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Recognition of hybrid PQ disturbances based on a chaos ensemble decision tree

LI Zuming?, LU Ganyun!, CHEN Nuo?, PEI Zheyuan!, DING Yuhao!, GONG Yu?
(1. School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China;
2. Yancheng Power Supply Company of State Grid Jiangsu Electric Power Co., Ltd., Yancheng 224001, China)

Abstract: Given the problems of multiple types, strong feature correlation and the high recognition error rate of hybrid
Power Quality (PQ) disturbances, a hybrid PQ disturbance recognition method based on a chaos ensemble decision tree is
proposed. First, from the IEEE standard, the common signal models of 7 kinds of single PQ disturbances and 16 kinds of
hybrid PQ disturbances are obtained, and disturbance waveform samples are generated in batches. Then through S-transform
time-frequency domain analysis, 9 features of disturbance in the time-frequency domain are designed and extracted according
to the difference of these disturbances. Finally, taking advantage of the collective ability of ensemble learning and chaotic
search, a chaotic ensemble decision tree is constructed, and the identification of hybrid PQ disturbances is effectively
completed. Simulation experiments and a 142 field data test show that for 23 types of disturbances, the recognition accuracy
of the proposed method is higher than that of basic decision trees, complex decision trees and weighted nearest neighbor
method, and has good application prospects.
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Table 1 Signal model of single PQ disturbance
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X . X X 3=0~0.15, 05=0~0.15, 27=0~0.15, p3=0~2m,

Wk D1 V (t) =sin(wt) + o, sin(Bat+¢,) + a; sin(bat + ¢;) + o, sin(7wt + ¢,)
p5=0~2m, ¢7=0~2n
H R D2 V() =(1-a(u(t-t)-u(t-t,)))sin(et) @=0.1~0.9, t,t;=4T~9T
R F D3 V(1) = (e (u(t-t)-u(t-t,)))sin(et) 2=01~09, tyt;=4T~9T
HLFE T D4 V() =(1-a(u(t-t)-u(t-t,)))sin(et) a=09~1, t,t,=4T~9T
LI PR AR D5 V() = (1+ & Sin(Bat))sin(et) a=0.3~0.5, f=0.1~0.4
b e . () 0,=0.1~0.8, 7=0.008~0.04, t,~t3=0.05T~3T,
BHIRG D6 V(t) =sin(at) +a,e *© sin{a, (t—ta)}~{u(t—ta)—u(t —tA)} £,=300~900 Hz
by - 3)

EZESYiel D7 = 02=1~10, 7=0.008~0.04, t,~t;=0.05T~3T

V (t) =sin(wt)+a,e

T {ut-t)—u(t-t,)}
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Fig. 1 Typical waves of 7 single PQ disturbances
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Table 2 Signal model of hybrid PQ disturbance
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V(t)=(1-a(u(t-t)—-u(t-t,)))sin(et) + —0.1~ 4 =AT~ —0~ —0~
T+ D8 ®=( alu(t-t)-ult 2))Jsine) _ 0=01~0.9, t4,=4T~9T, ¢=0~0.15, as=0~0.15,
a,sin(Bwt+e,) + o sin(Swt + ;) + o, sin(Tot + ¢;) 07=0~0.15, ¢3=0~2m, @s=0~2m, @7=0~2n
Vi) =(1+a(u(t-t)-u(t-t,)))sin(wt) + -0 1~ & AT —0~ —0
T+ D9 ®=( _“( (t=t)-u( ) Jsin(et) . 4=01~09, t-4,=4T~9T, 4:=0~0.15, a5=0~0.15,
a,Sin(But+p,) + a5 sin(bat + @) + a, Sin(Tot + ¢,) 07=0~0.15, ¢3=0~2m, @s=0~2m, @7=0~2n
V(t)=(1- t—t)-u(t-t,)))sin(wt -0 9~ _t —AT~ —0~ —0~
R T+ D10 ON _a(”( &)-u( )))si (wh)+ a=0.9~1, trt;=4T~9T, 43=0~0.15, s=0~0.15,
a,Sin(But+p,) + g sin(bot + @) + a, sin(Tot + ¢,) 07=0~0.15, ¢3=0~2n, @¢5=0~2m, @7=0~2n
V(t)=(1 in(Bat))sin(et =0.3~05. 4=0.1~ —0~ —0~
o 4 D11 (O=(L+ @ sin(on)sin(on) + _ =03~05, f=0.1~0.4, ¢5=0~0.15, 65=0~0.15,
a,sin(Bwt+p,) + agsin(Swt + ¢,) + ; sin(Tot + ;) a7=0~0.15, ¢3=0~2m, @s=0~2m, @7=0~2n
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L 77+ 7 A5 D17 ) 6=0.1-0.9, 1tz 4=4T~9T, %:=1-10, =0.008-004,
ae {u(t—g)—u(t—g)} t4~t3=0.05T~3T
I Y () =0.o~ ,» p=0.1-0.4, =1~10, 7=U. ~u.u4,
PRI+ 25 fi D18 V() =(1+ e, sin(at) )sin(@t) + e © {ut—t)-u(t-t,)} @=03-05. § Olt 0t4—00(;2‘:>'l'1 311(.) 7=0.008-0.04
4~ 13=0.001~
V (t) =sin(wt) + a, sin(3wt+¢,) + a; sin(bawt + @) +
W+ Sl D19 : .y : 4570~0.15, 65=0~0.15, 4;=0~0.15, 5=0~211, 5=0~2m,

a,sin(Tot +¢,) + azei . {u(t —t)-u(t 7t4)} ¢7=0~2m, 0,=1~10, 7=0.008~0.04, t4~t3=0.05T~3T
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V(t)=(1
O =(tra(u(t=t)-u(t=t)))sin(n) + 4=0.1~0.9, t-t,=4T~9T, ¢=0~0.15, 15=0~0.15,
BB SIRY D20 a,sinBot+g;) + ag sin(5ot + ¢;) + a, sin(Tot + ¢, )+ 7=0~0.15, p3=0~27, ps=0~27, p7=0~27, 01,=0.1~0.8,
) 0,008~ .=0.05T~ 300~
e T Sinfon (-t Ut 1) 1) =0.008-0.04, t4~t;=0.05T~3T, f,=300~900 Hz
V(t)=(1 t-t)-u(t-t in(wt
O=(tra(u(t-t)-u(t-t))int) 0=01~0.9, tt;=4T-9T, 0;=0~0.15, as=0~0.15,
B TP+ B IR D21 a;Sin(3wt+;) + s Sin(at + ;) + o, sin(7ot + ¢, )+ 07=0~0.15, p3=0~21, ps=0~2, p7=0~21, ¢1;=0.1~0.8,
) 0,008~ .20.05T~ —300-~
e ™ singon (-t MUt -1 a1} =0.008~0.04, t4~t;=0.05T~3T, f,=300~900 Hz
V(t)=(1 i t) )sin(awt
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_(t-ty) ~| —ts= ~
e -1 ~u(t-t)] =0.008-0.04, t4~t;=0.05T~3T
V(t)= t-t, sin(wt) +
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Fig. 2 Typical waveforms of 16 hybrid PQ disturbances
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Table 3 Typical features of single PQ disturbance

— RENFFAE
F1 F2 F3 F4 F5 F6 F7 F8 F9
C1 0 0 0 -0.98 16.49 0.007 17.36 0 0.228
c2 0 0.5 0 22.55 574 0.102 1199 0.081 0.026
C3 0.477 0 0 29.58 1114 0.028 2345 0.022 0.013
C4 0 0.611 0.268 22.71 587.7 0.132 1227 0.105 0.031
C5 0.485 0.449 0 322 1159 0.003 2402 0.001 0.009
C6 0 0 0 30.58 480.2 0.241 1557 0.031 0.025
C7 0.204 0.089 0 29.57 970.4 0.406 2011 0.325 0.068
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Table 4 k-fold cross-validation classification accuracy
with different pool size of decision tree

PSR k #7828 UIAIEI 53 FNE %

PNGN k=4 k=5 k=7 k=9
4 85.3 85.7 87.2 85.9

5 86.8 87.3 89.7 88.6

6 89.1 88.2 88.9 87.1
10 90.1 89 89.1 89.9
20 90.4 90.8 90.8 90.6
30 91.3 90.7 91 90.8
40 915 91.9 91.7 91.4
60 90.8 91.1 91.9 90.7
100 90.9 91.0 91.3 90.6
200 90.6 90.7 91.9 91.1
“FEIME 89.63 89.61 90.47 89.76
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Table 5 Disturbance indentification performance

comparison of different methods
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Simple Tree 21.7 247
Medium Tree 714 3.26
Complex Tree 86.5 3.75
LS SVM 925 32.54
PSS URSIS7 S 875 2.70
A7 91.9 13.54

MF 5 T LAE H, MRS REN ik, B
PR AR T L N o R FE A BRI ot  (EAR Y
YIRS TR R R 2SI TR R SRR ) &
WAL, JEE R FHRE N 92.5%, ARSCT5ik
9 91.9%, ZEEAK, 1HJ5#H FIIZE 7 32.54 s,
AN 1354 s, Nk, MAEAMERE EF, AL
TEBA BT LA T RE -

R T BEAR LT VEAE SE PR AR R A R, A
FHAEZR T T BN —2H 10 KV A1 20 KV BFZR HL BE S5
BRI E AT IR . R RS 142 4
FEAS, AU 50 HiB0 . 39 48 MRS (R N E bR


http://baike.baidu.com/view/3874582.htm

FHL, S

TR AR R HO ) R RE TR S B UM AT - 25 -

FIR—RIE A0 10 45 B 2R (4N
MR EIEN) 2 Al 41 HINEE. KSR N
BRI 256 RAE R, (E5KERN 16 000 A A Al
60 000 i, HBRIHEARRILME 7 s, R R

Wik 8 fizw.
2021-07-22 10:25 2021-07-22 10:25 2020-08-2708:37  2020-08-27 08:37
20 10 kV bus 1.20 10 kV bus 10 kV bus 10 kV bus
2 12 Y mmnaeann
2 o RREI | z ; 20 —
= 1.0 ‘./| S £ o8] I|
20 Losk 1 — 0.6]
23 24 25 23 24 25 5 6 7 5 6
t/s tls ils tls

/s
2021-05-13 06:47

2021-05-13 06:47 2021-08-20 19:31 2021-08-20 19:31
! bus kY. 20 KV bus V bus
20 10 kV bus 20 10 kV bus 2 20 kV bus T 20 kV bus
=z 3 > 10 Z L0 1 r—
= 0 LS = 0 z(:t)s Ir
= =10 sy
2 k 0.90L
-015 30 35 ]'UES 30 35 14 15 14 15
s tls ils s
2021-06-21 11:14 2021-06-21 11:14 2021-07-16 00:00 2021-07-16 00:00
20 kV bus 20 kV bus 10 kV bus 10 kV bus

10 1.049

It 5 105 i 3 | ods
= 0 =100 = s
~-10 = 095 ~ = 1.047]
-10
3 50 EER 01 2 0%
; ts o s

7 BB SN E AR
Fig. 7 Typical PQ event from monitor

kv

a7 @ © Identified PQ type
20 *

[a] s @®

g 15t

: b [

s L] ° I. .0 .

§ 10 . C‘) ® (3 ) -

= o® %o @ ®
5 % 3

& @ ®e o

1500 1000

Feature2 0 25002000

Feature7

8 SMBIRA S LLER

Fig. 8 Classification results of real data

P 8 £ L7, 74 I 142 SLECTISCR 1,
50 AL AT 1 LB+ AR, 39 41
SRR 9 ALIRING), 10 AAE T KA 4
AR, 2 SRR EFIE, 41 4L
A 3 RIRA, SRR IERZ N 88.03%. it —F
AR, GTVRIE it A 1 M A T i
WAL, SRR S R MR, TRITITA
BIRREBCAS . MRS, ASOH TSR A
BRI AT

5 i

ARSI T — R A S R L e P R
EIBRATTE XS 23 R e BB E SR K
HpIt S AR B IR M, B AN SRR 3N Ry

PEZE S, BOTAERIH 9 Fhatshs SUsARFE, I

BRI 2 AR R JIA0FS 1 R R TR Rtk SRR

FER T B BE R EE SIS A RORM . 521N

T 4518
(L) FHXHALGE R LR SRR T, R FH VR F ok

HITER 7 BRE A BORHIBGE, AR AR

I R — e 38, (A7 B R R ISR ) B AL

TTEFERT /D
(2) BEAE RSB/ I, S ok SR AR5

VUM FRA —ERSEE, (HRER b K 2

PEARTERAAS, RTINS 5 2 B A AT I [A] .

(3) & B Ak i e RE o B 2 5 B R AE SRR
PESR, FHRESPEh RS PUNHERERCR,
FRFAEBHRAAT G 15 T2 Ja HE— DR I

(4) SIEHE 55 LR, A TR TR SEfr R H
WEAE AT S2br i PR AR T AR A
FERRES Wl E, WHEETERMEES
J2E DA P 5 2 R P SR P B
S0
(1] VE#, PMRZE, M4, %, IEEE ICHQP2018 SHiAE/R

wRETM[]. BB, 2019, 39(4): 197-203

WANG Ying, LUO Daijun, XIAO Xianyong, et al. IEEE

ICHQP-2018 and development directions of power

quality[J]. Electric Power Automation Equipment, 2019,

39(4): 197-203.

(2] MigS. R REARIR I e E A R R[]
KL LR 224K, 2014, 34(29): 5073-5079
LIN Haixue. Perfecting power quality indices and
prospect[J]. Proceedings of the CSEE, 2014, 34(29):
5073-5079.

(3] SN, 2%, w5k, BN AMIC R AT I BOR B Sk
R[] E LR 2A3)R, 2016, 36(6): 1552-1567
MA Zhao, AN Ting, SHANG Yuwei. State of the art and
development trends of power distribution technologies[J].
Proceedings of the CSEE, 2016, 36(6): 1552-1567.

(4] BT, BiE, B, & BB T E
JRANER B VGBI I R [I]. TR 23R, 2018, 33(4):
707-720.

XIAO Xiangning, LIAO Kunyu, TANG Songhao, et al.

Development of power-electronized distribution grids

and the new supraharmonics issues[J]. Transactions of

China Electrotechnical Society, 2018, 33(4): 707-720.

(6] MR, &%, KEM 5 GRRELSHZIRIEL
PSR R AR ], P E R TR, 2017,
37(3): 776-785.

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

Feature selection and optimal decision tree construction

of complex power quality disturbances[J]. Proceedings of

the CSEE, 2017, 37(3): 776-785.

(6] 7k, BAME. H:T 50 E B AR 4 i Ha BR R =P 30



-26 -

@ HERIEF DR

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

YU 5 R0 75 A8 2 sl i 18] 58 G2 [3]. R EAR
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.

GU Y H, BOLLEN M H J. Time-frequency and time-scale
domain analysis of voltage disturbances[J]. IEEE
Transactions on Power Delivery, 2000, 15(4): 1279-1284.
T, BEOAE, ZRIe R, T A B AR e T
U2 P FE RE SRR A 0Bl 2 2 [0 FMEOR, 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, 2016,
40(10): 3184-3191.

GAO W, NING J. Wavelet-based disturbance analysis for
power system wide-area monitoring[J]. IEEE Transactions
on Smart Grid, 2011, 2(1): 121-130.

FEFRE, XIS, (R, BT/ A Prony
JTE R B BN M [I]. ) RS RIT S,
2016, 44(9): 122-128.

REN Zihui, LIU Haoyue, XU lJinxia. Power quality
disturbance analysis based on wavelet transform and
improved Prony method[J]. Power System Technology,
2016, 44(9): 122-128.

WANG H H, WANG P, LIU T. Power quality disturbance
classification using the S-transform and probabilistic
neural network[J]. Energies, 2017, 10(1): 1-19.

WS, R, Ak ETrBRSE S BHRNES
AR B R[], BT R AR 5], 2019,
47(9): 64-71.

YANG Jianfeng, JIANG Shuang, SHI Gege. Classification
of composite power quality disturbances based on
piecewise-modified S transform[J]. Power System
Protection and Control, 2019, 47(9): 64-71.

VAL, I, 978, %5 T AEA S A 5H
RITW R R ERE SR B ARG RIFS
¥, 2019, 47(6): 24-31.

XU Liwu, LI Kaicheng, LUO Yi, et al. Classification of
complex power quality disturbances based on incomplete
S-transform and gradient boosting decision tree[J]. Power
System Protection and Control, 2019, 47(6): 24-31.
HARIR, [Mate, R, &5 T HHT AJHEEERER
FEN 55K HARGRIT S5, 2015, 43(16):
36-42.

TIAN Zhenguo, FU Chenghua, WU Hao, et al. Power
quality disturbance for location and classification based
on HHT[J]. Power System Protection and Control, 2015,
43(16): 36-42.

SHUKLA S, MISHRA S, SINGH B. Empirical-mode
decomposition with Hilbert transform for power-quality
assessment[J]. IEEE Transactions on Power Delivery,

[16]JACHLERKAR P D,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

2009, 24(4): 2159-2165.

SAMANTARAY S R,
MANIKANDAN M S. Variational mode decomposition
and decision tree based detection and classification of
power quality disturbances in grid-connected distributed
generation system[J]. IEEE Transactions on Smart Grid,
2018, 9(4): 3122-3132.

Tk, M. BT AR RS 23 R ) HRE TR B A
W) B E sk, 2018, 38(3): 116-123
HUANG Chuanjin, ZHOU Tong. A new detection method
of power quality disturbance based on VMD[J]. Electric
Power Automation Equipment, 2018, 38(3): 116-123.
NAIK C A, KUNDU P. Power quality disturbance
classification employing S-transform and three-module
artificial neural network[J]. International Transactions on
Electrical Energy Systems, 2014, 24(9): 1301-1322.
e, £, X, 4 FETRT Dt BP
A28 IO 2% 1) T HL TP 2R 455 1L BB B R B 3 o 7 5 Rl [9].
i RGP 55, 2017, 45(10): 69-76.

HE Julong, WANG Genping, LIU Dan, et al. Localization
and identification of power quality disturbance in
distribution network system based on lifting wavelet and
improved BP neural network[J]. Power System Protection
and Control, 2017, 45(10): 69-76.

WRIERS, 2P, B8, 55 —Mhscmt rag R sl 7>
FITER]. BLEARZEIR, 2017, 32(3): 45-55.

CHEN Xiaojing, LI Kaicheng, XIAO Jian, et al. A method
of real-time power quality disturbance classification[J].
Transactions of China Electrotechnical Society, 2017,
32(3): 45-55.

WK, IRERIE, XIBERE. BT S &S SVM I
RES R AR, B TH A, 2011, 26(10):
23-30.

HUANG Nantian, XU Dianguo, LIU Xiaosheng.
Identification of power quality complex disturbances
based on S-transform and SVM[J]. Transactions of China
Electrotechnical Society, 2011, 26(10): 23-30.

Bz, G, e, & T SEMME Y SVM
i HL e B A S A T R [3]. R AR 224K, 2006
21(1): 121-126.

LU Ganyun, CHENG Haozhong, ZHENG linju, et al.
Power quality disturbances detection and identification
based on S transform and multi-lay SVMs[J]. Transactions
of China Electrotechnical Society, 2006, 21(1): 121-126.
L5a75, IRERK, IR, 55 T WT #SVM [1H
REDT R 7 RPN T VE ], BT, 2019, 47(3): 16-22
MA Jiaxiu, XU Weinong, HE Fuxing, et al. A novel
power quality classification and identification method
based on WT and SVM[J]. Smart Power, 2019, 47(3):
16-22.

ZHAO Wenjing, SHANG Liqun, SUN Jinfan. Power
quality disturbance classification based on time-frequency
domain multi-feature and decision tree[J]. Protection and
Control of Modem Power Systems, 2019, 4(4): 337-342.



PN, &

TR AR R HO ) R RE TR S B UM AT

- 27 -

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

DOI: 10.1186/s41601-019-0139-z.

BISWAL M, DASH P K. Detection and characterization
of multiple power quality disturbances with a fast
S-transform and decision tree based classifier[J]. Digital
Signal Processing, 2013, 23(4): 1071-1083.

KUMAR R, SINGH B, SHAHANI D T, et al. Recognition
of power-quality disturbances using S-transform-based
ANN classifier and rule-based decision tree[J]. IEEE
Transactions on Industry Applications, 2015, 51(2):
1249-1258.

GFE, ZELRE, BRBR, . BT B 21 L Ee
B Rsh > 2K[]. sBUR AR TR, 2018, 51(6):
534-539.

QU Hezuo, LI Xiaoming, CHEN Chen, et al. Classification
of power quality disturbances using convolution neural
network[J]. Engineering Journal of Wuhan University,
2018, 51(6): 534-539.

Toefd, ok, IO, % ETRERS —4E R b

LMK PQD 433K[]. I R 5], 2020,
48(6): 53-60.

WANG Weibo, ZHANG Bin, ZENG Wenru, et al. Power
quality disturbance classification of one-dimensional
convolutional neural network based on feature fusion[J].

Power System Protection and Control, 2020, 48(6):
53-60.

Mok, M4, ER, & T GAF HEBIHAM %

R HLEE I B AN 4r K] B RGP ], 2021,
49(11): 97-104.

ZHENG Wei, LIN Ruiquan, WANG Jun, et al. Power
quality disturbance classification based on GAF and a
convolutional neural network[J]. Power System

Protection and Control, 2021, 49(11): 97-104.

MORAVEJ Z, PAZOKI M, ABDOOS A A. Wavelet
transform and multi-class relevance vector machines
based recognition and classification of power quality
disturbances[J]. International Transactions on Electrical
Energy Systems, 2011, 21(1): 212-222.

DALAI S, DEY D, CHATTERJEE B, et al. Cross-spectrum
analysis-based scheme for multiple power quality
disturbance sensing device[J]. IEEE Sensors Journal,
2015, 15(7): 3989-3997.

BISWAL M, DASH P K. Detection and characterization
of multiple power quality disturbances with a fast
S-transform and decision tree based classifier[J]. Digital
Signal Processing, 2013, 23(4): 1071-1083.

FACH, R, 5K T, S5 BT Bkt s AR
FENLARAR I & i Be B 2 sl IR B T[], RS
{4 554, 2020, 48(7): 19-28.

WANG Renming, WANG Hongyang, ZHANG Yunning,
et al. Composite power quality disturbance recognition
based on segmented modified S-transform and random
forest[J]. Power System Protection and Control, 2020,
48(7): 19-28.

For, ZITH, HES, & ETWHRSMRESH

ReR AN 25[0]. 1k, 2018, 55(1): 14-20.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

WANG Lingyun, LI Kaicheng, XIAO Xiaying, et al.
Classification for multiple power quality disturbances
based on sparse  decomposition[J].  Electrical
Measurement & Instrumentation 2018, 55(1): 14-20.
REDDY M V, SODHI R. A modified S-transform and
random  forests-based power quality assessment
framework[J]. IEEE Transactions on Instrumentation and
Measurement, 2018, 67(1): 78-89.

JHELE, B, FHEE. 2R REAERBRES
H BN KR R[], b E AL TR AR, 2011,
31(4): 45-50.

ZHOU Luowei, GUAN Chun, LU Weiguo. Application
of multi-label classification method to catagorization of
multiple power quality disturbances[J]. Proceedings of
the CSEE, 2011, 31(4): 45-50.

HAE, KIME, BB, 5 LT 2ARERELARAR
REST B R Al KTk B ARG R S,
2017, 45(11): 1-7.

QU Hezuo, LIU Heng, LI Xiaoming, et al. Recognition
of multiple power quality disturbances using multi-label
random forest[J]. Power System Protection and Control,
2017, 45(11): 1-7.

TeIGE, XIENI KB, % ETZH% Rank-WSVM
MRS e EN SR T E R TR,
2013, 33(28): 114-120.

ZHANG Qiaoge, LIU Zhigang, ZHU Ling, et al.
Recognition of multiple power quality disturbances using
multi-label wavelet support vector machine[J]. Proceedings
of the CSEE, 2013, 33(28): 114-120.

B, KRIE®, fM, & ET 2R IR B R
B 2 AR5 REEQ] B R GRS,
2020, 48(8): 96-105.

JIN Guo, ZHU Qingzhi, MENG Yang, et al. Power quality
disturbances multi-label classification algorithm based on
a multi-layer extreme learning machine[J]. Power System
Protection and Control, 2020, 48(8): 96-105.
Recommended practice for monitoring electric power
quality: Standard IEEE 1159:1995[S].

TAN R H G RAMACHANDARAMURTHY V K.
Numerical model framework of power quality events[J].
European Journal of Science and Resources, 2010, 43(1):
30-47.

STOCKWELL R G. Localization of the complex spectrum:
the S transform[J]. IEEE Transactions on Signal Process,
1996, 44(4): 998-1001.

5#s HER: 2021-07-18;

{&EIHEA: 2021-08-20

fEEET:

A (1962—), B, @k, al#R, AT EACH

BATHRAL. B R AKE LB E-mail: 16702324@qg.com

9%
A,

&F=1976—), B, @fE4EHE, WL, &, FARF

WA E SN Am g, ALFRBRELSZAT R

H5-F X B3 A4, E-mail: ganyun_lv@njit.edu.cn
(%m#E 22/ M)



