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Figure 3 Overall flow chart of denoising processing
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Table 1 SNR comparison of signals after denoising under different SNR and filtering methods dB
SNR
JEAE R L
FIR LMS RLS EMD FLOF FLOF+EMD
=30 -20.543 -29. 866 -21.031 -14.978 -20. 070 -13.360
=20 -10. 543 -19. 865 —-11.048 -4.997 -10. 070 -3.357
-10 -0. 549 -9. 866 -1.156 4.773 -0.075 6. 349
0 9.419 0.134 8. 165 13.218 9.893 14. 994
10 19. 208 10. 134 14. 926 23.001 19. 666 21.951
20 27.309 20. 134 17.423 26.290 28.257 27.392
x2 ESEARFRILMBEAEERENHFRIREILL
Table 2 RMSE comparison of signals after denoising under different SVNR and filtering methods dB
JRU R b . RS X p— S
FIR LMS RLS EMD FLOF FLOF+EMD
=30 7.801 19. 818 8.192 4.472 7. 441 3. 804
=20 2.870 7.291 3.019 1.648 2.738 1.399
-10 1.056 2.682 1.123 0. 621 1. 008 0.530
0 0. 390 0.987 0. 442 0.267 0.372 0.223
10 0. 147 0. 363 0.225 0. 100 0. 140 0. 101
20 0. 061 0.134 0.175 0.072 0.059 0. 068
R3I ESEARERIEMBRAEEZREHEMES L
Table 3 SIM comparison of signals after denoising under different SNR and filtering methods
55 W b /B S
FIR LMS RLS EMD FLOF FLOF+EMD
=30 0.216 0.052 0.239 0.215 0.253 0.252
-20 0.518 0.142 0. 560 0.516 0.581 0.579
-10 0. 855 0. 365 0.873 0. 849 0. 889 0. 883
0 0.976 0.730 0.971 0. 966 0.982 0.977
10 0.996 0.946 0.988 0.996 0.997 0.997
20 0.999 0.992 0.990 0.998 0.999 0.998




%5 W

TORIA S B TR B JR 0 B PR 9 T 3 A ) D v 51

TER — P I R M TR 1~3 Py FIR,
LMS \RLS Fl EMD 45 & BLUE I 77 15, AR SO IR 7E R
FEME T A BRI, MERENESSS
FLOF 5 EMD U8 J5 ¥k (U 355, U8 8OR Tt 2 W
585 (R B 2 T AR MR LU G T, EMD A ok 1 U8 IR
BN X S T A R AR S P R
EMD iz 851 AR 258 T RUE , 45 I8 I 4% 47 > 1) — 2k
AR AR SEBR TTAR A5 - iR A B T8 R S 5
JEE — M, PRI AR S 8 I O vk T DL AT AT
Ab 3,

3 it

AICAE LOF fHER L, $ T — ol B 031 R 4
JE 1 R 30 B B EMD 45 A B0 B S BE D
o B R AN 5] AT S A BE A AU il g 3
TR A R W) S (LSRG I R B TR Y S B R K
AR 22, ARG A [ B[] B A Y 2 B T R A
A0 D g R IR AT 2 M R R B D A S
HERRYE . eIt 4 R R W AR SCO7 06 45 TP A 45 AR 2
LT 1 HLAY 38 R 8 7 5 7R [R5 1 LR 2
FLAT B 19 25 MR AIOR IR IR I AR AR (R R L 3507
MR 2E A5 T MU B BRI,

S E 3k

(1] XM, B, EJ7F. AW ESAES LS 7
ERIBEFE[)]. BEIPAe4, 2017, 30(14) : 50-51.

LIU B,MA S H,YAN G Y. Research on similarity analy-
sis methods for biomedical signals[J]. Medical Equip-
ment, 2017, 30(14) .50-51.

[2] GUEZGOUZ D, CHARIAG D E, RAINGEAUD Y, et al.
Modeling of electromagnetic interference and PLC trans-
mission for loads shedding in a microgrid [ J]. IEEE
Transactions on Power Electronics, 2011, 26 (3) . 747
~754.

[3] kU, HE =, Boasn, % 5 T 80558 5 A 3 i

2230 18 R AL LR IE SR R R R BR AT ()] MR Sk
R, 2020, 44(2) :278-289.
ZHANG W W, DI Q Y, GENG Q L, et al. The removal
of MTEM periodic noise based on digital recursive note-
hing [ J].
2020, 44(2) :278-289.

(4] WIOPF, R, MIELY, %. BT FV-FBE [ 3
ARELBEIL WTBTFE[T]. FBIN K224 (T2 R |, 2020,
41(5): 82-86.

LEI W P, SONG S L, HAO W S, et al. Fault diagnosis
of rolling bearing based on FV-FBE [ J].

Geophysical and Geochemical Exploration,

Journal of

Zhengzhou University ( Engineering Science ), 2020, 41

[5]

[6]

[7]

[8]

[10]

[11]

[12]

[13]

(5) . 82-86.
XV, EH S E MR E L] UIRE
LR, 1998, 22(6) : 446-451, 445.

LIU J. The frequency field separation technique of gravity
anomalies and its application[ J]. Geophysical and Geo-
chemical Exploration, 1998, 22(6) : 446-451, 445.
AR, T E B, XA IS N U Ak AE O R B
W gy W A (I ], 2040 5 0ot T &, 2016, 45
(4): 0417003.

GU X B, FENG G Y, LIU J. Application of adaptive fil-
tering algorithm in the weak vibration measurement[ J].
Infrared and Laser Engineering, 2016, 45(4) . 0417003.
WRPT, ARG, BT, % ST B G VL T %
AL RESRM RG], BTHEARNA, 2017, 43
(9). 17-21.

PENG L G, LIN J Z, PANG Y, et al. Wearable system
based on adaptive filter for monitoring ECG signal [ J ].
Application of Electronic Technique, 2017, 43(9); 17-
21.

A, e, TEM, %. %4 1CA 5 LEVKOV I
B 00 GRS W N TR 7k (0], T I S A
PR, 2021, 35(12) ; 37-44.

REN J, YANG S L, WANG J X, et al. Anti-power inter-
ference method of combining iterative ICA and LEVKOV
for transient response[ J]. Journal of Electronic Measure-
ment and Instrumentation, 2021, 35(12) . 37-44.
RILLING G, FLANDRIN P. One or two frequencies? the
empirical mode decomposition answers[ J]. IEEE Trans-
actions on Signal Processing, 2008, 56(1): 85-95.
48395, I, RS, Hilbert-Huang 728 46 7 F T .0
FEWERLI]. hEESEY ISR, 2007, 24(4)
309-312.

Z0U Q, TANG J T, TANG Y. Hilbert-Huang transform
for ECG de-noising[ J]. 7 [E EE 24 B2 24 5| 2007,
24(4) :309-312.

AR W, SRWT, SRHEIN, G, BT R R A R i M
RERR I 5 (0], TFEHLRL A, 2017, 37(10):
2932-2937.

Z0U Y F, ZHANG X, SONG S Y, et al. Fast outlier de-
tection algorithm based on local density[J]. Journal of
Computer Applications, 2017, 37(10) :2932-2937.
BEUIAE, BRATD], sk, BT k-medoids ISR L AT
R DX S o R i (1], R TR 2 4l
2021, 37(1):26-31.

XUE M Z, CHEN S Y, GAO Q. Recognition method of
line loss anomaly in low-voltage station area based on k-
medoids clustering algorithm[ J]. Journal of Tianjin Uni-
versity of Technology, 2021, 37(1) :26-31.
Ty iRk wh MR R PR BE v T GSP i RS

IR



52 PSP PN i 3 - S QRIS ) 2023 4

A ARPIFE[ D], B AT m AR L K% 2021, ZHAO W W, ZENG X W. A new signal denoising meth-
FANG H C. Research on detection technology of noise od based on empirical mode decomposition( EMD) [ J].
signal abrupt point based on GSP in impulsive noise envi- Electronic Science and Technology, 2008, 21(5): 30—
ronment[ D ]. Nanjing: Nanjing University of Posts and 32, 36.
Telecommunications,2021. [16] #k4, &M, TEF, & ET/ND It BEmR
[14] IR, od®R, £, % 2REX 5 (EMD) WUHL TR MBI 5 5 BORIPAG (], B F IR R,
Je HR T, B4R, 2009, 37(3) :581-585. 2021, 44(22) . 80-86.
XU X G, XU G L, WANG X T, et al. Empirical mode YANG C J, NIE C Y, WANG H Y, et al. Research of
decomposition and its application[ J]. Acta Electronica noise reduction algorithm and effect evaluation about EMG
Sinica, 2009, 37(3) :581-585. interference based on improved wavelet threshold[ J]. E-
[15] ML, 823 —MB M EMD XMk ()], BF lectronic Measurement Technology, 2021, 44 (22).
BH%, 2008, 21(5); 30-32, 36. 80-86.

Power Frequency Adaptive Suppression Method Based on

Local Outlier Factor of Frequency Density

HUANG Zijuan'*, TU Juan'?, DAI Zunxiang'?

(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China; 2. Fujian Provincial Key Lab of
Medical Instrument and Pharmaceutical Technology, Fuzhou 350108, China)

Abstract; Bioelectric signals belong to weak low-frequency signals with strong noise, therefore it is necessary to
filter out power frequency interference. In order to ensure the accuracy and effectiveness of the filtering during
power frequency offset, local outlier factor based on frequency density, and combines empirical mode decomposition
was proposed to carry out adaptive denoising of signals. Firstly, the local outlier factor was used in the frequency
domain by the short-time Fourier transform, and the frequency offset and the offset time and frequency were found
by FLOF. Secondly, the signal was segmented according to the offset time, and the average instantaneous power
frequency within the segment was used as the actual power frequency within the segment. Finally, each signal
segment was decomposed by EMD to generate multiple local feature components of different time scales. More
useful information could be reserved only for the component filtering containing power frequency signals. The
frequency estimation accuracy of this method was high, and the SNR, RMSE, and SIM were improved after filtering
in different dB. Taking —30 dB as an example, compared with the least mean square error filtering and recursive
least squares filtering, the SNR increases by 16.266 and 7.671 dB, the RMSE decreased by 16.017 and
4.388 dB, and the SIM increased by 0. 200 and 0. 013. It proved that the filtering effect in this study was better
than the conventional adaptive filter.

Keywords: bioelectrical signal; power frequency; self adapting; local outlier factor; denoising



