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Power Quality Detection and Recognition Method Based on Empirical Wavelet Transform and

Improved S-transform
LI Ning, WANG Ruyue,ZHU Longhui

(School of Electrical Engineering ,Xi’ an University of Technology ,Xi’ an 710048, Shaanxi , China)

Abstract: In order to analyze the power quality problem of actual power network under the influence of
uncertain interference factors, a power quality detection and recognition method combining empirical wavelet
transform (EWT) and improved S-transform was proposed. On the one hand, the frequency, amplitude and time
parameters of the AM-FM component were accurately extracted by using the EWT joint normalization direct
orthogonal (NDQ)algorithm and singular value decomposition(SVD)algorithm. On the other hand, considering the
instantaneous amplitude fluctuation of the EWT algorithm in the high noise environment, the improved S-transform
was introduced to extract the time-frequency information of power quality disturbances under the high noise
interference. Finally, based on the disturbance feature vectors extracted by EWT and improved S transform, the
power quality disturbance recognition classifier optimized by the support vector machine (SVM)based on improved
particle swarm optimization (IPSO) algorithm was used to accurately identify the disturbance types. Simulation and
experiments show that the average recognition accuracy of the proposed method is 93.23% in the case of composite
disturbance recognition and classification,and it can accurately identify four kinds of measured disturbance signals.

Key words: power quality ; disturbance detection and identification; empirical wavelet transform (EWT) ; fast
multi-resolution S-transform (FMST) ; improved particle swarm optimization (IPSO) ; support vector machines
(SVM)
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detection based on FMST
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Tab.l Parameter detection of composite power quality disturbance

PeshZem BRI IR e (b 2 (H) EWT-NDQ (b7 £ fH) FEPRIIN A/ He EWT-NDQ/Hz
FEAT 1.000 0 0.998 9 50.00 50.00

5 URIEIE 0.1500 0.149 7 250.00 250.04

7Y 0.100 0 0.098 5 350.00 350.43

BBV §1:2/12 0.050 0 0.048 7 550.00 551.83

PeahZem SRR sh iR e (bR £ (H) B (b £ 1) SRR 2 KR SRR ARl RIS

RNl 0.980 0.978 0.040 0 0.039 8 0.1200 0.1197

Wan s, e, RO e W SR s

(bR f8) (bR &Ai)
BAIRG 800.00 802.49 1.5 1.478 9 0.140 0 0.140 0 0.160 0 0.140 0
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Tab.2  Parameter detection of measured composite power quality disturbance
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IME, o 8l % M 1E (0.04 s—0.08 ) BFE L 4% % 8 & 2k 1
‘:() 0.02 0.04 0.06 0.08 0.10 0.12 0.14 (0.10 s—0.12 s) fff 3, B 3IF 7 FMST 24 1 /£ i B
2 IMF; o VUUVUVVVUURVR VY J e BRI B A AR o
E _:0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
IMF, (,I e i
- :0 ().I()Z ().I()4 (),I()ﬁ 0.‘08 ().I] 0 ().I] 2 0.14 .
IMF, ol p I o
_I() 0.‘02 0.‘04 0:06/ 0.‘08 0.‘10 0.‘12 0.14 ﬁé
t/s =
(a)IMF43 it &1 %ﬂ
1 1 =
! ! 500
2 : : %fm%mé 000 1500 0.2
~ 1 I (a)) LSAE I i 43 By €]
5 | |
= 1 1
= 1 1
1 1 —
L 1 1 m
L L . 11 L 1 N -
400 800 1200 1600 %
Wi/ Hz @/
(b) F1 38 Rz A5 K1l 4 & = 0.2
E7  SENE AR EME S 1 EWT 20 o b )
. . . 0
Fig.7 EWT (lé(:()rnip()sm()n ana.lysm diagram of measured 0 SO(IW%/]EIQOO 15000.2 0'}/5
composite disturbance signal (b)%ftsﬁéﬁﬂwﬁéﬂﬂfﬂ
22 ETFMSTHESESHBEEREMINEN
N=RSu)
AT EE SIS T EBERAELES <21 %\ *
P P BT 2 </ < 13, #03,5.TK L
WY o NIRUEA ST A B A P sk I B E
. _ 0
ROAL R, B 8 45 HY T FMST 5 3 FhAS ] S AR 4 11 05 0.1
) 5(3;(1]?“1 000 1500 0.2 /s
0 w2 /Hz
X AT o ()BT eSS et 33143 P
FH T 8 5%F LU AT, AS SC T 48 FMST 55092 78 5&
WA EL AT A B BT[] A3 6 7 e AR U AR U 00
KBRS IR SIS, 7 800 Hz ¥R 7 A5 I isf B A %\0,4
S04k S A2 45 AH i A R ] 43 B 23 (E0 38 43 B 3 =
SEI Hh R FMST 35005 58 BSE I &2 A 4 8 Y 0

B A AT %2 B Eh 36 R B ARG
FS YIS o S = ZE B AT N ] 9a 7 , FMST
SR R A% TR A AS DU AS [R50 3 1 R 30 43 1, BT 9b 1)
W (A8 Ak 5 | 1 2 68 22 Ak ] DL Yl s B R

0.1
500 1000
Wi 1500 0.2 s
(d)FMSTIF 53 H7 2]
P8 NIl A BIGHE S 78 e i A3 47 213 47 15
Fig.8 Time frequency simulation analysis diagram of

different improved S-transform

31



B A AR 20245F H 54K 5

BT E BRI R BB S TS R Ak AW 5 R O ik

HL R T 2 A0 Sl A 5 0 L S 0 A% AR 174 G ) &4
SR FMST A48 T H B el S A8 e A 5 -
HT AT A ER AR S AR 1 T M v B R
SRR A 6 050 i L AR T EWT B3 T o
B, 70 i e P IR R, AR B4 AE 15 8 A2 31 ) Mg
PN AR T sh B (R S AR B TG TA M
WaAR B S 45 TS 80, TR AR SCTE 5 8 FL i
i Bl o JE AR 3l EWT 5 FMST 3 B it
Or AR — SR IO R SRR IR L BURAIE 1) H A
Gr IR A
2.3 ETFIPSO-SVMHIHEEEREHM 59 288 161E

AR W (5 FH O LA A A i i B 8 -5 5 Bk
ST JERBEE . 15 B 3 ¥k Matlab 1
TR A AR B s o A L BE IO A B M S B A R
A, SRR RS Ky 3200 He, I 0.2 s, $E30
FR2E 5 B0 S, (BF FH -+ ), S, (IR T+ L, S,
(BT A+ ), S, (R I+l ) , S, CEF R+ 0%
SO+ T1) | S,s CBT B+ 35+ i ) 3 15 R
S, BB A B 1 M Ll 20
dB, 30 dB F150 dB 3 i Mk 75 PR A5, g A e A R BT
T B A I 150 2 Hd AR S B KA 1 1)
FRIEAA L BURRAIE ) i, TR S BEAL % 15 U
100 2 AFAF 1] 52 1 I 2R cdi , HoAx S0 4L ARAE 7]
SRR

W52 BRNE S (S,~S,5) HE I HRAE 7
AF IPSO-SVM ) £ 3 e i v, AR A [] e 75 B
B R LA UM MR R IR 3 B .

(bR £ 1H)
o o
o ~

=1
]

1

0.05

5001000
W% Hz
(a) =2k Asf 4 4]

1500

1500

1000
800 Hz

B R/ Hz

500

FHL T

0.02 0.04 0.06 0.08 0.1 0.12 0.14
t/s
(b) = 2k Bt 5 P14 400 P51

K19 FMST (5205 540 sl o B il 15
Fig.9 Measured composite disturbance analysis diagram of FMST
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Tab.3  Recognition effect of composite power quality

disturbances (different noise environment )
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