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A novel method for combined power quality disturbances detection and identification
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Abstract: With the rapid transformation of high-carbon power systems to new power systems, the large scale integration
of renewable energy sources such as wind and solar, along with the widespread use of power electronic devices, has led to
increasing complex and variable power quality disturbances (PQDs). To quickly and accurately detect and capture PQDs
and to overcome limitations of traditional disturbance identification methods, such as reduced applicability to complex
hybrid PQDs and difficulty in manually selecting features, this paper propose a novel approach for PQDs detection and
identification. The proposed approach first employs peak difference guided local difference accumulation to rapidly and
accurately detect and capture the PQDs. Then, the improved iterative adaptive kernel regression (IIAKR) method is used
for preprocess the captured noisy PQDs, effectively suppressing noise while preserving detailed disturbance features.
Finally, the improved visual trajectory circle (IVTC) method transforms the 1-D PQDs into 2-D trajectory circle images
with more prominent shape and easier identification features, which are then input to convolutional neural networks
(CNN) for autonomous feature extraction and classification. Experimental results show that the proposed approach offers
strong noise immunity, high detection rate and classification accuracy for both single and complex PQDs.
This work is supported by the National Natural Science Foundation of China (No. 52477198).
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Fig. 1 Flow chart of the proposed new method for combined

disturbances detection and recognition
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Fig. 6 Comparison of amplitude envelope curve and trajectory

circle of voltage interruption by using VTC and IVTC
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{7 WAL S P I 917 L FEE T SR BN, NI 2 T
I POE PR R B AR RE T . AERRRAE
CNN HE 2 7» RA8 A BEAE T, ATXT 0 28 3R By
LT RS 503, PSR IERE ML E. &5y
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R I RN 2 THE Adam YIZRETR = A4
HERE TR HBUE, IR R A R AUE AT
W, AERZE A AR R IE AT AR TR AR AU A (e 22
LSS BT, KRB ME . 74,
WESENHESHWEOVEE, RIS CNN
(S S B AR RS SRR

L CNN (M8 S5 b=t A 1B A3 Fow,
FMEEZ RSB B E IR 1 P& 19,
C FXoniBiBEE, W H 2y 92 EAR K A58
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Table 1 Structural parameters and hyper-parameters of CNN

75 A EE ZH

1 HINZ — CxWxH

2 —4EBRE 1 — B 5%5x8

3 R IH—1b)2 — —

4 WEJZE 1 ReLU —

5 BRI E 1 — Wik 2x2 Bk 2
6 —HEBFUE 2 — BZL: 5x5%x16

7 R IH— b2 — —

8 WIEE 2 ReLU —

9 ORI 2 — WALk 2x2 K 2
10 —H4EBFE 3 — BRE: 5%x5%32

11 e A — 12 — —

12 WEE 3 ReLU —

13 AR — Ixk($RBNFP AL
14 i H 2 Softmax —

s ank o 2] %: 0.001,

Epoch: 150, #tK/: 300
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VR R, B Matlab ML) PQD A&l R4 5 |
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WL R R 2 MRS R EREY, B9 R
FESZ N 10 kHz, &FEWREE O 200, 3t 20
A B JE A STV T R S sh A o
M, 3B BRI A R .

5.1 PQD MR 54

ZEF|SEPr PQD FIREAFAEIMME A SR, AL
FEAE 25~40 dB W5 I8 R 50 UE AT S P sl G 37
J7VERIERR R S ek o BEHLA AL S IR HL R
— SIRELENLE A ) 20 B PQD 125, Hikzhk
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Table 2 Detection rate of single PQDs under different SNRs
AN FIE L 2 R BRI /%
25dB 30dB 40 dB 50 dB

e ESIE PR3

EFAES Co 100 100 100 100
AL 8 B Cl 99.2 100 100 100
L T C2 99.4 99.8 100 100
R T C3 100 100 100 100
HERG C4 99.6 100 100 100
R cs 100 100 100 100

o) c6 100 100 100 100

RES C7 99.6 99.6 100 100

* 3 TREMEMRLE R T ELXR SN E
Table 3 Detection rate of combined PQDs under different SNRs
ARG LS T AR /%

Prahn PR2%

25dB  30dB 40dB 50dB
b + R C8 100 100 100 100
Bk + W 9 100 100 100 100
B+ IE B C10 100 100 100 100
B+ kb c11 100 100 100 100
B+ 4R C12 100 100 100 100
FRT + C13 100 100 100 100
BT+ kb Cl4 100 100 100 100
B+ E kg C15 100 100 100 100
BT+ EB C16 100 100 100 100

BT+ R + 1B C17 100 100 100 100
PR + IR + 1 C18 100 100 100 100
T+ R+ B Cl19 100 100 100 100

MK 2 FIR 3 AT AR, fEfEMELE N 25 dB
MR SR LIRSS T, B, BT, R E AR
PRSI I HER R 2 5N 99.2% 99.4%- 99.6%F!1
99.6%, M LEAS e LR 30 dB 25428 8 4 IR 25 [P
THERIZ 258 99.8% 1 99.6%, HiAAS[EEME
ZF T B R — SR A R Bl IR D v A R A N
100%. KL 2 136 3 {45 SR A ST AT Pt 50
R HT 77 A BRI PR, X 2R — R A
PUBNTEA R 5 A S B B A DU A % s
% R A AR BN A7 AE,  BE i a] SEEl s
e P B A ) P AN e -
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Fig. 7 Improved visual trajectory circles of PQDs
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Fig. 8 Improved visual trajectory circles of sag disturbance

under different noisy conditions

5.3 HEEREMB P LRI

NIAEA ST 1 Fs ) HAKRHIVTCHCNN 7
STE IR BN R, AEA RS B b2 A XA
258 CO—C19 1) 20 F FEL BB RPN HEAT 70 FSL50

TE{ZME LA 20 dB.25 dB.30 dB.40 dB #1150 dB
ZAMFT, 20 Fh PQD 15 S BENL= A 1T 50 000 ZH5L
Wi o FFHA SCUR B 7 V25 Frf A2 i i P sh 3 ik 47
AbFE, FREX 50 000 SKELIZEF PG, AR 2 18
PEPE. N T PRI S N & IR RS
FEIR B IR E, K 3 IEE s R UG 4 1 %
FUIRTE K LG . A, B AR 70%:20%:
10% 0 EL R > I ZREE . BAEEERNA4E; CNN &
i 2700 Z UIEARINGR G, SHREERAT IR, 4028
HER RN 4 FiR.

MK 4 FTULEH, AR IR B R
g, ME K = EIRASIET 20 1 PQD B9, 7EE
I L 50 dB. 40 dB PR 1R )PS5 ZR e
15 100%, TAE 30 dB FR5E T A 3 A IS fl PRI
{HATE 99.96% A F, BIHLE 25 dB F1 20 dB &5
BT, HARB K P UER R RIRBERETE 99.7%

P b o IS e EE A8 T BP0 3l iR il 45 SRt 3% 1
IAKR HATEAF (U8B RCR , A RO BRI 75 40
TRAPRBNARFIE, A SCIR A T VELE R A A R
BARES R RMERZ, =T 7 IRB EER T
WePE. 4k, AFEMEERLLSMF N HAKR+VTC+CNN
Xt B RPLBN P BRI 7 508 99.90% 99.87%-
99.53%. 98.87%F1 98.58%, MK T ASCIAIITi%,
WEIIASL IVTC J7 kSR B 5 IR 5 B R
R4 TRIBEFGHTELEMA D LXERE
Table 4 Classification accuracy of various PQD signals

under different noisy conditions

r—— LESIUERA

50dB 40dB 30dB 25dB 20dB

Co 100 100 100 100 100

Cl 100 100 100 100 99.36

C2 100 100 100 100 100

C3 100 100 100 100 100

C4 100 100 100 100 100

Cs 100 100 100 100 100

C6 100 100 100 100 100

C7 100 100 100 100 100

C8 100 100 100 100 100

C9 100 100 100 100 100

C10 100 100 99.33 9936 98.73

Cl11 100 100 100 98.73 100

C12 100 100 100 100 100

C13 100 100 100 100 100

Cl4 100 100 100 98.73  98.73

C15 100 100 100 100 100

Cl16 100 100 100 100 96.97

C17 100 100 98.99  98.99 100

C18 100 100 100 100 100

C19 100 100 100 100 100

A SCRGIT IR
) ) 100 100 99.96  99.78  99.71
RRLNiFTES
ITAKR + VTC + CNN
99.90  99.87 99.53 98.87 98.58
JTiE R T ME A

RIS L SR A s, K
AITESSCHR[27] SCHR[281 R SCHR[29]H 7V 1)
rREE AT, SR WK S,

5 SRRV, AT SCER[27-29]H X Lk
7%, ASTERGESRNPIEYE, ARG8T
HAE MR . SCHR[27-29]H 772
FET ARG R ORI 0o R 7%, AR S
AR T MAEM IR E S HE, BASENA
ERNYE,  BE H ShREURITRIL 2 JURHIE, TRAN T 4RSS
0o T R P R B BRI T e B G — 1 77 V4
S WEAEGHRERMNWALSEERL.
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Table 5 Classification accuracy of different methods

Rk Rk —— %
30 dB 20 dB
DWT + PNN™"! 16 98.6 952
FastICA + RF™*! 9 98.76 99.28
S-transform + Decision Tree!®”! 16 99.69 99.08
AT 20 99.96 99.71
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Fig. 9 Analysis results of using the proposed method

for actual sag disturbance
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Fig. 10 Analysis results of using the proposed method
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Fig. A1 Detection results of harmonics by using the proposed

new disturbance detection method
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