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Power quality disturbances detection and identification based on STFT transform and DAGSVMs

QIN Si-shi, LIU Qian-jin
(College of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: The paper proposes a new method for power quality (PQ) disturbances detection and identification based on short time
Fourier transform and directed acyclic graph support vector machines (DAGSVMs) . The time-domain maximum amplitude vector
can be obtained by Blackman window short time Fourier transform of disturbance signals. Then the method makes it as the
eigenvector and sets it to the DAGSVMs to realize the identification of the power quality disturbance type. Besides, the time-domain
maximum amplitude vector not only can reflect the character of each disturbance, but also can show the starting and sustainable time
of voltage swell, voltage sag, interruption and oscillatory transients. Simulation results show that the method could detect and classify
the PQ disturbance effectively, and the classifier has a good performance on correct ratio, training speed and real-time function.
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Fig.1 Voltage signals of disturbance
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Fig.2 The short time Fourier transform results of each
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Fig.3 Multiclass classification based on directed acyclic graph

4 AERG

SRR AR RPN S AR AT A a1
T, AN AR CR s . 5L 40 dBAI30 dB
E=AEOL T, BRSO sh = A2 100414
A, HA304UH T, 7040 A . BAKTED
B~ O S P ah 5 5 0 w30 4L A A AT
Blackman & STFTAZ it , 4 B HH I 338 f A 10 6 o
A OF A AL R A FIDAGSVMSs H,
H A DAGSVMSs /R N2 G4 B4t T, HAz sl
iﬁﬂﬂ%/ﬁﬁﬁ%lﬁJ&E@ﬁK(Xﬂxﬂ:exp(—;/"x[ -x; 2) , 3L
TS C. y FHUETEE 02 (0, 100D, (0.1,




- 86 -

HEREP DR

100 W IEM S RyEA H RS E, A
(Cross Validation) KAG¥ 7> Hasthfe; G &Fh
a5 5 1 5 7041 FF A 3E 1T Blackman 7 STFT AR
FEPEHUH Il KR A, SRERARIE®

RS EIDAGSVMsH, (b5 2 2K 1E
K, R H HARMEA 25 R
Fz 2 HERFMKER

Tab.2 Result of disturbance recognition tests

T fZHEtb 40 dB 5 ELL 30 dB

HIBEBCRILENRA R oy KW #  Es
FEAKL REAML B BEAEL M
IR T 70 0 70 0 70 0
HEWRY 70 0 70 0 70 0
H T B 70 0 70 0 70 0
CEYESAN 70 0 70 0 70 1
I 70 0 70 3 70 6
gk 70 0 70 0 70 2
L AR 70 0 70 0 70 2
HH b 70 0 70 0 70 0

IER2/% 100 99.46 98.04

5 &g

L PSS el B o AR o ] DL SR B B B 5 5 1
fE &, i HAT LA FFT sEEihidiss., 4ak
Blackman 7 7 o (8 HL A5 4 75 L 110 e Ja e K i 4L
mE A AN ERE R s, AMUEEE/D. B
i—, 1 HAEIEHR ISP X A, B A 2|
DAGSVMs, RIFLE/NFEAFIRE S 15 50 R, AThRE
Pk, HERIHLIRAG o> gl B,

S 30K
(1] f5okifE, BT, BLUE, . HTFdqBHRfIANN
H e R HER ] B0 R4 A Bk, 2001, 25(14):

24-28.
XU Yong-hai, XIAO Xiang-ning, YANG Yi-han, etal.
Power quality disturbance identification using dq

conversion-based neural classifier[J]. Automation of
Electric Power Systems, 2001, 25(14): 24-28.

(2] fEET, X, FE T ARSI ) F e SR DL A
WIFED]. ARG EIML, 2002, 26(7): 13-17.
YUE Wei, LIU Pei. Detection of power quality
disturbances based on mathematical orphology(MM)
filter[J]. Automation of Electronic Power Systems, 2002,
26(7): 13-17.

[3] Z=R=, BUF, 45, 5. 5 THHTILARFTER
BOTIEN]. P E LIRS, 2005, 25(17): 52-56.
LI Tian-yun, ZHAO Yan, LI Nan, et al. A new method

based on HHT

for power quality detection

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[J]. Proceedings of the CSEE, 2005, 25(17): 52-56.
5, R, TheiE, AR R T SARM HBE ST I
BRI RN RPN, AL CRE AR, 2005,
25(4): 51-56.

ZHAN Yong, CHENG Hao-zhong, DING Yi-feng, et
al. S-transform-based classification of power quality
disturbance signals by support vector machines[J].
Proceedings of the CSEE, 2005, 25(4), 51-56.

405, FRX T, ). LT SAMAE A A IR S)
RS Ui D]. ARG SEEHL 2009, 37(21):
86-89.

FU Juan, ZHOU Han-yong, JIANG Qin. Power quality
detection and simulation using S-transform[J]. Power
System Protection and Control, 2009, 37(21): 86-89.
SN, Xod. deN ISR I B LE HL AR TR
RPN ] o E LIRS, 2008, 28(1):
106-110.

ZHANG Quan-ming, LIU Hui-jin. Application of LS-
SVM in classification of power quality disturbances[J].
Proceedings of the CSEE, 2008, 28(1): 106-110.
BRJE, PR FETI R, N AR AIFFT ) i g
FURAREIPUNI]. 4kHER, 2006, 34(8): 50-55.
ZHAO Feng-zhan, YANG Ren-gang. Power quality
disturbances classification based on time-domain,
wavelet transform and FFT[J]. Relay, 2006, 34(8):
50-55.

WA EG, FIT. BTN 2 4E0r TR I HLRE IR DL
BRI, dkHIgE, 2008, 36(5): 45-48.

HU Wei-bing, LI Kai-cheng. Power quality disturbances
classification based on wavelet transform and multifractal
analysis[J]. Relay, 2008, 36(5): 45-48.

Youssef A M, Abdel Galil TK, El Saadany E F, et al.
Disturbance classification utilizing dynamic time
warping classifier[J]. IEEE Trans on Power Delivery,
2004, 19(1): 272-278.

S BRI, FE T SARHASIAR ) FL RE TR BN E
SR AL [T]. B T RIARZER, 2007, 22(8): 119-125.
QUAN Hui-min, DAI Yu-xing.
localization of power quality disturbances based on
S-transform module matrixes [J]. Transactions of China
Electrontechnical Society, 2007, 22(8): 119-125.
BRRE, AL R T IR B A 4 R v R B
GRS, o E B TR, 2007, 27(10): 28-34.
ZHAO Feng-zhan, YANG Ren-gang. Voltage sag
disturbance detection based on short time fourier
transform[J]. Proceedings of the CSEE, 2007, 27(10):
28-34.

BTz, PR, M4, . BT SEHAIZ 4 SVM
(o RE TR DB M RRI[T]. H T EORAEAR, 2006,
21(1): 121-126.

(F#% 103 7

Detection and

continued on page 103 )



JE i T/ N—Ty ) GM (1,1) K K 70t g Toem v i 3 -103 -

(4]

(5]

(6]

[7]

Ak, HOCT, ERCR. A TN Bl K AR
ﬁﬁﬁﬁ?ﬁﬁﬂqﬂﬂ@bxﬁﬁ[ . ARG TS TEAR, 2006,
26 (6) : 842-844.

AN De-hong, HAN Wen-xiu, YUE Yi-hong. Improved
combination forecast method and its application in
short-term load forecasting of a power system[J].
Systems Engineering and Electrons, 2006, 26 (6) :
842-844.

AFRIE, TEETE. BOdE GM (1, 1) BERLYE ) 47 3 Tl
Wrh R[], RS TR, 2008, 24 (4): 28-30.
NIU Dong-xiao, JIA Jian-rong. Application of improved
GM (1, 1) model in load forecasting[J]. Electric Power
Science and Engineering, 2008, 24 (4): 28-30.
Frl, BF, SKREEIL. KR GBS AR T A T
RO ER S P —— AN [R50 5 925 64 3 A R D). R
MR, 1999, 23 (2): 15-18

WANG Cheng-shan, YANG Jun, ZHANG Chong-jian.
Application of grey system theory in city electricity
demand forecasting[J]. Power System Technology ,
1999, 23 (2) : 15-18.

ARG R AR, AL RN AL L SR T[],
HL BB, 2004, 24 (8) : 92-94.

WANG Ji-quan, ZHAO Yu-lin. Application of

combination forecasting method in power load forecast[J].

Electric Power Automation Equipment, 2004, 24 (8) :
92-94.

e, JTAEAE, TR RIS TR PR S )
WU, T E AL TRE2AR, 2003, 23 (6)
55-59.

LI Yuan-cheng, FANG Ting-jian, YU Er-keng. Study of
support  vector machines for short-term load
forecasting[J]. Proceedings of the CSEE, 2003, 23 (6) :
55-59.

SRARAE, X005, B, 2. K Verhulst BEAFE K
SO A U RS [0, HEOR, 2003, 27 (5):
37-39.

ZHANG Fu-sheng, LIU Fang, ZHAO Wen-bin, et al.

Application of grey verhulst model in middle and long
term load forecasting[J]. Power System Technology,
2003, 27 (5) : 37-39.

(9]  ZRuule, B, Xl#oK. 3T S50
SCHF R UL G O k(0] ARk H
SRFHER, 2009, 40 (1) @ 180-184.

WU Jing-long, YANG Shu-xia, LIU Cheng-shui. Parameter
selection for support vector machines based on genetic
algorithms to short-term power load forecasting[J]. Journal
of Central South University: Science and Technology,
2009, 40 (1): 180-184.

[10] “FARme. WG AR & SN M. Jbst: i [E
FLD Hi R, 1998.

NIU Dong-xiao. Power load forecasting technology
and its applications[M]. Beijing: China Electric
Power Power Press, 1998.

(111 #hEio. FRIZLON A 2 FH g5 /N T (0] )5 777 R 1 K AR
[0]. BE54#, 2001, 10 (1) : 20-23.

YANG Gui-yuan. Solution to regression equations on the
rule of minimum sum of absolute errors[J]. Operations
Research and Management Science, 2001, 10 (1) :
20-23.

[12] Denning P J. Genetic algorithms[J]. Journal of Parallel
and Computing, 1992, 80 (1) : 354-360.

(18] REEPS, HFEF, ki, 5. W RGEHATIIIN LS
FE]. R AR BRI, 1999, 39 (1) -
8-11.

KANG Chong-qing, XIA Qing, SHEN Yu, et al
Integrated model of power system load forecasting[J].
Tsinghua Univ: Sci & Tech, 1999, 39 (1) : 8-11.

Yk HEA: 2010-01-04; 1&E HH#A: 2010-04-06
fEE B

&k (1974-), B, i, 7, NEEAENEF
3. BXRA . AATARELS BGHE. E-mail:
zdgmfk@yahoo.com.cn

(_E3:% 86 W continued from page 86 )

Lii Gan-yun, CHENG Hao-zhong, ZHENG Jin-ju, 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.

¥ HER: 2010-01-13
EEE N

ZEIF (1987-), F, MEHMREE, TEHRAFTEHE
HREH9AT; E-mail:  jas7442003@163.com

ATt (1967-), 5, &R, ZBHAR T 6 H % ek
. BERAENM.



