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SUMMARY: The current level of cooperation between industries and education in the sphere
of college and university integration can no longer meet modern social needs due to the
continued growth of social economy and artificial intelligence. As a response to this issue, this
paper explores a digital twin system designed to enhance the collaborative performance of
industry-education integration. Utilizing the theory behind digital twin systems, the research
defines the main functional modules necessary to implement this application, obtains research
data using web crawling, and creates a resource recommendation module of industry-education
integration using the combination of LDA model with a content-based recommendation
algorithm. Through the support of development software and image processing methods, the
practical training module is developed and implemented. Based on this, an enhanced LSTM
network is proposed and a back propagation Rprop algorithm is used to develop a student
management early-warning module, thus finalizing the whole system module design. Then, the
experimental simulation is made taking into consideration the system functional modules. The
simulation outcomes show that the prediction errors of red, orange, yellow, and green warnings
are 0.0315, 0.0233, 0.0309 and 0.0045 respectively, which are all less than 0.05. These results
confirm the usefulness of the student management early-warning module of the digital twin
system, as well as offer the foundation of similar optimization measures. The study helps in the
enhancement of practical competence of students and problem-solving abilities, and its ultimate
aim is to contribute to the improvement of the collaborative performance of industry-education
integration.

KEYWORDS: LDA model; content recommendation algorithm; LSTM network; synergistic
effectiveness of industry-education integration; digital twin system

1 Introduction

The talent cultivation model based on industry-education integration has become a major
concern for both the educational field and the industrial sector [1]. As a key approach to
developing application-oriented and practice-oriented professionals, industry-education
integration plays an essential role in talent training. However, in actual implementation, some
vocational skills training remains detached from real workplace tasks, relevant data are
insufficiently authentic, and existing platforms often offer limited functions, making them
unable to fully satisfy enterprise demand for accounting professionals [2, 3]. At present, the

*19339925555@163.com
https://doi.org/10.65102/is2026380 Published: 30 April, 2026


mailto:19339925555@163.com

Ren & Liu

fast advancement of 5G, the Internet of Things, big data, and related technologies has made the
development of industry-education integration increasingly dependent on digital twin support
[4, 5]. By combining physical models, sensor-updated information, and operational history
records, digital twin technology integrates simulation processes involving multiple disciplines,
physical variables, scales, and probabilities, while establishing a virtual-space mapping that can
represent the full life-cycle status of the corresponding physical equipment [6-8]. Owing to its
strengths in precise simulation and real-time monitoring, digital twin technology offers a new
technical path for the construction and operation of campus-based industry-education
integration. Through the fusion of real-world data and virtual models, it enables
multidimensional intelligent applications in teaching, management, and service, while also
driving enterprise working modes toward greater intelligence and digitalization [9, 10]. More
specifically, by reproducing authentic enterprise work scenarios, a digital twin system can
create a highly realistic learning environment for students, making the in-depth connection
between industry and education easier to achieve and helping cultivate professionals who better
match market needs, thereby supporting the coordinated progress of education and industry [11,
12]. Under such circumstances, research on digital twin systems carries clear practical value
and importance.

Numerous academic studies have examined industry—education integration. For example,
Yanan et al. [13] incorporated courses such as Industrial Internet Technology and Industrial
APP Development into the curriculum and introduced enterprise cases into classroom teaching,
which enabled students to gain a clearer understanding of the skills and knowledge required to
become application-oriented professionals in the industrial Internet sector. Using linear
regression together with a moderating-effect model, the researchers in [14] explored the impact
of industry—education integration on employment quality in higher vocational institutions.
Their results showed an inverted U-shaped relationship between the level of integration and
employment quality, while teachers’ practical teaching competence was identified as the
strongest predictor of employment outcomes. Zhang H et al.[15] assessed the sustainable
development of agricultural machinery education in Chinese agricultural colleges during 2021
2023 and found that the scores of several indicators remained relatively low, particularly in
craftsmanship cultivation, the level of industry—education integration, and the consistency
between training programs and social needs. On that basis, they proposed a new framework for
industry—education integration built on collaboration among government, universities, and
enterprises. Through a multi-case study design, the authors of [16] investigated university—
industry innovation partnerships and concluded that successful cooperation depends primarily
on individuals rather than institutions, with personal motivation and absorptive capacity
constituting the main factors that determine whether such partnerships succeed or fail.

With continuing advances in science and technology, the industry-education integration
model must also undergo constant renewal in order to remain aligned with the needs of the
current era. Wang et al. [17] examined the difficulties encountered in the development of
industry-education integration and pointed out that the barrier between enterprise technological
confidentiality and educational dissemination weakens knowledge exchange, while the
indifferent attitude of enterprises toward student internships restricts the improvement of
practical ability. On this basis, they emphasized the need to build an active digital ecosystem to
support reform in industry-education integration. Zhang H [18] reviewed the major themes of
the 2024 World Congress on the Development of Vocational and Technical Education in relation
to industry-education integration, covering the internal driving mechanism through which such
integration advances vocational and higher education, recent progress in international
cooperation in vocational education research, and the future direction of industry-education
integration in this field. He et al. [19] developed and implemented a cross-technology
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information management system grounded in digital technology, which effectively addressed
the mismatch between talent demand in industry and talent cultivation in education. By
incorporating fuzzy algorithms, the system realized educational quality evaluation and
produced positive effects on teaching outcomes, instructional quality, and the development of
professional competence. Lu et al. [20] investigated the transformation path of industry-
education integration in the age of artificial intelligence. They established a three-dimensional
framework composed of “technical skill mapping - collaboration mechanism innovation - real-
scene reconstruction” to clarify the practical value of artificial intelligence technology, then
used in-depth interviews to examine the educational mechanism of school-enterprise
cooperation, and ultimately implemented a talent cultivation ecosystem that achieved better
results in industry-education integration.Tang et al [21] the changes in industry requirements
were dynamically updated, and the knowledge map created was incorporated into the industry-
teaching integration course system, which addressed the issue of students not being able to
comprehend the industry requirements based on the industry viewpoint.

Wau et al [22] investigated the optimization of faculty development in vocational colleges
in Shandong Province from the perspective of industry-education integration. Grounded in
human capital theory, the TPACK framework, and an Al-supported learning model, their study
revealed imbalances in both the structural composition and capability profile of the existing
teaching staff. In response, they proposed an optimization path centered on stronger policy
incentives for industry-education integration and enhanced Al-related competence training,
thereby markedly increasing the proportion of dual-qualified teachers, the level of enterprise
involvement, and the coverage of digital teaching. Zhang H [23] reformed the conventional
“manual drawing-software operation” teaching approach by introducing case-based instruction,
project-driven learning, three-dimensional modeling, and virtual reality technology. Together
with measures such as teacher training and school-enterprise collaboration, these changes
significantly strengthened students’ drawing skills and innovative thinking, while further
improving the teaching system for industry-education integration. Miao et al [24], on the other
hand, used the intelligent technology based on back-propagation neural network to construct a
multimodal teaching quality assessment system to deal with problems such as mismatch of
industry demand and outdated teaching content in talent cultivation, and the model has a better
performance on teaching quality prediction, which promotes a deeper integration between
industry and education.

Meanwhile, digital twin technology has opened up a new avenue for research on innovation
in the industry-education integration model. In response to the national initiative for reform in
this field, Na [25] applied digital twin technology to the dynamic simulation of industry-
education integration and proposed a digital twin-based safety training framework for the
architecture and construction sector. By combining this framework with a virtual reality training
environment, they created a professional practice scenario for students. The results showed that
the framework demonstrated clear value in safety training effectiveness, cost-benefit
performance, employee behavior monitoring, and safety education. [26] applied digital twin
technology to the dynamic simulation of industry-education integration and proposed a digital
twin-based safety training framework for the architecture and construction sector. By
combining this framework with a virtual reality training environment, they created a
professional practice scenario for students. The results showed that the framework
demonstrated clear value in safety training effectiveness, cost-benefit performance, employee
behavior monitoring, and safety education.Acker et al [27] prescribed digital twins using
technologies such as Unity and the Robotics Operating System in order to improve students'
understanding of K-12 industrial robotics in order to assist students in gaining a deeper
understanding of industrialization and expertise in conjunction with higher education.
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Sepasgozar et al [28] pioneered a variety of case study projects for innovative education and
practical training, such as virtual tours, digital twin-based architectural education systems, and
data visualization of immersive practical training environments, and the research is of practical
relevance in the fields of architecture, mining, and urban planning. Filipescu et al [29]
developed a remote monitoring and control system for a multifunctional robotic cell based on
the Internet of Things and digital twin technology. By integrating the concepts of
Industry/Education 4.0 and Industry/Education 5.0, the system creates an intelligent, flexible,
and scalable environment that is more suitable for applications involving the integration of
industry and education. Meng et al. [30] addressed the issue of how to carry out rail transit
practical training in a safe and efficient manner by proposing a virtual training platform
supported by digital twin technology. Through teaching practice, they confirmed that the
platform was feasible for enhancing teaching quality and strengthening students’ practical
competence as well as innovative ability. Even so, current studies on digital twin systems related
to industry-education integration remain relatively limited, with insufficient theoretical support
and a lack of practical application experience.

Based on the theory of digital twins, the digital twin system that is developed in this research
to enhance collaborative performance in industry-education integration can be subdivided into
three main functional modules which include a resource recommendation module, a practical
training module, and a student management early-warning module. When the data collection
and preprocessing are done, the resource recommendation module is established through the
combination of the LDA model and a content-based recommendation algorithm. The
development software, image-processing methods, LSTM network, and the back-propagation
Prop algorithm then create the practical training module and the student management early-
warning module. Lastly, the system functional modules are subjected to simulation analysis to
confirm the applicability of the suggested scheme and suggest additional optimization schemes
that will enhance the effectiveness of collaboration of industry-education integration.

2 Construction of Digital Twin System under the Perspective
of Industry-Education Integration

The creation of a digital twin system to boost the coordinated action of industry-education
integration is not only a basic necessity in the advancement of industrial colleges in the digital
economy, but also a significant signal of a more advanced stage of integration between the
industry and education. At the same time, digital twin technology has become one of the critical
pillars upon which such coordination can be achieved. The system sorts and presents
information in digital form by collecting, packaging, and processing real-time and authentic
data on enterprise data, so that all the participants may share resources with each other. The
digital twin system application in the coordinated development of industry-education
integration also helps to implement enterprise projects and facilitate innovative approaches to
the training of talents in colleges and universities.

2.1 Digital Twin Concept and Reference Architecture

2.1.1 Concept of digital twin systems

Digital twin system is the process of digital modeling of a particular target object using the data
interconnection. In this case, the target object, i.e. the physical entity, stands as the real world
object, which was selected to be digitally mapped. The digital version of it, commonly known
as the virtual entity, is the digital mapping or mirror image of that physical entity. Data
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connectivity is used to ensure that the physical entity and the virtual entity are kept in step both
in terms of accuracy and time and the idea of the digital twin system is shown in Figure 1.
Physical entity, virtual entity, and service application can be made to have interactive
connection and coordinated operation with support of data-driven operation, dynamic iteration,
and virtual-real interaction. Data-driven includes both activities such as data collection and data
analysis, as well as activities such as data-based decision-making and execution, which
ultimately form knowledge in iterative optimization. Dynamic iteration means that virtual
entities receive data generated by physical entities in real time to complete iterative
optimization, while physical entities receive feedback data from virtual entities in real time to
complete assisted decision-making. Virtual interaction refers to the two-way mapping, real-time
connection and dynamic interaction between physical entities and virtual entities to provide
users with application services such as visualization, simulation, prediction and projection.
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Figure 1: The concept of digital twin system

2.1.2 Reference Architecture for Digital Twin Systems

Digital twin system is a data-driven system that facilitates dynamic interaction between the
entities connecting a target object to its digital representation. Its structure consists of such
components as the target entity, the digital entity, interactive data connections as well as the
models, data, interfaces, and other similar parts that are used in the connection process. The
reference architecture of this system consists of three main modules: an industry-education
integration resource recommending module, a practical training module, and a student
management early-warning module. Digital twins offer smart assistance with improving the
collaborative efficiency of industry-education integrations by creating an exact real-time digital
mapping of physical objects in digital space and performing simulation, verification, prediction,
and regulation of the whole lifespan of physical objects via real-time simulation and data
analysis.
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2.2 Module for recommending resources for integration of education and
industry

2.2.1 Data preparation

By analyzing the list of projects approved for the integration of industry and education released
by the Higher Education Department, approximately 70,000 data items were crawled from 2014
to 2023, including "Company Name", "Project Type", "Project Name", "Undertaking school",
and "Time". Then, based on each enterprise's name, the addresses of approximately 2,000
enterprises are crawled from the "Qichacha" platform. Finally, about 2,000 university addresses
were crawled from "Baidu Baike" based on the names of the undertaking schools of each
university, thereby obtaining the dataset of industry-education integration resources.

2.2.2 Data pre-processing

Data preprocessing is mainly to provide a data basis for the extraction of feature words of the
title and the division of the subject interest theme of the project later. This subsection uses data
standardization, word splitting, and deactivation word removal for data preprocessing to
eliminate the interfering data in the data and make the research content of this paper more
convincing.

2.2.3 Project Subject Interest Mining Based on LDA Modeling

(1) Text feature representation

When cooperation on an industry-education integration project is established between
industry and academia, both parties first determine, based on the cooperation content, whether
the relevant industry-education integration resources fall within their respective areas.Since the
title is limited in length and highly summarizes the cooperation content, the project that reaches
cooperation must involve the user's cooperation field, so in the theme recognition of the title,
the participle result of the title can be directly used as the feature word.

TF-1DF is a popular method of text classification that measures the importance of words in
a document. The overall assumption is that if a term is rare in general but is frequently repeated
in one particular article, then this term has the ability to represent the most important
characteristics of an article. There are two parts of TF-IDF: TF and IDF. TF stands for term
frequency, which is the number of occurrences of a word in a document and since the length of
documents varies, this value typically needs to be normalized. Equation (1) shows the
calculation:

The number of times a specific
word appears in an article (1)
The total number of words in the article

Term Frequency (TF ) =

IDF stands for Inverse Document Frequency, which indicates the frequency of occurrence
of a word in all the texts, if the word occurs in most of the texts, the word does not represent
the article features well, its importance should be low, and the value of IDF is low.The formula
of IDF is shown in equation (2):
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Total number of
Inverse Document documents in the corpus
=log (2)

Frequency (1DF) Number of documents
containing the term + 1

The TF-IDF value is calculated in equation (3):
TF —IDF(x) =TF(x)* IDF (x) (3)

(2) Topic Clustering

LDA topic clustering is the inverse process of article generation, which inputs articles and
outputs article topics and topic words, i.e., according to a complete article to find its
corresponding distribution of article-topics and topic-words, and then based on the distribution
of article-topics to classify the set of articles into different topics, which also realizes the topic
clustering.The goodness of the LDA topic model is usually evaluated by the degree of perplexity.
Perplexity is an index that reflects the generalization ability of the model, the smaller the
perplexity, the higher the prediction ability. The specific calculation formula is shown in
equation (4):

33 logp(W,)

Perplexity(D) = exp< —4="=L (4)

2N,

d=1

where D denotes the test set in the corpus, N denotes the number of articles in the
prediction set, M denotes the number of words in each article in the prediction set, N,

tabulates the number of words in the article d,and p(W.) denotes the probability of the word

W, in the article. However, as the LDA topic model is an unsupervised clustering algorithm,

the decision on the number of topics based solely on perplexity can also result in the overlap
between various categories. Thus, in the present chapter, further visualizations of the clustering
results of LDA topic modeling are introduced and the best number of topics is defined by
considering both the visualization findings and the results of perplexity.

Every industry-education integration cooperation program has one pair of cooperating
partners. The title-topic classes produced by the LDA topic model can be used to get the mining
outputs of interest themes of project subjects.

2.2.4 Content recommendation methods

Content-based recommendation algorithm the content-based recommendation algorithm has
the feature of independence between project entities, which implies that the choice made by
one project member does not affect the choice made by other members. It can also be very
effective in minimizing the cold-start problem of newly-joined members. Taking an example of
the content-based recommendation method whereby industry-education integration resources
are recommended to industries by colleges and universities, the process consists of three steps,
such as constructing the enterprise interest topic model, constructing the college interest topic
model, and recommending industry-education integration resources based on the similarity
between enterprises and colleges and universities.
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(1) Enterprise Interest Theme Model

Once the topic model is defined, it will be possible to derive the enterprise interest topic
model. The enterprise preferences on topics and their respective preference weights are
expressed as a preference feature vector and its exact form is shown in equation (5):

Uic ={(bli’Wli)i(bZi’WZi)i(bSi'WSi)""’(bni’Wni)} )

where b, € B denotes the item theme that the ith firm is interested in, i.e., the interest theme
of the firm. w, €[0,1] denotes the preference weight of the ith enterprise under the topic of

interest b, . Where i is the number of enterprises and n is the number of program themes.

(2) College Interest Theme Model
Also based on the construction of theme model, the interest theme model of universities is
obtained. The preference feature vector of colleges and universities is shown in equation (6):

Uj :{(blj’le)v(sz1W21)'(b31’W31)""’(b"J"W”J')} ©)

where b, € B denotes the program theme of interest of the  j th HEI, i.e., the theme of interest
of the HEI. w; €[0,1] denotes the preference weight of the jth HEI under the topic of

interest b, . Where j isthe number of colleges and universities.

(3) Recommendation of teaching resources for industry-teaching integration

The larger the overlap in the research topics of enterprises and universities, the greater the
preference weights associated with these overlapping topics, which implies that the possibility
of recommendation has increased. Based on that, the similarity calculation formula is shown
below:

P(C1 S) = Z(Wb,c *Wb,s) (7)

where P(c,s) denotes the similarity between enterprises ¢ and colleges s, w, . denotes
the preference weight of enterprises ¢ under the topic of interest b, and w,, denotes the

preference weight of colleges s under the topic of interest b. The higher the similarity, the
higher the likelihood of recommending the same topic of interest between the enterprise and
the university.

2.3 Practical training modules

According to the theory of digital twins, the practical training module is developed based on
the combination of real and virtual environments where virtual supports the real and the two
work together. The module considers theoretical instruction and practical application as equally
important, thus enhancing the quality of industry education integration instruction and practical
training effectiveness. It can be seen as a novel approach to further enhance the level of
industry-education integration and collaborative development.

2.3.1 Development of software

(1) Modeling software
Currently used modeling software: Autodesk, SolidWorks, Pro/Engineer, UnigraphicsNX
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and so on.

(2) Rendering software

3ds Max software operates logically, has a friendly interface, has a wealth of tutorial
resources and plug-in programs, provides excellent material editing, model rendering and
optimization programs, and at the same time provides a wealth of data interfaces for other three-
dimensional software, which provides strong technical support to enhance the fidelity and
immersion of the virtual training room.

(3) Virtual Reality Software

Virtools is a kind of development of virtual reality system - tool software, developers
through the intuitive graphical development interface, as long as the required module dragged
to the object can be produced complex interactive behavior, not only to meet the development
needs of program designers, and even do not know the program development of the art staff
can be used freely, and the two can be reasonably divided into two, can effectively shorten the
development link, improve the development efficiency, Virtools is a kind of development of
virtual reality system - tool software, developers through the intuitive graphical development
interface, as long as the module drag to the object can be produced complex interactive behavior.
Virtools is characterized by its ease of use and wide range of applications.

2.3.2 Image processing algorithms

In the practical training module, often encountered object movement, rotation, machining chip
display, parts of the cutting and machine tool model of the relative relationship between the
components and other issues, by virtue of Virtools itself can solve some of the problems, but in
order to achieve the desired results, the need for geometric transformation, particle system,
collision detection and shadow drawing and other key algorithms to optimize. The optimization
and implementation of these image processing algorithms will be introduced next.

(1) Geometric Transformation Algorithm

Translation transformation refers to moving an object from its current position to a new
position without changing its direction and size. Suppose the translations in the X, Y, and

Z directionsare T,, T, ,and T,, respectively. Then there are:

1 0 0 O
T 0 1 0O
|0 0 1 0 ®
. 1 T, 1
Therefore, the new coordinates of a point (X Y, Z) after translation are:
X'=X+T,
Y'=Y+T, 9)
Z'=7+T,

Proportional scaling transformations are those that change the size of an object by a certain
proportion. Assuming that the scaling factors S, , S,, and S, correspond to the (X ,Y,Z)

coordinate axes respectively, the transformation matrix is:
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S, 0 0 O
0 S 00 10
0 0 S, 0 (10)
0 0 0 1
Therefore, the new coordinates of a point (X, Y, Z) after scaling are:
X'=X8,
Y'=YS, (11)
Z'=17S,

Rotational transformation is a type of geometric transformation in which an object is turned
aboutthe X /Y /Z withrespecttothe o withrespecttothe X axis corresponds to matrix

R, and a rotation by angle S with respect to the Y axis corresponds to matrix R,. then a

rotation by angle 6 with respect to the Z axis for a transformation matrix of R, ,
respectively. i.e:

cosd sind 0 O 1 0 0 O
—sin@ cosé 0 O 0 cosa sina O
. = R, = , (12)
0 0 10 0 —-sina cosa O
0 0o 11 0 0 1 1
cosgp 0 —sing 0
R _ 0o 1 1 0 (13)
Y Ising 0 cosp O
0O 0 0 1

(2) Particle system algorithm

The particle system is an essential component of nearly all virtual engines and is primarily
applied to handle the computer-based creation and visualization of numerous macroscopic
substances formed by many tiny particles moving in accordance with specific rules. Particle
systems are considered to be the most successful algorithm for generating graphical simulations
of irregular objects to date. The basic conception of the method is that a large number of
particles with simple shapes and tiny sizes are taken as the basic elements, and then they are
gathered together so as to form a system of fuzzy objects with irregular shapes and closed
objects, which is the particle system.

It can be seen that each of the above steps is a process computational model, so it can be
combined with all the models depicting the motion and characteristics of the object, e.g., partial
differential equations can be used to describe the motion and transformation of particles. For
the control of particle shapes, features and motions, some simple stochastic processes can be
used to realize the stochasticity of the particle system. As for the parameters of each particle
should be chosen randomly within a pre-determined range, and then its variation range is
determined according to the given maximum variance and average expected value, the
operational equation can be expressed as:

10
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Parameter = MeanParameter + Rand ( )*VarParameter (14)

where: Parameter denotes any required random parameter.MeanParameter is the mean value of
the parameter.Rand() is the uniform random function in [-1.1].VarParameter is the variance of
the parameter.

(3) Collision detection algorithm

The various 3D models constructed in the practical training real-world module are
independent of each other, in order to avoid objects crossing in motion, so that the scene
characters are more complete, but also need to use collision detection technology. Collision
detection algorithms are usually divided into two categories: spatial decomposition method and
hierarchical enclosing box method, the latter is very suitable for collision detection in complex
environments, which is more widely used.

Commonly used hierarchical enclosing box shown in Figure 2, compared with the AABB
tree, the biggest feature of the OBB tree is the arbitrariness of its direction, because it only
needs to contain the object and the direction of the hexahedron relative to the coordinate axis
arbitrary. The OBB in 3D space can be expressed using the midpoint F, the half-length edges
R1/R2/R3, and the mutually perpendicular unit vectors Z1/Z2/Z3 with a total of seven
parameters. The expression is given below:

R={F+aRLZ+bR2Z+cR3Z|ab,ce[-11]} (15)

The algorithm utilizes the first and second order statistical properties of the object's vertex
coordinates, and the enclosing box hierarchy is based on:

1 - i i i
#:ﬁz_o“(p +q' +r (16)
1 O mimi | mimi | i :
cjkzs_n;(pjkarqj T, k)lSJ,kSB (17)

where: n the number of triangles that make up the model, P'=p'-u, @ =g -u, and
' =r'—u isa3xlvector. p* =(p{i, s )T and C, are 3>3 covariance matrices.

mean value. C:covariance p. The three vertices of the ith triangle are (p‘,q‘,r‘).

1) AABB bounding box 2) OBB bounding box

Figure 2: Commonly used hierarchical bounding boxes
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(4) Shading Rendering Algorithm
Mask calculation is divided into three directions of calculation - plane normal, center point
and plane X, Y direction. The formula for calculating the mask plane normal is as follows:

N, N,
Z (Vi _Vlight) Zvi
maite — = N =4

\ \

N (18)

_Vlight = Op _Vlight

where N, .. represents the normal vector of the masking plane, V, is the coordinate of the
ith node of the scene, N, is the number of nodes, O, represents the geometric center
coordinate of the scene, and V,,, represents the coordinate of the point light source.

Project the scene onto the masking plane to obtain the masking polygon, and finally
generate the masking polygon by the following transformation matrix (T _matrix). i.e:

V

mate —

* *
MObjectLoadToWorId IleorIdToMate VObjectLoad (19)

Here, V.. denotes the coordinates of the nodes after projection onto the mask surface;
M oriaromae d€NOtes the transformation matrix mapping the system reference frame into the

mask reference frame, V, ¢ represents the local coordinate value of any selected node in

bjectLoa
the scene; and Mgy garowors d€NOtES the transformation matrix that converts the object
reference frame into the system reference frame.

2.3.3 Establishment of training scenarios

This system is based on a school CNC machining training workshop as a prototype, involving
CNC lathes, CNC milling machines, machining centers and other equipment, as well as virtual
machining, learning materials display, etc., the virtual scene is more complex and a large
number of virtual scenarios, so this project adopts a modular scenario design ideas, to break
down the complex scenarios into a number of relatively independent sub-scenes, such as: CNC
lathe virtual scenarios, virtual scenes of machining centers, workshop peripheral scenes, virtual
machining scenes and so on. , workshop peripheral scene, virtual machining scene and so
on.Before virtual modeling, it is essential to get a comprehensive idea of the real equipment in
terms of its visual aspect, size as well as internal organization and to map the actual machine
tool and gather all the necessary information needed to build the model. The next step is the
creation of individual component models with the help of modeling software, which are
subsequently assembled and optimized correctly. The material and texture settings are then
added to the model and the last step is the model rendering. This training situation eliminates
the possibility of safety accidents and the breakdown of equipment that can occur during the
operation in a real environment, gives students a deep and realistic environment to learn and
practice the integration between education and industry, and also adds more value to the
practical teaching of the CNC machining, thus enhancing the efficiency of industry-education
integration collaboration

2.4  Early warning module for student management

The Student management has played a central role in the creation and future development of
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schools and universities, and it will also determine if an institution is able to realize the concept
of sustainable growth. In this context, the early-warning practice in student management may
be viewed as one of the key top-level actions aimed at enhancing the collaborative efficiency
of integration between the industry and education. The implementation of an early-warning
system in student management provides an opportunity to determine the learning conditions of
students, advance the process of integration between industry and education and the cooperation
between school and enterprise, strictly implement early-warning and withdrawal policies,
respond to changes in majors in a timely manner, focus high-quality resources on the training
of talented individuals, and thereby enhance the collaborative efficiency of industry-education
integration.

2.4.1 Classification of Early Warning Levels

In light of the actual conditions of student management under industry-education integration,
the early-warning system is classified into four categories: red warning, orange warning, yellow
warning, and green warning. Through the student management early warning neural network
prediction, we will predict the probability of employment is lower than 50% of the students
included in the red warning object, will predict the probability of employment is low between
50% and 60% of the students included in the orange warning object, will predict the probability
of employment in 60% to 80% of the students included in the yellow warning object, for the
prediction of the probability of employment is higher than 80% of the students included in the
green warning object.

2.4.2 Improving LSTM networks

After the multidimensional normal-distribution feature extraction of all student data matrices is
done, every matrix is sorted into either single class or regular class. The two networks process
the student data matrices in each category. To train the LSTM network, which consists of
adaptive activation, the corresponding data rows are used to feed the data types with high
temporal correlation, like campus card usage statistics. To train the MLP network, which is
based on the resilient back propagation algorithm, the relevant data rows are used to feed the
data types with low temporal correlation, like the theoretical and practical scores of the students.
This is followed by the combination of the outputs of the two networks using linear probability
fitting to obtain network cascading and eventually get the employment probability. This is:

f(x):lex_ef +1max(0,x),u+v:1 (20)
ue*+e™* v

X

The original tanh activation function is replaced with an adaptive activation mechanism
in the form of a Relu+tanh weighted-average function. Each gate of the LSTM adopts this
activation form for incoming data, so that information related to student card consumption can
be used for training and for the warning classification of individual students, thereby generating
a personalized analysis report for each student. When a high-risk warning is triggered, the
corresponding warning information is obtained and then cascaded with the artificial neural
network in 3 to predict the student’s probability of employment.

For the parameter calculation of the adaptive activation function, the input layer is defined

as a matrix with dimensions j,*n, where j, <m. Here, j, denotes the number of rows

selected from the overall data matrix K, and in this case j, =7. Through repeated iterative

computation combined with optimal approximation, the adaptive activation function is
ultimately derived, namely:
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1 X! 1 X'
z==relu| w +=—tanh| w
v ( t—lj u [ t—lJ (21)

The weighting coefficients v=0.637 and u=0.363 are best trained.

2.4.3 lterative Training Based on Backpropagation Rprop Algorithm

The most significant advantage of the choice of resilient backpropagation algorithm is the fact
that during the training of the model, the gradient of the error function affects not the extent of
the weight changes but the direction of the changes. The absolute change in weights depends
on the respective learning rate and is not defined by the magnitude of the gradient itself. That
is, the gradient of the error function plays merely the role of signaling if the weights are to be
increased or decreased and does not define the intensity of the update. If the gradient of the
error function is positive, the appropriate weight value must decrease accordingly. If the
gradient is negative, the associated weight must increase so that the error function slowly
minimizes as follows:

AW, ; =—n;(t),ifg(y) >0
Aw, ; =+, ;(t),ifg(y) <0 (22)
Aw, ; =0, otherwise

For the variation of the learning rate 7, ;(t) in the resilient backpropagation algorithm, the

gradient sign may change between two consecutive moments. This situation can be discussed
in two cases. If the gradient direction of the error function at the current moment is different
from that at the preceding moment, it indicates that the minimum point has been crossed,
namely, the increment in the previous weight update was excessively large. Under this condition,
s j(t) becomes smaller than 7, j(t—l) and the learning rate at the last step is scaled by a

factor 7" within the interval (0,1) to obtain the updated learning rate. By contrast, if the

gradient directions at the two moments remain consistent, the minimum of the error function
has not yet been reached, so the learning rate from the previous step is multiplied by a

coefficient 77d°W” greater than 1, thereby yielding the current learning rate, as expressed in Eq.
(23):

7,5 (t) = 77up77i,j (t-1),9(t-1g(t)>0

Ui,j(t):ﬂdownni,j(t_l)!g(t_l)g(t)<O (23)
1;.;(t) =, ;(t—1), otherwise

The system inputs to different training networks for classification operations according to
the different types of student information data, and then combines the output probability results,
using the form of p*a+(l-p)*b=c for the fusion of results. Where p is the weight
coefficient, a is the LSTM network prediction result, b is the artificial neural network
prediction result, and ¢ is the probability of employment, which ultimately results in the
probability of employment of the student, and different degrees of management warning for
students.
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2.4.4 Network parameter configuration

The main hyperparameters of the network are the learning rate, momentum increase and the
number of training iterations with their values being limited to 0.001-0.5, 0.01-4.0 and 100-
1000 respectively.Calculation of the input layer: from the total data matrix K, the LSTM

selects J, row vectors for training, then the remaining is j, =m- j, rows of data, then the
input layer is a matrix of size J,*n. The number of nodes in the input layer is j,, here

J, =15, and the neurons are fully connected so the weight is 1.
Calculation of the hidden layer: hidden layer, in the learning rate » =0.0128 and the

number of hidden layers of 8 layers when the accuracy has reached a high level but the false
positive rate is also relatively high, continue to deepen the hidden layer in the learning rate of
» =0.00428 and the number of hidden layers of 20 layers when the accuracy of the obvious

decline and false positive rate is once again higher, through the elastic back propagation
algorithm repeated iterations Through repeated iterations of the elastic back propagation
algorithm, the optimal accuracy is obtained when the learning rate and the number of hidden
layers is 10.

Calculation of the output layer: since the output result is the probability of student
employment, the output layer is the number of nodes 1.

3 System module simulation and optimization

3.1 Simulation of the resource recommendation module for industry-
teaching integration

Once the application effectiveness of the LDA topic model has been confirmed in mining
subject interests of industry-education integration projects, it is also important to perform a
comparative analysis between the content-based recommendation algorithm and the user-based
recommendation algorithm to assess the effectiveness of the content-based recommendation
method. To achieve this aim, simulation experiments are conducted using the text information
of industry-education integration projects so as to compare the performance discrepancies
between the content-based recommendation algorithm and the user-based recommendation
algorithm.

3.1.1 Interest Mining Analysis of Subjects of Industry-Education Integration Projects

This subsection preprocesses the textual data of the production-teaching integration resources
by vectorizing the downloaded policy text through Python's pandas library and storing it in the
form of an Excel dataset. The first filtering utilizes Python's jieba lexical module to process the
vectorized text of education and industry integration resources into lexical processing. Chinese
literature has no prominent separating boundaries between words, and punctuation is not
enough to separate the text of education and industry integration resources into topic words,
and the model can only identify words with characteristic features, so this step is very important
and determines the efficiency and accuracy of the LDA topic model. Next, the TfidfModel is
applied to compute TF-IDF values, where the weight of a term increases with its frequency in
a given document and decreases with its overall frequency across the corpus. Based on these
TF-IDF scores, words occurring above a certain frequency but carrying low weights in the text
of industry-education integration resources are removed, while the terms closely associated
with such resources are preserved. Finally, the filtered dataset is imported into the LDA model
for modeling.
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The most important step in the LDA topic model is to determine the number of topics, and
it is more common to determine the optimal number of topics by topic consistency and
perplexity. Theme consistency, also known as theme coherence, refers to the degree of
connection between words within a theme, i.e., whether the word occurs frequently within the
same theme. The higher the thematic coherence, the more closely related the words are within
the theme, and the higher the interpretability of the theme. Perplexity is used to measure the
degree of uncertainty of the model's prediction of the text data, the lower the perplexity, the
lower the uncertainty, the better the topic clustering effect, the more accurate and certain the
model's generalization and prediction of the topic of the data corpus, the number of topics -
perplexity folds are shown in Figure 3.

As the value of the number of topics K increases, the perplexity gradually decreases. When
K belongs to (2,4), the perplexity curve gradually decreases. When K is 4, the perplexity curve
decreases sharply, but the topic granularity is too large at this time. When num-topics=5, the
value of perplexity is low, the clustering effect of themes is better, and the demarcation between
themes is more obvious. Accordingly, the number of topics determined for industry-education
integration resources is set to 5. The LDA topic model is then visualized by calling the
HopPyLDAuvis library, as presented in Figure 4, where T1-T30 denote the textual lexical items
related to industry-education integration resources. This visualization not only provides an
intuitive display of the distribution trend of textual feature-word frequencies, but also further
verifies the effectiveness of the LDA model in mining the subjective interests involved in
industry-education integration projects.
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3.1.2 Algorithm simulation analysis

This section compares the content-based recommendation algorithm and the user-based
recommendation algorithm on the basis of their use in the context of recommending industry-
education integration resources and measures the accuracy, recall and precision of both
algorithms to determine their relative performance. Fig. 5 and Fig. 6 show the comparison of
accuracy and recall respectively, and Fig. 7 shows the comparison of precision. A comparison
of the accuracy and recall reveals that, with the increasing number of recommended industry-
education integration resources, both the accuracy indicators of the content-based
recommendation algorithm increase rapidly. Comparatively, the user-based recommendation
algorithm requires a significant improvement in accuracy and recall, but it can be achieved only
when the number of recommended resources is relatively large, and the range of values is kept
between [0, 0.4]. Another comparison of the precision indicates that, with the rising number of
recommended industry-education integration resources, the precision of the user-based
recommendation algorithm reduces significantly, whereas the precision of the content-based
recommendation algorithm is maintained at a relatively high level throughout. Overall, the
accuracy, recall, and precision of the content-based recommendation algorithm are always no
less than those of the user-based recommendation algorithm when the number of recommended
industry-education integration resources increases. Furthermore, the bigger the number of
recommended resources, the more apparent the performance benefit of the content-based
recommendation algorithm. To put it differently, the content-based recommendation algorithm
works better than the user-based recommendation algorithm. The simulation and analysis
findings confirm the usefulness of the content-based recommendation algorithm in the resource
module of industry-education integration and to a certain degree also support the utility of the
digital twin system in terms of industry-education integration perspective, which is quite
important to enhance collaborative efficacy in this sphere.

0.7 -

Content recommendation algorithm
User recommendation algorithm

o
(=)}
1

Accuracy
O
fo W R n
1 1 1 1

e
—
1

ot
o

5 10 15 20

=]

Recommended quantity of resources

Figure 5: Comparison of accuracy rates
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Figure 7: Precision comparison
3.2 Practical training and combat module simulation

3.2.1 |Initial condition setting

The computer simulation needs to be set up initially by setting the simulation start time = 2014,
simulation termination time = 2023, simulation step (DT) = 1, and time unit (UNIT) = year, and
its data is derived from the data crawling program in web mining.

3.2.2 Test analysis

There is also a need to test the module after it has been created, as module testing is used to
find errors so that the modeler and the user can understand the limitations of the module and
improve it, and ultimately so that the module assists the user in making better decisions. Various
specialized guesses are created to find flaws and improve the module, but it is not possible to
prove the vulnerability of the module in every aspect, generally the following tests are
performed on the module: boundary test, mental model test, quantitative consistency test,
structural and behavioral test, parameter estimation test, integral error test, sensitivity test, and
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extreme case test. The following further performs history test, sensitivity analysis and extreme
case test on the module.

(1) Historical Test

In order to make progress in testing the effectiveness and authenticity of the module, the
practical training simulation data derived from the simulation is compared with the historical
practical training data, and the error rate is whether it is within the value of the error allowable
range, and the results of the historical test are shown in Table 1. Most of the relative errors
between the simulated real training values and the historical real training values within the
process of industry-education integration from 2014 to 2023 are controlled within 5%, and the
average value of the relative error rate between the simulated real training data and the historical
real training data is 2.42%, and the error value is within a reasonable range. Therefore, the

practical training module has excellent application effectiveness.

Table 1: Historical test results

Year | Historical training data | Practical training simulation data | Relative error value
2014 7.623 7.054 0.0807
2015 7.25 7.216 0.0047
2016 9.538 9.583 0.0047
2017 10.103 9.979 0.0124
2018 13.744 13.508 0.0175
2019 8.311 8.302 0.0011
2020 15.309 15.154 0.0102
2021 16.765 16.64 0.0075
2022 10.984 9.973 0.1014
2023 11.812 11.832 0.0017
Mean 11.1439 10.9241 0.0242

(2) Sensitivity test

Set the number of simulations of students' practical ability in the practical training module
for 500 times, the sensitivity test results are shown in Figure 8, which shows that the simulation
value of students' practical ability fluctuates between 0.7 and 1.0, and there are differences in
the results of the run due to the different parameters, but the shape of the graph is basically the
same. It shows that the practical training practical module of the students' practical ability to
take the value of insensitive more stable, the model passed the sensitivity test.

2023

2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Figure 8: Sensitivity test results
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(3) Extreme situation test

Set the number of students participating in the practical training practical module = 0, and
carry out the module extreme case test. The results of the extreme case test are shown in Figure
9. When the number of people involved in the practical training module plummets to zero, the
simulation results of the practical training module are in line with reality, and the participation
in the practical training module becomes 0 in 2018, which means that the model extreme case
test passes.
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Figure 9: Extreme case test results

3.3 Simulation of Student Management Alert Module

When the student management early-warning model has been developed, there is a training set
introduced to learn it. The test-set data are fed into the model after the iterative training process
using the back propagation Rprop algorithm has ended, and the analysis of the student
management early-warning module and the results corresponding to these are displayed in
Figure 10. The data represented in the figure indicate that the difference between the simulated
and the observed values of the student management early-warning model is less than 0.05,
which means that the model is very highly accurate in predicting as well as very effective. This
finding indicates that the proposed student management early-warning module could offer a
more supportive role to the digital twin system, thus enhancing the synergistic efficacy of
industry-education integration.
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Figure 10: Simulation analysis results
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To further examine the application value of the student management early-warning model
in improving the synergistic effectiveness of industry-education integration, the model is
applied to simulation analysis from the perspective of student employment probability, and the
simulation results are presented in Table 2. According to the data in the table, during the
simulation analysis of student management warning levels, the prediction errors for red warning,
orange warning, yellow warning, and green warning are 0.0315, 0.0233, 0.0309, and 0.0045,
respectively, all of which remain within 0.05. These results clearly demonstrate the practical
value of the student management early-warning model proposed in this paper for enhancing the
synergistic effectiveness of industry-education integration. The model also provides a useful
reference for student early warning in colleges and universities, helping teachers identify
students with low employment probability in a more targeted manner during the process of
industry-education integration and carry out differentiated instruction. In this way, timely
guidance and early intervention can be implemented during the learning stage, thereby
effectively reducing the risk of student unemployment.

Table 2: The simulation analysis results of the model application

Student management warning level Actual value | Simulation value | Relative error
Red alert 0.476 0.461 0.0315
Orange alert 0.558 0.545 0.0233
Yellow alert 0.744 0.721 0.0309
Green alert 0.892 0.888 0.0045

3.4 Optimization Strategies

3.4.1 Strengthening integrated leadership

The most important thing is to promote the general concept of industry-education integration,
take active steps on coordinating the relevant departments in this sphere, such as education,
finance, human resources and social security, as well as industry and information technology,
and develop a stable joint work system of industry-education integration. This will allow
forming a support system with a view to government-wide planning, scientifically-organized
management and governmental support, which will also bring about a concerted mode of
behavior involving interdepartmental coordination, effective interactions between higher
vocational institutions, a tight connection between enterprises, and participation of many
industrial associations, thus promoting the design and optimization of digital twin systems of
industry-education synergy. A well-developed digital twin system that is constantly being
improved can also enhance the practical skills of students and their problem-solving capacity.

3.4.2 Enhanced capacity-building for services

The accelerated development of digital twin system service capacity is also required, promoting
the alignment of professional curricula with a job position at an enterprise, teaching content
with occupational standards, and teaching procedures with the enterprise production process
comprehensively to promote better digital twin systems that are aimed at the collaborative
efficiency of industry-education integration. Through this approach, the requirements of
enterprise employment will be met more effectively and more confidence will be given to
enterprises to engage more actively in the integration of industry and education.
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4 Conclusion

With the fast advancement of digital twin technology, the demand for deep integration between
university education and industry has become higher under the background of high-quality
economic development. This paper develops a digital twin system for improving the
collaborative effectiveness of industry-education integration from three aspects, namely the
industry-education integration resource recommendation module, the practical training module,
and the student management early-warning module, and then carries out simulation and analysis
for each functional module of the system.

(1) Through the subject mining of industry-teaching integration of LDA model, the number
of subject generation of industry-teaching integration resources is determined to be 5, which
shows a better clustering effect, i.e., it reflects the application effect of LDA model in the subject
interest mining of industry-teaching integration project. In addition with the increment of the
number of recommended production and education fusion resources, the content
recommendation algorithm's correct rate, check all rate and accuracy rate are better than the
user recommendation algorithm, which indicates the effectiveness of the content
recommendation algorithm in the production and education fusion resources module.

(2) The average value of the relative error rate between the value of imitation real training
and the value of historical real training within the process of industry-teaching integration from
2014 to 2023 is 2.42%, and the relative error is controlled within 5%, which demonstrates the
effectiveness of the application of the practical training module in the digital twin system of
this paper, which in turn promotes the high-quality development of collaborative efficacy of
industry-teaching integration.

(3) The proposed model is used in the simulation analysis of student management warning
levels and the results reveal that the prediction errors of red warning, orange warning, yellow
warning and green warning are 0.0315, 0.0233, 0.0309 and 0.0045. The prediction errors in all
cases are within acceptable limits, which validates that the student management warning
module has a practical value in the digital twin system to enhance collaborative effectiveness
of industry-education integration.
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