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Abstract 
The manufacturing industry is moving towards a new stage of system recon-
struction, and intelligent manufacturing has become a new track for manu-
facturing enterprises to transform and leap forward. In the wave of changing 
times, how to build its own ecosystem and flourish in the industry is a ques-
tion that every enterprise needs to think about. Yalong Intelligence, as a 
manufacturing, service-oriented and innovative intelligent manufacturing 
enterprise, not only has more than 30 years of experience in developing and 
manufacturing intelligent equipment, providing professional intelligent equip- 
ment, intelligent units and industrial software, and becoming a demonstra-
tion base of the national key R&D program for intelligent robot key special 
institutions; or providing enterprises with intelligent technological reform 
diagnosis and consultation, digital upgrading, intelligent transformation 
projects, intelligent equipment and industrial software, etc. It is an intelligent 
manufacturing system supplier recognized by the Ministry of Industry and 
Information Technology. With its strong technical capability, massive prod-
uct resources and wide circle of partners, Yalong has the initial conditions to 
build its own ecosystem. Therefore, Yalong Intelligence is selected as the ob-
ject of this case study, aiming to analyze the process of building Yalong’s in-
telligent manufacturing innovation ecosystem through various aspects such 
as theory and model. Based on literature and research, this paper uses expla-
natory phenomenology to refine the factors of Yalong Intelligent Manufac-
turing Innovation Ecosystem and constructs Yalong Intelligent Manufactur-
ing Innovation Ecosystem Explanatory Structure Model (ISM). And further 
analyze the conditions and paradigm of the formation of Yalong intelligent 
ecosystem from the aspects of driving force, strategic resources, capability 
base and strategic posture of the innovation ecosystem to provide reference 
experience for the intelligent development of China’s engineering manufac-
turing industry. 
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1. Research Background 

At present, the new round of global scientific and technological revolution and 
industrial change is advancing deeply, and the country has put forward the new 
development concept of innovation, coordination, green, openness and sharing 
to jointly grasp the opportunities of digitalization, networking and intelligent 
development, so that the deep integration of informationization and industriali-
zation can bring infinite possibilities for the innovation and butterfly transfor-
mation of Chinese industry [1]. The manufacturing industry is the mainstay of 
the national economy, the foundation of the country, the instrument of the 
country’s prosperity and the foundation of the country’s strength. To take the 
new road of industrialization with Chinese characteristics, to accelerate the deep 
integration of a new generation of information technology and manufacturing 
industry as the main line, accelerate the development of a new generation of in-
formation technology and manufacturing technology integration, intelligent 
manufacturing as the main direction of the deep integration of the two; focus on 
the development of intelligent equipment and intelligent products, promote the 
intelligence of the production process, cultivate new production methods, and 
comprehensively improve the intelligence of enterprise R&D, production, man-
agement and service level. 

From the perspective of market demand, the market demand of intelligent 
manufacturing industry shows a blowout growth and the market scale keeps ex-
panding [2]. The main contradiction of the current development of intelligent 
manufacturing industry is the contradiction between the urgent demand of in-
telligent transformation of manufacturing industry and the insufficient supply 
capacity of intelligent manufacturing industry. China is the largest manufactur-
ing industry in the world, and the intelligent manufacturing market will also be 
the largest, fastest growing and most complex market in the world. In addition, 
China’s manufacturing fixed asset investment has maintained positive growth in 
recent years. The sustained boom of the industry will also promote the conti-
nuous improvement of the technical capacity of manufacturing enterprises and 
the orderly release of production capacity, thus promoting the certainty of the 
company’s performance and the improvement of economic efficiency. 

2. Smart Manufacturing Enterprise Innovation Ecosystem 

The manufacturing industry is moving towards a new stage of system reconstruc-
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tion, and smart manufacturing has become a new track for manufacturing enter-
prises to transform and leap forward. Smart manufacturing enterprises combine 
advanced information technology and intelligent manufacturing equipment, 
connecting production equipment internally and supply chain and service chain 
externally [3]. As a complex system intersected by multiple subsystems, the in-
novation ecosystem interacts with each other and dynamic coordination is the 
key to the stable and sustainable development of the system. The innovation eco-
system is the engine that accelerates the pushing out of knowledge innovation 
and the successful transformation of knowledge, and is a new pattern formed in 
the process of the deep integration strategy of industry-university-research. There 
are three main fields after the formation of innovation ecosystem: knowledge 
field, business field and environmental field. The center of the innovation 
ecosystem is the knowledge field, the knowledge circle formed by the natural 
science composed of engineering knowledge, technical knowledge, scientific 
knowledge, etc. and the social science composed of humanistic knowledge, artis-
tic knowledge, market knowledge, etc. The two promote the continuous innova-
tion and upgrading transformation of knowledge through deep integration and 
dynamic synergy. There are many criteria for dividing innovation ecosystem, 
and the most representative one is divided into regional innovation ecosystem, 
enterprise innovation ecosystem and industrial innovation ecosystem according 
to research objects. 

3. Case Selection 

This study applies the exploratory case study method and adheres to the prin-
ciple of problem-oriented sample selection, and selects Yalong manufacturing 
industry as the research sample. Ltd. is located in Yongjia Industrial Park, 
Wenzhou City, Zhejiang Province. Founded in 1983 and established in 2008, 
Yalong Intelligence is a leading enterprise in the domestic education equipment 
industry with the mission of “striving to bring technology and skills to more 
people around the world”. For more than 30 years, Yalong Intelligence has been 
insisting on the road of technological innovation, providing the overall solution 
service of “doing, learning and teaching” talent training for China’s engineering 
education, vocational education, science and technology museums, industry en-
terprise training centers, etc. It is a national high-tech enterprise, national in-
tellectual property advantageous enterprise, innovative enterprise in Zhejiang 
Province, and one of the top ten tax-paying enterprises in Yongjia County. It is a 
national high-tech enterprise, national intellectual property advantage enter-
prise, innovative enterprise of Zhejiang Province, and top ten tax-paying enter-
prise of Yongjia County. 

4. Influencing Factor Association 

We will analyze the factors influencing Yalong Smart’s “Smart Manufacturing 
Enterprise Innovation Ecosystem” model from the following 10 aspects: strategic 
positioning, social atmosphere, technology support, open innovation platform, 
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talent training, market pull, value co-creation, industry-education integration, 
resource integration and coordination, and corporate culture, which can objec-
tively reflect the construction process of Yalong Smart’s Smart Manufacturing 
Enterprise Innovation Ecosystem (Figure 1). 

 

 
Figure 1. Yalong Smart’s “Smart Manufacturing Enterprise Innovation Ecosystem” model. 
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5. Binary Relationship Analysis 

According to the investigation and study of the innovation ecosystem model of 
Yalong intelligent manufacturing enterprises and the establishment of the ex-
planatory structure model, it is necessary to determine the adjacency relation-
ship between each influencing factor and each other. 10 elements have mutual 
relationship with each other, and binary analysis is conducted for each two ele-
ments in turn, and there are four types of transitions: one is a one-way relation-
ship between factor A and factor B; one is a one-way relationship between factor 
B and factor A; three is a two-way relationship between factor A and factor B; 
four is no influence between factor A and factor B. There is a two-way influence 
between factor A and factor B; fourth, there is no influence between factor A and 
factor B. Through the refinement and purification of the literature and the im-
plementation of the steps of the explanatory structural model, the 10 influential 
factors were arranged sequentially in rows and columns to establish the adja-
cency matrix, as shown in Table 1. 

6. Modeling the Explanatory Structure and Its Application 
6.1. Generate Adjacency Matrix 

In a system we use the adjacency matrix ( )ij m n
A a

∗
=  to indicate the direct in-

fluence relationship to determine whether there is a direct influence factor be-
tween the factors in the influence set. We stipulate: if iS  has influence on jS , 
the element ija  is assigned as 1; if iS  has no influence on jS , the element ija  
is assigned as 0. 

1 if has influence on
0 has no influence on

i j

i
ij

j

S S
a

S S
=




 

Then the adjacency matrix generated by the combined results of the expert 
judging relationship obtained by combining the development status and infor-
mation details of Yalong Intelligence is shown in the following Figure 2: 

 
Table 1. Matrix of logical relationships of factors affecting the innovation ecosystem of 
Yalong smart manufacturing enterprises. 

 A1 A2 A3 A4 A5 A5 A7 A8 A9 A10 

A1 0 0 0 1 0 0 1 1 0 0 

A2 0 0 0 0 0 0 0 0 0 1 

A3 0 0 0 1 0 0 1 1 0 0 

A4 0 0 0 0 0 0 0 0 0 0 

A5 0 0 1 0 0 0 1 1 0 0 

A5 1 0 0 0 0 0 0 1 1 1 

A7 0 0 0 0 0 0 0 0 0 0 

A8 0 0 0 0 0 0 0 0 0 0 

A9 1 0 1 1 0 0 0 0 0 0 

A10 1 0 0 0 1 0 1 0 0 0 
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Figure 2. Adjacency matrix. 

6.2. Generate Reachable Matrix 

The reachability matrix is a matrix that describes the extent to which the nodes 
of a directed graph can be reached after a certain length of pathway between 
them [4]. Both the adjacency matrix and the reachability matrix can represent 
the relationship between the elements, but the former can only reflect the direct 
relationship between the elements, while the latter can reflect the direct and in-
direct relationship between the elements, and the reachability matrix can help us 
further clarify the hierarchical relationship between the elements. Therefore, to 
fully analyze the relationship between the factors, we need to solve the reachabil-
ity matrix. The reachable matrix is obtained by summing the adjacency matrix A 
and the unit matrix I. The operation stops when the power operation of A + I sa-
tisfies the following conditions. The condition ( )ij m n

A a
∗

= . The reachable ma-
trix is calculated by using the operation property of Boolean matrix, according to 
which the positive integer n is obtained, and the reachable matrix can be ex-
pressed as ( )nM A I= +  (Figure 3). 

6.3. Accessible Matrix Layering 

To build the ISM model of factors, it is necessary to divide the factors in the 
reachability matrix into hierarchical levels, and then divide the factors into dif-
ferent regions and levels to judge the relationship and connectivity between fac-
tors [5]. The hierarchy of the reachable matrix, through the list, to summarize 
the influence relationship between each factor and the influenced relationship, 
to ( ) ( ) ( )i i iA S R S Q S= ∩  as the condition to determine the uppermost level 
elements, after the upper level elements, it will be eliminated from the table, and 
then in the same way to seek the next level of the elements, and so on, the ele-
ments can be divided according to the level one by one. The factors can be di-
vided into levels until the bottom factor set is found out, and the main influen-
cing factors can be rearranged based on this matrix to list the hierarchical de-
composition table. Influencing factors can reach the set, with ( )iR S , which is 
generally composed of the elements of the reachable matrix iS  corresponding 
to the elements in the rows corresponding to the value of 1 corresponding to the 
column elements; affected factors that is the set of antecedents, with ( )iQ S ,  
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Figure 3. Reachable matrix. 

 
which is usually composed of the elements of the reachable matrix iS  corres-
ponding to the elements in the columns corresponding to the value of 1 corres-
ponding to the row elements together.  

Analyzing the ISM model of factors influencing the “innovation ecosystem of 
intelligent manufacturing enterprises” of Yalong Intelligence, we can see that 
Yalong Intelligence is a five-level hierarchical system. The influencing factors at 
the top of the hierarchy are direct and those at the bottom of the hierarchy are 
relatively more general. The first level factor is the structural goal of the “Smart 
Manufacturing Enterprise Innovation Ecosystem” model of Yalong Intelligence, 
which is the core issue of this study. The second influence factor includes open 
innovation platform, value co-creation, and industry-education integration. The 
third level of influencing factors includes price technology support, talent culti-
vation, and strategic positioning. The fourth level influencing factors are re-
source integration and coordination, corporate culture, and directional guidance 
of Yalong Intelligence. The fifth level influencing factors include social atmos-
phere and market pull, which are the general environment of the “intelligent 
manufacturing enterprise innovation ecosystem” model of Yalong Intelligence. 

Therefore, it can be seen that Yalong’s “Innovation Ecosystem of Intelligent 
Manufacturing Enterprise” model is divided into three aspects and four levels, 
and Yalong integrates the “Innovation Ecosystem of Intelligent Manufacturing 
Enterprise” model into the whole process of its R&D, business and management. 
integration, to create an ecosystem around itself. 

The driving factors of Yalong’s “Innovation Ecosystem for Intelligent Manu-
facturing Enterprises” are divided into three aspects, which can be subdivided 
into four major areas. On the basis of analyzing and systematically using the ex-
ternal favorable development environment to boost its own development, Ya-
long summarizes and summarizes the guiding ideology that contains the concept 
of enterprise development, and puts the whole enterprise under the same goal to 
work together and twist into We will put our efforts under the same goal and 
unite as one. At the same time, we put the theory into practice and invest our 
energy to obtain solid technical foundation and talent reserve, so as to achieve 
the strategic goal and vision of the enterprise with excellent basic skills. 
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The direct influence layer is the channel of Yalong’s “innovation ecosystem of 
intelligent manufacturing enterprises” model, and the influence of other factors 
will be reflected to the innovation ecosystem; the indirect influence layer is the 
channel of Yalong’s “innovation ecosystem of intelligent manufacturing enter-
prises” model, and the indirect influence layer is the channel of Yalong’s “inno-
vation ecosystem of intelligent manufacturing enterprises” model. The indirect 
influence layer is the key factor of “intelligent manufacturing enterprise innova-
tion ecosystem” model, which is the cornerstone of the existence of the ecosys-
tem; the deep influence factor is the bridge of the ecosystem, which is deeply re-
lated to the direct influence factor and interacts with the basic influence factor; 
the basic influence factor is the foundation of the model, which promotes the 
output of products and services to users and achieves the fundamental purpose 
of the enterprise. purpose. 

The construction of Yalong intelligent manufacturing innovation ecosphere 
can initially start from four aspects: R&D, management, business and society, 
and build a solid bottom ecological small circle in each of the four circles, and 
then further integrate and build the core ecosphere. 

7. Conclusions 
7.1. Vigorously Introduce Outstanding Talents and Promote  

Industrial Technology Innovation 

High-end talents are an effective carrier to promote the combination of industry, 
academia and research, and an important engine to promote the leapfrog devel-
opment of Yalong Intelligence in science and technology innovation and realize 
intelligent transformation. Yalong Intelligence has formed the initial atmosphere 
and ecology of science and technology innovation in terms of density of science 
and technology innovation, intensity of scientific research, proportion of high- 
tech projects, gathering of science and technology talents and economic pulling 
power, etc. It is also transforming from a traditional manufacturing leading en-
terprise to a national advanced manufacturing center. Yalong Intelligence has 
completed the transformation from traditional “attracting big capital” to “at-
tracting innovation and wisdom”, continuing the introduction and training of 
technical talents, retaining key talents in science and technology innovation, en-
hancing the core competitiveness of manufacturing industry, accumulating and 
precipitating talents, technology and other key elements of science and technol-
ogy innovation for the construction of science and technology innovation center, 
It will also accelerate the cultivation of digital talents, support leapfrog develop-
ment, and promote a number of science and technology innovation projects 
with development potential to become stronger and larger [6]. 

7.2. Focus on Product Ecological Advantages, Deep Integration of  
Educational Equipment 

Intelligent transformation is the trend of the times, Yalong Intelligence follows 
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the trend of the development of the times, timely adjustment of corporate policy, 
in the big wave of the market, and won its own world. The construction of in-
novation ecosystem can empower the high-quality development of Yalong Intel-
ligence. In this context, Yalong Intelligence should focus on four dimensions of 
technological innovation, industrial upgrading, digital economy and green ecol-
ogy in the next step. Fully implement digitalization, promote high-quality in-
dustrial development, and let the overall industrial structure transform to intel-
ligence, high-end, and service. In particular, strengthen the intelligence, cultivate 
products led by digitalization, bring new models and new business models, and 
create new employment and new dynamic energy. At the same time, we will do a 
good job of green ecological transformation, add endogenous power to respond 
to the “green water and green mountain is the silver mountain”, and inject green 
power source for the high-quality development of the innovation ecosystem. 

7.3. Solidly Laying the Foundation of Capacity and Expanding the  
Breadth of Ecological Advantages 

Yalong Intelligence has taken the lead in forming the innovation ecosystem among 
a group of similar enterprises, accelerating the speed and intensity of the whole 
innovation system and seizing the high point of technical standards, and getting a 
breakthrough. Innovation ecosystem is the engine to accelerate knowledge innova-
tion and successful transformation of knowledge, and is a new pattern formed in 
the process of deep integration strategy of industry-university-research. Yalong 
Intelligence starts from four aspects of R&D, management, business and society, 
and builds solid bottom ecological small circles in each of the four circles, then 
further integrates to build core ecosystem and manufacture innovation ecosys-
tem, while solidly laying down its own dual capabilities, learning and exploring 
parallel, maintain the ability of strategic innovation and entrepreneurship, con-
tinuously optimize product quality, expand the circle of services, and then ex-
pand the breadth of ecological advantages. 

8. Revelation 
8.1. Smart Manufacturing Reconstructs Old Elements and  

Generates New Momentum for Development 

As the global economy steps into the era of Internet economy and open innova-
tion 2.0, the innovation ecosystem of intelligent manufacturing enterprises is 
changing to an open innovation ecosystem. Smart manufacturing is an impor-
tant historical intersection of a new round of technological revolution and in-
dustrial change, and the most fundamental goal for enterprises to realize intelli-
gent manufacturing system is to improve quality and increase efficiency and 
high-quality development [7]. The deeper task of intelligent manufacturing is to 
build a digital platform for traditional process manufacturing industry clusters, 
so as to achieve the goal of significantly improving the efficiency of production 
process, significantly increasing the flexibility of responding to the market and 
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the digital-physical integration system of the whole process of R&D, production 
and operation. At present, there is still much room for Yalong Intelligence to 
apply the new generation of information technology to improve the efficiency of 
traditional manufacturing industry, and enterprises should continue to strongly 
promote the transformation of manufacturing industry to digitalization and in-
telligence, promote the value of data production factors, and improve the effi-
ciency of total factor production. 

8.2. Based on Its Own Ecological Advantages, Comprehensively  
Enhance the Value of the Circle 

Yalong Intelligence has many advantages, including the ability of product itera-
tion and innovation, the ability of core technology cluster breakthrough, the ad-
vantage of industry-education integration, and the advantage of value co-creation, 
etc. In the process of intelligent transformation, Yalong Intelligence makes full 
use of its advantages and starts from its strong points, plus Yalong Intelligence 
realizes the flow of data, uses optimal decision-making to reconfigure traditional 
production factors and resolves the uncertainty of complex systems in order to 
improve efficiency and create new value. Ultimately, Yalong Intelligence has 
won the recognition of the government and the community with its strong 
scientific research strength. For Yalong’s ecosystem to form an advantage, it 
needs to both expand the scope of the ecological position and improve the loca-
tion centrality of the ecology. In the future, Yalong can further incubate the 
cluster ecology and focus more on linking different value chain activities within 
the industry. 

8.3. Widely Absorb Experience and Build an Open Innovation  
Ecosystem 

Digitalization makes the study of innovation chain gradually change to the study 
of innovation ecosphere, and enterprises have the need for open linkage, and the 
carrier is innovation ecosphere [8]. The new road of development of Yalong’s 
intelligent construction of innovation ecosphere can be summarized as follows: 
play its technical foundation, engineering science education interactive empo-
werment, make the enterprise platform and market platform connected, inte-
grate resources, form clustering effect, and finally build enterprise innovation 
ecosphere. At home and abroad, there are many excellent cases of core enter-
prises building their own ecosystem, while Yalong’s innovation ecosystem 
should not stop here, but leaders should make a more global thinking from the 
perspective of innovation ecosystem and Internet integration. In this way, Ya-
long Intelligence will not be eliminated by the times, stand firm in the new era, 
and be brave to the tide. 
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