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navigation system in coal mining roadheader
MAO Qinghua'?, ZHOU Qing'?, CHAI Jianquan'*, CHEN Yanzhang'?, YANG Wenjuan'?, XUE Xusheng'"

(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 University of Science and Technology, Xi’an 710054, China)

Abstract: The fusion positioning of high-precision fiber-optic inertial navigation and high-precision position sensor is an effective method
to realize the accurate positioning of coal mine roadway roadheader. However, the high-precision fiber-optic inertial navigation has high
cost and the error accumulates with time. How to achieve high-precision fiber-optic inertial navigation performance and eliminate cumulat-
ive error through low-cost and low-precision fiber-optic inertial navigation adaptive zero-speed correction is an urgent problem to be
solved. Therefore, an adaptive zero-speed correction method for fiber-optic inertial navigation of coal mine roadheader based on zero-
speed detection and extended Kalman filter is proposed.Aiming at the problem of inaccurate zero-speed detection of traditional threshold

method for roadheader fiber-optic inertial navigation, a zero-speed detection method based on PCA—SCSO—-SVM ( Principal Component
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Analysis PCA, Sand Cat Swarm Optimization SCSO, Support Vector Machine SVM ) is proposed. This method uses roadheader vibration
signal for zero-speed detection. Firstly, the vibration signal is decomposed by VMD and the IMF component is selected according to the
correlation coefficient. Secondly, the time-frequency domain features of IMF components are extracted, and the principal component ana-
lysis method is used to reduce the dimension to reduce the complexity of the diagnostic model and the difficulty of data analysis. Finally,
the accuracy of zero-speed detection is improved by introducing the sandcat swarm optimization algorithm to optimize the kernel function
and penalty parameters.Aiming at the problem of high cost and error accumulation with time of high-precision fiber-optic inertial naviga-
tion, an adaptive zero-speed correction method is proposed. According to the correction interval time determined by the zero-speed detec-
tion results of the roadheader and the motion characteristics of the roadheader, the speed error and angular velocity error of the extended
Kalman filter at the zero-speed moment are used as observations to perform adaptive zero-speed correction. In order to verify the effective-
ness of the proposed method, the experimental verification of zero-speed detection and zero-speed correction is carried out. In the zero-
speed detection experiment, this method, SVM method, GA—SVM method and PSO—SVM method are compared. The experimental res-
ults show that the zero-speed detection accuracy of this method is the highest, reaching 96.5%.The zero-speed correction experimental res-
ults show that the zero-speed correction method proposed in this paper can effectively reduce the attitude error of the fiber-optic inertial
navigation and improve the attitude detection accuracy of the roadheader. The shorter the correction interval, the more accurate the error
estimation and the higher the corrected attitude accuracy. When the correction interval is 10 minutes, the fiber-optic inertial navigation of
0.1(°)/ h can reach the attitude detection accuracy of 0.057(°)/h, and the low-precision fiber-optic inertial navigation can reach the high-
precision positioning target.

Key words: roadheader; fiber optic inertial navigation; zero velocity correction; vibration detection; SVM; extended Kalman filtering
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Fig.4 Data collected by the vibration table
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Fig.7 Different time-frequency domain characteristics
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Table 1 Variance contribution rate of each

principal component

B %y T3 2 TTHRER /% Wiy T3 2 TR %
1 74.75 9 0.29
2 12.96 10 0.19
3 3.77 11 0.14
4 2.98 12 0.12
0 . . . . . . 5 1.97 13 <0.001
1 2 3 4 5 6 7 8
IMF/ & 6 1.58 14 <0.001
N o N . 7 0.55 15 <0.001
K8 IMF 2 EiFdkaslfz 5 MMk R A
Fig.8 Correlation coefficient value between IMF components 8 0.44

and vibration signals
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Fig.12 SCSO-SVM recognition results
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Table 3 Recognition accuracy of four methods

itk ¢ 2 S /%
SVM 10.000 0 10.000 0 82.50
GA-SVM 22678 4.5650 88.75
PSO-SVM 7.0162 3.8942 93.75
SCSO-SVM 7.5658 5.0635 96.25
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Fig.13 SCSO—-SVM recognition results
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Table 4 Simulation error setting

x5 AEEEERREDESARKIRE
Table 5 Maximum error of attitude angle at different

correction intervals

EIFRR ) /min - FFIA/C) B/ four f/(2)
10 0.008 0.007 0.057
15 0.011 0.011 0.070
20 0.015 0.014 0.079
30 0.026 0.024 0.089

R By
FERRBEHLH(E I8 0.1(°)/h
FEIRREALIE 0.02(°)/h
Jons B THRERLH (T 0.1 mg
AL 5 pg/Hz"™
~ 0.04} — [A]f10 min — [A]f%15 min
;\Tﬂ/ 0ok - 1F]B%20 min — [i]%30 min
o vae s TR biz
gog%wﬁﬁﬂwwwwﬁgfxﬁv
é -0.02 WY

_0'04 C 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
i [A) /s
(a) M A iR 2
= 0-06 ¢ — [A]f%10 min — [E]F&15 min
‘W\E 0.04 [A]B&20 min — [A][%30 min
= ooof e )
&= 0 firtemeap P A oo et IR ~/m”~
& 0.02
—0.04
0 500 1000 1500 2000 2500 3000 3500 4000
Bt [8]/s
(b) BRI E
0.14 - -
~ 0.12F — [E]BF 10 min — [EJBF15 min
g 010 F -~ [il&20 min — [AF&30 min
;l]ﬁ 0.08 A /«Aw“’/‘"/www
& 0.06 /NJ/“M‘) VA Yt -
E 004F
8 002f .l
0 ‘/(T KI / 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
Bt [8]/s
(c) i f iR 22

K14 AR IE B A A S AR E

Fig.14 Attitude angle error with different correction intervals
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