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Denoising method for vibration signal of hob based on grey criterion and EEMD
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Abstract : The collected vibration signal of hob in engineering site is contaminated with noise. It is difficult to extract features contained in
vibration signal. In this study, ensemble empirical mode decomposition (EEMD) is applied to denoise vibration signals. To solve the
problem of selecting and processing of intrinsic mode function (IMF) after EEMD decomposition, a denoising method of hob vibration
signal based on grey criterion and EEMD is proposed. Firstly, the original signal is decomposed into several IMF components by EEMD.
Then, according to the proposed grey criterion, each IMF component is processed by polarity consistency and mean processing. The grey
correlation between IMF1 and other IMF components is calculated. All IMF components are arranged in descending order according to the
grey correlation degree. The first half of IMF components in the descending order are selected for soft threshold processing. Finally,
processed IMF components, unprocessed IMF components and residual components are reconstructed to obtain the denoised signal. The
feasibility and validity of the method are verified by the simulation signal with different initial signal-to-noise ratios and the vibration
signals of the hob in actual machining. Meanwhile, the proposed method is compared with EEMD combined with correlation coefficient
and wavelet soft threshold denoising. Experimental results show that this method has better denoising effectiveness.
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Table 1 Simulation results of sinusoidal signals Table 3 Simulation results of “Blocks” signals
VR ¥ NYIR7N /NI B s AR R B0E SVR ¥ NYR7S /NI B K R BOE
" SNR,, RMSE SNR,, ~ RMSE SNR,, ~ RMSE " SNR,, RMSE SNR,, ~ RMSE SVR, ~ RMSE
-20 -4.853 1.235 -18.254 5.776 -19.086 6.357 20 -4.497 0.169 -14.453 0.530 -19.065 0.902
-7 -2.538 0946 -14.574 3782 16112 4.514 -17  -1.493 0.169 -11.421 0.530 -16.090 0.908
-15 -0.644 0.761 -12.097 2.843 -13.083 3.185
-15  0.443 0.171 -9.392 0.530 -14.133 0.915
13 1.661 0.583 -9.504 2.109 -10.778 2.443
_10 3.955 0.448 5279 1297 -7.991 L1772 13 2,111  0.176 -7.455 0.530 -12.276 0.924
-7 6.695  0.327 -—1.424 0.832  4.025 0.444 10 3.665 0.209 -4.413 0.530 -9.479 0.951
-5 7.515  0.297 0.987  0.630  6.157  0.348 -7 6.155  0.221 -1.444 0.531 -5.994 0.896
- 741z 0.299 2.865 0.508 7.666 0.292 -5 6412 0.271  0.578 0.531 -4.288  0.930
0 10.313  0.215 6.164 0.347 10.496 0.211
-3 7.737  0.294 2.581 0.532 1.047 0.635
3 12.671 0.164 8.941  0.252 12.736 0.163
5 15679 0.116 11167 0.195 15.598 0.117 0 8.820 0.369 5608 0.534 0.919 0.917
7 15.745 0.115 12,983 0.158 17.102  0.099 3 12.309 0.347 8.485 0.538 1.148  1.253
10 18.819 0.081 15.667 0.116 17.975  0.089 5 13.498 0.380 10.405 0.543  1.108  1.583
1 20.191 0. 19. 01 .079  20.267 0.
3 0191 0.069  19.013 0.079  20.267  0.068 7 14.243  0.439  12.294 0.550  0.877  2.047
15 19.635 0.104 21.02 0.063 22.159 0.055
10 15.471 0.539 15.026 0.869  0.567  2.895
17 24.985 0.040 23.619 0.047 24.707 0.041
20 26.642  0.033  26.028 0.035 26.439  0.034 13 18.459 0.540 17.639 0.593  0.790  4.125
23 29.383  0.024 29.313 0.024 28.952  0.025 15 19.680 0.590 19.378 0.611  0.677  5.260
25 30.713  0.021 31344  0.019 30.115 0.022 17 21.003 0.6338 21.076 0.632 0.728  6.583
20 23.283 0.693 23.614 0.667 0.827 9.197
=2 “Doppler” ES{HELR
] . } 23 25.856 0.735 26.343 0.695 0.912 12.978
Table 2 Simulation results of “Doppler” signals
- — —— 25 27.366 0.770 28.083 0.709  0.906 16.202
VR ¥ NYIR7N NI B AR R BOE
" SMR,, RMSE SMR,  RMSE SNR,  RMSE
20 -4.605 0.172 -14.369 0.530 —19.001 0.904 TS
-17  -1.704 0.174 -11.385 0.530 -16.088 0.911
15  0.043 0.179 -9.410 0.530 -14.158 0.916
13  1.749 0.185 -7.403 0.530 -12.267 0.928 el
-10  4.154 0.198 -4.404 0.530 -8.109 0.812
-7 6.444 0.215 -1.403 0.530 -5.450 0.845
-5 7.966 0.226 0.577 0.530 2.837  0.409 HRRBUERRES
-3 8.465 0.270 2.591  0.530  4.992  0.402
0 11.149 0.281 5.624  0.531  4.894  0.577
3 13.233  0.312  8.601 0.531 5.123  0.792 NBCR BB TR RS 5
5 14.284  0.347 10.593 0.531 4.847 1.030
7 15.064 0.400 12.581 0.532  4.520 1.346 I
10 17.799 0.414 15.581 0.534  4.069 2.011 R
13 20.032 0.450 18.478 0.539  6.973  2.026
15 21.441 0.482 20.415 0.542  6.612  2.656
17 22.83¢ 0.519 22.379 0.547  6.502  3.404
== S 2
20 24.148  0.628 25.222 0.555 6.161  4.977 BT AR5 TR AR X EE
23 26.783  0.655 28.120  0.561 6.364  6.869 Fig.1 Comparison of sinusoidal signal before and
25  28.287 0.693 30.036 0.567 6.406  8.605 after denoising
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