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Design of mine-used intrinsically safe resistivity method
distributed monitoring system based on STM32

Wang Shumin Zhai Meitao Wang Pengyu Ma Jiankang Yi Xiaofeng
(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130000, China)

Abstract: To meet the practical demand for continuous monitoring of disaster-inducing water bodies in coal mine
floors, an intrinsically safe STM32-based distributed resistivity monitoring system for mining is designed. The high-
density resistivity method, with advantages of high resolution, intuitive results and continuous monitoring capability, is
widely used for water inrush monitoring in coal mine floors. STM32 offers abundant peripheral interfaces, and its low
power consumption and high programmability align with the design requirements of intrinsically safe resistivity
systems. With intrinsic safety as the core premise, the system's host and electrode converter are developed. The host
handles signal transmission and data acquisition, mainly consisting of the STM32 control chip., an H-bridge regulated
transmission circuit, and an ADS1256 acquisition-transmission circuit. The electrode converter is responsible for
electrode state switching, comprising the STM32 control chip and a solid-state relay array circuit. Experiments verify
the system’ s stability and accuracy. Results indicate that the resistivity system meets intrinsic safety standards,
accurately acquires electrical information, and correctly reflects geological structures.

Keywords: high-density resistivity method;intrinsically safe type; STM32; water hazard early warning;distributed system
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Fig. 1 Overall structure of the resistivity method system
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Fig. 3 Schematic of the linear regulator power supply circuit
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Fig. 7 Circuit of STM32 and its partial peripheral circuits
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Table 2 Data of average acquisition voltage,

average current and apparent resistivity

T 5, R H i R Y
Fe FHE/V FEE/mA (Q+m)

1 0.733 118 154 33.458 920 13.760 103 46
2 0. 485 825 972 41.915 843 7.278 839 899
3 0. 804 235 768 32.187 820 15.691 030 41
4 1. 194 900 377 38.031 751 19. 730 814 83
5 0. 859 657 450 29. 217 250 18. 477 607 53
6 1. 096 888 566 35.052 688 19.651 731 69
7 1.263 378 208 43.379 592 18. 289 741 28
8 0.682 683 889 36.637 423 23.403 692 03
9 0.836 171 095 29.927 125 35.092 943 12
10 0. 857 281 187 35.467 587 33.725 612 31
11 0.876 653 312 36.524 637 30. 146 132 87
12 1. 181 897 041 35.555 490 62.625 888 26
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Fig. 14  Aparent resistivity cloud map of the water tank experiment

R /m

2.2 BT HTEZNEE

EF AR & FE IR T RS0 AT S0 5 i o 4 5
RS2 50 30k, AR AT I TE A AR N L AT 7 d BRI, R
GREFN B FILE N 24. 314~49. 832 mA, X KA K vk

TR, I 3 TR A R D e kb AT, R R
J'J+uF)d =J"g (3)

He, F = f.f1+f 0T CmATER, £, KF
SRR IR A . f. W3R OV R AR . T oA R S AR
u BRI F, d HEEAI i, g HEkZE R,

1M 7 d WREE IR 15 iR, RELR BR
AR (40, —2.5), (120, — 7. 5), (200, — 18. 5) Fif 37 ££ 76 1%
BHIX, 435058 0 1.2.3 SGBH X, AR 38 8 1 5 9okl ml %,
13 5L T A o B MHE AR R 15~30 m Kb 7748 55 2 R &6
WEWE B K R, 5 2 5 B X AR TR 5 21 5 A A 7 72 7 B
FRFIE AR T 38 m A v Y0 I 0 77 7 2 2 ) A o 1 8 /K R N
5 3 BB X AR X I 5 1 5 BH X 0T S Ak T T 3 5
PR R . 2ot LU Al a0, Jz 38 445 BR 15 S B b 5 W% R XoF R

ﬁzli R4f . BMET%%E’J{EE)% .

N —
Q00— 00N
(=loNoNa1V IOV}

40 80 120 160 200 240
EEEEEOEEESOEEEEEN
0.3030.8592.43 6.87 19.4 55.0 156 441

(a) 1 difE g
(a) Monitoring on day 1

- "

f=1

OOY0 = .00 B
conloloina

B DLN—

0 40 80 120 160 200 240
EEEEENEEEECOEEEEEN
0.2670.701 1.84 4.8212.6 33.1 86.9 228

(b) 357 di ¥y
(b) Monitoring on day 7

P15 A T ) e 3 1

Fig. 15 Monitoring and inversion map of the working face

3 5 it

A SC R GE R T RS AR K B T Y A 7 R T
RSB R R TE Y RN P AR R R, e T & T
STM32 I AL BB kA AR RENKIT 52
SR, TERG IR P, EAUE X STM32 itk friff
THRDIFRES B E , A2 L, ™48 5k A5 6 AL h5 1)
TCA A L B BT X P A PR T P B S 1 i 1 Fl vk T R
GEAE B RS 5L BLAS L2 AL T4 T, (R ) i 805 % o 2K U T H
PEAT L - DTN ST RS Al b 3 135 50 320 47 2 2 Wl , I HL 38 i
YIS UE L UE B T AR R G AR A ot .

5% Lk

(1] FERE. LR “XUBR” B A5 R0 & B RO ok gt il [1].
[E & ,2023,32(9) :22-31.
TANG J, WANG J. Coal

countermeasures under the carbon peaking and carbon

development and

neutrality goals[J]. China Mining Magazine, 2023,
32(9).:22-31.

(2]  XVER.BE. BRI MES Bkl G W8
ARLI]. IR 24 2024,49(1) :586-600.
LIU SH D, YANG C, ZHANG ], et al.

microseismic  and

Mine

coupling  monitoring
technology[ J]. Journal of China Coal Society, 2024,
49(1) :586-600.

(3] (KT il 1l 4538 7 4 DR 2R ™ 22 4 3 0 1 A g
Tt YER Z2 L) 1. EE S Tl . 2024.(2) < 40,

Issuance of

electrical

hard measures for preventing and

containing major and extra-major production safety

accidents in the mining sector [ J ]. China Coal
Industry, 2024(2) . 40.

L4 JEE . 4l 0% 1 WF 0 8T 23 5 1l 76 4 4 Py
AT MR A ,2022,43(1) - 118-120.

ZHOU H W. Application of drilling method to judge

e« 15



5549 % v 7o ¥ o3 A
stratum strike in coal roadway excavation[]]. Coal [13] EZxRmLEEHER, BXRELEHERS. BT
Science &. Technology Magazine, 2022,43(1):118-120. HEIRBEEE 4 FAr AT Z 2R %4 GB/T
(5] B&. A LAY 7 5K 0 IX R K IR DI 23 3836. 4—2021[S]. JL5T . i = b5l i AL, 202205,
HriT]. BT K FIBEB ,2024,52(4) :119-121,163. State Administration for Market Regulation, Standardization
ZHAO D. Analysis of water source detection in water- Administration of the People’s Republic of China, Explosive
scarce areas by different comprehensive geophysical atmospheres—part 4: Equipment protection by
exploration methods [ J ]. Heilongjiang Hydraulic intrinsically safe "i": GB/T 3836.4—2021 [ S .
Science and Technology,2024,52(4):119-121,163. Beijing: Standards Press of China, 2022: 05.
(6]  E2%50. 0k SCHRAE SRR ERE THENE (1] E50, B0, 5% AR5 S MR TR, f
WEgE 1], 545 {6 4 )® . 2024 (3) . 226-228. 5T H,2019,38(8) :182-185.
WANG X Y. Research on the working methods of WANG ] W, YAN Y. JIN H., et al. The review of
hydrogeological investigation and geological hazard intrinsic safety[J]. Value Engineering, 2019, 38 (8):
investigation in mines[ ] ]. World Nonferrous Metals, 182-185.
2024(3) . 226-228. (151 Hewhs . F 55 AL T . 2T XBeed M JH A % 1
(7] A0S0 3R PRI &Y, 26 87 0 W i BRI B W R E RS []]. W %4, 2021,52(6)
RERET] T A 3016.2023.49(8) :20-29. 143-148.
YANG SH W, ZHANG P 8, XU SH ANG, et al. HUANG H S, WANG J H, DAI CH H. et al. An
Status and prospect of the application of mine DC intrinsically safe low-power data acquisition system for
electrical method technology [J]. Journal of Mine mine based on XBee3[J]. Safety in Coal Mines,2021,
Automation, 2023, 49(8):20-29. 52(6).143-148.
L1 W TERR B 5 RISORIL TS L EIERIE (1) g, e g5 0 B A % 8 LT AL 6 8 0 BF
ZRMLT]. # IR B2 ,2020,45(12) :4550-4562. BT, A2 B 5 RS 2021 (5) £ 63-66.
CHEN B, WANG Y, HU X Y, et al. Marine YAN B. Development of orientation instrument for
electrical resistivity tomography research in pearl river opening of intrinsically safe drilling rig in coal mine[J].
ZSST(ula;)y Zf g(;’eztzrz bay area[J]. Earth Science, 2020, Instrument Technique and Sensor,2021(5) :63-66.
:4550-4562. o e g . e N
Co]  HITEE. TG AR S A s ?”ﬁﬁ' R B TR R 2 M B A
KB REFHCT. A8 SR B0 120225005 :222-231. IR Z02A(0) 515699, .
DONG J X. WANG F. Application of GPR and high ZHU Q W. Failure analysis and selection of passive
density electrical method to detect water content of device .for 1ntr1n§10 salety equipment [J]. - Electric
floor[J]. Coal Science and Technology,2022,50(5): Explosion Protection, 2024(6) : 34-36, 39.
999-931. [18] Fﬁ%%ﬂh\“ﬂ&%ﬁ%7%.‘4\5*7‘:%@%%%%%%
[107 BRFIZ ML, P 5. H B2 T AR (2 37 + 0K é?ffﬁfﬁif(:{‘;}ij o e e,
SC e 3 35 T CiteSpace B3 B4 HTLT D, + TN 20360108 ‘1‘6’01 e ‘ B
iR ,2021,52(6) : 1447-1459. : ‘ B
DUAN G X, JIA X X, BAI X, et al. Application and LUJ. GUO SH X, JIAO J SH. et al. Flank array
. L . sonar system design for compact underwater
progress of electrical resistivity tomography n
pedohydrology Citespace-based quantitative analysis[ J]. exploration pla [ J/OL J.  Journal of Electronic
Chinese Journal of Soil Science, 2021, 52 (6 ) Measurement and Instrumentation, 1-10[ 2026-01-21 J.
1447-1459. https://link. cnki. net/urlid/11. 2488. TN. 20260108.
[11] BLTEHE. EA72% . A5 % T STM32 5 FPGA [ i 1601.018. - = o
A AR R W R e L1, R T ek, L19] B EE DML S5 LT TDOA Bk i
2024.47(15) : 161-168. FE 8] 5 1 [T ] AXAS AR 241, 2024 ,45(8) :103-111.
ZHU K H. WANG Y X, DAI W J. Adaptive spectral WANG Q Z, FENG H, SHA ZH, et al. Underwater
line enhanced bearing fault detection system based on leakage bubble orientation method based on TDOALJ].
STM32 and FPGA [ ] . Electronic Measurement Chinese Journal of Scientific Instrument, 2024,45(8) ;
Technology, 2024,47(15) :161-168. 103-111.
[12] BREUR R4 B T 3T STM32 F1 USB 2o (EEE AT

BARRERGE BT[] 8 T R, 2024,47(23)
104-113.
CHEN W W, XU H Y. WANG F. Multifunctional data
acquisition system based on STM32 and USB bus[] ].
Electronic Measurement Technology, 2024, 47 (23) .
104-113.

16 -

ERR WA T EWEF 710 e AL A TR (A AT

WS BAFTT 4

E-mail: wsm23@mails. jlu. edu. cn

S RRIE GEEIEH ), 1 1, Bd% , EEHE ST ) Sy g 4R

W5 TR AL A M BB R KR E.

E-mail: yixiaofeng@jlu. edu. cn



