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An harmonic and inter-harmonic detection method based on EEMD and TLS-ESPRIT
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2. College of Electrical Engineering, Northeast Dianli University, Jilin 132012, China)

Abstract: Ensemble empirical mode decomposition (EEMD) can accurately decompose the signal with noise. It overcomes the
shortcomings of empirical mode decomposition (EMD) which can cause the frequency aliasing and false mode in decomposing the
signal. TLS-ESPRIT algorithm itself has good noise cancellation capability and can accurately identify the parameters of the signal. A
good method is proposed to detect harmonic and inter-harmonic through the use of the advantages of EEMD and TLS-ESPRIT. It

determines the real harmonic and inter-harmonic by energy of each order component decomposed by EEMD. Simulation results show

the feasibility and effectiveness of the method.
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Fig. 2 Each order IMF component with EEMD decomposition
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Table 1 Each order IMF component recognition results

Hii# Hz WEH/A Rt (E)  HAWP%
c1 27649 0.0050 14.673 1 0.08
cs 12478 0.007 5 4.807 3 2.70
c3 10113 0.0307 3.2471 1.83
cy 415.78 0.0101 2.868 4 1.61
cs 100.04 0.263 6 46.444 4 26.12
ce 50.302 0.874 3 177.787 4 100
c7 33.774 0.3127 341328 19.20
cg 23.176 0.121 4 3.8378 2.16
Co 0 0.305 6 13.770 9 7.75
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Table 2 Results of harmonic and inter-harmonic analysis

SNR=20 A Hz TE{E/A fitt (B Bk P1%
Bk 1 32,9905 0.302 8 59.095 8 19.83
Bt 2 50.775 7 09715 297.953 2 100
Bk 3 99.797 6 0.243 1 19.392 8 1251
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Fig. 4 Electric current signal of original arc furnace
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Table 3 Results of arc furnace signal analysis

SNR=10 A Hz IEE/A  fElR () B P%
Bk 1 124.8119 64.512 1 3.9230 39.52
Pt 2 149.707 6 103.0144 99256 100
Bk 3 24.605 3 64.650 2 3.8702 38.99

SNR=20 A Hz TEM/A  BEE (E)  EAP%
Bk 1 124.988 8 73.706 4 44819 4142
Pt 2 49.946 67 99.823 4 8.507 3 100
Bk 3 4.873 4 66.187 4 3.466 3 40.74

e MR 1L 20 3 B HRIE 2
64.933 0 A; iz 1. 2. 3 FIFB IR

il 2 100.000 0 A, 74.8130 A,
il 24 50.000 0 Hz, 125.000 0 Hz,

Pl

o)

~

25.000 0 Hz.

MO R 43: e ELA 10 dB I, RH
A SCBAE S A AR AT RO 15 21 0 R v A 6 Ny
98.4%, WEHUERIE N 86.23%. fEf5M:LLl 20 dB
I, SHRAEER A 99.5%, ME{UERIZEN 98.1%.
A LASC T B P i, ELVERf 24 A3

Hho
5 g

(1) A3rizH EEMD # i Hl TLS-ESPRIT
ERASIN T Do e (R RN B, 1 S S R
KELII) EEMD 73 fiff J (R ARG M ()1 70 o 5
JIk T EMD 73 il B2 rha] B I S T 2 ARk R
Al TLS-ESPRIT $ELVEA St B ATIRGS IO fE
77, G R R R R 7 B 15 5 2 5
P ERNSEG M R W] T AT R A R

(20 ASCTTIREERBON & A5 5 347 EMD
oM, TR

(3D ASCHTHIRIAE S 240 T I8N 42 )
T AT B I A IS RO R SR A 5
A SR AL AT I TiE A AT 5T
Sk
[ Jely, Hob %, shahv e 7o sk i) TR

[7]. FEMEAR, 2008, 32(20): 20-23.

HUANG Mei, HUANG Shao-fang. A harmonic

engineering calculation method for electric vehicle

charging station[J]. Power System Technology, 2008,

32(20): 20-23.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

RBL, R, ZERR, S RN R SO CAT TN AR
ONIIREFI]. BT AREAR, 2011, 26(10): 16-22.

WU Rui, JIANG Yan, YONG Jing, et al. An investigation
flicker

interharmonic

on the of fluorescent lamp caused by

voltages[J]. Transactions of China
Electrotechnical Society, 2011, 26(10): 16-22.

AR, s, adtte, G FETARRMEE RO S —
S 800 KV R i Hs ELIAU A FE AR eI R AR T B AT
[J]. 77 HaMb B4, 2009, 29(1): 11-14.

LI Zhan-ying, HUANG Ying, LI Jian-hua, et al.
Non-characteristic harmonic analysis of £800 kV UHV
DC  transmission system based on  unified
non-characteristic harmonic load flow algorithm[J].
Electric Power Automation Equipment, 2009, 29(1):
11-14.

RICH, RPHE, R, S R AT 8] 1 7>
e Lo IR R A [7]. B TR SE R, 2010, 25(2):
163-169.

WU Wen-xuan, WU Dan-yue,

Inter-harmonic

LIN Yan,

application

et al
analysis  and model
construction of current source inverter[J]. Transactions of
China Electrotechnical Society, 2010, 25(2): 163-169.
HRAE, MY, mdk. RTHOIRSE FET il
AEAEIR R RAITLT]. 4k rf2s, 2006, 24(18): 52-57
ZHENG En-rang, YANG Run-xian, GAO Sen. Study on
problems about detecting harmonic based on FFT in
power system[J]. Relay, 2006, 24(18): 52-57.

FeAr o7, XL BT XU FFT SAR &R /).
HL o RGP S5, 2010, 38(3): 11-14, 19.

JIANG Chun-fang, LIU Min. Inter-harmonics analysis
based on double interpolation FFT algorithm[J]. Power
System Protection and Control, 2010, 38(3): 11-14, 19.
WIRKUE, FESY, 2, AF TN S E A it N
(K1 L) R GUUE B M SR D). W0 RGO 5 70,
2011, 39(3): 74-77.

SHANG Qiu-feng, KANG Dan, LI Qing, et al. Power
system harmonic analysis algorithm based on wavelet
packet improved by single-node reconstruction[J]. Power
System Protection and Control, 2011, 39(3): 74-77.
LGS, B4, M. T Meyer /MBI FET I HE R
BB ATII]. W0 R GRS, 2011, 39(12):
90-93.

FANG Guo-zhi, YANG Cai-shan,

Detection of inter-harmonic in power system based on

YANG Chao.



-7 CE R R R EEL
Meyer wavelet and FFT[J]. Power System Protection and Transform[J]. Power System Technology, 2008, 32(17):
Control, 2011, 39(12): 90-93. 46-51.

(9] 9kEWE, FEAE, THIE, % T AR BRKH T [13] Flandrin P, Rilling G, Gonacalves P. Empirical mode

R E B P[] B T ER R, 2010, 25(7): decomposition as a filter bank[J]. IEEE Signal Processing
144-149. Leters, 2004, 11(2): 112-114.
ZHANG Hui-juan, WANG You-hua, WANG Yan-yan, et al. [14] Wu Z, Huang N E. A study of the characteristics on white
Power system interharmonics analysis based on noise using the empirical mode decomposition method[J].
autoregression  model[J].  Transactions of  China Proceedings of the Royal Society A, 2004, 460(2046):
Electrotechnical Society, 2010, 25(7): 144-149. 1597-1611.

[10] Zibvk, PRpEiE. JET AR #EAh11F1 Adaline #1470 [15] Roy R, Paulraj A, Kailath T. Esprit: a subspace rotation
FI TR 9 M D). W R 48 A 34k, 2007, 31(17): approach to estimation of parameters of cisoids in
78-82. noise[J]. IEEE Trans on Acoustics, Speech, Signal
CAI Zhong-fa, CHEN Long-dao. Inter-harmonic analysis Processing, 1986, 34(5): 1340-1342.
based on AR spectral estimation and Adaline neural [16] Leonowicz Z, Lobos T, Rezmer J. Advanced spectrum
network[J]. Automation of Electric Power Systems, 2007, estimation methods for signal analysis in power
31(17): 78-82. electronics[J]. IEEE Trans on Industrial Electronics, 2003,

(11 SRR, ZFHRE, PURMm, <5 RS e i) 50(3): 514-519.
53 Bt Prony HA[T]. HLMIEIR, 2010, 34(3): 21-25. —
GUO Cheng, LI Qun-zhan, HE Jian-min, et al. ;li*; gj}: 2013-05-22; fEE . 2013-07-03
Segmentation Prony algorithm on harmonics and Foak(1987-), B, @adkE, M, LBEHEFA
inter-harmonics detection of power networks[J]. Power ARHBRENEEEERUARETAEEL ) RE T
System Technology, 2010, 34(3): 21-25. A; E-mail: yxlin007@163.com

[12] skgarg, BUEEAR, 2R, EETHEEASM HAT M AH5(1987-), *, ML, TEHEFE AL E%

TR IR TR 3R e R 5 VR[], R AR, 2008, 32(17):
46-51.

ZHANG Yu-hui, HE Jian-wei, LI Tian-yun. A new
method to detect harmonics and inter-harmonics based on
and Hilbert-Huang

mathematical morphology

AR HEFIABAZ FTRIBAC ) ZAT A
FRE1945-), 5, #I, TR T QAETHE.
B i H|Eit, FEABRRARBLNRFALAEL I ZRT



