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Precise positioning method of tunneling machine for inertial navigation and

visual information fusion
MAO Qinghua'?, ZHOU Qing'?*, AN Yanji"?, XUE Xusheng'*, YANG Wenjuan'”
(1.School of Mechanical Engineering, Xi’an University of Science and Technology, Xi'an 710054, China;
2.Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Detection and Control, Xi’an 710054, China)

Abstract: For the difficulty of pinpointing of tunneling machines in the complex environment of coal mine tunnels,a precise positioning
method of roadheader based on inertial navigation and visual fusion is proposed, which uses a positioning scheme of inertial navigation
plus "vision+laser target". With the designed four feature point large-sized laser target fixed on the roof of the tunnel and the camera on the
tunneling machine to collect laser target images, the scheme uses the circular fitting method to locate the center of the light spot and the
EPnP algorithm based on four feature points to calculate the position of the tunneling machine. A “vision+laser target” position detection
experiment was conducted in simulated condition of heading face to verify the effectiveness of the method in detecting the position of tun-
neling machines. The results are as follows: within 30 meters tunnel, the maximum error in the width, position, and height are no more
than 28.549, 78.868, and 44.459 mm, which shows accurate detection of the position of the tunneling machine. For the inaccurate pose de-
tection of tunneling machines in inertial navigation measurement, induced by the accumulation of pose errors over time and the machine
vibration on the combined positioning system, an improved Sage-Husa adaptive filtering method for inertial navigation and visual informa-

tion fusion is proposed, which could correct measurement errors by detecting new variance values to improve positioning accuracy. A
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combined positioning experiment of inertial navigation plus “vision+laser target” was conducted in a simulated heading face environment,

using improved Sage-Husa adaptive filtering algorithm to fuse inertial navigation and visual information for comparative analysis, which

show that the improved Sage-Husa adaptive filtering algorithm fusion results in smaller positioning errors. The maximum errors of pitch

angle, roll angle, and heading angle are 0.029°, 0.051°, and 0.011 3°, respectively. Within 30 meters, the position error of tunnel width is

within the range of 0.033 m, and the position error of tunnel excavation direction is within the range of 0.062 m. Overall, the proposed in-

ertial navigation plus visual fusion positioning method can meet the accuracy requirements of tunnel excavation positioning.

Key words: tunneling machine; inertial navigation; machine vision; EPnP; sage-husa filtering
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Fig.8 Visual positioning error
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Table 3 Average positioning error

x4 EMURKRE
Table 4 Maximum positioning error

5 2.706 5224 3.282
10 5.055 14258 8.657
st 19 6.564 25871 12213
PRGBS /m o9 11.848 31.899 13.102
25 12.564 38.431 21.874
30 15.064 44.087 21.346
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10 6.738 25.896 13.392
sEoE 19 8317 49.755 22563
PRILAYEEES/m 5 18.103 56.729 29.600
25 26.694 68.563 37.863
30 28.549 78.868 44.459
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Table 5 Positioning results before and after Sage-Husa adaptive filtering improvement

. . . X7 A KR % /m Y5 Il K2 /m XJ7\IRMSE YJ5 MRMSE
Sage-Husa Hil i H & iR2= RIS
10 m 20 m 30 m 10 m 20 m 30 m 10 m 20 m 30 m 10 m 20 m 30 m
\/ 0.0551 0.0822 0.0893 0.0802 0.1024 0.2028 0.0566 0.0569 0.0507 0.0988 0.0442 0.1159

\/ N 0.0112 0.0215 0.0332

0.0205 0.0413 0.0623

0.0176 0.0130 0.0182 0.0311 0.0211 0.0358

e VIREHIZT .

®o6 BHEMESKRESHARRE

Table 6 Maximum error and root mean square error of each algorithm
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