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MEMS gyroscope denoising algorithm based on CEEMDAN-WP-SG
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Abstract: A new denoising algorithm is proposed aiming to decrease the random error of MEMS gyroscope. Firstly, the original data is
decomposed into multiple intrinsic mode functions (IMFs) using complete ensemble empirical mode decomposition with adaptive noise
(CEEMDAN). Then the IMFs are divided into noise IMF, mixed IMF, and signal IMF according to multi-scale permutation entropy
with Mahalanobis distance. Next, the noise IMF is denoised by wavelet packet (WP) and the mixed IMF is denoised by Savitzky-Golay
filter (SG). Finally, the denoised signal is obtained via reconstructing the processed IMF and the signal IMF. The bumps signal is
increased from 6 dB to 17 dB, and the mean square error is reduced by 71. 9% after denoising through the proposed method. The angular
random walk of the denoised signal is reduced by 31.5% in the experimental analysis of the measured gyroscope static data, which
illustrates that the proposed method can predominantly improve the accuracy of MEMS gyroscope accuracy.
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Fig. 1 CEEMDAN decomposition result of Bumps signal
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Table 1 Comparison of various denoising methods under

Bumps signals with different signal-to-noise ratios
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LMk ,
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3 dB MSE 0.494 5 0.360 8 0.378 2 0.355 6
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6 dB MSE 0.328 0 0.282 4 0.270 1 0.254 2
SNR  17.8209 17.6156  19.32047 19.818 8
9 B MSE 0.231 3 0.236 9 0.194 7 0.183 8
SNR  20.666 5 21.939 1 21.506 1  22.402 6
12 dB MSE 0.166 7 0.144 0 0.1513 0.136 5
15 4B SNR  23.6589 24.535 6 24.1074  24.722 6
MSE 0.118 1 0.106 8 0.1122 0.104 5

FEfFM LA 6 dB 1B T, 5 EMD-DFA-/INg 25 Mk
FALE A SCRT SR 5 i AR MR LU & 1 15% , 307 22 B8A8 T
22.5% . TEAIAMGEMEEAEPE T & 2 M R Nk 2
7R, T LA H ZEAS [R5 M L 2 A T X 05 AR 5 iy b 3
b ARSI R A R MR DT AR T H A D s

F2 AEEREFEES TEMERGEIE
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15 dB MSE 0.055 8 0.037 1 0.034 2 0.031 6

2.2 XZES

T i BRI S PR MEMS FEIRAUAE 5 A 2=
MRAG I | SR B — B LS PR MR ACEE AT b, B S
MTi-630 53 P i 50 B L 1k 5 h RIS T 2 50
OIMT . R T RS A N R P RN IR BT R AT, R
WAL Y BhBCE P ] BY 40 000 S48 K 5 B B R AT 52

T TR B 1) 2 MR AL B T B 0 A U I
O IRAEXT b AR 15 Ha, K] 6 J2PEIRIL Y



5 4 3

FEF CEEMDAN-WP-SG [¥) MEMS [g IR 25 M54k <111 -

5 MTi-630 5l 2ot

Fig.5 MTi-630 inertial measurement unit

S S s F MR X L R 45 SR IH T B A O R e AR
BRI SR E R RTER T, 3R 8 T He B0 2 8 I 2% A
EMD-DFA-/INE J7 325 BB Ui 22 R Ak R

I/ (degs)
FHEE/(degs™)

-0.01
0051.0152025303540 70 051.01.520253.03.54.0
A [A)/s <104 i B /s x10

(a) BfES (b) Wi B
(a) Original signal (b) Second-order lowpass filter

0.01 0,01
- ob o g
£ 0004 % 0,004

g 0002 I | T
2 -0.002 i -0.002
1 -0.004 ) -0.004
& -0.006 &= -0.006
—-0.008 -0.008
-0.01 —-0.01

770 051.01.520253.03540 00510152025303.540
A [8)/s <104 A} IRl/s x104

(¢) EMD-DFA-/IJi¢ (d) CEEMDAN-DFA-WP

(c) EMD-DFA-Wavelet (d) CEEMDAN-DFA-WP

0.01 0.01
~ 0.008 ~ 0.008
0,006 W 0:006
& 0.004 % 0004
£ oo N 2 0002
2 -0.002 2 0,002
B B
& 25008 & 20008
~0.01 20.01

770 05101.520253.03540
e ) /s x104 it /s %104

(e) CEEMDAN-DFA-SG (f) CEEMDAN-WP-SG
(e) CEEMDAN-DFA-SG (f) CEEMDAN-WP-SG

6 BEIRAL Y il A5 e 25 AR X HE
Fig. 6 Comparison of the denoising effect of static

data on the Y-axis of the gyroscope

S T EE G b3 BT R B R AR ) 2 R R AR S
FH Allan J7 2551 M/ 5 B HEAT 9081 . Allan J5 254)
Bridi iz 20 et 60 AL E E K bR HE R Y David Allan 45
BT B R B IR B AL 15 25 3 5 R S R e AT B

B, Allan 753 AT LR ) B 38 1) 22 Fh A [R] 2 784 1)
REMLIEE 25, 50T LR R 2253 0 5 T, s Ak M s R Bl AL
e sh FE AR M AR LI 2 e B b, AR
FrEEEE I Allan J7 2 ENME 7 Bk,
o RIBfE S
o * MBI B
0 * EMD-DFA-/N

00% ~CEEMDAN-DFA-WP
X - CEEMDAN-DFA-SG

(=}

@
S
&
p:¢

a e o CEEMDAN-WP-SG
° % r‘:;‘-v
i‘}“’g .;)';IA ““““
£ 10 éﬁﬁ
< =

* 8

o

o

o
10° b °
o L
10 10" 10° 10' 10°

B T8l/s
K7 Allan J5 2T

Fig. 7 Allan variance comparison

7 3 HBEIRAL Y Rl S AR AE 23 0 20k — P
2% . EMD-DFA —/NJf . CEEMDAN-DFA-WP . CEEMDAN-
DFA-SG .CEEMDAN-WP-SG J7 it 47 : J5 £ 5 Bt WL
LA e Horh B IR A AR 15 5 10 A B2 R BILIE AE R
0.482 2 deg/h'?, Wit 3 A LIMLER F], HAh B vk S g
J& AT A A BE REAIL U SE 19 Dk 20 R B AAE 4% LAIN 1T 28
i CEEMDAN-WP-SG J7 1% 25 W J5 5 5 1) #f 5 BE ML A6
R EE WD T 31, 5% , 33X 4 KA AR ST 4 5 v A AGE
CEEMDAN B 471l 5¢ B AR AIE AR 285 bR 557 4 5, () ) 30 245
BN HT SC U A8 1R S S A ARG i R B R R
{55 ARG 5 RAERTEE T, SE0 T B4 S MRAiR

Fz3 PeREML Y MBS EIBEIRER
Table 3 Denoising result of static data

on the Y-axis of the gyroscope

- ﬁufﬁl‘ﬁmft midfg
(deg/h"?) (HEIEEX )
A5 0.4822 /
B s A% 0.479 5 0.6%
EMD-DFA-/NJ§ 0.478 1 0.9%
CEEMDAN-DFA-WP 0.458 2 5.0%
CEEMDAN-DFA-SG 0. 466 7 3.2%
CEEMDAN-WP-SG 0.330 3 31.5%
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