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Frequency selection principle of HF-EMD and its application in transient disturbance detection

CUI Yan, LIU Zhi-gang, DAI Chen-xi
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Modal aliasing problem exists in empirical mode decomposition for the decomposition of transient power quality
disturbances, and high-frequency harmonic injection based EMD (HF-EMD) is a simple and efficient method to improve it. The
effectiveness of this method depends on the selection of the frequency of the high-frequency harmonic, and there is no effective
frequency selection principle. Focusing on this problem, this paper conducts a systematic study, and through theoretical analysis and
simulation test, a concrete and effective selection principle is presented. That is to say, when the injected frequencies are in the range
from the smallest frequency of the original signal’s high-frequency components to adding a 1/2 times fundamental frequency of the
smallest frequency, HF-EMD shows general validity. The analysis of power quality signals simulated by PSCAD and the actual
complex disturbance signals of substation shows that this principle is efficient and universal. The detection accuracy of transient
power quality disturbances can be effectively improved.
This work is supported by National Natural Science Foundation of China (No. U1134205 and No. 51377136).

Key words: power quality detection; EMD; modal aliasing; high-frequency harmonic injection; frequency selection principle

hESRS: TMT6 SCHRFR IS : A XHHT:  1674-3415(2014)21-0047-07
0 3= S A TELAT L /N A 40 T AR SR AT X 43 B
= (ERZ = AN N1 RSN e ARl EIMER =59
MO RGP A AR TR e, 0 kb A Ay /R AR AF 4 (Hilbert-Huang Transform,

P SR R, Kt R LS L ) i s A B A
UL PRI SEAN RA A, a3 BT it
F A, GUFEAT, SRR A Bk
PRALE HL R R TP HL, A S0 FLEA T YRS FR G
CUS B AN G B 27 2 WL RE TR 1A, H i
I B3 0 |2 (R N AR A S AL S B 1 52 5
DR, B2 o R, BB, ANk
FERRHCT 3R, THARRCK HAN AT A&

HEWMB: BRAARMFEAE U1134205,51377136)

HHT) U Fab B AR TR 5, B HiEN
PEFURE AN RE ST, &I el S AR o) iR
(Empirical Mode Decomposition, EMD)¥f {5 54>
fift A PR E A RS 4L (Intrinsic Mode Function,
IMF), AR J5 X5 N IMFEAT Hilbert 2 #e, SRS 5
Wk PR AL, HAT R W B ) B L. SCHR[8-11]
FHHTN H TR i gepr A i v, RO W% .
KEBFF R P EMD7E A B FL B8 T 545 5 I A7
TERSIRE M S, AT IMEPAS B 58 Hb s RS 5 1)
YIRS CAMSEHE TR RET Loy =2k



_48 -

& 0% EP DA

WA S HERRE T P B S S E AR, H
Rl [N = T (R = 78/, 7Y S B U it~
ASE B KBRS S AT,
SR [20] 42 HFE T 0 Bk 9 N ¥ ) EMD
(HF-EMD), 1%J7 Vit FEfai e, /iR zE/, fels
HRGHBRAARS, HEHEER. A IEMDE
F= P G A BRGNP
A SCHR I B 2 B R R IR RO FE R 77, (Rm
HLES T RE MRS, 4 H T A R
R AT 325 B S0 A PRI e P v 2 e R m vk

i T EMD FIT 15 IMF & H i A5 304 450 HE 51
HF-EMD #5216 B 75659 N i S 0 £ 534 ) 5 |
HC RS VR S 11 s AR IS e sl A 2 — AN IMF 23 fif 1
Ky ARSCHIIAIEROIRE Sy w5 S RS S AT/
WeUEWE, LU FL R ey SR A B A, Ak
HUAS ] PR AR AE 43 0 BEATHF-EMD, - 28K 54 FLIR
5, HHAERESRGE. &5, HIETZRNE
HF-EMD 73 T PSCADAR 845 T2 FL g Ji i 5 5 A PY )1
A HEAR G S A AR FRE TR Y, SR UE T AL S,
TS MR
1 SR ENE
1.1 EMD #&ZE & 6]

EMD AJii Pt —ANHIE Vg ISR, RS S
P IS LR o i A 0%, B R B LA
[ )R AR ER S R AN IE S . B RFEE
P BB SEE S T R T = S N s
5 A RFAE I 1) )R AH ZE AR, EMD 7EAL B IR K
I, 23U A IMF AL AN R AE I ) R
F&£ B 4 e B 3 A AT PR AR AAE I TR) R BE 43 AT ZEAS [T )
IMF LS, RS AR B R &R,

XFE K PG B S PEE T x1(6)~ xa(6) 530
HHAT EMD, HAPSE AR 50 Hz, JRUE 5 &0
4~ IMF Wi 1 s, MBI ATLUE % IMF 23 H
T HEMARSRSIHS: IMF, 1o ila 3 Tk
M ARG o A AN HBLLE IMF, R5E 0% 5 =
IMF,. IMF; 3460 5 P R 55 LRP AN [ R E e ) ]
&, AT IRREAE I (0] ROBEAE AN IMF 346 204 .
PRSI I IMF (143 R .

1.2 BEF SR ENER S EMD &%

T EMD & — s EMEAard#e, mi
G5 RS IMF, 1, HEFFURI, IMF, 4k
PEALE TR IR, AR —oE. #6E
B RS 5 I s AR S B AE IMF, w5 825 it A

PRI .

2 2
T 0 ¥ 0
o -2 = -2
00 01 02 03 04 0.0 0102 03 04
= 2 o 2
5 0 =
’?o.o 01 02 03 04 ’210.0 01_02 03 04
o 5
S o0 = 0
’}o.o 01 02 03 04 ’110.0 01 02 03 04
£ o S o0
= - ol
0.0 01 02 03 04 0.0 01 02 03 04
=02 & 02
s 0 = 00
=02 0.2
00 01 02 03 04 0.0 0.1 02 03 04

t/s tls
T A (3 PR (55

B 1 2ESHMEES EMD £RE
Fig. 1 EMD results of signals containing transient disturbance
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RANTHEAls A ATT s AR AV
EMD 0.306 5 0.3228 10.51
HF-EMD 0.3069 0.3193 100.1
TN 0.306 8 0.3187 15.27
A
5 #ig

A SR A B NVERS EMD J7 153 AT
AR~ BT A KR AR S R A N ) ROREAROR ) L e SR
A S I AR S T el HEHE
TRAEN SO BAE 5 IR AR U % . KRR
FAI RN, AR A E USRS 5 P
I3 d/ NIAAE A KL PSSR R/ NI R A
H PR AR R Ut MR 2 172 R BR
TWHINI, SRRF SRR . ds R TACCER
IR WK HHT J7k0 &8 &I E 5 #1745
BRI, HE-EMD fEm20HFR EMD J5ikr i
FAAE RS TR S 0] L, PRBIS Lk I Ta] A (45 S A5
B HERA ARSI o
B3k
(1] W%, BRH7. sRRESTE AL Tk griR (1], HIM

A, 2000, 24(2): 36-38.

HU Ming, CHEN Heng. Survey of power quality and its

analysis methods[J]. Power System Technology, 2000,

24(2): 36-38.

(2] WHER, X9k, MK, S5 AN RIE D HmiEAe s
HE BRI TR N T [0). B AL TR AR, 2012,
32(23): 126-131, 160.

ZENG De-liang, LIU Ji-wei, LIU Yu, et al. The

application of wavelet multi-scale analysis for wear

characteristics[J]. Proceedings of the CSEE, 2012, 32(23):

126-131, 160.

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

S, R, CTHEA, G RIS A IR
el W ORGSR CdE SE T 7 [0]. B R GRS
=ik, 2013, 41(22): 71-78

YI Jian-bo, HUANG Qi, DING Li+jie, et al. Research on
an improved algorithm to enhance the detection accuracy
of low-frequency oscillation modes by empirical mode
decomposition[J]. Power System Protection and Control,
2013, 41(22): 71-78.

WANG D, MIAO Q, FAN X F, et al. Rolling element
bearing fault detection using an improved combination of
Hilbert and wavelet transforms[J]. Journal of Mechanical
Science and Technology, 2009, 23(12): 3292-3301.

w47, XN —FhE T AU 2 A A HL RE S
WRATBN KB D] T E AP ERE AR, 2012,
32(34): 83-90.

ZHANG Yang, LIU Zhi-gang. A new method for power
quality mixed disturbance classification based on
time-frequency domain multiple features[J]. Proceedings
of the CSEE, 2012, 32(34): 83-90.

XSy, WA, AetE, S T HHT MR K HIL
IR B AR MR AR R R[] B RGR A B 4,
2012, 40(20): 79-82, 88.

LIU Yi-li, TAO Xue-jun, LI Jia, et al. Feature extraction
of rolling bearing for wind generator based on HHT[J].
Power System Protection and Control, 2012, 40(20):
79-82, 88.

HUANG N E, SHEN Z, LONG S R, et al. The empirical
mode decomposition and the Hilbert spectrum for
nonlinear and non-stationary time series analysis[J].
Proceedings of the Royal Society of London Series A,
1998, 45(4): 903-995.

HERE, XERI, 2R, 45 Hilbert-Huang A5 #rr H
AR B SR I R R D [0]. HE R R, 2008,
32(18): 30-35.

SU Yu-xiang, LIU Zhi-gang, LI Ke-liang, et al
Application of Hilbert-Huang Transform in harmonic
detection of electrified railway[J].
Technology, 2008, 32(18): 30-35.
RDETE, AT IE A FE Ty SRAA R - SR e 1 i VR e i i
BRI TR RS EIML, 2013, 37(2): 108-112.
LIU Xing-mao, HE Zheng-you. Distance protection

Power System

scheme for transmission lines based on Hilbert-Huang
Transform[J]. Automation of Electric Power Systems,
2013, 37(2): 108-112.

BROWNE T J, VITTAL V, HEYDT G T, et al. A
comparative assessment of two techniques for modal
identification from power system measurements[J]. [EEE
Trans on Power Systems, 2008, 23(3): 1408-1415.



HF-EMD #3535 B 0 A

FERTIBIR I (1

- 53 -

[11] SENROY N, SURYANARAYANAN S, RIBEIRO P F. An

(12]

[13]

[14]

[15]

[16]

[17]

improved Hilbert-Huang method for analysis of
time-varying waveforms in power quality[J]. IEEE Trans
on Power Systems, 2007, 22(4): 1843-1850.

ZEsE, XMRE, BhRAE, 55 BT o S0 as
I E‘Jiﬁ%ﬁii&%%i&%ﬂl[ﬂ. W RS BB, 2012,
36(15): 8-13.

LI Cheng-xin, LIU Jun-yong, YAO Liang-zhong, et al.
Extraction of low frequency oscillation parameters based
shift
decomposition[J]. Automation of Electric Power Systems,
2012, 36(15): 8-13.

SKRTHE, PR, Rz, S R THEHRAAAHAT
(U R TR0 BRI v D). IR, 2008, 32(17):
46-51.

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

on refined frequency empirical  mode

mathematical morphology and Hilbert-Huang Transform
[J]. Power System Technology, 2008, 32(17): 46-51.
MESSINA A R, VITTAL V, HEYDT G T,

Nonstationary approaches to trend identification and

et al.

denoising of measured power system oscillations[J].
IEEE Trans on Power Systems, 2009, 24(4): 1798-1807.
SAWALHI N, RANDALL R B. Spectral Kurtosis
optimization for rolling element bearings[C] // Signal
Processing and Its Applications. Sydney: Proceedings
of the Eighth International Symposium on, 2005:
839-842.

PO L. 2R YR A R R BB A O L BRIA ] I
/N Juﬁita 2, 2011, 31(3): 381-384.

HUANG Di-shan. Effect of sampling on empirical mode
decomposition and correction[J]. Journal of Vibration,
Measurement & Diagnosis 2011, 31(3): 381-384.
WM, REOCHR, B3, A FETRGLRBIS M
JRITTRC A Eﬁﬂ@%?ﬁﬁ”%ﬁlﬁﬂ[ﬂ. WL R R A 5 1%
1, 2011, 39(22): 133-139.

YAO Lin-peng, ZHENG Wen-dong, QIAN Yong, et al. A

(18]

[19]

[20]

(21]

[22]

narrow-band interference suppression method based on
EEMD for partial discharge[J]. Power System Protection
and Control, 2011, 39(22): 133-139.

XEN, 230, PhBER%.  Hilbert-Huang A8 #k 2 HAE
HORSGHHNAD. B A&, 2012, 32(4):
109-116.
LIU Zhi-gang, LI Wen-fan, SUN Wan-lu. Hilbert-Huang
Transform and its applications in power system[J].
Electric Power Automation Equipment, 2012, 32(4):
109-116.
WU Zhao-hua, HUANG N E. Ensemble empirical mode
decomposition: a noise-assisted data analysis[J]. Advances in
Adaptive Data Analysis 2009, 1(1): 1-41.
PRz, RO, HE, & 5T HHT KHRE TR
BTN E Y Lﬁzﬂ&, 2005, 25(17): 52-56.
LI Tian-yun, ZHAO Yan, LI Nan, et al. A new method for
power quality detection based on HHT[J]. Proceedings of
the CSEE, 2005, 25(17): 52-56.
HUANG N E. Introduction to the Hilbert-Huang
transform and its related mathematical problems[J].
Hilbert-Huang Transform and Its Applications, 2005:
1-26.
ABDEL-GALIL T K, KAMEL M, YOUSSEF A M, et al.
Power quality disturbance classification using the
inductive inference approach[J]. IEEE Trans on Power
Delivery, 2004, 19(4): 1812-1818.

I4F5 HER: 2014-01-24
EH RN

RIEFAERLERLECAZATHO LR,

£ (1991-), %, MEHRE, TRHRT AL

E-mail:

cy kuailel123@126.com

© AIARAE

X ER (1975-), B, #4%, HEAEFH, T2HEH
AR5 R it AR ) R AT 4
HRIE (1991-), %, M4, T2HMRFP AL

F MBD #4 25| 4k, & a3k 5507,



