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Abstract. In order to improve the practical effect of industry-university-research 
research, this paper combines software engineering and Internet of Things 

technology to build and apply the industry-university-research platform, and focuses 
on the analysis of system security and data processing in the operation process of 

industry-university-research research.Moreover, this paper combines the actual 
operation requirements of industry, university and research institute to propose a 
security situation assessment technology based on the fuzzy comprehensive 

evaluation method, and considers a variety of influencing factors to grasp the security 
status of the industry-university-research platform from multiple angles in all 
aspects.In addition, this paper imports the keyword co-occurrence matrix obtained 

by ROST software into SPSS19.0 software for cluster analysis and statistical 
clustering results. Finally, this paper combines expert evaluation to comprehensively 

evaluate the effect of the platform. The research shows that the industry-university-
research platform based on software engineering and Internet of Things technology 
proposed in this paper meets the current actual needs of industry-university-research 

research. 
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1 INTRODUCTION 

The concept of industry-university-research is an education mode that combines production, 
teaching, and research. Moreover, it is a contemporary trend of cooperation formed by universities, 

engineering training centers, and enterprises jointly exploring and solving common problems such 
as personnel training, material production, and scientific and technological research. The emergence 
of the industry-university-research model can make good use of mechanical production, enabling 

college students to cultivate their own thinking mode, practical ability and innovative spirit in the 
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process of practice, and then lead the results of technological research to technological innovation 
[1].As for the concept of industry-university-research cooperation, there is no clear definition at 
home and abroad. This field has always been valued by experts and scholars in related fields in my 

country and other countries or regions, and has achieved rich research results, which has greatly 
improved the industry-university-research cooperation theory. Now, we summarize several 

representative viewpoints as follows.Some scholars believe that the industry-university-research 
cooperative alliance refers to the close connection between science and technology innovation 
clusters and industrial clusters through universities, research institutes, etc. [2]. With the aid of the 

industrial cluster effect, external economic growth can be achieved, transaction costs can be 
effectively reduced, and the scientific and technological innovation alliance can be realized to 

strengthen the overall scientific and technological strength.Some researchers also pointed out that 
industry-university-research cooperation refers to the establishment of a consortium based on the 
interests of universities and enterprises. It uses certain models and operating mechanisms to 

complement each other's advantages, give full play to their respective strengths, achieve 
comprehensive development, and achieve the goal of mutual benefit and win-win results.Sachiko 
Harayama pointed out that industry-university-research cooperation refers to the formation of 

interactive cooperation between three heterogeneous parties driven by their own resources and 
driven by policies and markets. By participating in the cooperation mechanism to realize the 

combination of production factors, mutual cooperation and mutual promotion, effectively tap their 
own potential, and achieve common development [3].Digital Art involves combining academic 
research, industry collaboration, and practical applications to foster innovation and growth in the 

field. 

As the country’s soft power, scientific and technological innovation and knowledge innovation are 
the strategic support to enhance social productivity, overall national strength and international 

competitiveness, and are the driving force for rapid and sound economic development. Universities 
and research institutes, as important innovation entities in my country's basic research, cutting-edge 

technology research, and applied research, are the creators of innovative scientific research results 
and knowledge resources of industry-university-research cooperation. As the main force of industry-
university-research innovation, enterprises undertake the mission of national economic development. 

Industry-university-research cooperation innovation between universities, scientific research 
institutes and enterprises has become the main way of technological innovation and knowledge 

innovation. It has a role in promoting the transformation rate of scientific and technological 
achievements, talent exchange and training, and the process of industrialization development, and 
it has contributed to the enhancement of my country's economic development. And international 

competitiveness has important practical significance. 

This paper combines the construction and application of the industry-university-research 
platform with software engineering and the Internet of Things technology, and combines the current 

status of the industry-university-research application to construct the system function structure, 
which provides a reference for the further development of the subsequent industry-university-

research. 

2 RELATED WORK 

The division of policies and regulations for industry-university-research cooperation in foreign 

countries is mainly based on the characteristics of national legislation. Many Western countries 
implement a federal system. The federal government and the state government enjoy a certain 
relationship of power equality and restriction. Some policies and regulations related to the social 

development of the region are generally controlled by the state government. Therefore, the 
formulation of technological innovation policies and regulations is usually controlled by the state 

government. The state government is formulated according to the characteristics of the form of 
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industry-university-research cooperation in the administrative region. Some scholars classify the 
types of policies according to the degree of government intervention in the market [4]. Literature 
[5] describes the transitional relationship between scientific knowledge and the relevant stages of 

technological application, industrial activity and economic value transformation. According to the 
government's intervention and intervention in the market, policies are divided into voluntary, 

mandatory, and mixed types. Literature [6] shows that policy deployment is an effective way to 
stimulate innovation. It believes that policy guidance on the market can increase enterprise risk 
investment, and technology innovation policies are divided into strategic layer, comprehensive layer 

and basic layer according to different structures and levels. . The strategic level is to make overall 
planning from the national perspective, the comprehensive level is to make regulations from the 

scope of the state, and the basic level is to limit the scope of activities in a specific area. Foreign 
research on the structure of industry-university-research policies and regulations is mainly based on 
the characteristics of the national legislative system, the method of policy deployment and the 

degree of government intervention in the market to classify the types of relevant policies, and the 
technology innovation policy is divided into strategic layer, comprehensive layer and basic Layer [7]. 

For the research on the policy and regulation system for industry-university-research 

cooperation, some scholars focus on the development of industrial clusters and regional innovation, 
mainly from the perspective of policy planning in terms of knowledge integration, scope of economic 

activities, and performance management. Literature [8] believes that the degree of knowledge 
integration between the main bodies of the industrial cluster and the scope of their economic 
activities are the key factors affecting economic benefits. Literature [9] believes that when 

companies cooperate, they usually use the spillover effect of knowledge to benefit from the industrial 
cluster. Therefore, knowledge management (KM) and performance management (PM) need to be 
considered when policy makers and cluster partners cooperate. Related factors. Some scholars have 

emphasized the role of science and technology intermediaries in the process of technology transfer. 
Literature [10] believes that the role of science and technology intermediaries should be played in 

the process of technology transfer, which can effectively reduce the cost of obtaining relevant 
information and increase the professionalism of cooperation. Literature [11] compares the 
similarities and differences in property management, technology transfer, and operating mechanism 

of five well-known research institutions in the United States, and extracts methods that can be used 
to establish or improve technology transfer institutions in the United States. Some scholars believe 

that it is necessary to pay attention to the relevant policies of universities' research funding, 
professional technical capabilities and property rights protection. Literature [12] emphasizes the 
technology used in the transfer of technology within universities and believes that it is necessary to 

improve the regulations on knowledge and technology in the process of technology transfer in 
universities. Literature [13] compares the research funding, intellectual property income and patent 
licensing of two specific universities in the United Kingdom and Japan, and believes that Japan’s 

industry-university-research cooperation can improve technology transfer through the 
implementation of patent strategies and technology transfer reviews. ability. 

Regarding the problems in the policies and regulations of industry-university-research 
cooperation, some scholars analyze the shortcomings of existing policies from the cultural 
differences, direction and transaction barriers that exist in the cooperation between universities and 

enterprises. Literature [14] analyzes the obstacles to the partnership between universities and 
enterprises, and believes that the "cultural gap" between the two is a major obstacle to successful 
cooperation, and the professional knowledge of researchers should be fully utilized to develop 

cooperation. Strategy and system regulations. The literature [15] pointed out that there are mainly 
directional obstacles and transactional obstacles in the cooperation between universities and 

enterprises, and discussed the influence of cooperation experience, communication breadth and trust 
between partners on reducing different types of obstacles. Regarding the further improvement of 
policies and regulations for industry-university-research cooperation, some scholars have suggested 
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that when formulating technological innovation policies, attention should be paid to the impact of 
the corresponding knowledge environment and the strategic needs of local regional innovation. 
Literature [16] analyzes the related motivations of university knowledge transfer and believes that 

in the regional innovation system, policies can promote university knowledge transfer and enhance 
regional innovation capabilities. It emphasizes that when policies are formulated, attention should 

be paid to the globalized knowledge environment. Literature [17] analyzes the relationship between 
scientific research innovation policies and local innovation performance, and believes that the 
government should plan regional innovation policies in a targeted manner according to the different 

strategic needs of each region when formulating policies. 

3 SYSTEM ALGORITHM BASED ON SOFTWARE ENGINEERING AND INTERNET OF 

THINGS TECHNOLOGY 

The first thing that the industry-university-research platform needs to consider is to ensure the 
stable operation of the platform during the industry-university-research process, of which system 

security is particularly important. However, software engineering and Internet of Things technology 
have been relatively mature in the development of industry, university and research. Therefore, this 
paper studies the information security of the system. 

This paper combines the unique security information of the cryptographic industry-university-
research platform in the cloud environment, and refers to the "Guidelines for Classification and 

Classification of Information Security Events" and the "Security Technical Requirements for 
Cryptographic Modules" to establish the industry-university-research platform situation assessment 
index system as shown in the figure. 

               
 

Figure 1: Cloud Crypto Industry-University-Research Platform Situation Evaluation Index System. 
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The index system generally divides the cloud crypto industry-university-research platform situation 
comprehensive index into three dimensions: operation dimension, vulnerability dimension, and 
threat dimension. 

The evaluation indicators are different in types, units, and magnitudes. It is not scientific to 
proceed directly with the result. Therefore, to standardize the evaluation indicators, this paper 

chooses to convert each indicator value into a dimensionless value on the closed interval [0,1]. 
Situation assessment indicators are generally divided into quantitative indicators and qualitative 
indicators. The standardization methods of indicators are divided into standardization method and 

threshold method. In this paper, the threshold method is used to standardize the indicators: 

1. Standardization of quantitative indicators 

Quantitative indicators can be divided into three types: positive indicators, reverse indicators, and 

interval indicators. We assume that their corresponding index sets are 1 2, 
 and 3  respectively, 

and determine their maximum max
 and minimum min

 in their respective domains. 

The positive index means that the standardized value of the index increases with the increase of the 

index value. The standardization method is: for any 1i 
, there are[18]: 

( ) ( )min max min/i i    = − −
                                     (1) 

The reverse index means that the standardized value of the index decreases with the increase of the 

index value. The standardization method is: for any 2i 
, there are: 

( ) ( )max max min/i i    = − −
                                      (2) 

Interval indicators indicate that the indicator value is not a point value but an interval. The 

standardization method is: for any 3i 
, there are[19]: 
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min
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−
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−
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                                         (3) 

2. Standardization of qualitative indicators 

The standardization of qualitative indicators is divided into direct standardization and indirect 
standardization. 
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For the classification of evaluation levels, this paper refers to the Internet Security Center (Center 
for Internet Security, CIS) network security threats related to the alert level information and the 
"Information Security Incident Classification and Classification Guidelines". According to the 

standardized results of each situation assessment index value (the range of values is [0,1]), the 
situation assessment level is divided into V={Excellent, Good, Moderate, Poor, Dangerous }, and 

the specific situation assessment level domain information is shown in table 1, and 

   1 2 3 4 5, , , , 0.1,0.3,0.575,0.825,0.95V v v v v v= =
 is the value obtained after taking the average 

value in each interval. 

Security 
Level 

Index 
Range 

Description 

Excellent [0,0.2] 

The cloud network is operating normally and in an excellent state, and 
there are few or no network attack activities and security 
vulnerabilities, the password industry-university-research platform is 

operating in good condition, and the network and password resource 
consumption levels are low. 

Good, [0.2,0.4] 

The cloud network operation is slightly affected and in good condition, 
and a small amount of network attack activities and security 
vulnerabilities have been discovered, the password industry-

university-research platform is operating normally, and the network 
and password resource consumption levels are normal. 

Moderate [0.4,0.75] 

The cloud network operation has been affected to a certain extent and 

is in a general state, and some network attack activities and security 
vulnerabilities have been discovered, the password industry-

university-research platform has a general operating state, and the 
network and password resource consumption levels are high. 

Poor [0.75,0.9] 

The cloud network operation has been greatly affected and is in a 

poor state, and many network attack activities and security 
vulnerabilities have been discovered, the password industry-
university-research platform is operating in a poor state, and the 

network and password resource consumption levels are serious. 

Dangerous [0.9,1] 

The operation of the cloud network has been greatly affected and is in 

a dangerous state, and a large number of network attack activities 
and security vulnerabilities have been discovered, the operating status 
of the password industry-university-research platform is extremely 

poor, and the level of network and password resource consumption is 
very serious. 

 

Table 1: Index of Security Level Classification. 

Fuzzy Analytic hierarchy process (FAHP) can more accurately and objectively reflect the importance 
of each index in the situation assessment. The literature has proved the accuracy and rationality of 

FAHP. Therefore, this paper uses FAHP to calculate the weight of the indicator. First, the related 
concepts of fuzzy consistent matrix are given. 

The definition 1 is: We assume that the matrix 
( )ij n n

R r


=
, and if it satisfies: 

0 1 ( 1,2, , ; 1, 2, , )ijr i n j n  =  = 
, then R is a fuzzy matrix[20].  

http://www.cad-journal.net/


128 

 

Computer-Aided Design & Applications, 21(S11), 2024, 122-140 
© 2024 U-turn Press LLC, http://www.cad-journal.net 

 

 

The definition 2 is: If the fuzzy matrix 
( )ij n n

R r


=
 satisfies: 

1ij ijr r+ =
, then the fuzzy matrix R is 

said to be a fuzzy complementary matrix. 

The definition 3 is: If the fuzzy complementary matrix 
( )ij n n

R r


=
 satisfies: 

, , 0.5ij ik jki j k r r r = − +
, then the fuzzy matrix R is called a fuzzy consistent matrix. 

The property 1 is: First, the fuzzy complementary matrix 
( )ij n n

R r


=
 is summed by rows, which is 

recorded as 1

, 1,2, ,
n

i ik

k

r r i n
=

= = 
. Then, the following mathematical transformation 

( ) / 2 0.5ij i jr r r n= − +
 is performed, and the transformation result is a fuzzy consistent matrix. 

The specific steps of the fuzzy analytic hierarchy process are as follows: 

1. This paper establishes a hierarchical structure to systematize, organize and hierarchize 
complex evaluation objects. The first layer is the target layer, which is the purpose of evaluation. 
The second layer is the main indicator layer, which is the preliminary classification of the target 

layer. The third layer is the sub-indicator layer, which embodies the main indicator layer. 

2. This paper establishes a fuzzy judgment matrix. This paper uses the 0.1-0.9 scale method in 

the literature to determine the value of ijr
, as shown in table 2.  

Scaling Definition Explanation 

0.5 
Equally 

important ia  and ja  are equally important 

0.6 
Slightly 

important 
The former is slightly more important than the latter 

0.7 
Obviously 

important 
The former is obviously more important than the latter 

0.5 
Much more 
important 

The former is much more important than the latter 

0.5 
Extremely 
important 

The former is extremely important than the latter 

0.1,0.2,0.3,0.4 
Inverse 

comparison 

If the ratio of the importance of ia to ja  is ijr , then the ratio 

of the importance of ja to ia  is ijr =1- ijr . 

 

 

Table 2: 0.1～0.9 Scaling Method. 

3. The consistency test of the fuzzy judgment matrix in this paper.  

4. This paper solves the weights. We assume that there are n index layer nodes in the target 

node, and the weight of the i-th index layer node of the target node is: 
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11 1

2

n

ij

j

i

r

n n


 

=
= − +


                                                 (4) 

On the basis of the above-mentioned pre-work, the fuzzy comprehensive evaluation method also 
needs to solve three problems: membership function determination, fuzzy operator selection and 
result vector synthesis. 

1. Determination of membership function 

The membership function is a function to quantify the degree of membership of the standardized 
value of the determination index for each evaluation level.  

According to the evaluation result of this paper 

   1 2 3 4 5, , , , 0.1,0.3,0.575,0.825,0.95V v v v v v= =
, the membership function of the standardized 

index value is constructed as follows: 

1

1 0 0.1

5(0.3 ) 0.1 0.3

0 0.3

v

x

x x

x



 


= −  
                                       (5) 

2

0 0.1, 0.575

5( 0.1) 0.1 0.3

(23 40 ) /11 0.3 0.575

v

x x

x x

x x



 


= −  
 −  

                         

  (6) 

3

0 0.3, 0.825

40( 0.3) /11 0.3 0.575

3.3 4 0.575 0.825

v

x x

x x

x x



 


= −  
 −                                (7) 

    
4

0 0 0.575, 0.95

4 2.3 0.575 0.825

2(19 20 ) / 5 0.825 0.95

v

x x

x x

x x



  


= −  
 −                            (8) 

5

0 0 0.825

2(4 3.3) 0.825 0.95

1 0.95

v

x

x x

x



 


= −  
                              (9) 

2. Fuzzy operator selection 
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Fuzzy weight vector W and fuzzy evaluation matrix C are used for fuzzy operation to obtain fuzzy 

comprehensive evaluation vector •B W C= . 

3. Result vector synthesis 

The fuzzy comprehensive evaluation vector can provide richer evaluation information than other 

methods. In actual application, it is usually converted into a specific score, which requires a certain 
mathematical method to synthesize the fuzzy comprehensive evaluation vector. 

The maximum membership principle method is: This paper defines the fuzzy comprehensive 

evaluation result vector 
( )1 2, , , mB b b b= 

. If 
 1b Maxr i m ib =

, the evaluation result is set as 
the r-th level. 

The piecewise assignment method is: This paper determines the specific value of each evaluation 

level according to the needs of the actual problem, and then uses the corresponding membership 
degree in the fuzzy evaluation result to weight the score and get a point value. We assume that the 

m evaluation levels are assigned the score 
( )1 2, , , mS s s s= 

 in turn, then the comprehensive 
evaluation value is: 

1

E
m

T

i i

i

BS bv
=

= =
                                         (10) 

Finally, the security level of the evaluation object is determined according to the score of E. 

The fuzzy comprehensive evaluation method in this paper is a multi-level fuzzy comprehensive 

evaluation method, which is mainly divided into the following steps: 

1. This paper determines the evaluation index set 
 1 2, ,..., nU u u u=

 according to the 
evaluation object, which is also called the evaluation factor set. This paper classifies and stratifies 
the influencing factors of the evaluation object scientifically and rationally, and establishes a 

stratified evaluation model. 

2. This paper determines the situation assessment domain 
 1 2, ,..., mV v v v=

, and selects the 
appropriate membership function. According to the standardized index values, this paper establishes 

the index fuzzy evaluation matrix 
( )

×mij n
C c=

. 

3. The weight vector 
( )1 2, , , nW   = 

 of the hierarchical solution index. Comprehensive 
network security administrator's judgment on the importance of various evaluation criteria and 
evaluation factors, and FAHP is used to determine the weight vector. 

4. In this paper, the fuzzy comprehensive evaluation vector is calculated hierarchically, and the 

fuzzy operator selects the weighted average type 
( , )M • 

, as shown below: 
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( ) ( )

11 12 1

21 22 2

1 2 1 2

1 2

• , , , •

m

m

n m

n n nm

c c c

c c c
B W C b b b

c c c

  

 
 


 = =  = 
    
 

                        (11) 

Among them, 1

( 1,2, , )
n

j i ij

i

b c j m
=

=  = 
. 

5. This paper chooses the highest level of comprehensive evaluation vector. According to the 
results of (4) and (5), the fuzzy comprehensive evaluation vector of the highest-level target is 

obtained. 

6. This paper calculates the final situation value, adopts the segmented assignment method, and 
obtains the final evaluation score E by using formula (4.10). 

3.1 Application Examples 

Here, this paper takes the situation assessment of the operation dimension as an example to 

introduce the specific steps of the fuzzy comprehensive evaluation method. Table 3 shows the 
hierarchical model of operational dimension indicators. 

1. Determine the set of factors 

In this example, the factor set is divided into two layers, the first layer is: 

 1 2 3, ,U u u u= =
{special operation state, general operation state, network state} 

The second layer is: 

 1 11 12 13, ,u u u u= =
{symmetric key usage rate, asymmetric key usage rate, cryptographic 

algorithm usage rate} 

 2 21 22 23, ,u u u u= =
 {usage rate, memory usage rate, disk usage rate} 

 3 31 32 33, ,u u u u= =
{Peak traffic, average traffic, broadband utilization} 

2. Determine the field of situation assessment and establish a fuzzy assessment matrix 

According to the classification content of the situation assessment in section 1.3, the domain of 
situation assessment is defined as V={excellent, good, medium, poor, dangerous}={ 

1 2 3 4 5, , , ,v v v v v
}={0.1, 0.3, 0.575, 0.825, 0.95}. When the actual standardized values of each factor 

are as follows, there are: 

11 12 13 21 22 23 31 32 330.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.7, 0.4, 0.5u u u u u u u u u= = = = = = = = =
(3) 

Hierarchical calculation of weight vector 
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According to this example, run the dimensional hierarchy structure, construct the fuzzy judgment 
matrix layer by layer from bottom to top, and use FAHP to calculate the index weight of each layer. 

Refer to the 0.1~0.9 quantity scale table, 
 11 12 13, ,u u u

 relative to 1u
 fuzzy judgment matrix 1R

 is 

established. According to the properties of the fuzzy complementary matrix, 1R
 is adjusted to the 

fuzzy consistent matrix 1R
. 

1 1

0.5 0.6 0.8 0.5 0.55 0.65

0.4 0.5 0.7 0.45 0.5 0.6

0.2 0.3 0.5 0.35 0.4 0.5

R R

   
   

= =
   
        

According to formula (4), the weight vector of 
 21 3, ,u u u

 relative to 1u
 is calculated as 

1 (0.40,0.35,0.25)W =
. 

In the same way, this paper establishes fuzzy judgment matrices 2 3R R、
 and R  of 

   21 22 23 31 32 33, , , ,u u u u u u、
and 

 1 2 3, ,u u u
 relative to 2 3u u、

, and U. Then, this paper adjusts to 

the corresponding fuzzy consensus matrices 2 3R R、
 and R  respectively. Finally, according to 

formula (4), the weight vector of 
 21 22 23, ,u u u

 relative to 2u
 is 2 (0.35,0.35,0.30)W =

, and the 

weight vector of 
 31 32 33, ,u u u

 relative to 3u
 is 

( )38.0,34.0,28.03 =W
, and the weight vector of 

},,{ 321 uuu
 relative to U is 

(0.42,0.26,0.32)W =
. 

4. Hierarchical calculation of fuzzy comprehensive evaluation vector 

},,{ 1312111 uuuu =
, the weight vector of 

},,{ 131211 uuu
 relative to 1u

 is 1 (0.40,0.35,0.25)W =
, 

and the single-factor evaluation matrix formed by the fuzzy evaluation of 
 11 12 13, ,u u u

 obtained 
from the table is: 

1

0 0 0.10 0.90 0

0 0 0.50 0.50 0

0 0 0.90 0.10 0

C

 
 

=
 
    

From formula (11), we have: 

1 1 1

0 0 0.10 0.90 0

(0.4,0.35,0.25) 0 0 0.50 0.50 0 (0,0,0.44,0.56,0)

0 0 0.90 0.10 0

B W C

 
 

= • = • =
 
    

In the same way, we can get: 
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2 2 2

0 0.27 0.73 0 0

(0.35,0.35,0.30) 0 0.64 0.36 0 0 (0,0.62,0.38,0,0)

0 1 0.00 0 0

B W C

 
 

= • = • =
 
    

3 3 3

0 0 0.50 0.50 0

(0.28,0.34,0.38) 0 0.64 0.36 0.00 0 (0,0.32,0.54,0.14,0)

0 0.27 0.73 0.00 0

B W C

 
 

= • = • =
 
    

5. The highest level of comprehensive evaluation vector 

 1 2 3, , , U u u u=
and in formula (3), the weight vector of 

 1 2 3, ,u u u
 relative to U is 

(0.42,0.26,0.32),W =
then the highest-level comprehensive evaluation vector is: 

1

2

3

0 0 0.44 0.56 0

(0.42,0.26,0.32) 0 0.62 0.38 0.00 0 (0,0.26,0.46,0.28,0)

0 0.32 0.54 0.14 0

B

B W C A B

B

   
   

= • = • = • =   
        

6. Calculate the final situation assessment value 

We assume that each safety evaluation level is assigned 
( ) ( )1 2 3 4 5, , , , 1,2,3,4,5S s s s s s= =

, 
and the final situation evaluation value E is obtained according to formula (10): 

( )( )0,0.26,0.46,0.28,0 1,2,3,4,5 3.02
TTE BS= = =

 
  

4 CONSTRUCTION AND APPLICATION OF INDUSTRY-UNIVERSITY-RESEARCH 
PLATFORM BASED ON SOFTWARE ENGINEERING AND INTERNET OF THINGS 

TECHNOLOGY 

According to the changes in the allocation of resources of all parties and the changes in 
communication, it can be divided into three more specific stages, as shown in Figure 2. 

The preparation stage of collaborative innovation is the starting point of the entire innovation 
process and lays the organizational foundation and innovation planning for subsequent collaborative 

innovation activities. The flow chart of the preparation phase is shown in Figure 3. 

Knowledge innovation collaboration is mainly in charge of universities and research institutes. 
Based on the development requirements raised by the project, it formulates corresponding technical 

development plans and problem solutions, and fully calls relevant personnel, industry-university-
research platform and other resources to complete the corresponding research and development 
work, as shown in Figure 4. 

Knowledge transfer collaboration mainly refers to the exchange and transfer of knowledge 
generated in the process of cooperation among multiple project subjects, and is absorbed and 

applied to actual work by the project subjects that need this knowledge, as shown in Figure 5. Supply 
chain collaborative innovation knowledge transfer in the context of industry-university-research 
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cooperation generally involves universities and research institutes transferring scientific and 
technological results generated by research and development to supply chain enterprises in 
accordance with established paths and rules. 

 

 
 

Figure 2: Three-Stage Flow Chart. 

 

 
 

Figure 3: Flow Chart of Preparation Phase. 

Knowledge application collaboration mainly emphasizes that supply chain companies absorb relevant 

knowledge and apply it to the actual production process. At the same time, universities and research 
institutes should pay attention to the application situation and provide corresponding technical 
support when necessary, as shown in Figure 6. 
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Figure 4: Flow Chart of Knowledge Innovation Collaboration. 

 

 
 

Figure 5: Flow Chart of Knowledge Transfer Collaboration. 

 

According to the industry-university-research platform construction requirements, this paper draws 

a co-occurrence network diagram, as shown in Figure 7. In this paper, the keyword co-occurrence 
matrix obtained by ROST software is imported into SPSS19.0 software for clustering analysis, and 
closely related keywords are grouped together to form clusters to obtain the clustering results of 

industry-university-research's collaborative innovation related policies, as shown in Figure 8. 
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Figure 6: Flow Chart of Knowledge Application Collaboration. 

 

 
Figure 7: Co-Occurrence Network Diagram. 

 

From the above clustering results, it can be seen that there are two major categories in the policy 
text. The first category focuses on theory and mainly centers on the transformation of scientific and 
technological achievements, and then guides the practice of industry-university-research related 

subjects. The other is to focus on practice, that is, to focus on policies and measures that actually 
need to be implemented. In terms of specific measures, it promotes the transformation of scientific 
and technological achievements, thereby improving the level of industry-university-research 

collaborative innovation. On the basis of the above analysis, a large amount of clustering data is 
obtained through the network, and the effect of this system in the industry-university-research 

research is calculated, and the results are shown in Figure 9. 
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Figure 8: Cluster Analysis Results. 

 

 
Figure 9: Clustering of the Use Effect of the Industry-University-Research Platform. 

From the above analysis, it can be seen that the industry-university-research platform construction 

effect of this paper is relatively obvious. On this basis, the effect of the system of this paper is 
evaluated through expert evaluation, and the results shown in Table 3 below are obtained. 

 
Num Expert evaluation Num Expert evaluation Num Expert evaluation 

1 90.06  24 88.68  47 94.06  
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2 94.04  25 92.03  48 94.07  

3 90.84  26 94.67  49 92.46  

4 95.98  27 96.05  50 95.90  

5 88.67  28 95.04  51 94.55  

6 91.91  29 86.40  52 88.69  

7 93.34  30 95.86  53 91.34  

8 92.08  31 87.03  54 89.36  

9 87.25  32 91.40  55 92.25  

10 86.02  33 93.20  56 94.58  

11 93.40  34 95.22  57 94.22  

12 86.70  35 87.60  58 88.99  

13 87.88  36 94.53  59 96.64  

14 86.69  37 92.81  60 92.49  

15 94.49  38 95.31  61 88.39  

16 86.93  39 96.10  62 88.61  

17 94.56  40 87.40  63 93.94  

18 91.56  41 96.77  64 94.40  

19 96.83  42 93.87  65 90.04  

20 94.45  43 94.53  66 89.09  

21 93.27  44 91.21  67 92.39  

22 88.14  45 86.05  68 87.17  

23 87.63  46 90.74  69 89.81  

 

Table 3: Statistical Table of Expert Evaluation Results of Industry-University-Research Platform 

Based on Software Engineering and Internet of Things Technology. 
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From the above research, it can be seen that the industry-university-research platform based on 
software engineering and Internet of Things technology proposed in this paper meets the current 
actual needs of industry-university-research. 

5 CONCLUSION 

Industry-university-research cooperative innovation is both a cooperative activity and an innovation 

activity. It is a "new combination" formed by a variety of different innovation elements around a 
new goal, and it derives multiple interrelated influencing factors.Focusing on the influencing factors 
of industry-university-research cooperative innovation, the use of economic utility theory to analyze 

industry-university-research cooperative innovation has enriched the practical methods of industry-
university-research related research. At the same time, with the help of Kelly's grid technology, we 

can dig out important influencing factors and analyze the results to promote in-depth cooperation 
and innovation in industry-university-research. Furthermore, it is of great significance to enhance 
the industry-university-research innovation profit maximization and research results market 

competitiveness.This paper combines software engineering and Internet of Things technology to 
build and apply the industry-university-research platform, combined with the industry-university-
research application status to build the system function structure, which provides a reference for the 

further development of industry-university-research. The research shows that the industry-
university-research platform based on software engineering and Internet of Things technology 

proposed in this paper meets the current actual needs of industry-university-research. 

 
Jingxin Cao, https://orcid.org/0009-0008-3963-1009 

REFERENCES 

[1] Basole, R. C.; Srinivasan, A.; Park, H.;  Patel, S.: ecoxight: Discovery, Exploration, and 

Analysis of Business Ecosystems Using Interactive Visualization, ACM Transactions on 
Management Information Systems, 9(2), 2018, 1-26. https://doi.org/10.1145/3185047 

[2] Chen, P.: Visualization of Real-Time Monitoring Datagraphic of Urban Environmental Quality, 
Eurasip Journal on Image and Video Processing, 2019(1), 2019,  1-9. 
https://doi.org/10.1186/s13640-019-0443-6 

[3] Daradkeh, M.: Critical Success Factors of Enterprise Data Analytics And Visualization 
Ecosystem: an Interview Study, International Journal of Information Technology Project 
Management, 10(3), 2019,  34-55. https://doi.org/10.4018/IJITPM.2019070103 

[4] Drake, B. M.;  Walz, A.: Evolving Business Intelligence and Data Analytics in Higher Education, 
New Directions for Institutional Research, 2018(178), 2018, 39-52. 

https://doi.org/10.1002/ir.20266 
[5] Golfarelli, M.; Rizzi, S.: A Model-Driven Approach to Automate Data Visualization in Big Data 

Analytics, Information Visualization, 19(1), 2020, 24-47. 

https://doi.org/10.1177/1473871619858933 
[6] Gubler, H.; Clare, N.; Galafassi, L.; Geissler, U.; Girod, M.;  Herr, G.: Helios: History and 

Anatomy of a Successful in-House Enterprise High-Throughput Screening and Profiling Data 

Analysis System, Slas Discovery: Advancing the Science of Drug Discovery, 23(5), 2018,  474-
488. https://doi.org/10.1177/2472555217752140  

[7] Hilario, M.; Esenarro, D.; Vega, H.;  Rodriguez, C.: Integration of the Enterprise Information 
to Facilitate Decision Making, Journal of contemporary Issues in Business and Government, 
27(1), 2021,  1042-1054. 

[8] Jayakrishnan, M.; Mohamad, A. K.;  Abdullah, A.: Journey of an Enterprise Architecture 
Development Approach in Malaysian Transportation Industry, Int. J. Eng. Adv. Technol, 8(4), 

2019, 765-774. 

http://www.cad-journal.net/
https://doi.org/10.1145/3185047
https://doi.org/10.1186/s13640-019-0443-6
https://doi.org/10.4018/IJITPM.2019070103
https://doi.org/10.1002/ir.20266
https://doi.org/10.1177/1473871619858933
https://doi.org/10.1177/2472555217752140


140 

 

Computer-Aided Design & Applications, 21(S11), 2024, 122-140 
© 2024 U-turn Press LLC, http://www.cad-journal.net 

 

 

[9] Kasemsap, K.: Knowledge Discovery and Data Visualization: Theories and Perspectives, 
International Journal of Organizational and Collective Intelligence7(3), 2017, 56-69. 
https://doi.org/10.4018/IJOCI.2017070105 

[10] Palanivel, K.: Modern Network Analytics Architecture Stack to Enterprise Networks, 
International Journal for Research in Applied Science & Engineering Technology, 7(4), 2019, 

263-280. https://doi.org/10.22214/ijraset.2019.4480 
[11] Pashentsev, D. A.; Abramova, A. I.; Eriashvili, N. D.; Grimalskaya, S. A.; Gafurova, A. Y.; 

Kharisova, G. M.; Avilova, V. V.: Digital Software of Industrial Enterprise Environmental 

Monitoring, Ekoloji, 28(107), 2019, 243-251. 
[12] Po, L.; Bikakis, N.; Desimoni, F.; Papastefanatos, G.: Linked Data Visualization: Techniques, 

Tools, and Big Data, Synthesis Lectures on Semantic Web: Theory and Technology, 10(1), 
2020, 1-157. https://doi.org/10.1007/978-3-031-79490-2 

[13] Rhodes, D. H.;  Ross, A. M.: A Vision for Human‐Model Interaction in Interactive Model‐

Centric Systems Engineering, Insight, 20(3), 2017, 39-46. https://doi.org/10.1002/inst.12162 
[14] Valdiserri, R. O.;  Sullivan, P. S.: Data Visualization Promotes Sound Public Health Practice: 

the AIDSvu example, AIDS Education and Prevention, 30(1), 2018, 26-34. 
https://doi.org/10.1521/aeap.2018.30.1.26 

[15] Walny, J.; Frisson, C.; West, M.; Kosminsky, D.; Knudsen, S.; Carpendale, S.;  Willett, W.: 
Data Changes Everything: Challenges and Opportunities in Data Visualization Design Handoff, 
IEEE Transactions on Visualization and Computer Graphics, 26(1), 2019, 12-22. 

https://doi.org/10.1109/TVCG.2019.2934538 
[16] Wang, X.; Dong, Y.; Chen, M.; Su, F.;  Ling, L.: Research on Real-time Temperature Control 

Method for Multi-Visualization of Hot Runner System Based on Internet of Things, Journal of 

Applied Science and Engineering, 22(4), 2019,  683-690. 
[17] Windsor, J. W.; Underwood, F. E.; Brenner, E.; Colombel, J. F.; Kappelman, M. D.; Ungaro, R.; 

. Kaplan, G. G.: Data Visualization in the Era of COVID-19: An Interactive Map of the SECURE-
IBD Registry, Official journal of the American College of Gastroenterology| ACG, 115(11), 2020, 
1923-1924. https://doi.org/10.14309/ajg.0000000000000953 

[18] Wu, D. T.: Vennemeyer, S., Brown, K., Revalee, J., Murdock, P., Salomone, S., ... & Hanke, S. 
P. Usability Testing of an Interactive Dashboard for Surgical Quality Improvement in a Large 
Congenital Heart Center, Applied Clinical Informatics, 10(05), 2019,  859-869. 

https://doi.org/10.1055/s-0039-1698466 
[19] Xu, T.; Song, G.; Yang, Y.; Ge, P. X.;  Tang, L. X.: Visualization and Simulation of Steel 

Metallurgy Processes, International Journal of Minerals, Metallurgy and Materials, 28(8), 2021, 
1387-1396. https://doi.org/10.1007/s12613-021-2283-5 

[20] Zhao, K.; Sun, R.; Deng, C.; Li, L.; Wu, Q.;  Li, S.: Visual Analysis System for Market Sales 

Data of Agricultural Products, IFAC-PapersOnLine, 51(17), 2018, 741-746. 
https://doi.org/10.1016/j.ifacol.2018.08.107 

 

 

 

 

 

  

http://www.cad-journal.net/
https://doi.org/10.4018/IJOCI.2017070105
https://doi.org/10.22214/ijraset.2019.4480
https://doi.org/10.1007/978-3-031-79490-2
https://doi.org/10.1002/inst.12162
https://doi.org/10.1521/aeap.2018.30.1.26
https://doi.org/10.1109/TVCG.2019.2934538
https://doi.org/10.14309/ajg.0000000000000953
https://doi.org/10.1055/s-0039-1698466
https://doi.org/10.1007/s12613-021-2283-5
https://doi.org/10.1016/j.ifacol.2018.08.107

