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Abstract: In response to the problem of feature aliasing in the recognition of composite power quality disturbances (PQD), this paper
constructs a frequency decoupling layer based on discrete cosine transform (DCT) as the input layer of the deep network, and a deep
frequency attention network (DFAN) suitable for composite PQD recognition is proposed. Firstly, based on DCT theory, a frequency
domain decoupling layer is constructed to decompose the PQD signal, reducing feature aliasing between different disturbances.
Secondly, PQD components with different frequencies are used as input for multiple channels, and high-dimensional features contain-
ing different frequency information are extracted using convolutional layers. Then, attention mechanism is used to adaptively allocate
weights for each frequency channel, achieving frequency component selection and noise removal. Finally, the calculation process of
the proposed frequency domain decoupling layer is optimized. Some parameters are calculated and saved in the network structure dur-
ing network construction, which avoids repeated calculations during the forward propagation process of network training and reduces
the training time of the network. The simulation experiments show that compared to other common PQD recognition methods, the
proposed method can effectively handle the mixed problem of multiple PQDs, and has higher accuracy in identifying composite
PQDs.
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Fig. 4 Working process of the attention mechanism module

W 4P, AR Z 818 PQD LI F 5 %t
Sl 2R E A B R E ) . 4Rt Ak
R b AR TE O B — AR, RIS E AL RE
A C Sl T B A R . K E A p TR Rk
AF -

f/:i}é{ x,x, €F,} (9)

e £ 5 A RS AR S5 2R oA A
M AR T A N ORI E B PR
TESEMALZ IS, R P 4 2 A )s
A —GERFAIL ) B PEA T e 4 40 R e, P 2R
2 P ik AR 0l W, B WL R . TEM A 4 ik



5 6 1]

P2 Z 00, R 0 oR B M 1B IE TG (rectified
liner unit, Relu)ffdEget:As4, 46 M4 nydEgett
FIRBe ST, BRARINZRad B b Bl B R BORS: o B,
K H Sigmoid eR O i 1 47 IH—4k, 15 2F T
FE R, IR FRIAAWT

a=6(W,Xxag (W, xXf)) (10)
e AR —4ERRE & W WL 5 R
R 2R, b Wi AR SRR
MERKEEC, HWiB4ERE C/4, W, A 2R )
M, SEREA M RIZE; 0 a NI RIE R
NI FF R, KESTRIEMEREC; oMssil
4 Relu pRECHT Sigmoid i pRi g, HERIAAUNT .

x,x=0

M”=0J<O (11)
1
5(x)—1+e, (12)
Ao x AT A B EUE

BREENRBNRa )T, BH5E L EHE
PQD (4FE EI AT, 4438 18 T LA B 9 T 3 &R
B, S E B AL T TR B IEE P
3.2 FREMKER

JIT i DFAN [ 26 [ SR FH 5% 25 235 # # R AF 4R L
W 26 XiF 2238 18 PQD it A AT RRAE SR ER . TR Y
B2 W45 B AR 3 2R 25 B, IR 2 B
T SORMRBEE 5y o R EHR A FEALE N E S
FIE7R

WME S PR, RZEHR 0 L EEREH
Mo TR S, R 45
o —EBRUNES S P o4 B E kT 5 B,
T TR B —4E RS BE AR IE . TER SRR Z
], SR Relu 006 sRBGHEA TR, 38 INRRAE £ 1)
KA TR R RE ST . AR 2E B A DL 4 S R AR R
— 4B, BHEBBE KN Ix1, EERS 35
B BZ R — 2, AUH RO A S Hh i 18
BN, DA TJE SR BB on R AR . PReEE Y
FIAGRRE TERBREE WARREE R, [FE6e
A s 1k A

5% 25 B 22 8] 5Re F $5c AR b A6 46 J R A 1] v g
AMFFIEETE PP S B o SR (B T A2 R A8 56 1 ik
ERIELERE BT REAE BE BN L BR TUAYRRIE IO AE
H L TRIEHEA T R 48 S 500

2555 5% 25 4 H LB — AR E R 2 S, R4

XVEH, & S TR B M N E G mae R s il ik 147
A
v
| BRUZ |

[ B2 |

a
V

(s )
5 FRERLEN
Fig. 5 Structure of the residual block

Je e KA b b 2 AR R A i AL — 4R RRAE )
o A A b Ak IR 38 R A RRE Y R K
fHA i, BEUE S| 3 MR B A SRR . 2 Rk
[ER(R A =S eew (I
f.=max { xlx, e f.} (13)
Kb £ ZHERIEE S o AN BB ) i xR REE
WS i DICER; LS R R E(E
3.3 #EhiRHIELR
PRI R A B — 22502640, MR R
FNE ARG T 020 Irig st sh iU s %
)2 e SR R, AR S an &l 6 IR o

IxIERZ

L}

T

Softmax

FFAEHA

E6 HERIJEM

Fig. 6 Structure of the classifier

mEleprw, EMANEEEZZE, R
Dropout J7% Z¢ fift 155 51 (1) 12 480G XU . Dropout J2 5% H]
BEAIL T35 53 i 2870 22 1) 3 42 1) SR W B 1 A A ot 40
A, B H SR B Ik A T B, R4
% Ji . R H Softmax 73 2 8K FENE 5% AL i A5 5
J& TR, HITRRAT .

e"
Vi = ziex’
Krb: vy WEAES B T8 i MBS x
WSLITRARY =Y R R S (T

Softmax K fz 2 1 9 28 iyt IH — A6 Bl 0~1 2Z []
(RE S (RP—FP AR 5040 ), oA s 20 R FH 5 S i
RRBOTRZ 0 R T BRI A . 2532858

(14)



148 FEITRMEEA

919 %

T R ECRE 8% TR AS Y TN A ARE S5 A 5 LSRR
A Z 25 5, DL Sofmax 43 S 2R 45 A REIE A
AR 2Pz, A .

1 M
LOSS(p,y)=_szi10g(pi) (15)
i=1

P MOy Softmax i H JEOBER AR s p ALy, 7
Il A 5 £ S M 25 14 T A LS

4 {FELIIIE

4.1 E£4PQDHIDCT 2%

Sk T 56 E T B A I R AR B X 43 85 A PQD
(A RCPE Bl SR FHAR SCERS 2 71 ) 2 A A0 3 e R A
Yoo 2 AR sh#E A7 iR AR e, TR A LA 1 ) 28
i PQD /34t

MR HJ e, BE 5 425 4 TEEE Std. 1159 bR fEAS £ %0
BRI 52 6 PQD {5 5 AT AR L. 1 e MR 45 % L fig
A AR K SCiik (13, 23-24 1857 2 4 PQD 1
S B R B BSOAEE N A B R AR R
SEWIIE], REFRE YRR, AR i ] AR 2
Bo(pn, BAEeEE Rl sh & At . BT
HESH, WRGEDBCEABEARIPIRGIIR | IR
SR YR I 5) 43 A i BE DA A TR . ik
PET R IR B 5 (T B Pk,
Wk NAE L RS S T HE A A,
REHE TR A —sh . 1TRRIRE S Eh L & 17
=K E A HshIt 41 Fi & & PQD. BRI PR E
G =2 BRI E 7 R .

R 7 2R PQD RSN Y, EITP e g Ak
B R BOE SRR AR X AH, IAARAR R RAE S (7 B
If 5% B L I Ml 50 Hz, JEIE R RS R Jy 3.2
kHz, SR 10/ I3 640 1R A D) o

K AR g A R H X 11 7 oh (o) BRI 3 28 4
PQD #E17 DCT J3fiff A5 58 e kAR e v (4 9 3 187 11
KN 150 Hz, #3144 8 120 Hz, DCT 4 i
BN I AN 8 s .

8 7R T J %415 Fil #E 0~600 Hz 11 54~ DCT 43
i, R E LB TR TR . EAPQDIMA
BN oy E A R AE 500 Hz LR, R A
DCT 435 5 IR (E B 44230 0, 7T LAZ W% 0 2 .
ME 8 AT LA F], DCT 4 1 AL TR
gy, HERRRE A B s DCT 43 2 13 AT LU
BEREEIEE MM, HA DR REE; m

{E[/p.u.
=

L]

AV

0 100 200 300 400 500 600
KA
(2) IEWIIE

5 1f
£
@ of
[mE
=- _1 L
0 100 200 300 400 500 600
RRE S

(b) IR

1
=
s 0
£
0 100 200 300 400 500 600
SRR

(c) WP+ RFHRGE S
E7 HEPQDIER
Fig. 7 Typical PQD waveforms

dct decompose pqd 1

31
a
=
e . - . .
- 0 100 200 300 400 500 600
DCT/r4k1
dct decompose pqd 2 @ i
é 0.25¢
= b v e~
gé—o.zs- - - - . - - .
0 100 200 300 400 500 600
YAU=X
. dct decompose pqd 3 (b) DCTS) 822
g 0.251
g O
025~ . - - - - .
0 100 200 300 400 500 600
DCT/34E3
dct decompose pqd 4 © A
S 02r
=
E L A . . . . )
= 0 100 200 300 400 500 600
d) DCT/3 4
) dct decompose pqd 5 @ o
I 0.8
E—0.0S ! . . ) ) ) )
= 0 100 200 300 400 500 600

(e) DCT/rHS5
E8 EAPQDHIDCTHE
Fig. 8 DCT components of PQD

DCT 73t 4 2 iRz o0, ARGFHBOR B T IRV 8%
SRR B IRE . X 7 () J5U R PQD JE )
R, BT TR B SR RO R, A
Sy SRR 200, T e T B A A B
O 8 TR B DCT 23t e, A P sl i i g AR
Uit oy, DT AR s A2 A P sh IR L
4.2 RESH5IIL%

Xt DEAN B AT I 25, U2k A 400 4R 2R



5 6 1]

KB, 45 HETUREARE 207 4% 52 45 i RS s iR U i 149

FHALE 42 7 PQD BY47 EAEAS (B4 —FPIE R AEAS)
B4 0B (41+1)%500=21 000 PMEEAS, BEMLIE
6 02 2 LR oy IR | S TE A A a4
AR SCAT FLERE A v i B 2R Bl R AR B 38 500
A, JESEFTA S0 2 At AR R A2 ) 5 A A 3
R AT o %A BAHE AR AR 7 I B A AL 5
UE,  SEBRIF IT D7 i i n] LA i AT S o S B
BT &R REMR, FARIERER IR B ZR 4R
g3, VIR BIRAFIRCR . 5 185 SR R A1 PQD
GRS M, BRI B REALES bl
HLAS N 20~50 dB F) & r g

JIT $& DFAN ¥ 2% (1) 2% & 43 S B0k & 3k 1
FER o

*1 DFANZHIZE
Tab. 1 Parameters setting of DFAN

DFAN it SRR Ky

o ek 2 B 4
HERIBLREEE 1y S R Sigmoid
FABTUZ I 32,64,128

BB RN 3x1

Bk 25 W 2% HBRAK 1

H PR E RL Relu

MR AP 2x1

AR TR 128

A JZ B PREL Relu

AR Dropout &% 0.3

LR AL BRI gy 42
i H JE TS PR Softmax

K H Python 3 & F Tensorflow 3 J& 2 >J HEZR 5
UL 3R I DFAN VR BE [ 26 . 112l A o fg s o o
HR MR Adam B B T FERL, IIZRpyHt R
256, EAUELB N 500,
4.3 KWERSHH

R AR H A 7 1 9 B T R T
(AT [, S35 B Y A3 AR
AT 52 e R Y ) SRR B . B B, W sl 1l
AN, AR Y R R M, RO Y
LRyt 2 B R 22 BRI, A 5 T Al R b A
RV AP B2 . SR, R /NEY B AT
e B R —Fh LS R IR R 2R, &
M REAR T BE 2P S R RRAE 2 1, P RE B i
ks, HEAh, & BER G AN 215 B 20005

() PQD 34, {HE £ (1) PQD 431 75 R B MR TUAY
WIEW Z, BN T 5 SR 8 S A AR s 1M
M R TR, AE LA AR A 23 R 22 30 () AN [
5, FHE AR S XEALEGE - A 5
s, s K RERUNTF ST KER
{H, BT CRUEARSE A0 st A E S, A st e
(R0 T A A 330 R R A T O il . AR SCHUB R N T Bh i
KBEY 80 %A Rt s 204, EVORUE R > AH <1 ¥ 50
T EA 20 BRI EE I 3. R T AT SR XS
BERMPERERYSE I, RBNEILAE D S8R, RAAE
i H 58 B2 1 DAFN W28 AT I 2R fnili . 7 1 5 i
43 3B 50 Hz, 100 Hz, 150 Hz, 200 Hz. 250 Hz,
MHALE R A 9 PR .

100

98.36% 98.49%
98 7.23%

97.25%
96 96.37%

50 100 150 200 250
i [ 58 /Hz
B9 AREOZEERNBEIMERE

Fig. 9 Performance of different window width

HH B 9 AT AT, i 9 BEAE 150 Hz B (I 3 3
K120 Hz) , B R M e fE, 1IE 8RN
98.49 % . Ui B LA 158 RE S S L SE I A
PQD M #E, HAZE ThHih il 2704 PQD 4 i .
MG e AR /N, B PERE BT N, LR AR AR
AR A B2 400 2R DR 15T TC 4% PQD L JE 43 12 13 . T
MG B AR K, AT LU 2R I R SR
B, 3 PR Oy R AR 1 e DL iR A S PQD .
A SCR B 1 55 EE 150 Hz, W 8h 4 Kl 120 Hz
(1) DFAN BRIV Ry i B, DU Ir A SC gl SR 44
FEZAR RS |- A

T B UEFT R DFAN 28 AUt , 56T TR
J 2 2] SRR IR A B IR IR B AT X L .
FURBE ) L R RE A S HONAL 2 IE ARG, BIAH
& NS EORBO, MRELr. N T AFEU
I RO, e AR T X 4 R AR S o 1o R
[F] 1) I 4% 22 e 2 00 (OB G R R 5 X R ASE 28 1) 35 R



150 FEITRMEEA

EH—3. BRUZMEIGHR . 2 s 2
BORH [7] 5 ) 15 380 [7) 25 400 b 2 2 BOMUAS 1) R [ IR J3E 2
MR Ay . FLF CNN. Resnet. SE-net L & CNN-
LSTM 4 Ffi i UL TR FE 00 265 A4 20 20 8 00 A5 780 15 orp it
DFAN 48X HEXF e o SR T 56 UE AT 4 0y 125 76 A [i] Mg
PR T BRBIRCR, 43 BRI 20 db., 30 db,
40 db, 50 db LA K BEHLAE M LG Y 5 Al i 4 I XA~
BORIRERE, X Hgh SN2 2 iR .

F2 ILEEWER
Tab. 2 Compare test results %
ENGIL 3P S C RS

20db 30db 40db 50db  BfHL

CNN 119,895 93.79 95.21 95.89 96.31 95.76
Resnet 130,873 94.68 95.80 96.67 96.94 96.48
SE-net 123,577 95.26 96.13 97.11 97.05 96.77
CNN-LSTM 136,377 93.97 94.09 96.39 96.61 95.91
DFAN 120,537 97.73 98.13 98.52 98.84 98.49
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Tab. 3 Results of different complex PQD %
. ENGE REIEIREN IR RS
BB TR vty o RS
s PEEAYE =EEAUD
CNN 97.03 95. 69 94.16
Resnet 97.42 96. 49 96.23
SE-net 97. 86 96. 89 96. 07
CNN-LSTM 96. 96 95.98 95.05
DFAN 98.71 98. 63 98. 27
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Fig. 10 Result of PQDs with different frequencies
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