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Abstract: Aiming at the problem that the correlation coefficient between the 
final screening early warning indicators is small in the whole process of risk 
index screening of production projects, a risk early warning method for the 
whole process of production projects based on multi-source data mining is 
proposed. The multi-source data mining technology is used to extract the 
potential hidden characteristics of risk indicators in the whole process of 
production projects, and the hidden characteristic relationship between multi-
risk indicators is obtained, and the risk management index system of the whole 
process of production projects is established. Risk warning of the whole 
process of production projects. The test results show that the proposed risk 
early warning method has a larger cross-correlation coefficient calculated in 
each index group, which verifies that the early warning method has high 
application reliability, can obtain more accurate data, and improve the early 
warning accuracy. 

Keywords: multi-source data mining; production project; whole process risk; 
risk early warning; K-means cluster analysis algorithm; index correlation 
characteristics. 
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1 Introduction 

Production projects in some special industries have certain risks, such as power 
production. There are more electrical facilities and high voltage equipment in the electric 
power production environment, more dangerous goods, and most of the electrical 
equipment is always in operation, resulting in a high incidence of accidents and serious 
consequences in the electric power production process (Chen et al., 2020). In order to 
ensure the safety of life and property in the production process, real-time risk warning for 
the entire process of production projects is the necessary condition and important 
guarantee for modern production safety (Zhang and Li, 2021; Lei et al., 2021). The core 
issue of risk early warning is the accuracy and time of early warning. The higher the 
accuracy, the better the warning effect. The shorter the warning time, the more quickly 
the fault point can be found, the potential hazards of electrical equipment can be solved in 
time, and serious accidents can be prevented. 

Li et al. (2020) uses the risk matrix method to evaluate the risk of hydropower plant 
production projects, and divides the existing risk into four different levels. The research 
has a reference and reference for the risk analysis and safety management of hydropower 
stations. Long et al. (2020) combined K-means clustering, FOA and RF algorithms to 
construct a real-time early warning model for coal and gas outburst based on data mining, 
which realised real-time and accurate early warning of coal and gas outbursts at working 
face. The above methods provide a reference for risk early warning in related fields, but 
there are individual differences between different production industries. When there are 
program sets and project portfolios on top of projects, the actual comprehensive  
judgement and early warning capabilities of managers are often difficult to manage and 
control risks. High standard requirements. 
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Based on the existing research results, this paper proposes a risk early warning 
method for the whole process of production projects based on multi -source data mining. 
Precise early warning. 

2 Design of risk warning method for the whole process of production 
project 

The design process of the risk early warning method for the entire process of a 
production project is shown in Figure 1. 

Figure 1 Design process of risk early warning method in the whole process of production project 
(see online version for colours) 

 

According to the design process of risk early warning method in the whole process of 
production project in Figure 1, the detailed design method is as follows. 

2.1 Extraction of hidden features of risk indicators in the whole process of 
production projects 

Through the mining of multi-source data in the whole process of risk warning of 
production projects, the implicit relationship and characteristics existing between two 
seemingly unrelated indicators can be analysed. In the whole process risk early warning 
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analysis of production projects based on multi-source data mining technology, the 
correlation between risk early warning indicators also needs to excavate the internal 
implicit relationship characteristics (Ren et al., 2020). The whole process risk warning of 
production projects can measure the change trend between the actual production state and 
the theoretical risk warning limit. Therefore, during the risk warning period of the whole 
process, it is necessary to extract the risk indicators that have a greater impact on 
production from real-time production data, and analyse the risk indicators. Analyse 
internal characteristics based on changes in indicator data. In the overall process of this 
data analysis, a schematic diagram of the multi-source data mining process involved is 
shown in Figure 2. 

Figure 2 Diagram of multi-source data mining process (see online version for colours) 

 

Sort out the system process and operating standard requirements involved in the whole 
process management of production projects; investigate the source, content and storage 
format of existing information in the production project management system; collect and 
analyse the main problems occurred in the process of production projects over the years, 
and determine the main risk points (Wang et al., 2020; Zhang et al., 2021). After sorting 
out the audit problems of production projects over the years, classify the projects and 
problems, and look for the common features and internal connections in similar projects 
and similar problems. Therefore, in the data collection stage, according to the type and 
characteristics of the actual production project, the quality of the collected data is 
evaluated, and the result of the evaluation is used as the final guiding direction to 
integrate the accuracy and comprehensiveness of the whole process data of the 
production project. The hidden characteristics of risk indicators must be easy to obtain 
and have applicability. 

In general, the entire production process of the production project is regarded as a 
data cycle, so that the obtained index data is larger, more complete, and has obvious 
change rules, which has important value in the analysis process. In the process of risk 
warning of this process, the source of the data should be reliable. According to the actual 
situation of the specific production project, try to use a combination of various data 
collection methods to obtain process indicators (Lei et al., 2021). If there are missing data 
in the selected indicators, then It is necessary to analyse the missing link of the 



   

 

   

   
 

   

   

 

   

   98 Y. Zhou et al.    
 

    
 

   

   
 

   

   

 

   

       
 

production project data, and ask the corresponding professional department to be 
responsible for manual input to ensure that the data is complete and accurate, and store it 
in a structured way (Huang and Feng, 2020; Shu, 2021). 

The process of common production projects, deviations in production units or index 
parameters may cause the system to transition from steady state to non-steady state. 
Obtain relevant information on job site risk factors and system state parameters, 
comprehensively analyse and predict the risk factors and mutation trends of the 
production process, and reasonably predict the accident probability and the impact range 
of accident consequences based on historical accident data. After the data collection is 
completed, the data needs to be cleaned, and the discrete data and the data that are out of 
cycle accuracy are filtered and eliminated. Among the hidden features between risk 
indicators, the existence form of each data is in the form of scatter. Each data scatter in 
the same coordinate system will show different relationships, as shown in Figure 3. 

Figure 3 Risk indicator recessive feature relation diagram 

 

Relationships shown in Figure 3, the correlation coefficient can be used to describe the 
degree of closeness between the indicators. So far, the extraction of the hidden features of 
the risk indicators in the whole process of the production project has been completed. 

2.2 Risk management indicator system for the whole process of production 
projects 

Based on the hidden feature information of risk indicators extracted from the whole 
process of production projects, an index system for risk management in the whole process 
of production projects is established. According to the requirements of the production 
project management system and operation instructions of the network and the provincial 
company, establish the process indicators of each link of the production project, collect 
and separate the production project indicators of the past years from the existing 
database, use the big data method to clean and analyse the data, and determine various 
projects index range. In the implementation of the whole process of production projects, 
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it is very difficult to carry out comprehensive risk assessment for projects with complex 
processes, great difficulties and many influencing factors. Therefore, it is necessary to 
establish a risk management index system for the whole process of production projects 
(Zhang et al., 2020; Wang et al., 2020). In the process of system construction, the 
principles of scientificity, systematicness and rationality should be followed. On this 
basis, determine the index factors, and extract the hidden characteristics of risk indicators 
in the whole process of production projects based on multi-source data mining obtained 
above, and the obtained evaluation index system is shown in Figure 4. 

Figure 4 Risk assessment index system for the whole process of production projects (see online 
version for colours) 

 

Risk assessment index system is an important tool for risk assessment in the whole 
production process. The risk assessment index system needs to have a high degree of 
matching with the risks of the production process, so as to ensure the search, analysis and 
prediction of dangerous and harmful factors in the production process. Carry out 
objective description and analysis, and predict the possible harmful consequences of the 
above indicators, and analyse the severity and final impact of the consequences. In the 
process of establishing the risk assessment index system, the characteristics of the 
production project and the difficulties and points of each production link should be 
considered. According to the actual production project situation, the matching risk index 
hidden characteristics are selected as evaluation, and on this basis, a reasonable 
production plan and risk countermeasures are customised. So far, the establishment of the 
risk management indicator system for the whole process of the production project has 
been completed. 

2.3 Optimised risk identification and early warning algorithm 

Based on the characteristics of production projects in the risk management index system, 
customise and optimise the targeted warning algorithm. The main purpose of the typical 
production project risk early warning method in the whole process is to describe the 
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change trend between the production state and the preset early warning limit. Therefore, 
in the early warning process, the early warning limit must be determined first. The risk 
warning boundary and the warning classification can effectively describe the severity of 
the accident and directly reflect the risk status. According to different production 
projects, the corresponding boundaries are formulated, which are generally divided into 
2–5 early warning boundaries. After completing the setting of the warning limit, it is 
necessary to calculate the index value of the whole process of the real production project. 
The risk identification and early warning algorithm used in this paper is the K-means 
cluster analysis algorithm (Li and Wang, 2020; Liu et al., 2020). The principle of this 
algorithm is to calculate the distance between the sample and the cluster center to 
distinguish the category of the sample. The accident index data obtained through the 
above calculations are combined, and the attribute vectors contained in each data are 
analysed. Set an expression that sums two of these Y  data items X : 

( )
( )

1 2

1 2

, ,...,

= , ,...,
n

n

X x x x

Y y y y

=⎧⎪
⎨
⎪⎩

 (1) 

Randomly extract a number of data from the set of formula (1), and use it as the centre 
point of the initial clustering of each category, calculate the distance between the data 
around the centre point and the centre point, and distribute them according to  
the principle of distance to ensure that each The similarity in a class of data around the 
cluster center point is at a relatively high level. In the process of risk warning, the 
following functional relationship exists between the risk response and the frequency 
response function: 

( )H XYαω
β

=  (2) 

Among them, ( )H ω  represents the frequency response function, represents the α  
system response β  in the process of risk early warning, and represents the excitation 
coefficient. According to the objective relationship that exists between period ω  and 
frequency :f  

2 fω π=  (3) 

From a macro point of view, the whole-process risk warning of a production project 
belongs to the category of changes in degrees of freedom, and its control equation can be 
expressed as: 

( ) ( ) ( )ny f x m c kx f= + +  (4) 

Among them, it represents the frequency change function of the ( )x f  system response in 
the ( )y f  risk warning process, the frequency change function of the excitation 
coefficient, the m risk characteristic coefficient, the c determination coefficient of the 
severity of the risk consequences, and the application coefficient of the k K-means cluster 
analysis algorithm. Under the above conditions, the corresponding risk identification and 
early warning frequency response function can be obtained as follows: 
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The distance used in the K-means cluster analysis algorithm is the Euclidean distance, 
that is, the length of the straight line between two points. The calculation formula of the 
Euclidean distance between the two data items X  and the sum is Y : 

2 2 2
1 1 2 2( ) ( ) ( )

( , )
1

n nx y x y x y
D X Y

n
− + − + + −

=
−

 (6) 

After calculating the Euclidean distance, compare it with each cluster center, select the 
cluster center with the shortest Euclidean distance, complete the classification, judge the 
risk type, and then compare the actual value of the Euclidean distance with the risk 
warning line to determine whether to activate the warning. The above K-means cluster 
analysis algorithm can be implemented by third-party software in the actual early 
warning process. So far, the design of the risk warning method for the whole process of 
production projects based on multi-source data mining has been completed. 

3 Performance test 

3.1 Experimental program 
3.1.1 Data source 
In order to verify the effectiveness of the whole-process risk early-warning method of 
production projects based on multi-source data mining designed in this paper, a power 
device was selected as the research object of the whole-process risk early-warning of 
production projects in the performance test. Source data information for risk early 
warning research. The production scale of the power device is huge, and the steps in the 
production process of the device are cumbersome. The specific production process is 
shown in Figure 5. 

Figure 5 Schematic diagram of the whole process of the power production project (see online 
version for colours) 
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The power production project in Figure 5, the production equipment and the production 
process share safe and reliable equipment, instruments and raw materials, on this basis, 
the safe implementation of the production project can be ensured. However, due to the 
characteristics of power production raw materials and products, they are all flammable 
raw materials, which can cause combustion and explosion under high temperature and 
open flame conditions. During the production process, the electrical equipment runs 
under load for a long time, and the transformer or cable will be abnormal and cause fire 
and explosion, etc. The fire and explosion hazard levels that may occur in the production 
project are shown in Table 1. 

Table 1 Fire and explosion hazard level of power production project installations 

Workplace Risk category Hazard level 
High pressure heat exchanger Fire and explosion Class I (High risk) 
High pressure separator Fire and explosion Class I (High risk) 
Main stripping tower Fire and explosion Class II (Moderate risk) 
Recycle reaction tower Fire and explosion Class I (High risk) 
Stator Contactor Fire and explosion Class II (Moderate risk) 

In the performance test, the risk early warning indicators in the production process of the 
power device are selected as the basis, and the historical operation data of the device are 
collected for risk research. The data collected in the past three years from January 2015 to 
December 2017 are shown in Table 2. 

Table 2 Risk management index data of some operation of power installations 

Risk management indicators 
Year of 
2015 

Year of 
2016 

Year of 
2017 

Process inherent hazards 1.6 3.3 3.6 
Equipment inherent hazards 6.8 6.6 6.5 
Inherent hazard of raw materials 5.5 5.5 5.8 
Production, storage and transportation integrity rate 64.2 68.1 78.9 
Production response mutation rate 8.6 2.1 7.8 
Operation error rate 3.5 3.5 1.5 
Violation rate 9.4 6.5 1.41 
Difficulty in rectifying hidden dangers 5.1 7.5 2.1 
Equipment maintenance rate 2.1 1.2 5.2 
Personnel self-rescue ability 4.5 23.2 2.2 
Emergency response and rescue capability 23.85 6.1 6.2 
Time required to resume normal production 85.5 72.1 96.2 
Production site residual risk 1.5 85.5 5.1 
Technical security management 2.85 3.9 2.1 
Device security management 8.5 6.8 3.2 
Fire safety equipment 2.2 9.2 56.5 

 



   

 

   

   
 

   

   

 

   

    Risk warning method for the whole process of production project 103    
 

    
 

   

   
 

   

   

 

   

       
 

Table 2 Risk management index data of some operation of power installations (continued) 

Risk management indicators 
Year of 
2015 

Year of 
2016 

Year of 
2017 

Cognition evaluation of risk ability 43.5 41.2 45.5 
Hazard factor coupling 15.6 12.2 12.2 
Hazard exposure time 4.5 2.2 2.2 
Hazard investigation time 1.5 3.23 5.2 
Production staff working density 83.6 85.2 75.5 

The data shown in Table 2, under a certain production environment, the designed risk 
early warning method for the whole process of production projects based on multi-source 
data mining and the currently common risk early warning method based on principal 
component analysis are the goals. The cross-correlation of risk indicators of different 
early warning methods is calculated to verify the performance of risk early warning 
methods. 

3.1.2 Comparison and analysis of experimental results 

The cross-correlation function between the operation risk management indicators of the 
power plant, the average value of the calculation results of any two indicators is obtained. 
Assuming that any two of the indicators are respectively and W, then the process data 
sample values of these two indicators P are respectively nP  and nW , and the formula for 
W  calculating P  the cross- correlation coefficient between the sums is as follows: 

1

2 2
1 1

( )( )
=

( ) ( )

n
n nn

PW n n
n nn n

P P W W

P P W W
ϖ =

= =

− −

− −

∑
∑ ∑

 (7) 

In the formula, P  and W  represent the average value of the calculation results of these 
two indicators respectively. The larger the calculation results of the correlation number 
between indicators, the greater the correlation between indicators, and the more accurate 
the data of the whole process of production projects obtained through each indicator. 

3.2. Comparison and analysis of experimental results 
Under the formula (7) calculation method, the cross correlation coefficient transformation 
of the early warning method and the risk early warning method based on the risk matrix 
in each risk indicator is obtained through statistics, as shown in Figure 6. 

It can be seen from Figure 6 that the correlation number calculated by the risk early 
warning method based on the risk matrix in different indicator groups fluctuates between 
0.15 and 0.4, and the overall correlation coefficient is relatively low; The correlation 
number of the risk early warning methods for the whole process of production projects 
based on multi-source data mining designed in this paper is higher than 0.5, and the 
maximum is 0.95. It shows that the experimental results obtained by using the early 
warning method in this paper are closer to the actual early warning results, which 
indirectly verifies the reliability of the early warning method in this paper, can obtain 
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more accurate data, and improve the final early warning accuracy. This is because the 
early warning method in this paper adopts the K-means clustering analysis algorithm, 
which can combine the accident index data and analyse the attribute vectors contained in 
each data, so that the experimental results are closer to the actual results. Therefore, in 
practical application, the indicator data forewarned by using this method is easier to 
check and enhance the reliability of the final warning results. 

Figure 6 Experiment results of risk index correlation 

 

The pre-warning time is an index to directly judge the pros and cons of the pre-warning 
method. Under the same conditions of the power plant operating environment, the 
proposed method and the method in Li et al. (2020) are selected to carry out the 
comparative experiment of the pre-warning time. The comparison results of early 
warning time are shown in Figure 7. 

Figure 7 Early warning time of different methods (see online version for colours) 
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It can be seen from Figure 7 that the minimum warning time required by the risk matrix 
warning method is 9 s, and the maximum warning time is 12 s; The warning time of the 
warning method in this paper is as short as 5 s and as long as 9 s, both of which are not 
more than 10 s. It shows that the early warning method in this paper is efficient and can 
send early warning signals in time to avoid risks and accidents caused by many indicators 
throughout the production project. This is because the method in this paper extracts the 
implicit characteristics of the risk indicators in the whole process of the production 
project, according to which the fault location can be found more accurately, the early 
warning speed can be accelerated, the large early warning error caused by the long 
warning time can be reduced, and the early warning signal can be sent in a timely manner 
to reduce the occurrence of faults. 

To sum up, the risk indicators set by the risk early warning method for the whole 
process of production projects designed in this paper have strong correlation, high 
reliability and prediction efficiency, and better early warning performance. 

4 Conclusion 

Carry out research on the risk warning of the whole process of production projects based 
on multi-source data mining, use the existing production project data information to 
analyse the main risks of the production project process over the years, design and verify 
the project process risk judgement and warning rules, and realise the multi-source 
information of the project process. Automatic tracking and comparison, risk early 
warning, and auxiliary decision-making functions. This research can intelligently process 
a large number of business information stock documents generated in the whole process 
of production projects, identify potential risks, assist managers to manage production 
projects more comprehensively and scientifically, and reduce irregularities in the process 
of production projects. 
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