faster and tends to fall into a local optimum. The immune
system’s antigen recognition and memory learning capabilities can increase the abundance of the population,
improve the global search ability and avoid “premature maturity”. In this study, the immune mechanism is
introduced into the particle swarm algorithm, and the particles are regarded as antibodies to ensure that the
particles can maintain high fitness values; in each iteration, the global optimal individual obtained by the PSO
algorithm is regarded as the immune factor, and the particles are “vaccinated” to update the particle swarm
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by immune selection [6]. The particle swarm algorithm improved with the immune information processing
mechanism is called Particle Swarm Optimization with Immune Algorithm (IAPSO). In the IAPSO algorithm,
the excellent particles generated in each iteration are regarded as memory cells, and when the newly generated
particles are less adapted, they are replaced by the memory cell particles; the particles are reselected based
on the affinity between antigen and antibody for the randomly generated N particles, and the expression of
affinity is shown in equation (3.9).

;= — 3.9

Q= (39)
In equation (3.9), F; is the particle’s fitness calculation formula function. The selection of new particles is based
on the affinity value, and the selection probability determined by the affinity is given by equation (3.10).

Qi

u=1 u

Py = (3.10)

The particle concentration can also determine the probability of selecting a new particle, and the particle
concentration formula can be inferred from the fitness function, whose expression is given by equation (3.11).

1
D; = ST 5 ) (3.11)
K3 u

u=1

The probability of selection determined by the particle concentration is shown in equation (3.12).

Dt

u=1

Py = (3.12)

The probability of particle selection is determined by both the affinity and the probability of particle concen-
tration selection and is expressed in equation (3.13).

Pi:aPil—i—(l—a)PiQ,i:1,2,...,M+N (313)

In equation (3.13), a is the weighting factor, which takes a value between 0 and 1. The size of P; is used to
rank the M + N particles, and the first N with the larger value is selected. In the vaccination mechanism
of the immune system, one vaccination is completed by randomly selecting a particle at the new particle and
swapping the position of the randomly selected particle at F,; The immune selection of the vaccinated particles
is done by comparison of fitness and probabilistic selection values for discarding.

The TAPSO algorithm is strong in global search and weak in local search, while the BP neural network
algorithm is the opposite; Combining the two and training the network can improve the generalization ability
as well as the prediction accuracy of the neural network [10]. The flow of the IAPSO-BP algorithm to train
the network and obtain the optimization parameters is shown in Figure 3.3.

In Figure 3.3, setting the initial parameters and GenerateN particles, the individual fitness of particles is
calculated, and the best ones are retained as memory particles. According to Equation (3.7), new N particles
are generated, detect the fitness and replace them. A total of M particles were randomly generated, and N
particles were selected from M+N particles according to the affinity concentration and particle concentration;
It regenerates N particles by immunization and vaccination operations and repeats iterations until the optimal
particles are obtained; It converts the optimal particles into the initial parameters of the BPNN, and the
parameters are modified by BPNN algorithm.

3.2. Construction of ITAPSO-BP neural network-based tourism headcount demand forecasting
model. The factors that affect the demand for tourism numbers are mainly the attractiveness of the destination
to tourists, the income of individual tourists, travel preferences, etc., which need to be taken into account when
predicting the demand for tourism numbers to provide a basis for the development of its tourism enterprises.
Designing a network prediction structure is a comprehensive problem that needs to be considered to meet a
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Fig. 3.3: IAPSO-BP algorithm training network flow chart

variety of different needs, and in constructing a model for predicting tourism headcount demand, it can simply
be reduced to a problem of choosing a network size with a certain number of samples [20]. In a BP neural
network structure, an implicit layer can solve the mapping relationship of any continuous function, and a simple
three-layer BP neural network structure can accomplish the mapping of any space. With the increase of samples,
can increase the amount of hidden layer neurons to improve the accuracy of network training, determining the
amount of hidden layer neurons n; as shown in equation (3.14).

n=vn+m+a (3.14)

In equation (3.14), m and n represent the number of neurons in the output and input layers, a € [1,10]. The
BP network model is a nonlinear system; if the initial value is too large, it will make the weighted output,
and in the saturation zone of the function, the adjustment process of the weights cannot be stalled; the design
process chooses a smaller initial value. The network is in the process of learning, the learning rate determines
the amount of change in the resulting weights. A large learning rate indicates that the network is unstable,
and when designing, a smaller learning rate is considered for training and adjusted at any time. In order to
ensure that the data for sample training are of the same order of magnitude, the data must be normalized and
pre-processed, and the processing formula is equation (3.15).

2 (h — minh)

- 1
maxh — minh (3.15)

n =
In equation (3.15), h denotes the raw input data, and h,, denotes the pre-processed data. When training the
network, sometimes overfitting occurs, and the sum of network weights and bias can be introduced on the basis
of the mean squared difference MSE of the network as a performance function, which can be reduced to a certain
extent; the network training method is studied using batch variation, and only one training function needs to
be set for use in the network, which is relatively easy to operate. The tourism demand forecasting model
using TAPSO-BP is shown in Fig 3.4. The indexes for forecasting are selected and the network parameters
are initialized, the sample data and pre-processed data are input, the IAPSO algorithm is used for parameter
search, the BP network model is constructed with the obtained optimal network parameter, the network learns
itself, the threshold and weights are corrected, and the forecasting results are finally obtained.
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Fig. 3.4: IAPSO-BP prediction model flow chart

Table 4.1: Basic experimental hardware environment

Parameter variables Parameter selection
Operating environment MATLAB
CPU dominant frequency 2.62Hz

GPU RTX-2070

Operating system Windows10

System processor Intel Core i7-8700K CPU 3.70GHz
System running memory  32.0GB

Programming program Python

Data analysis platform SPSS24.0

Data storage system MySQL

The IAPSO-BP tourism demand forecasting model uses the logical relationship of neural networks to predict
the value of the future moment by analyzing the value of the past moment. Reliable raw data can improve the
accuracy of the model’s prediction results, and to ensure the reliability of the data, the data collected should
reflect the local tourism trend, i.e. collecting tourism data information over a continuous period of time; the
sample information is complete in terms of elements and variables The data should reflect the actual local
situation. Forecasting methods include single-step forecasting, multi-step forecasting and rolling forecasting.
The study uses a rolling forecast method to forecast tourism demand, starting with a single-step forecast,
inputting historical data X;, X;11, ..., Xit+n and outputting the forecast X;;,1 and repeating the iterations
until inputting X;ym—1, Xitm, - -+, Xitmtn—1 and outputting the forecast X4, at m.

4. . Analysis of tourism demand forecasting model based on IAPSO-BP. To verify the effec-
tiveness of the IAPSO algorithm in solving the BP network parameters, four standard functions were selected
for simulation experiments. Before the formal start of the experiment, the basic hardware environment of
the experiment should be set up, as shown in Table 1. To ensure the experiment, the number of iterations
of all algorithms was set to 1000, the population size was 100, and it repeated many times for the different
basic functions obtained. Figure 4.1 shows the convergence curves of PSO, TA and TAPSO under four standard
functions.

From Figure 4.1, it can be seen that under the four standard functions, when the number of system iterations
is 100, the convergence accuracy of the research method begins to enter a stationary period and approaches
zero infinitely in the subsequent stages. At the same time, when the number of system iterations is about 400
times, the convergence accuracy of the GA algorithm and the TA algorithm begins to approach a plateau and
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Fig. 4.1: Tterative curves of four algorithms

infinitely approaches zero. However, the rate of convergence has been slow, and there are obvious differences
in the rate of convergence under the four functions. In addition, as the number of system iterations increases,
the convergence accuracy of the PSO algorithm also decreases, and it performs a stable convergence accuracy
state faster than the GA algorithm and IA algorithm. To sum up, the TAPSO algorithm has the fastest rate
of convergence and the best performance, indicating that the IAPSO algorithm has the highest efficiency in
BPNN parameter search. The number of tourists in a city from 2007-2017 was used as the network training
sample, the number of tourists from 2007-2016 was used as the network input and the number of tourists from
2008-2017 was used as the output. The error threshold between the actual output value and the ideal output
value is set as 0.01, and the neural structure of the network for predicting the number of people was determined
to be 2-7-2. In order to test the performance of the proposed IAPSO-BP model, the training is compared with
the basic BPNN model, the GA-BPNN model is improved using the genetic algorithm and the PSO-BPNN
model is improved by particle swarm algorithm, and the minimum error plot of the network obtained from the
training is shown in Fig 4.2.

From the analysis in Fig. 4.2, it can be concluded that the minimum error curves of the four neural networks
have the same trend, all with the increase of training, the minimum error of the network slowly decreases, BP
neural network in the training 7500 times, reached the set error, stopped training; GA-BP neural network in
the training 6400 times, reached the set error to stop training; When the number of training reached 6000 times,
PSO-BPNN The PSO-BPNN model reached the set error and stopped training when the number of training
times reached 6000; the IAPSO-BP neural network reached the set error and stopped training when the number
of training times reached 5000, indicating that the TAPSO-BPNN proposed in the study completed the training
faster and performed better than other network models. The fitting effect of the prediction results obtained
from the training is shown in Fig. 4.3.

From the analysis of the fitting effect in Figure 4.3, it can be seen that the predicted results of the four

prediction models are consistent with the actual trend, but there are certain differences in the fitting effect.
With the passage of time, the difference between the predicted results of the research methods and the actual
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values becomes smaller and smaller, and it has always been in the state of the best fit. The fitting values of
research methods, PSO-BP, GA-BP, and BP neural networks were 0.951, 0.932, 0.911, and 0.879, respectively.
When the time was 2008, the number of tourists significantly decreased due to the impact of geological disasters,
which resulted in inaccurate predictions from all four algorithms. The difference between the predicted curve
of the BP neural network model and the actual value is significant, while the fitting effect of the GA-BP neural
network model and the PSO-BP neural network has increased. Based on the above results, it can be concluded
that the TAPSO-BPNN model constructed by the research institute has the highest prediction accuracy and
high performance. To further illustrate the superiority of the IAPSO-BPNN prediction model, the errors of the
predicted and true values were compared and the results of the relative mean error and absolute mean error
obtained are shown in Table 4.2.

From Table 4.2, the relative mean error of the IAPSO-BPNN model is 0.83% smaller than PSO-BPNN,
1.64% smaller than GA-BP network, and 2.48% smaller than the BPNN; the absolute average error of the
TAPSO-BPNN model is 0.75% smaller than the PSO-BPNN model, 3.42% smaller than the GA-BP network,
and 3.86% smaller than the BPNN model 3.86% smaller, all indicating that the IAPSO-BPNN model prediction
outcome have smaller errors and higher precision. Taking the number of tourists from 2007-2016 as the network
input, the network calculated the number of tourists from 2008-2017 to get the prediction value of 2017, then
the whole output was reused as a new input to calculate the number of tourists from 2009-2018 to get the
predicted value of 2018, and the prediction number of tourists for each year from 2018 to 2022 was rolled out,
and the prediction results are shown in Fig 4.4 is shown.

From Figure 4.4, it can be seen that over time, the predicted values of the four algorithms for the number
of tourists’ tourism demand gradually increase over time and are constantly changing. The prediction results
of the IAPSO-BP neural network match the real situation best, with a prediction accuracy of up to 0.974. The
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Table 4.2: Comparison of prediction precision

Prediction model  Relative mean error (%) Absolute mean error (%)

BP 4.51 8.23
GA-BP 3.67 7.79
PSO-BP 2.86 5.12
IAPSO-BP 2.03 4.37
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Fig. 4.4: Tourist demand forecast results

result curve of the PSO-BPNN model is in good agreement with the actual value, with a small error and a
prediction accuracy of up to 0.928; The difference between the predicted results of the GA-BPNN model and
the actual values is small, with a prediction accuracy of 0.913; The prediction accuracy between the number of
tourism demand predicted by the BP model and the actual value is relatively high, and has always been at the
lowest, with a prediction accuracy of only 0.901. The above results indicate that the degree of fit between the
predicted curve of the number of people under the research method and the actual value is the highest, indicating
that TAPSO-BPNN has the best prediction effect and superior algorithm performance. At the same time, it
can be found that in 2008, the number of tourists suddenly decreased, which was caused by the earthquake
disaster that year. However, from 2019 to 2020, the number of tourists dropped suddenly and significantly,
which was because the outbreak of COVID-19 made forecasting more difficult. The box line plot in Fig 4.5
shows the dispersion of the absolute errors of the four forecasting network models. From Figure 4.5, the upper
and lower quartiles, median and outliers of the absolute error box line plot of the BPNN model prediction are
more than the other three neural networks, and the upper quartiles of the GA-BPNN model and the median
of the PSO-BP are smaller than the upper quartiles and median of the IAPSO-BP network respectively, but
both have more outliers than the TAPSO-BPNN model and overall, the TAPSO-BPNN outperformed the other
three predictive neural networks in terms of prediction performance.

5. Conclusion. The tourism industry has opened up more and more development opportunities under
the growing spiritual and cultural needs of people. Establishing tourism demand forecasting and doing a good
job of tourism operation planning can develop the sunrise industry of tourism in a long-term and stable manner.
The study uses the TAPSO algorithm to carry out parameter optimization of the BPNN, and the optimized
parameters obtained establish the neural network predictive model, and the algorithm is tested and analyzed
to predict the demand for the number of people conducting tourism in a certain area. The results show that
the TAPSO algorithm parameters proposed in the study converge fastest and most efficiently in the search
for optimization; among the four network models trained, the IAPSO-BP network reaches the set error the
fastest, stopping training after reaching 5000 times; the rolling prediction fitting effect obtained, the TAPSO-BP
network has the best fitting prediction curve, with a relative average error of 2.03% with the true value which
was 0.83% smaller than the PSO-BPNN model, 1.64% smaller than the GA-BPNN model and 2.48% smaller
than the BPNN model; the MAE was 4.37%, which was 0.75%, 3.42% and 3.86% smaller than other prediction
models respectively; the prediction results of TAPSO-BPNN had smaller error with the true value, and the
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prediction performance was better than other comparison models. The prediction results are more accurate
and can provide a practical and effective basis for tourism enterprises and tourism economic management
departments to formulate development plans and reasonably plan the allocation of resources in the tourism
market. Although the research has achieved certain results, the training of the prediction model requires lots
of historical data as samples, and the actual tourism statistics have obvious seasonal differences, the sample
data is insufficient, which affects the precision of the predictive model, and the research on the application of
the predictive model to more complex problems is not sufficiently studied. Due to the limitations of tourism
demand, the experiment only applied the research method to predict tourism demand in southern regions such
as Sichuan in China and did not apply the research method to other countries or regions for experimental data
validation. Therefore, future experiments will focus on predicting more factors affecting tourism demand in
other regions.

6. Fundings. The research is supported by the second batch of teaching innovation teams of teachers
majoring in tourism management of national vocational education of the Ministry of Education (Teacher’s
letter [2021] No.7); and the 2022 Wuxi Philosophy and Social Sciences bidding project: Research on the high-
quality development path of Wuxi 5A tourist attractions after COVID-19 (No. WXSK22-C-11).
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APPLICATION OF FINANCIAL MATHEMATICAL MODELS COMBINED WITH ROOT
ALGORITHMS IN FINANCE

YANFENG ZHANG*

Abstract. Investors in the financial markets must deal with various hazards, for which they must create prudent investment
portfolios and risk management plans. A multi-objective optimisation approach is proposed using the root algorithm to create a
multi-objective root system growth model based on many clusters. An investment risk management optimisation model based on
root system growth is built into the study using distributed decision-making. To create a multi-objective root algorithm-based
portfolio optimisation model, the Markowitz mean-variance model and a multi-objective root algorithm are employed. According
to the findings, the multi-group multi-objective root system method has a real Pareto frontier solution that is more accessible, has
a faster convergence rate, and has lower fitness values. The root algorithm’s solutions are workable, and the final risk values of
0.0105, 0.0082, and 0.4623 for the 2, 4, and 6 investment objectives are all in the low-risk class range. The optimal set of solutions
discovered by the algorithm had better distributivity and convergence. The Hypervolume values for the multi-group multi-objective
root algorithm were 5.5298 and 3.9628 for the dual-objective portfolio and the tri-objective portfolio of investment return costs,
respectively. The findings of this study can guide the development of portfolio and risk management strategies.

Key words: Financial Mathematics; Portfolio, Risk Management, Root Algorithms, Multi-Objective Portfolios

1. Introduction. A financial portfolio is a collection of various assets combined in a specific proportion
with the goal of maximising stability and return on investment (ROI) while minimising risk management (RM).
Investors are exposed to risks such as exchange rate risk, market risk, credit risk, and liquidity risk in the
financial markets [20]. Investors must create and modify their portfolios differently based on their investment
goals, risk tolerance, and other considerations. Financial institutions must employ financial portfolios and
RM technologies to manage and mitigate risk, increase operational effectiveness, and boost profitability [13].
This study uses root algorithms (RA) as its foundation. It develops a Multi-Population Multi-Objective Root
Algorithm (MPMORA), an Optimization Model for Investment Risk Management Based on Root Growth
(OMIRM-RG), and a Portfolio Optimization Model Based on a Multi-objective root algorithm (POM-MORA)
to address a portfolio and RM issues in the financial sector. There are four sections to the study. The study
of objective optimisation issues in the financial sector and the use of bio-inspired algorithms (BIA) to solve
combinatorial optimisation problems are covered in the first section. The second section is based on RA and uses
the MPMORA, OMIRM-RG, and POM-MORA constructions. The third section examines the experimental
analysis and performance testing of the three models, and the fourth section wraps up the study and identifies
its flaws.

2. Related Works. The application of BIA in combinatorial optimisation problems has increased with
the growth of bionics and computer science, and some specialists and academics have done studies in this
area. To discover and study the occurrence of hazards in the Internet financial market, Qu et al. combined
data mining technology and deep learning for processing and analysis. They also presented a radial basis
function neural network for ant colony algorithm optimisation. The results of the experiments revealed that
this neural network’s real error was 0.249, which was different from the goal error of 0.149, demonstrating
that the optimisation algorithm may improve calculation results and deliver targeted RM measures [6]. Y
Li and colleagues developed a useful design optimisation technique for the symmetry of metamaterial cells.
This approach involves the introduction of a cell division mechanism and the development of a new selection
mechanism based on this mechanism. The numerical results of the prototype metamaterial cell and the solution
of the multi-objective test function showed that the newly proposed method performs better in multi-objective
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optimisation [14]. B R Ke et al. employed particle swarm optimisation techniques, genetic algorithms, and
simulated annealing methods to optimise the departure times to lower the building costs and electricity prices
of electric buses using a bus system in the Penghu Islands as a study. make sure that each new schedule’s
price is kept as low as possible without hurting traffic and customer demand. According to research by H, the
outcomes demonstrated that departure times could be optimised using the combined strategy, with all costs
being lower than the pre-adjustment costs [11]. Wu et al. state that the range of an underwater glider will
be directly impacted by how much energy it uses. The parameter values are controlled using a particle swarm
multi-objective optimisation technique, which maximises the glider’s energy efficiency and location accuracy.
Based on a dynamical model of the underwater glider and considering the consequences of unpredictable input
errors, a computational model and evaluation procedure for measuring the glider’s position accuracy and energy
usage are proposed. According to experimental data, the model can boost energy efficiency and improve position
accuracy [22].

Since risk is a component of investment activity and no investor or company can be fully risk averse, financial
risk management is crucial. Several academics have studied the difficulties with objective optimisation in
financial RM. M.A.M. Al Janabi examines the value-at-risk technique’s modelling parameters in a market setting
and develops a scenario optimisation method for assessing structured portfolios [15]. By assessing available
portfolios under operational and financial constraints, experimental results demonstrate that the optimisation
algorithm can advance portfolio selection and management in financial markets [2]. A Xie and colleagues take
into account a typical risk-averse investor and develop a multi-objective model pricing framework for credit
default contracts with periodic payments using a utility non-differential pricing technique. Additionally, buyers
of credit default swaps with various trading objectives are investigated to investigate risk aversion’s effects
on investments. According to the results, credit default swaps might factor in the negative base formation
of bonds that followed the financial crisis [23]. The risk preferences of asset liability managers are described
by Y Zhang using a hyperbolic absolute risk aversion utility. A generalised drifting Brownian motion with
non-Markovian drift and diffusion coefficients defines the cumulative liability process. The best investment
plan is constructed by solving a recursively linked stochastic differential equation method using a backward
stochastic differential approach. According to experimental data, the model solved the best investment strategy
for various parameters [25]. F Chen et al. make the assumption that a financial firm’s surplus process is a
correlated jump-diffusion process. The insurance company and the financial firm involved in the transaction
have a trust issue, and filtering extension techniques are employed to take advantage of the information and
alter the insurance business’s wealth-creation process. The dynamic mean squared deviation criterion is used
to build a bi-objective optimisation model for insurance and investing. The outcomes demonstrated how the
model affected the efficient frontier and the equilibrium strategy [3].

In conclusion, BIA is used to solve combinatorial optimisation problems in a variety of domains. However,
its use in RM is uncommon. Therefore, this research blends RA with financial mathematical models to address
multi-objective optimisation problems in investment RM, which is crucial in investment RM for the financial
industry.

3. RA-based Financial Mathematics Model Construction. This section is divided into three parts
to construct the model. The first part is based on RA and introduces a multi-objective optimisation strategy
to construct MPMORA. The second part is based on RA and uses distributed decision-making to construct
OMIRM-RG. The third part is based on a multi-objective RA and constructs POM-MORA based on the
Markowitz mean-variance model.

3.1. Construction of MPMORA. . Root Algorithm (RA) is a data structure-based classification algo-
rithm that can divide objects with similar features into the same group. The algorithm’s fundamental step is
to build a tree structure to represent the objects in the dataset and then iterate through the tree structure
to classify the data [11]. The RA algorithm can process ordinary numerical data and handle more complex
discrete and structured data. In addition, it is possible to adaptively adjust the tree structure to adapt to
different data types and shapes [10]. Since the portfolio problem in financial mathematics is a multi-objective
optimisation problem, a multi-objective optimisation strategy is introduced into the underlying RA algorithm
to solve it and construct MPMORA. To solve the parameter problem in the model, a fast-dominated sorting
method is adopted, and the concept of crowding distance is introduced. Fast undominated sorting stratifies all
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individuals in the population, assigning an ordinal number to the undominated solution at each level until all
individuals are graded [4]. Crowding distance can represent the distance between individuals; the equation is
shown in equation (3.1).

ipnj iff Z'rank < jrank or (jrank and idistance > jdistance = irank ) (31)

In equation 3.1, jrank and iyanx denote the non-dominance rank of individuals j and ¢ respectively,jqistance and
ldistance denote the crowding distance of individuals j and ¢ respectively. When selecting particles, preference
is given to particles with low non-dominance ranks, and if the non-dominance ranks are equal, the solution
with the larger crowding distance is selected. The Pareto optimality criterion (POC) determines the optimal
solution [16]. The definition is shown in equation (3.2).

S; (’U) +1
P(v)=1— ——— 3.2
20 - (32
In equation (3.2) S;(v) denotes the fast, non-dominated solution ordering method and |K’| denotes the size
of the feasible solution. The equation for searching the maximum Pareto frontier solution (PFS) is shown in
equation (3.3).

k k k
max f(v) = max {k - Zpi(v)} = max {Z (1- Pi(v))} = max {Z = Pi(v)|} (3.3)

i=1

In equation (3.3), Zle P;(v) denotes the sum of all PFS and k denotes the total number of individuals.
The individual target values are ranked using Global General (GG), an evaluation model that measures the
probability of risk, and all individual target values with variability are first summed, with the equation shown
in equation (3.4).

M M
GM (X;)@ )~ max<<H fn (X3) = [ fm (Xj),o> (3.4)
m=1

Xiny]’ m=1

In equation (3.4), X; and X, denote two solutions and M denotes the set target number. Thus, having a
smaller value of GM dominates the ordering of solutions. The equation for the solution’s Global Density (GD)
is shown in equation (3.5).

pop

GD(X;) =) di, (3.5)
j=1
1#£]

In equation (3.5), d; ; denotes the Euclidean distance between j and ¢ . The solutions are ranked by GM and
GD values and the equation is shown in equation (3.6).

GM (X;)
GG (X) 0 gp 5 (3.6)

In equation (3.6), GG(X;) denotes the overall ranking of the solution X; , indicating that the solution has
a better distribution. In multi-population multi-objective RA, all particles are first divided into multiple
populations, and individuals in the higher levels are selected using the principle of non-dominated solution
ranking. According to the size of the crowding distance, the individuals with large crowding distances are
selected to form the set of populations, and the particles are updated several times to obtain the final set of
multiple populations. The flowchart of the algorithm for multiple populations with multiple objectives is shown
in Fig 3.1.
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3.2. Construction of OMIRM-RG.. A variety of investment tools and technical tools are frequently
required to achieve investment risk management. For example, technical analysis and fundamentals, hedging
of portfolios through financial instruments such as financial derivatives, and identification and prediction of
investment risks through technical tools such as big data and artificial intelligence [5]. Therefore, distributed
decision-making (DDM) is adopted to solve dispersed and complex problems in risk management, and a multi-
objective root algorithm model is constructed. The core idea of this algorithm is to transform a multi-objective
problem into a root problem, gradually explore the solution space through the root system’s growth and
branching, and select appropriate branch directions through distributed decision-making. The exchange and
collaboration of information between different nodes can help to understand the global problem better and
optimize the solutions of each sub-problem through reasonable decision-making. The upper layer model is
solved taking into account the characteristics of the lower layer model, and the result of the solution is input
to the lower layer and outputted if it meets the requirements, or fed back to the upper layer for re-solving if it
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Fig. 3.3: Risk Management Flowchart Based on Root Algorithm

does not. The equation for solving the upper layer model is shown in equation (3.7).

min Zf\il w;R; (B;)

st. M Bi < Buax

Ri (Bz) < Rmax;i = ]-a L,M
B, €[0,K,],i=0,1, L,M

(3.7)

In equation (3.7), B; denotes the investment funds received by the participant ¢ and By, 4, denotes the maximum
investment budget. R; (B;) denotes the level of risk predicted by the decision maker for the participant, Ryax
denotes the maximum level of risk and w; denotes the weight. The solution equation for the lower-level model
is shown in equation (3.8).

« . N; T

R; (Bf) <min) ", Zj:1 uhf,ilj (LEhj) d;

st only Ci, (23,) < B} (3.8)
T, € {0,1, L,Wih},h: 1,2, L, N;

In equation (3.8), x;, denotes the optimal strategy chosen by the participant, h denotes the risk factor,N;
denotes the number of risk factors faced by the participant,j denotes the risk level, T" denotes the number of
risk levels, and f,ébj denotes the probability of risk occurrence. Since the problem solution of the upper model
is a continuous function, while the problem of the lower model is a discrete function, RA is used to construct
the distributed decision model [8]. The population is first initialised and the fitness function is used to solve
for the fitness value, which is calculated as shown in equation (3.9).

n n+1 +
a=0 a=1
. (3.9)

+772 Zzwaﬂﬂfﬁ)\ (|xiLaﬁkk|)d)\_Rmax
a=1

B=1i=1

In equation (3.9), Rg (ng) denotes the risk level of the decision maker, ¢ and 7 denote penalty factors, jig
denotes the weight of the risk factor, dy denotes the value corresponding to the risk rating, I denotes the number

of risk ratings and (

zk Bkk D denotes the location index. Based on the solved fitness values, the current optimal

particle is determined and the particle population is updated by equation (3.7). Distributed decision-making
achieves optimisation of the decision problem through communication and collaboration between the upper and
lower models, enabling the whole system to make rapid and efficient decision responses when faced with RM
decision problems [12]. Fig 3.3 depicts the RA-based RM flow chart.
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3.3. Construction of POM-MORA. When constructing a PORTFOLIO, the asset allocation ratio
and investment strategy must be determined based on the investor’s risk tolerance, risk appetite, investment
objectives and other factors [24]. The investor’s investment management risk framework is shown in Fig 3.4.
Typically, higher-risk investment varieties have relatively higher rates of return but are accompanied by higher
risk, while lower-risk investment varieties have lower but more stable returns. The Markowitz mean-variance
model was often used to solve the portfolio problem [17]. The Capital Asset Pricing Model (CPAM) is a classic
portfolio optimization model mainly used to solve the problem of a single objective: finding a portfolio with
minimal risk given the return and covariance matrix of a set of assets. This model is based on two important
assumptions: firstly, investors are risk averse and prefer low-risk securities under the same expected returns.
Secondly, investors can diversify risk by investing in multiple securities with different risks [19]. The equation
for calculating the minimum risk for a given return is shown in equation (3.10).

mino? = 2T Wz
max B = uTx (3.10)
steTe=1 0<z<1

In equation (3.10), E denotes the sum of expected returns, o2 denotes the variance, x denotes a vector of
investment weights, W denotes the covariance matrix and e denotes an n-dimensional one-way quantity. The
equation for the expected return sum is shown in equation (3.11).

E= Z:uzzz:z =FE=u"z (3.11)

=1

In equation (3.11), u denotes the vector of returns and n denotes the type of security. Although the Markowitz
mean-variance model laid the foundation for modern portfolio theory, it has shortcomings in practical applica-
tion [9]. However, when faced with multiple objectives, the Markowitz mean square error model may not be
applicable as it cannot directly consider and balance the trade-offs between different objectives [1]. In practical
situations, the model results also find it difficult to satisfy a normal distribution, resulting in an inaccurate
reflection of actual risks. This model requires investors to provide data on expected asset returns and volatility,
but these data have biases that can affect the model’s accuracy [18]. Therefore, Markowitz introduced covari-
ance and average return to construct a dual objective investment portfolio. Therefore, Markowitz introduces
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covariance and mean returns to construct a dual objective portfolio. the equation is shown in equation (3.12).

min o? = vazl Zjvzl WiW;0ij
maxr = Zfil w;iT; (3.12)
Subject to SN jw; =1 0<w; <1,i=1,2, L,N

In equation (3.12), 0% denotes the portfolio, w;w; denotes the weights, o;; denotes the covariance between
the two assets, N denotes the number of portfolios and r; denotes the expected return. In the three-objective
portfolio model, in addition to risk and return, there is the objective of minimising expected costs [21]. The
semi-covariance is introduced instead of the variance shown in equation (3.13).

T
(;) =) " [Min (R;; — B,0) - Min (R;; — B,0)]
=1 (3.13)
= E{Min(R; - B,0) - Min (R, — B,0)}
ijp
In equation (3.13), R; denotes the return on asset ¢, B denotes the comparative return, R;;denotes the return
on asset ¢ at t and R; denotes the return on asset j . The transaction cost equation is shown in equation (3.14).

N

TUAIAENDY (w; - wi;)2 (3.14)

n=1

In equation (3.14), W; and W, denote the covariance matrices of asset ¢ and j asset, respectively, Wi and W/
denote the weights. Thus, the return-risk-cost triple objective portfolio model is represented by equation (3.15).

Max E = Zf\il (e
. N N
Min R = 37,0 Y200 wiw; Y2, (3.15)

: N ; 2 ..
minC =14/>",_; (w;—w%) Ji

In equation (3.15), E denotes the return, R denotes the risk and C denotes the cost. The multi-objective
RA is used to solve the multi-objective portfolio problem. The proportional allocation particles for investment
management are first initialised to form an initialised population. The fitness value of each particle is calculated
and ranked to determine the number of non-dominated layers for each solution [7]. The particles are then
selected based on the ranking of the non-dominated solutions and the magnitude of the congestion distance
to filter out the unwanted particles and then update the particle population using the initialisation method.
Finally, the PFSs are ranked according to the PFS and the solutions with large PFS are output in priority.
For investors in the actual use of root growth based investment risk management optimization models, it is
necessary to clarify multiple objectives of investors. These goals can include minimizing risk, maximizing
returns, controlling transaction costs, etc. Investors should weigh the importance and priority of different goals.
In addition to goals, it is also necessary to determine the constraints of investment decisions. These constraints
can include funding restrictions, industry restrictions, liquidity requirements, etc. Constraints will help screen
feasible investment portfolios. Prepare the data required for investment decisions, which can include historical
returns on assets, covariance matrices, asset-related information, etc. Based on the established decision model,
run the optimization solution algorithm. Depending on the nature of the algorithm, multiple iterations may
be required to gradually approach the optimal solution. Each iteration will generate a new set of investment
portfolios until the optimal solution meets the goals and constraints.

4. Model Simulation Experiments and Analysis. This section is divided into three parts to test
the model: the first part is MPMORA performance testing and analysis, the second part is OMIRM-RG
performance testing and analysis, and the third part is POM-MORA performance testing and analysis.
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Fig. 4.1: PFS of Five Models on ZDT1

4.1. Performance Testing and Analysis of MPMORA. The experimental test platform was on an
Intel core i5 processor and a computer with 8GB of RAM, and the program coding was compiled by the Matlab
compiler. The number of populations was set to 200, and the dual-objective test function ZDT1 was used
to select the second-generation Non-dominated Sorting Genetic Algorithms- (NSGA- ), the second-generation
Non-dominated Sorting Genetic Algorithms supporting reinforcement learning (Reinforcement Non- dominated
Sorting Genetic Algorithms-IT (rNSGA-IT), Multi-objective Evolutionary Algorithm Based on Decomposition
(MOEA/D), Multi-objective Particle Swarm (MOEA/D), Multiple Objective Particle Swarm Optimization
(MOPSO) and MPMORA algorithms were tested for comparison. The experimental results are shown in
Fig 4.1.

As can be seen in Fig 4.2, the MPMORA algorithm has a solution closer to the true Pareto front, the
rNSGA-IT algorithm and the MOEA/D algorithm are the next closest, and the MOPSO algorithm is the
worst. The MPMORA algorithm has better performance on the ZDT1 test curve, and the solution results
for the two-objective function are closer to the true value. The DTLZ1 three-objective test function and the
results are shown in Fig 4.2. The MPMORA algorithm, NSGA-IT and rNSGA-IT methods, and MOEA /D and
MOPSO algorithms are the least consistent with the genuine Pareto solution. The MPMORA algorithm is
consistent with the true Pareto solution. Therefore, in the solution solution of the triple objective problem, a
fast non-dominated ranking method in RA can be used to present the solution more accurately.

4.2. Performance Testing and Analysis of the OMIRM-RG. To test the performance of RA in
investment risk, Genetic Algorithms (GA), Particle Swarm Optimization (PSO), and Artificial Bee Colony
(ABC) were chosen as comparisons. The experiments were divided into three different enterprise sizes: decision
makers set to one, participants set to two, four and six, and total investment set to 3000. Risk levels were
divided into three levels, with a low-risk level for a risk range value of [0.00,0.38], a medium risk level for a
risk range of (0.38,0.67 risk, and a risk level of high risk for a risk range of (0.67,1.00]. Fig 4.3 displays the
test outcomes. The iteration curves for investors at 2, 4, and 6 are shown in Figures 4.3(a), 4.3(b), and 4.3(c),
respectively. The RA method converges with a fitness value of 0.12 in Fig 4.3(a) after 30 rounds. The RA
method converges with a fitness value of 0.4 in Fig 4.3(b) after 10 rounds. The RA method converges in
Fig 4.3(c) after 10 iterations, with a fitness value of 1.1. Thus, it is clear that RA has a higher testing accuracy
and convergence rate. The results of ten tests on the risk values of the four algorithms are displayed in Table 4.1
As can be seen from Table 4.1, the best result for RA at 2 investment objectives is 0.1851, the worst result
is 0.2348 and the final value after 10 tests is 0.0105. at 4 investment objectives, the best result is 0.3123, the
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Fig. 4.2: PFS of Five Models on DTLZ1

Table 4.1: Risk Test Results

Number of participants RA PSO ABC GA

2 Best 0.1851 0.2045 0.2201 0.1825
Worst 0.2348 0.2895 0.2534 0.2529
Mean 0.2255 0.2407 0.2456 0.2305
Standard 0.0105 0.0189 0.0112 0.0589

4 Best 0.3123 0.3167 0.3103 0.2568
Worst 0.3457 0.4439 0.3772 3.1235
Mean 0.3186 0.3519 0.3426  0.5029
Standard  0.0082 0.3019 0.1567 0.5892

6 Best 0.2534 0.3202 0.3719 0.1925
Worst 1.8623 4.5239 4.0278 2.6438
Mean 0.5845 0.7598 0.7298 0.8239

Standard 0.4623 0.8588 0.9236  0.4235

worst result is 0.3457 and the final value after 10 tests is 0.0082. at 6 investment objectives, the best result
is 0.2534, the worst result is 1.8623, and the final value after 10 tests is 0.4623. It can be seen that the test
values of the RA algorithm end up in the low-risk class range, and the solution provided by the RA algorithm
is feasible. The results are plotted in Fig 4.4.

As can be seen from the ANOVA results in 4.4, the RA algorithm and the PSO algorithm have relatively
similar variance values for investment targets of 2 and 4, but the RA algorithm shows better robustness for
an investment target of 6. Therefore, the RA algorithm performs better and is more robust in dealing with
larger-scale problems of risky investment management.
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4.3. Performance Testing and Analysis of POM-MORA. The experiment used data from 10 assets
of the Beijing Stock Exchange, including monthly rates for each stock from January 2021 to December 2022.
The NSGA-IT algorithm and the MOEA /D algorithm were selected for testing against the MPMORA algorithm
in an investment-return portfolio, the results of which are shown in Fig 4.5. In Fig 4.5, the MPMORA algorithm
has better effective curve continuity, the NSGA-II algorithm has the second-best effective curve continuity, and
the MOEA /D algorithm has poor effective curve continuity. Therefore, the MPMORA algorithm has a better
PFS in the two-objective portfolio, and investors are better able to choose a portfolio approach based on risk
appetite. The three algorithms were tested in an investment-return-cost tri-objective portfolio and the results
are shown in Fig 4.6. In Fig 4.6, the solutions of the MPMORA algorithm are more homogeneous and diversified,
the higher the risk, the smaller the expected return, and the opposite case of cost and risk, cost and expected
return. Investors can choose appropriate investment strategies based on their own goals. Through distributed
decision-making and information exchange between nodes, investors can better balance the trade-offs between
different objectives. For example, while pursuing high returns, attention should also be paid to preventing
risks. By exploring a combination of different investment options, investors can find effective solutions to
meet multi-objective needs. Table 4.2 displays the test results and compares the Hypervolume values of the
three techniques. The MPMORA algorithm’s final Hypervolume value is 5.5298 for the two-objective payback
combination and 3.9628 for the three-objective payback cost combination, as shown in Table 4.2. Compared
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Fig. 4.6: Pareto value of three investment portfolios

to the other two algorithms, the MPMORA algorithm has a smaller Hypervolume value, and therefore, the
optimal solution set obtained by the algorithm has better distributivity and convergence.

5. Conclusion. This paper builds MPMORA based on RA, experiments build OMIRM-RG and builds
POM-MORA based on the Markowitz mean-variance model to address the multi-objective problem in invest-
ment RM. The MPMORA method has a solution that is closer to the real Pareto front, the rINSGA-II algorithm
and the MOEA /D algorithm are the next best, and the MOPSO algorithm is the worst, according to the ex-
perimental data. The dual objective function solution solutions for the MPMORA method are more accurate
and have superior performance on the ZDT1 test curve. After 30 rounds and a 2 investment amount, the RA
algorithm converges with a fitness value of 0.12. After 10 iterations and a $4 investment, the RA algorithm
converges with a fitness value of 0.4. After 10 iterations and a 6 investment amount, the RA algorithm con-
verges with a fitness value of 1.1. At two investing objectives, RA has a top result of 0.1851 and a worst result
of the best outcome for 4 investing objectives is 0.3123, the worst outcome is 0.3457, and the final value is
0.0082. The best outcome for six investment objectives is 0.2534, the worst outcome is 1.8623, and the final
value is 0.4623. The RA algorithm’s tested values fell within the low risk class range, and the solution it offered
was workable. The MPMORA algorithm produced an optimal solution set with improved distribution and
convergence, with final Hypervolume values of 5.5298 for the two-objective ROI combination and 3.9628 for the
three-objective ROI cost combination. The multi-objective root algorithm based on distributed decision-making
can help investors make more informed decisions in multi-objective optimization problems. By decomposing
problems, making node decisions, and exchanging information, investors can comprehensively consider different
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Table 4.2: Results of Different Portfolio Models

Dual investment target portfolio MPMORA NSGA- MOEA/D GA
Hypervolume Max 1.0916 5.8902 3.4527 0.1825
Min 4.1628 5.192 9.9828 0.2529
Average 8.3562 5.5362 1.5627 0.2305
Standard  5.5298 5.9827 7.8392 0.0589
Three investment target combinations MPMORA NSGA- MOEA/D 0.2568
Hypervolume Max 1.4827 5.4129 6.3862 3.1235
Min 3.6527 9.8736 7.0382 0.5029
Average 8.1627 1.0627 2.8617 0.5892
Standard  3.9628 2.5839 3.9203 0.1925
Worst 1.8623 4.5239 4.0278 2.6438
Mean 0.5845 0.7598 0.7298 0.8239
Standard  0.4623 0.8588 0.9236 0.4235

goals, constraints, and market conditions to optimize their investment portfolios, thereby improving investment
effectiveness and risk management capabilities. There are shortcomings in this study. The experimental section
selected fewer test parameters and test datasets. In future research, more parameters and experimental data
should be selected as the detection objects for testing.
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SPATIAL AND TEMPORAL CHARACTERISTIC ANALYSIS BASED LONG
SHORT-TERM MEMORY FOR DETECTION OF SENSOR FAULT IN AUTONOMOUS
VEHICLES

HONGWEI ZHANG* YANAN GAO} HUANXUE LIU} AND YI CHENS

Abstract. The artificial intelligence required to create self-directed automobiles relies heavily on the capability of precisely
perceiving the environment around oneself. Most self-driving automobiles include several detectors, which work together to form
a multi-source perception of the surroundings. Extended use of a system that drives autonomously will introduce a variety of
worldwide and local failure indications due to the extreme sensitivity of the instruments involved to ambient or environmental
situations. These failure indications pose significant risks to the technique’s security. The paper presents a real-time information
synthesis system incorporating techniques for identifying flaws and accepting faults. The compact connection can be recognized
if the qualities mentioned above are provided, and the input information properties may be retrieved in real-time. One way
to use the newly introduced method for assessing device reliability is to compute the detectors’ worldwide and local degrees of
trustworthiness. In order to ensure the precision and dependability of information combination, problem data is filtered out, and
monitor duplication is used to assess both the worldwide and local assurance levels of data from sensors at the moment. The
chronological and geographic association of data from sensors allows for this. Experimental findings show that the network’s
algorithms can outperform current techniques in terms of both rapidity and precision and can pinpoint the object’s location even
when specific sensors are blurry or broken. This research established that the proposed hybrid structure benefits autonomous
vehicles’ real-time reliability and speed.

Key words: Self-driving cars, Observation of objects, Combining statistics, Automatic failure analysis, Neural network with
convolutions, Combining data, Robot on wheels.

1. Introduction. In the process of driving, unmanned vehicles need to rely on a large number of sensors
to read and receive real-time road condition data from roadbed units, traffic signals, radar base stations and
other vehicles. In order to achieve uninterrupted navigation with high reliability, multiple sensors are usually
installed on the vehicle body at the same time to obtain sufficient redundant position information.Generally,
unmanned vehicle network attacks are mainly divided into internal attacks and external attacks, external attacks
mainly invade equipment other than unmanned vehicles, such as attacks and interference to infrastructure such
as roadbed measurement units, traffic signals, road signs, communication equipment and other vehicle data;
Internal attack is mainly to invade the system and sensor of the unmanned vehicle body, typically including the
vehicle control system, navigation sensor, vehicle diagnosis system and other vehicle sensors.Among the many
attack types, the attack of navigation sensor is the most direct and common And one of the most harmful types
of attack it can be on people at all Noticeable cases of sudden or slow changes in the car’s driving vehiclePath,
travel speed and direction, the attack is extremely stealthy, giving people The psychology of creating a huge
fear is the current industry forced to solve One of the key technical problems.

Recognizing obstacles on the road is crucial for entirely autonomous vehicles. The method provides self-
driving automobiles with real-time data about many road elements, including other automobiles and humans
[5]. Existing object detection technology uses cameras and other types of ambient awareness devices. The
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machine learning system can detect the object that interests it and decide its proper classification thanks to
the camera’s capacity to gather data about the surroundings, including its color and outlines [14].

In the 1990s, artificially generated characteristics combined with data mining were used for most road
object detection tasks. HOG, LBP, and Haar characteristics are examples of synthetic characteristics that
were popular then. A set of feature vectors will be generated when artificial characteristics are extracted from
discrete areas of the image [9]. By classifying vectors of features using characteristic algorithms like SVM, it is
feasible to ascertain both the location and classification of objects of interest.

This article will be the cutting edge of artificial intelligence The deep learning technology is introduced
into the anomaly detection of unmanned vehicle navigation sensors In this paper, we propose a novel approach
based on one-dimensional convolutional neural networks (1D Convolutional neural network, 1D-CNN) driverless
car guide Intelligent diagnosis method and system framework of aero sensor anomaly. The model consists of
Input layer, 1D convolution layer, 1D pooling layer, 1D global mean pooling Layer (1D Global average pooling,
1D-GAP) and Softmax Classifier composition.With the advent of machine learning, neural networks based on
convolution have taken over the role of visual sensors in performing object identification. The AlexNet system
reduced the error rates for the Top-5 categorization task to 15.7 percent [4]. ResNet divides the network into
many blocks, each with its own output and input parameters, and connects them directly using a Shortcut
architecture to solve the gradual vanishing problem. In order to accomplish object identification, the RCNN
network proposed employs three phases: an extraction of features backbone, a network for proposing regions
(RPN), and a region of interest (Rol)-Pooling. This addresses the time-consuming issue of typical algorithms
for identifying objects repeatedly traversing sensor data. Influenced by RCNN, scientists are improving the
effectiveness of identifying objects in certain circumstances, like traffic. Using the image frame difference data
from traffic camera footage to teach the neural network and monitor the moving automobiles in the video
in actual time improves the framework of RCNN. The goal was to improve the RCNN’s motion detection
capabilities. The investigation uses the Faster-RCNN algorithm combined with the selected search method to
locate forward autos, which significantly helps with the automobile loss problem. In order to effectively detect
detached moving vehicles and achieve a high degree of accuracy, employ CNN to process the data gathered by
UAVs. To increase the subject’s recognition rate to 25 frames per second (fps), we propose using a one-stage
system to complete the bounding box and perform classification and regression simultaneously. This will fix
the problem of the multiple-phase model’s subpar performance in real-time [16].

Data fusion approaches are being developed for processing data from several sources on environmental
perception. These techniques provide superior object identification results compared to using only one of the
sensors available on autonomous cars. This will lessen the burden on the autonomous vehicle’s processing and
memory systems. Data fusion may be broadly classified into two approaches: before and after the fusion. The
locations of fusion reactions provide the basis for these classifications. In the former approach, sensor data
from the initial input layer is pooled, and the object identification network is designed to function with all the
information [3].

The post-fusion method’s conflict location and methodology are more malleable and dynamic than the
pre-fusion method’s. Feature extraction (FE) is often used to extract characteristics from the data collected by
every detector, and then specialized fusion procedures are constructed following predetermined goals [10].

The detector will eventually start sending out failure indications after prolonged use. The safe functioning of
self-driving automobiles depends on several elements, including the stability of the algorithm and the capacity
for error diagnosis and tolerance. The authors describe a cutting-edge transfer learning technique for the
identification of transmission failure with an adverse domain choice machine. When there is little data to work
with, transfer learning of this kind is an excellent tool for tackling the real GFR problem [6]. As shown, the
proposal of a faster and more accurate deep learning system for exact equipment fault identification using
transfer teaching and its achievement of cutting-edge results for the primary mechanical records and transfer
acquisition have been shown to allow and speed up the development of deep learning networks with excellent
precision.

In this study, we provide a novel approach to recognizing objects, emphasizing addressing concerns that
have been overlooked in other efforts.

To be more explicit, we provide a novel data integration framework that is compact in design and can do
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real-time analysis of massive amounts of multi-modal data. To guarantee the precision and dependability of
road object recognition, this research presents a fault diagnosis and avoidance (FDA) mechanism inside the
data fusion architecture. It identifies mutual fault through the time and space relationship between sensor data.
Because sensor faults might occur while driving, this is done to prepare for them.

The following is a summary of the main results of this investigation.

We choose a structure that is a lighter feature pyramid network (FPN) compared to the previously employed
object recognition network to ensure the real-time efficiency of the data synthesis system while analyzing massive
volumes of multi-modal data.

In order to guarantee reliable and precise identification results, it is recommended that the information
integration framework involve a method called fault detection and isolation (FDA).

Finally, tests are conducted to verify the instantaneous precision and dependability of the fusion architecture
in terms of its efficacy in 2D object detection and defect prevention using surrounding sensory information
gathered in various circumstances. These tests are performed to ensure the accuracy of information on how
people perceive their surroundings [21].

2. Related Works. The LSTM model is based on a variant of Recurent NeuralNetwork (RNN). RNN
model is proposed to solve the problem of time series data dependence and is very sensitive to short-term input.
However, due to the characteristics of the tanh layer inside RNN, it is possible to remember or forget all the
memories, which will lead to the possibility of gradient dispersion and gradient explosion in long-term time
dependence. Compared with ordinary RNN,LSTM model is a more efficient tool to obtain long time series
information. In order to solve the long-term time dependence problem, LSTM adds the mechanism of gate and
introduces the concept of cell state.To prevent situations that could be harmful, self-driving cars must have
access to precise and trustworthy issue identification and monitoring technology. This piece outlines our plan for
an integrated approach to defect identification and monitoring. First, condition faults in the self-driving car are
identified by training the intersection curve between the secure and risky domains using the One-Class Support
Vector Machine (SVM) method. This is done so that secure network users may quickly identify themselves as
in the secure zone. Meanwhile, the linear kinematic vehicle bicycle model is used to inform the development
of a Kalman filtering observer that can anticipate where the vehicle is. To assess whether the course of events
has changed, the test known as Jarque-Bera is used to determine if the distribution of probabilities of the
leftovers between forecast and observation is normally distributed. This is done to see whether there has been
a change in direction. We use a fuzzy system to further categorize the faults that have been discovered. This
architecture is based on a neural network variant, adding an affiliation layer following the input layer. Black
box testing refines the fuzzy system’s initial membership function, revealing the likely failure scenarios. This is
because neutral networks have an impressive capacity for self-learning. The system’s capacity to identify and
diagnose issues was evaluated through a battery of tests on the real autonomous vehicle platform, Xinda. The
trials’ findings and the results of performance comparisons with other fault sensors proved the methods’ worth.
In this last section of the report, we will briefly overview our efforts. Our goal in this study is to develop a
diagnosis and fault-finding system for autonomous vehicles [2].

Sensor fault pre-detection method The residual sequence obtained by the predicted value and the measured
value is the key to analyze the sensor fault. When the sensor is in normal operation, the expectation of the
obtained residual sequence should be infinitely close to 0. However, in the actual collection process of the field,
it will be affected by complex environmental factors and the system itself, and the expectation of the residual
sequence will have a certain deviation from the 0 value, but the residual sequence obtained from the normal
operation data still conforms to the normal distribution.

Approaches to fault detection and diagnosis may be broadly classified into three types: model-based, signal-
based, and knowledge-based.

Hybrid approaches are employed when considering practical uses for autonomous vehicles. To start, we
utilize a One-Class SVM to check for physical flaws in the car’s condition.

The distribution is then inferred by constructing a Kalman filter and acquiring the residuals between the
predicted value and the measured value. This is done in order to figure out who gets what. This approach of
finding errors validates the normality of the residual distribution and establishes whether or not the trajectory
deviates in a checking period. Ultimately, a fuzzy system is built to examine the likelihood of each possible
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component that might cause failures. Our neural network’s implementation acquires fuzzy system membership
functions, and fuzzy system inclusion function parameters are adjusted via black box testing and fitting.

One component of future work is identifying the source of the problem.We call the many potential defect-
causing factors “Advanced Alarm” and “Steering Alarm” to indicate an abnormality in the longitudinal or lateral
condition. Based on this classification, we may examine the part of the system that seems to be malfunctioning.
If the alarm type is “Moving Alarm”, for instance, the dynamic system of the car or the ABS may have been to
blame, whereas if the alarm type is “Steering Alarm”, the steering system may have been to blame. Assuring
the safety of the autonomous vehicle requires isolating the faulty system, which can only be done if we know
which subsystem caused the problems. It is also essential to examine and address ELM-based approaches, which
are suitable ways to improve the training process of neural network-based methods and display the features of
fast learning speed and strong adaptation capacity.

Uncrewed aerial vehicles (UAVs) rely heavily on fault diagnostics to ensure the security and dependability
of their equipment. Problem-solving for UAV instruments is addressed, and a combination of feature modeling
and a neural network-based approach is presented. Errant signals from failed sensors, such as the global
locating network, inertial measurements (IMU), and air data system (ADS), were acquired. In this study,
we employed STEFT to convert the residual signal into a time-frequency representation. The malfunction
diagnostic of the UAV instruments was then carried out, and a convolutional neural network (CNN) was
utilized to extract the map’s features. Finally, UAV flying tests are used to assess the effectiveness of the
suggested technique. Compelling fault diagnostic logic between leftovers and good health status may be built
from visualizing data using CNN to extract sensor defect knowledge. This research presents an advanced
learning-based defect detection system for UAV sensors that combines a hybrid feature model. We used the
short-time Fourier transform (STFT) to prepare for deep learning and produce nine time-frequency mappings
from the EKF estimate residue. The input of CNN was formed from the two-dimensional pictures by creating
a CNN architecture with eight subnetworks. Using multiple validations, we decided on the variables to use.
Lastly, in-flight trials prove that the suggested strategy works. The suggested method’s principal benefits
were its hybrid nature, allowing fault identification and deep understanding. Model-based defect detection
may also be used with other forms of machine learning, such as neural networks with recurrent architecture
and layered auto-encoding [7]. CNN is one of the most representative deep learning algorithms in the field
of artificial intelligence. It uses deep network structure to simulate the working mechanism of animal vision
system, and can automatically extract key features directly from the original data, with strong feature extraction
ability.Different from pattern classification tasks in computer vision and speech recognition, the unmanned
vehicle network attack anomaly diagnosis task requires both high accuracy of the diagnosis model and fast
real-time detection speed.

The primary goal of self-driving vehicle studies is to improve transportation accuracy and reliability. Despite
significant advancements, even the most advanced algorithms might occasionally make errors; in some instances,
the sensors are to blame. Refrain from failing to do so might have disastrous results.

This is why self-driving cars must be able to foresee and respond appropriately to problems as soon as they
happen. It is possible to train data representations with the help of artificial intelligence techniques by combining
real-world data with data gathered from correctly operating sensors and then artificially injecting a range of
sensor flaws into the resulting dataset. This research proposes a novel paradigm for identifying faults, separation,
recognition, and predictions (depending on observation) for multi-fault in multi-sensor systems, such as self-
driving cars. This layout was designed with fault diagnosis, isolation, and identification. By combining the
strengths of two distinct and very efficient profound neural network architectures, our recognition, verification,
and separation solution delivers remarkable efficiency.

We then utilize the sensor defect identification system’s output to develop our gauge for the health index
and feed it into the healthcare index prediction network’s training procedure. This research looked at the
underlying physical causes of sensor failures and classified them into four broad categories. The final goal
was to develop a system for identifying faults, loneliness, proof of identity, and forecasting in-car electronics.
Effectively handling many defects collected for various fault configurations that occurred in a multi-sensor
scenario has been shown using a CNN-based sensor fault detector/classifier. This was demonstrated by its
successful handling of the issues mentioned above. The proposed approach was evaluated and shown to be
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99.95% accurate in finding errors. If a defect is detected, a signal is transmitted to the identity and isolation
systems; if no malfunction is detected, the signal is forwarded to the detector’s health prediction system. The
outcome of the inspection for defects will inform this choice.

It has been shown that the proposed architecture, in conjunction with deep learning algorithms, may allow
autonomous vehicles to perform fault isolation and identification. The signals will be sent to the system that
evaluates and forecasts sensor health if the defect identification system finds the sensors functioning correctly.
Three unique decay curves were used to help the detector identify defects in the system’s output to get an HI
value. This has been done so that we may speculate on the sensors’ health. The HI metric is the information
sent into the TFT network to foresee how the sensors will act and spot issues before they become critical.

This study employs a quantified reduction as a measure of effectiveness. Accordingly, obtainable losses
of 0.0315, 0.0611, and 0.0299 at the 10th, 50th, and 90th percentiles have been reported. Audi, a German
automotive manufacturer, has made public a dataset from the real world dubbed A2D2, which was used to
validate the proposed method [22].

When coping with the challenging finding of damage challenges common in mechanical components, one
possible option is to use a fault diagnostic strategy based on a combination of information from numerous sensors.
Two potential problems with this approach are the challenge it may be to separate characteristics from many
sources of sensory data and how challenging it can be to determine the optimal fusion level. Choosing the most
appropriate feature or fusion level for a given fault diagnosis task can be challenging. This procedure requires a
great deal of human work in addition to a deep understanding of the subject matter. We provide a multi-sensor
data fusion approach to defect identification using deep convolutional neural networks that is both flexible and
effective. To get around those two issues, we resort to this. The described method can automatically adapt
to the requirements of each defect diagnosis task by learning features from raw data and maximizing the most
practical combination of different fusion levels. In order to evaluate the effectiveness of the proposed technology,
the global transmission test rig is used. In this study, we evaluate the performance of two traditional intelligent
models, a back-propagation neural network and a support vector machine, in contrast to characteristics and
integration levels that were created by hand, chosen by human judgment and applied to data from a single sense.
Evidence from this trial suggests that the proposed technique outperforms all others in its ability to diagnose
problems with the planetary gearbox quickly and precisely. To assess the condition of planetary gearboxes,
this research presents a DCNN-based adaptive data fusion method. Information combination, a combination
of features, selection combination, learning features, and detection of errors are adaptively merged into a single
DCNN model. The proposed method utilizes the deep-layered configuration of DCNN to learn features from
raw data while also adaptively fusing data, features, and choices. In addition, less time and effort from humans
are needed to extract features and establish fusion levels when using this technique. The experimental results
obtained using the planetary gearbox fault test apparatus serve as a gauge of the proposed method’s efficacy.
In this study, we put two widely used Al methods, BPNN and SVM, through their paces and compared their
performance on various tasks, including feature-level fusion, decision-level combination, features created by
hand, individual sensory information, and more. The experimental results provide persuasive proof that the
proposed method works. When compared to other approaches utilized in the experiment, the suggested method
achieves the best degree of testing precision.

In the future, we want to expand the range of mechanical items, failure modes, operating situations, and
sensor types on which we conduct DCNN model-based learning of features and data fusion experiments. This
will help us validate the techniques’ efficacy and find further practical application recommendations. Also, due
to the large number of variables in deep learning models, traditional parameter tuning can take a long time
and result in a local optimum. At the same time, standard automated searching techniques can settle on a
suboptimal solution quickly.

In order to adjust the parameters immediately, it is vital to investigate ways that are both more effective
and faster. In summary, combining several neural network systems should enhance fault identification quality.
Incorporating a self-encoding structure into the framework may increase its capability to learn more complex
properties, making it particularly well-suited for forecasting potential problem situations. The model might be
suited for such forecasts if the recurring structure was added [8].

Due to its importance, academic journals have extensively covered fault identification. To this end, several
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machine learning algorithms have been created to better understand the diagnostic process and its constituent
parts. In this study, we introduce a framework for learning termed a Hybrid Deep Belief Network (HDBN)
for intelligent fault identification in motor-driven devices. The system combines data in various ways. The
drive system of an automobile is an example of such a system. Based on our research, we provide three unique
approaches to data fusion: data partnership, information arrival, and information hybridization. Looking at
the fusion from the perspective of the energy contained in the signal might also shed light on its significance.
More precise issue identification may be possible with the correct data fusion methods and formats suitable
for model training purposes. In addition, a novel fusion method called mixed-precision training is employed
to improve the model’s overall performance. Our proposed model outperforms state-of-the-art methods, as
shown by experiments performed on datasets provided by the modeling platform. As part of this body of
work, we propose using data sources and their integration outcomes to build diagnostic models that extract
depth information more efficiently. After establishing a DBN-based deep fault feature learning strategy, the
HDBN diagnostic model was built using the hybrid data fusion technique. Second, three separate data fusion
methods were developed in line with the nature and interpretation of the tangible form of the signal, rather
than employing “information unification or information blend” as was done in the previous research.

The main contributions of this paper include the following three aspects: Firstly, a new scheme of network
attack detection using the original location data of multi-sensor of unmanned vehicle is presented; Secondly,
the deep learning technology is introduced into the field of unmanned vehicle network attack detection to solve
the difficult problem that slow and small attacks are difficult to detect through its powerful feature extraction
capability. Third, the existing 1D convolutional neural network algorithm is improved, and the 1D-GAP-CNN
algorithm structure is designed, so that it is more in line with the fast real-time requirements of unmanned
vehicle network attack detection.

The results of the experiments showed that the different data-fusing approaches were related to the true
qualities of the data and that the learning accuracy could be improved by combining the correct data fusion
methodology with the appropriate manner of dataset construction. Third, we applied a novel data fusion
approach called mixed-precision learning to improve the model’s overall accuracy significantly. The experimental
findings showed that HDBM'’s artificial intelligence and information integration abilities significantly improved
cognitive defect detection accuracy, far outperforming the other diagnostic systems. The author intends to
continue investigating the problem of fault diagnostics in complicated environments. As part of this study, we
will refine diagnostic procedures for usage in settings with a mix of loading and driving input interference [28].

3. Proposed Methodology.

3.1. Proposed Layout of Networks for Geographic Areas.

1. Feature Extraction Network (FEN)

This paper is about the network layer Number, size of convolution kernel, number of convolution kernel,
activation function, pooling kernel The size and the number of pooling layers are adjusted repeatedly. The
model consists of 10 network layers. There are five 1D convolution layers, two 1D pooling layers, and four
RELUs Activation layer, 1 1D-GAP layer and Softmax output layer, all Both the convolution kernel and the
pooling kernel are set to Padding= “Same”, using Adam adaptive learning rate optimizer and mini-batch
training method, 65 samples per batch, 210 rounds of training.Once a frame of a picture is acquired, it must
be compressed, encoded, and run through an artificial brain to recover the structural data hidden in the spaces
between the frames. The larger the perceived region of the resulting component map, the higher the FEN’s
complexity, but the more local detail is lost in the process [15]. The FEN presented here is based on the
architecture of a neural network with residuals. This is done in order to tighten up the network’s settings.
The quantity of computational horsepower required by the system may be significantly lowered if, during the
creation of the framework procedure, a priori characteristics are included to lower the size of map structures.
The network’s basic structure is laid out in Table 3.1.

The computational capacity of the network may be used to roughly estimate the quantity of work that
must be performed by the neural network’s computation and memory components.

Computational energy within the system may be used as a proxy for the workload of the brain system’s
computation and memory components. The computational capability of a CNN level may be approximated
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Table 3.1: Feature extraction structure
Category Channel Filter size Outcome
Input 4 416*416
Ramification 32 3*3/2 104*104
2x  Ramification 64 3*3 52*52
Ramification 64 3*3
Ramification 64 3*3
Remainder 52*52
o Ramification 64 3*3/2 26*26
Ramification 64 3*3
Ramification 64 3*3
Remainder 26*26
Ramification 128 3*3/2 13*13
ox Ramification 128 3*3
Ramification 128 3*3
Remainder 13*13
Required computing power: 0.69%10° FLOPS
using Eq. (3.1):
P = 2IX(Cink* +1)Cout (3.1)

I and X stand for the length and breadth of the map of features, respectively; Ci,, Cout stand for the
number of input/output channels; and k stands for the length of the kernel.

The FEN uses a two-layer, 3x3 convolutional framework to reduce the size of the input picture. This
takes 3.6 floating-point operations of processing power at the start. The technology strength for the system’s
Molecular weight layer is calculated to be 0.7¥108 FLOPs, which is 1/27 of the calculating strength needed by
DarkNet-53.

The compact FPN system uses a 26 x 26 and 13 x 13 feature map extracted from the core when building
a characteristic structure. The bounding box extrapolation variables z, w, h as well as the desired category
forecast probabilities Q(0), Q(1), and Q(2), are then computed to provide the output vector “x”, “y”, “w”,
“h”, “C”, and “Q(0)”, “Q(1)”, and “Q(2)”. Remember that the i sensor will capture the predicted D; area
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after passing over the ultralight FPN connection. The GNMS component, discussed in more depth below, will
synthesize data from all of the sensors to predict D; and the related actual time probability. K;, the RPN unit,
determines where the goal Dygion is in the 2D image and communicates this knowledge to the box-regression
system, an element of the knowledge-merging structure [23].

2. Region Return on Investment Estimation

After the initial picture has been encoded and compressed by the FEN, numerous map files with different
reduction levels have been generated. This is quite similar to the characteristic tower that the SIFT algorithm
generates. Root regions are used to categorize the condensed and encrypted map of features in this piece of
writing. The target’s position and local probability data are reconstructed from these zones. Precisely, three
roots of fixed dimensions are placed at each location of a feature chart in order to determine the object of
interest using a grid-by-grid characteristic map. The quaternion vector “z,y,w,h” frequently expresses the
anchoring point as a straightforward triangular boundary in both dimensions. The anchor coordinates and the
enclosing box’s dimensions combine to generate this data vector. The network can also predict the probabilities
P(0), P(1),---, and P(n) that each Anchor’s internal destination belongs to one of these categories. The output
vector size of each item recognition level is determined by the system’s capacity to distinguish between three
unique goal classifications: people walking, cars, and bikes [18].

In order to establish a baseline for the Anchor information set, we first conduct K-mean clustering on the
KITTT training set. With a more negligible size difference between the anchor and the target, the network
can better pinpoint its location inside the local area divided by the Anchor. The final sizes of the six anchors
obtained from clustering with k = 6 are (45, 42), (101, 61), (84, 168), (175, 98), (261, 160), and (377, 215).
This study proposes two layers with features for the ultralight FPN system.

3. Loss Function

Following the completion of the system’s framework, the impairment value must be used to direct the
converged path of the network’s settings in order to coax the system into continuous self-learning toward the
specified quadratic value [19]. The coefficient of loss may be used to guide the development of the network’s
variables toward the target value. The system loss equation is divided into three subcomponents, each repre-
senting a distinct aspect of the algorithm’s production vector: the boundaries box change loss, the leaping box
object identification loss, and the objective categorization reduction. The entropy loss cross-product is utilized
to calculate boundaries box change loss and the leaping box object identification loss since both the assurance
of the box with boundaries and the expected value of the desired category are output as probabilities. However,
the result of plugging in “x,y,w, and h” is a specific number, and this is what the square error loss function
model uses to determine lphox. Each pixel in the final feature map is instructed to select the anchor with the
highest Intersection-over-Union (IoU) score throughout testing. The standard setting of 1 has been assigned to
these anchors, which equates to 1;;; their anticipated value will be used for calculating lppox and lcis. An anchor
is considered empty and has no objects inside it if its IoU with any target is less than 0.5, and the associated
1;; is set to 1. In addition, the anchor’s expected confidence C will be used as a penalty term in the logarithmic
shape to determine lconf. This holds for anchors with a value of 0 in 1;;.

Since the bulk of the information is made up of the anchor that does not have a target in the output, the
value of grid2 =0 A j=0 1;; log C;; will immediately affect the long calculation. A loss function of this kind
makes no sense since the network consistently predicts C;; to be very close to zero. We will manipulate the input
data distribution using the weight coefficient 1;; to achieve this objective. Similarly, pedestrian identification
for autonomous driving focuses more on the accuracy of target position prediction than on more common tasks
requiring object recognition [20].

The single-sensor object detection network supplies data fusion’s “preprocessing” connection. The success
of the data fusion process depends on the precision with which this network determines the target’s position.
Therefore, a more excellent weighting factor box should be applied to lypox When calculating the total loss. This
will increase the “penalty” of the bounding box’s regression error on the network. Following is the formula for
determining the ultimate network loss function:

l= lconf + lbbox)\bbox + lcls (32)

3.2. Detection and Correction of Errors. Adverse climates, such as smog and precipitation, may be
encountered during the functioning of the autonomous automobile. The communication on the data bus may
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be disrupted, or the camera’s optics could become soiled, rendering the device useless. These problems will
create noise throughout the information utilized for contextual awareness, which may create issues like the
failure to recognize or incorrectly identify goals, both of which pose severe threats to the security of self-driving
cars. An error-finding and evasion method in the perception model has been developed to ensure redundant
information [12]. With the help of redundant information for fault testing, the accuracy of sensor data can be
evaluated right now, and the problem signal can be eliminated. This study uses The variable weight method
to execute the FDA procedure. The information fusion architecture calculates the global degree of trust K
and local credibility level C for data from sensors. Problems with both local and global flaws may be solved
with the use of these confidence levels. During the fusing of the Rol region, the GNMS method filters away
redundant and faulty signals to ensure accurate union outcomes are returned as the output of object detection.
The K and C symbols represent the assurance factors used in this procedure.

1. Investigation of Flaws in a Sensor That Picks Up on Our Environment

The sensor’s scanning architecture renders the image information susceptible to electromagnetic contami-
nation from the surroundings. The lens is just like this. Dim lighting, blurry surrounding details, and shifts
in viewpoint will impair the detectors’ ability to see details [13]. The lens can roughly classify the background
noise as “natural” or “human-made”.

i. There is a fault line throughout the world. Poor lighting, a busy background, or a blurry lens will all
contribute to an overall haze in the image.

ii. Localized failure. Information truncation, complete obstruction, and lens staining are just a few of the
issues plaguing the photoreceptor chip. Because of these problems, the chip cannot do its job.

When a self-driving car gets motivated, the driver’s perspective, the background, and the available light all
shift continuously. Our method for recognizing defects uses an adaptive load strategy, which enables the score
to be modified in real-time based on the data provided from all frames of a reputation to ensure the reliability
of the sensory technology. In real-time, we employ a Kalman filtering approach to assess the reliability of
every sensor’s information and its impact on the overall outcome. We also fine-tune the sensor’s general trust
parameter as time passes. We correct worldwide sensor failures in this manner. To cope with local flaws in
real-time, an assurance parameter for each local area of the image is calculated using RPN. The structure for
combining data employs GNMS to combine local and global factors for reliability and accuracy in the final
results of the information merging procedure.

2. Adjustment of International Reliability Rates

The detection zones of multiple cameras in a self-driving vehicle overlap; thus, the collected environmental
information is redundant. By combining sensor measurements in a manner that accounts for local and worldwide
reliability parameters, an information merging system produces potentially ideal outcomes for recognizing an
object. As Root Truth, this information will be sent back into the network of fusion devices and used to
fine-tune each sensor’s broad reliability factor L [17].

The broader reliability factor L was calibrated using the Kuhn-Munkres (KM) method and the filter devel-
oped by Kalman in this research. In order to solve the problem of locating the most potent weight pairing in
the divided chart, the KM approach was used. In this research, we know both the anticipated following mark
S from the frame before it and the object recognition outcome C from the current frame. They form one of
the two subgroups of the divided graph G. The prediction made in the prior frame by the sensor mark T is
known. The KM method decides which of the two links is more reliable based on a preset set of principles and
guarantees.

|
—

n

m—1
N <1,) Ny <1 (3.3)
=0

<
Il
o

Only one possible grade can be assigned for every test outcome. Before the KM method can be run, the
Pearson correlation coefficient between the divided graph’s nodes must be obtained. The value of this coefficient
represents the degree of similarity between the indicator and the detection outcome. This article uses the IoU
between the box boundaries as the association factor. Using the cross-section ratio, which comprehensively
expresses the similarity of the position and the dimension of the two box boundaries, simplifies and improves
the correlation coefficient calculation. The ratio of the points of intersection is also a helpful tool. Any
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permutations where T'(i,5) is below 0.25 will be omitted once the value of the correlation matrix has been
calculated.

These pairs of bounding boxes do not contain the same object because they are far apart. The absence of
a correlation coefficient for the omitted combination shows no connection between the two points in the issue.
In order to find the optimal combination of L and M, the KM technique repeatedly investigates the remaining
connections. This is done so that the maximum number of correlation coefficients may be obtained between
Tracker and Recognition by utilizing this specific conjunction:

m—1n—1

N = aT¢Ymax Z Z NZJCZ-"L‘] (34)

i=0 j=0

After obtaining the detection-tracking corresponding matrix T, we use the Kalman filter to update Tracker’s
monitoring of object data. It is possible to define the presence or absence of vehicles and people on the road
based on the target’s position and velocity relative to the world’s geographic coordinates. The Kalman filter
works on the premise that the target follows a Gaussian distribution in the kth structure, as this is the best
approximation to the destination’s natural state that can be made [1]. The mean of this distribution’s values is
sk, and its variance is s. Targeted velocity between successive frames may be roughly interpreted as consistent
linear motion if the sample rate of the ambient awareness sensor is large enough. This happens when the
ambient awareness sensor has a high enough sample speed.

Conversely, the law of object movement cannot be a perfectly uniform linear motion. The longer the time
delay t, the more significant the discrepancy between the projected and actual values. This means that the
measured data returned from the sensor must be used immediately to correct the predicted value.

In this article, we aggregate the data gathered from the sensors to learn about the target’s location, size,
and direction in a three-dimensional space. The sensor’s speed data may be acquired by dividing the time gap
between recognizing and the Tracker’s locations by their magnitudes. Add the sensor readings for position and
speed and write the result down as zk. Then, the Kalman filter merges the distributions of sensor readings
Pyensor and the goal state prediction Ppreq. After the two distributions have been reunited, they must be
re-projected onto the initial target space of states. This distribution will be saved in the relevant Tracker so
that a prediction can be made on the intended state of frame k+1. The SK file’s location data will be used to
fine-tune the four cameras’ global weights. The following procedures constitute this process:

1. The 2D object recognition system predicts the perimeter of an object using the conventional NMS
technique, which involves creating separate forecast data D, for each image component.

2. Using the point of view projection alterations, read the sk file to determine the raster dimensions of
the target’s position pk and subsequently store the resulting ck file.

3. Frame k’s worth of forecasts should be us