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Harmonic detection method in power system based on empirical wavelet transform
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Abstract: In order to detect stationary and transient harmonics under noise interference, an empirical wavelet transform
based harmonic detection method for power system is proposed for the first time. Firstly, the empirical wavelet transform is
used to extract a set of AM-FM components from power harmonic signals, and the separation of each harmonic and
fundamental wave signals is realized. Then, the separated harmonic components are transformed by Hilbert transform to
obtain the amplitude and frequency parameters of each harmonic and the start-end time of transient disturbance. The
simulation results of multi-class harmonic signals show that the proposed method avoids the mode aliasing problem existing
in traditional Hilbert-Huang transform effectively and realizes the adaptive decomposition of multi-frequency harmonic
signals even at low signal-to-noise ratio. It ensures the accuracy of detection results of various parameters and has good noise
robustness and real-time detection.
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Table 4 Real-time comparison of localization algorithms
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iR} sobp i {E/p.u. B /He

B g 3w 7Tk AR 3K 7
HigME 20 1.6 12 50 150 350

t KM 19963 1.5990 1.1999 50.0498 149.9814 350.0178
R2/% 0185  0.063 0008  0.100  0.012 0.005
HigH 1.0 0.8 0.6 50 150 350

6 FIME 09956 0.8003 0.6029 50.0779 150.0107 349.9660
REY% 044 0038 0483 0156  0.007 0.010

4 i

AT UG L8/ NP A N T il
SEth T —MEE TR/ N Hilbert 2241 Hy
T RGBT T35, Gad BR M 5 07 LI UE AT
HYM 708

(1) EWT RERSAKHRAE 5 H 5 A0 gt AT
HIENRIr, IFEBAE 5 AR PR & RS
VAL AR B, AR S T A SN M 5
HRAAAE AR R B 1)

(2) A5 AN LA A e PR W A1 A 2 A )
FEIE, I REMERE A R AW R b %), JfF H A
F R (R S A I R o

(3) Ve B BE Rl 73 5 12 R A AT i e A
XA I BT, AT A SO A R AT
FRE Fs e, BENS [A) IR T A 5T AR
DA ST AR TR A I

HeAt, MRS S W LU, EWT AR (R
HURS R RH D AR A IIRS B, DRIy LIk T 23
TR, T, EWT 8Ch B 1w s 0 AR
TGS, XSS EHARRAWI IR B .
Sk
[1] REZAM S, AGELIDIS V G. A robust technique for single

phase grid voltage fundamental and harmonic parameter
estimation[J]. IEEE Transactions on Instrumentation and

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

Measurement, 2015, 64(12): 3262-3273.

REANEE, ZRHE, SEIRA, B W) RGO A
W T7 3 graR (7). B ) & 4 A3k, 2013, 37(11):
125-133.

XIONG lJiefeng, LI Qun, YUAN Xiaodong, et al. Detection
methods of harmonics and inter-harmonics in power
systems[J]. Automation of Electric Power Systems, 2013,
37(11): 125-133.

MR, R, ESCE, A R TIRD B RN R R
DRGRAVEBATINI]. H AR, 2017, 320811 1):
50-57.

YU Min, WANG Bin, WANG Wenbo, et al. Power system
time-varying transient harmonics detection based on
SWTIJ]. Transactions of China Electrotechnical Society,
2017, 32(S1): 50-57.

BARROS J, DIEGO R I, DE APRA'IZ M. A discussion
of new requirements for measurement of harmonic
IEEE
Transactions on Instrumentation and Measurement, 2013,
62(8): 2129-2139.

TRAERK, B0 . FET CEEMD-WPT Fl1 Prony 5321
W SBR[, RGO 5], 2018,
46(12): 115-121.

ZHANG Yulin, CHEN Hongwei. Parameter identification
of harmonics and inter-harmonics based on CEEMD-WPT

distortion in modern power supply systems[J].

and Prony algorithm[J]. Power System Protection and
Control, 2018, 46(12): 115-121.

CHANG G W, CHEN C I, TENG Y F. Radial-basis-
function-based neural network for harmonic detection[J].
IEEE Transactions on Industrial Electronics, 2010, 57(6):
2171-2179.

WRBR, ZR0R, M3HE, . BB s e ) RS
WA NI [0]. B RGEAR Y SR, 2018,
46(14): 63-70.

CHEN Chen, LI Xiaoming, YANG Lingjun, et al
Application of variational mode decomposition in power
system harmonic detection[J]. Power System Protection
and Control, 2018, 46(14): 63-70.

A, RRAE, WK, A Pl R (R 4y
HoBT L[], T HAR SR, 2013, 28(9): 32-39
HUANG Chun, ZHU Zhijun, CAO Yijia, et al. A novel
power system harmonic and interharmonic analysis
method[J]. Transactions of China Electrotechnical Society,
2013, 28(9): 32-39.

GILLES .
Transactions
3999-4010.
BRE, IRIRAE, WIS, 5. R TR/ NHA R
7 GORHEE 75 5 VAL, B b R, 2018, 23(5):
100-110.

IEEE
61(16):

wavelet transform[J].
2013,

Empirical

on Signal Processing,



AR, & BT RN ) RGO RN T - 143 -

[11]

[12]

[13]

[14]

[15]

QIN Fabing, XU Zhenwang, CHAI Xiaoyu, et al. A noise
suppression method for seismic data based on empirical
wavelet transform[J]. China Petroleum Exploration, 2018,
23(5): 100-110.

PBUSCRR, M. BT ot 5 N AR AT R IR AR
HBEISWIT]. (EERA4R, 2016, 37(10): 2193-2201.
ZHU Wenying, FENG Zhipeng. Fault diagnosis of planetary
gearbox based on improved empirical wavelet transform[J].
Chinese Journal of Scientific Instrument, 2016, 37(10):
2193-2201.

OMKAR S, RAMESH K S. Onset detection in arterial
blood pressure pulses using empirical wavelet
transform[C] // 2015 2nd International Conference on
Computing for Sustainable Global Development
(INDIACom), March 11-13, 2015, New Delhi, India:
1612-1615.

WG, WSO, BRERE, S REIE AR R
58 W) 1 AN R LA S A U g R I [9]. W B8l
B, 2013, 33(9): 68-73.

HUANG Chuanjin, CAO Wensi, CHEN Tiejun, et al.
Application of local mean decomposition in power
quality  disturbance detection[J]. Electric Power
Automation Equipment, 2013, 33(9): 68-73.

PRz, UG, Uit JET 3 Rk )
RGP AT P EAEHL TR SE R, 2008, 28(4):
109-113.

LI Tianyun, CHENG Siyong, YANG Mei. Power system
harmonic analysis based on Hilbert-Huang transform[J].
Proceedings of the CSEE, 2008, 28(4): 109-113.

W7, SV, 1138, SISO R MBS TR S
], sl WA IZHT, 2011, 31(4): 429-434.

HU Aijun, SUN lJingjing, XIANG Ling. Mode mixing in
empirical mode decomposition[J]. Journal of Vibration,
Measurement & Diagnosis, 2011, 31(4): 429-434.

(16] XIHEA. HL g RGBS I S 5T 5 S BLD). B e

[17]

[18]

[19]

HIZK%, 2012,

LIU Yanli. Research and implementation of harmonic
detection algorithms in power system[D]. Jinan: Shandong
University, 2012.

BrRomAh, #50ChE, PhE, %5 ZE T VMD R BRIy
] ISR, 2018, 55(2): 59-65.

CHEN Qiangwei, CAI Wenhao, SUN Lei, et al
Harmonic detection method based on VMDI[J]. Electrical
Measurement & Instrumentation, 2018, 55(2): 59-65.
KT, AR, #AEN. JET EEMD RO EA I T
VA T E L TRREAER, 2013, 33(7): 92-98.

ZHU Ninghui, BAI Xiaomin, DONG Weijie. Harmonic
detection method based on EEMD[J]. Proceedings of the
CSEE, 2013, 33(7): 92-98.

kA, XN EEMD 7 8BRS A I b it R )

). Wy B3k, 2011, 31(12): 86-91.

ZHANG Yang, LIU Zhigang. Application of EEMD in
power quality disturbance detection[J]. Electric Power
Automation Equipment, 2011, 31(12): 86-91.

(20] THAEWI, ARMEH]. 455 e I (b HL i AR SR i AL ) v

HRGEEEATNITE]. B RGP 5, 2017,
45(7): 43-50.
HUANG Jianming, LI Xiaoming. Detection of harmonic
in power system based on short-time Fourier transform
and spectral kurtosis[J]. Power System Protection and
Control, 2017, 45(7): 43-50.

[(21] J&Jete, {455, RULA, 5. JET/NBAR B i R il
RN BRI Bk, 2010, 22(1): 80-85.
ZHOU Longhua, FU Qing, YU Shijie, et al. Harmonic
detection based on wavelet transform[J]. Proceedings of
the CSU-EPSA, 2010, 22(1): 80-85.

[22] MLy, 28475, PR, 4% RET ok S ARHer) s ) &

GUEBARL I ITIELT]. B RGP S, 2015, 4303):
84-90.
XIAO Zhuli, GONG Renxi, CHEN Shuang, et al. Detection
of harmonics in power system based on modified
S-transform[J]. Power System Protection and Control,
2015, 43(3): 84-90.

(23] A7k, JBAFHE. JE TR I LI AR 3 (1 i R TR A5

YU 5 R 75 B 2 W Pl IS R E AL [T]. HREEA,
2011, 35(8): 174-180.
XU Yonghai, ZHAO Yan. Identification of power quality
disturbance based on short-term Fourier transform and
disturbance time orientation by singular value
decomposition[J]. Power System Technology, 2011, 35(8):
174-180.

[24] ZER 2z, W, Wik, 25 Hilbert-Huang 284t 7 1L4E

TR LS P AR A I T R 9], R ER, 2005,
29(2): 73-717.
LI Tianyun, ZHAO Yan, HAN Yonggqiang, et al. Application
of Hilbert-Huang transform method in detection of
harmonic and voltage flicker[J]. Power System Technology,
2005, 29(2): 73-77.

Yk HHA: 2019-04-26; 1£E HHA: 2019-07-12
EH BN

REF(1996—), F, @fEHH, ML, ARF
1 4 WAL Z 448 547 E-mail: wjz080032@126.com

M R (1982—), B, WL, R, BIR GG AR
A W4ZR; E-mail: meifei@hhu.edu.cn

M #(1996—), %, MEMAAL, FRFT @A Z
GEABIZIE AT . E-mail: freja86@163.com

(%% ) m)



	DOI: 10.19783/j.cnki.pspc.190470 
	基于经验小波变换的电力系统谐波检测方法 
	Harmonic detection method in power system based on empirical wavelet transform 
	[1] REZA M S, AGELIDIS V G. A robust technique for single phase grid voltage fundamental and harmonic parameter estimation[J]. IEEE Transactions on Instrumentation and Measurement, 2015, 64(12): 3262-3273. 
	[2] 熊杰锋, 李群, 袁晓冬, 等. 电力系统谐波和间谐波检测方法综述[J]. 电力系统自动化, 2013, 37(11): 125-133. 
	XIONG Jiefeng, LI Qun, YUAN Xiaodong, et al. Detection methods of harmonics and inter-harmonics in power systems[J]. Automation of Electric Power Systems, 2013, 37(11): 125-133. 
	[3] 喻敏, 王斌, 王文波, 等. 基于同步挤压小波变换的电力系统时变谐波检测[J]. 电工技术学报, 2017, 32(增刊1): 50-57. 
	YU Min, WANG Bin, WANG Wenbo, et al. Power system time-varying transient harmonics detection based on SWT[J]. Transactions of China Electrotechnical Society, 2017, 32(S1): 50-57. 
	[4] BARROS J, DIEGO R I, DE APRA´IZ M. A discussion of new requirements for measurement of harmonic distortion in modern power supply systems[J]. IEEE Transactions on Instrumentation and Measurement, 2013, 62(8): 2129-2139. 
	[5] 张煜林, 陈红卫. 基于CEEMD-WPT和Prony算法的谐波间谐波参数辨识[J]. 电力系统保护与控制, 2018, 46(12): 115-121. 
	ZHANG Yulin, CHEN Hongwei. Parameter identification of harmonics and inter-harmonics based on CEEMD-WPT and Prony algorithm[J]. Power System Protection and Control, 2018, 46(12): 115-121. 
	[6] CHANG G W, CHEN C I, TENG Y F. Radial-basis- function-based neural network for harmonic detection[J]. IEEE Transactions on Industrial Electronics, 2010, 57(6): 2171-2179. 
	[7] 陈陈, 李晓明, 杨玲君, 等. 变分模态分解在电力系统谐波检测中的应用[J]. 电力系统保护与控制, 2018, 46(14): 63-70. 
	CHEN Chen, LI Xiaoming, YANG Lingjun, et al. Application of variational mode decomposition in power system harmonic detection[J]. Power System Protection and Control, 2018, 46(14): 63-70. 
	[8] 黄纯, 朱智军, 曹一家, 等. 一种电网谐波与间谐波分析新方法[J]. 电工技术学报, 2013, 28(9): 32-39. 
	HUANG Chun, ZHU Zhijun, CAO Yijia, et al. A novel power system harmonic and interharmonic analysis method[J]. Transactions of China Electrotechnical Society, 2013, 28(9): 32-39. 
	[9] GILLES J. Empirical wavelet transform[J]. IEEE Transactions on Signal Processing, 2013, 61(16): 3999-4010. 
	[10] 覃发兵, 徐振旺, 啜晓宇, 等. 基于经验小波变换的地震资料噪声压制方法[J]. 中国石油勘探, 2018, 23(5): 100-110. 
	QIN Fabing, XU Zhenwang, CHAI Xiaoyu, et al. A noise suppression method for seismic data based on empirical wavelet transform[J]. China Petroleum Exploration, 2018, 23(5): 100-110. 
	[11] 祝文颖, 冯志鹏. 基于改进经验小波变换的行星齿轮箱故障诊断[J]. 仪器仪表学报, 2016, 37(10): 2193-2201. 
	ZHU Wenying, FENG Zhipeng. Fault diagnosis of planetary gearbox based on improved empirical wavelet transform[J]. Chinese Journal of Scientific Instrument, 2016, 37(10): 2193-2201. 
	[12] OMKAR S, RAMESH K S. Onset detection in arterial blood pressure pulses using empirical wavelet transform[C] // 2015 2nd International Conference on Computing for Sustainable Global Development (INDIACom), March 11-13, 2015, New Delhi, India: 1612-1615. 
	[13] 黄传金, 曹文思, 陈铁军, 等. 局部均值分解在电力系统间谐波和谐波失真信号检测中的应用[J]. 电力自动化设备, 2013, 33(9): 68-73. 
	HUANG Chuanjin, CAO Wensi, CHEN Tiejun, et al. Application of local mean decomposition in power quality disturbance detection[J]. Electric Power Automation Equipment, 2013, 33(9): 68-73. 
	[14] 李天云, 程思勇, 杨梅. 基于希尔伯特-黄变换的电力系统谐波分析[J]. 中国电机工程学报, 2008, 28(4): 109-113. 
	LI Tianyun, CHENG Siyong, YANG Mei. Power system harmonic analysis based on Hilbert-Huang transform[J]. Proceedings of the CSEE, 2008, 28(4): 109-113. 
	[15] 胡爱军, 孙敬敬, 向玲. 经验模态分解中的模态混叠问题[J]. 振动、测试与诊断, 2011, 31(4): 429-434. 
	HU Aijun, SUN Jingjing, XIANG Ling. Mode mixing in empirical mode decomposition[J]. Journal of Vibration, Measurement & Diagnosis, 2011, 31(4): 429-434. 
	[16] 刘艳利. 电力系统谐波检测算法研究与实现[D]. 济南: 山东大学, 2012. 
	LIU Yanli. Research and implementation of harmonic detection algorithms in power system[D]. Jinan: Shandong University, 2012. 
	[17] 陈强伟, 蔡文皓, 孙磊, 等. 基于VMD的谐波检测方法[J]. 电测与仪表, 2018, 55(2): 59-65. 
	CHEN Qiangwei, CAI Wenhao, SUN Lei, et al. Harmonic detection method based on VMD[J]. Electrical Measurement & Instrumentation, 2018, 55(2): 59-65. 
	[18] 朱宁辉, 白晓民, 董伟杰. 基于EEMD的谐波检测方法[J]. 中国电机工程学报, 2013, 33(7): 92-98. 
	ZHU Ninghui, BAI Xiaomin, DONG Weijie. Harmonic detection method based on EEMD[J]. Proceedings of the CSEE, 2013, 33(7): 92-98. 
	[19] 张杨, 刘志刚. EEMD在电能质量扰动检测中的应用[J]. 电力自动化设备, 2011, 31(12): 86-91. 
	ZHANG Yang, LIU Zhigang. Application of EEMD in power quality disturbance detection[J]. Electric Power Automation Equipment, 2011, 31(12): 86-91. 
	[20] 黄建明, 李晓明. 结合短时傅里叶变换和谱峭度的电力系统谐波检测方法[J]. 电力系统保护与控制, 2017, 45(7): 43-50. 
	HUANG Jianming, LI Xiaoming. Detection of harmonic in power system based on short-time Fourier transform and spectral kurtosis[J]. Power System Protection and Control, 2017, 45(7): 43-50. 
	[21] 周龙华, 付青, 余世杰, 等. 基于小波变换的谐波检测技术[J]. 电力系统及其自动化学报, 2010, 22(1): 80-85. 
	ZHOU Longhua, FU Qing, YU Shijie, et al. Harmonic detection based on wavelet transform[J]. Proceedings of the CSU-EPSA, 2010, 22(1): 80-85. 
	[22] 肖助力, 龚仁喜, 陈双, 等. 基于改进S变换的电力系统谐波检测方法[J]. 电力系统保护与控制, 2015, 43(3): 84-90. 
	XIAO Zhuli, GONG Renxi, CHEN Shuang, et al. Detection of harmonics in power system based on modified S-transform[J]. Power System Protection and Control, 2015, 43(3): 84-90. 
	[23] 徐永海, 赵燕. 基于短时傅里叶变换的电能质量扰动识别与采用奇异值分解的扰动时间定位[J]. 电网技术, 2011, 35(8): 174-180. 
	XU Yonghai, ZHAO Yan. Identification of power quality disturbance based on short-term Fourier transform and disturbance time orientation by singular value decomposition[J]. Power System Technology, 2011, 35(8): 174-180. 
	[24] 李天云, 赵妍, 韩永强, 等. Hilbert-Huang变换方法在谐波和电压闪变检测中的应用[J]. 电网技术, 2005, 29(2): 73-77. 
	LI Tianyun, ZHAO Yan, HAN Yongqiang, et al. Application of Hilbert-Huang transform method in detection of harmonic and voltage flicker[J]. Power System Technology, 2005, 29(2): 73-77. 



