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Composite power quality disturbance recognition based on segmented modified
S-transform and random forest

WANG Renming, WANG Hongyang, ZHANG Yunning, WANG Lingyun
(College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: Various types of distributed equipment and intelligent equipment are connected to the power system. It makes
the power system more and more sensitive to power fluctuations, which has led to the identification and processing of
Power Quality Disturbances (PQD) become increasingly important. By combining the Segmented Modified S-Transform
(SMST) and the Random Forest (RF) algorithm, a new method for PQD identification under complex noise conditions is
proposed. Firstly, different frequency bands of SMST are tuned based on various detection errors and kurtosis, and 75
time-frequency features are extracted from the signal using SMST to form the original feature set. Then, the node
splitting process of Classification Regression Tree (CART) is improved. The discrete value processing strategy is added
and the drop of Gini index is used as the new node splitting rule. Moreover, before the next node splitting, the feature
whose Gini index drops to zero is removed. Finally, RF classifier is constructed with modified CART algorithm and used
to classify the complex PQD signals. Experiments show that under the condition of different SNR, the new method can
effectively identify most single PQD signals and common dual-compounded PQD signals. Although the new method still
has some room for improvement in terms of efficiency, its improvement at different aspects can effectively benefit the
accuracy of PQD recognition, and its average classification accuracy is significantly higher than traditional PQD
recognition methods based on S-transform.
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Table 3 Standard model of PQD signals
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0.1<a<0.8,8ms <7<40 ms
_ . (1)
BAHRV(CY) h() =sin(or) +ae © -sinaf,O[u(t — 1) —u(t~1,)] 0.5Tn<t, —t, <37n
700 Hz < f,, <1200 Hz
AN (C9) h(t) = sin(et) + afu(f,) —u(t,)) 0.8<a<2,1ms<t,—f, <3ms
TEANFUEREH AT T, ASCRIBENE SRR TR, (RN 94.6%.
JE AR 4 TR . 3.3 FiABUHEBRIIE

x4 FREERIL TN EBE
Table 4 Accuracy under different SNR

Qe

ez
20dB 30dB  40dB  50dB  (20~50 dB)*rand

Cl 0963 0975 0994 0969 0975
€2 0975 1000 0981 1000 0.963
€3 0981 1000 1000 0988 0.981
T4 1000 1000 1000 1.000 0.981
5 0850 0975 0975  1.000 0.963
?L C6 0931 0938 0938 0994 0.969
P om0 oo 1000 1000 0.994
€8 0938 1000 1000 1000 1.000
€9 1000 1000 1000 1000 1.000
Cl0 0956 0981 0975 0925 0.969
% Cll 0931 0981 0975  1.000 0.994
& Cl2 0975 0988 0988 0988 0.988
;€13 099 0994 1000 1000 1.000
Cl4 0844 0969 0963 0963 0.963
TCls 0013 1000 0988 0975 0.969
K c16 0925 0975 0975 0994 0.963
) C17 0913 1000 0994 1000 0975
C18 0938 1000 1.000 1.000 0.988
MUPSRSY 0946 0988 0986 0.989 0.980

K 4w, SR 18 R shik T
I, BRI i T e SR FEIE o SR B
FEARAL, AR SCHTH 700 03 R FE I A B M
LE 4 30~50 dB B, S0 FRE KT 98.5%. [AIIY,
(20~50 dB)xrand BEMLME P 4548 B (1) S50 KRS FE N
98.0%, FZITARME A MR, {5 20 dB fE
FEIREEN, L P BT 2P sl R0 IR ff 2 40540 B

FEORFFAS 5 AL BEIA Y] SMST AR (175 5L
T ASCER RSB A TR RE 2 2R 50k
I (R 73 MG FEXS B3 5 o, BAERUEA S 6
HH KT BEATLARAR S 70 Sk AR OR
%5 FAEMERF XD EBE
Table 5 Accuracy of the new method and the
original RF algorithm
Ir NI

YOIk

20dB 30dB 40dB 50dB  (20~50 dB)xrand
SMST+RFd ~ 0.945 0989 0.990 0.987 0.978
SMST+RF ~ 0.939 0.983 0.987 0.986 0.971

KPR S T RERE R LA, ASCR 57k
FEAN TR W B A 11 20 KGR IR B2 T L O F ANAR
A, RHETH N 0.7%, /MUY 0.1%, (HAfERT
KT RE W53k, XUHESU Ginig, MICAR
RS BRSRE Je 7 SRS B I as (AT — e 1k
HEs AR RU50BR Ginig,, O fUREAE, S 802
HAT € IBENLIE, Rk i B A7 — e s

ARG RE SHARITEOL T, AR
SMST SHriENE IR ST J5 I 73 JORG BES EE
W% 6 o, B AR UEA SR ) SMST HIZCR .

% 6 SMST #1[F ST 7m0 H4EE
Table 6 Accuracy of SMST and original ST methods
Sy IR

PONTT Ik
20dB 30dB 40dB 50dB  (20~50 dB)xrand
SMST+RF 0948 0989 0991  0.986 0.977
ST+RF 0.898 0960 0.965 0972 0.923
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M 6 B AT LLE Y, U SMST J=, 5
TR REAA Sy RRE LR TR, Reml{E 20 dB Al
(20~50 dB)xrand 5T, LjJ5ah ST AL, $#&T1E
FESXHIEE] T 5.0%F1 5.4%.

FEAE 3448 F SMST Al J5df RE HIL TSR,
AR SCAR Y B8 T3 VR RS T A% SR AR % 77 ZE I 1Y)
IIIRE IR CANEE 7 P, B AR UEA SRR H Y
FRAESRBUTVE IR -

F 1 A EMERHEEE A EN D LEE

Table 7 Accuracy of the new method and the traditional

feature selection method

YOIk
20dB 30dB 40dB 50dB  (20~50 dB)xrand
SMST+RF-75 0.948 0989 0.991 0.986 0.977
SMST+RF-37 0.846 0914 0932 0.939 0.890

ARSC P B A SR A B T o B SCHE R
1] Fi—Fs7, A2 SMST 51 a A M K5 5
BREAEFI RN ZERFIE 1 5 5

M T R S R A Y, RSO R
TE SR E T V26 8515 1 EE 1 56 IV 1  2R0KG J8E 32c 4f
TALGe 7, Hoh 4 20 dB F11(20~50 dB)xrand 4t i)
R FE T2 Sl ik 2] 10.2%F1 8.7%,

Rty iRk 5—3R 7 PR, AR IE B
TEFERT T3 KRR R e s K, S EE IR
LEFERE R KTETT PQD RN SR BE o

SEEG S LRI, ARSI NRFIESR I RRIETE
B RBVOE AR MRS PQD 5 SR mT7
AT T O, B RS A A R R AT
WkF, £ 20 dB K (20~50 dB)xrand BtiHLIE: 7 55 A'F
TR THIRE AR .

3.4 HEMRATEE

B TR R ILAD Iy VAR AN TR B 7 A AR R I 4 2R

K BEXTHL R 8 s
%8 A EMEMIT E S LREE

Table 8 Accuracy of the new method and other methods

W Gl
B 30dB 40dB 50dB (20~50 dB)xrand
ST+PNN 0484 0.669 0.751 0.802 0.674
ST+KNN 0.488 0.656 0.744 0.799 0.668
ST+DTCART 0.883 0.941 0956 0.958 0917
ST+DTC4.5 0.780 0.937 0.961 0.966 0.895
SMST+RFd 0.946 0988 0.986 0.987 0.980

MR 8 AT EMME Y, BT B4 R R I
BRI TR T7, BR 20 B 4 T RN
K 94.6% X EAR AR, HAB ORI T 98.0%,
BT 99.0%.

AN, PIFREET DT J7ryk R 2 ar 3T
PNN fil KNN [#777%, XA 73T DT RIHATA
(1) o LA e T A LA (R 5 vk AH
% ST+DTCART F1 ST+DTC4.5, 4r2kE I3
WA st LU PR AR A AT /DN s e ot B e IR AR U Bl A
30~20 dB, P EN{EAL A 4.2%. HILA & 7748 20 dB
F1(20~50 dB)xrand fiAbsr 2 T BRI R, (T
EAE 20 dB AT EEARIIE 94.6%I 4y FKE BE,  HAE
(20~50 dB)xrand &b, /772140 70 K 5 1A 98.0%,
FEBEN BEASK IR, 155 0 Hp gt 7 R 1) 2Ok
A

FH 7 B AR e SRR 19015 0 4 B T
PRI b R B AR IE R E R, HET
CART WRSERHFJ54A RE Sk, FroriEfe g
AT ) FAEE— %%, BARWE 8 ik,

1ol —
09}
08F —
0.7
0.6F
05}
041
03}

0.2
N | | . |

20 30 40 50 (20~50 dB)xrand
friE Et/dB

8 A AR ERZ TR B R b

Fig. 8 Comparison of the running time between the

1L [H]

new and the original method

M8 T LA Y, B 5 VAR e i 2B K RE AT
IfTa),  HL5 U7 iR iR 22 BBt £ e LU PR AT g
T OLHI B ARAZI IR BB 5V BLUARAE 70 R
JEA OOB %7 J5 I ROR, (HAEIEAT 2R Ty
HASAFAE € R % ]

LR LPNE, ASCHR B T IAERAE PRI HF
EEFE R BT =ADAFZ 1 L St f —
SEROR,  HA PR AR 1B R 73 R 2 0 5% W) ¢
Ko HET ST W& REGITEMLIL, BABITH
R IBATIN R 5 T KA AL S AR T IAEAN ] e
AT NI IR LRI BT, H5 24 20 dB A
20~50 dB [RIBEALIE A 26 AF R, RSN B S
s ARBUH TG e b

4 g
BT ST DT (1 PQD R 5y vnt 44k
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PAR JLANJT I o
1) JJ- 18 Flvi WL H—FIXUE PQD A2, 4l

T SMST & ST 7240, IRt T2+

SMST Hid& H 1 RF 70 2Ra5 70 FAVRF LS U ik
2) 5% SMST B A &, AR ik

BEfli L, ARMIFINA T 48 PQD JmyH AU Ry AL

AN FRFE T PQD HE8) A
3) @57 TR Tk CART [ RF 4288, LT

CART 5k, MRIINIANBEEAL BN, Kok RF

HF RS Y R BB RME SO Gini F540 R B

(Giniy,, ), 3T Ginig ALY 170 ZENIFEA R AL SR

HEATORE, AL T T IRA S5, fEFRIC RF 4

RGHSERE RN, 3w T M.

i HI BA BENLILSI ZH0 PQD {5 SR AEAEA
FHATOIECRAE, S89RKY], MIALSHEET ST i
PONIT, BE R R IR, REA AR
LS O B SHREAE A YL 18 B W PQD $3)).
HAEAGAR W LERTBEATLE 75 461 N UM RCR TR G
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WAEAS ST VEAE SR I A
Sk
(1) midl, BT, ASRH, . HETEOHGEREP N S

A f S RN LR AR AL B SRR BN [I]. F I AR,

2019, 56(1): 8-14.

GAO Jian, CUI Xue, ZOU Chenlu, et al. S-transform

based on modified energy concentration and identification

of power quality disturbance in random forest[J].

Electrical Measurement & Instrumentation, 2019, 56(1):

8-14.

[2] SAQIB M A, SALEEM A Z. Power-quality issues and
the need for reactive-power compensation in the grid
integration of wind power[J]. Renewable and Sustainable
Energy Reviews, 2015, 43: 51-64.

(3] E&177, W75, W, & T Ut BP
P ) 46 1 FL s i ZE TN ). PR PR BE BT HOR, 2018,
37(5): 73-80.

WANG Zhifang, YANG Xiu, PAN Aiqiang, et al. Voltage

deviation forecasting based on improved ensemble

clustering and BP neural network[J]. Advanced Technology

of Electrical Engineering and Energy, 2018, 37(5): 73-80.

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

A, B AR, RN KL T I A g R S
U 2 LR SRR A B 223 0]. FECR, 2016,
40(10): 3184-3191.

HUANG Jianming, QU Hezuo, LI Xiaoming. Classification
for hybrid power quality disturbance based on STFT and
its spectral kurtosis[J]. Power System Technology, 2014,
42(24): 44-48.

SR, BALME, ThEwIN, A% BT A/NEAR HANA E
SV R R B A TR [0]. W S R, 2017,
54(10): 74-79.

ZHANG Yan, YIN Lisheng, MA Ruiqing, et al. Voltage
sag detection method based on complex wavelet
transform and RMS algorithm[J]. Electrical Measurement
& Instrumentation, 2017, 54(10): 74-79.

AFRONI M J; SUTANTO D, STIRLING D. Nonstationary
power-quality waveforms using iterative Hilbert Huang
transform and SAX algorithm[J]. IEEE Transactions on
Power Delivery, 2013, 28(4): 2134-2144.

Mg, 9, k. FET o Bodull S A A H
RESTRILBI PN My RGOS B2, 2019, 47(9):
64-71.

YANG Jianfeng, JIANG Shuang, SHI Gege. Classification
of composite power quality disturbances based on
Power
Protection and Control, 2019, 47(9): 64-71.
TR, TR, SREAE, 45 SRS o e g
S AR ) FLAE TR PEAN RAI[T]. FEIECA, 2015, 39(5):
1412-1418.

HUANG Nantian, ZHANG Weihui, CAI Guowei, et al.

Power quality disturbances classification with improved

piecewise-modified S transform[J]. System

multiresolution fast S-transform[J]. Power
Technology, 2015, 39(5): 1412-1418.

WU Junfeng, LI Yuzhe, QUEVEDO D E, et al. Data-driven
power control for state estimation: a Bayesian inference
approach[J]. Automatica, 2015, 54: 332-339.

JAHEYE, A, AR 2R RIAAERRITES
G I PN . E L TR AR, 2011,
31(4): 45-50.

ZHOU Luowei, GUAN Chun, LU Weiguo. Application

of multi-label classification method to catagorization of

System

multiple power quality disturbances[J]. Proceedings of
the CSEE, 2011, 31(4): 45-50.

WANG Huihui, WANG Ping, LIU Tao. Power quality
disturbance classification using the S-transform and
probabilistic neural network[J]. Energies, 2017, 10(1):
107.

HRIGHE, XEN, RS, 45 LT ZF5% Rank-WSVM
M= A e R sh 22 R[], B L TR A R



-28- @A &R B R

2013, 33(28): 114-120.

ZHANG Qiaoge, LIU Zhigang, ZHU Ling, et al.

Recognition of multiple power quality disturbances using

support  vector  machine[J].
Proceedings of the CSEE, 2013, 33(28): 114-120.

[13] fF¥HE, Fhi. ST DDAGSVM £ 25 K HEnk )
HLBE ST YL NI [0]. O R GRS A, 2018,
46(5): 82-88.

REN Zihui, WANG Qi. Power quality disturbance
recognition based on improved DDAGSVM multi-class

multi-label ~ wavelet

classification strategy[J]. Power System Protection and
Control, 2018, 46(5): 82-88.

[14] 4 EH, W%, A SEIBIN) 0 S AR

VI AN ) MR RN S S S P T
2009, 36(4): 43-47.
QUAN Huimin, DAI Yuxing. Power quality disturbances
classification based on generalized S-transform and
decision tree[J]. Journal of Hunan University: Natural
Sciences, 2009, 36(4): 43-47.

[15] KUBENDRAN P, KUMAR A, LOGANATHAN A K.
Detection and classification of complex power quality
disturbances using S-transform amplitude matrix—based
decision tree for different noise levels[J]. International
Transactions on Electrical Energy Systems, 2016, 27(4):
1-12.

[16] BREIMAN L. Random forests[J]. Machine Learning,
2001, 45(1): 5-32.

[17] PINNEGAR C R, MANSIHA L. Time-local spectral
analysis for non-stationary time series: the S-transform
for noise signal[J]. Fluctuation and Noise Letters, 2003,
3(3): 357-364.

[18] DHARMAPANDIT O, PATNAIK R K, DASH P K. A
fast time-frequency response based differential spectral
energy protection of AC microgrids including fault
location[J]. Protection and Control of Modern Power
Systems, 2017, 2(2): 331-358. DOIL: 10.1186/s41601-
017-0062-0.

[19] X7, deal, YLW#E, % BReisEhsh a3 S
ARG sk S SEIR]. H) RG S F A A R,
2017,29(3): 35-41.

LIU Jun, HUANG Chun, JIANG Yaqun, et al. Improved

generalized S-transform algorithm for power quality
disturbances
Proceedings of the CSU-EPSA, 2017, 29(3): 35-41.

[20] ¥RIR, @M, %EH, 55 HEEREE SR EL
PSR AR R (7], TP [E AL TR AR, 2017,
37(3): 776-785.

HUANG Nantian, PENG Hua, CAI Guowei, et al.

Feature selection and optimal decision tree construction

analysis and its implementation[J]

of complex power quality disturbances[J]. Proceedings of
the CSEE, 2017, 37(3): 776-785.

[21] CUTLER D R, EDWARDS Jr T C, BEARD K H, et al.
Random forests for classification in ecology[J]. Ecology,
2007, 88(11): 2783-2792.

[22] RODRIGUEZ-GALIANO V F, GHIMIRE B, ROGAN J,
et al. An assessment of the effectiveness of a random
forest classifier for landcover classification[J]. ISPRS J
Photogrammetry Remote Sensing, 2012, 67: 93-104.

[23] LARIVIERE B, POEL D V D. Predicting customer
retention and profitability by using random forests and
regression forests techniques[J]. Expert Systems with
Applications, 2005, 29: 472-484.

[24] MURAT U, SELCUK Y, MUHSIN T G. An effective
wavelet-based feature extraction method for classification of
power quality disturbance signals[J]. Electric Power
Systems Research, 2008, 3(2): 1747-1755.

[25] JtH T, JET S ARHe A FL AT D8l IR0 VA DFFE[D].
ISR WG /R LAk KAE, 2017.

ZHOU Zuning. Research on power quality disturbance
recognition algorithm based on S-transform[D]. Harbin:
Harbin Institute of Technology, 2017.

Wis B#A: 2019-05-20;
fEEE T
EA=8(1964—), F, @f4EH, #4k, MEAFIF,
R 77 ® A 4 A KA w5 A 542 4); E-mail: ecermwang@
ctgu.edu.cn
EZMA995—), F, MEARRAE, AR 6 AW
F 547, E-mail: 894686764@qq.com

{&EIHH7: 2019-12-11

(%% 5 B



	DOI: 10.19783/j.cnki.pspc.190569 
	基于分段改进S变换和随机森林的复合 
	电能质量扰动识别方法 
	Composite power quality disturbance recognition based on segmented modified  
	S-transform and random forest 
	ZHOU Zuning. Research on power quality disturbance recognition algorithm based on S-transform[D]. Harbin: Harbin Institute of Technology, 2017. 



