H54E HSH HLP R 4R Vol. 54 No. 5
2025 9 H Journal of University of Electronic Science and Technology of China Sep. 2025

BIAKER: A%, IR, 25 T4, 55 ST 4% = 0 4 1) B it BB (E 2 I 3k [0]. B T RME K254k, 2025, 54(5): 652-659.
ZHOU Y F, LIU G, LI Z X, et al. An online monitoring method for current transformers based on a gated attention Transformer model[J]. Journal of
University of Electronic Science and Technology of China, 2025, 54(5): 652-659.

ET 115 E 1M KRB R B R 2s
E&EMN T

-t x| W', 25, T, 2428, &, K AT
C1. BRI AR E RIS O GREEPG) BB 610072; 2. PRI (5 B 5l TR0, WAL 611731;
3. ERP ) B3 A R SRR LR A F, 4RBH 6210500

WHE: MELMRESEROTHRE, WHAEIRBEALMALETEZEE, SHELUNFREPERET Z50E
K, GO UALRRFIFOLRTELLE, MUARBAFETRSES, BhTERLY LHFRA, FmT SibitEEH
Mha NETH, AL ALRBREZELERNBEZAFELRBEALALWHER, RET—FELATFTNHEEEZD
Transformer ( Gatedformer ) AR 49 LM ik, T F 3 BB RMIBIFIE, FATM KR L RLRBEAFEME, At

FHRREM., B kB A4 RS AR Z R ANE LT TR IEa04 X0, 3% 2 BBIRZ A e AR MR AB A

A TIIREZT HHE N 2 —FHALT B 18P 7R £ R R0k, BERI T KRG AF 7] N egtss, FRERIEF, £
A Z S50 AMIEE EATHTANRZ H 0.09%, HFRNLALBRBEZKRNBET H H LI,

9&'55217 %/}luié‘:u Hj']‘ﬂﬁ‘?]%ﬁﬁ“ /K}g;f‘j l]«imiai'lﬂ

hE LS TP183 MRS : A DOI: 10.12178/1001-0548.2024269

An online monitoring method for current transformers based on a
gated attention Transformer model

ZHOU Yifei', LIU Gang', LI Zixuan®, YE Ziyang', LI Jinsong', YI Li’, and XU Jie*
(1. State Grid Sichuan Electric Power Company Marketing Service Center (Metrology Center) , Chengdu 610072, China;
2. School of Information and Communication Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China;

3. State Grid Sichuan Electric Power Company Mianyang Supply Company, Mianyang 621050, China)

Abstract: With the continuous increase in the demand for power grid services, higher requirements arise for
the online monitoring and condition assessment of current transformers as important equipment in the power grid
system. Traditional electromagnetic current transformers require power-off for offline calibration, making it
difficult to reflect their actual operating status, increasing operational complexity and costs, and affecting the
accuracy of energy metering and the stability of the power grid. Addressing the issue of the lack of a standard
transformer as a reference for online error monitoring of current transformers, this paper proposes an online
monitoring method based on the gated attention Transformer (Gatedformer) model. This method uses multiple
current data inputs, leverages the Gatedformer model to learn data features, and accurately predicts future standard
values of current transformers. Specifically, the method embeds time point variables through the attention
mechanism to capture multivariable correlations, uses a gated attention network to capture the long-term
dependency characteristics of time series, and applies a feedforward network to learn nonlinear representations. The
experimental results show that under the condition of predicting the standard current value window for the next
day, the model achieves an average prediction error of 0.09% in the online monitoring of current transformers on
the three-channel current dataset, outperforming existing models.

Key words: current transformer; time series prediction; deep learning; gated attention network

RS HE: 2024-09-27

HEWH: EM)IE R ARRETE (52199723000W)

R B—%, ETNFBRARTE T,
*BE/EH E-mail: xuj@uestc.edu.cn



54

Jil— %, S FET IR RS I RS A 2 TV 653

LI LR AT 9 0 R G GBI AR IS AT R
P, HISIPIRES BRI RGN % e faE
M Z G ATEER . SART, i &R
DU I YEFr 5385 2L 2 BB T A K
TAE, RIS ZIER—EANS . LEFA
JRA IR DR o BRICLASL, XA 2 A i 75 sUAR M
KBV A AEIBAT Y N R B sk B, A RE S AR
B. B M RGO KRB R R L
I, A& GE RN 8 A AN 2 412 77 2 C e af AT A2
BUACHL 0 T 1 2 R 2 S I BN A0 R e 2K 75
Ko TR, WFFUHR LIRS RE AL 5
FRAAI AR,

AR, B U I IR AR R 22 1 A 2R
A, HFRNG LR T —RIIT5R. XLEET7 R
ARG NPIRIS: 3 REET R E
SESEANNT %, ERELEI RS RN
% TR 5 N R B TR R R AR
A7 Mk B8, T SN LU LR AR 2 M
BEXP ST, SR [1] ANERIS B A ik mli
FH LU EER R, Wit 7 — AT 10 kHz AT
TR IR B T R LR AR A I R g, R
10 kHz I = 805 SN kBl B, SR i |
SRR IR HPIRAS o SCHR [2] W BT AN RPIRZS
IR SRR, SR T2 T AR R A
% i LR HLUR VR (1 BT 10 kHz FRPTIEH AR, T
il 7 LI LR AR R B OIRAS M B E . SO 3]
BTt T — P L EL RS K e I b A
i PLC 2 HIFE . Qi a8 BN, SEY
FELE MR FL ) FRL i EL IR — K [ et s (Y Bt
L. SCHR [4] I8 H) 2 It TS AR AN [R] B i AN
FIRAS T RS RCR B, 254 i T B K v (]
s e LUAE AR R R o M AR T — K R
A R ISR IR B, B e E R
g LB AR S T LRGSR JTRE .
IR [ g B RUIR S O ME R R o SCRIR [5] 26 T30 #%
Rt WBEMEL. FES T, FEILEAM
R EENACTUORES /L SR T — PR RE AR FL B AR 2%
W R Gr vt B, ERAREOR, SE R REAE
SHE AT TN B & ARG BLIE . SCHR [6] $E i 1 —Fif
B i EL AR 1 HL s L YRR SR AR KB AT IR ZE A
LM TTiE, WA T bR i IR R A . R AR
e R AU s 1 HL s P A Jo i R 22 2 I e
B, IR VR OKB AR e e R Es . AT
SR FEL B 7 s L s A i DO R SRR (AR 2 R 22 5

PO, o T X DY SR A R AR TAE 264 T iR
AR R AR, R T PR ICA R AR R AR K
WA R Z R, S35 28071k, STk [7]
PR T MR EELRIN T, Wil BRIk
M N S A5 5, MRS R S e . H R
ST H A — A R AR s R R, R A
BP #1448 5543 B O Ss tH R 22, Wi E
BOUE T iR HERTE o AR R — Ry R
W77, FE HAE SR N A E— R R, S
BR8] BT HES R E S IR MK &R, 7
7 —FREZR IR I T 22, 38 e W 2 A A R A 4]
ff FHRZE, WA RMERE AR TR ZE . Ok
N A3 HT M FESR AR S R I 7 v, 75 A SE PR
I 37 5 A dE — 2B 3G AIE . SCRik [9] B & ST L
A AR AR R, 8T R BA M B R 2
PREE X 28 Ry iR ZE RS TR 777, s 28 B B R
BHAFN A, R Z-score bR ifE1b k5 HdiE ikt
ITPALEE, SR H K-means R E k04 N A8 & 1T
BRI, BRBEZYIEER O Rk AT b
BLtE, TRERAN R LR RE . 28 BRIk, &
N AT AT — e 2R, (H H AT XS LR B
IR ZE LRI I 72 R B AR T iR B
5ESEN, RS N TErm, BN
FRHR R BN, TR B SRS
BB

1 E T Gatedformer B B i B &% 2%
E&MM A E

LI LA B AR 8 IHERA B2 55 2, (HBEHE X
#EM, HSLPRRZE R IR E IR Bk, f£
TR R G RZE I, 38 H T B 51N CRHE R
FROBRAE LT TR RS, I EER A A FL U LR AR Y
DR 27 SR e 1R 2 . TR, itk FLIA ELRER )
R E A T SR E M EEAME . R, A5k
TAERRR LB PR N — B ir i R L R, 9
BOREM R AN SMZE AR Y, TTHAER IR
GHMERNE ST, BRINENRREERHE.

FEHR LA R, RS MR
KGO EZR, P SRR e 1 TS K 00 2 1
Pho BRI, FEARZ KRR 75, RealiE i ) &
GLORPP TR RETT BT, T L ZE BRI R A
RIVLIERE, BOVE RGIERERI KRB R . K
B, ASCRETHE R R 2 T
R, BUROXT H 23 86K ) R G I A oK



654

HL TR KA AR

54 3

ST PRI L J 1% 2 A 2R R T B = A L
ISR, AR —MET TR
731 Transformer #£% (Gatedformer) [ HL it H. /&%
SAEL MM TV, BAAHERWE 1 P, B9, P
£ I I SR R AR 2 1% H AL U3 IR A =X R
s, 1730 AmmmREdEE, AR5
AL FE 5 2% FRLEE —AH 2 S A SR R R R
JEAE . SRS 8 2 A X R R AT
[EJ B4 15 min, A SCHE 4 FpAS [F] #5 B 10 D) S0

1R 2R 4RM 7 KW AR, Gatedformer
AR LRl b, Re A RCRHE T 11 P AR T e )
JEHVREE, 2Tk, ARCECE 4 FRmeT B 12,
24, 48. 96 ANHF[EIEAAL (1 ANE ] B 15 min)
LS & — R H AR, i — DA Rl e A e
X AR SR ZI (1) 2 R AN A 4 FL VA J s 3k AT T
TG TMMEAE AR E R FLEREME, AT RRZ A
REFURRHEAR o 38 I I 1) S PR AR 21 1 FLR A 5 R
PR AT R Z T, RS E A IR LR S

I, 251635 96, 192, 384 f1 672 NGRS, %M BRIZATIRZE, SEBLT X HR HEREHR Z R I .
W 1 W
JJi S I T 7 11
2 ///N\b/ﬂ\JP\
R bR > eI
S n—-1
B n

1 L LR B AR HE 2]

2  Gatedformer 28I 3E

o)1 E X R FF SRR
Gatedformer 52 284 )4 N g 25 5 I (8] [B] B& PN 2%
AN R ERAE, SR T, DA AT R LK
PR ZEAELR IR o AR LR N I 8] BEA PN B 20 1) 1
SR, BARNX =X pi1, Xipa, X € RPN,
For NARER T 12 I 26 00 PR N B L AL LR R ) R
Wit AERB HE  BUN O NI ZI B RLIRLEL, RN
Y =X41, X402, . X140 0 AL HARE A IE — M B
ITRIELYE £, REMERE BTN Y, 3@t b T
B Y 0 5 S PR YA A VAL 5% 22 SR VP Ak A5 28 ot 42 e«

X1, X2, 7X1+Q = f(Xt—P+l’Xt—P+25"' 9.6 (1)
22 1REEA

Gatedformer #5228 3= ZH| H] Transformer [ % 4
ZRER], K R UG Transformer H kN JZ 4T 4E
fEiEE, BT DR PR — AN ERA, XA
Wy A5 80 B0 S B T) e S AE IS TR) b R AE 5G4 s [
I, ARSCEAS IR a5 5 AT 3= L], Re

2.1

S AERFAE TN 22 Sk id 5 ) A B 2 1T S VP ARG IS 35 3
AR R, FH T 2% T 18] 7 41 S i 1) 44 it
s ARG, BIAVE A Z IR — g — AN AR = R REE
a3, CLRASE AT N 8 AT R it s Al
2R M B R 2 LS T &5 SR . Gatedformer #5784 1)
ARG 2 Fis .
221 HEHNE

& 42 1] Transformer 152 8438 5 F — AN Z1 (1) 2
AR BRI IR &, SR IX TGV AR I 4 B I
PRI 7R R ARG AR B RN ZH F—
T LR A ) HE O% I (R A B SR RS v 4 TR R AR R
FRUO DU ST B 2 T 1% F I L R N g s sk
o AR (2) Fis:

XeRPN - x e RV )

G XIS — AN R AT E, ASCH DR

LR

X e RVP _, x ¢ RN*D

(€)



FS5H JEH— %, S BRI TR R T A I FL A LB AR 2R I T v 655
Mx
wr| §
1174
A
EG =W
%
£l
}iff}\\ ey
(TIT1y
JR UG HL IR S token

B 2 Gatedformer 5 H B AR 45 1)

222 TEIEE N LA

X A I 8] PP 0 T e) 2R, O H AR A2 A
Py s R R AR R S R oSBT AR R 2
S0 IR A6 VE B I HLHIEEAT S5k, Ao ) 4
FREAT R4, R 3k BURE 8 XS & e AR
AN 38 I 6V I A B A AT DR, T R A
FRESNTE B IS5 TT, M — A 1748 W 2% 45 1
AT FRAE AR AL, Z3B 5 WA T DUAE A — N8
46 R & FHAE T = AL AT, W 2 P s
ol 2 B ZAE IR A A 454,
tanh 1 sigmoid ¥ /= 3R1S FELIRAE 7E I (8] 5 41 1)
MR R. HTAEZHREERNZR KT
DU 18] P2 20 4 ) s RRAE B BN, BRI, T =
1ML e 9% 4l 3K O EL B S R P B R AR
fiEo ZBLHGE LR -

filter = tanh (convs (X)) 4
gate = sigmoid (convs (X)) )
Xgate = filter © gate (6)

N Xgue RoRARL [ M8 G54 JE VR it bl
i RN [ e S A A P R S LR SR A 7
AN LI LA T LR AR S, S LU R Fss::

Q = XgateWQ,K = XgateWKs V= XgateWV (7)

®)

T
A= Softmax(Q(K) )

dj

2x A, WQ,WK,WVERDXDZ%E‘#H%%@, 18 3o o

I HARFER TSI 3 A € RVPXD, Betig il R4 [F] 1]
ZH) Je) AN 4 JR) 3N AR AN - Bt (el B . RS
EEE=wA IR IEiTRELE AR

Z=AV ©
XA, ZE2BEFE PG HRE; VEEEINL
i) 25 A ) =6 B A

223 ElE—HK
JZE— A B B2 B =R FE AR W 28 I 2R R
JE PEAICSIEY . A& Si ) Transformer 1, JZH—
o FEEANEBER BT 8, Wb AR
22 S o W R A B () AR F ) (R X 55, A
Al AE 2 5 NAE R R B IR FE 2 B RS HL e, A
MAEMNEGIANFEE 720, W& B LR FR
(RIS ] A AR g ) B AL . fl T 1) — 4 A B AR
FEASS, RAE A — AT DUA AU B B S 1)
&, WX 0) fim. A, BrA I AIME RS AR
WA — N IES A6, Wb T RNEA—ET
B 2R MR, FELARTIZER F,  ASE ) Y
FRic#H— 4k, SETHEE I, HA Meani2
PR R, Var T ZE R
Z, —Mean(z,)

LayerNorm (Z) = { W
ar(z,

n=1,2,~~~,N} (10)

224 AIBAYZ R %

Transformer F| F 7 15 #4825 /E 4 4 1 [ 2
FTRIHE AL R, AL G AR T ) ) B [
— W (AR Z AN AR SRR, TR S e — B[] 7
FIE BB A G AN BN EH— 2



656 HL TR A AR

54 3

SIS )7 AR — AN &, BRAE AR AL [R]
7B AT AH R 2R PR, IR TR e 1) — SR LR PR T
2§ R0 T SR ALY R AR DR . 2tk
JZ B0 28 76 [R)RE AT L% S B ] 3 51 1) P 7E g 1k
WIS, AV, TRES%. ik, R
W 28 B 0% (A5 R v AL PR BB T 4. 3K L T 0 1 i A5t
ML, R SEHE— NS, TUEEA
—AMLP (£EH:)Z) S,
225 AMEBFHE

iy 205 R T G I D TN 22 7 A R 2 SR A
MR, AN EEEN AR A
TN Z AT S, %2 B TN T VR R T
TR 2 1 R AR

3 SKRuoTHR

3.1 HiEE

N T B63F Gatedformer 15578 76 Wi It TR 2 7E 28
I A AR AR SO R % F I LA T &
PRALM BT 75258, 1% T GBI 7 SLhr
rh—3E R L A RS R 3 4% SR RRL F R AR A .
S 56 H50HE B 0 FEASLALL FE LS 1) — kA
F, A H AR SCERAE — KRN 100 A, HEZRSC
PRAE — HIRN 200 A, FTH HIR BRI E IR
Hg—HN 1A, TAESZEN S0 Hz. RGUKH =
FHPUZR ] AC220V fEHR, A5 FH ks FE R A e di
E ity 2% FEL I L JBRAR TR 59 IR S 5o i
I8 B o 2 A Dy v b P A b e LR, DY
Bl D T 1%~120% FE i, 4558 BoR & i
CLoE AL . SEIG 7 & 4% IR H R E 1 B A E T
70 078 2k hn M LB HE, FHF X E 15 min N 14
I ) [ R o AP TS 3 A SR ) I PR Sz o L U 97 8 R 35
AR, BPHIRGRE ZELE R —E 2 e BB YE B ) .
NT T84 B8 UE BT R ST ) S AE A RS M
TELRVEAS AR, FIH IR SRI0-F & RS T
RGEAREIAT T ZHILLR .
32 XWgE

A 3 Sz R i B N NVIDIA GeForce GTX
1080Ti, WAFK/NA 12 GB, 4ifEiE =N Python3.9,
HE 28 2Ny Pytorchl.7.1, 7E Linux & 4 b it 47 52 46
MR

Gatedformer 5 84 v 3= B2 118 S 500 A1) A& D 52
I E B P, TN AR SR BB TR B O, AR HE S Py
M, N XM mEJZ4EERAN Do A0k PREN

672, XS T AR R s, Aes
R S B R MG RN ANGE:; ORET
4AME, 120 24, 48, 96, FENE T I M B6 E AR Y X
FARRTMMGHESTE:, MEE N3 DREN
1024, Zad 50k % 5 v B 0% Lk B AR 1 M B B 4 s
1R [F) epoch % E N 10, batchsize A 128,

NT A AR R TINRE FE, ARSI T 3
TRz (MSE) . “FH4itiiZE (MAE) f1-F-#
A%t iR ZE (MAPE) 1AM 8RR . H77i%
ZE 0 T S TUINAE 5 B SEAE 2 AR 2 S 7 3
1B, BEBSAE RO W TR0 R 22 (R B K, SR dxd
BRARZE TR, T4 xtin 2 i v B i E
5 RS 2 AR 22 BP0, EOWR B 7
MR Z B PYKT, FFEAZ R E £ 5.
SIS S bR 22 R T S T S s
R ZE R E o P ME, 1R T — M e BN IR E
PN 730, A5 AN ) B O 1R 22 B AT L .
3P EONANTE,  MASIR] A B A T DA 55 24 ) T
DS FE -

1 + >
MSE = ;;(yi—yi) (11)
1 n
MAE =~ > |yi~5i (12)
i=1
1< |yi—yi
MAPE = 100%x ~ >’ y—y‘ (13)
il i

b, nAREANEG y NESHAE: i AT .
3.3 EEAREIXIEE

ARSI T AR I TE) 7 471 ot 45 48 2 BN
PRI HEATXF B, DAHORIGUE AR SCHT i HY A5 7Y i
% S b I TG L LR B CE 2R U (A 55

LA Ry, AXREMENS
Autoformer"”, FiLM!"”, FEDformer"", DLinear"",
Reformer"”, Informer””, NonstationaryTransformer”',
Transformer™”, TiDE®, PatchTST"", Pyraformer®,
LightTS®, Crossformer™, TimesNet"” &5 £ #i D)
T S 3R PRI ) 7 4] P 0SS R AN [R] Fil e 1 (12,
24, 48, 96) TREIT 7 HERMIELE, LL 15 min Y
AN 2 R, PR AR SR TR AN [ B TR B ) LA
HESHIRE . LR RE 1 s, ST &
B8/ MSE. MAE. MAPE %t B #5 45 1 0%
W, XFE—PEE T Gatedformer 7E B H. /228
P YA LU A 55 ) R i



%5 JA—78, S BRI THRE R 4% 1) R I LU 1 4R A 7 3 657
F1 HERXLERK
TR
R 12 24 48 96
MSE MAE MAPE MSE MAE MAPE MSE MAE MAPE MSE MAE MAPE
Autoformer 0.520 0.564  1.186 1015 0731 1362 0265 0416  0.844 0.092 0243  0.489
FiLM"7” 0229 0378  0.667 0.117 0241  0.440 0205 0339  0.685 0.139 0296  0.613
FEDformer!'™ 0.100  0.255  0.489 0.058  0.187  0.388 0.108 0260  0.534 0.068 0204 0414
DLinear™! 0.055 0170  0.323 0.106 0229  0.420 0.184 0316  0.605 0254 0398  0.780
Reformer!"”! 0.027 0.126 0279 0.030  0.132  0.283 0.022 0.113  0.254 0.015  0.096  0.209
Informer™” 0.017  0.104 0227 0.019 0112 0247 0.017 0106  0.235 0.020 0.111  0.238
NonstationaryTransformer™  0.011  0.083  0.188 0.013  0.089  0.196 0.016 0.098  0.210 0.020 0.111  0.228
Transformer™ 0.011  0.081  0.178 0.013 0.114  0.173 0.011 0083  0.172 0.006  0.060  0.111
TiDE®) 0.009 0.074  0.150 0.009 0.074  0.150 0.009 0.074  0.150 0.009 0.076  0.154
PatchTST!" 0.011 0081  0.111 0.011  0.080  0.110 0.011 0.082  0.113 0.011  0.083  0.112
Pyraformer” 0.005  0.045  0.109 0.019 0071  0.156 0.055 0.131  0.285 0.121 0207  0.444
LightTS™ 0.003  0.044  0.095 0.003  0.045  0.095 0.004 0.048  0.101 0.004  0.050  0.103
Crossformer™” 0.006  0.043  0.094 0.018 0.062  0.126 0.049  0.103  0.219 0.113  0.181  0.381
TimesNet®” 0.003  0.040  0.090 0.005  0.057  0.129 0.007  0.065  0.149 0.008  0.071  0.160
Gatedformer 0.002  0.038  0.084 0.002  0.038  0.085 0.003  0.040  0.086 0.003  0.043  0.090

AT LUK, ST S A I ] 5 1) () 44
DA B AT TR SR04 98¢ 3 14 PT ReAAAE — € Bk o e )
Hi, TimesNet B! 7E 0 FFEH8 48 h R I B4, H
ETMBKE O (124, 48 F196) I PEREI & T
o AHELZ T, ASSCHE H I A £E Tt A >k 96 A
WO REE TRE . h2 T Gatedformer 7E B
B8] F7 1) S A g A2 e, BT R A AR I
MHE R BRRAE . A, ERK B E O
(48 1 96) ', Gatedformer ] MSE fil MAE &
FACT HARBIAY, GEB 7 HAE A HA (8] 77 1 $cim
BB T R, X — & R IREET
Gatedformer £ FL I FLJE 2% 1 FL I 04 2% A A A
A
AR 1 iR, S HEET Gatedformer
Y FL I EL AR AR ZR M 74, R e A — JA () B ) H

WAEYE P L AT TS, MAPE o] H T vFAh
TR ZE 1 53 L, ARG H AL B s vHE FEL LR 1)
I AR Z AN 0.09%. X — 4 BRERME T
Gatedformer 7 Ab B[] 77 51 00 AT 55 BF 1) vy 2880 12
FERAYE, I BRES AR A IR M it 1 rT SE A A
WITS, —BEIE 717 R SEBR N A 2%
PRI AT SE 1
34 HRLSEIG

TEVH AL SIS A, AR SCIGAE T Gatedformer 45578
FER R IO OC R I7 TR SS, FFHERTE T T 14801
HAF TR R R . AT FH 2 AN 2 P
[1{96, 192, 384, 672} #4746 bh, BRI LK —
Ji] P LR A ) P AR TR AR R — R Y FL LR,
5 2 R R R T A Ol 145 4 AR 2R B
R

F 2 [HSERTEIE O RS ERL S
T 1Al FE bR
P S 12 24 48 9%

MSE  MAE MAPE MSE MAE MAPE MSE  MAE MAPE MSE  MAE MAPE

0 x 0.0049 0.0518 0.1152 0.0064 00570 0.1244 00085 00675 0.1437 00132 0.0855 0.1832
\ 0.0046 0.0491 0.1098  0.0059 00545 0.1185 0.0077 0.0645 0.1374 00109 00791 0.1684

x 0.0037 0.0466 0.1016 0.0044 00509 0.1101  0.0055 0.0568 0.1224  0.0074 0.0672 0.1455

192 \ 0.0033 0.0441 0.0970 0.0039 00480 0.1034  0.0051 0.0544 0.1158 00066 0.0632 0.1354
x 0.0038 0.0481 01022 0.0040 00491 0.1051 00049 0.0535 0.1173 0.0065 0.0614 0.1318

384 \ 0.0035 0.0463 0.0998  0.0038 00481 0.1026 00044 00517 0.1111 0.0056 0.0582 0.1247
- x 0.0024 0.0390 0086 00025 00390 00858 0.0026 0.0401 00865 00031 0.0433 0.0923
J 0.0023 0.0377 0.0839  0.0024 00384 00848 0.0026 0.0400 00864 00030 0.0425 0.0904

i 3 prow, @R A FE R TR E L, AT

Wi %2 3| Gatedformer 15 71 [i 25 [0] 22 1 8] & 1A%



658 HL TR KA AR

54 3

K, TG TRAR RN, ARERE FLACR L,
I, PRI A T X e PRI A, BRI S, X4
P SRR 10 672 AN [a] (Al Ry, BE— )& EE?JZTME
FO IS 6] 8 E ), Gatedformer Ff 790 2% 58 50 43,

K IZBALR @gfﬁﬁ?f@%jﬂEE/)IL?UEE%%EE/JME*
JA A R . Ak, fERTAREIE DR, 4
[ 142 W 2% (1] Gatedformer £ 4 # 3R B T B8 47 1 14
A, WK 3 F. X R Z6 0 T S UK I [A]

FPAKIOR R B BB R, IR 1A
T
-e- Origin
0.012 + GatedFormer
0.010 |
%
g 0.008
0.006 |
0.004
100 200 300 400 500 600 700
T} 1) & 1
a. B[R] & 14 FMSEAZ {k,
-e- Origin
0.08 L GatedFormer
0.07
m
<
= 0.06
0.05
100 200 300 400 500 600 700
R [ 4 11
b. I [] & F 4 FIMAE4 AL
0.18 + -e- Origin
GatedFormer
0.16
£ 014
<
=
0.12
0.10

100 200 300 400 500 600 700
R [ 11
c. I & T AT IRIMAPEAS4Y,
K3 AR A AR R

U R, SR RIS IIE T Gatedformer

THE AR A 7 A A ARORS OC 8 A0 Ak A I (1] 25 i 50
TAOLE, FFRW T T THEALH T8 14 B fr) 2 22
o X —RILH—ZILE T Gatedformer 7E 1 [A] 7
B FRMIAT 25 A B o] SR AU R0, Rl 2 AR A L

ﬁ%f&wm Tl JHC o]\ A 1 S Hb TN R A
HEAH, G5 1 W DA R RS
4 é*ﬁi%

Nyt i e R = R WE e = WAL I
il /) Gatedformer #5281, F T Wi it B K 2% 7E 45
Mo 2R BIRAERE A ORI B L& T
P ARHAE AR OO, 186 95 22 I B 2 TR PR RO A A
REJTs 1148 = WL — 2 Ak 1 i [a] e 214
*ﬁ?@%ﬁ"]?ﬁﬂ%{% EEESET T A [A] A T A
PERE. LI KM, Gatedformer 7F — % HL It X
?E%LE@EFi@?ﬁ{)ﬂJlﬁﬁﬁjﬂ 0.090%, I | IRLF
RIHG FERI SR . AN ) & 22 B AE 2 Mt
J7 A I AR TR AL TR R, R B A R
(R3E LRI R F R 1, AR ROR A SV E 4 5 St
MDA TT T 4k SR NHETT

£ E XMk

[1] #F. I BRALRE AR EL K NZAFL]I]. &
AHARE 225, 2024(3): 14-15.

CAO Y. Research on on-line monitoring technology of
secondary circuit of metering current transformer[J].
Electrical Equipment and Economy, 2024(3): 14-15.

[2] E2RK, 0, KE. HERARALRABE ZREBJRAELLN

FARFR[T]. &-FMEHLAK, 2022, 45(17): 29-35.
WANG B W, LIU J, ZHANG J. Research on on-line
monitoring technology of secondary circuit of metering
current transformer[J]. Electronic Measurement Tech-
nology, 2022, 45(17): 29-35.

[3] KRB, — L ALRB KK S S8 EZR KN R
BAA BN F R, LB A, 2021(5): 34-37.
ZHANG R M. Research on a multi-point grounding online
monitoring device of current transformer secondary circuit
and its monitoring method[J]. Shanxi Electric Power,
2021(5): 34-37.

[4] HEHGK, 3%, MEE, . RALR B ZRMBENKES L
2 E FALT]. Ak, 2020, 20(4): 181-185.
HOU Z B, GUO F, WEN Z G, et al. On-line monitoring
device technology for secondary side circuit access state of
current transformer[J]. Science Technology and Industry,
2020, 20(4) 181-185.

[5] Wk, &, § 2. ek b AL NN A %kt [J]. &
AR, 2021(10): 60-62.

MI X, CAO Y, XIAO G. Design of online monitoring
system for smart substation [J]. Electrical Times, 2021,
(10): 60-62.


https://doi.org/10.3969/j.issn.1673-8845.2024.03.005
https://doi.org/10.3969/j.issn.1673-8845.2024.03.005
https://doi.org/10.3969/j.issn.1673-8845.2024.03.005
https://doi.org/10.3969/j.issn.1671-0320.2021.05.009
https://doi.org/10.3969/j.issn.1671-0320.2021.05.009
https://doi.org/10.3969/j.issn.1671-1807.2020.04.031
https://doi.org/10.3969/j.issn.1671-1807.2020.04.031

550 J— K, A BT RO S B U L R R A I T 659

IR, MRIe, T M. MR G EL AL RRIREE
LMK K E XA AT & &S E, 2020, 56(12):
235-241.

HAN S G, CHEN C, WANG Z Z. Design and application
of error online testing device for voltage and current sensors
in distribution network[J]. High Voltage Apparatus, 2020,
56(12) 235-241.

[7] %;ﬂ TR, R, Rl & AT BPAAZMANERS
PEIR £ A LEN[T]. BA A T, 2019, 41(6): 83-85.
LIHL, YUAN X L, ZHAO X J, et al. On-line detection of
instrument transformer measurement error based on BP
neural network[J]. Electrical Automation, 2019, 41(6):

83-85.

REM, ARFE, TR F O ENLASEXUMNA L
FAFRI[T]. Bl 540K, 2009, 46(7): 41-44.

ZHANG P H, DENG Z G, WANG L H, et al. The
development of the metric transformer online monitoring

—
)
[

—
2]
—_

system[J]. Electrical Measurement & Instrumentation,

2009, 46(7): 41-44.

PR, R, M EA, F. T AR LEBRERE AR

ZARETN F E[]]. B H TAZHK, 2020, 39(4): 187-193.

HU C, ZHANG Z, YANG A C, et al. Error model and

forecasting method for electronic current transformers[J].

Electric Power Engineering Technology, 2020, 39(4): 187-

193.

[10] LIU Y, HU T G, ZHANG H R, et al. iTransformer:
Inverted transformers are effective for time series fore-
casting[EB/OL]. (2023-10-10)[2024-09-01]. https://arxiv.
org/abs/2310.06625.

[11] GENG Z L, XU J, WU R S, et al. STGAformer:
Spatial-temporal Gated Attention Transformer based
Graph Neural Network for traffic flow forecasting[J].
Information Fusion, 2024, 105: 102228.

[12] BA J L, KIROS J R, HINTON G E. Layer normalization
[EB/OL]. [2024-09-01]. https://doi.org/10.48550/arXiv.
1607.06450.

[13] HORNIK K. Approximation capabilities of multilayer
feedforward networks[J]. Neural Networks, 1991, 4(2):
251-257.

[14] ZENG A L, CHEN M X, ZHANG L, et al. Are
transformers effective for time series forecasting?[J].
Proceedings of the AAAI Conference on Artificial
Intelligence, 2023, 37(9): 11121-11128.

[15] NIE Y Q, NGUYEN N H, SINTHONG P, et al. A time
series is worth 64 words: Long-term forecasting with
transformers[EB/OL]. [2024-09-01]. https://doi.org/10.
48550/arXiv.2211.14730.

[16] WU H, XU J, WANG J, et al. Autoformer: Decomposition
transformers with auto-correlation for long-term series

—
O
—

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

forecasting[J]. Advances in Neural Information Processing
Systems, 2021, 34: 22419-22430.

ZHOU T, MA Z Q, WANG X, et al. Film: Frequency
improved legendre memory model for long-term time
series forecasting[J]. Advances in Neural Information
Processing Systems, 2022, 35: 12677-12690.

ZHOU T, MA Z Q, WEN Q S, et al. Fedformer:
Frequency enhanced decomposed transformer for long-
term series forecasting[C]//International Conference on
Machine Learning. Baltimore: PMLR, 2022: 27268-
27286.

KITAEV N, KAISER L, LEVSKAYA A. Reformer: The
efficient Transformer[EB/OL]. [2024-09-01]. https:/
doi.org/10.48550/arXiv.2001.04451.

ZHOU H Y, ZHANG S H, PENG J Q, et al. Informer:
Beyond efficient transformer for long sequence time-series
forecasting[J]. Proceedings of the AAAI Conference on
Artificial Intelligence, 2021, 35(12): 11106-11115.

LIU Y, WU H, WANG J, et al. Non-stationary
transformers: Exploring the stationarity in time series
forecasting[J]. Advances in Neural Information Processing
Systems, 2022, 35: 9881-9893.

VASWANI A, SHAZEER N, PARMAR N, et al
Attention is all you need[C]//Proceedings of the 31st
International ~ Conference on Neural Information
Processing Systems. Long Beach: Curran Associates Inc.,
2017: 6000-6010.

DAS A, KONG W H, LEACH A B, et al. Long-term
forecasting with tide: Time-series dense encoder[EB/OL].
[2024-09-01]. https://arxiv.org/abs/2304.08424.

LIU S Z, YU H, LIAO C, et al. Pyraformer: Low-
complexity pyramidal attention for long-range time series
modeling and forecasting[EB/OL]. [2024-09-01]. https://
openreview.net/pdf?id=0EXmFzUn51.

ZHANG T, ZHANG Y Z, CAO W, et al. Less is more:
Fast multivariate time series forecasting with light
sampling-oriented MLP structures[EB/OL]. [2024-09-04].
https://doi.org/10.48550/arXiv.2207.01186.

ZHANG Y H, YAN J C. Crossformer: Transformer
utilizing cross dimension dependency for multivariate time
series forecasting[C]//The 11th International Conference
on Learning Representations. Kigali: ICLR, 2023: 5268-
5288.

WU H X, HU T, LIU Y, et al. Timesnet: Temporal 2D-
variation modeling for general time series analysis
[C]//The 11th International Conference on Learning
Representations. Kigali: ICLR, 2023: 6423-6445.

| K F


https://doi.org/10.3969/j.issn.1001-1390.2009.07.010
https://doi.org/10.3969/j.issn.1001-1390.2009.07.010
https://doi.org/10.12158/j.2096-3203.2020.04.026
https://doi.org/10.12158/j.2096-3203.2020.04.026
https://arxiv.org/abs/2310.06625
https://arxiv.org/abs/2310.06625
https://doi.org/10.1016/j.inffus.2024.102228
https://doi.org/10.48550/arXiv.1607.06450
https://doi.org/10.48550/arXiv.1607.06450
https://doi.org/10.1016/0893-6080(91)90009-T
https://doi.org/10.1609/aaai.v37i9.26317
https://doi.org/10.1609/aaai.v37i9.26317
https://doi.org/https://doi.org/10.48550/arXiv.2211.14730
https://doi.org/https://doi.org/10.48550/arXiv.2211.14730
https://doi.org/https://doi.org/10.48550/arXiv.2001.04451
https://doi.org/https://doi.org/10.48550/arXiv.2001.04451
https://doi.org/10.1609/aaai.v35i12.17325
https://doi.org/10.1609/aaai.v35i12.17325
https://arxiv.org/abs/2304.08424
https://openreview.net/pdf?id=0EXmFzUn51
https://openreview.net/pdf?id=0EXmFzUn51
https://doi.org/https://doi.org/10.48550/arXiv.2207.01186

	1 基于Gatedformer的电流互感器在线监测方法
	2 Gatedformer模型的构建
	2.1 问题定义及符号表示
	2.2 模型描述
	2.2.1 转置嵌入层
	2.2.2 门控注意力机制
	2.2.3 层归一化
	2.2.4 前馈神经网络
	2.2.5 线性投影层


	3 实验分析
	3.1 数据集
	3.2 实验设置
	3.3 基线模型对比
	3.4 消融实验

	4 结束语
	参考文献

