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Abstract: To overcome the limitations of conventional 2D static topological models characterized by

delayed hydrodynamic response and insufficient spatial attribute coupling, this paper simplifies

underground mine tunnels to construct a graph structure model. Utilizing graph algorithms, it achieves

rapid automatic generation of escape routes to improve miners’ survival probability during water inrush

events. The research processes tunnel centerline point cloud data with 3D coordinate reconstruction and

spatial topological relationships to establish a tunnel spatial graph G=(V, E) representing the three-

dimensional mine structure. Practical computational requirements are addressed by incorporating

engineering attributes such as volume and cross-sectional dimensions into the 3D tunnel model.

Considering hydrodynamic impacts on escape processes, time-dependent edge weights are introduced to

form an enhanced graph structure G=(V, E, W), enabling dynamic weight calculation to quantify escape

velocities under spatiotemporal variations. To evaluate personnel evacuation capacity, it enhances time-

dependent processing in Dijkstra algorithm and propose a time-varying weighted network path planning

method, overcoming traditional Dijkstra’s limitation in handling dynamic weights. A dynamic escape

route planning system with 3D visualization is developed using VTK rendering engine, constructing a

multilayer architecture system with visualization components for rapid optimal path generation through

network weight assignment. Practical validation using engineering data from Maoping Lead-Zinc Mine

in Yiliang, Yunnan Province demonstrates the validity of flooding simulation and escape route

effectiveness in tunnel networks. This research provides a scientific safety assurance tool for mining

operations through graph theory-based rapid escape path generation. The outcomes significantly

enhance production safety in China’s deep mining industry.

Keywords: mine water inrush; graph structure; escape route; 3D simulation; software development
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Fig. 7 Optimal path variation results considering spatiotemporal factors
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TARE B AR W 28 I, 9E A VTK Al 946 4 2 A il
0 3 0 2% = AERE R AR TS AL L R o A e R
A B BARE BR AR C T LY O b 4 3k 5 A e A ]
89 A, X AN A A A A s [ AR O A ST 4 R s Y
BOE SCRE, QSR TR A L S AR Y 2 [
PRS2 e =4 s ) P R B8O, (459 1
A TR T A PR T TR BT A 3R 7R, = 4 M B AR A KR
316 S 45 3 1Y e L A A 4R R SRR L RE S R B
2 M JE FIZ5 ) i Sr R R B, AR D B 4 R i T R A
qik.
4.2 KU B

AR SCIOK L I8 B R Y S B ) — T B T [ 46
HE B 3 2 7K BT B T vk o S e R R R A P A
FPE D e, LR 3 A7 0 B A B R Al T s
PEAR R, 1378 AR BIK AR, ELREAS 19 5 A ¢
W A L U AR R A o A SRR L WA MR A
5K 0 A O B A UL, AR B R A K Y ROHE
TE B T AR 2 B LAt b, O BT R BE — K
A7 B E, 24 8 A 32 (B 7K 23 i 1) AH 4B A AR 3t . 7K
UL A% F AU T DR IR RO B 1 0 A5, KR
2o R 2 0 I 25 A P A e R Y A
S AR, AT LTI I W A1 A 4 B L, I AR AR
AE AR R B B X A AR AL

TR o3 1 T AE S8 B BT B RS HIL
JE 25, 38 2 X8 I 5K BE AL A AU Al R AL R
7, HAIESERT H 5K R 52 2k I 445 5 W) B 3t — b B UL
HATF M 8774k o 07 I SRR 2 S AR Y
JE D AR ROK Y B R . AR I AR 3 R 4% = 4
BRI g oK i S B 1 5, 5 ROk s | e
W AR AR, LB (4 20 1 AR BE, W I
SR W L T R ] A SR I ) 4 i
FEHY 3D i, B R B I 5K % A0 o A% 1 0 2%
UPUR =R BUR e QLSS Y kel PSSP Y (N i S 1
JURR R A B A R A R, PRAT I B

HRALL, R IBCEE S 5 R 8 T8 IR T R , I 5 18 5 M
FeORAF BN SCRSCAErp o Sl 7R 7 I 5K i Bead 7,
AR S A S 5 K AE I 45 HR Y 7 T AR AR
TR PR B BRI Z] . L B EYEET 310 m
Hh B I D B AT W B AU SE R, W AR C ROR N
P10 Fr 7R, 2840 A B2 1A) DL 3 1

= X

o CLHEET A
o IR = RIRHE X5

(a) B FIZEFIE BT mibmic (b) =4 TER R BARIC

B 10 FERiRiCHR
Fig. 10 Effect of flood marker

F1 WETRELRE
Table 1 Network node flood time

A 51D RS
0 A ] Y A : 58333 s
1 5 P i E] Y A 2 300.00 s
2 W VLIS (] Y £0: 18333 s
72 E BLIN ]9 50 8246.81 s
73 T VI H] 45 5 : 8 559.06 s
74 B I R) Y A 737815 s
75 T 5 I ] 5 A : 8 099.45 s

4.3 HAR LI

BT CA MR 454, eI Dijkstra 5505 Jy B8 42 HL
W $ 62 4 S0 R o (H 5 1248 Dijkstra #4248 T804
AR, AR Z2 G0 v s AL Hh WL AT L AT B 5 5 A
o R Z A B A ACHY, BRI 5 Bl i Mk 5 B
R E, N GUTERS 8l e v b B B2 O 1 71 S afe
JE AR RS B R T A R A SR L K i
RN PR 5 7K o B M B8 DT 7K i 3 B /NI 18 7% Bl M

HREE 52 PR TRE A5 B AR Y A T B R b A5 1 4
IH ) 45 TET Y SRRl 25 4, AP 2540 vh Bl gE 9 Dijkstra 5
51, 255 SRS ALL A S I 45 5 4 i BE R
Je i A2 A B 0 96 2 BR AR, A0 1R 11 R . I E| S
PR AR rh ol fE B0 A S 175 00, BT AT R RE 1Y 2k A=
AR AR A T T 32 B, RGE T — P B, RIORE
TG 8 AT 38 T8 A AR A TG 55 R 8 O — AN BOR 1A
BRAE . 3 — $5 0l B2 2R BE 68 7 BE b 4 fit ok A= g% 4%,
{H % 52 PR R B & I e, A0 IS0 76 A 1 5k s
s BRI B0 T o B 22 A FIAT AT B il DR 7 58



543

WrEte, 2. HETIRIZHITREEAE 58K 2k 4 AR ML R G it 5 50 8 135

AR [ 2% = iR

FEKBAU TR HARIC

FALHAIbRC

E 11

=R

Fig. 11 Three-dimensional simulation

&, A5G HEIK R G0 X 527 5% G AT K R 4 A
W, LR S @ AT RE T o
5 & it

KRG LI T8 I 58K 3 A= A BRI &R 40
B TF A 5 0, AR 2 T B L A5 1
A, o0 2 28 B At T 3h A AR A
R EHF . RGFH AT, BRG0P P e
=] A Ak R A Bl 2 AR R R D T ARG R 2
BRI BRI 5K B A LR BT
%2 FLA 0 Bh D ST R . ELARHIE S R AR BT LA
=,

1) A SCR FH B B0 Ok fif e iy I 45 18 h & 24 %
KA e o BXOPP T AN IE B S OK S I BT,
5 0 2 5N (B AR R R, A RO RS T RS
(EPSRE VAN 0 TN = (LN R B i

2) B2t — L T A R B A AR I AR A Y
D7, A I 2% 119 25 (8] 25 44 A5 DL UL R B, Sk A
P53 BT R0 RS PEA 5908 IR S BR Al . 5 i e L
ARA L, 3% —J7 B AL R B, 4R T TR AR I
PR AEAS Y F RS ff

3V A N D3 4 e 1) ) B AR D0 A SR 1, A
AT IR R . RS IR R R =, il
GRRG4854 28 A0 A 500 36
A2 BB ) A N AUE AR IC, W5 1% 5 B A 48 R 0 Y JLER
B AL R DL B2 SR ORI N 25 B8 A o

i I — R G IR AT ST S N, AR TR R

K BEFE— 2D S T I 2 4 BRSSO RIBOR, R
BB T 22 e Al B R B IR

£ 2 3 7k (References) :

[ 1] Sgadte, 0%, WPk, B i A b Bl ey B ok R iF e [0, o
FE# ), 2019, 28(1): 1-7.

JU Jianhua, WANG Qiang, CHEN Jiabin. Study on the high quality
development of China mining industry in the new era[J]. China Min-
ing Magazine, 2019, 28(1): 1-7.

[ 2] WhAF. “HEA R 51 R BUE” O 70 40 5 TU0 RUR
O] TRER2ESHAR, 2017, 49(2): 1-16.

XIE Heping. Research framework and anticipated results of deep rock
mechanics and mining theory[J]. Advanced Engineering Sciences,
2017,49(2): 1-16.

[ 3] /B, %6 E BB ™ 5 SURT & R 1% 2@ 80T R

VLB PR EY BRI R 92 B S 1 L], v B 8l , 2024, 33(5):
9-21.
YANG Xiaocong, JIANG Heguo. New quality productive forces leads
the safe and efficient mining of deep metal mines: taking deep mining
practice of Maoping Lead-Zinc Mine as an example[J]. China Min-
ing Magazine, 2024, 33(5): 9-21.

[ 4] SRERAR, REE, ZFE 2%, 4. 2008—2019 4F 3 F D /K T F ik
Geit LR B L], M52 42, 2021, 52(8) : 194-200.
ZHANG Peisen, ZHU Huicong, LI Fuxing, et al. Evolution trend and
statistical analysis of coal mine water disaster accidents in China from
2008 to 2019[J]. Safety in Coal Mines, 2021, 52(8): 194-200.

[ 5] SREM, B3t 2011—2020 45 30 = 6™ /K 5 30 5O G H 2 4
53 (7], 22 2 FERBE 241, 2022, 22(4) : 2297-2304.

JING Guoxun, QIN Ruiqi. Analysis on the characteristics of correla-
tive factors in coal mine water disasters from 2011 to 2020[J]. Jour-

nal of Safety and Environment, 2022, 22(4): 2297-2304.


https://doi.org/10.12075/j.issn.1004-4051.2019.01.031
https://doi.org/10.12075/j.issn.1004-4051.2019.01.031
https://doi.org/10.12075/j.issn.1004-4051.2019.01.031
https://doi.org/10.12075/j.issn.1004-4051.2019.01.031
https://doi.org/10.12075/j.issn.1004-4051.2019.01.031
https://doi.org/10.12075/j.issn.1004-4051.20240905
https://doi.org/10.12075/j.issn.1004-4051.20240905
https://doi.org/10.12075/j.issn.1004-4051.20240905
https://doi.org/10.12075/j.issn.1004-4051.20240905

136

b E & W

i 34 4

[6]

[8]

[10]

[12]

[13]

HERE A2, A3 £ B K 0 TN 1 22 A P BIF 5 (O] b [
Ak, 2006, 15(5) : 35-37, 41.

GUI Xiangyou, YU Zhongming. Research on safety evaluation of
mine water disaster forecast[J]. China Mining Magazine, 2006,
15(5):35-37, 41.

EMG, RA 2, E AR, AT O K R i T T K S
G AR AL (0] Hp T, 2021, 3006) : 106-111.

WANG Peng, ZHU Xi’an, WANG Zhangang, et al. Disaster avoid-
ance path planning for mine floor based on improved firefly algo-
rithm [J]. China Mining Magazine, 2021, 30(6): 106-111.

R, BR/NHE, BRI, 2 7 AR R G ) K S IE BRI K
13 [T0. B0 T2, 2018, 50(2): 1-5.

WU Qiang, ZHANG Xiaoyan, ZHAO Yingwang, et al. Research and
application of water bursting spread model in roadway [J]. Coal Engi-
neering, 2018, 50(2): 1-5.

ZEROP, A IR, A5 MR T ROK A R = e sl A B
BRI (1], TRERL 2224, 2013, 35(2): 140-147.

LI Cuiping, LI Zhongxue, ZHENG Yaoxia, et al. Three-dimensional
dynamic simulation modeling of water inrushes in underground
mines[J]. Chinese Journal of Engineering, 2013, 35(2): 140-147.
I, BER, BT 0 IF K A 2 A A v S s 8L 0]
WERFLFEHAR, 2013, 41(3): 104-106.

FU Hui, MAO Shanjun, LUO Yunxiu. Algorithm and realization on
spreading route formation of mine water inrush[J]. Coal Science and
Technology, 2013, 41(3): 104-106.

RXFUHE, BB, E R, 3. TN Be A I K 9 B R
BEUWEFE (). Mk 242412, 2023, 52(1): 10-19.

ZHAO Yingwang, WU Qiang, WANG Xiao, et al. The research on
mine water disaster situation discrimination and prediction based on
artificial intelligence[J]. Journal of China University of Mining &
Technology, 2023, 52(1): 10-19.

TAE AL, JE A, WS AT, S5 T 1] D) 2% 2 i 22 A PR - A S 0 42
FERBIA[T]. MR, 2023, 48(1): 258-268.

SHI Qunshan, ZHOU Yang, LAN Zhaozhen, et al. A graph theory-
spatiotemporal object representation model for cyberspace mapping
[J]. Science of Surveying and Mapping, 2023, 48(1): 258-268.
YEH,LIZP,LIGY, et al. Topology analysis of natural gas pipeline

networks based on complex network theory[J]. Energies, 2022,

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

15(11): 3864.

KRUGLOV Y V, LEVIN L Y, ZAITSEV A V. Calculation method
for the unsteady air supply in mine ventilation networks[J]. Journal of
Mining Science, 2011, 47(5): 651-659.

FU H, MAO S J, LUO Y X. Mine water irruption flooding spread
route generation algorithm based on directed graph, 2013 [C]//ICAM-
MM. Applied Mechanics and Materials, Switzerland: Trans Tech Pub-
lications Ltd., 2013: 1894.

OB, R BRPE, W IEE, & RS RUK F R E A T i
FIMEL AU A 2 Bz LA (7], ME 9 2741, 2022, 47(6) : 2279-2288.
ZHU Chaobin, ZHOU Yuejin, BIAN Zhengfu, et al. Topological mod-
el construction and space optimization of abandoned mine pumped
storage from the perspective of space syntax[J]. Journal of China
Coal Society, 2022, 47(6): 2279-2288.

R, R, AR IR 0 K T BB S A Re B A A LI]. R
FE ), 2020, 29(12): 103-108.

ZHU Chengmin, GAO Chao, RONG Lingcong. Simulation and intelli-
gent control decision of mine water damage[J]. China Mining Maga-
zine, 2020, 29(12): 103-108.

5 PR AT SRS B ik A B AR BT R BT 5 T BA R
PRV R 9] [D]. 950 b [E 5k K 2%, 2022,

JALALI S E, NOROOZI M. Determination of the optimal escape
routes of underground mine networks in emergency cases[J]. Safety
Science, 2009, 47(8): 1077-1082.

WS, MOT AR, 2 R K R T2 S K S Ve T IR A R T
PCHL BB AL (0], A7 A 88 (™ LR 43, 2024, 76(4) : 81-86.
GU Peng, LIN Kaisen, LI Jiajian. Numerical simulation of the evolu-
tion law of precursor information of water and mud bursts on high-al-
titude drainage lane faults[J]. Nonferrous Metals(Mining Section),
2024, 76(4): 81-86.

DIAS C, RAHMAN N A, ZAITER A. Evacuation under flooded con-
ditions: experimental investigation of the influence of water depth on
walking behaviors[J]. International journal of disaster risk reduction,
2021, 58: 102192.

LICP,LIJJ, LI Z X, et al. Establishment of spatiotemporal dynamic
model for water inrush spreading processes in underground mining op-

erations[J]. Safety Science, 2013, 55: 45-52.


https://doi.org/10.3969/j.issn.1004-4051.2006.05.011
https://doi.org/10.3969/j.issn.1004-4051.2006.05.011
https://doi.org/10.3969/j.issn.1004-4051.2006.05.011
https://doi.org/10.11799/ce201802001
https://doi.org/10.11799/ce201802001
https://doi.org/10.11799/ce201802001
https://doi.org/10.11799/ce201802001
https://doi.org/10.3390/en15113864
https://doi.org/10.1134/S1062739147050145
https://doi.org/10.1134/S1062739147050145
https://doi.org/10.12075/j.issn.1004-4051.2020.12.003
https://doi.org/10.12075/j.issn.1004-4051.2020.12.003
https://doi.org/10.12075/j.issn.1004-4051.2020.12.003
https://doi.org/10.12075/j.issn.1004-4051.2020.12.003
https://doi.org/10.12075/j.issn.1004-4051.2020.12.003
https://doi.org/10.1016/j.ssci.2009.01.001
https://doi.org/10.1016/j.ssci.2009.01.001
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.3969/j.issn.1671-4172.2024.04.012
https://doi.org/10.1016/j.ijdrr.2021.102192
https://doi.org/10.1016/j.ssci.2013.01.001

	0 引　言
	1 系统总体设计
	1.1 功能框架设计
	1.2 系统开发逻辑

	2 巷道图结构模型的建立
	3 图结构下突水逃生路径规划的计算
	3.1 最优路径规划
	3.1.1 Dijkstra算法中权值计算的改进
	3.1.2 改进Dijkstra算法的执行

	3.2 改进的Dijkstra算法在逃生路径规划中的应用

	4 基于图结构的系统功能实现与应用
	4.1 巷道可视化三维模型的建立
	4.2 突水淹没模拟
	4.3 路径规划

	5 结　论
	参考文献

