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Introduction

Accurately mastering the quality status of equipment is the realistic demand to improve the level of
equipment refined management and equipment support command decision. The quality status of equipment
directly affects the timing and scale of equipment repair and life extension, the type and quantity of spare
parts procurement, and the investment direction of funds.

Probability theory, evidence theory and other non-probabilistic methods are not suitable for modeling
cognitive uncertainty, so the QMU method based on non-probabilistic measures also has some limitations.
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Figure 1. Performance parameter prediction process based on GPR model.

The main steps of performance parameter prediction based on GPR model are as follows:
Step 1: data set construction.
Step 2: determine the training data pair of independent variable and dependent variable, and establish the
Gaussian process model.
Step 3: optimize the parameter value.
Step 4: use the established regression model to output the predicted value of the target parameters.

upper
Basic Principles of QMU ] threshold
1mi

! s

fluctuation design point k

range YD

uncertainty U

TUTT
8OUBPTJUOD 00T

performance

margin M
lower

threshold
limit U

TeuURyd @ouRWIO JIad

Figure 2. Schematic diagram of QMU basic principle.

Methods

Since the GPR model measures the uncertainty of the predicted value with the mean and variance, the
margin M/ is defined as the difference between the mean value uof the predicted value of the performance
parameter and the performance threshold, that is, A7 =y—- P71  or  Ar=PTU —u , the uncertainty U/ is
quantified by the standard deviation cof the predicted value of the performance parameter. Therefore, the
confidence coefficient CF corresponding to the performance parameter is

M min{y — PTL,PTU — u}
U g

CF

Example verification

(1) Data Set Construction
Twenty-three device data sheets are combined into a new data sheet with 102 rows of 308 columns.
(2) Model Training

Table 1. Prediction accuracy of some performance parameters of certain equipment

Parameter Verlﬁ_catlon Aetnal Upper prediction Lower limit Minimum error interval
point value
C63 2010.5 2746 27.3384 27.0288 [-0.1216.-0.1948]
C51 2010.5 5.634 5.7911 5.6829 [0.0489,0.0641]
C155 2010.5 80.0 81.1317 79.0528 [-0.0537.0.2693]
C532 2010.5 14.46 14.2128 144332 [-0.0268.-0.0796]
C663 2010.5 274 27.3139 26.9162 [-0.0861,-0.1834]
C541 2010.5 2743 27.2691 26.9583 [-0.1609,-0.23956]

(3) Prediction process
O X + 0l %X, + -+ O, %X, + fxx]

(4) Results

Figure 3. Prediction Results of Some Performance Parameters of Certain Equipment

Table 2. Evaluation result of equipment quality status

Time Quality Status (Reliability) Failure Probability

2011.4 0.9821 0.0179

2012.5 0.8355 0.1645

2013.6 0.8881 0.1119

2014.7 0.5146 0.0485

2015.8 02144 0.7856
Summary

4 Based on the uncertainty measurement of GPR model, this paper gives the calculation method of CF
value.

4 An equipment quality status evaluation method combining GPR model and QMU is proposed.

L 4 The equipment quality status evaluation methods proposed in this paper will optimize the parameter

prediction model with the increase of test data, so as to improve the accuracy of evaluation.
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