ook e A T
2023 4 7H W B 3

Vol. 69 No. 4
Juy , 2023

GEOLOGICAL REVIEW

X 33 3 J57 i) 2 3T 7 FR 3 AR B SR AR IR Al

BEELD) @|E>d Ty BeP AHEY BEAY, Bgs'?
1) Hp M s (D0 T BE , 58I, 430074
2) H [ Hb R A (R ) M PR B RS E T RS TSR, R, 430074 ;

3) LA K TR BRI

4) =R A LSRR

e s st WIdL BB, 443002,
e, WAL B, 443002,

5) rpE TR AE () B USRS TR AN PG, :RIX, 430074

RIBHRE R Fh 5 3 A 400 Aot B B A B TR 2 — M SR 2 R 5 P 2 25 oF W B0 A R R TR AR A
S OCHRE B, R o R A U [P i 42 ST ARy b 2 R B A | R B R R A B R R 2 A A R
Hb iy 45 SEAR TR BIT 55 A 1 23 W b B SR AU A & K L bR i R A AR SRR R K S PR A5 e, F
— G REINT ST A A SRR, S SRR — A I TR R R TYINZR B R ( ALBERT ) — XL ] 4 45 B 1242 R 4%
( BiLSTM) — 454 Bl#L 3 ( CRF ) #5550 (%) Hb 55 iy 44 SE R3O % 1 58 FH ALBERT X4 A F4F I T SCRAAE E4 7 22
5, IR F BILSTM X H A7 3 — 25 b SCRMIESRAE , 35 J5 2R Al CRF SCIFREE P T000 , SCa0 25 SRR 0 AEA 1 Hh
i 44 LRI T A LT S R A 44 SE AR TRUNRE B SR AR SO B S 09 O v LA SE A A e O R B R
1 45 SEAARTFUNARE AR B A AT ST PR R AR A 6, ) At Ay b 2 430 0 S A S 28 ol BRI b 2% S R RS ) R 4RI T ik

¥

SRR < M T A 4% SRR R LTI )  ALBERT 5 IR BIHE: ; Hb BT R 45

HWERBLHEIIR B S A T — N eskE %S 2K
(IR S UR TN €/ TR AW I i A TR0 3
LB R 28 (B B, 5 R iy P 3 Al R R
SO R T HUTUR R S8 25k G R TGS Ty T
(01 JSAFAE 18 BE 1) R 58 4 RN R R AE , SR A
BIAL AT B TR T i AT B sz 8 A B T &
PRRE S AN (Qiu Qinjun et al. |, 2018; Sy 2s
2020) . FERAREHE FECHE 2% A2 BT Ol B 5
U35 b 5T KB Hh 42 B8 A I (B {5 B
FERE L T M~ 40 2 L SR ( Ma Xiaogang
et al. , 2020 ARG 55, 2022 FAL 55,2022 R &
RAE,2022) . 4T, HERBLHEFR O S A T IR
B 9K Bl Ry T BOA EE TS AT R A 04 S0 RS BT
B (R4S 2021 3% = 0m 4, 2022)

2019 4F R [ 3 7 PRI BT HLBR [ PRk Rl
11%]” ( Deep-time Digital Earth, DDE) , ¥ A4 ## 5 K

8 b~ BRIV P2, T2 R AT b R 1 A R S 4%
(18 < RIS RS - bk G r R e 3K R i A e T
SR H T A T AR — (JA R 55, 2021
Wang Chengshan et al. , 2021 ; Ma Xiaogang, 2022) ,
R RSB SR R REIRE N B HETESE N
TR REAE 55 O TPLEER, R PR 35 L IR AT FE 6
PAT5 A R, i 44 SOOI Sy SOARE B
IR R AL AT 55 A BR Al TR — — LU
RARAFEN T T2 W O TE A R 1 & Jre (iR 5 98 4
2018 ;Ma Chao et al. , 2022 ; Wang Bin et al. , 2022)

i Jo AR R o S A A S RO BT A
Jit ) E I A R B R Vi i O Y TR
RO 26 R R T S I M 2 AR A0 RE X b BT 4
R EEE B EAT A Sh Ak IR K A 3l
e O R M R RS B A 2 S (Qiu Qinjun
etal., 2019a, 2019b) , FEHBTTATIK, H s/ JF

0. AR SCHERE SRR (5. 2022YFFO711601) | E K A KB 5 4% B H (4i45.42050101 ) F1 i E 6+ 5 R 24 % B H

(45 :2021M702991) FiI R

WA H 199 :2022-11-23 ; 8] F 31 :2023-01-10; 45 14 & : 2023-01-20; T AL Z# . ZHIJE, Doi: 10. 16509/]. georeview. 2023. 01. 085
YEB T BBAZE, % ,1988 44 BRI 51 ; Email: qiuqginjun@ cug. edu. cn, MiRMEH : SEL, %, 1980 4E4: , Fl #(4% ; Email; makai@ ctgu.

edu. cn,



1424 Mo

it

2023 4F

Fri RS 5, AH GBI e AT Ak T2 28 B B (i AT
85,2021) o BTSSR S A TR I T TR 0 ) S AR
TR IAI R A L 38 P SR U], B EA R R

(1) Hb e b i 4% R Z 80K H A 2%, Al i3
PR AT S PR AR X I, A < R B E
B R RT CRIE SRR - TR AR

(2) Mt 5 B 25 AR R o SR AT R
R SUFEBARIRE T, TR 24 LS55,
SRR KRR B KT LN SUF B, indk = -
TIE B SR SR P A R R R

(3) T A5 0 SR AE AR K 2 ki, D
— AR AL S A SR, BN T E AR
AAFEAE" , X —R e aSEkhasam“a
Y AL BT YR N BT A 44 SRR
S S 2

(4) Hb 5T iz 45 Y SR b B L AT, ) 4n
“HIEH R EH B PCARE” XA P S A
SR AN CRTR B R SE B RCA R, B
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BiLSTM—CRF , BiLSTM—Attention—CRF ., BERT—
BiLSTM—CRF . IDCNN IDCNN_v2 , ¥ A iy 24 5441
TR H WA A
5.3 ZWHER
5.3.1 AEZMEELEEREE

ALBERT—BILSTM—CRF 5 ALBERT—BILSTM
BRI A5 AN 5 R

MR 5 T LA 78 BT R B ke A Y
ALBERT—BiIiLSTM—CRF #& % F1 {H ik 2] T 76.
27% , W1 i = T ALBERT—BILSTM # B Ay 65. 17%,
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Table 3 Statistics of the number of entities

SRR i ik
HUFT AL (GTM) 1864 7.99%
TS (GST) 1359 5.82%

HJZ (STR) 3016 12.92%
A4 (ROC) 9827 42.09%
B (MIN) 4924 21.09%
b5 (PLA) 2355 10. 09%
FR4EBSHILE
Table 4 Model parameters setting
E e e
MAX_SEQ_LEN 256
Batch_size 16
Epoch 20
Dropout 0.1
Optimizer Adam
BiLSTM_Units 128

% 5 ALBERT—BILSTM—CRF #8018 4 1
Table 5 Experimental results of
ALBERT—BILSTM—CRF model

ALBERT—BiLSTM—CRF ALBERT—BiLSTM
P(%) | R(%) | F1L(%) | P(%) | R(%) |F1 (%)
GTM | 81.82 | 68.94 | 74.83 | 59.68 | 64.26 | 61.89
GST | 88.57 | 56.36 | 68.89 | 55.63 | 47.88 | 51.47
STR | 80.00 | 69.27 | 74.25 | 64.44 | 64.80 | 64.62
ROC | 76.68 | 72.79 | 74.68 | 62.12 | 65.27 | 63.66
MIN | 79.22 | 81.64 | 80.41 | 68.41 | 76.87 | 72.39
PLA | 65.88 | 69.14 | 67.47 | 36.36 | 54.32 | 43.56
Average| 78.64 | 74.03 | 76.27 | 62.78 | 67.76 | 65.17

ek
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Table 6 Comparative experimental results of

different models without pre-training model

TBETY P(%) | R(%) | F1(%)

IDCNN 63.30 | 63.98 | 62.84
IDCNN_v2 68.30 | 61.33 | 64.33
BiLSTM—Attention—CRF 60.50 | 62.08 | 60.11
BiLSTM—CRF 59.38 | 58.15 | 56.97
ALBERT—BiLSTM—CRF 78.64 | 74.03 | 76.27

b b2 SR (PLA) TR 25 SR de 1%, FLPAEAY F1(H
EA, I CRF 2 XHERLEE b A 0 2 4= (1 3t 44
1A A B RARCR  HAB SR A0 45 1 BT A
(GTM) HiFik3E (GST) M2 (STR) A4 (ROC)
F1AEI , SR B R BIRCR K FEAR
5.3.2 AEREAMHEELLE
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Table 7 Comparative experimental results of different

models based on pre-training model conditions

LY P(%) | R(%) | F1(%)
BERT—Trans—CRF 70.11 | 70.09 | 70.10
BERT—CNN—CRF 71.19 | 71.21 | 71.20

BERT—BiLSTM—CRF 73.21 | 73.05 | 73.13
BERT—CNN—BIiLSTM—CRF | 72.99 | 72.18 | 72.58
Lattice—LSTM—CRF 71.98 | 71.77 | 71.87
ALBERT—BIiLSTM—CRF | 78.64 | 74.03 | 76.27

P SRS P 4 S0 S5 T AN [ A 25 6 0 Ll 4
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BIZFN F1AH =07 18 00 T HA T b S e g Ay | 2L
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PRI B S48 45 22 ) F1 8 AR 60. 11%, H
B A IR T BILSTM AE b FAFFE1iE
PEHUERTC W T A5 Pt 24 AR R 5 I 5 1) P
FRIERERE AL, SBORBIRCR B 2, i,
IDCNN BRI F1AHWAUA 62. 84% , L4 R ISR
A T, 5 BILSTM—CRF # A 46 I,
BiLSTM—Attention—CRF 151 7 [ 1E #ff 2% 2 7} 1.
12% , 43 [ ZR42 Tt 3. 93% , F1 {HWARTH 3. 14%,
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LIS, M5 45l iy 44 SR IE B BRI AT 2 X
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Attention—CRF A7 | X Hb 512 56 45 S (%) 15 7 % 42 T
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Table 8 Extraction Results of Geological NER
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Mt 3+ / appendix

ALBERT—A lightweight pre-training model / %% 4% Tl I 2545 5

BERT—Bidirectional Encoder Representations for Transformers / Tl £k
i

BiLSTM—Bi-directional long and short-term memory network / X [i1] K 55
IFCAZ 45

CRF—Conditional random field / £5FKiHL%

NER—Named entity recognition / iy &4 S5
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Chinese named entity recognition for regional geological survey text

QIU Qinjun'*’ | TIAN Miao™* , MA Kai***, XIE Zhong"? |
JIN Xiangguo” , DUAN Yuxi’’, TAO Liufeng" >
1) School of Computer Science, China University of Geosciences, Wuhan, 430074
2) National Local Joint Engineering Laboratory of Geographic Information System, Wuhan, 430074

3) Hubei Key Laboratory of Intelligent Vision Based Monitoring for Hydroelectric Engineering,

China Three Gorges University, Yichang, Hubei, 443002,
4) College of Computer and Information Technology, China Three Gorges University, Yichang, Hubei, 443002 ;
5) National Engineering Research Center for Geographic Information System, Wuhan, 430074

Abstract: As one of the most important data sources in the field of geological survey in China, geological
survey texts contain a wealth of geological knowledge and descriptions of geological bodies and other key
information, and accurate and effective extraction of geological entities in this field can provide the basis for
geological knowledge graph and knowledge inference. In this paper, based on the description of the geological
named entity recognition task, it is analysed that geological entities contain a large number of terminologies along
with domain characteristics such as entity nesting and a large number of long entities, which further increase the
difficulty of geological named entity recognition. A lightweight pre-training model ( ALBERT) — bi-directional long
and short-term memory network (BiLSTM) — conditional random field (CRF) model is proposed for geological
named entity recognition. Firstly, ALBERT is used to model the contextual features of the input characters, and
BiLSTM is used to further characterize the contextual features, and finally CRF is used to achieve annotated
sequence prediction. The experimental results show that the proposed method has superior extraction performance
than the mainstream named entity recognition model algorithms on the constructed geological named entity
recognition datasets, and the proposed named entity recognition model can provide reference for domain entity
recognition, as well as provide powerful methodological support for entity relationship extraction and geological
knowledge graph construction in the geoscience domain.

Keywords: Geological named entity recognition; ALBERT pre-trained models; knowledge graph; regional
geological survey
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