224 FE OB/ E A4S B %OL%

RN o

BT REEEEN LEEBMMRAZUMERHIN AR

F oA, LA
IR IE TCH R B B AR A IR /D)

HE A B CUGTEM - GK 1T B 3 s BEAS AT A7 Ly B i 09 AR A7 £h4K TAE 3E 47 55 B 4R, FF 6 A =
YRR RBER, AR TH L EERTRAKRE AEMMRAAFASETFRELKE, LP,ME
F 3] Fk SR EEBA B W% S P42 W % AR EACH BB R R TR Sk 4
TEEZRARRKGHERALELERFBEZ TR NGB TRELR, 25 AW, ML LE R Fe
MmN R R I B — T G FEHOR N, B TRE T AR BB R A B 24 h 48K

R TEER

SCHRA) : R R W Bk AT ARG AR AT IR LSS T AT 2 M L B TRE

& 4>k S TD263
X HEFRERG A

51

T

W% P B 1% R I [R] J L #2% % ( Time Domain
Electromagnetic Methods, TEM ) , J&—7F 1] FH 5 7% Hi, i
Gite e 2 v (0 SR S ORE JiRE IR G A T ) R )
Itk o M AR D7 i, TEM Joif B AL, B i
BUIN, BRI, 45 3R 0 ik A TG s 2R AT B )2 1
1 T, B AR DR B A LU R 1 i i A T ek
([, EAT AT AR SRR TR

SEBRAT LRI R, AP A R ) A TG
it ), ZE 4 LUy A% 28 4 A AR T o Sk AT R T
CUGTEM - GK IT I A% Fit i {SC F) I 22 WL R0 BE R, 3R
TR RS IEAR > o B9 T N I B o i
0 R S DXCISRH P A A s /K B DI B 2 I
A5 [ 23 AP i ST S 2 40 LT, 8 TEM =4
TR LR MR 1L 2 S =

1 EF CUGTEM - GK 1[I g9 TEM &R

TS 9 CUGTEM — GK 11 275 Ha i A 2 —
T 7 1 FH 6 T R 00 ) i 48 5K TEM 1% 4%, A7
RO RTHEIIEE 854 150 m, ] N I AED 1L 45 38 4 2F PR
AT, %A T BT A R K G5 EA TR, 4035
FHOK HBUK AR EKES, BEPNETE R K&
& TR IR A A Pt s 0 25 3 R g, B AR A 2
IRE PR BUREME (S KB5S ) fETE 25 5% fE L T K 55 1=
AP, BIfETE s BRSO TR R AT T,
HRPEA R 20 E K 22 57, 0T DA 2 RAE I Dt

XEHE1001 —1277(2024)06 - 0027 — 04
doi :10. 11792/hj20240606

AT T BT e — e W T L) A 2 T 38 7
6 m/d LIF (M4 =1HFF) o AL, 150 m iy i 400
i A ity e L 20 25 d, HOR R A R A B B
AL HEAT—UC TEM F8500 3t s X80 A iR ik 31 25 1k
DA FEFEFESI R, ARAT R n] Z i TEM K i sk
D BERGBE AT T REAR . AE RS R B T 4 4
B 5 RV, 53 390 265 H S [ ) B PR TROR 2 RS 472
His'* g 1 PR,

F 1 EF TEM REhEREEE B 2ok 4E 3t B 2
Table 1

Excavation cycle according to exploration model

accuracy requirements based on TEM

e

A2t

d B I . b€/ Fak TRE LN

1 =25 < %5 T T/ 7 HE 7K oo SR T
3 =22 < +35 WA/ 7R K T

15 =10 < =50 b2 G = A5
25 =1 < £100 T K AR

f 2% 1 Al 20 % 18 150 m B8 45 00 42 11 25 d
V) 28 J) 400, I A T i 0 A T A i 1t
W2y 6 m) N, B & a0k s 8 25 DL B, )
25 Y TEM 8 36 T AL 8% 24 2 Sk b T &, vl
PASAA R B R . IR TR T rh B e TR )
Bl A e AR T R AR AR SRR A

2 BT TEM HiiEn) = 4580 % 51 3244

PSRRI M e R AR 1L T A R A
TR AE DL TEM B0 o Sk Bl i) = 4ERE R, 1% =4k

R F31:2024 —01 - 115 f& 8] H 12024 - 02 - 20
HAEH  FRK H KB4 H (GDKIXM20210069)

FEZ R FAH(1979—) , 53, S TR A, B9 07 18] R T AR ; E-mail : 1783505731 @ qq. com



] 7 W T

" £

R CUGTEM — GK 1T W A% B R AN B & B9 344 1
LA BFSE A TEM SRR 7= A4 1 = 4

150 m

BT RGBT, B 45 B U . 56T
TEM il i) = 4ERE R ) 2L e 1 B

[TEMO ] i Ji 2 5 ——{ =4 |—{ Tk |

144 m

3 3 2 2] ] S AR

e

66 m

TR

3 i | =4

LRz 2 — B e |

18 m

GO

3 172 2] —— SR R s ] T e i |

6m

Pt AR D

B 1 ET TEM 8RR = #&8F 5524

Fig. 1

F &L 1 RN <l i B A AT kA 1 4 A=
PERERIRE AT 22 57 . Horp 3 &30 25 WO IR %L
P ) = HERTRY X B PR TAF T 18 m PN B AT 4
SR R S, B R R B O B B B 0 TR TE 6 m N
o TEM [ 447 5 0F T HL A 45 8 0 = 4 A5 TR0 B ]
A, — BRI A 17 S BT BE A 100 mm S5 KRS T LA
285t KR 4T TR S mm (i = 4EREELS) R
OIAT RGP IE B, b3 4 A = AR Y S PR i 45 4
SR 2 s

1% 2 AT 2 S 4y rp 3 5 2 MG B 4
WAL, FH T4 e R R A T2 IR, v, LR T

3D model learning architecture based on TEM data

F2 ZHERBEIBENSH
Table 2 Parameters of 3D model data structure
o ERE MR/ KR B/

mm (mxmxm) 10°
SRR 100 15x15x150 150 x 150 x 1 500 33.75
Y 2 50 15 x 15 x66 300 x300 x 1 320 118.8
ZHERRL 3 30 15x15 x 18 500 x 500 x 600 150
— R 4 5 15x15x6 3000 %3 000x1200 10 800

iyl
33.75 x 10°5 &,
YRR
118.8 x 10777 4%,
A A | R
3 it ek
150 x 105 55 YA 2 R
YERE I3 YR
BT
10800 x 10774 |——{ =4EBU4%R

TR 2 P =GR 1 ~ 3 i SR R A T
TR 2 haEl 4 A= HERR R . B R A
265 R A A2 BT TR AN P 2 77 o

WS ] EEE |
SR ] R |
A8 ] Mok |
AR | s |

D3 RIS AR | somE |
ARS8 ] Mok |

B2 HBREEMENDERSERITE

Fig.2  Unfolded internal logical structure of the convolutional neural network
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Fig.3 Distribution of neural network output values
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Table 3 Fuzzy decision matrix strategy
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Table 4 Relationship between warning status and inflow volume
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Table 5 Relationship between warning status and displacement
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Application of transient electromagnetic method to the construction
of advanced forecasting system for mine roadways

Yin Jichao, Wang Shenli
(Shandong Zhengyuan Geophysical Information Technology Co., Lid.)

Abstract: The CUGTEM - GK 1I transient electromagnetic instrument is used for real-time geophysical explora-
tion of mine roadways, generating 3D model imaging results, and providing forecasting and warning data for water
inflow in underground rock layers, displacement of roadway roof and walls, etc. Machine learning algorithms integrated
deep convolutional neural networks, multilayer neural networks, data binary output, fuzzy decision matrix warning, etc ., to
provide rough warning results with wide coverage and precise warning results with narrower coverage. Through simula-
tion analysis, both rough warning results and precise warning results show certain data sensitivity, with the precise
warning results able to provide high sensitivity warning results 24 h before encountering problematic rock layers during
roadway excavation.

Keywords: transient electromagnetic method; mine roadways; advanced detection; machine learning; neural networks;
data warning



