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Nested entity recognition method for power transformer defect records

Miao Xiren,Cao Xilong, Jiang Hao,Chen Jing,Lin Weiqing
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: With the continuous expansion of power grid scale in recent years, a vast amount of unstructured equipment defect records has
been collected and accumulated. This data contains entity information crucial for equipment condition assessment and operational
decision-making. However, the prevalent nested entity structures in such data lead to increased entity boundary ambiguity and contextual
semantic complexity, posing significant challenges to traditional named entity recognition methods. To achieve accurate identification of
nested entities in defect records, this paper takes power transformers as a typical example and proposes a named entity recognition
method for power transformer defect records that combines pre-training bidirectional encoder representations from transformers with
permuted language model (PERT) , bidirectional gated recurrent unit( BIGRU) , and efficient global pointer( EGP). This method first
employs the PERT model as a vector embedding layer for dynamic semantic encoding, leveraging its permuted pre-training characteristics
to deeply capture contextual dependencies. Subsequently, a BiGRU network is introduced as the text encoding layer to comprehensively
extract semantic features through its bidirectional gating mechanism. Finally, EGP is adopted as the decoding output layer to focus on
entity spans and boundaries, enabling precise extraction of nested entities while avoiding the label conflict issues associated with
traditional CRF decoding. Experimental results show that this entity recognition method effectively addresses the challenges of nested
entities, achieving a comprehensive F1 score of 96.01% , which is 0.55% and 0.70% higher than those of the bidirectional encoder
representations from transformers-biaffine attention( BERT-Biaffine) and bidirectional encoder representations from transformers-machine
reading comprehension( BERT-MRC) , respectively. Tt attained the highest F'1 scores across all five entity label categories. Specifically,
for defect equipment and defect component recognition, where nesting is most prominent, the F1 scores of the proposed method reached
100% and 94. 74% , representing improvements of 0. 57% and 0. 13% over the best baseline models.

Keywords : power transformer defect records; named entity recognition; pre-training BERT with permuted language model; bidirectional

gated recurrent unit; efficient global pointer; nested entities
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Table 1 Entity extraction types and examples
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Fig. 1 Structure of the PERT-BiGRU-EGP model
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Fig. 3 Structure of Transformer encoder

Sy SR AR AL 2 RE LR Y R R T, nT DR 2 A
A FER IHLE] Y A7 5045 R DAY AR 2 3k 1 3 ML
(multi-head attention) """ 5 =5 A5 U 4 $12 7 1) | 4 15 22 [i]
K FR LT SCF B BYRE T LATE N H AR FE ARG SCAR Y
gty HatE A= (5) ~ (6) FiR,

h, = Attention(QW? , KW VW) (5)

MultiHead(Q ,K,V) = Concat(h, ,h,,--,h, )W’ (6)
K. MultiHead ( +) 7R 223 1 B T 6 v 66 B
Concat( +) FRFTA H R FIHL T 5 46 B 1Y §F 42, w0
FORE BB m FR K B b, TR A ATE
T A i
2.2 BiGRU XA&%HE

GRU 5 LSTM [A] ) RNN AYAS{A , #lo4di FH I 1 4540 ok
HlME B E 3G, 7 — E R L Pe T RNN 1778 56 B TH
I BB B KE AN (4 ), A T AL AT AT]
RUTAUR T 3 /ST T4 B0 LSTM, GRU K11 4544
AR TR A ] I TR s LSTM 9%
AT BT D RESEAT A T e 2 2 ml ol 4
BF LSTM, GRU 11 25 44 58 Jnn faf 2, X AR P AT 5
LSTM HH I £ 2 S AE M RE 19 [, RE A S s R A 7)1l
457 GRU WYZEHINIE 4 P,

h,_, s

K4 GRU Z5Hy
Fig. 4  Structure of GRU



24

BEAT R R AR B T SR SRR S T 165

Bl GRU YRR~ n0(7) ~ (10) Bi7s

r,=c(W, +[h_ ,x,] +b) (7)
z,=0(W, - [h_ x| +b) (8)
h, =tanh(W, - [r,*h,_ ,x,] +b,) (9)
h,=(1-z)%h,_ +z *h, (10)

X v, Filz, S0 B R EE VR TAE ¢ B 20 A5
x, TR ¢ B2 A sk, B R, SR BIFOR ¢ B 2R
t— 1 B2 BRCIR S 5 b, e ¢ IR 20 4 0% 1 R IR 2
W W W, 73l F R8T ] Sk Bk A 1
MR b, b, A b, AN E T B ] Bk
BORSH R B 10 &0 Fon Sigmoid BTG PREL, - Fom s
T [ e as 1A ] B BF422 5 tanh 38 78 U TF 10 30T pR %R
% RN %) Hadmard £,

BiGRU W5 & 5 s, A TALBERH T 8 F
T 3CfE BB BA TR GRU, BiGRU 1833454 1E 7] 5 [ 16] GRU
FEAI, 78002 R s 5 R SR I R SCfE B, kAN T BR
GRU TGk M 4 Jmy B F SCA5 8 09 )= BR4 , T3 5 1 )%
FIRHE A FRERE S

iﬁﬂtﬂrﬂ%

K5 BiGRU %5y
Fig.5 Structure of BIGRU

BiGRU MfEHE A (11) ~ (13) FiR,

h, = GRU(x,.,h,_,) (11)
ﬁz :GRU(xryzH]) (12)
h,=[ h,h] (13)

gtrf, b, Bl R, SRR ¢ B Z0E 5 R 1 G R RIR A
h,, FoR 0 - | IZIETE I ERRIRAS ; b, %t + 1
) 1 BATREIRAS s A D64 b, 5, A5 ) R A L1
HOIRAS b, 1St
2.3 EGP f#HiaHE

1£55 CRF 55 50 7E fif T I 75 AR 4 i — AR S e 3
YRR , SR I AT I T SR RRES , B T
PRANERE FURE IR T —ANFR S , 7 FL I X 25 94 0 B
A I, AR T 5 v S By 0 5 48 o o B T O

R IEL R E BT MR L 42 RF B 190 4% 3 i
FLARIFATR S A2 Jm v BT A S TR s TEE ) 200, AN i X 73
WK P R SR — AR A TR Y P TR
X SR AU R FER R

AR B I 246 A A — A T S R B 1
KB n A, KA nox o B TE 5 TR AR BE R SCA Hh
A AT RESEAAR R AR B 5 2 1A B IR AR I 5 9 i
NSRS AR N SE T2 o ol TR IR ) b = £ 0
3 BT S8 ASCARAS B A IS s, N I A e T R T
=Sy, AEAIE 6 Frs AR il B TRICAS A
PREE—ADLMFE ), Hoh 1" R 7R H R I 5 45
T 07 WIACRAAFAE ST 5, A B 318 02 A B
o T LATEE 2 9 0 1, MO T S B G I SR Y 5
CEAET R BRI AR AL AR

Z | ®H |8 W E | H |8 | H
Zlo|1|o0o]o zlo|o|lo]o
(=i 0010 =1 0] 0]o0
% 0o B 0|1
I 0 H 0

R A S BRHILSIERE

K6 AJa bt I 24 SR 7R i
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Fig. 7 Dataset annotation example

3.2 FMMiEiR SRR E

AT VA AR T AR H T AR R AR B I SR SR U
55 A U, A S BOKS B 2 ( Precision, P) | A 1] %
(Recall ,R) L}z F1 538 ( F1-Score ) 1 R VAl A8 4 E
B Fa R, Hidr, PR AR AL IE R0 0 SE R B 5 IR
) G R SRRSO 22 FL D R A R T 4 SR ) o
P 5 R RBIR TE AR U0 B 0 SRR 5 SR BB R 2 L
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Table 2 Model parameter configuration
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ELSd0 HufH A BERT T RS A — X i) Kt b 342 0 26 — 25 AR B AL
ttess Adam Y% ( BERT-BiLSTM-CRF ) 5% PERT FUill Zrfsi - 2% 14 b
Sch 5x10° HL¥% ( PERT-CRF) B3 3 ] TS SC AR M 9 BERT
IR 16 YL - U5 417 25 ) ( BERT-biaffine attention , BERT-
BARIFIIEE 236 Biaffine ) #0780 LA % BERT T Y1l 5 455 780 — L 2% e 2 34 fip
BICRU = 128 ( BERT-machine reading comprehension, BERT-MRC) £ 71
BEALIS 16 2R 0.2 P e e s .
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Table 3 Comparative experimental results of models
o CRF BiLSTM- BiGRU- BERT- PERT- BERT- BERT- PERTiBfFZEU-
CRF CRF BiLSTM-CRF CRF Biaffine MRC EGP (A1)
YIRS 8]/ min 31.15 40.12 37.18 49.25 45.72 56.35 109. 26 26.38
BRIE RS R 87.50 99.22 98. 45 99.25 98. 50 99.21 98.51 99.25
e 7 v 93. 80 99. 26 98.53 98.90 98. 89 99. 26 98. 90 100. 00
. BRPE A 95.47 98.03 98.57 97.47 98. 00 98. 60 99. 15 100. 00
e B BE TR 83.38 86. 47 87. 65 91.76 91. 10 93.77 94. 15 94.31
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Fig. 8 Comparison of training time across models
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Table 4 Comparative analysis of model performance

under different proportions of nested entities (%)

.- WEp ARIRHHAS I o e
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BERT-BiLSTM-CRF F1 91.81 85.55 74.10 69.23 60.40
BERT-Biaffine F1 05.28 94.43 92.58 88.15 86.09
BERT-MRC F1 94.14 93.23 91.75 87.79 85.90
PERT-BiGRU-EGP F1 95.79 95.16 93.28 90.03 87.61
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Fig. 9 Comparison of F1 score for each entity

type across three models
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Table 5 Ablation experimental results of models

(%)
PP
PERT BERT  BiGRU  EGP
P R F1

vV V92,62 93.46  93.04

2 V. 9555 9562  95.58
v VvV 93.78  94.50  94.14
vV vV V. 9508 9541  95.24

2 2 V. 9578  96.24  96.01
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Table 6 Case analysis of recognition results by various representative models
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