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Abstract: Based on the analysis of standard system construction current situation, this paper proposes an 

improved genetic algorithm by combining the fuzzy neural network and the immune genetic algorithm, 

which can be used to solve the standard feature vector clustering, and better overcomes the premature 

phenomenon of general intelligent algorithms. Furthermore, this paper also builds a service-oriented 

standards library, which takes standard feature vectors as the main clustering index. The practical experiment 

shows that this smart genetic algorithm, with strong robustness, reliability and accuracy, is of certain 

reference value to the standard system construction innovation and development.  
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1 Introduction 

 
At present, with the development of science and technology and deepening of the military system 

reform, the scientific and technological content and technical standard of the weapon and equipment system 

are becoming higher and higher. More and more artificial intelligence techniques are applied to the 

acquisition of equipment. The versatility and compatibility of the military and civil dual-use technologies 

own more intersection, and knowledge of all standards correlates more and more. Especially in the face of a 

large number of specific standards, how to use the knowledge correlation between standards to cluster and 

classify, update supplement standards in time, and give full play to the maximum economic benefits and 

practical value of each standard becomes a problem. Therefore, a comprehensive platform of standards 

library should be constructed for evaluation, analysis and optimization. But in practice, the standard features 

quantity or characteristic attribution is usually very complicated, and the constructed standard feature matrix 

usually has thousands or more dimensions, which makes the extraction work very difficult. With the 

development of information technology, facing the high dimension and sparsity of data, the intelligent 

clustering, as an effective tool for big data mining, can be used to accurately and efficiently obtain the 

implied knowledge correlation degree from a large number of standards, and to provide a better smart 

algorithm for the formation of the standard library. 

 

2 Standard status analysis 

 
The standard is a kind of normative document, a basic rule, and a system project. The implementation of 

standards is to facilitate standardization and standardize various parameters. But presently, there are many 

kinds of standards, including international standards, national standards, local standards and industry 

standards. According to statistics, there are more than 30,000 national standards, nearly 40,000 industry 

standards, and nearly 30,000 local standards [1]. A standard system covering the three major industries and 

social undertakings has been established, which has played a positive and important role in serving the 

economic and social development [2-3]. China's national standard network platform database shows that 

there are 34485 national standards in China up to November 2017. According to different standardizing 

objectives, standards can be divided into technology standard, management standard, and work standard. 

With the development of national standard system reform and innovation strategy in various industries, the 

classification model of the existing standard system in China is becoming more and more complicated, which 

brings new challenges to the establishment and application of standards. With the help of artificial 

intelligence, big data and other technologies, through the construction of intelligent algorithm model, the 

standard is classified accurately, the correlation degree between standards is divided, and the resource 

allocation and optimization integration of the standard system are realized. It will inevitably become the 

future trend of innovation and development in standard system construction. 
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3 Analysis of fuzzy immune genetic algorithm 

 
3.1 Basic principle  

 

Fuzzy immune genetic algorithm (FIA), which has the characteristics of neural network, immune and 

genetic algorithm, is established on the basis of fuzzy neural network and immune genetic algorithm. The 

fuzzy neural network [4] has the ability of nonlinear adaptive information processing, which, as an intelligent 

system, can simulate the information processing of human brain neural system. The network has strong 

learning and training ability and can acquire external knowledge to solve the computer difficulties. Its basic 

idea [5] is to construct a fuzzy inference system with mixed algorithm according to the existing input and 

output data sets, in which the conditions are obtained. The algorithm is used as backpropagation algorithm 

and the linear least square estimation algorithm is used to adjust the conclusion parameters. In view of the 

characteristics of poor stability of general network and easy falling into local minima, the optimal square 

estimation of error is used to approximate the error function. Combined with the optimal square estimation 

algorithm, the convergence to the global minimum point in the parameter space is guaranteed, thus the 

training speed is improved and the learning time is shortened. Immune genetic algorithm [6-11] combines the 

advantages of immune algorithm and genetic algorithm. It is a genetic algorithm based on medical immune 

function. In genetic algorithm, immune mechanism can be fused, immune system mechanism can be imitated, 

and antigen and antibody recognition can be imitated. In addition, the process of combining, producing, 

effectively utilizing the diversity of immune system and memory ability makes the performance of genetic 

algorithm more efficient. Specific fuzzy immune genetic algorithm flow, as shown in figure 1. 
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Fig. 1 Flow of fuzzy immune genetic algorithm 

3.2 Specific steps 

 

Step 1: To determine the antigen. The input objective function and constraint conditions are defined as 

antigens, and the memory function is used to determine whether such problems have been solved. 

Step 2: To produce the initial antibody. Compare with step 1 to test whether the corresponding memory 

cell information exists. If there is, generate the corresponding initial antibody based on the memory cell. 

Otherwise, generate the initial antibody at random. In the feasible region, the initial antibody deficiency 

individuals are randomly generated by computer to generate antibodies. 

Step 3: To calculate affinity and concentration. The fitness of genetic algorithm is reflected by the 

affinity between antibody and antigen, and the concentration of antibody is represented by the affinity of 

antibody. Compared with the control, the antibody with high affinity is selected into the storage unit of 
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immune genetic algorithm. 

Step 4: To inhibit and promote antibodies. In order to suppress and promote the antibody, the antibody 

with high affinity to the antigen was adopted, which has a high probability of being promoted. In order to 

prevent the antibody from losing its diversity, the weight coefficient is calculated by the fuzzy neural network 

to construct the excitation coefficient, which ensures the diversity of the antibody. 

Step 5: To produce new antibodies. New antibodies are obtained by genetic operators such as selection 

operator, crossover operator and mutation operator. 

Step 6: To adjust the weight coefficient adaptively. By using the Sugeno fuzzy neural network system to 

adaptively adjust the weight of the antibody as the coefficient of the concentration between antibodies. In the 

process of antibody renewal, the individuals with high antibody concentration will be inhibited and the 

individuals with low concentration will be promoted. It not only ensures the convergence of the algorithm, 

but also takes into account the diversity of antibodies. The fuzzy neural network structure [12] is shown in 

figure 2.  

 
Figure 2 Fuzzy Neural Network Structure (Two input single output) 

(1) The first layer is a fuzzy subset layer: each unit represents a fuzzy segmented subset whose 

membership function is an activation function. ( )( 1, 2; 1, 2)
ij i

A x i j= = =  

(2) The second layer is the combinatorial layer: each unit is marked with the symbol “∏”, which 

combines different fuzzy subsets of different input variables, and the arithmetic product of all input signals 

represents the output of each unit. 

(3) The third layer: each unit is marked with the symbol “N”, whose function is to normalize the 

excitation intensity of each rule, and calculate the normalized incentive intensity of rule i by using the 

following formula, where W 1
 denotes the incentive intensity of the rule. 

1 2 3 4

i
i

W
W

W W W W
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+ + +
， i=1，2，3，4                                 

(4) The fourth layer: each unit is marked with the symbol “ f ”, and the linear function if  is an 

activation function. The input is the product of the activation function ( 1x and 2x ) and the normalized 

excitation intensity , which is transmitted from the input of the network and the third layer to the fourth 

layer, and the output is the product of the activation function and the normalized excitation intensity: 

， i=1，2，3，4。 {pi，qi，ri} are the conclusion parameters for each unit of this 

layer. 

(5) The fifth layer is the output layer, marked with the symbol “ ”, the total output of which may be 

expressed as: 

     
Step 7: Genetic manipulation. This step can work in parallel with crossover and mutation operation. 

According to the excitation coefficient   calculated by fuzzy neural network, the excellent antibodies can 
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be preserved for crossover and mutation, and then new antibodies can be obtained. The antibody with good 

affinity is guaranteed. 

(1) Crossover operator. Adaptive crossover probability 
cP based on hamming distance can be used in 

the crossover process. 
1

( , )

max

max
,

,

GH i j

m avgavg

avg

f f

P f ff f

k f f




 −

   =  − 

 p

， f
is the value of higher fitness between two individuals; 

avgf  and 
maxf are the average fitness and maximum fitness of the current population respectively. 

( , )GH i j  is the hamming distance between two individuals, reflecting the degree of similarity between 

individuals. 

(2)Mutation operator，

max

max ,

,

avgm avg

avg

f f

f fP f f

k f f


  −
   −=   

 p

. Using adaptive non-uniform mutation 

operator, the mutation probability varies dynamically with excitation coefficient (  ), which ensures the 

diversity of population. 

Step 8: To output results. According to the affinity of the antigen and the concentration of the antibody, 

whether the antibody is stable or not, if the antibody is stable, the optimal result of the problem can be 

obtained, otherwise, the third step will be turned to. 

 

4 Data Processing 
 

According to the standard data collected by the above algorithm steps, the following processing is 

carried out: under the condition that the original feature space is not changed, a related feature subset is 

selected from the feature set. A new low-dimensional feature space is constructed with its more important 

features. Then, the useful information from the original feature item is extracted, the new feature item is 

established, and the new feature space is mapped to the low-dimensional feature space. The low dimensional 

space should be able to reflect the correlation information and semantic information of the high-dimensional 

feature items. After the above processing, the spatial dimension of the data can be reduced to less than one 

dimension and one hundred dimensions, and the immune genetic algorithm is used to optimize the solution. 

The classification of standard categories is varied, and different classification standards correspond to 

different subsets of standards. For different subsets of standards, it is now the common practice in the world 

to divide formal standards and factual standards according to their formative mechanisms [13]. The data 

comes from 500 standard sets in the full text database system of national military standards. The expert 

survey method (Delphi method) is used. Firstly, the selection of experts in related fields is determined, the 

number of experts is 15-25, and the expert consultation table is designed. To highlight the relative importance 

of pairwise indicators, according to the evaluation feedback to constantly modify and improve. According to 

the result, the judgment moments of each index layer are constructed. Matrix, and calculate the relative 

weight of each index. The sampling data is normalized and the relevant standard eigenvector is transformed 

into multidimensional space. The immune genetic algorithm is used to optimize the solution to form an 

efficient service standard library. In this paper, the technical standard is taken as an example, the above 

problem can be solved by a hypothetical N-dimensional stereo coordinate system. Suppose ),,(
21 xxx n

p    

is a standard eigenvector, then the distance between the standard eigenvector and the objective function 

(antigen) F is 
2 2

1 1( , ) ( ) ( )n nD x y x y x y= − + + −L .The standard library is a collection of all standard 

feature vectors, such as the sum of six secondary indicators, technical form, technical specification, standard 

update, standard service, data interface, etc. The characteristic vectors of each subset in the multidimensional 

space are set in the form of: basic standards, product standards, information identification, design standards, 

process standards, installation standards, inspection and test standards, packaging standards, handling 
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standards, storage standards, delivery standards, maintenance standards, service standards, equipment and 

process equipment standards, safety standards infrastructure, energy standards, medical and health and 

occupational health standards, as well as environmental standards and other standards, according to the 

sequence of corresponding numbering 
iA . Let the adaptive weight coefficient w  be 1.8 (usually 1-2.5 

with reference to the experience of text clustering experts). 
Table 1 Technical standard data 

Feature 

vector 

Standard form 

（0.2115） 

Technical 

manual 

（0.1780） 

Technical 

order  

（0.2491） 

Standard 

renewal degree 

（0.1165） 

Standard 

service 

（0.1685） 

Data interface  

（0. 0764） 

A1 0.56 0.75 0.86 0.48 0.57 0.64 

A2 0.81 0.85 0.69 0.63 0.61 0.45 

A3 0.67 0.78 0.83 0.81 0.65 0.72 

A4 0.92 0.56 0.74 0.62 0.71 0.51 

A5 0.83 0.61 0.84 0.75 0.81 0.45 

A6 0.78 0.66 0.82 0.91 0.87 0.28 

A7 0.64 0.53 0.84 0.77 0.81 0.49 

A8 0.81 0.38 0.91 0.59 0.56 0.70 

A9 0.63 0.56 0.48 0.42 0.61 0.54 

A10 0.34 0.59 0.71 0.49 0.29 0.47 

A11 0.65 0.78 0.56 0.67 0.42 0.66 

A12 0.75 0.45 0.12 0.64 0.58 0.12 

A13 0.58 0.78 0.94 0.76 0.75 0.65 

A14 0.85 0.84 0.87 0.58 0.84 0.37 

A15 0.23 0.65 0.45 0.65 0.64 0.67 

A16 0.56 0.43 0.85 0.45 0.87 0.38 

A17 0.75 0.87 0.74 0.18 0.64 0.67 

A18 0.64 0.86 0.68 0.58 0.89 0.45 
 

 

5 Simulation experiment  

 
 

MATLAB software [14] is used to verify the above technical standard data. The platform is a desktop 

Lenovo computer, which is mainly configured with Intel i5 8 GB memory. 

 
Figure 3 Standard form simulation data 

 

The result of simulation is 0.2115. It can be seen that there are more standards of technical specification, 
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and the data interface between the standards of standard knowledge base is only 0.0764, which should be 

considered in the next step of the construction of standard library. Through data simulation, all the standards 

can be grasped, which provides convenience for all kinds of work according to the standards, and provides 

data support for the subsequent updating of the standards and the standard association analysis. 

 

6 Conclusion  

 
With the advent of big data and industry 4.0, the standard system and standard resources in various 

industries need to be optimized and integrated. Based on the analysis of the status of standard resources, a 

fuzzy immune genetic algorithm (FIA) clustering model for optimal solution is proposed, and a 

service-oriented standard library is constructed through the optimization of the standard subset. Taking the 

technical standard as an example, the model is verified and analyzed by simulation. The results show that the 

standard eigenvector can be transformed into solving the optimization problem of multidimensional space, 

and the timeliness of standard clustering analysis is improved. It shows that the algorithm has good 

robustness, credibility and accuracy, and provides a solution to the standard resource clustering and 

integration of the standard system. 
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