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Abstract: To reduce noise in the output of a low-cost Micro-Electro-Mechanical System (MEMS)
gyroscope, an Empirical Mode Decomposition (EMD) [uzzy interval threshold denoising method was
proposed. The signal was first decomposed into multiple eigenmode functions/intrinsic mode functions
(IMFs) using EMD. Then the IMFs were classified into three categories in terms of their IMF
characteristics: noise dominated IMF, mixed noise and information IMF, information-dominated
IMF. For the mixed noise and information IMF, the fuzzy threshold region was determined based on
the characteristics of different thresholds, and the membership function was set accordingly. The IMF
was denoised according to the membership value corresponding to the IMF coefficient. Finally, the

denoised mixed IMFs and the information-dominated IMFs were reconstructed to obtain the denoised
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signal. In the experiments conducted, [irst a denoising analysis was performed on a simulated bump
signal, and then verification of the MEMS gyroscope was performed. Finally, Allan variance analysis
was performed on the denoising effect of the method. Experimental results show that this method can
effectively remove the noise component of the MEMS gyroscope output. Compared with the original
output signal, the signal-to-noise ratio of the signal at rest is amplified by 5. 47 dB, and by 2. 64 dB
for the signal in the single-axis uniform rate rotation state. The analysis of Allan variance shows that
all the error coefficients of the gyroscope signal are reduced, the separation of noise and signal in the
gyroscope output is realized, and the signal quality improved. Useful information can be effectively
extracted and recognized.

Key words: Micro-Electro-Mechanical System (MEMS); gyro denoising; Empirical Mode Decomposition

(EMD) ; fuzzy interval threshold; Allan variance
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Tab. 3 Comparison of denoising results of different

motion states

VESNVIE SNE SRRV E S

1k RMSE  0.1126 0.099 7 0.099 2 0.069 1
MAX Error 0.1001 0.099 7 0.0984 0.058 2
& RMSE  0.1835 0.1821 0.178 3 0.099 1
MAX Error 0.187 3 0.186 9 0.1865 0.1155
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Tab. 4 Comparison of noise error coefficients before

and after de-noising

QO N es THYBC s DK s HRO s D

5 3.8X10 1 9.4x10 7 0,048 0,583 2,149
FEL 28X10 1 9.2X10 7 0,046 0,556 2,047
HEL 2.8X10 1 86X10 7 0.043 0.523 1922
FES L4X10 0 6.4X10 ° 0,040 0,493 1. 808
FEL L4X10 T 37X10 0 0,032 0.374 1,355
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