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Harmonic and Inter-harmonic Detection Method Based on ELMD-SVD and Prony Algorithm
LIU Shiqi, WANG Yajing, MEI Yu, ZHANG Xiangke, SHI Yao, DOU Zhenhai
(School of Electrical and Electronic Engineering, Shandong University of Technology , Zibo 255049,
Shandong , China)

Abstract: In order to solve the problem of extracting harmonic parameters by noise interference Prony
algorithm, a harmonic analysis method based on ensemble local mean decomposition (ELMD) , singular value
decomposition (SVD) and Prony was proposed. Firstly, the noisy signal was decomposed by ELMD, and the
demarcation point between the noisy component and the effective component was determined by Kullback-Leibler
divergence for a series of product functions (PF). The noise component was removed and the effective component
was retained. The Hankel matrix was reconstructed through the phase space for the effective component, and SVD
was used for secondary noise reduction and reconstruction. Finally, the reconstructed signal was superimposed with
the ELMD remainder to get the de-noised harmonic signal, which was combined with the Prony algorithm to detect
the frequency, amplitude and phase of the harmonic. It shows that this method can effectively reduce noise and
extract harmonic characteristic parameters through the simulation experiment results.
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ik PF, PF, PF, PF, PF,
K-L 0.81 1.00 0.00 0.05 0.09
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Tab.2  Comparison of denoising of two methods

S PRI Xk

b (28)

™

EEMD-SVD

SNR/dB  RMSE/dB SNR/dB  RMSE/dB SNR/dB  RMSE/dB
6.303 3 04811 128198 02096 21.5931 0.0738
104861 02763 159529 0.1415 257303 0.0457
20.1110 0.0876 21.1158 0.0774 30.0152 0.0279

HER2ATLLAEN, EAFRRESAE T, 4
EEMD-SVD 4b 3 J5 {7 % SNR #& = T 1.004 8~
6.516 5 dB, RMSE [£AX T 0.010 2~0.271 5 dB; Ifii
SCH T SNR TS T 9.904 2~15.289 8 dB, RMSE
KA T 0.059 7~0.407 3 dB, H: ¥ 7F 6.303 3 dB
A I 7 PR R T SC ik T SRR Ak 15.289 8 dB
BIME SR BE 7o 3% 2 45 5 3 I S O ik P e
SRR I 2 HLAE AR A e L BR BT AT LA AR 5 A
NE
3.2 HMEREXT EE 34T

Sk B E ST H R MR 5 9 X Promy A3 4G T A
BE R4 F 2K (25) 15 5 23 0l 48 EEMD-SVD Fil
ELMD-SVD J5 7 B W J5 (145 5 £ 4T Prony 4347 .
HY T i A0 M R 5 R R T R Nyquist SR AR 8
BB PR T 0k R R S {5 T R R 10 SRR AR
B — W, 45 B RS 8 1000 Hz, RAFE S K
300 M 45 5 13 134T Prony 43 #T , Prony i £l ik &
H12,

EEML-SVD-Prony J7 %5 3C BT 42 7 e A il
SEILNT AN 3 T o

A2 3 8 4E T WL, 7F 20 dB MR IR EE R,
EEMD-SVD-Prony J5 1% % 4% % % 3% i 48 4 4%
I AR TR B 7 B IR Y 110 Hz [B]38 % A1 300
Ha (VIR I FEAR TE TR v A M o i S Oy it
45 YRR 0 TR0 S U8 174 00 % T A 467 350 1 o 1 %
P AR = T Prony 559 A 0T [R] 1R % A9 B L RE

Jio H EEMD 7 2 F 8l i & 53 fift Br 4, ifi ELMD
Joits N1
£3 RMERHL

Tab.3  Comparison of test results

WA/ K25 5L H2/V 1 (°)]

[Ha/VI(®)]

EEMD-SVD-Prony SCHT

50/1.00/0.78  50.1119/1.024 2/0.791 3 50.002 0/0.998 7/0.783 5
110/0.15/0.34 122.5939/0.169 3/0.372 6 110.057 3/0.152 3/0.3477
150/0.50/0.52 149.823 6/0.513 3/0.526 6 150.003 7/0.501 4/0.5137
250/0.45/1.04 249.760 3/0.469 7/1.029 4 249.999 0/0.451 4/1.038 8
300/0.09/0.89 332.0122/0.073 3/0.813 9 300.042 7/0.087 8/0.919 9

350/0.30/0.25 349.833 7/0.308 2/0.245 8 350.008 9/0.298 1/0.252 1

33 EiERR

SCRR[1718E H KT CEEMD FIi#E Prony Y38
WMo

Ryt 2 B SO BT R 5 2k B IR | SR
5 SCER[171AE [R] 45 5 B AU, 78 20 dB B R 4%
T, 1 E ELMD [ 7S i i (64 0.8, Jin Mg vk %k
4300, SVD 4 B ECh 8. SO TR ik B S
(405 L PR AE SR 5 SRk [17] 0 36 45 SR X e n 3%
4~F 6 PN,

R4 PEBWER

Tab.4 Frequency detection result

% SCHR[1717 %5 Tk
KAllfE/Hz  3R2%/% RIUMEMz - 3R2%/%
25 25.333 1.33 24.993 0.028
50 50.280 0.56 50.006 0.012
155 157.666 1.72 154.983 0.010
250 247.425 1.03 249.984 0.006
£S5 REXRNER
Tab.5 Amplitude detection results
4 SCRRO7 7 % SC Ty ik
R {E/V : o ; o
KA 2% RN BRE%
8.7 8.726 0.29 8.721 0.24
14.2 14.232 0.23 14.174 0.20
4.5 4.485 0.34 4.487 0.29
1.5 1.497 0.22 1.504 0.26
F6 TAMKMLER
Tab.6  Phase detection results
) SCHR[17]77 BV
HfE/C0)
/(o) B2 KIE/CC) R/ %
30 30.522 1.74 30.324 1.080
45 45.833 1.85 44.629 0.824
36 35.420 1.61 36.422 1.170
60 59.496 0.84 60.587 0.978
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