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Independence variable optimization of thermal error model based on KPCA

Wei Xian
(Panzhihua University , Panzhihua 617000, China)

Abstract: To address the issue that principle component analysis ( PCA ) shows a poor ability to acquire the characteristic of nonlinearity

data, a kernel principle component analysis( KPCA) temperature point optimization method is proposed. Firstly, nonlinearity mapping

function is introduced to map the input temperature data into the characteristic space,and a Gaussian radial basis is selected to be a

kernel function. Secondly, inner product operation in characteristic space is transformedinto kernel function operation in input space,

eigenvalues and kernel eigenvectors are found. Finally, a comprehensive independent variable is formed. According to an experiment

conducted on a CNC machine center,and comparedwith the PCA model, RMSE and Maximum residual error reduces by 36% and 29% ,

respectively. KPCA can preferably acquire the characteristic of temperature data,

obvious improvement.

and the prediction ability of KPCA model has an
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Fig. 1 Schematic diagram of test machine tool
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Fig.2 The layout of temperaturemeasurement
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Fig.3 The infraredimaging of experiment machine tool
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Fig.4 Temperature curves of key points of feed system
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Fig.5 Measurement of feed systemposition error
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Fig.6 The measurement point layout of laser interferometer
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Table 2 Eigenvalues Aand its coverage rate of group 1

FFAE A 555/ % Fit R %
1 3.741 76.6 76.6
2 0.731 15 91.6
3 0.102 2.1 93.7
4 0.098 2.0 95.7
5 0.082 1.8 97.5
6 0.064 1.5 99
7 0.045 1 100
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Table 3 Eigenvalues Aand its coverage rate of group 2

FEAE A R % FIEBER/ %
1 3.779 87.5 87.5
2 0.296 6.9 94.4
3 0.103 2.4 9.8
4 0.099 2.3 99.1
5 0.041 0.9 100
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Fig.7 The prediction result of Y positive direction(30 min)
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Fig. 8 The prediction result of Y negative direction( 120 min)
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Fig.9 The comparison ofresidual errors of Y positive

directionprediction (30 min)
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Fig. 10 The comparison ofresidual errors of Y negative

direction prediction( 120 min)
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Table 4 The prediction result of model in positive

direction (30 min)

A RMSE/ pm Max Residual/ wm VIF
KPCA 1.89 2.5 5.76
PCA 2.93 3.5 6.83

direction (120 min)

H5T RMSE/ pm Max Residual/ pm VIF

KPCA 1.96 2.5 5.76

PCA 2.99 3.6 6.83
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