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Knowledge Graph-based Q&A System for Blasting
Safety Management in Open-pit Mines
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Abstract; Safety management plays a vital role in blasting operations , and blasting safety is closely related to the
processes of drilling, blasting, loading, transportation, and dumping, with significant interactions among these proce-
dures. However,due to the diverse sources and complex structure of current blasting safety data,the lack of systematic
integration poses challenges for on-site personnel to accurately acquire critical safety knowledge under complex working
conditions. To address this issue, this study applies a BERT-BiLSTM-CRF-based method for entity recognition in the
field of blasting safety management. The BERT pre-trained model is first used to obtain dynamic word embeddings, fol-
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lowed by optimal label sequence tagging using the BiLSTM-CRF model. A knowledge graph covering seven entity types

and nine relationship types is constructed and stored using the open-source Neodj graph database system. Experimental

results show that the F|-score for all entity types exceeds 60% ,demonstrating that the proposed model significantly im-

proves entity recognition accuracy compared to traditional models. Based on this,a knowledge graph-based Q&A system

for blasting process safety management in open-pit coal mines is developed,enabling rapid querying of domain knowl-

edge and efficient matching of various blasting processes with safety standards. With the support of this Q&A system,

on-site engineers can make timely and informed decisions in complex blasting safety management scenarios.
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Table 1 Example of a blasting code system for surface coal mines
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Fig. 2 Entity types in the field of safety management of

blasting processes in surface coal mines
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During blasting operations with mechanical charging, the on-site mixed heavy oil explosive charging truck must not only comply with the provisions of Section 6.5.3.2, but also ensure that there is sufficient
clearance between the explosive feeding screw and the pipeline, avoiding any friction with the casing. For small-diameter borehole blasting, the charging device must meet the following requirements: the
casing of the charging device must be made of corrosion-resistant conductive materials; the explosive delivery hose must be made of semiconductor material; and the total grounding resistance of system
shall not exceed 1 10° ohms. When using charging trucks and devices, the following provisions must be followed: the delivery air pressure must not exceed the rated upper limit; both the charging truck and
device must maintain proper grounding; the roller speed must remain uniform and below 0.5 nvs; and the explosives used must be screened to ensure no rocks or other debris are mixed in.
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Fig. 5 Doccano annotation example
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TR S50, 2L T 103 523 Ry SoA . Wk
Jo R AR 3 526 047 =, Il R4k 357 241 7, ik
£ 168 806 =, HLyb I 3995 Al & A HIN R,
BE Xt M 1 i 2 H R SRR Ll
ARIETCR AR AL, R 43 BOBUR S5 N T8 SURCHEAR
GG R A S BB Ty 2R %
BUPERIRTHE T 8 5 R SCAR 53 FI A N i BERT 45
AU 512 45 BRI ) B TE , i O B 150 T S 5045 G i
BAERE B e R R . IR AR v s il an I 6
Fis .
2.2.3 A TR Ib R

PR A Tensorflow 335 g 4745 48, ELR I 25
WEESENE 4 Fins,

x4 IGEHREESH

Table 4 Training environment configuration parameters

I H 4 F Ttem 8% 4 B Environmental name
Opj::fi/flf\ sé}f:tem Windows 10
CPU Intel Core 19-14900Hx 5. 80GHz
GPU NVIDIA GeForce RTX 3090Ti
python 3.7.12
Pytorch 1.12.0
Tensorflow 1.15

BERT Y2280k 5 iR .
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Fig. 6 Example of annotation in the training set
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Table 5 Bert model training hyperparameters

ZH 44 B Parameter ZHUE Value
Max_seq_length 512
Train_epochs 30
Train_batch_size 3
Learning rate 0.0003
Dropout_rate 0.3
Clip 5

DL F,-Score {5k PEHr BERT-BILSTM-CRF 45 4%
SEARTFONA R I BRERICR, , F) AE R ACR A A AR 1
R R ER , B B S A5 R AN 6,18 7 TR .

091 —e— BERT-BiLSTM—CRF
—a— BERT-BiLSTM
osh —=— BiLSTM-CRF
° 0.7F
g
oG
= 0.6
0.5F
0.4

FURL 50k B S BT 2 R MR R PRV IFE I L AR A5
Facility Parameter Method Geologic Material Index  Person

SLARKR
Entity types
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Fig. 7 Comparison chart of experimental results
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Table 6 Experimental results of named entity recognition model

ST BERT-BiLSTM-CRF

BERT-BiLSTM BiLSTM-CRF

Entity Precision  F-Score Recall ~ Precision F,-Score Recall Precision  F,-Score Recall

HLEI% % Facility 0.60 0.61 0.62
1S4 Parameter 0. 83 0.82 0.82
T 2754 Method 0.68 0.70 0.72
Hh TR 5% Geologic 0.73 0.72 0.72
A1 BHEFE Materials 0.59 0.61 0.83

Jifi T3 Index 0.64 0.65 0.65
ZH 21 N\ B1 Person 0.63 0.71 0.81

0.51 0.55 0.53 0.54 0.56 0.58
0.68 0.70 0.68 0.58 0.58 0.59
0.45 0.46 0.45 0.52 0.55 0.58
0.60 0.62 0.61 0.60 0.63 0.64
0.59 0.54 0.57 0.50 0.54 0.57
0.58 0.56 0.57 0.59 0.61 0.62
0.61 0.69 0.65 0.60 0.63 0.68

EiRAT A, BERT-BiLSTM A K Gk = CRF X 5L
PR 2 7 9 A AR Ak, F L S490E R [ 10% HLAE
AR SR bR A v 22 SR, BRIk T b 48 1 B 1 U Xof
SR G TE A R 5 1 BILSTM-CRF A5 A3 4] 7]
[ N7 = A ) NG N O A < [ N

13. 6% , & B Tl A AU X 403 SC PR A 22 S T 2L
BERT-BiLSTM-CRF & fii A 5ok | F, {HEF
HoAbAAY B R . 7E A SRR S HR A
Hi, BERT-BIiLSTM-CRF #E IR AEAN [R] S22 |-
FEER A 5, B S F, ik 0.8, EHE 5T
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