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ABSTRACT: Power transformer defect texts contain
information about equipment reliability, aiding intelligent
operation, and lifecycle management. According to the
bidirectional encoder representation from transformers (BERT)
model, this study proposes a method that combines pre-training
BERT with the permuted language model (PERT) and the
efficient global pointer (EGP) for entity recognition in defect
texts. The PERT model is initially developed by pre-training a
vast Chinese corpus with a permuted language model. Then,
PERT, as the semantic encoding layer, uncovers the text's
internal semantic dependencies and complexities. EGP, as the
information decoding layer, focuses on precisely locating key
information and extracting the distribution features of entities
within defect texts, accurately identifying defect entities.
Finally, the PERT-EGP model identifies five entity types in
defect texts: defective equipment, defective components,
defective locations, defective phenomena, and defective
severity. Experiments demonstrate that the proposed approach
significantly improves handling complex composite entities
and lengthy texts, significantly reducing model training time

and providing enhanced text recognition performance.
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Table 1 Distribution of the number of entities in the

dataset
SEARRAY YIZREE IAIEEE HIERES &t
Wt 1117 139 140 1396
A 585 70 75 730
HBAL 802 95 92 989
EE S 1138 144 142 1424
TR 245 37 35 317

TERB A, — 2k CARIEF T2 MBS EH
THOLT, BRI SEAR R N iZ M e il ok, (BAE
SEpridsEd, BT ik A RRR I 2 R, AT RE
POEsRH AR —H5r, HOX 2 RIRREEm D 5
Ah, ERALSZAREEN 989, LTSk, XEH
ToRpEER A SR Fa R AR B AR B, ICRAEM
FEAG ) TR B COERI BARAL, By st R sk
ek . FESAREERD, Xl T R AR
M R OSSR E SRS, BN RS 2
X H AT IE S
3.2 EFIRFIBRITEL 547

R T 75 B UE AR ST VR AE SR AR SRR )
LBk, AR A S R SRR S T v
IICARTE o ALFEAL GEbL 2% 27 SIS R 1 R A R A A
(hidden Markov mode, HMM). CRF; Z&TFAL47%
JE£ 5 =) (R TR B K A AR A 22 I 25 - SR AT BE HL
(iterated dilated network-
conditional random field, IDCNN-CRF). BiLSTM-
CRF; %71 BERT Tyl ZkiIER 2% > 8% BERT-
IDCNN-CRF?¥), BERT-BiLSTM-CRF®; 3T/ B
TG LU PERT S AL &5 be 132 3 A5 28 (machine
reading comprehension based PERT, PERT-MRC)1301,
PERT #itahresaniA g s /m 5 (label-knowledge
enhanced representation based PERT, PERT-LEAR) B!,
T B I S EOI R IR S DR AL, IR

convolutional neural
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UESE B fESe MBS HONR AR E, H T A5
fii o ASCHTHE PERT-EGP HE R [ 5 K SCAE AN K&
N 384, #LIX K/NA 16, PERT 222124 0.0001,
EGP JZ2: 2134 0.00001, 18 #4521 (1) LA FBE HL
KIEFREREN0.2.

ANTRIREEARY (R AR RO AR XS EE an 3k 2 o, i
FATH, A ECT HAR SRR A, RS R
PERT-EGP #i 8 ¥)Spren Sree FSF1 73514 91.21%-
92.15%H1 91.68%, FEOrec FSp1 EIIXE] T AR,
R Spre KT PERT-LEAR #%4 0.03%, {H'E ] Srec
Ft 3.93%, X EIRAE IR R SRS 2 T,
PERT-EGP et 1R i Hi 58 2 B IEff 4k . om B
PERT-EGP i i 5 T AR A (HMM. CRF
IDCNN-CRF . BiLSTM-CRF . BERT-IDCNN-CRF .
BERT-BiLSTM-CRF )3.06%~25.12%, 531 A Bt
B s KA (PERT-MRC.  PERT-LEAR) X} bb tH A
EH 2] 2%, EW] PERT-EGP #5754 fE 5 47 b 2 5] Gk
B SCAAE A5 2, A RO IR SCA R RS 8 SEAA .

F2 AEHEEMSFIRAIR ST

Table 2 Comparison of overall recognition effects of
different models

A Sere /% Srec/Yo S51/%
HMM 55.77 81.82 66.33

CRF 81.52 82.02 81.77
IDCNN-CRF 86.40 81.40 83.83
BiLSTM-CRF 85.48 85.12 85.30
BERT-IDCNN-CRF 88.30 88.84 88.57
BERT-BIiLSTM-CRF 86.44 90.91 88.62
PERT-MRC 89.22 90.70 89.96
PERT-LEAR 91.24 88.22 89.71
PERT-EGP (4 7 %) 91.21 92.15 91.68

BT AR B, HMM RILAE,
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I AIRR IO, A R T 2R AR
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IDCNN H1 BiLSTM SEHL 1 554 2501 7 SR AE S HL,
DA K B G RIS B SCAS | R SO AR /g, A4S SRR
BIPEREHE— 82Tt BT BERT TSR,
Et. IDCNN-CRF. BiLSTM-CRF 76 L3515 7 83
W, DRI T 4.74%. 3.32%, iXsEHT BERT
TEAR BRSPS, BERE 5 A R SCAR T I SUfE B
PRARFRAER BRI & S, MEER G 2
WX 7 DA F A5 5 B AR LB, i
TERT P AIbR AT A8 Rk B i A v e
3.3 HWEEAYRDH
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Fig. 9 6r1 of each model on 5 types of entities

T R G B AE AN [R] K B2 S5k B SCAS B (1) S
RN R, R VU 4357 BOK BB SCAR K B 2 N
A(0~33 F). B(33~48 F). C(48~80 F). D(80 FLA
)4 2, BBLE 4 AN AR RESCA BRI R
WK 10 Frs. SEKRE, SHALE 0~33 FIIE S
A FRRSCR A, Sp #RREWSILF] 90%LA . B
T RPESCAA BESE N, #5455 8 P TR ) 285 SR A T 3 s
£ D KA b, BT R AR R e R 1%
AR o AT PERT-EGP #RUZE D 5K Ak



4884 MR 55 2

Rl PERT 5 iy R4 R 4R B I 44 1) P 1) 28 s 2 s SCAR S A TRl 7 125

Vol. 49 No. 11

R B R AL %, 8 BERT- BiLSTM-CRF 7E 6k
i 7.44%, % PERT-MRC &t 2.94%, iiF A
SCEAER A4 UK I BRRE SCAS A B A o 5 1 B A
AR SEAA 1 R

D

06 06 07 08 09 10

1.0
[JPERT-EGP [_JPERT-MRC [[_IBERT-BiL STM-CRF

[IBiLSTM-CRF[CICRF
E 10 FEBRAEREHKERIEAR LS

Fig. 10  6r1 of each model on defect texts of different lengths
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Fig. 13 Effectiveness analysis of PERT
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