5 53 B4 3
2025 4F 3 J1

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 53 No. 3
Mar. 2025

NEHS: 0253-374X(2025)03-0420-10

DOI: 10. 11908/j. issn. 0253-374x. 23253

BT E) 4K 52 B g 12 M 48 B i 5 A 2 R 1R
HE S HEE

. . . 0 s 0 s - .
eR L, EMH I, R AR BB B
(1. B R ek TR2ERE, 1 20180452, [MEr K I HLEASM AT AL RG L 2 E A EE, 1 201804;
3. [FBFRE LT 2 M A s s m B R SIFET oL, 1 201804)

FEEE . e SO 2Kk B R AR A TE 1 R AR MUY O
AU R AT N BB S ), R TR T
BiLSTM—CREF (Bidirectional Long Short—Term Memory—
Conditional Random Field ) ¥ Hu42k i 2 Ab & 11 4l B 5 1 2
Jrike EOE I BILSTM—CRF J5 3% Mgk iy 2 kb & A
Y SCATERLIEA T v 48 SRR, 58 ISCA BRI TR IR
FEUR, 38 TransD ARG J5 SE AR 7T R HAERE , DA
1117 578 B LA S A 0 i A X8 A 4 A O R % g 30 8 R AR BT 3 A
5 3 Ja , T Neodj IR 22 %48 2 A A2k 17 22 Ak 78 T R R
WEEHAT T AT R FIR G130 . BT S5 RR] BT
BILSTM—CRF F R OB RS (4 RG 8 5<  41 [0 SR F1{E
Pjik#] 7 90% L I, H3EF BILSTM—CRF (9 TransD 5%
)9 T 48 SRR R AR T T 22.92% , A3 T IR B A 2
HERAPE , T o R 2 A R LR S F

KB ML S HRE R s A R ML AL K g
B P26 5 TransD #5278 5 R
FESHS. U491.1 SRR : A

Metro Emergency Knowledge Extraction
and Knowledge Reasoning Based on
BiLSTM-CRF

YE Yutao':**, WANG Pengling'-**, XU Ruihua'**,
XIAO Xiaofang'**, GE Jianhao"**

(1. College of Transportation Engineering, Tongji University,
Shanghai 201804, China; 2. Shanghai Key Laboratory of Rail
Infrastructure Durability and System Safety, Tongji University,
Shanghai 201804, China; 3. Shanghai Collaborative Innovation
Research Center for Multi-network and Multi-model Rail
Transit, Tongji University, Shanghai 201804, China)

Abstract: To address issues such as the unclear sequence
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of procedures and ambiguity in the personnel responsible for
executing the emergency response procedures in text-based
metro emergency response processes, this paper proposes
a knowledge extraction and knowledge reasoning method for
metro emergency response procedures based on knowledge
graph of bidirectional long short-term memory- conditional
random field (BiLSTM-CRF). First, the BiLSTM-CRF method
is used to identify the named entity of the text data of the
metro emergency response process, and complete the
knowledge extraction of the text data. Then, the TransD
model is selected to conduct knowledge inference on the
identified entity data, thereby completing the construction
of a knowledge graph with entities and attribute pairs as
nodes and relational pairs as edges. Finally, the Neo4j graph
database is used to visualize and analyze the knowledge
graph of metro emergency response process. The research
results show that the precision, recall, and F1 value of the
knowledge extraction model based on BiLSTM-CRF have all
reached more than 90%, and the accuracy of the inference
results of the TransD model based on BiLSTM-CRF has
increased by 22.92%, ensuring the accuracy of knowledge
graph construction and providing decision support for

subway emergency management.

Keywords: metro emergency response; knowledge
graph; bidirectional long short-term memory- conditional
random field (BiLSTM-CRF); TransD model; knowledge

extraction
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Fig. 1 Knowledge graph construction process infor-

mation of metro emergency response process
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Tab.1 Entity, relationship, and attribute information in the metro emergency response process
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Tab. 2 Example of entity annotation definition

SRS PR
bR/ E LS OBJE(Object)

N A R PROCE (Process)
A5, PLACE(PLACE)
FHAREH CAUSE(CAUSE)
O INI NAME(NAME)
Ak B ORG (Organization)

%3 BMEO#RTLRRAI
Tab.3 Example of BMEO labeling results

RG> brit RG> bRt
1 B—NAME 12 ¢}
2 M—NAME 13 ¢
3 M—NAME 14 @)
4 M—NAME 15 ¢}
5 E—NAME 16 ¢
6 ¢ 17 ¢
7 @) 18 @)
8 B—OBJE 19 0
9 E—OBIE 20 B—ORG
10 ¢) 21 M—ORG
11 0 22 E—ORG
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Fig. 2 Flowchart of BILSTM-CRF named entity rec-

ognition
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Tab.4 Results of named entity recognition

G P/% R/% F/%
pllER S 89.45 88.59 88.35
AT S 90.72 90. 58 90.19
RS 91.74 90. 23 91.47
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Tab.5 Results of comparison of inference

*’E}g%;*ﬁ MR MRR P Hits@m
m=1
TransD 81.74 0.71 60.65 72.03 79.47
A BILSTM—CRF TransE 362.76 0.43 35.22 47.65 54.60
TransH 116.13 0.68 59.46 70.67 78.93
TransD 146.74 0.63 48.48 65.34 73.65
JTEBILSTM—CRF  TransE 386.72 0.41 32.16 43.46 51.98

TransH 161.01 0.62 53.61 63.72 70.32
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Fig. 5 An example of the knowledge graph of metro fire emergency response process based on

BiLSTM-CRF (part)
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