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Fig.1 Moving window SVD results of signals( SNR is 20 dB)
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Table 1 Relationship between median( o) and noise intensity

SNR/dB median(o)|| SNR/dB median(o)|| SNR/dB median( o)
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25 6.46 45 7.01
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Fig.3 Detection results of proposed algorithm( SNR is 20 dB)
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Table 2 Detection results of voltage sag under
different situations
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Fig.10 Detection results of complex disturbance based on
difference sum method
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Table 4 Comparison of detection results among three algorithms under different noise intensities
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HEE T 200Ar,250A¢ 30 200A¢,250A¢r  200A¢,250A¢ — 0,0 0,0 —
20 198A:,249A¢ 198A¢,250A¢ — -2A1,-At 2A¢,0 —
40 67At,215A1 67At,215A¢ 65A1,213A¢ 0,0 0,0 -2At,-2A¢
GENEREEL 67A1,215A¢ 30 67A1,215A1 67A1,215A¢ 65A1,213A1 0,0 0,0 —2A1,-2A¢
20 67A1,215A1 66A1,215A1 — 0,0 -At,0 —
40 225A1,226At  225At,226At  224At,225A¢ 0,0 0,0 ~At,-At
Jkm A 225A¢,226A¢ 30 225At,226At  225At,226At  224At,225A¢ 0,0 0,0 ~At,—At
20 225A1,226A1  225A,226A: — 0,0 0,0 —
40 259A1,311A¢ 257At,310A¢ 255At,310A¢ 2At, At 0,0 -2At¢,0
PRHES 257A1,310A: 30 259Ar,311Ar  257A1,310Ac  255A1,311A¢ 2A1, AL 0,0 -2At, At
20 259A¢,311A¢ 258A¢,311A¢ — 2At, At At, At —
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Table 5 Comparison of computational time among
three algorithms

—— B HAERT /s
WIRE o A B
LR T 0.002 237 0.017 936 0.027 575
R T 0.002 217 0.017 612 0.028 042
R T T 0.002 228 0.017 921 0.028 313
Jok T 2 0.002 208 0.017 652 0.028 056
2 2
~ ot~ oI
2 | VVVVVVVVIV
30 + 60
e 20 F \ : o 40 ﬁ
10 W=
200 + 400
0 0 b
200 400 -
% 100 - % 200
0 0 4‘##
4000 8 000 4000 8000
(a) HLEE (b) HEET
2 2 -
~ ol o et
-2 ;0 N
40 50 JW‘\/
400 [ 400
2, 200 @y 200
0 0 J—Aé
4000 8 000 4000 8000
RAEER RAERL
(c) HEHHr (d) HHEWS)

B 11 SZSMshESHRNER
Fig.11 Detection results of measured disturbance signals

TAFREESR A ES , RSO 55 BEA AU
R 5 L8 A0 3N s PSR A5 5 S F I R B
P BE M SR AE MR M AL A, SRAF A8 g (B 7
oK) RBhHE R F 5 K B 3R B R R 2 B2 3k
TR UE 7 AN [ SR A A5 3 B4 17 B0 T 49 6 o4 A A6
ezl

4 £t

RTINS L Bl 54 T ) 52 W O S B
FRL ) 2% ol P R A S A bR A DN, &5 5 U Bl i
SVD 2 T —FfoR Al 7y S (E B A R i S P sh
I AR RT3 G A S D7 B O3 B S AR L
SR IR ESE T

a. BN SVD 5ar e (HBRE 145 G 2L 4t

SVD Jy ik i —Fp et W shar 545 SN T S Y
T, AR SCHE R A S (A T IR AR U SRR AIE
M0 TAESE SVD J7 vk B Ko 22 5K I e ) 4
553 11 [ A

b. $EHTCS FIE N A, AR T 8 S5O0 A
BRRENA , TS B TR 8 AN [7] Fry I 7 i 5 S R R
AR S N AR L, E— 2 BT T SR A B R
1

e ARSCHr AR )18 B R AR, v] SEE I sh
SR, ELYTM AR AE 15 dB MER B9 B0 R AT
SRATSZERPE BRI, 7 X Fb 2 M7 19 3 by ik v AR SC
P TL 25 A T BB EC AT

EH T LR AR X Y 38 5 iR (A 2k
NS I 37 A A I 2 4 114 ] 88T B A IR 3 6 ) 4
SAFAE M 22 1 TR R, JOU% W 3 47 S 05 5 b AT ik
i, DA i RS B R Sk B

Sk

[ 1] S - 158, PR O RE R (A i T R S P T [ M.
Je58,RE. bt P E L R, 2016.:2-3.

[ 2] sk, XIBEN V7 2 i, BE TR e iy i RE BT RE A BT 1L [T ).
A, 2001,25(1) :26-29.

ZHANG Bin, LIU Xiaochuan,XU Zhihan. Transformation-based ana-
lysis method of power quality[ J]. Power System Technology,2001,
25(1) :26-29.

[3]LIUZG,HU Q L,CUI Y,et al. A new detection approach of tran-
sient disturbances combining wavelet packet and Tsallis entropy
[J]. Neurocomputing,2014,142:393-407.

[ 4] FFR, R T, ZEEM, 55 R BGEZ 5 PR IHE S B4y
HLRE BT PR U [T ]. H AR, 2015,39(5) 1 1412-1418.
HUANG Nantian,ZHANG Weihui, CAT Guowei, et al. Power qua-
lity disturbances classification with improved multiresolution fast S-
transform[ J]. Power System Technology,2015,39(5) :1412-1418.

[ 5] 3k, XN, EEMD 78R BB BT i S8 SRl g A [ 1], s
F 3L 45 ,2011,31(12) :86-91.

ZHANG Yang,LIU Zhigang. Application of EEMD in power quality
disturbance detection[ J ]. Electric Power Automation Equipment,
2011,31(12) :86-91.

[ 6] sflds Juldi. T840 AA 40k 1 v B o ek D Sl G DN 37 Oy
[J]. M1 A1k 4,2018,38(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.

[ 7] 2Rz, F0KE, T, % T EFRE & R EN

MBEB R SN TT A (1], A1 A Bk 4, 2008,28(7)

37-40.

LI Tianyun,GUO Yuexia, WANG Jing, et al. Power quality distur-

bance detection based on mathematical morphology and power algo-

rithm of short data window[ J]. Electric Power Automation Equip-

ment, 2008 ,28(7) :37-40.

T AT, AR AR, — Ry 2 L B A P S AR I A O vk

(1], sPEEHLTREHR ,2017,37(24) :7121-7132.

WANG Yan, LI Qunzhan,ZHOU Fulin. A novel algorithm for tran-

sient power quality disturbances detection[ J]. Proceedings of the

CSEE,2017,37(24) .7121-7132.

[8

[—



%68 WAty 55 SR &5 S (L 5 6

S L RE

RS 8 R 7 149

FAA S5 R PR S a E)sE A2 [ )], MR, 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.

ML FEE B B B 45N B A A 4R ) EEMD 35 H
RESUR DS IE 1], MR ,2014,8(6) :83-87.

SUN Li,ZHUANG Shengxian, YANG Guiying. Ensemble empirical

mode decomposition method based on singular value decomposition

[10

—

for transient power quality disturbance features extraction [ J].
Southern Power System Technology,2014,8(6) :83-87.

[11] AKRITAS A G, MALASCHONOK G I. Applications of Singular-
Value Decomposition( SVD) [ J]. Mathematics and Computers in
Simuldtion ,2004,67(1/2) :15-31.

[12] B S EE. SVD RN AR #1155 b BRSO AR D4 B I

mﬁ)ﬂﬁ[ﬂ. L F4 4% ,2008,36(8) : 1582-1589.

ZHAO Xuezhi, YE Bangyan. The similarity of signal processing

effect between SVD and wavelet transform and its mechanism analy-

sis[ J]. Acta Electronica Sinica,2008,36(8) :1582-1589.

YANG X M,LUO Y W,CHEN S J, et al. Dynamic MRI reconstruc-

tion from highly undersampled (k,t)-space data using weighted

[13

[

Schatten p-norm regularizer of tensor[ J ]. Magnetic Resonance Ima-
ging 2017,37:260-272.

[14] BEL P, T, % —MPul s s
[1]. E&jj/%,ulélajﬂh,zoomn(lz);73-76.
CHENG Zhiyou, LIANG Dong, WANG Nian, et al. A fast detection
method of transient power quality disturbances[ J]. Automation of
Electric Power Systems,2007,31(12) :73-76.

[15] 814 Bafhbh, 25, %, I T MO AU UE BRI 22 40
) E I HL BB B e R B L S I [ T]. L TR R AR,
2017,32(17) :21-34.

ZHUO Jinbao,SHI Weifeng, LAN Ying, et al. Location and identifi-

cation of micro-grid power quality disturbances based on modified

[t 3 R A3 07 1

morphological filter and arc length differential sequence[ J]. Tran-
sactions of China Electrotechnical Society,2017,32(17) :21-34.

[16] CHANG S G,YU B, VETTERLI M. Adaptive wavelet thresholding
for image denoising and compression[ J |. IEEE Transactions on Ima-
ge Processing,2000,9(9) :1532-1546.

[17] DONG W S,SHI G M, LI X. Nonlocal image restoration with bila-
teral variance estimation:a low-rank approach[ J]. IEEE Transac-
tions on Image Processing,2013,22(2) ;700-711.

[18] HORN R A,JOHNSON C R. Matrix analysis[ M]. 2nd Ed. Cam-
bridge, UK : Cambridge University Press,2013:190-192.

(197 BEEEB  R-EHE 2RI . T A o BRI 4t K A i Y
REFTRUR A TEE /M2 T]. MR ,2016,40(10) :3184-3191.
HUANG Jianming, QU Hezuo, LI Xiaoming. Classification for hy-
brid power quality disturbance based on STFT and its spectral kur-
tosis[ J]. Power System Technology,2016,40(10) ;3184-3191.

M HE(1973—) , %, Wl s ARA, Bl
A WL, EBHR T G wa R
T T R L R AR A R F
( E-mail ; yangxiaomei@scu.edu.cn) ;

= (1993—) , %, M A 4 A, AR
TR A, ERHRTF @A BT EAN

y,

H&
MR g % (E-mail 64868321 3@qq.com) :
BOH(1989—), B, FEANA, LA H -+ £ 25

R75 6 A B R E K E A AN H K (E-mail ; 309007069 @
qq.com) ;

T ABL(1994—) , 4, W@ BaA MR A, £ 25
KA @A R ZHE ST ALEEEZF (E-mail;
250682629@qq.com) ;

B (1968—), B, wa ) ARARA HI%, ﬁfﬁﬁmi%
L, ERMATOACRAEL RS E BFE A RL
A % #E % P 4 ( E-mail ; xiaoxianyong@163.com) ,

Adaptive detection method of transient power quality disturbance
based on singular value gradient information

YANG Xiaomei'

,GUO Chaoyun' ,FAN Bo’

,LUO Yuewan',XIAO Xianyong'

(1. College of Electrical Engineering and Information Technology , Sichuan University , Chengdu 610065, China;
2. Electric Power Research Institute of State Grid Ningxia Electric Power Co.,Ltd., Yinchuan 750011, China)

Abstract; In order to satisfy the requirement of fast and accurate analysis of non-stationary disturbance signals in

power grid,a novel detection method of transient power quality disturbance based on singular value gradient informa-

tion is proposed. The sliding window SVD ( Singular Value Decomposition) method is used to extract the change

characteristics of signals and reduce the noise interference. Then the disturbance indication signal is obtained by

using the singular value gradient information, and the initial location result is obtained. A parameter-free adaptive

threshold is proposed to further suppress the noise interference and detect and locate the transient disturbance sig-

nals. The proposed algorithm is simple in principle and does not require pre-filtering and parameter adjustment. The

analysis and comparison results of a series of simulation tests show that the proposed algorithm has the advantages of

accurate location , strong anti-interference ability and good detection effect on zero-crossing disturbance. The validity

of the proposed algorithm is further verified through the detection analysis of the actual transient disturbance data of

substation.

Key words :transient power quality ;disturbance detection ;singular value decomposition ;singular value gradient ;adap-

tive threshold ; anti-noise



