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Abstract- Combining the arm training practice after the Strong Army Reform, this paper put forwards using 
the F-ANP method for military training security risks to semi- quantitative evaluation, builds the safety risk 
assessment index system of military training, semi-quantitative calculation and analysis, and put forwards the 
opinions of the security risk prevention and control suggestions. This paper enriches the military training of 
security risk assessment methods, and provides the reference to the research of military training safety risk 
assessment. 

1 Introduction 

The newly revised < Regulations on Military Safety 
Management> clearly states that " Safety management is 
the comprehensive and regular basic work of military 
construction, and the basic guarantee for the successful 
completion of various tasks such as military training and 
war preparation" , " The establishment of safety risk 
analysis and prevention and control system is the basic 
task of safety management. Safety risk assessment should 
be carried out in advance when organizing major activities 
and carrying out dangerous tasks ”[1]. After the Army 
Reform, the actual combat characteristics of army training 
are more and more prominent, the training standards are 
higher and higher, and the security risks are higher and 
higher. Paying attention to the safety management of 
training and preventing the occurrence of safety accidents 
are the important basis for completing the training task 
with high standards and ensuring the generation and 
improvement of combat effectiveness. However, safety 
risk exists objectively. Human initiative can only control 
and reduce the risk, can’t completely eliminate the risk. In 
the practice of training, we found that most troops put 
safety management in a more important position in the 
process of development and construction. The occurrence 
of accidents often means "one-vote veto", which has a 
serious impact on the troop construction, which leads to 
the contradiction between safety management and training 
quality. In order to improve the quality of training, some 
troops simply regardless of the objective reality, ignore the 
safety risk, which result in training accidents. While, in 
order to ensure the safety of training, the prevention of 
training safety at some troops is comprehensive, the safety 
prevention and control is not targeted which involving a 
lot of energy, which is not conducive to the improvement 

of the quality of military training; what's more, in order to 
ensure safety, some troops regardless of the quality of 
training, randomly reduce the training standards which 
hinder the generation and improvement of combat 
effectiveness. At a deeper level, these problems will 
seriously hinder the generation and improvement of 
combat effectiveness, which is not in line with the original 
intention of the Army Reform. Therefore, effective safety 
risk assessment and proper safety management in training 
that not only effectively reduce the safety risk, but also 
complete the training task with high standard, has become 
an urgent problem to be solved in the current training 
safety management. 

2 Military Training Security Risk 
Assessment Index System 

According to the < Regulations on Military Safety 
Management> , the safety risk assessment mainly carries 
out qualitative and quantitative analysis and evaluation on 
the unsafe behaviors of people, the unsafe state of objects 
and the unsafe factors of environment, determines the risk 
level, and puts forward suggestions and countermeasures 
to avoid or reduce the risk. [1] Therefore, the security risk 
factors in military training should be determined mainly 
from the above three aspects. 

2.1 Construction Principles 

The security of military training is affected by many 
factors. The following principles should be followed when 
constructing the evaluation system. 

 First, the principle of target demand. Military 
training is a complex system, involving training, 
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life, security and other aspects. During this period, 
a variety of safety accidents may occur, including 
social accidents, training accidents, management 
accidents, etc. The reasons may arise from training 
preparation, training implementation, accident 
disposal and other stages. This paper mainly 
analyzes the safety risks in the process of training 
implementation. 

 Second, the principle of objective truth. The 
security of military training is affected by many 
factors, and many of them are uncertain, that is, 
they can not be measured by an accurate value. 
Therefore, in the evaluation of each index, the 
influence of human subjective factors should be 
fully considered to minimize the 
influence. Therefore, in the evaluation of risk 
factors, the subjective mentality of the rater should 
be taken into account to improve the objectivity of 
the evaluation. 

 Third, the principle of comprehensiveness and 
accuracy. Various factors involved in military 
training security will interact with each other. The 
change of one factor may cause significant 
changes in the risk of other factors. For example, 
the change of training environment temperature 
may cause changes in human tolerance 
risk. Therefore, on the one hand, the identification 
of risk factors should be comprehensive, without 
missing items; on the other hand, the construction 
of the relationship between risk factors should be 
reasonable, not comprehensive, and the interaction 
between the main factors should be considered to 
eliminate the negligible relationship. 

2.2 Analysis of Safety Risk Factors 

With the development of economic society, "safety risk" 
has been given more and more meanings. It has a wide 
influence in politics, economy, military, transportation, 
society, culture and art, and is more and more closely 
related to the decision-making of management and the 
behavior of ordinary people. Effective analysis of safety 
risk factors is the premise and basis of safety management 

decision-making. Security risk in military training refers 
to all kinds of risk factors existing in the process of 
military training, which have adverse effects on personnel, 
equipment or training, and may cause casualties, 
equipment loss or reduce the quality and efficiency of 
training. This paper only analyzes the casualties in 
training. 

According to the cause chain analysis of military 
training safety accidents [3], the risk factors leading to 
training safety accidents are divided into direct factors 
and indirect factors. Direct factors refer to the factors that 
may directly lead to accidents once such factors exist, and 
indirect factors refer to the factors that affect the direct 
factors, which may lead to the occurrence of direct factors 
and then lead to safety accidents. For example, the direct 
causes of heatstroke in training are high temperature, high 
training intensity and poor physical condition. The 
reasons for poor physical condition may be poor training 
tolerance and illness. The reasons for high training 
intensity may be poor training basis and unreasonable 
training plan. Here, high temperature, high-intensity 
training and poor physical condition are the direct factors, 
while poor tolerance, illness, poor training foundation and 
unreasonable planning are the indirect factors. Combined 
with the investigation, the direct factors leading to 
training safety accidents are mainly one or more factors, 
such as the unsafe factors of environment, unsafe 
behaviors of people and unsafe state of objects. The 
unsafe factors of environment mainly refer to weather, 
terrain, disease epidemic situation, etc.; the unsafe 
behavior of human mainly refers to the equipment 
operation or training action of individual personnel is not 
standardized, and the training organization activity is not 
standardized, etc.; the unsafe state of objects mainly refers 
to the state of human itself, the state of weapon equipment, 
the nature requirements of training, etc. 

Indirect factors affect direct factors, but direct factors 
do not affect indirect factors. Therefore, in the analysis of 
training safety risk factors, we should distinguish between 
direct factors and indirect factors. Combined with the 
training practice of a unit, the direct risk factors leading 
to safety accidents in training are shown in Figure 1. 
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Among the direct safety risk factors causing safety 
accidents, the unsafe factors of the environment are 
obvious, and the relevant measures can be taken directly 
to reduce the risk of environmental factors, and have little 
impact on the quality of training. According to the 
analysis of people's unsafe behavior, the risk is affected by 
different factors, including subjective factors and 
objective factors. It is difficult to reduce the risk directly 
through a certain prevention and control measures, so 
comprehensive prevention and control must be carried out 
in many aspects. Specifically speaking, personal actions, 
operations and training management organizations are 
affected by people's own state, training process, natural 
environment and social environment. People's own state 
is mainly ideological state, safety awareness, physical 
state, training proficiency and training ability; training 
process is mainly training content and training intensity; 
natural environment is mainly weather, terrain and 
epidemic situation. Social environment mainly refers to 
safety system, safety atmosphere and safety education. By 
analyzing the unsafe state of objects, we can see that it is 
mainly affected by human behavior. Therefore, the 
indirect factors leading to training safety accidents should 
be analyzed according to human behavior, and the 
correlation is shown in Figure 2. 

3 Quantitative Evaluation Model of 
Military Training Security Risk 

In the process of military training, there are many security 

risk factors, which are difficult to quantify directly, and 
each factor is not independent of each other. There are 
mutual influences between them. For example, in low or 
high temperature, human training tolerance will be 
significantly affected, resulting in increased risk. That 
forms a complex system with unclear structure and 
multilevel.  Analytic network process (ANP) is a method 
of weight calculation for complex multilevel network 
model. It is put forward by Professor T. L. Saaty, an 
American operational research scientist, on the basis of 
analytic hierarchy process (AHP). It takes into account 
the mutual influence of various factors in the system, and 
extends the special situation that each factor of AHP is 
independent to the general situation. It can systematize 
and hierarchize complex problems, which is more in line 
with the reality. 

3.1 Theoretical Basis of ANP 

ANP structure model is composed of control layer and 
network layer. The control layer is divided into decision 
objectives and decision criteria. Decision objectives are 
the results of system analysis. Decision criteria are 
dominated by decision objectives, and each criterion is 
independent of each other. Network layer is composed of 
all elements dominated by control layer, and each element 
is allowed to influence each other to form a network 
structure . The general ANP structure is shown in Figure 
3 [5]. 
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Suppose that there are m decision criteria m21 P，，P，P   

in the ANP structure model, and there are n element 
groups n21 C,，，CC    in the network layer, among which, 
there are elements iri2i1 ,e,,ee  . First, we need to build the 
relationship between the elements in the network layer, 

krij ee   means that the elements ije  in the cluster iC  are 
affected by the elements kre   in the cluster kC  . Under a 
certain decision criterion sP , the influence of the elements 

kre  in the cluster kC  is compared for the sub criterion ije , 
the comparison matrix ijW   under the criteria sP   is 
constructed, and then the weight vectors are calculated 
respectively. By analogy, we can get the super matrix of 
the influence of each element on the cluster iC  under the 
decision criteria sP . 


















nnn

n

n

n

WW

WW

C

C

W

CC









1

1111

1

             (1) 
Under the decision criterion sP , the weight matrix is 

obtained by comparing the importance of cluster iC . 
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When constructing the data of each matrix, we should 

pay attention to the consistency test to ensure the 
reliability of the data. Using Super Decisions software to 
calculate, we can get the relative weight of each element 
in the network layer, and make corresponding decisions 
according to the weight value of different elements. 

3.2 ANP Model Construction of Military Training 
Security Risk 

Combined with the actual investigation and expert 
evaluation, the internal relationship between various 
factors is determined, as shown in Table Ⅰ and table Ⅱ ("√" 
indicates that column elements affect row elements). 

Table I. The Relationship Between Direct Factors of 
Training Total Accident 

 E1 E2 E3 R1 R2 W1 W2 

E1  √ √ √ √ √ √ 

E2    √ √ √ √ 

E3    √ √ √  

R1     √ √ √ 

R2    √  √ √ 

R3    √ √ √  

W1    √ √   

W2     √ √  

Table II. The Relationship Between the Influencing 
Factors of People's Unsafe Unsafe Behavior 

 Z1 Z2 Z3 S1 S2 S3 X1 X2 X3 P1 P2 P3 P4 P5 

Z1  √ √      √   √   

Z2         √   √   

Z3         √   √   

S1      √         

S2           √  √  

S3     √     √ √  √  

X1         √    √  

X2         √  √ √ √ √ 

X3          √ √ √  √ 

P1           √ √ √ √ 

P2            √ √  

P3             √ √ 

P4        √  √ √    

P5            √ √  

 
The ANP model of the direct risk factors of military 

training personnel casualty accidents and the influencing 
factors of human unsafe behavior is constructed by using 
super decisions software, as shown in Figure 4 and figure 
5. 
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FIGURE 5 ANP Model of Influencing Factors of Unsafe 
Behavior of People 

3.3  Improved ANP 

The traditional ANP method uses the "1-9" scale method 
to compare each element group and each element in the 
network layer, and score their importance. It doesn’t take 
into account the fuzziness of people's judgment, so it is 
difficult to give a definite value when evaluating the 
importance of the two factors, which leads to the obvious 
subjective influence on the expert scoring and affects the 
objective and accurate decision-making. Based on the 
traditional ANP method, F-ANP method introduces the 
thinking of fuzzy evaluation, which makes the thinking 
process of people's subjective judgment engineering and 
reduces the adverse impact of personal subjective 
preference on decision-making as much as 
possible. Literature [8] - [10] proposed the method of 
constructing weighted matrix based on DEMATEL, 
literature [6] [12] proposed the method of constructing 
judgment matrix by using different triangular fuzzy 
numbers, and literature [11] proposed the method of 
constructing judgment matrix by using intuitionistic 
voting order, which effectively improved the accuracy and 
reliability of ANP model calculation. This paper uses the 
improved triangular fuzzy number method proposed in 
reference [6] to judge the pairwise comparison of factors. 

Suppose that there are P experts in total, and the i 
expert uses fuzzy numbers 1-9 to express his judgment, 
i=(l,k,u), l, k, u are m and n respectively, and the minimum 
value, the most likely value and the maximum value of 
their importance are obtained by pairwise comparison, 
i=1,2,...,P. The triangular fuzzy numbers obtained by 
pairwise comparison are integrated into one 
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 is the standard deviation, which indicates the 
fuzzy degree of expert evaluation and reflects the 
credibility of expert evaluation. 

The judgment matrix 
 Q = M•E                (5) 

M is the median matrix, which is transformed into a 
diagonal judgment matrix of 1, and then calculated 
according to the steps of AHP, the weight distribution of 
each element in the system can be obtained. 

3.4 Calculation Results 

Ten experts are invited to evaluate the direct risk factors 
of casualties in military training, which are not listed here 
due to the large amount of process data. After calculation, 
the weights of direct factors of safety accident risk are 
shown in Figure 6, and the weights of influencing factors 
of people's unsafe behavior are shown in Figure 7. 

   

FIGURE 6 Weight of Direct Factors of Training Safety Accidents 

  
FIGURE 7 WEIGHT OF INFLUENCING FACTORS OF UNSAFE BEHAVIORS 

OF PEOPLE 
 
Among the direct factors causing safety accidents, 

personal action or operation, organization and 
implementation of training, and training standards and 
requirements account for 0.84, which are the main 
inducing factors of training safety accidents and are 
consistent with the actual training. Among the unsafe 
behavior factors, safety system, safety education and 
safety training ability accounted for 0.74, which were the 
main factors affecting people's unsafe behavior. 
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4 Quantitative Assessment of Safety 
Risk Factors 

Because it is difficult to calculate the risk factors of 
military training directly by data, this paper uses the 
method of fuzzy mathematics to determine the 
quantitative index of risk factors. The basic steps are as 
follows: 

 Determine the evaluation index set U: the 
evaluation object. In this paper, refers to all kinds 
of security risk factors in military training; 

 Determine the comment set V: In reference [1], the 
accident level is divided into four levels: general 
accident, major accident, major accident. 
Therefore, this paper divides the safety risk 
evaluation set into five levels, namely V = {N 
(negligible), G (general), M ( major), E (extra 
large)}; 

 Single factor fuzzy evaluation: Determine the risk 
level of each risk factor and get the risk level. 

 Multi-factor comprehensive evaluation: all single 
factor evaluation results F= {F1, F2, ..., Fn}T, 
combined with the weight of each factor, the final 
evaluation conclusion is obtained, F'= W•F, W is 
the weight. 

In military training security, not only the risk factors 
interact with each other, but also the risk caused by each 
risk factor. The expert scoring will also be affected by 
subjective factors. For example, in the weather factors, the 
temperature at 32 ℃ is a lower risk, and the humidity at 
75% is a lower risk. But the two factors combined are 
general risks, so we should pay attention to them The 
weather factors were integrated into one factor for 
comprehensive evaluation. In the single factor fuzzy 
evaluation, the expert scoring method is used to evaluate 
it. Combined with the actual situation of a unit's live firing 
training, the conversion of expert scoring is shown in 
Table Ⅲ and table Ⅳ. 

Table III. Training Safety Accident Direct Factor Expert 
Scoring 

Clusters Elements 
Severity 

N L G M E 

E 
E1 0.2 0.3 0.4 0.1 0 
E2 0.4 0.4 0.2 0 0 
E3 0 0.2 0.3 0.4 0.2 

R 
 

R1 0 0.2 0.4 0.3 0.1 
R2 0 0.5 0.3 0.2 0 

W 

W1 0.4 0.3 0.3 0 0 

W2 0.5 0.3 0.2 0 0 
W3 0.4 0.3 0.3 0 0 

Table IV. Expert Score of Influencing Factors of Unsafe 
Behavior 

Clusters Elements 
Severity 

N L G M E 

Z 
Z1 0.2 0.3 0.4 0.1 0 
Z2 0.4 0.4 0.2 0 0 
Z3 0 0.2 0.3 0.4 0.2 

S 
S1 0.7 0.1 0.2 0 0 
S2 0.2 0.3 0.3 0.2 0 
S3 0.1 0.3 0.4 0.2 0 

X 
X1 0 0.2 0.4 0.3 0.1 
X2 0.1 0.3 0.4 0.2 0 
X3 0.5 0.3 0.2 0 0 

P 

P1 0.4 0.3 0.3 0 0 
P2 0.3 0.4 0.2 0.1 0 
P3 0.5 0.4 0.1 0 0 
P4 0.2 0.2 0.4 0.1 0.1 
P5 0.4 0.3 0.2 0.1 0 

The comprehensive index of military training safety 
risk is F'E = WE•FE= 
(0.1924,0.2962,0.3544,0.1393,0.0355); F'R= 
(0,0.3671,0.3443,0.2443,0.0443); 

F'W= (0.4203,0.3000,0.2798,0,0); 
Security risk composite index of the military training 
F'= (0.0956,0.3472,0.3342,0.1895,0.0356). 
Similarly, we can get the risk index  
F'z = (0.1969, 0.2984, 0.3620, 0.1290, 0.0274); 
F'S= (0.4812,0.1745,0.2698,0.0745,0); 
F'X= (0.1487,0.2550，0.3532,0.1982,0.0450); 
F'P= (0.2547,0.2334,0.3537,0.0860,0.0723). 
The comprehensive evaluation results of human 

unsafe behavior are as follows 
F'= (0.3805,0.2008,0.3007,0.0970,0.0214). 
According to the principle of maximum membership 

degree, the security risk of this military training is general 
risk, in which the environmental factor is the greater risk, 
the human behavior is the general risk, and the state risk 
of objects can be ignored. In the unsafe behavior of 
human, the risk of natural environment is greater, the risk 
of social environment is negligible, the risk of training 
process is greater, and the risk of personnel status is 
greater. Therefore, the focus of the safety prevention and 
control of the live firing training is various risks of the 
natural environment, scientific control of the training 
process and effective control of personnel. 

5 Conclusion 

The goal of security risk assessment in military training is 
to prevent security accidents and create good conditions 
for the generation of combat effectiveness. Practical and 
effective safety risk assessment is a problem that must be 
solved in our army's training under the new situation of 
strong military reform. This paper analyzes various 
factors causing casualties in military training by 
combining qualitative and quantitative analysis with F-
ANP method, and determines the weight, and points out 
the key points of safety accident prevention more clearly, 
so that the accident prevention and control has a specific 
direction, and overcomes the problems caused by 
accidents The lack of pertinence in the prevention and 
control of military training safety accidents has a certain 
practical significance for the construction of training 
safety. However, in the process of analysis and evaluation, 
it is also found that the evaluation process is too 
cumbersome to facilitate the evaluation of daily training, 
especially in the single factor fuzzy evaluation, which 
needs further improvement. 
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