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Positioning and navigation method of underground drilling robot for rock-burst
prevention based on IMU-LiDAR tight coupling

SI Lei, WANG Zhongbin, WEI Dong, GU Jinheng, YAN Haifeng, TAN Chao, ZHU Yuansheng

(School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: The drilling robot for rock-burst prevention is the key equipment for pressure relief in rock-burst mines, and its
accurate map construction and stable navigation under complex working conditions are the basis and premise for realizing
intelligent drilling operations. Based on the analysis of the causes of point cloud distortion of LIDAR and the defects of
classical SLAM algorithm, a point cloud distortion correction method based on the IMU continuous time trajectory is pro-

posed, a data fusion model of LiDAR and IMU is established, and the positioning and mapping process of drilling robot
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based on the IMU-LiDAR tight coupling is designed. A closed ramp model is built based on the characteristics of coal
mine pressure relief roadways, and the simulation analysis of the mapping effect is conducted. The results show that the
proposed mapping algorithm outperforms existing commonly used methods in terms of positioning accuracy and traject-
ory error. On this basis, a dynamic path planning method based on the improved artificial potential field and rapidly-ex-
ploring random tree is proposed, and a path planning and navigation fusion scheme suitable for drilling robot is designed.
Two simulation motion scenarios are then designed, and the results indicate that the proposed path planning method has a
better comprehensive performance in terms of average path length, average running time, and average number of gener-
ated nodes in both global and dynamic path planning. In order to further verify the practicality of the positioning and nav-
igation method, multiple comparative experiments are conducted in a simulated roadway, ground experimental base and
underground pressure relief roadway, and the results indicate that after tightly coupling IMU data with LiDAR data, the
positioning accuracy of the proposed method is significantly improved and has a superior positioning performance in fea-
ture degradation scenarios. In addition, the planning path has better performance in terms of computational efficiency and
cost. The results prove the feasibility and superiority of the proposed positioning and navigation method in various scenarios.
Key words: drilling robot for rock-burst prevention; simultaneous localization and mapping; inertial-LiDAR fusion;

positioning and navigation; path planning
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Fig.1 Visualization of lidar motion acquisition point cloud data

1.1.2 T IMU FEZERT R0 1Y o5 2= B AR A 1

T SE I A) B B A IMU B e 8 5 i FL L
F N2 Bl EERR A G T[] (4 R, 1T DA s st ]
B XL AT B A T A, DI 58 B 2 (R B AR R I
T B HESR M A LIS M | | AR A
JRiT SR T AL R, 78 TR R R BN T 12
i [ 3 22 030 1 ) A% O 2 R B RE SR 2R AE 3 1K
FESRIOG OL T SEEAL B AR 2 L S LR .
3K B HESR M BA B B AT 2L, Refs A 3K



2182 # %

F #®

2024 4F55 49 4

P& B RS, 55 MU Il AE DT FCTE - A9 5
BRI o ABAEAL I = AE i i AT RE S R i 4R
TR S AT SRR, AR AREOY B R R L
Xof VSR AT S B A BT DUAT S DX — ] L

FERZE (A, B ARSI i EAIE S REUE A
AU B AR, Bnpie s TRAPLE R, A
DL )1 A i V) A 81 2 v %) B A
U, 25 RSN 1 oy RRoR, W ) —FiRE &%
M2 T Ab R AS, #5 FLAE (20 s DT (R,
Rt oy Ryosy), WIRT IS B B AERRIR IE S HE Y R AR
BR() K

s—1
R(H) =R, [ [explis(nd;] "
u=1

d; = ln(R;llk 1 R"*”)

Horp, r Ry s AT A AR AT u A HIAR RS R, A
P A5 In( - ) S ZE T B 2 AR A X B 5 exp( )
SR HGHIE L A0 R T B[R PR A R i A i 22
[

TR (1) o B ARAR 2 AR A e fa] A —
B SO 9 A 1T AR B A — A 2 RS L SR
TR | A R SR AR R . SR R B E R, BT
SEP A S RS I I, HRELANE 2 R

P P
DPri e
e
”/”_/“““/ Pe - P
’*~>_’,">;;___7>______;“7’

tL Zkr' tlx\ 1

ZIROESE R R b5 s py WA 1, 2N E RO B s AR 5 71‘:
H PR R WA 6, BEZIR AR s T AR R
B2 T IMU JEZEI RN Y a2 AL A5 I P
Fig.2 Principle of point cloud distortion correction based on
IMU continuous time trajectory
P:[ Rg) ”Y) ]P @)
K, P RFIRBOCH KN =5 pRIER Rz 5 p(f)
Nt ROt B fE R
12 ET IMU ZRBEMHAELERTEME X
121 ZMURAERA AR )
A XHEOE TR A A IMU $dfE i A H AT DS
B — i 37 A0 TR R R AT IMU A I B 37 25,
{H22 M LOAM B3k HhOG 7 38 AR TG T R AR

TFRAAF 5 BB I, 7R 530 rp (04 R FHAZAE LA 1) 3
O BT I T AAE B IR ETIR Ak 1) U L Te vk $E 0
PRHIE S 2, S0OK- B A TG @ AEF AR b i
SMROG TR IR BHE R AE, B4 TOL P 4ot & ik
SLAM ik = Bt 4 .

EEXT LR A, 2 3 78 LOAM 53 HE 28 () S Tl
FoRABOLTER S IMU SHE B8R A 7 LYK
FEEEOE TR A SLAM 7 SRR I T S PR Bk

() A5 2 D L 5 58, LADRE 58 BB 7R 18 R A 1T,
Toe 2 S BRI b s FL ML 2 N TE JRE A G0 A A 1 R o
FEA
1.2.2  BGHERHOE T IR BRI AR

M VCEOE RO TR R AR AR R A% 0, L
D FCRS B FNA2 17 8505 B 52 ) B o Bl FLAL A 9 2
PRCR . AL 1CP PEFd it k. BRI AR
L, M FHF B ICP ik )y i BRI B 1 TRCR
A BRSETE, HR L AR T IR R, A A
KR, 20 A o AR IR % 22 (3 A
FRAEAE S, o IR VCBC IR T 0 o 1E 2553 A A8
S (NDT) AT P58 21 FURRIE A S, i
TR I M BN T IES M R R IE, EH T
HFBIEASERA = L, A TIREEOLES R
FRVFALER 3 = VE A3k 132 1 T50%, Rl ff D5 16 3
st PR A R R B R 1 A, B E R T 1
PG O B 8 LR T 7 7k, IMU DLEFE G Y
77 0 = VE LSRRI aR A7 2234l 11, ICP FI NDT 4§ 2
FPVCHC Ty 32 5 B 5 AN, SR SE BB wh e FLAL S A AE
N AP A SRR TR

O SO TR T AR A iy RN 3 i
N IMU BEZead A B , Az e T ] A4 25,
A 3 6T FSF [i) ) 2 36 B AT R A2 i 20 7 S AR 1 U5
LiDAR #tf i — s 50 1 A RAERS [RIE, R %
R AR BT (A1, W] A 22 B (RIS I AUR R
B 20 ELSE AR bR R, 3 3 AR B AR BB ST TR — I E,
IR R IR GRS S

XA IER R 2 WA 2 Pev Pro, 9 200k 15
2 HZ MR AR e . B TRk ICP A9 DT B RCR AL
T NDT J5i:, Fr AL e R A ICP VLIE . #5755 k+1 i
() FF 46 T 15 B 20 1y, 30 2ok 900300 £ 3R A5 9% 0 21
IMU %5 07 AR A6 (R T, |, 2T, /R ICP DL
BC (] 46 67 2, A5 B e A AR B B TP . (3 7R 4
FEMETI S0 LIAE N P Proy B 275 H A I 45 5
T B L 2 A O FRIE SBT3 30 2 S 80 75
AR (4) EEDR; @ AR IEE TS 5 IMU #2808 BT



4 Al 248 FTF IMU-LiDAR BHEE B B rh BN FLATLES A e A i v 2183
IMUZ# Ak 3 LiDAR H f£it Je ity
" I} ) i 45 o ICPULHL Lidar kG
@ — numi — Ty — wRE — Ty (R P
N ! T
ALy
o R AR KIEJG faifLICP fir 2%
Bl —— Lidarfdf —— X — oot o
m IE Job [N HERf 2 AR
LiDARZE AL \ ‘

Y
o = firi = £S5

B3 T o fok BT (0 2 2R

Fig.3 Framework of positioning and mapping based on improved lidar odometry
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Fig.5 Simulation experimental trajectory comparison diagram
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Fig.7 Force analysis of the robot at the local minimum point
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Table 5 Comparison of dynamic path planning simulation

experimental data
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Table 6 Comparison results of motion trajectory positioning

L5t ER7S A BB Em A ER2E%

HAH 17 464 167.173 —

LOAM 1744 19.901 -88.10

%A LeGO-LOAM 1741 12.013 -92.81
LIO-SAM 871 137.451 -17.78
EFEHE 1738 155.984 —6.69

HAH 7356 48718 —

LOAM 735 51.475 +5.66

UEB  LeGO-LOAM 734 49.386 +1.37
LIO-SAM 366 49.049 +0.68
RN 729 48.927 +0.43

M 6 TLIAE M, 7 2 ML= T, LOAM &
11 LeGO-LOAM Bk i iS4 /il 5 B EH 2 1R
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Fig.18 Motion trajectory positioning curves
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Table 8 Experimental results of simulated roadway scenario

path planning
Ak B AT ) /s AR /m
RRT+APF 1.961 37.485
Rl AR LRI 58 0.850 35.527
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Table 9 Experimental results of experimental base scenario

path planning

Bk BT /s 4 AR B /m
RRT+APF 2477 45.179
Al AR %6 1.194 41.625

WotE s

K25 SNBSS

Fig.25 Underground on-site experimental scenario
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Table 10 Comparison of positioning and mapping errors in

underground pressure relief tunnel

s APE¥ TR IR 2% RPEH iR iR 2%
fi#m  BER(°)  fiBm BER(C)
LOAM 0.346 9.178 0.135 1.683
LeGO-LOAM 0.781 36.368 1.764 9.257
LIO-SAM 1.647 176.836 3.235 7.385
EFM L 0.143 2.469 0.067 0.891
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Table 11 Path planning results of underground

pressure relief tunnels

Bk FAIEA T A/ A K /m
RRT+APF 3.218 35.109
AlA AR % 1.847 31.348
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