Geomatics Science and Technology 2R} 2E R, 2026, 14(4), 338-348 Hans X
Published Online October 2026 in Hans. https://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2026.144034

U HAARBTINNE BB MBSO
TENBA#R

ﬂ"i&u* iﬂ l"ll )a%/}g‘l

LG LR R R A IR AR, BRIE PE %
2BRPUTE BT IS AR A ], BRIY THE

%5

[

h

Weks H . 20264E9)H28H; FHHM: 20264F10H21H; &4 H#H: 2026410/ 28H

wm B

X H T ER AR TIE PFEMBEEAR . BRMIE. WNAEENEIEREDN G —EEHE
B, AIBERT AAZRL5NE EAMBRUCOMIR TENMATR. KRR “50E SRR -
PlbssE 5B - MALESTEENERR - 4= - EENRS58BRHEIR - NBER -
FETE” MEARRKE, HIFPERE. LEHHE, TRERSRESEGRNEEMESES. WHT
BEAEZERRYN, ARAOWATAT, KU EREHELANZmm. BRREL A4 mm; FEHE
BN E DS RAR2ZALD10 hEFANIANL0.5h. SEZEANSURE RS MBI =£BOCHHALEm
BB BRERRIERARML, ARBHEERBETEE. 2. ALZBOHNERE AT ER.
Xiid

T HAZHRE, DHPNENKE, BAELBEN, BRERE, BESEaRREHE

Research on the Development and
Engineering Application of Intrinsically
Safe Infrared Binocular Surround Rock
Displacement Detector for Mining

Ligiang Zhang'?*, Beibei Wang!, Hanyuan Zhou!

IXi’an Tengsheng Shante Intelligent Technology Co., Ltd., Xi’an Shaanxi
2Shaanxi Pubei Mining Support Co., Ltd., Xi’an Shaanxi

Received: September 28, 2026; accepted: October 21, 2026; published: October 28, 2026

EIEE .

SCES|I M Fkareg, EI, R 0 RA RSN Bl R A A TR S TR AT FE D). AR E0R,
2026, 14(4): 338-348. DOI: 10.12677/gst.2026.144034


https://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2026.144034
https://doi.org/10.12677/gst.2026.144034
https://www.hanspub.org/

Abstract

To address the limited accuracy, low efficiency, poor timeliness, and fragmented data management of
manual roadway deformation measurement in underground coal mines, an intrinsically safe infrared
binocular surrounding-rock displacement detector and an engineering application scheme were de-
veloped. The system follows a workflow of infrared binocular imaging, camera calibration and stereo
rectification, stereo matching with subpixel disparity estimation, three-dimensional reconstruction,
repeated measurement with robust outlier rejection, displacement calculation, and platform-based
warning. Field tests under the currently verified conditions show a mean measurement error of ap-
proximately 3 mm and a maximum error of approximately 4 mm. The time required for one roadway
was reduced from about 10 h with two workers using conventional methods to about 0.5 h with one
operator. Compared with representative fixed machine-vision systems, terrestrial laser scanning, and
fiber Bragg grating sensing, the proposed device emphasizes portability, non-contact measurement,
intrinsic-safety-oriented design, and closed-loop data integration.

Keywords

Mine Intrinsically Safe Equipment, Infrared Dual-Camera Vision, Surrounding Rock Displacement
Monitoring, Millimeter-Level Accuracy, Full Life Cycle Management of the Roadway

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15
1.1. fiRERSREEN

B JEAT TR L5 it R 22 A SR BRI ER 51, FE ST R b 8 B0 38 A 1) e A
LR IB R SR . BIA AL FE Re e U TE RS E MR . LRSS TARIRS T IR IE S R-E, 20
ZHARAG . U X IR S FNVE BE AR A% 1) B AR IR [ 1]-[4]. AR AF R RO N TR 28 . RAE i i
B R O, 25 5 ) S50 A T T 6 SR R Ry 1 S AR AT IR IR g T

H AT, o0 Bl SO TR AR R i = e 7 AN o BRI & o8 &, % WO R . A
TR T Tt K% . R VEE KIS IR T BB ERAE RS, EEPIEIR . B 4Hm
MR RS R, BERFHEUTHAL: — N LEHMNSEMRZERK, WEdRE
A B AR OKR S, DU RS S PRI oKk ARG, R AARE AT 2 2 A KR
B E R, ELUE R 23818 S s AT 55 — R0 R B A HE, X DL I 42 A A8 Tl 2
RAFGEIRRETIIR; DU REHRIC S BEEFN A 080 e DA SCHE A T8 4 A i W BN 2 S 400k o T
[4].

Bk, BER—MOEH TR I N ERME.. B&AzEmE. st s El &t 5EHT 6
BN IR LA S R il 36 &, B Bm i TAZa U1 FHE . i A -

1.2. IR SHE AR R
ARk, FBASREZ BN T RS, S4Eoeiad . Jee & /UL L b i Sl & % 4

DOI: 10.12677/gst.2026.144034 339 MezRl2EH AR


https://doi.org/10.12677/gst.2026.144034
http://creativecommons.org/licenses/by/4.0/

HKALIR S

FOR PR . ML AT JE8 Al W SE 2 s R AL G T B B A RE AL Xu S5 [S1EENL 1 IRER A 638 [
FAR TN S W R G, FEAE KB RER FNak SO IR T B 38 1E ;s Qiu 25 [6]#E B - HLs
MRS E AT R R 4, EAGRE WS SCH 7T 0.12 mm RS IIRS BEAT/N T 0.11 mm [ HE B M.
LA AU T SN BE R, HE TR KA AR JCUREREO B, X e B SRR e AT LY
YA SR AR

B R RS PURGR I S % s, & T T AR XA T M. Wang 5[ 7]1H] [ KRR
TEHE H I T3 A 0 B X T A7 A 25 7% Stroner Z5[817E 120 m H AR X} SLAM 5
BOCFHTF AT EL, ) S AATCE S £ 5 RMSD 290 12~24 mm 1 22~27 mm, 3 BK PR 58w id
TR 22 P B TR ZE AN T 240 o i L T SR 0 8 5 P P sl O A B8 PR B 2 oK g, (R RIWA . 4L
AR B Ry AP DL R A A UEAT R I T HES R LA R R . A R (FBG) R A HiH
WG IRANESAE LIS MR TS, SEREE[O] O A TR X BOREAE AR T Ml ;- Cai S5[10]8F#1 1) FBG i %
FERBRIE 0~25 mm EFAENIEZE] 0.0513 mm K, (HIZSEAM E & T Hefh 0N A6 I, 75 22
TEAT WAL 2R SRR 45

ARG, WABRE “SHE - ROEBIIINE - IR IR - B0 A% - SFE R Z a7
Wy o ARSCHIANHT AL ARG SR AT A B H A0 i kG B, T A T () A I T 3k = B A RS M 3
o, KRG TRERRE . NMEIEIE . A2 BT IR N 2 (B S 45 5 T T AR AR 11
REXTEE LS 1.

Table 1. Comparison of the equipment in this study with representative monitoring technologies for surrounding rock/tunnel deformation
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Figure 1. YH-8 intrinsically safe infrared surrounding rock displacement monitor for mining use
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Table 2. On-Site verification operating conditions and sample information
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Table 3. Statistics of ranging performance under different environments and ranging conditions

% 3. TGS MIERE LT HH RIS

A ES ik FEARS n EER QU MAE/mm RMSE/mm
MK 2.0~3.0m 36 99.1% 25 2.69
MK 3.0~4.0 m 40 98.5% 2.9 3.07
e 4.0~52m 32 96.9% 3.4 3.55
s 0~1Ix 45 97.6% 3.1 327
e EE >1~10 Ix 63 98.7% 2.8 2.98
A <10 mg/m? 48 99.0% 2.6 2.78
ko >10~20 mg/m> 41 97.8% 3.0 3.16
M >20~25 mg/m? 19 94.7% 3.5 3.62
KA JRERE /5 B IR RS THD 78 98.6% 2.8 2.97
KIH %S4 /SR S S Y THD 30 96.3% 3.3 3.45

54. IPSHENRES S0

AL A R PR O T 447 o) s 1 e ) Bl A AR i e, R R A SR R e . iR
Ja AR AR TRAE, IR SO0 IR A R (K — N WS s 5 AR AR R T R sl A
WAL, MNEEET . MBS S RESTT R B A% . FA A0 RS = XU IR K 2 2245 B IR 2
— EAEEAR—REHE.

5.5. BRILASHREMR

AW T TRERAETIAAAE — € Vu B R . — 2 S TE N T I Ay, B K
HECABREERY, (HMAGBAEY FRIE: RN RRER&E GRS 25 mg/m’, KEGLSHTE
A BRI e o B = RRIEM B AR, Jeia /b AT, By, sa
IR Je ™ BB S T OLAS 5 B AR AGAIE . PR, AR SCES I N E Y AR ATAT I S P T AL AeE . 5 S
FEZ /D 3 FMTIEAT L 2~3 TSP T ORI Sk 2 ¥ Bl P RS SUBIE, I 4 i MAE. RMSE. E Ak,
A RULHC R S 95% B AR XAl o AW FE IR LLIGIESS RIS WA 4.

DOI: 10.12677/gst.2026.144034 345 MezRl2EH AR


https://doi.org/10.12677/gst.2026.144034

HKALIR S

Table 4. Results of on-site comparative verification
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