¥35% 98 HL T 5 AR 2 4R Vol.35 No.8
- 220 - JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2021 4F 8 H

DOLI: 10. 13382/j. jemi. B2003544

EWT BZaEESHEPFINE"

® F OBAEZT T K

N A HRox &
SEHNME TR &M 230009)

(FIETAE R H

AT PR IR A AE AT N 7S O RS 1R 25 T BUR A D BRSBTS B 0 ) R, 45 R 28 56 /N B A5 4 (empirical wavelet
wransform | EWT) B 4 HE A THERE PR USAS A . 652 FH BT B 0 2 85 57 A 1 B 4 3 501 750 32 10
LS 431 5 FLUR SR/ INIHE 1 5 I 6 o 1 2 M 1) 7 Y {5 5 0 A 7 [ M A IO FE A 15 5, 15 B A B S 19 BE R ASCHHE s S8 5 AR 97 PID
MBI v A R T B S S B B R (S BB I ; oS5 A TR IR 5 R BE SR ACE |, 205 5 T AR PR RS VR A 5 Dd e 4, A
AT PUTCERATRTR 1 25 A . SCIRa RR W] EWT S5 Bl & BRI ORI B T, BRAS A L5 M A BE 4R 5 50% , HLI MR AL
RRLT W R BB ERERZEK

KRR . 2200/ NP /NI 250 5 PID HAMIEDE ; LRSS s DUk

HESSES: P228. 1;TNO11. 72 NEARIAE: A ERRAEFRSENRE: 42001010

Application of EWT algorithm in attitude angle calculation

Liu Chun Chen Hao Dai Lei Xi Shengbao He Min

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Aiming at the problem of the low-frequency noise and drift error of the gyroscope that causes the accuracy of attitude
measurement, this paper proposes to use the empirical wavelet transform (EWT) algorithm to fuse the gyroscope and accelerometer to
calculate the attitude angle. First, use the EWT algorithm to divide the spectrum of the data collected by the gyroscope to obtain the
modal components of the signal, and then use the wavelet adaptive soft threshold denoising method to denoise the signal and reconstruct
the signal to obtain the processed gyroscope data. Then according to the PID complementary filiering method, the data of the
accelerometer is used to correct the data of the gyroscope. Finally, use the corrected gyroscope data, combined with Runge-Kuta method
to calculate the quaternion, so as to obtain the precise attitude angle by using the quaternion. The experimental results show that the
EWT algorithm fused with gyroscope and accelerometer can improve the accuracy of attitude calculation by 50% , and the noise reduction
effect is good, which meets the requirements of accuracy of attitude calculation.
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Fig.3 Structure diagram of traditional complementary filtering
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Fig. 6  Empirical mode component

FESXF L&l 7 s

w11 7 FTLAR Y, X Sl 15 5 i sh B SRR AR, s 2h v
I £5%107° rad/s K F +4x107° rad/s, UiHH EWT 53k
56 /NERE M RN TR 2 Y Rl Z BhideT R
FHMETT 5 BEAT R WA 2 S ECR AN 1 B, (R IR 1L

K7 X R S s RO
Fig. 7 X-axis signal filtering effect

MR, 377 1R 22 /)N
AT

, FAH S R BT 1, 5 5 B AL

®1 BEMESHSH

Table 1 Reconstructs signal analysis

. {5 L/ ¥R/ LR
&5 B "
dB (rad-s™) /%
X e 7.310 3 0. 000 788 0. 966 8
Y il 7.274 2 0. 000 811 0. 966 3
Z R 8.092 2 0. 000 724 0.9727

B X U e ALV R R B EWT Bk 5 Y
EMD F1 EEMD LA & CEEMD #:AEXF He, JE I X2 4 X
B AR 5 S, Hih EEMD 85 B MR SRR U R 22 1L
NSTD=0. 2,447 % EMD &35 K8 NE = 500 ; CEEMD
B R AR R 22 HE NSTD = 0. 2, SEER AL NR =100,
e RBEACIREL Maxdter=500,

R2 BKEEXLE
Table 2 Filter algorithm comparison

ik fEWRLIL/dB BHriR2s/ (rad-s™")

BATHE]/ s

EMD 1.394 8 0. 001 557 0.760 9
EEMD 5. 688 4 0.001 505 14.382 6
CEEMD 5.636 9 0.001 510 8.879 1
EWT 7.310 3 0. 000 788 0.753 2

HIZR 2 A5, EWT Bk Cie MIEDCR | ik 21817

N I | R AT
ARSCRIT 4 By Th HEAT S 25 FR A, TR 8 07 g SR

FHAE G HAMIE AR A R ] EWT 350k i 5 e 8 Mo 5
21, 9 FiR Mgl EWT 53 FA% 55 1 408 I A 57 45
AMPA T2, B 10 Pk H PID £ 56 B A g ik (0
AR EWT Bk B AR Ik 3, 18 11 iR ok
FHEWT B3k 1 PID 5 il B #bU& I ff 3 35 M PR

%4,



% 8 EWT Bk AE LA A b i 225 -
NG 005+ i £
/w\v""m 0 TN
-0. oj« 3 rW\W T\ttt ) ~ o
0 10 300 300 400 500 600 0055 100 200 300 400 500 600
it 002 it i
Mww«wwww b A
100 200 200 300 500 600 -0.02; 300 500
0.02 B
: MMWWHWMWW T ——
0 100 200 %,(/)f 600 —0.02, 100 200 300 400 500 600
t/s
P8 Jrik LRSS A 1L ik 4 TS A A
Fig. 8 Method 1 solve the attitude angle Fig. 11 Method 4 solve the attitude angle

) memiiww .
. WWWWW
ity

t/s

B9 Jrik2 A
Fig. 9 Method 2 solve the attitude angle

0.05r R

0 /mwwf’ ™ A e
00—t 20030000 S0 600
0.02 A £

O MY i me [y,
e T00 200 300 400 300 600
0.02 BR A
%w»wﬂqmwwwwwmwmw
O 50030040 300600

t/s

K10 TJrik 3 s ash
Fig. 10 Method 3 solve the attitude angle

4.3 HRHWH

H2e 3 LIS 8~ 11 AT, 24 FLfef A% 5 14 g D%
I, DR 2 U B AR, de KR 25 A BE ALK, o 1) ) 1 5K
R 2R EWT 523k B AR AT LUK B AT e KA 22 £
JE , BARMEZE RN ARE W IR sh K BB H PID B
NI BAR BTG HN W (R B IR 2 A R IRAR K
BRI R ] EWT B Ehn PID #5569 T oAb g ik , e 80R

Fehf AR AT LLFE T -0. 020 ~ 0. 02°, f% K iR 2% M i
TRET 60% bR FIET 50% ., {7 EL45 B2 i

PR SRS P B 5 50%
*x3 ARt
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Table 5 Roll angle comparison (°)
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