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Research on 3D modeling of underground roadways in coal mines

LIAN Boxiang', MI Langtao', LI Shangjie', GUO Jiyao
(1. Shenmu Ningtiaota Mining Co., Ltd., Shaanxi Coal and Chemical Industry Group, Yulin 719300, China;
2. College of Geomatics, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract: 3D reconstruction of underground roadways is an important approach for mine surveying. 3D
laser scanning combined with Simultaneous Localization and Mapping (SLAM) technology enables roadway
scanning and 3D reconstruction. However, in underground environments with sparse geometric features, there
exist problems such as insufficient point cloud registration accuracy and low efficiency. Taking the auxiliary
haulage roadway in the southeastern section of the south wing of Ningtiaota Coal Mine under Shaanxi Coal and
Chemical Industry Group as the engineering background, this study conducted high-precision modeling of
underground roadways. Considering the characteristics of the underground environment of Ningtiaota Coal Mine,
control points were arranged on the roadway roof to reduce environmental interference on their positions. A
GOSLAM-GSJHI12 handheld 3D laser scanner was used to collect point cloud data. By constructing known point
constraints and performing nonlinear optimization on the point cloud coordinates based on the known control
point coordinates, point cloud drift was corrected. Denoising algorithms such as Wavelet Decomposition and Non-

Local Means, along with the deep learning segmentation algorithm based on PointNet++, were applied to remove
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noise in the point cloud data. Roadway point cloud features were extracted using an improved Harris3D corner

detector and the Random Sample Consensus (RANSAC) algorithm. Point cloud registration was performed by

fusing data from 3D LiDAR and the Inertial Measurement Unit (IMU), enabling high-precision map construction.

The Delaunay Triangulation algorithm was adopted to construct an irregular triangular mesh model of the

underground roadway, and multi-stage optimization was used to achieve fine 3D reconstruction, which was finally

presented via a visualization platform. The research results can be integrated with technologies such as the Internet

of Things, big data, and artificial intelligence to realize intelligent mine management and decision-making.

Key words: 3D roadway modeling; 3D laser scanning; LiDAR; inertial measurement unit; point cloud drift

correction; simultaneous localization and mapping

0 35

A R 2 B TR i A 2R e i v AN ] e
AR, H 2 H AR T A A W AR Y b
JR 5T WA 0 M K oA S A Y b
RESAG R S S Y T e ]
FRAL B A $ 4t B S0 B A A T PR, SR kil
BRI 2 4

U 22 % R D £ 5 4% e N 2 R 52 ™ -
SRS K RS EE RO
SO BRRHE VLI, (B T AROG IR &) S BUE AR
w, BBy 2R T4 5 5 AR AR, R E X
B TH] B, S0 PR A2 DX S CAN FF R 910D, DR TCORS B2 5 3%
R, ARG A U 22 BR TN T A i 5 40
LAl P, KIEBAE L B Btk 25 0 2, TThIRIUE2 s
iR — ot BB R A R, e LA 2 A% 1 PR
AT R

AR FHAEN I = de HAE RS A = 4%
JEHMHAR . ZEAR T KRS 5, T
< 5 4= BR AT 11 2 & 4t (Global Navigation Satellite
System, GNSS) &5, 7EME0 BHiH F B A b HA
RPN A= i1 S S A o T B Ut 8 ) =B
(LiDARD & 5 0/ SRR s % B2 05 = Hdis , ] 25 %
Brab, HORSZOGRRA 52 M0, GENS Al A 18 LT f
(AQUE SIS A T AN N DR ) riy- - &
s IRE A AL R REFT K . (HF— LIDAR 7E 5 244
T8 Gy R ) I 1Y T ORI B2, LI B N s B
S Ah 3G B M BEEER A R . X, A AR AR
2k 4 [6) i %2 7 5 2 8] (Simultaneous Localization and
Mapping, SLAMD i A #1745 0 i 5 = e s g
SLAM A] 55 H: At 1% J8& 2% B 8, M8 v ) & 5 o
(Inertial Measurement Unit, IMU) "'? | 43k 5 i & 48
(Global Positioning System, GPS) 254, M i 3k B 5
AT R B IE B, B R B i )
ST

i

AR T SLAM H AR B AR A, (H ] T4
AT LA AR AE AR 5 20 58 v AT A7 A A5 2 BE RS B2 A
AR R AR, AR SCRARR P A T4 AT #7
SRIE IR IE T AR g A1, 42— Fh C R 2R A
K BEWOL SLAM HEBLEOR , LU SRR 1 = 4E A
MEERHS%

1 HREXER

P SR IR AL VR T B TG 48 R T P LR, I
K BIRYY 36 km, 17 BUX K5 J@ A T PNK 248 L R
K S L M A AR AR 4 110°0929.515" ~
110°16'23.355", 44k 38°57'24.238"~39°07'57.126",
Fr 485 IF B F e db 8% + s IR AL, B R BA
WM&, HUOEEIL. VURs e, Thasit. S M 3 HOE &
PR VSR AR AU, A% 5 B RV —al iR AL, g
AL TP ARG =, BRLARH/N IR A, AR Y 3T
o R S TP R R 3R R, AR+ 328 m,
AR STE B RA T AL H LR IAL, b5 E+1 150 m,
— AR 5 1 220~ +1 280 m, AH X e K =K
178 m.  J FH 5 38 A 9 26 9l B0 AR XURRRD 22 1% r
LIRS 2 P 5, JR AR R R A DU R R
WAL A6 Ml S R 5 DU R i - i R
g+, B F RN T %% 30 Moy g 55 3
FERATHM

4 38 I 2 L R () 2 3L 2 E T R, R
FH 2 A KRR I 4, 920 — KR 42 5 256 HLAR
e Rk 2z X A RISV T2 . 0 AR 1 O LR B i
HARES), LA BB, KA K., FIF i
R B A, FAEWTZ . A MRS TS, 3
FOBTE TR ARAS KL, 55 5 R A4

2 MIREZ

PAFY 26 B IR0 g 3 7R X il s ARl R T TS X R
L35 25 SR AR I B £ B AR 0 e a5 R A R
10 3R R T A A R R R 5 A AR
WFFE L BTN 1 R .



2025 5% 5 #

B ME, By TAE AR R . 149 .

o e

ez | [ BT i3 Tl
R K TN e WE 7 S P T A [
R A
i ﬁﬁ;‘m"@tﬁ
Lss )[Rt [ ]| ||
RS (BR[| e [T Ss [T\l Dk | |
' s ||
''''''''''''''''''''''''''''''''''''''''''''''''''''''' Vo
R T AR R EVC L AR |
PeE | [ CAEH BRI [ —=|[IMUSLIDAR |
. h Mo || NDTHSELHE HiEms ||
N

| YRR Ry — !
Dl | oo s HIERWE || TIN |
e W S || e s 2 || ik [ Delaunay || #1145 G ] |
e i ESSS S| W || R '

B 1 IR =R AR BT

Fig. 1 Research route for 3D model reconstruction technology of

mine roadways
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Fig. 2 3D laser scanning results of a single roadway
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Table 1  Error statistics of regional samples under different point cloud drift correction algorithms
Lego-LOAM LIO-SAM ELHL A
H'5  EPRME/m
WEfA/m  4R2Em  MXHRZEY%  WEE/m  40R2Em HRZE%  MEfE/m AXHiREm  HERE%
1 4.600 4.356 0.244 5.30 4.562 0.038 0.83 4.582 0.018 0.39
2 2.000 1.916 0.084 4.20 1.986 0.014 0.70 1.991 0.009 0.45
3 0.600 0.585 0.015 2.50 0.595 0.005 0.83 0.595 0.005 0.83
4 3.500 3.663 0.163 4.66 3.533 0.033 0.94 3.487 0.013 0.37
5 0.900 0.923 0.023 2.56 0.862 0.038 4.22 0.893 0.007 0.78
6 1.500 1.482 0.018 1.20 1.490 0.01 0.67 1.493 0.007 0.47
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