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Fig. 1  Framework structure of intelligent ventilation control
system for mines
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Fig. 2 Intelligent airflow velocity perception technology for mine
tunnels
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Table 1 Comparison of various types of wind speed sensors
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Fig. 4 Illustration of an ultrasonic time difference method wind
speed sensor

A v R TN R TE X, @ Sk R R D e A =2 ]
(AR B, ¢, SRy IR O [ A% 5 R [R], ¢, Sy 368 75 Y0 36 1) %
i ingIe

7 U T 1 B RO B e v, AR R X
2CE D T RO 5 IR R . G o o A f ik
FVECHE Ak B PR AR AN 7 T 1 5, B R R 0 ke
5582 WA 0 % % T S RE A% B v I XURS B, ZE R 4F
NCVBIESE T R 75 I & 5 2% 5 B IER IR 3k T 1) X R
K BE S, A B e R B 5 T B R A 7 D B A
S RES Z A R LU, AR A R 9 A B HE
Aob B B B 08 B i s XU A R, TR I =00
T — B EE T B A (40 53 Bk 0 R R e 25
WO 15, A R 7 XU Wl kG B etk sl 2 1k
A P R AL RS T S A i R IR 22N T 0.1 m/s Y
AT XU 5 B X D g 0, R B AE 0 25 I 2 Ak
i A1 BS G2 38 AT, A7 R0/ 2 st ] AR, 2 B RE Tl
JEBT I REE KR G A B4k XUTE SR A XU 15 IR 2
HH

K R RUALIRA R S 0 L2 1 TR o

B 5 AT A% Ja T 22 2R 1% B

A A SR A

] 22 ¥ A% J

oA S, A, 5T
Aedr s

BT TS IR P BRI, me R
18

P ok 2 BT SR, A g 7
BEPR
Bt AL D 2 A R

B MRS, 52K

i A i

3l

B, fh . WG, R . K5
e

=
A




% 4 1]

S A R P S E B - o

TGN F AW 5T - 127 -

22 FHBENRNMESELEFEHR

FI AT 2 2E B X3 1 T s BB A% 5 B el JRE X, (H
GRS T AR 2 i B — 1 AR 14 I I R I vk
TE B FRAE AR - 2 XU, T R | R figp B 45
KR GE I3 M T AR 23 1 BRI 22, T ZE iRt
Ak B0 T5 05 T B SRS 1R 2 T AT 2 KU 3

RR 2 A0 TR AR

ZH T R . B A R R S, LI 25 5k
PR R BT 4 AP 2E: 55 — 2802 A5 T B2 TOHLRE 72 | A5
TEE 1) 45 [ 5 2R 5 & B AU I8 3h BT e 45 5 & Y
T4 75— KTTIF L. AR G E sh T
SR EHE T,

BEXTEE— 28T, T 5l A7 AE 1St i i 5 | &
RT3l o 4538 KU 22 ki RS, T 97 Wik 20 16 KL
T iz sh P AR B 1R) RN 2 Ta) b S 2R ) 20 A BE AL AR Ak,
B WEIE B, TE SR R HERR T XUT L XUBLAE S P
TG, 5K BEDOGI B T AR N XGE AT & 77 A
1, P B0 R R AT 3k B KU (1 50% LA 5, HLE 5
IR S it DR 08 K Al B S s LA R Y
S XA 28 R AT A ) IRt R v B B ] 22 I S 2
DIVRL /N 25 5 M 20 b 28 Asf 347 XU 0 o 7 9% RE A 412 v
A T BRI AU RS R

55 R & AR ISR, ME DL RN
T3 BE TG 38 i H R BUE T T R B IR R
Bl o AT Rpgent i) ja, T3 & A mi s A T X
TS B T 15 ARAS, 2506 32 TPt (0 50t 9ok 5%
{H, AR A BRI Z I 58 BdE . A
B TR AR R e A 2R R 5 ke 1) 57
WAG T E SR R BURED, PN B T —Fp
BT o B P I ) 2 B g (0 0 S XU A SR R R T vk
TR G XUER H BE A H < B a1
2, AR L 3 R 2R 5 W I A 61, 2 A A RE A
KB R 94.48% M FEALHE, B B 45 R 5 B S 2
T, AL TRRE , 36 I T R A4 IRE; i e S
SR FH Bt AL AR AR5 2 R 22 J 470 A A8 A2 B A I XLt
i rp A R, S o A S R B, 1R 2
DT 55 50 Y T R BE 8 TR B 84.5%; X7 A4 N R T
—FhJE T SSA-LSTM 14 X3 S 3% sh 46 I 0 i 1
T RUTTFF AT 36 B %) X 38 3 N T3 RE R 3k A
25 2% (1) 22 J i H 38 XU S B0 1% 2 Ak B i) T4
HET A AL RS MER RO T R, AT AR AR KR
GAERMNTE R,

222 FHRFEEBS HEFR

BT B — A R i A X T 1 T S e XL 1R
DAY IR, B B it DR 5 1k B I 7 1) A P e —

2.2.1

e 3 B 7 0k A AL S 0 o T 4 U
7B o A R R DR A% S i 2 S A AT DL B
J2 P ECEL T30 5 12 N T3 BE A0 O 5 B A XU
5P XU 22 A BB G AR

S — 5 1 32 B i R ST R O AR G R Y
PEAT BAE A AU S 56, )T RC{EL AR 400 52 56 ) ] T 52 1
AR AR TE RE THMLRE B2 | R 26 KU SRR A
DIHARE AT P RGEIR " AR, 153 3 et
i M AL A A B B . RIS [ 2 3 T 2 b
P i e AR AT B A B R 07 3, £ R K
A B 0T A W R, S R R R A
TE A2 i ST X XU A A TR B 43 ) D A T
R H 11.5% H115.5%; 5K 50 IR 458 0K A8 3 N R 5 4
PRS2 R 3R, BIFSE 1 A% 18 77 7 B 1) 2 gt
JROK JBE 5 e 119 22 2 07 5 R SR 28 45 NP0 7331
A 2o A {ELAE DL S 0 MAR B S 3645 1 AN [ R 2K 52 )
T U IR 32 XU A7 A R A R 2 0, IR i
TP ER B E AT R RO,

[ W 1 -
0.085d, (#IfiE )
C{OJozd,(%ﬁwﬁ) (2)
0.120d, (#4)
A B W 1 -
0.097d, (i )
c[01¢(%wﬁ) (3)
0.103d, (#%)

R, e o ORI R PR 7 B A BE 12 ] A9 A, m;
d, WY B EAR, m.

SR M S R e R A 1 1, RS HERG T
A IR AR P IR B A L, X
T XU PR A — E PR

LIS T7 1 RE A Dy L L6 ST T P 9 15 A%
LA B AR ST (HAE T 5% S0 I 52 R T I [8] A
3 H LA S ) A G DA W ST G, BT A XL 23 A
FipE BB (AR A MU IE A A 18 . R E
T A A AT A 22 TR S R T I, 5 TR AT A
SEH T, Y AR R AOR, AR T I E KRS
REAL R B A e

S RS R R O i R R X S T
Py DR 22 (8] ) 5 8 75 3o A T D TR P 35 XU R A
JRGEE 22 TE HE 5 28, a0 o B 05 8 5 AR 1 L SR
SR 0T RO 24 R AT 4005, S B P — > e i R
T AN [5) A S U 18T 74 F- 249 XU, 2 5 9 18 e/
TR A A I A5 KGH R 2 KU, 52 TP Z [
et 56 2 30 WEL 2 N7 il 1o 572 96 45 3] B i KL i 5
S 247 IR 4 T8 PR O 4 2R

[F A, A 8 [l JE ST 5305 1) % e Al H T Ak e A



- 128 - LA S AES RV

2024 4F

B 7T, BB AL Ge iRy A BRI, iR
2 T T TR - DX it B Ay e Y T 12, TRl R AZ A
NS S RS ASE L S 30 R O IR A8 1 X AR T 1Y
T T XU KR AR, R T T AR PR T R 8 N 6 (gated
recurrent unit, GRU) ¥4 & T 45 18 S 47 XU 5T 45 1Y ;
A N 5 0 T R R TEDRELRS B P R R
fL 8 SAE i A S, W TR T s L 5k (genetic
algorithm, GA)—J 7] 1% 5 #! £ [ £% (back propagation,
BP) (14 - 34 KU OS2 35 ) e 1 000 A 75
THE I A T ZE LR B, 2B TR 2508 T 2% AR 1
- 259 DA PR T AT F 5 ) A R AR e
A KRR Ty SR T S, (A A AR R A A —
P2 0 25 25 R TR B 5 5 B SR B B I e L A A
JE A [R] E

BEXT A WFFE R B IR, 2835 R FRL - A
£ (particle swarm optimization, PSO) 1f;4t. GRU 1 42 [
2508 S 1) XU S R T S, A5 B — P 3L T PSO-
GRU ) 5 T8 W7 17 ~F- 12 JXU PR3 00 A2 75, A7 A i ok
BUF

S — 2, ZRICER 18 B T XA R AR

LAHEIE 45 38 O ], 7E ANSYS Fluent 5k 4 2 57 4%
TE SR T4 S B 5 0 B i S AR, AT X S B
S, AP T 22 5 KU GHUER S K 2 XU, R T XL
Sy Ko D s B8 WAL 5 T, K AFUR 2 5 25 BE DM B
DN AL B U P A XU A R Sy AR TR
T R 84 A O AL AR, A 2 BT, R R a4
HEATUH— LA B, fiff L 5E ] AL AR 2% 2 Bk

wostys WA 1EH R K80/ s P M7 T 15 B 5 AR
e R

B PO LR K
L HE LY. 6m/s, I

gl {inpes e

ol b
5 A W im KU 3 K I 5 A
Fig. 5 Wind speed field and measurement point distribution map
of tunnel cross—section

5540, K PSO-GRU il 52 7.

GRU it 28 M % J& — B BL a8 5 > 53k, i K i
L2 2 4% (long short memory network, LSTM) 2t 3
1Mk, FLZ5 4 b 52 & TR R8T T TR . PSO B3k
P8 T 228 SR B W AR, 7E SO0 AR v, kT
THE A M A A B AR B AN = A B AR B SR 2R i

& 2 AR AR T i XU R 4
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Table 3 Comparison results of three models
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GRU 1.5282 0.969 1 0.8129
GA-BP 1.0551 0.601 0 0.8707
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Research Progress on Intelligent Perception Technology for Wind Speed in Mine
Tunnels
CHEN Xuanzhong', WANG Xiaodong', YANG Yijie', LYU Yuqi', LIU Chang', DU Qingwen’, XIE Bo®

1. Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. Kunming University of Science and Technology, Faculty of Public Security and Emergency Management, Kunming 650093, Yunnan, China

Abstract: The intelligent mine ventilation systems is a key link of advancing intelligent mine construction and ensuring
safe mine production. As the fundamental data source, ventilation parameters are essential for the intelligent construction of
mine ventilation systems. However, during the development of intelligent wind speed sensing technology for mine tunnels,
there are key scientific and technological issues that need to be addressed, such as optimizing sensor accuracy and
reliability, correcting sensor wind measurement errors, intelligent and rapid prediction of average wind speed, and
optimizing sensor layout. This paper studies the cutting—edge achievements in the field from aspects such as sensor
technology and high—precision intelligent wind speed prediction, summarizes the advantages, disadvantages, and applicable
scopes of various technologies, and proposes an intelligent prediction model for the average wind speed in tunnel sections
based on the PSO—GRU neural network. This model can effectively improve the accuracy of calculating the average wind
speed in mine tunnels and provide a theoretical reference for the development of intelligent sensing technology for
ventilation parameters.

Keywords: mine ventilation; tunnel airflow characteristics; wind speed sensor; average wind speed in tunnels; PSO—GRU
neural network
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