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Position and Orientation Measurement Method for Coal Mine Roadheader Based on
Multi-Vision Target

LI Xinru, HUANG Zhe, LI Jiaxiong, ZHAO Shiyi, ZHU Fengjuan

(College of Electronic Information and Automation, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Aiming at the problems of low measurement accuracy and cumbersome equipment arrangement in the existing

position measurement technology of coal mine roadway boring machine, a position measurement technology of coal mine
roadway boring machine based on binocular vision is proposed. Based on the principle of visual measurement, the integration of
dual-vector posing, target positioning algorithms and coordinate transformation technology can accurately solve the position of
the roadheader, as well as the horizontal/vertical deviation of the centre point of the machine body with respect to the axis of the
roadway design. The experimental platform of the position measurement system was built under laboratory conditions, and the
experiments of absolute measurement accuracy of position parameters and absolute measurement accuracy of horizontal/vertical
deviation were carried out to measure and statistically analyse the errors of position parameters, horizontal deviation and vertical
deviation. The experimental results show that the maximum error of the fuselage attitude angle is less than —0.32< the
maximum error of the fuselage position is less than 8.5 mm, the horizontal deviation measurement error is less than 7.3 mm,
and the vertical deviation measurement error is less than 8.4 mm within the 100 m test range. The method was applied to a
downhole environment for testing, and the test results show that the method is capable of achieving accurate measurement of
the six-degree-of-freedom spatial position of the body of a roadheader.

Key words: coal mine roadheader; multi-vision; double-vector attitude determination; target location; position and

orientation measurement
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Fig. 1 Schematic diagram of measurement system of coal
mine roadheader
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Fig. 2 Schematic diagram of coordinate system construction
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Fig. 4 Schematic diagram of the construction of the
reference coordinate system
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Fig. 5 Schematic diagram of gravity vector solution
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Fig. 7 Schematic diagram of light spot coordinate solution
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Tab. 1 Technical parameters of experimental equipment
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Fig. 11 Experimental data on absolute measurement accuracy of attitude parameters
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Tab. 2 Experimental data of evaluation for horizontal/vertical deviation absolute measurement accuracy

F5 R BEZRA BEAmZEmm BEREZENERZmm AR mZEmm AR ZE R 2 mm
1 5m %%ﬁ 42.6 16 —49.8 0.9
SEFRE 44.2 —50.7
5 10m %%ﬁ 68.0 ’3 41.2 14
SEFRME 65.7 39.8

3 20m %%ﬁ 74.5 38 —733 ”1
SEBRE 70.7 —754

4 com ﬁﬁ%?ﬁi 53.6 67 64.7 58
SEFRE 46.9 58.9

5 gom M —724 56 91.8 8.4
SEFRME —66.8 83.4

6 100m  fREfYH 95.7 7.3 103.6 —49
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Fig. 12 Schematic diagram of field test
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Tab. 3 Experimental data of some experiments in downhole industrial experiments

BEFH 435 xmm  yimm o Zmmo o ERRC ) REUAIC ) EEIRIC)
1 1052 7310.7 24600.2 1.87 —053 —0.75
® 2 80.5  7300.1 24600.2 —5.28 5.83 3.74
52 3 475  7310.6 24600.1 2.67 3.52 1.65
fi 4  —586 7320.3 24600.6 3.62 3.41 1.73
5 753 7300.1 24600.2 3.23 —6.75 —179
1 96.8  7316.5 24563.7 1.52 —0.69 —0.96
i 2 734 73252 24586.1 —5.56 6.29 3.48
B 3 59.2  7358.0 24576.4 2.82 3.36 1.32
fi 4  —67.1 73704 24561.3 3.45 3.17 211
5 834  7327.2 24558.1 3.36 —6.94 —162
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