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Abstract. The evaluation index system of radar equipment PHM system is the
foundation of the construction of radar equipment health management system.
Building a scientific and reasonable index system helps to improve the quality of
the construction of health management system. This article takes radar equipment
as the research object, combines the characteristics of radar equipment systems,
uses tree analysis technology to analyze key issues, constructs an initial indicator
system for system evaluation, and studies the standardization and optimization of
evaluation indicators. A variable weight based evaluation method for Rada Health
Management System is proposed.
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1 Introduction

At present, research in the field of fault diagnosis mainly focuses on the evaluation of
system state and fault diagnosis, with a focus on the “current” operating state of the
system, namely whether a fault has occurred, the location of the fault, etc. There is
less research on system fault prediction and health management. However, in the actual
production process, many production operating conditions require strict requirements,
and the consequences of faults are relatively serious. It is not enough to only know
whether the current operating conditions are normal, because the operating conditions
may already be in a dangerous operating area when the fault is discovered. At this time,
it is difficult for the operator to restore the system operating conditions to the normal
area, or although the operating conditions can be restored to the normal area, but it has
seriously affected the economic benefits of production [1, 2]. Monitor the state of the
electronic system and estimate its health status, realize the prediction of its state, predict
the probability of complete failure of the electronic system according to its health status,
and make early prediction of the propagation and development of the failure, so that
the loss caused by catastrophic failure can be prevented and greatly reduced. The fault
diagnosis expert system in the communication system of the Voyager spacecraft in the
United States is equipped with a prediction module, which is used to predict and analyze
the performance of the aircraft in real-time [3, 4].

Prognostic and health management (PHM) is a new type of health management
technology developed based on Condition based Maintenance (CBM). PHM includes
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two aspects, namely fault prediction and health management [5]. Fault prediction is to
use the current health status of the system/equipment as the starting point, predict the
completion status of the system/equipment’s functions, and predict potential faults that
may occur in the future; Health management is based on the obtained fault prediction
information, combined with usage requirements and available maintenance resources
for diagnosis, in order to make appropriate decisions on equipment fault maintenance.

With the rapid development of advanced sensing technology and artificial intelli-
gence technology, complex system health management technology has gradually become
the focus of attention for researchers in domestic and foreign research institutes and
military departments. After the design of the health management system is completed,
whether its performance meets the specified requirements needs to be confirmed through
verification and evaluation. In addition, the feedback information obtained through verifi-
cation and evaluation can also improve and improve the design of the health management
system [6-8]. Verification and evaluation are key links in the design and application of
health management systems.

2 Evaluation Index System

2.1 Basic Requirements

The radar health management system should have capabilities such as status monitoring,
fault diagnosis, health assessment, status prediction, and maintenance support decision-
making. It should be able to monitor equipment status in real-time, detect and isolate
faults in a timely manner, reasonably predict equipment status trends, effectively evalu-
ate equipment health status, and scientifically support equipment maintenance support
decision-making.

(1) Status monitoring.

State monitoring covers the entire radar system, covering key parts related to the
performance and safety of radar equipment. State monitoring should fully reflect the
technical status of radar equipment work.

(2) Fault diagnosis.

Equipped with fault detection and isolation function, it can achieve intelligent

fault diagnosis support.
(3) Health assessment.

Able to evaluate the health status of radar equipment systems, subsystems, and

key components.
(4) State prediction.

Capable of predicting the state of product life or performance parameters with
gradual changes. The accuracy of state prediction meets the needs of maintenance
support.

(5) Maintenance Support Assistance Decision.

It has the function of auxiliary generation of maintenance support plans. The
maintenance support plan includes maintenance content, task level, maintenance
method, maintenance timing, operation method, maintenance personnel, equipment,
equipment, and related technical information.
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2.2 Evaluation Index System

According to the analysis, the evaluation index system of the health management system
can be divided into five categories based on the functions of the health management
system: status monitoring, fault diagnosis, health assessment, status prediction, and

maintenance support auxiliary decision-making, as shown in Fig. 1:

3 Optimization of Initial Indicator System Based on Grey

Correlation Analysis

The initially established indicator system has a wide variety of categories, but there are
some indicators that have poor correlation with the evaluation objectives, the importance
of certain indicators cannot be distinguished, and some indicators are not suitable for

in-service assessment issues. Therefore, optimization is needed.
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Fig. 1. Evaluation Indicator System for Radar Health Management System
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3.1 Acquisition and Standardization of Initial Indicator Values

Due to the different evaluation scales, dimensions, and variation ranges of each indi-
cator, it is difficult to compare different indicators together. Therefore, it is necessary
to standardize the indicators in the indicator system. The threshold method compares
the original value of an indicator with its maximum (minimum) or theoretical value,
converting the indicator into a standard value. The standardized formula is:

buk = Xpk /max(Xu) (D
n

by = mgn(xnk)/xnk 2)

where xpx is the actual collected value of the k-th indicator of n appraisal objects;
The max(x,;) and min(x,) are the relatively optimal or theoretical values among the
n n

collection numbers of the evaluation object, respectively.

Equation (1) is mainly used to calculate benefit indicators. The larger the result, the
better the “benefit”’; Eq. (2) is mainly used to calculate cost based indicators. The more
accurate the results, the better the “cost” control.

3.2 Establishment of Grey Correlation Degree Model

Based on grey correlation analysis, the requirement for data volume is relatively low, and
both large and small amounts of data can be analyzed; In view of its characteristics of only
analyzing data and not considering the actual situation, the improved grey correlation
degree model based on Delphi method method and correlation analysis method is adopted
to further obtain a screening and perfect evaluation index system.

3.2.1 Establishment of Grey Correlation Degree Model.

The grey system is a system with incomplete and insufficient information, which is
different from the white system (complete and clear information) and the black system
(lack of information).

Grey correlation analysis takes the degree of correlation between indicators as the
starting point, uses data processing methods to find the relationship between various
factors in the system, uses grey correlation analysis methods to determine whether the
relationship between factors is close, and then selects and rejects indicators. The general
steps are as follows:

(1) Determine the set of evaluation target indicators. Namely.

Yo = { x0(1), x0(2), ...Xxo(m)}.

Yn = { xa(1), Xp(2), ....xp(m)}.

Among them, x¢(k) is the theoretical or standard value of the k-th indicator, and xpx
is the actual data collected for the k-th indicator of the n-th assessment object.

(2) Calculate the grey correlation coefficient. After eliminating various indicator dimen-
sions and standardizing the data, Yo(k) is the standard sequence, Yj(k) is the
comparison sequence, and then U = u;(K)m#n, uj(k) = IY;j(k)-Yo(k), there are:
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minminR + s*maxmfo

(k) = k i 3
& () u; (k) + u*m_axm]flxR )
1

Among them, s is the resolution coefficient, generally s should be greater than 0.4,
usually between 0.5 and 1, and usually s = 0.5.

(3) Calculate the degree of correlation. The degree of correlation represents the degree
of correlation between indicators, i.e. the degree of close correlation:

= %i;sm(i) @

Sort ryy, to determine the importance of the indicators and analyze their strengths and
weaknesses.

3.2.2 Delphi Method Method to Adjust Index Ranking.

The basic principle of the Delphi method method is to consult the selected experts in
terms of indicator selection and ranking in a confidential manner, summarize and sort
out the answers after receiving them, and complete a communication and statistical
process called a round. Anonymous feedback will be provided on the consistent and
different results obtained from the consultation, and opinions will be solicited again.
Communicate - count - communicate again - count again, repeat multiple times (usually
3—4 rounds) until the requirements are met. The consensus opinions are combined into
the collective opinions of the expert group [9, 10].

Delphi method method is used to verify and simplify the results of correlation anal-
ysis, and finally determine the indicator system set to make the indicator system more
perfect.

4 System Evaluation Method Based on Variable Weights

The evaluation of the radar health management system adopts a hierarchical and inte-
grated evaluation system, so it is necessary to determine the weights between different
index levels after calculating the index levels of each evaluation index, and integrate
them into the level index of the previous system level.

The weight reflects the degree to which different indicators have an impact on the
overall system evaluation performance. Different evaluation indicators should be given
appropriate weights in order to accurately and reasonably evaluate the level of the radar
health management system.

The traditional methods for determining weights are often divided into subjective
and objective categories:

(1) The subjective weighting method is a method of directly or indirectly determining
weights based on expert experience, represented by the Analytic Hierarchy Process.
The evaluation results of this type of method are in line with common sense and
can reflect the professionalism of experts, but the accuracy of the results is greatly
influenced by the personal experience of experts.
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(2) The objective weighting method is a method of directly calculating weights based
on a certain model or rule, represented by the entropy weighting method. This type
of method makes judgments based on the characteristics of the data itself, and the
evaluation results are relatively objective, but it ignores the professional knowledge
of experts, and sometimes the weight does not conform to common sense.

Due to the fact that the weight coefficients calculated by traditional weight deter-
mination methods are usually static and invariant, and the work of the radar health
management system in the system is a dynamic process, it is not possible to consider
the impact of different indicators changing over time during the evaluation process.
More and more scholars have proposed a weighted integration method that uses variable
weights to replace constant weights.

The variable weight synthesis method is a variable weight integration method that
introduces equilibrium functions to construct variable weights on the basis of the constant
weight synthesis method. While retaining the original importance of indicators in the
system, it can also fully reflect the impact of changes in level indices between indicators
on the overall evaluation system. Therefore, this article uses the variable weight synthesis
method to study the evaluation of newly developed radar health management systems.

The traditional constant weight comprehensive method calculation method is:

=) wixi 5)
i=1

In the formula, n is the number of evaluation indicators, wf is the constant weight
of the i-th indicator, x; is the evaluation value of the i-th indicator, V. is the rating index
for constant weight evaluation.

When the value of a certain characteristic indicator parameter greatly exceeds the
allowable range, if only relying on constant weight to evaluate the radar health man-
agement system, the final evaluation result of the indicator may still be at a normal
level due to the low weight value of the characteristic indicator parameter. This is also
the deficiency of the constant weight model, which cannot fully accurately and timely
reflect the system evaluation level. Therefore, it is necessary to propose a variable weight
comprehensive method to solve this problem, The model is:

n
V:Zwi(xl,...,xn,wf,...,w,‘l')xi (6)

In the equation, wj is the variable weight.
The variable weight synthesis method introduces the equilibrium function as follows:

Z(xl,xz, e Xp) = fo @)
i=1

Among them, a is the equilibrium coefficient, (0 < a < 1).
The formula for obtaining variable weight is:

w,-(xl,...,xn,wf,..., —wcx” 1/Zk lwkxk (8)
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The corresponding variable weight comprehensive model can ultimately be repre-
sented as:

_ n R n c.a n c.a—1
V= Zi:l WiX; = Zi:l Wix; /Zkzl WXy 9

When considering the balance of various parameter indicators or components and
equipment within the equipment system, the balance coefficient a<0.5 is taken; When it
is more tolerant of defects in certain parameter indicators or components or equipment,
take 0.5 < a<1; When = a 1, it is the constant weight model.

5 Conclusion

The validation and evaluation of health management systems is an immature research
field with great research potential and extensive research space. The research status at
home and abroad shows that there are many problems to be solved in the verification
and evaluation technology of the health management system [11, 12]. First, it is diffi-
cult to obtain the data of the object system and guarantee the data quality; Secondly,
there is a lack of a universal health management testing environment; The third issue is
that the verification and evaluation indicator system is not yet perfect. This article takes
radar equipment as the research object, combines the characteristics of radar equip-
ment systems, uses tree analysis technology to analyze key issues, proposes the overall
requirements for validation evaluation, constructs the initial index system for system
evaluation, and studies the standardization of evaluation indicators and the classifica-
tion of system evaluation levels [13, 14]. This can provide a method reference for the
construction of PHM system evaluation index system for radar equipment.
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