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Named Entity Recognition Method for Unsafe Underground Behaviors
in Coal Mines

FU Yan, LIU Peiyi, YE Ou
(College of Computer Science and Technology, Xi'an University of Science and Technology, Xi'an 710054, Shannxi, China)

[Abstract] A coal mine unsafe behavior corpus containing 8 entity categories and 2 359 samples has been
constructed using a BIO labeling strategy to improve the efficiency of underground safety management and realize
safe coal mine production, based on the relevant standards and norms of the coal mine industry as well as insights
into the field of underground unsafe behavior. Aiming at the problems of insufficient semantic information
utilization, unbalanced entity distribution, and fuzzy entity boundary in the named entity recognition task of unsafe
behavior in coal mines, this study proposes a named entity recognition model based on Global Pointer and
adversarial training. First, the improved hierarchical RoOBERTa model is used to make full use of multi-layer
semantic information to enhance the text vectorization of underground unsafe behavior, and the word embedding
layer is disturbed by adversarial training to alleviate the problem of data imbalance and enhance model robustness.
Second, Bidirectional Gated-Recurrent Unit (BiGRU) is used in the feature extraction layer to more effectively
capture the contextual semantic features of the corpus and enhance the semantic association of the text. Finally,
Global Pointer is constructed in the decoding layer to obtain more accurate entity boundary recognition results. The
effectiveness of the proposed model is evaluated on a self-built small sample coal mine underground unsafe behavior
dataset. The results show that the accuracy, recall, and F1 value of the proposed model are 78.77%, 78.20%, and
78.48%, respectively, which are 2.27, 0.63, and 1.45 percentage points higher than those of the BERT-Global Pointer
model. The findings provide a basis for constructing a knowledge graph of unsafe behavior in underground mines.

[Key words] unsafe underground behavior; named entity recognition; RoBERTa model; adversarial training;
Global Pointer model
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Error i#/I-Error, /O & /0 /0O k/B-Cause ) /I-Cause & /I-Cause {if /I-Cause, /O

i#/0433/0 J5/0 %% /B-Forget % /I-Forget JX/I-Forget | ] /I-Forget

4.3.2 JH@bER:

R B UEAS SC T SR 1A R DL R A AT it
PR B R 0 R, L4392 RoBERTa-BiGRU-Global
Pointer-FGM Jfy JEEAR Y FE 4731 fh 52 56, 52 56 45 21
m=*E 5 Fmxm. ME S SR LEFEWM 4542
RoBERTa-BiGRU-Global Pointer-FGM #i # [,
RoBERTa-BiGRU-Global Pointer-FGM #i 7 7
W FLAEMFE AR L2 ml et 17 0. 28 f1 0. 22 &
Gral RG220 UE B I R 12 J21E
i w HhRE B 4P Hb MG R SO W B M. 4 )2

RoBERTa-Global Pointer-FGM #& # Bu 15 T %% & 1
R A X 2 R o FGM 38 5 1 45 7 A 6 ek, 42
T T Ay O 8] A A L AE R T O T AR A —
i) Z2 UG, ANHE R MU ) EOE B 1E ], 43 [
REAR . GIAT BIGRU BLHG . 47 [W 4 F1 {4
FRAMARTE T 4. 06 A1 1. 29 [ 43 445, [AFE, BERT-
BiGRU-CRF #% % [+ BERT-BILSTM-CRF #% 7 )
FI{EWA —& Wi TE, £I] BIGRU RE 5141 i 4 £
R SCHE SURFIE , B BT ) SEAR RN AR . )2
RoBERTa-BiGRU-Global Pointer-FGM £ % [t 43
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2 RoBERTa-BiGRU-Global Pointer 157 i 245
FT 246 HAr L, HEIREF T 106 H 4 A
FIAE$ETET 1. 76 B 20 o5 A XS F/IVRE A K 4
IMAXSBUII R 8 52 fife S A 3] 04 S 1 £ o 14 5 A 7Y
()6 A AL RE

RS HMTBERIL

Table 5 Comparison results of ablation experiments %

[ P R F1
432 RoBERTa-BiGRU-Global

78. 77 78. 20 78. 48
Pointer-FGM
RoBERTa-BiGRU-Global
78. 49 78. 04 78. 26
Pointer-FGM(-43)2)
432 RoBERTa-Global
80. 50 74,14 77.19
Pointer-FGM(-BiGRU)
41)Z RoBERTa-BiGRU-Global
76. 31 77.14 76. 72

Pointer (-FGM)

5 ZEFRIE

AR SCRHE T ™A 2E 447 R SCATERLE , R H
label-studio bR T H A BIO bRyt ik 58 i TS24k
Pide, Hoh A 8 A SRS, B XTI T A%
AT 4 AR TEINE % T A AR R E BRI A
JE AR G0 A S A AT SIS AR 0 SRR Y ) R 42
— LT Global Pointer F1XFHT I 2k 1K) fiy 24 SEAAR R
AL, 21 T MR 40 )Z RoBERTa, filve £ )2
T8 AR B 9R SCAS (1Y [ 1 4k o [ B 6T )i A 2= SR
H FGM XTIl 255805 s I sl k47 X biee >, 2%
fif T AN ZE AT R iR D DL R SEARSS I AN 35 1 ]
LRI T A AL SR M, il BIGRU i — 25 3k
bR S0 CFRAE . 55 L Global Pointer B 1
B IR AN e AT RS A B X SR B
IIRBIRE ST o AR SCHE Hh IR RIAE 0 /MR AS Y
W I T ARG AT R SCRTERHE LS T 54 AL
RN 78. 7700, ARy 78, 20%, F1 {H 2K
78. 45 Y60 A FEMERSIRAT — B T, LR g AR
ARSCEE BRI M . S5 S0 I IR AR 2
AT RSOV A S TR LB 3 5 | A SR
SRR R i — 25 3 1 X AN 22 447 SRy SE AR 0 i)
WPk,
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