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Research and Application of Positioning Technology for Mine Inspection Robot Based on UWB and IMU Fusion
KUAI Wenbo'*, ZHANG Hongwei'* . PU Zhonghui®, XIAO Wei®
(1.School of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo, Henan 454003, China;
2.Henan Key Laboratory of Intelligent Detection and Control of Coal Mine Equipment, Jiaozuo, Henan 454003, China;
3.Henan Longyu Energy Co.,Ltd., Shangqiu, Henan 476600, China)

Abstract: A fusion positioning method based on UWB (Ultra Wideband) and IMU (Inertial Measurement Unit) was proposed
to address the issues of low positioning accuracy and poor real-time performance of underground inspection robots in mines due
to environmental influences. Firstly, the UWB ranging module was used to measure the distance between the inspection robot
and the UWB base station. Secondly, a GRU (Gated Recurrent Unit) neural network model was constructed, and the UWB
measurement distance and real distance were input into the neural network model for training, resulting in a GRU correction
model. Then, the GRU neural network was used to correct the model for the measured distance, suppressing NLOS (Non-Line
of Sight) distance errors in complex environments and obtaining more accurate distances than before. Finally, the corrected
distance information was combined with the data provided by the IMU through ESKF (Error State Kalman Filter) to construct
the error state equation and measurement equation, respectively, to evolve and update the system’s error state and calculate
more accurate position coordinates. The experimental results show that under three different NLOS environments, the
corrected static experimental positioning accuracy is improved by 6.09% , 16.56 % and 18.89% respectively, and the positioning
accuracy in the composite scene is improved by 11.36% compared to before. In the dynamic experiment, the corrected average
positioning accuracy is improved by 11.10% compared to before. By correcting the pseudo range measured under non line of
sight, the impact of non line of sight can be reduced and the positioning accuracy can be improved.
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®3 MoRXBHE

Table 3 Partial experiment data

t 2 1 T4, 5% ] RMSE 48 o5 ¥EA% i, 18 1E )5
Y T B AL B A W E R T, S IERT
M BERSR 1.5 2 5 3 A% T e
PR EE A BT T 6.09%6.16.56 %6 ,18.89 %6 ,11.36 %% ,
IR 25 LB L £ XA 19 NLOS 3R 55 72 A 1 8
TR 2% 3 A8 TR R X A I B R R AT B OE L 1Y
REA AR S e RS JE .

FYr o SEPRARFR/em B 5 A7/ em 1& IE %€ i /cm
1 (250,250) (246.64,257.70) (247.61,257.23)
2 (250,250) (248.93,258.51) (245.92,256.06)
3 (250,250) (244.17,268.89) (246.17,265,50)
4 (250,250) (243.83,266.23) (245.82,262.85)
5 (250,250) (222.67,275.29) (229.27,271.65)
6 (250,250) (220.27,277.74) (226.79,273.90)
7 (355.85,100) (341.49,90.98) (344.73,94.80)
8 (400,344.82) (403.81,335.79) (400.95.336.92)
9 (233.44,400) (239.92,405.45) (239.47,401.84)
10 (100,247.49) (93.42,249.10) (96.60,250.94)
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HEBETH T NLOS X 88K AL 2 A2 074
PR RS B — R L T UWB Rl IMU il 5 &
fiJ5 ik, @it GRU #1228 %F UWB Il B #1744
IE A IMU 0 2 55080 A S8 T30 L 0K 48 1 11 10 %
P i A ESKF #EA7 Rl & 2 107

B XA LS ATED I T 2 20 R b &2 B
[FFEEE NLOS SZm i s o0, it 1 =M Sibrig & T i
W, I RE], =My T EE TS
R0 A BE A8 TE R 43 B4R T 6.0926.16.56 %
18.89 %0 » HAERE G35 T 1 B (00K 2 BB IE Fi 4 7+
T 1136 %0 18 1E J5 1Y 3l 253 00 a2 ARG B 348 1 iy 2
FET11.10% . 3 ik xf 3 B0 B 0 i 19 Ph R E AT
TE AT /N AR AU B A 52 0, 2 s R BE
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