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Abstract: There are a lot of equipment operation rules in power equipment defect text, which can be mined by
natural language processing technology to provide guidance for equipment maintenance. Aiming at this situation,a
defect text mining method based on enhanced representation through knowledge integration (ERNIE) pre-trained
was constructed. Firstly, the limitations of traditional word vector model were analyzed, and the characteristics of
power equipment defect text were summarized. Aiming at the above problems, ERNIE was used for pre training to
get the word vector containing the context information of the defect text. Then, bidirectional long short term
memory (BiLSTM) was used to learn the defect text in two directions, and the semantic features of the defect text
were further extracted and classified. Finally, an example shows that ERNIE-BiLSTM has better classification
performance, which provides a new idea for future power equipment defect text management.

Key words: power equipment; defect text mining; pre training model; knowledge enhancement; bidirectional

long short term memory (BiLSTM)

LT R GUAE HOR AT B TR I

2022 Vol.52 No.14

OB X SE SRR h 2 T IR I TR
AR FE Y BRI ST
AT A T TR K B B N A RE vk AU
Az AR DB AT R X R T ) R is 4
R R A HA R L,

VT AR, T8 L ) SOARHZ A 45U, 32 %)% 1 B
FA B BRFEAF I8 I SO 2 5018 T A

E&TH : EEKARR R4 (51977127)

ft FIR S PP 45 o STHR 318 ] One-hot Zii % 52
Bk B SCAS Y 1) AL, SR K R 2B 5k
(K-nearest neighbor, KNN) #4743-25 , $2& T W 2 7
ARZS PR A B , 15 One-hot B 788 i 1) R
T X FL, 35 45 e B SCA 33X o i 2 K S 25 5
BRI ) JL, TV R 1) T 22 1A A 1 SCG
K J3E 5 SCHR (4] HTBR 7K AT 2K 32: (hidden Markov
model , HMM ) X W7 i 5 kB SCAS R 47 1) 4k, I

EEE N HI(1981—) , %, i+, BIBdZ , Email : smartgridcontrol @163.com

52



ML, 5 T ERNIE F9 25 09 & /1 3% &4 1 XRS5 &

WA 2022F H52K F 14

R HE AR AR A7 B Rl 5 55 B X0 BT 8 2 42 7 i
fi RS HEAT e, (H HMM 3 Fl ] 2 R (1 SR 15
Ak PR R TR ARG b Ak B H, T R SCAS 1 e
Bl PSR A 1A ; SCHR (5138 3 BILSTM ¥ 2 42 Hi
R B SCAS ) O3] 1 TR 2 1 SCHRRAE , 42 85 3 2R AL
2R SCHRI6]4 H — b 5L T IR L 1 S0 > 178 s e
1B AESCRTEIR T WEIE4h Hh i R B T
SN e YN AN B UBL I R T S
SCHR[71HE SCHR[STAY BL Al 38 i —Fh B T
HLA 49 BILSTM Bk [ SCAS 53 2877 1% , 48 1 A Bk
b BRI S 18 BORA SEPR I . SCHR[5-717Y
FEMEAE TR T Word2vec 1] i AAE RIS
SCA AT I A, LATC B A 2 1 7 2 2T R S
F S RE TR i AR R SCAS W D K 4[] 4, I A
Ir) PR Ay A ) ] i 3] ) 2 JC IR ARE R S
TS AR o HSORAF B IE R #Y S IR0
R SCAR 4325 0 M 25 52 1) A, 7 1 1) o) i
A AR TR 1) 27 2 RAORS, H ) A 5 SC
A By BVEEAE A5 R0 6 45 ] , 2 3 Word2vec
TEANBE 56 B b R AR B SRR TR R R . 73—
5T, AN [R) L g e A s P S A BTN [, HL
T SCARRALEE T H B SCASE , Word2vec Ty ZE M 4
I 13 S5 AT EOR I 2k 1) 1] S ROR To i ARAE
B R AR ) B R I AL RE T 2%

T SR R SCAS B SCEE SUME L
P B /) J2 T 11 SCRFAE, 2 54 H TR A9 A
T 285 1] L) DAy B 8 R0 5 s 5 A AN, 3]
] 5 BE S B A HARIE b SCHAT IR R g e— 1]
Z X IR) Y [A) i 58 23 42 T T AR Az AL RE ) .
R TR IO LR A Y 43 2K EA %, Mat-
thew E. Peters 25 A"FE 2018 442 HY 1% ELMo #5744
30 3 VR R UL [ o S AR AT TN el A 1 )
I 5 BEAE A0 2 F  R A AR UE R I HLREXS
2 SO AT AR X R RR S AR S R SCE B i AT
] 1) 8] 5] S R O sh AR ) B . R ELMo Y
XL 2 S HLIAE R E) E SRR, R T i dex
— R, Google T- 2018 4F4 ) T FLIE & X L3t
F XL [] Transformers 4 it 2% 7 (bidrectional enco-
der representations from transformers, BERT) 14 il
YRl 5 AR, 25 TR 5T 45 2 W I i 5 A
RUTE FARE 5 AL U i) 22 0T 55 rh AR LA
o R PERE o 78 ) SORSZ 38 G, I 4E ok Tl
IRl B TT GR FEI T, STHR[13 12 1T
—F5: T PBERTBILC 19 ) 925 BRI 7 i

FI R it L 7 SR G SCAR T RF A T2 2T, A2 B
HAH RO BERT ALY, Jf-45 4 BiLSTM 4%
-BENLY (conditional random field , CRF ) e [r] f4)
T SR B A B T R ) SRR B
TR R 5 SCHRT 14 VER X B 00 3781 B 1 5 A6 s Xt
BERT M AFRRAESEA TG, $2 im0 1R 8 1
H IS W IS IE 1 A PR KRR A UM AL
R ry .

R T AR TR A R SOARAZ R 132 Ak
RE I FIERfR SR, AR SCH JE B Ah T i e A i S
AR YRR R, R BE I LR — B L iR s Y
T 21 5 WA ERNIE X G i SCAHES T ) 4k
YR AL B 1 SO SUE B BB SCAR Ta] ] 1,
T HAE SCRARBE T s HOR O 1 25 AR Uk
SCA L )1 AR L, AR SCHE ERNIE #5840 (1 FE fi
IS T BiLSTM 527G , ¥ ERNIE I 250515 2 (1)
B4 SCAS 3] [ F A R BILSTM Al AEA T X))
F 2R Softmax 73248 T3 2 s e Je , AMERRR |
K B2 S A I AR PP FR b, 5 4% G m) [ s A
YR oy R FEAT L8, 4t 1) ERNIE-BiL-
STM B A HAG B 5 (1)1 32 2] Be J fiz fb B

1 v 7y 3 B T SR 5

F, ) TR Bl B SCAS PR 2538 R AL 4 T B BT
FERRLL BFA ST B K B H B BRI A B
AN 2S BRI AR TR b BRI A5 . BRG
S TE SR T HL R A I BRI G  OL , anise 45 7
Az Bl B 1 B AR (R ) BRI G 4 s N
2B ELR B 05 8 DL SCAR I TR =X 1R 4l g sf
FEGIRE N2 SR P 280 T Bl A5 4 TR Ay L
AEZEMMNE FIL, BbE SOARZ & T K i ik
PR A RAT: s RN R 2K s AT AL, R e E A
b 38 S P 5 PR 2 R R 1) R R R R
FE PR 2 A FE {6 AT A 1 A ARG R SR 1 e
kS % B A AR 2 R R R AT 41
B, LA T B SO B BR SR

LT ] DU AR T ) SR
HL B B SCAR AT DU R

D BRGSO Ll MR F 5, AL & T K
KL ARE;

2) B SCA B S K A A B Ry
PRI 5, BN ARSI, K220 13, H
BIMALAE 12407 o A3 BB X Tl SCAR g 46
QR EE VR AR G0 SCARRIZ IR O A A

53



wAEF 2022F F£52K H 144

ML, & A T ERNIE )| %k 69 ¥, 7 % & T LRI =

57 > R SCAS I ) 228 W B B AR R 5

3)BRBESCATEE S T RERE , KEES
WK BRI S N THRA T 25 &
2B 2E 5 AFAE R L R IT N 22 52, 40 - 1l
for R AR R W A R R — A S L
R EAA B AL = 7 AR ik Ar TR
AL _E R PR R SOAS R 1 7 SCH]
RSCAR B R BEFNE SRIE S P22 52

L
Kiliueu| [CGQT200900000647( (2007-08-30 12:24:37

)

A
DD AL
G T _— \ v i35 kv
s (i e i bR (e S0

NHQT200700000031| | 2009-07-0222:15:00 | | 25 i 1% % J5 Al
HAbEEH

e 2 2 UEIRES
eS| EaAmmin s AL || BlELRA
e s A R 2 R A% L R AR 6 E R
P HL B B SO Bl 2 1 P
Fig.1  Data structure of power equipment defects text
2 JAF ERNIE-BIiLSTM #) & 77 3% &
5 ¥ xS
B G AR FARA

T il 5 BAUA BT LR AT T B 1
SR, B it R R BECKS FE AR DG s B H
£ rh2E ) B Se 501 5 R T RS B B SCAR G
B, A S T TRz e 1. R,
T PG B SCAHE ) AR 2 5 R R SO
MAFE Z AR S B 22 SF R, A SCR T —Fil
T SCSCARYZE I8 1 B I 2 A A ERNIE,
AH#: T BERT F1 ELMo, ERNIE & —f 3 T R AR
T SRR SR D SR 35 F R, Z IS IR
W] ERNIE 7E SCA G2 i 44 SEAR RN 55 24~ Hh ST
SCARFZIMT 55 L AREE RIS o T . Hak, h

1A B T A R SCA SR R A5 L, R F BILSTM
B X ERNIE 77 A= 9 1) [7] £ 0k — 25 E A T4 AiF 42
B, BILSTM 52 Ik T 1% GeAJ B1 fil 25 0 26 1 A4 5
FE RIS BB 1 2 1 T 8L, B Kot R SR R 45 0L 1)
TP IURFIE o

ERNIE-BiLSTM K 25 14 4 14 2 fr 7, A5 AU 4
5T 38R o B AL LS A H g 15 £ B
KA E=E,,E,,--- ,E,], FIJH ERNIE 17 HI ZRoK
IOH A [/ B R T=(T,, T, -+, T ]; SR J5 ¥ ERNIE
gy A A AR] [)  TAE R BILSTM JZ (0% A EA T 451
PRI, E— DRI, T 15 A BB SO T A 1)
R S UAE B, G L) 2% 2T I i i SCAR
i) [ i R8N H=[H,, H,, -+, H,]; & J& & ] Soft-
max 2 HEAT 4328 THR A B BB SCAR 1) 53 bR
SRR A AT T R A S

( BRI SR 5 Jbi ) R
*
I Softmax | Softmax/z

______________ frm

:I| LSTM | LST™M > LST™M |- LST™M I: BILSTM

:| LSTM |« LSTM |« LSTM |*={ LSTM |: o) £ )22
! 1

d 17,11
! I ] TERNIETI
) s Y s S s S S— || G5l R
E=[E,.E,.E,]

¢ WL 15 46 il SCA i g ) AR

[¥2  ERNIE-BiLSTM £ 4[4
Fig.2 ERNIE-BIiLSTM structure

2.1 ERNIEfill%iES1&5

ERNIE J2& —Ff H1 R 5 19 1 SR s AR Y | 3
I X Vg e SCHE v AR | SR R SR G R AR S
SCHVREERR  E 27 ) 31 58 SR 1 1 LR,
ERNIE 5 BERT #4& L) £ )2 XU ] Transformer % %)
i Ll TR A IO 0 R, S5 dn &
3 ARl

Transformer

i e

ERNIET I £33 35 14 7
T, T, [ T,
Trm Trm El Trm
Trm Trm ] Trm
E, E. ] E,
v KRB A

fig A

C o DO EHCEHCHCOCHCOCEHCEHCCCe)

CroO@@ @O DM @@
OOO@m@E @O

®OOO@®

3 ERNIEZ5H7R R
Fig.3  Structure of ERNIE

54



ML, 5 T ERNIE F9 25 09 & /1 3% &4 1 XRS5 &

WA 2022F H52K F 14

ERNIE G145 4t 5% 1 AU 5 AR 43 o 4
T 53 F) FH Transformer & i 2% 42 il &5 17 1 F
SCHE A B I SCAS 1] [ o, AR DL
Transformer Z 545 3% T3 B I AL E 1T A, v
I HLH BE 85 S i fik [ SCAS AN ] 3] 3 2 ] Y
SRR B8 A B T BRI SO AR 2R AF AL
T, 25 B R AR TR AR AU il B 9 M 5 AR R
TR ERNIE 32t T —Fh 2 B B AR iR
W&, BlG T A R DL S SR G I R SR
T SCHUH o 0 PHHE A 174 2 30 2o B LA A — 2
FAF, YN A5 8 F 00 i FE At 1 38 A, 1 T A 002
> BB RSE / i LF SUfF B . AT BERT
AU PR — IR R WS, ERNIE 51 A T 4% i
FNSE AR =g AR 75 =X, 3 5 2 [ BT
MR I, ERNIE RERS A il — % 1 4 & Bl SC
ATl SUF B IR ) i, AR R T Bk SO T %
D% A E PR R NI RS A S E I SN
SRR,

2.2 BILSTM#&#!

TR e Bl AR 27 > 7 AR N T30 e R 17 Ry
TEFRH, B AT ORG24 5 3 BT I SR B
ERK . KEBHEAZ M2 (long short term memory,
LSTM) Ky 1 fiffphessc — [m) R0, 1 1148 B o0 ke 4 1l
K IE S AL A, o T SCRY O
LSTM B =N 450 8 T ATTG) (i
BT i Co,) it Bt (e,) , TR AT 3L
e — Jise Pt 25 ) 2% iy A7 A BB BE T R R R, LSTM
LR 4 s

[tanh ]| nh]
calerica N caaleric
@ )

4 LSTMZEH A
Fig.4 LSTM structure

Bl 4, xR ¢ BE 20 BT f, R ¢ BE 206 64+1 Bsp
20 5 0,2 ¢ 5 20 A A 5 b, R BB ROR ¢
i ZI % Y 5 o oM Sigmoid BRI ; ¢, M ¢ I Z A BAT
ARAS . LSTM Hl = BT A 2N R s

i, =0 (W -[h_, ,x] +b,) (1)
ft:‘T(W/"[hz—l . %, ] +b/‘) (2)
o,=0 (W, [h,_,.,x] +b,) (3)

h, = o, tanh ¢, (4)

Cl :ﬁct—l + iz tanh(Wr.[hz—l’xL] + b<) (5)
KW, W, W o 15 O R R AU R 5 b,,

by, b, A (ELo

SR, LSTM H RE 7 ~J # J1  # k f SCAS 19
3G 3o BILSTM X i i SCA 247 XU 1A) 25
15, SR AN 5 BT o e« HEA s R IE [
sk, R RLIVER H 5 b, A 0 B 22 BILSTM (i i
G Lst™ RH Lstv R Lstv W st )
(h—= LsT™ || [LsT™M]| [LsT™ || [LsT™M (i)

f ¥ f !
5 BiLSTM %5 4[]
Fig.5 BiLSTM structure

G, AR P 25 B B SOAS B AR AR R Y
Ji 4 AR €l 3k OF [ i e 2 ) 3 AR A
B SAF R I R 1) G DU Rl 2 2] 3] AR 7 451 S
58 o BILSTM BB FEBRE SCAS b SCfF B, X
AW EAE B & SCIEATAREE |, 48 i B o SoAs
SrUER R

3 S AT

3.1 REMERILIGHIESE

BRI IREE AN R - BEFE Python iF 5 1E A
KT , CPU 52 Intel Core i7-8750H, JF % T.
HL%E#¥ JetBrains PyCharm,

R T WF 58 A SCr A 4 1) ERNIE-BiLSTM £
RUXE - HL 318 BB SCAR 1 40 JEUCR AR Xt
i 3 | 2 PR TCRLSCAS , 18 RS Hb H I 7] 2010—
2016 4 (728 e # i fa SCA LT 13 095 2%, R 45 ik
B SCAR IO N AR T 8 PE S 9, 5 FE S5 5
T TS A 3 BT R R R A
SCARKEHLLL 419 He91 5 20 R I 24 5K 4
HEAT 5 A% 28 SURIE , 748 F g it [ SCAR S H et
F 1R

®1 TERRBEXAHESIT

Tab.1 Statistics of transformer defect text number

NGRS — JUHE fa s Bl
PIIE%S 6 076 4204 196 10 476
M4 1519 1051 49 2619

it 7 595 5255 245 13 095

3.2 iFistR
T U S SCAR A3 AR A A R, 7 TE
YRR SG | 75 2R g R VAT PR, P
K FHUER R Ace AEWREE P I A 11 RAE R PEH
Bhw, 2 SLANR
TP + TN

Ace =
“TTPYFP+FP+FN (6)

55



wAEF 2022F F£52K H 144

ML, & A T ERNIE )| %k 69 ¥, 7 % & T LRI =

TP

TP+ FP (7)
TP
R =
TP + FN (8)

A TP kB SCR IE R IE B A REAR R s P
BRSO R IE R RIREA R 5 TN, FN 9 5 81
SCAR S BRI JE PN AR S REAR K H

HIZ 1AL, BREE SCAR IR Z 2R ) E%ﬁt
/TR S8 I T = W 7 VT S S 2
BEoh T BRAEPF O 45 R 1 & B $Kﬂvwﬁﬁf¥
KLRG AR Tr FOE T 22 SR PR REREA TP AG , 57

PILES I A 2 00 L BR300 2K ]
BORER A AR A ST I ST
_ 2PR
PR )

33 KEERITLE RS

R T e R PR RE R BR i SCAS e Rl 3R]
R AR SO A8 He #8850 g SCAR R i S T ARG
IR B DL Jieba 431n] T 5 S LAl SBR[ SCAR
53], BEAh, T BEARER G SCARTUR B 45 5 W
TR RIS 75 ] AR TS T ik S X))
W BB 64 25 O JFH BRI, ik — 25 4 THERAE $ B
WERAPR B SO T PRI AR /R 2 A& 6 Firs

T A 1 T IR g A

5 (T A B 2/3
7 inD
SR U AR PULS BERS

ARG sy A Mkt Y 2/3
R D
15 B PR RERS WA

B At 2/3
6 b SCATIAL FIR 3 P
Fig.6  Schematic diagram of defect text preprocessing
TR B SCAS 73 2R 45 R B 52
LG AR A 1] 1] AR FR AR AT RO T T A
GMESG )L (HERZ X R SCERE R .
TS IE ERNIE X R SCA 0 S MER AR A9 42 T, 78
IARIRBY B, LI T Word2Vec, GloVe P Fh s
1) 7] AR RN BERT T 250 5 B 5 L b4 X
o 1817 45 A A B AE i i e v A0 v R 8 1L
ik
MIEN T H AT LA BEE A AR T,
AT B PR AR b T, B ZRis S B Y
RETE IR AU D B A R AN B8O, O HL
H1 T ERNIE B TSGR EA T R, B DL de D Y
ARRBOR B o 1AL G A4 2 il i F A TR
B AR A A A P B Sh i BOR, HAER R UG 2
T HINGRE SRR, g RN 8 iz
56

3.3.1

—
BERT R
§ 80 Glo\g /,_ﬂ/%/ - ’
N —
= 70t / o
/ Word2Vec
60
50 L L L
0 5 10 15
AR

K7 N gRERkm e A ith 2k

Fig.7 Training set accuracy curves

0 Word2Vec
P8 i AR 2K SR B
Fig.8 Influence of word vector model on classification results

ME 8 R LIE H , Word2Vec B2 2R HERGH
AR, F R B G AL SR N A RIS
1k, B AT G 458 110 45 358 i) 0 0 DA ARE 5 43 PN 4
GloVe tH F 5| AT 8 SCAR M 2R G THE B, ik
PEREZEME L T Word2Vec, 1540 1) 25 1a] [a] G
AP AR R 25 B SOAS B AR O il n < AR
FEARTEE

Pl 21t 5 BT T o Ak R B AR R
. FHE T Word2Vece H HELE BAA F 45 8 1Al
AR B A SCARFRIE (R B BERT 45 & 1 Sk SC
ARH T NES S BEAS PP AT T, $2
)7 J2 T A5 B o T ERNTE X748 i 5 5 B
AT INAVE XSO0 T BERT 1Y 5 A =224
W4 J7 T, ERNIE 38 i F1 iR B 0 19 7 ik 5] A T 58
T T 0 0 22 B B RS SRS, 2 ) 3 EL S Y
Bl b SCATE X5 & 1 BERT HAE X745 dE 478
T2 2], W SR S m b g DX 31 Aan 181 9 T o

2 A S

BERTT@II 77X, Transformer

LRI TETEaL
PP i

ERNIET@E J7: Transformer

STEETTTaaETE

E9  ERNIE A BERT #5514 22 5
Fig.9 The different masking strategy
between ERNIE and BERT




ML, 5 T ERNIE F9 25 09 & /1 3% &4 1 XRS5 &

WA 2022F H52K F 14

M9 ] LI, BERT 3 i 2 > Jmy 8 1)
SRR TR RS R ) T B A Y 327 R
CORTF (HER LT A A HE A SR fole = ) S A
BT i SUOC R B A2 2], (9 4 BERT TG vk
PRS0 1) B IS R I S IFE I R s ERNIE
BT 5T B R SR GO0 B8 SRR, BEiS
) SERE N IR BT, AN Sy Ee TR, 6] N RE 6%
R R B RN AR R 22 TR T OGRR A A A
[ A fif BEPE . JF H ERNIE 2 —Fl i T 2 fihh 3¢
TERHZEUIN S5 ok 118 5 B DI ZRiE R AN
{XHE = T ERNIE (i SCRRRE ), &4 e 1
HOA PR R 8 SCAS I 12 A RE ), (AR TR X HR, )
SCAAZ AR AN [ I3 FH 37 Sk B4 A iy B
3.3.2  AN[AEE SCA I AR REXS [E

T B0k BiLSTM 7 Bk [ SCAS 73 JE [T 1 )
P T SCA G W B, T S 1] dE AL (sup-
port vector machine, SVM) A1 KNN P Fl #2527 >
B K A BLURR 25 W 2% (convolutional neural net-
works, CNN) | fff 2 41 28 % 2% (recurrent neural net-
work, RNN) L& LSTM ARy % L, SERa 45 5 402k 2

PR
F2 FREXAH RERLERGH
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