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Abstract: Different degrees of missing data frequently appear in the online monitoring system of power equipment, while
the accuracy of traditional missing data imputation models is relatively low. Consequently, a self-attention generative ad-
versarial networks (SA-GAN) based model is proposed to impute the missing online monitoring data of power equipment.
Firstly, the time series imputation model based on the self-attention mechanism is built, and the weight fusion module is
improved. Then, the time series imputation model is adopted as the generator, and the corresponding discriminator and
loss function are constructed, so that the SA-GAN with the self-attention mechanism is proposed to impute the missing
online monitoring data of power equipment. Finally, the model is trained and tested with online monitoring data of power
transformers and high-voltage cables in actual projects to verify the effectiveness of the model. The results show that,
when the online monitoring data of 110 kV transformers is partially masked to simulate natural data missing and filled by
various imputation model, the mean absolute error (MAE) of the SA-GAN model is less than 0.11 and the root mean

square error (RMSE) is less than 0.17, which are at least 19.10% and 14.07% lower than those of other models, verifying
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the validity of SA-GAN model. The MAE and RMSE of the SA-GAN model are 0.58 and 0.84 when the online monitor-
ing data of 220 kV high-voltage cables are filled with 9.51% missing rate, which are at least 19.10% and 14.07% lower

than those of other models, indicating that the model can effectively restore the missing data when the power equipment is

abnormal and the monitoring data partially miss. Moreover, the data imputed by the SA-GAN model can effectively im-

prove the prediction accuracy of high-voltage cable sequences, indirectly verifying the effectiveness of missing data

imputation of the SA-GAN model.

Key words: self-attention; generative adversarial network; online monitoring; missing data imputation; time series fea-

tures

il

0 35

B RGRMESNIRE LT R S “ik
KU B A B ARE G T EN-2 BT s IRk Bh
(1) H, g 3 5 H AR AR AR ST Ty SR T AR H
W&o I B S, B E ) &R
QiR REaafh. maAULES. B2, &
JEHL B AR A AR R B . M, (B4, 4b
PREE R L AT e AR IR ae s L d R el S
FRBTIE, EELI AR R HdEh
= RO, SR, SERE. AERAITEZR IR I 2
I BT AR AR BRI AR AS I WIRH IS Tt () 25k
fith, AFAEBR I B3 — J7 TR JGVEHE R S ik ) e
P TARRE, H—Ti e REERERIRE ., WiRkE,
NIRRT R R, A s 4Rk
FEE, PR, BIF ) VA% 1 4 e U SR R s TR A
XT HL VA B T AR A R SORT Y L ) R 1 AR
JEIBAT BREHEL,

H AT 8] PP 21 B R AN 2 2 N LR 3 R
He R EEMBE, (Hands RS S REhk, il
R ZRETHFRGEANED), K
H A (median) oAb . SEIHANE, HERTTE R
KRR G HRIE, 75 R A R] B A DG 1 S5 4
P BN PR o =2 B T i1 88 2 SN AN T Vs,
T EAHE R KRR AR IG(E . k 5T 2 (k-nearest
neighbor, KNN)U2I, FERES iR BRARIBIAE, B
i SHEUD . IHEAART NGRS BT HLE S
> B 3 S H R A (R S S B T BRI
Tr) 2 R G 25 T B 5 A A 1 7 Y SE IR 2 B A 4
Ao BRI, — 7M. FJWARAAEZ IR IS PR &
N FEARAZ Y B R R0, AHGBRST, T
AN S TRAE 2 s A8 1) 43 A AN AR R], - [R)E H g
VA& A 2 M IS H 25 32 30 /L g % [T L. F
SN EBE Z AN & MRS 5 [ A AR R 8. A8
BN ROIRG SRR, s 1R 20 A LR

JE , M35 SRR B o0 A0 5 L bR o A A — s M4
FJTH, TR TE S IR I T R A R A A E
e, MeES4as A A&HENZEE, RAR
FI P, ARG BN SR L RO EORE
ARG RE, AT TR) 7 50 E8h ()
FHIE. Rk, BLES 7 SRR HE LA F & AE 2K
W S B AME 55

UTAER, IR PE S 2] T IR AE SR O R S A AU
72, SCHER[14]32 2 T3 1 2 9 28 (recurrent
neural networks, RNN)FJ 8] 3 51 B s O 14 7
%, BN AR T m AN AL, (H
RNN J& T FIA, R P54 T k4715 B Ab
M, FEREMIENE, HXELASEI AT A .
SR, SRR SRR A, R RS
RN RGP T SEE R OCE B, [k, #ird
PEH T B R TP (8] 7 51 S 4R (self-attention
based imputation for time series, SAITS)AYS], F
1d 1 B VA & 7 (self-attention, SA)HLHOIGELE FREL
2 s BRI SE RTINS, SIA RSP 7
HHE 3 R AR BE AN FE o {H SATTS B X}
FEARD A A B NI FRi$e A, Goodfellow #2 H
HAE AT M 2% (generative adversarial networks,
GAN)UTE —Ff A e AL, mT DLJG e B 2 =) 3 vy
Ye BRI, AT A FSERE AR AT R
Bm, HATTZ N T ) R G AR R 5 A
W82 gk [22]%F % GAN i 2K B Jensen-
Shannon(JS)H{ & . Wasserstein [P 25 17 & £ 45 7 A )
ER IR FEE Y 2K e AT A A e, i 1O IREL
PR R B T, SEIL T 2 R O B AT A,
Vi GAN W25 RE W8 AR 4 Hh 2 2] 35 R 20 b B se i
AVELEMRAE ;s SCRR[23]32 H T 25T GAN 7 faf £k
PEBR R EAMERY, o5 1 AT SRR, RE T
GAN  H 2% H2 HUA7 Aar H50408 18] 47 76 (0 I 7 R A ATAH 5%
PE) RE

R ERTIAR, BUA A SR L B IPIRS &



JEE, Mdole, Wi, S5 BT R A ORI 48 AR FEL T 1 2 I R R e SRR 1797

Sl R R ARG BE AR FE I R 5K, HABRLRY I A
HIEE B 5 S bR TRRAFAE H AR SR BB A BOR
Zegto EERTLL R, ASCR A B R IHLHER I
F— P HH E ARG B2 4RIRES = R ARG
SIREAN [FIE 28 e R AS B0 (B) A A oo, P&
B HE ORI 26 2 S) B o A A2 8RN FPRHE, 1R
i —Fh 2T B AR O BT I 2% (self-attention
generative adversarial networks, SA-GAN)FJH /ji%
P& AE L M R B ALY, R ad s S B AR
78 e #%-55 HE, 7 FE 205 1 28 B 0 5 S AR R ) e
A RS TREE 2T 5 E

1 MR BIREAMRE

11 {EHHEk
SR AR AR (1 HL g % 7 2k e W R —
MR TS T B NS 8] FP I RERE X, o T ) 6] &
KEE, S NTELIRMPRESEYERE . 5INGEE R T<S
M) AEFERSHERE M TR 8] 7 51 Hh sk 15 B AT 3R
fiE, RAEZHE H LRI XS R G N 0, B
N MEH KNS X TTHEA X5 M ER,
MR,
X =MoeX (1)
KA O NG IR RS
S8 SCEHE SEAME AL i (1)) TR) PR B AERE N X
R AE SEAMB S BRI I, oK SR 46 Ak i 2k B
BT T AE RO B e, O T S 2 A5 At (1 5
FEFVHERE RN X o X F AR B A AR B R 4
FERG B IR 10 2 A BN B s AT S Ah . 1B
TR Q)R .
X=X+(E-M)OX Q)
X, ERYEES M AR, JeRAR 1R
HSELER AR AN, SINGERER Dy T<S [ —
{EHERDRERE T 0B AT N Lok, N LHRAL R
ISf R AR R T BAE N 1, RN 0, @i Eb AT
R R TR SR AN iR G A7 B 1 R A e xt
REREAT N SR o  H A T 56 0E SR ML v i 1 1)
EREEWR: — o T8 B R ER B 1 ]
FEHIBHATIONE, R A BAE O, ATTEREAE
BT 538 A D A R S AT AR B
BeBZ 30 o BRI A . SRR E R EIAN
TR, RS E AR B AR TR, TR
U ZRI R SR AT AL, 5 R 4 Hh gk
RAHR EAME RS BIEAMIOR 5, 5 AT A

SRR S B ) B SR AT R 2 R B
FRIEAME R, SR URA Y (AR, T s B
Bl 1@f7r. 53— Mo fi FAELE B SR B 20808 1t
&) F AT AN AE, BT P Ao B SRR 55
PIESEEIR IR 2R A, X iR ELEEEEN,
SIS ) FASEAD 1 SR S S A 2 E SR TR o A [R] A
R IHAMR ZE TR, a5 15 6
FI TR0 25 SR RS B s R B 4 A ANR 22, TR
NEEWE 1(b)FTR.
1.2 ETF SA-GAN HIEB 1 Rk IENIER K 21
HAMER
12,1 T EER I I 8] 7 51 6O A M Y
N P B SR R A A A Bl VA ) R, AR R

M B R /iy UK AE i A i i e 2 I o )
B R EAM R HE . SA AL 0ONE A E M
SrBe, BESEILN EEME BRI, &AM T
%o TN X Gad 3 FhAS[R] 4R AR 315 21 A ) 5 R
Q. B K. HAE Vv, BIEEaER IS
SHJE BTN X F TR RHE RNBGERE, TR TR
W3). R@DFR:

Q=XW,

K=Xxw, 3)

V=XW,

HHAE, T LB R AN R 2

uuuuuuu

SRR |

L

RS IR
HUR

| = x| | = s o o . .
JRENTAIFS] BHE SRR HRMGAMAHX BRI X

lllllll

1 srmi

() {3 A JC B 48 B 2% I 1] 7 7 56 0 SRCRh 7 1 28
ST U ] AL A 2%
S, EIE SR AR 2

uuuuuu

....... < Bk

L e
B Homl

HORBGMAHX BRI X

nnnnnnn
llllll

| ASRT B AR AL AR B O B 4 B LA R 22

(b) 3 1 & B 4R BRI I 1] /7 51 36 10E SRR v 9 1k
BT ) 47 R S e SRR D B v f P B s i

Fig.1 Scheme of time series missing data imputation and ac-

curacy verification



1798 i LR AR

2023, 49(5)

oK'
/i
P Wo Wi Wy 53 I85> RIS H00 RE
SA(Q.K. V)N HEE IR E A T 13 AR
Softmax Ay FIEOE AL di JyBEAERE K 4R .

FIRT, SAITS BRSNS T SA AL, w2 A%t
RS 2 S | = I L] 2425)(diagonally masked
multi-head self attention, DMMHSARHLAD 1 M4
HAS B R, A BRSNS . ¥
X 5 M PHEERANBIRA T, S22 5
170 B Ymti(position embedding, PE), ffifHfEa%
B N EE R, HEEmA G,

PE(p,2c) =sin(p /10 0007
{Nﬂp2c+D=cmuﬁlommhwm) ©)

s PE(p, o) NRAEWS 8] 7 41 % 70 2 A XHAL B 1 9
TERE, S TCERAER TR R E R IIM 1
Y| A RO L 21 dpe 4ESEEUE A p NS TCERTE
I HI R AL B R 5] 20 2e+1 433 A0 B dwtD
) B AR E . AR EAESE T AR dee AL E Sifid In] & 1)
YENE

SERAT B i 5 AR RN e, I X THE
e 1 0. K. VEFEAT, FRiE— 2@k x) M g
. BERIITEREAS R RS AR R
hi, ORI % Sk B R TG TR RS 205
fo WWEITEMR(6)—XO)FR.
o, =

SA(Q, K,V) = Softmax(

W =AV 4)

DM(Y)(i, j) = {Y(i,j), oy (6)

oK'
DMSA(Q, K ,V) = Softmax(DM( \/d_ W (D)
h, = DMSA(Q,, K.V, ®)

f = DMMHSA(e) = Concat(h,, i, h, )W, (9)
X DMY)xf RS R E: Y B NFERE: i,
J RN YAERERIAT . FIE 5], DMSA(Q, K, V)N H
IR KA DMMHSA(e) N % 3k HVE R /il
GUHEREG Concat NAEFEPHEREG hi AZ kiF
EANEIREE i Ak, HEASKE 0 Kiv Vinl L
RO THEAR R Wo R % B PR EFRE .

B f B TN 2% (feed-forward networks,
FFN)Zia HAF 2 7, Horh FEN S5 77500
K0 FR, EHALZEWE 2 frx.

FEN(f)=ReLUGW, +b)W, +b,  (10)
s FEN(O AT Z8 B4 ReLU IRES: 2]
WHITEEEREG Wis bis Was by 53RN 2 2T

LR SRR

K2 FFN Ziife
Fig.2 The flowchart of FFN

PN Ly

BZ B E AR B S5

H P 2 Af%0, FEN JZ2H 2 MEERER 1A
TERRA R, TR AR AR RO, AR
N 4R

G, K 7 St E M B — 14
X, SEREIGAEER I E R N TR S HRER
R IEAR . SATTS B FAEEER — 75y DMMHSA #5
P, BN X], HorboE G R B G i R AR
MER a. BT RTINS 22 AR EEREN B, @t X,
HiA X 2XQnEHEAR], Wil X, BHEIR
FEF o PR At — B E AR, THEH X, 5 X,
PIARFRCE, 2 2Rt .

122 T SA-GAN ¥ J ¥ 2% 75 42 M I 5k 2k 3
P I AME Y

Nt R R EAME AR RS R, AR SO %
T BT AR TN )7 MY, %)
PR E fh A A HEAT Bk, B nnT 52 ) 4, s
LT XSk AR B AU SRS A A G . A
VI 1] 7 B AN TR A R e A, FE A I8 0T 7 [
T HERE VSRR EE, R RE R R R B i
BRI ZRad A, $& W BAA B = oLl i A ot 4t
W28 SA-GAN, i H 71545 75 28 s DU 5 0 i3 A7k ok
HAh, BIASERIIE 3 Fis.

SA-GAN #57 | 2E pli 45 (generator, G). H7 %%
(discriminator, D). A RZs O @EB5H
SAITS #i7 ft] DMMHSA #He, 5 SAITS #: 7 HAk
BresiB I

D AR E il A BB

A AR TR @E A A E R A B, SAITS fRY
7E DMMHSA #EHA 5 @l A i B BT 1E, R0
TAFERE S ILESLIBIE 25 . SA-GAN FiAY
ERCEA BRI N R ERE S, SEIL T 23kiE



FER, M, BT, 55

BT B TR R A RO U 2% 1) FEL T 8o A 2 B B O i A

£ R X

T e = 6 X

____________________

1799
i 3 5B 1
g4 2
J frE
¢ i 1)

feteiE ||

®
BRHA Hy
Sigmoid
B 1L

¥ S Hw,

i P
1l w%w |§§% H—t |
NECCEHNEEEEn
I e e ]
Nx T ! T
! | | pmmHsA HH

K3 SA-GAN R4y ]
Fig.3 The structure of SA-GAN model

BEAONHINEN SR AETEUE 2 A
DMMHSA #RIRE, # X, . X, #7445, 3K
B =, FSERMASIEAE, B3R
e THEEWMADFR.

A= iwl.Ai

E Sigmoid(Concat(/Al,M W, +b,)
X, =(E-no X, +10X,
X=MoX+(E-M)oOX,
A 4 AINBUS ) DMMHSA Sk 3#5VE R 18R
wi NRRRE [ AL T EAS B4 DMSA S
BE; A ATHEAF R A DMSA Sk = i
B p NRRE G RCE RECERE; Sigmoid Sy H I
BOEEREG Wy by NRUERRE S5 X, N
B X ONAERERAN

2> FINHHIMLH]

FHAEL SAITS #i%, SA-GAN A 5] N\ ) 5 98 45
M, R T BA BRI AR B P 2 1 25
FEZE . S 31 85 PRI 55 2 X 23 N 50 g e £ 2 IR

(1

GREGHE, WIRLLAE R AR RS I AN s, T STk
KA AN RN TR, ST A Bl s i A5 b
Re /1. HIBIZRRIFH 2 MHSA Bk, K x fAZ
B, Zd H Ss AR B AN A RAERE v, 1
HOTEmA2)FR .
g=[XW,+b,]+p,
u = (FFN(MHSA(g)))"
v =Sigmoid(uW,k +b,)

X g NHRIBHIEN: Wa ba 53 B NELE M
BZH; pa N PESERE; w NZEE N K MHSA 2.
FFN Zi2H 5t v AR 2 &5 AR RE, v
HAREAN TG 2 AR AZ AR Bl 0 ) 88 40 Ay i 46 25040 1 ik
Ky Wi by 53 HNECE R B S5

3) FIER PR

P B A v 5 MO AEREARE], v SR 1
FRFFHN 2R FIBTIXAME N JF LG R . v FEH 0 4R
FFN B 28 FUBIXAME A R AN . R T
B SA-GAN FERUIR bR BN, 500 28 11453 2K bR K
EONFERE v 5 M A SO, T M 2 CANFERE,

(12)



1800 i LR AR

2023, 49(5)

FEH B AT B 2 SRS, T — 2B 3R A
AR HHIRE ST o [RIIN A3 A2 PGS O8RS REL R
v 5 E-M W5 SRR, 456 A i ds b IR an St
IEREERESSPNIRTSS €A SIEi 2 Eit 3]0
JRAS IR PR, T LA HY ) ) X 2 R R B
s SUBAIMNR, A A R BN, R A2
Fe 5 R FE A AE A B UL AR

2 SA-GAN 1&RBIZEH)

2.1 SA-GAN REVEEMGIT

ZRIGIGAE, TN DMMHSA #ibe ] — &
FREE 32 Ft SAITS 8 A MG B, {H [ B ff A3 45
TIN5 75 ZEI0 VT SRR 2R 3 n, B A E 3
DMMHSA 58 5 77 3 1) 2 b 2 a6 i A% 191, (4 ik
SA-GAN BRI A A8 A 2 1> DMMHSA fiesy
o SA-GAN LAY b AR 1) 4 4 P A i S5 45
MBHA R, MM KT B2 N4 (neural
network intelligence, NNI) T E, Ali#iL W &E#E S
(3R 2R 2 (8], A PSSR (453 2R R B A 1 e AR A
BE R AR S B S . RSCEG 5
SA-GAN F5HY  HARR BE 27 ) %f E A A A F i 2
B AR NN T RS R ES U S,
Gi— Y B RIGURECH 200, DL HL 20 75 48 1 i B
FHAREAN G, SO R A NNT LR e
SA-GAN B ZH N 1 Fios.

R 1, Nayers NEE nheass N MHSA H 3k (1)
N dinoder 9 SA [P EYERE ;. dinner 9 FEN [
AT dy N O WYESE; d o V INYERE; dropout
rate N F % learning rate N2>, 7EIX A log
uniform 4345 b FENLRAEE

SERL SA-GAN B SHOR B 5, 14 AL EL 5 1
H, )1 2% 7 42 i DSk O A N\ SA-GAN 2,
Hl 7R R R (A] iz RO FE A 4 poR, Hid A
AR 1 DMMHSA #HF15S 2 4 DMMHSA
BEEAERIAHIR], B 2 e Sk FE AR ), AU
ZHAF, B 4 ERBERTERE 1 A
DMMHSA i, [FIN ARG AAEA K B 4L T,
REME VB0 H S I A A e 1 0 2 v 5 J 2 i ) i
FI4ERE A4k, ARl S(a). B Sb)Fis.

Az ORI 4% (11 2R3 2 2 — A min-max I
P, AERRESAUH A S AN BT, AR RS PRI AN R
71, FIREESETEFIRIRE )T, AR Bk B G
ST . RN 2R (epoch) Ay 1000, K FHHERTZ 1R

1 T NNIff SA-GAN K% 25
Table 1 Parameters of SA-GAN model based on NNI

SRR SRR SR A
Mayers {1,2,3,4,5,6,7,8} 3
Rheads {2,4,6,8} 8
dmodel {64, 128,256, 512, 1024} 512
A S inner {128,256, 512, 1024, 2048, 4096} 256
d, {8,16,32,64,128,256,512} 64
di {8,16,32,64,128,256,512} 64
d, {32, 64, 128, 256, 512} 256
Tayers {1,2,3,4,5,6,7,8} 3
Rheads {2,4,6,8} 2
dmodel {64, 128,256, 512, 1024} 128
F 2% inner {128,256, 512, 1024, 2048, 4096} 128
d, {8,16,32,64,128,256,512} 64
di {8,16,32,64,128,256,512} 64
d, {32, 64, 128, 256, 512} 128
dropout rate {0,0.1,0.2,0.3,0.4,0.5} 0
BN

learning rate [0.0001,0.01] (log uniform) 0.0003

(early stopping) MLl By 1R BE 27 IR A fl &, Horp
AR ISR SR b 45 2 A (loss) AN B AIK 2 J5 S5 A5 1
X (patience) Y 20, B[l 20 /™ epoch F] loss %A
PR 1R 25
2.2 SA-GAN HEENGR R ¥

SA-GAN BEARLKE 7 A B 2K (RN 1A] 77 271 X 5T AN
THR AN 0 fe i N B ol i A A A S
) ) s TR A0 % R R I A R R R 2R B e S R
71, BABRIBEANGE X, 5 X AA1E 552 %
HEE X, SRR E A, HIE 4 A,
SA-GAN HAY 45 2K R i EH P 38 73 2HL 1k

5 AR BRI R R n AMEAS R,
H ) 2 R H v 5 A s MR P TR R 58 SO
VER A 2R I R R AL Ip, THEITEINR(13) AR .

I =_%Zn:(Mlog2(v)+(E—M)log2(E—V)) (13)

5 A A A AR pR A, B TR A
P EENLR ke 5N THREIREAMTEL o, 8
T P14 45 % 1% 25 (mean absolute error, MAE)it%5,
[FI R T 5 R 2EAAL,  FFEEH 28 B H
v 5AERES ) E-M FERE 2 (8] 58 X loce, —
T AR A A B R BR A [, THER TR
(14)—RA)Fn:

T s
] XX -x)0m,,
MAE(X, X, m) ===

(14)

T

2

t=1 s

Mm

m

t,s



A, MaEk, BgT, 5. BT BRI A O TS I L T A T 4 I S O B Bk 1801
X: R 4 B E] A

M IS B R

e: A AR A B o 5 i

7 4 L BSDMMHS AR B

X0 B — S8

X, M R

u: BUE @A B

X, KR = 58

X: 75 Rl 2R SR B

1 £k Y 0 H A

H) 50 &%

SA-GANME B Ah H
g: F 5 A B g 15 4
w: ) BRMHS AR B
v H 5l 28 3 5 56 B

BT SA-GAN FFE L i I R 2R B A S 7 25 4y

K4

Fig.4 Model structure of online monitoring missing data imputation based on SA-GAN

J?iluﬂ'ﬂﬁ]ﬁﬂ
A

- fr B 4T 2

. Tl
T § 3] I EE AR
36x15 “H O ; S R B | o | e EEHE
Jo el ol B e L i L St e
H Hi: i it Ti Sl Chad
X, 36x15 | 36x15 =) ﬁg}#?
e &3k R
st B — it - BR=hiion) ERE o WIS
(a) A= A B8 W 4% 50908 45 FE 75
X3
— S 3 nhm—Z 2 XK
X e
36x15 36><15 36><15
AE R AR AN LR ST BHRFERE BRRHSHERE

(b) 0 31 7% Y 2% B4R 2 P52 A% 4
K5 SA-GAN H5 A i Hodia 4 f2 A2k
Fig.5 Data dimensionality transformation of SA-GAN model

B YO P 73 B SR THAE BRS04 FCRE A 4%

IRL:%(MAE(XI,X,M)+MAE(X2,X,A4)+MAE(X3,X,AI)) (15)
I, = MAE(X,X,T) (16) A e
loex ==~ 2 (E = M)log, )+ Mog,(E-v) (17) 3 ELISMA
lo =ly + 1y +lgcg (18) ASCILEEL 2 ANEBIFEAT 0, P E 1A

s m GFERFERE, ANFEBURSRALE A A (K3
AR .
A RRES AR S I A WAL B S EL AR

MsEbr TR 110 kV B JRSHEL I RS A
SRR ER G I A Sk AR 25 LA 0 L 1 B S
e ELIRIIEAR R (AT 2k s S48 2 A Sk br AR



1802 i LR AR

2023, 49(5)

H 220 kV i R LGRS I R AR AE H AR R 1)
Hle s, [FINEG) 2 fAE R0 R i, Bt
BRI AR IR . WA b R B4 = iR A
BT N LH AL EE,  DLSS AT BE 75 76 H 1 &Ik
A H HAR o W DA SRR B 25 1F T BE AT
ROEAR o RN, 0S4 2 BSECRN a0 T Fee e 21 F0M
T TE) 2 0 MRS SR PR A 2501

BEAT G 3 AT, L Median JyREvE LAY,
F#¥+ SA-GAN A 5 Fi#v2:(1ast observation carried
forward, LOCF)MAMERL, XUl G HR i 8] /5 51 SE A
(bidirectional recurrent imputation for time series,
BRITS)A AL, X[ 41 34 A= 30 Bt X 2% (bidirectional
recurrent-generative adversarial network, BR-GAN)
B [ SATTS HEREAT R LG, SRAFAS [FIBAY X] fif 2K
Hm EAME FE M . 1B MAE. 3577 #% 2 (root
mean square error, RMSE) NAERIPEAFEFR, RMSE
TR AR

) 22 (X -X)Om, )"
RMSE(X, X,m)= |== (19)

31 HEFRALIE

EEXTCERR 110 KV 22 IR EAE L I I Bdl 4, 1%
B AR 10%~90%, BRI R f 5
ANTERRETY 20%, I E IREK AN T35
JE R RIEAMRE FEHEAT B RAL, SIANN Tk
N T ERL SR R ST ISR, A5
BN GEREALE T 3096 KilF SEFEA KR N 387,
MRASEFEA SRy 387, EXTEH HARGKR 220
kV s [ LR AR 2 S I SH » 755 B PR R Kt 2 i
Eo BN 10%BHM E SRSk R AN R MEL AL
FAMRZE, 5L 20% AN TH R M T2,
(7 IS Dy R E AR R 75 8 L 0 e A RS S HL i
ISR B2 BT 24N, Stk
RIS UNR : AR 11 A HIEE SR, R
g, WbskE. Mk 7 AL 2 AL 2
NH . RS TR EAR RS 1A 1 R 5y 2
SRy, BT 20 REA “UERT IRESHIEEE K5
D ENGESBAEE. Krin 10 REH “HER”7 IR
AR CwRBE RS I EEE R G, JERISIE
S5 MAEE R 725 3= B sk . R gy
HIY A R sh i DAL SR, & DK
36, XFAY 6 h MR RAERE, WK 18, XPIRAE

BT E N, RABRINAESEREN
1790, IRAFEEREARKE N 574, MAREFEALE A
550, HiE AL ER QISR 2 Fios.
3.2 110 kV T[EREL DN ERLBIRIEAD

HHEE ETTml1RO2 LT iR K 5
Bl ) & ISR i F o mIWSLER 1) 110 KV R AR 25 2
FETE SR W ME R . ETTml TG H AREUR B2k, SBAE
B 15 min/Ik, it 69 680 KAE R, A M
W W TAVRE R, 3 gEaTess R anl 6.

BP0 AR R 2SR L IR AR 4 ETTml, 78 90%
B A IRERCEZT,  THEAR BA AR ME AR
B[R DEL R NIRES E R EANR %, MAE 5
RMSE 1) 3 4] #i Ak 25 R n &l 7 s o

HE 7(a). 7o) %1, AFEEMEEIR R A
A, HEAMPRZEWRALAHFE, H SA-GAN A7 4F
MEL IR NRAS & ERI AL

TR A R A RE A I B F R bR, XA
R AREBITRREE, vJHTEWIHEEE
TELIBATIRAE . MR FEARE A, 78 90% 15400
AR, 1 HL 1000 ZHAS RIS AL AR 1) 3 30
P 5 [RGB IR FHBR SEATAT EE, B E] Median A5
RAEECR, B A RHBOC Median A58 R IEAR
s, R wE 8@FT~. RN 4 NMAFEALE 20
HAHE 4 PR T 25 ST BT ANM 45 R -5 B S X
tt, ik 8(b)—Kl 8(e)frm. 1000 ZHAN I AY SE AR
HdlE MAE 12 A R E i 9 frs.

®2 HdEmisbE
Table 2 Data preprocessing

TiH B 1 Bl 2
x4 110 kV 75 £ 4% 220 kV 5 RS
EEPHEFUS 3 f
(=Pt e 7 =
rs MO E ARSI B A SRR SIAN
R Wit Tk Tk
HHAT 4 britEdl PR
BEAE B, THENE ik BN A
R&EHE 7 15
EESTES 0 9.51%
L EPNEPIRTT RS 10%~90% 10%

PN TR 20% 20%
WK 36 36
WK 18 18

FEA K Y 36x7 36x15
FEAR% = 3870 2914
Hmge) oy 8:1:1 3101




JAIH, Rk, BRiET, . EET BRI RO 4 1 HL A T 2 S R 0 SR A 1803
= =
R —10%EE
= 201
2 +
0 R
oy 600 4
(a) = B M AH Th 53
<
> & et
S & & &
0 5 ﬁ B
= £ e
&
25 o $
0 & 0
0
ra 00§ a0 0 4 e 00 4
@ HENED RS (o) 6 FE A5 31 3% () 16 55 B 6 55
40
&
20 &
e

200
400
600

&
xH %
(g) W7t
Bl 6 AR R AL A MR A &

Fig.6  Online monitoring features of power transformer
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