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  Abstract 
The high technological content of electronic equipment and the increased difficulty 
of failure maintenance make the battlefield emergency repair tasks of electronic 
equipment complex and heavy in wartime. It is very important for decision-makers 
to determine the wartime maintenance personnel requirements of electronic equip-
ment to meet the task requirements and avoid the waste of maintenance resources. 
Based on the fuzzy analytical hierarchy process (FAHP), the relevance evaluation 
of maintenance professional types was first carried out, and then the degree of the 
professional type irreplaceability was evaluated, and the technical level for mainte-
nance personnel was determined successfully. Based on accompanied maintenance 
and fixed points maintenance, the optimal maintenance personnel quantity model is 
established by the queuing theory model. Finally, taking a new electronic recon-
naissance vehicle as an example, the maintenance requirements of the reconnais-
sance system of the vehicle are analyzed. The results show that the model proposed 
in this paper provides technical support and a quantitative analysis method for the 
determination of electronic equipment maintenance requirements during wartime. 
The paper also puts forward some interesting research directions for the future. 
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1. Introduction 

Electronic equipment refers to various military information systems, facilities, instruments, software, etc. characterized 
by electronic information technology [1]. It is an important part of military equipment, especially main battle equipment. 
Electronic equipment has penetrated into all aspects of weapon system of systems confrontation activities, running 
through the entire process of information acquisition, transmission, storage, processing, control, and other information 
flows [2]. This is a significant feature that distinguishes electronic equipment from traditional equipment [3-5]. 

The US military attaches great importance to the demonstration and analysis of equipment maintenance resources and 
proposes that the analysis and planning of equipment maintenance resources should be implemented from the demonstra-
tion and development stages, and attaches importance to laws and regulations, theoretical research, software development 
and other aspects [6, 7]. The US military proposes that "any professional maintenance personnel have the potential and 
talent to learn and master other professional knowledge in this field". The US military regards "multifunctional mainte-
nance" as the core requirement for the transformation of the Army's maintenance system. Through the consolidation of 
maintenance professional categories, the number of ordnance specialties has been reduced from 43 to 35, which has to 
some extent improved the efficiency of maintenance [8]. Blond Kyle et al. put forward a maintenance scheduling method 
for the US Air Force adapting commercial best practices [9]. Zhou et al. provide configuration optimization ideas and 
solutions for complex equipment maintenance services [10].  
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The determination of the number of maintenance personnel has always been a focus of research in the field of mainte-
nance decision-making. Li et al. estimated the number of maintenance personnel by analyzing the task size [11]. Zhu, et 
al. comprehensively considered various kinds of operation, shift preparation, and other factors, and obtained the standard 
staffing number of vehicle service systems, which provided a theoretical basis for operating enterprises to reserve per-
sonnel in advance [12]. Wang found that the reasonable allocation of the hospital's own medical equipment maintenance 
technical force is an important means to improve the comprehensive benefits of the hospital [13]. Ma et al. use the case-
based reasoning method and introduce relevant principles and methods of BP neural network in the case retrieval process 
to calculate the demand for equipment maintenance personnel from past practical experience.  

2. The process for the determination of equipment maintenance professional types 
Due to the diverse professional types of maintenance personnel required for electronic equipment systems, which can 

generally reach over a dozen or even over twenty types, it is currently not possible to allocate enough maintenance pro-
fessional positions in the military to meet the maintenance professional types' needs. Therefore, it is necessary to combine 
the professional types of maintenance personnel. The determination of the professional types of maintenance personnel 
mainly includes assessment of professional relevance, assessment of professional irreplaceability, and determination of 
the technical level of maintenance personnel. The specific determination process is shown in Figure 1. 

Start

Is there relevance between 
professional types？

Professional types 
irreplaceability evaluation

Maintenance 
professional types are 

determined 

The technical level of 
maintenance personnel is 

determined 

End

This professional type 
must be set up separately

 
Figure 1. The specific determination process of the determination of equipment maintenance professional types. 

3. The evaluation of the professional types relevance 
The evaluation of professional types' relevance for maintenance personnel mainly involves inviting experts to deter-

mine whether there is relevance between the various professional types. If a certain professional type does not have 
relevance with all other professional types, then the professional type is relatively independent and should be directly set 
as a separate maintenance professional type; If there is relevance between a certain professional type and other profes-
sional types, the professional type may can be combined with certain professional types, and further determination is 
made by quantitatively evaluating the irreplaceability of the professional type to determine whether it need to be combined. 

The evaluation of professional types' relevance can be divided into three steps: 
(1) The evaluation table for the relevance of the professional types is designed, which is shown in Table 1. 
(2) Several experts familiar with equipment maintenance were invited to conduct a pairwise evaluation of the relevance 

between various maintenance professional types. If there is relevance, mark "√" in Table 1. The professional type itself 
will not undergo relevance evaluation and will be distinguished by a grey box. 

(3) The evaluation result analysis and professional types irreplaceability analysis are conducted. 
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Table 1. The evaluation table for the relevance of the professional types 

Number Professional types Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 ... 

1 Type 1         

2 Type 2         

3 Type 3         

4 Type 4         

5 Type 5         

6 Type 6         

7 Type 7         

...          

Number of the professional types with relevance         

4. The evaluation of the professional types irreplaceability 
The quantitative evaluation steps for professional types' irreplaceability are as follows: 
A professional type irreplaceable degree evaluation index system is established. The necessity of establishing mainte-

nance professional types is usually evaluated from five aspects: the importance of professional types, the level of profes-
sional skills, the characteristics of the maintenance object, the matching degree of maintenance resources, and the pro-
gressiveness of maintenance technology. This is also the fundamental criterion for analyzing the professional types' irre-
placeable degree. The indicator system of professional types' irreplaceability evaluation is shown in Figure 2. 
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irreplaceable 

degree(A)

The importance of 
professional types(A1)

The level of 
professional skills(A2)

The characteristics of 
the maintenance 

object(A3)

The matching degree 
of maintenance 
resources(A4)

The progressiveness 
maintenance 

technology(A5)

The role of professional 
types(A11)

The innovation of 
professional types(A12)

The structure of professional 
types(A21)

Theoretical level(A22)

Specific Skills(A23)

Equipment complexity(A31)

Maintenance 
comprehensiveness(A32)
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Supporting degree(A42)

 
Figure 2. The indicator system of professional types irreplaceability evaluation. 
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Table 2. The professional types irreplaceability scoring rules 

Irreplaceability degree level 
Irreplaceability degree score 

9 8 7 6 5 4 3 2 1 

Ⅰ (Seriously irreplaceable)        

Ⅱ (Importantly irreplaceable)        

Ⅲ (Generally irreplaceable)        
 
The weight of each indicator is calculated. In order to determine the weight of the indicator of professional types 

irreplaceability evaluation, this study analyzes and quantifies the relative importance of maintenance professional types 
by using the index scale method. Through pairwise comparison among indicators in Fig. 2, the priority correlation judg-
ment matrix A is established. 
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Twenty experts were invited to evaluate the pairwise relative importance of indicators, and the feedback and modifi-
cation were carried out continuously until experts reached the same conclusion. After the results of the relative importance 
of the pairwise indicators were obtained, the priority correlation matrix was constructed. The priority correlation matrix 
can be viewed as a judgment matrix, and the judgment matrix is changed into a fuzzy consistent judgment matrix to solve 
the consistency problem of the judgment matrix. Firstly, A is summed in rows: 
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To ensure the fuzzy consistency of the matrix, formula (3) is transformed to: 

+0.5    , 1, 2,...,
2
−

= =i j
ij

r r
r i j m

m
 (4) 

Thus, the fuzzy consistency judgment matrix can be obtained: 
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By summing each row element of the fuzzy consistent judgment matrix, the importance il of indicator i relative to the 
upper indicator can be obtained as follows: 
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After the normalization il , the weight iW  of each indicator is 
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Assuming that the arrival rate of failed equipment is and the repair rate of the basic maintenance unit is µ . Then the 
service intensity of the whole system is: 

=
m
C
λρ
µ

 (8) 

The idle probability of the basic maintenance unit is: 
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where n is the number of failed equipment. 
The probability of n equipment failure is: 
When1≤ ≤n C , then: 
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The average number of failed equipment is: 

1=
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m
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The number of failed equipment waiting in the queuing system for repair is: 

1
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In wartime, accompanied maintenance is mainly to carry out rescue and repair with as little time as possible to restore 
the functions needed for the battle of the failed equipment. So that it can be put into the battle again. The maintenance 
efficiency of the queuing system can be measured by the continuous engagement rate, which is the ratio of the number of 
equipment meeting the operational requirements to the number of all equipment in a certain period of time. 

The formula for calculating the continuous engagement rate is: 

×100%
−

= sm L
m

α  (14) 

The queuing system of fixed point maintenance refers to the system that sets maintenance points in fixed areas and 
uses multiple basic maintenance units to carry out equipment maintenance tasks in parallel. The customer source is the 
failed equipment sent by each combat unit, and the number of failed equipment can be considered infinite. Assuming that 
there are Z basic maintenance units serving independently and in parallel in the system, the queuing system of the fixed 
point maintenance can be regarded as an M/M/Z/∞/∞/FCFS type of queuing system. If the repair rate of the maintenance 
unit is µ  and the arrival rate of the failed equipment is λ’, then the service intensity of the system is: 

=
Z
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µ

’
’  (15) 

When the number of failed equipment in the system is n, the probability of the basic maintenance unit being empty is: 
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The number of failed equipment queued for repair is: 
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In wartime, combat units deliver equipment requiring repairs to designated locations, which requires avoiding 
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congestion caused by long queues. Equipment maintenance during wartime requires a high degree of timeliness. The time 
spent waiting in the queue system for repair of failed equipment can be used to measure the efficiency of the queuing 
system. The formula for calculating the waiting time for the repair of failed equipment is: 

'
'

'= q
q

L
w

λ
 (18) 

5. Case analysis 
The structure of a certain type of electronic reconnaissance vehicle is complex and the technical level is high. The 

maintenance professional types demand of single equipment is as many as 45, and the maintenance work is difficult. So 
many maintenance professional types make it difficult to have a sufficient number of maintenance personnel to match 
them, and some of the 45 maintenance professional types have relatively fewer maintenance tasks, so some professional 
types can be merged into other professional types. Therefore, it is not necessary to establish so many maintenance pro-
fessional types separately, otherwise, it will cause a waste of maintenance resources. Taking the five maintenance profes-
sional types of the electronic reconnaissance vehicle reconnaissance system as an example, the method proposed in this 
study is used to carry out the evaluation of the professional types' relevance, the evaluation of the professional types' 
irreplaceability, the determination of the technical level for maintenance personnel and the determination of the number 
of maintenance personnel in turn. The results can provide a theoretical basis and technical support for the wartime mainte-
nance of the electronic reconnaissance vehicle reconnaissance system. 

The evaluation of the professional types' relevance to the reconnaissance system 
Twenty experts familiar with the maintenance of the electronic reconnaissance vehicle were invited to conduct a pair-

wise evaluation of the relevance among various maintenance professional types, while the professional type itself will 
not undergo relevance evaluation. The results are shown in Table 3. 

Table 3. The table for the relevance of the professional types 

Number Professional types Chassis Photoelectricity Machinery Hydraulic pressure Electrical 
1 Chassis   √ √ √ 
2 Photoelectricity   √ √ √ 
3 Machinery √ √  √ √ 
4 Hydraulic pressure √ √ √  √ 
5 Electrical √ √ √ √  

Number of the professional types with relevance 3 3 4 4 4 
 
This section mainly analyzes the electrical and photoelectricity professional types as examples. From Table 4, it can 

be seen that there is a relevance between the electrical and photoelectricity professional types. The scoring description in 
Appendix A is used to score according to the 10 indicators in Figure 2.  

Table 4. The quantitative evaluation result of the professional types irreplaceability between Photoelectricity and Electrical 

First-order  
index 

Secondary  
index Weight 

Generally irreplaceable Importantly irreplaceable Seriously irreplaceable 
Score 

1 2 3 4 5 6 7 8 9 

A1 
A11 0.08   √       0.24 
A12 0.09  √        0.18 

A2 
A21 0.08  √        0.16 
A22 0.09   √       0.27 
A23 0.06    √      0.24 

A3 
A31 0.15   √       0.45 
A32 0.13   √       0.39 

A4 
A41 0.11 √         0.11 
A42 0.10   √       0.30 

A5 0.11   √       0.33 
Result Ⅲ (Generally irreplaceable) 2.67 
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6. Conclusions 
This paper mainly studies the requirement determination of the maintenance personnel for electronic equipment. Based 

on the FAHP, the relevance evaluation of maintenance professional types was first carried out, and then the degree of the 
professional types' irreplaceability was evaluated, and the technical level for maintenance personnel was determined suc-
cessfully. Based on accompanied maintenance and fixed point maintenance, the optimal maintenance personnel quantity 
model is established by the queuing theory model. Finally, taking a new electronic reconnaissance vehicle as an example, 
the maintenance requirements of the reconnaissance system of the vehicle are analyzed. The results show that the mainte-
nance professional types required by the reconnaissance system are chassis, hydraulic pressure, machinery, and photoe-
lectricity, and the technical levels of maintenance personnel matching each maintenance specialty are middle non-com-
missioned officer, assistant engineer, senior non-commissioned officer, and engineer. In the context of two combat units 
each unit equipped with 10 electronic reconnaissance vehicles, the optimal number of maintenance personnel is 168. The 
model proposed in this paper provides technical support and a quantitative analysis method for the determination of 
electronic equipment maintenance requirements during wartime. 
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