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Fault Diagnosis of Mechanical Equipment Based on GA-SVR with Missing Data in
Small Samples

Abstract

Abstract: In view of the equipment fault diagnosis with small and missing sample data, a method of
missing data filling based on support vector regression optimized by genetic algorithm is proposed to
improve the accuracy of equipment fault diagnosis. The support vector regression optimized by genetic
algorithm was trained by other data values of missing data, and univariate prediction results were
obtained. The training set was reconstructed through correlation analysis, so as to obtain the multivariate
prediction results. Dynamic weights were established to combine univariate prediction results and
multivariate prediction results to fill in the missing data. The complete data is taken as the input, and the
equipment fault is diagnosed by support vector machine. Example analysis shows that the method
proposed in this paper has a high fault diagnosis accuracy.
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Fault Diagnosis of Mechanical Equipment Based on GA-SVR with Missing Data in Small
Samples
Wei Jingjing, Liu Qinming, Ye Chunming, Li Guanlin

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In view of the equipment fault diagnosis with small and missing sample data, a method of
missing data filling based on support vector regression optimized by genetic algorithm is proposed to
improve the accuracy of equipment fault diagnosis. The support vector regression optimized by genetic
algorithm was trained by other data values of missing data, and univariate prediction results were obtained.
The training set was reconstructed through correlation analysis, so as to obtain the multivariate prediction
results. Dynamic weights were established to combine univariate prediction results and multivariate
prediction results to fill in the missing data. The complete data is taken as the input, and the equipment
fault is diagnosed by support vector machine. Example analysis shows that the method proposed in this
paper has a high fault diagnosis accuracy.
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Tab. 1 Sensors with strong correlation with sensor 3 of
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CH2 CHS CH7 CHI13 CHl16 CH32
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Tab. 3 Sensors with strong correlation with sensor 3 of
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CH2 CHS5 CH7 CHI3 CHl16 CH32
R 0821 0867 0901 0907 0944 0.843
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Tab. 4 Prediction effect of missing data of hydraulic pump A
in three different models

B E
. B B T EZ il .
T 2H A TR
MR MAPE/ MAPE/ MAPE/
RMSE RMSE RMSE
% % %
GA-
0.0486 028 0.0423 022 0.0138 0.08
SVR
SVR 0.0737 040 0.0500 025 0.0303 0.16
BPNN 0.0920 0.52 0.0644 036 0.0547 0.8
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Tab. 5 Prediction effect of missing data of hydraulic pump B
in three different models

BIASHE
. FAR £ TR Z AR T .
T AT
R MAPE/ MAPE/ MAPE/
RMSE E E
% % %
GA-
03420 244 02500 1.80 0.1185 0.76
SVR
SVR 0.6547 290 03989 2.13 02158 1.12
BPNN 0.8832 328 0.5150 2.82 02990 1.98
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Tab. 6 Prediction effect of missing data of hydraulic pump C
in three different models
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Tab. 7 Influence of different missing data filling models on
fault diagnosis of hydraulic pump A

Bl AR ZAREBN ShEREAS

R Btk S TR

A e t/s e t/s i t/s
Al /% /%

GA-SVR 8333 20.84 90.00 4120 96.67 41.64
SVR 80.00 21.33 83.33 39.86 90.00 41.50
BPNN  76.67 50.8 90.00 87.23 93.33 88.92

SEREW  SEREW oD
. =TI TN .
T 2H A TR
e MAPE/ MAPE/ MAPE/
RMSE RMSE RMSE
% % %
GA-
0.0878 0.85 00621 0.59 0.0263 0.26
SVR
SVR 0.1439 1.69 0.1219 133 0.0498 0.73
BPNN 02293 2.12 0.1580 1.83 0.0724 120

8 A REIEIFAMERINE R TR B MW R
Tab. 8 Influence of different missing data filling models on
fault diagnosis of hydraulic pump B

Sl ARSI ZAREWN S NEAE
*;Z% A A THRE AN
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GA-SVR 86.67 1643 9333 2345 100.00 24.29
SVR 83.33 1450 90.00 2276 96.67 23.40

BPNN  76.67 31.80 86.67 59.80 93.33 61.02
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Tab. 9 Influence of different missing data filling models on
fault diagnosis of hydraulic pump C
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SVR 83.33 855 86.67 1098 9333 11.45
BPNN 80.00 15.78 83.33 21.50 90.00 23.27
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