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The subway vehicle door system is one of the most crucial features of = ©3s|
urban rail transit systems. Due to Increased density and switching
frequency of the door, Its load-carrying transmission mechanism IS 03

more prone to fallure or damage than the other components [1]. A oo

quick and precise evaluation analysis of Its health status IS a more  oas| 0.2606 1 raommis S0mm/s ™~
effective way of removing hidden flaws and increasing the door system's
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sa.fety qnd dependability. Thus, we ad.dress. the. problem of freq.uer.wt T i Figure 4. Curve diagram of door movement
fallure In the door system, begin with vibration signal analysis In . o . . during the opening process.
: : : : . Figure 3. Variation of mutual information
accelerated life testing, and Investigate the method of effective health ' gifference of feature parameter set, @ Principal Element Feature Fusion

status assessment of the mechanism from the perspective of multi-
stage vibration signal analysis to ensure the accuracy and efficiency of
the diagnostic process and results.

@ Signal segmentation As illustrated in table 1, A-segment

As shown in figure 4, combining the signals lack effective classification
opening motion curves of the door ability, B-segment signals for pulley
system, the motion process of its faults have good characteristics to
mechanism may be separated into three reflect the ability, and C-segment

: - signals for coupling faults and normal
\E— —— P E——— | stages: the accelerated start-up phase, the ~ SIgnais piing
Packet-EMD Election Redundancy Analysis using PCA = smooth-running stage, and the stopping operating conditions have good
e T PR T P . stage. characteristics to reflect the ability.
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Fault Diagnosis
Analysis

According to the PCA, first B-segment principal element , first and second C-
segment principal elements are the final-integrated status feature quantities set,
a. Meanwhile, to ease the comparison of diagnostic accuracy before and after
segmentation, the status feature set for unsegmented signals, /5, was obtained by
the same way

& Fault diagnosis classification effect analysis

a and g are each input to the SVM classifier, and the same data are used to
train and test the classification model, as shown in table 5 and table 6. During
testing, each classification function value iIs generated independently for each

correlation and low redundancy of the feature set [2]: max¢(D,R)=D -R figure 8 and the classification accuracy Is 95.63 percent and 89.38 percent,

- Where: D is the correlation , R is the redundancy of features, and the difference in mutual information ~ Fespectively, an improvement of 6.25 percent.
@ is to achieve a comprehensive evaluation of the effectiveness of the feature parameters. 5

By analyzing the signal phases of the door system, we segmented the vibration
signals for comparative analysis and used principal component analysis(PCA)
to obtain segmented composite representations of the quantities to extract the
complete characteristic parameters that identify the mechanism's motion status
thoroughly and accurately [3]-

From the characteristics of linear distribution of samples and the efficiency
and accuracy of the model, we used Gaussian kernel function, Bayesian hyper-
parameter optimization algorithm and combination binary classification (OVR)

methods to construct an efficient SVM multi-classifier [4], and the fused 2
segmented composite representations obtained by ROC curve analysis are fed into this
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Figure 1. The technology roadmap

We used the Peron coefficient method and mRMR algorithm for effective
feature set construction based on wavelet packet EMD noise reduction, which
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@ Pre-processing for Noise Reduction R T EEET BT S TR
Packet can effectively avoid the ,(a)b,e foren,o'se re,ducno,n I
phenomenon of modal aliasing and
realize effective noise reduction. AS

Illustrated in figure 2, the noise effect
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|  @EMD algorithm combined with Wavelet Packet avoids the phenomenon of
S + signal mode mixing.

05 10 15 20 25 30 35 @ Algorithms such as Person, mRMR, and PCA are used to extract
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S|gnalso-r|g|nal trend is preser\{ed. 'S:i'ggn“arles o comparison of fime=domain ' @ svM Multi-classification Model using the combination binary classifier of

® Effective feature construction OVR is constructed based on the Bayesian hyper-parameter optimization

The distribution of results based on waveform factor, and margin factor", algorithm , and the classification effect of the assessment model is effectively

MRMR and Pearson Analysis Is shown a feature set of the four parameters Improved by the analysis method of multi-stage principal element feature

In figure 3. The feature set value has the has the best status response capacity. fusion.
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