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Abstract: In order to solve the key technical problems of straightness perception of scraper conveyor in coal intelligent mining process,
based on the research of curvature sensing principle of fiber grating, a three—dimensional curvature sensor of fiber grating is designed and
developed. Then, based on the discrete point curvature information obtained by the three—dimensional curvature sensor of fiber grating,
the 3D algorithm is derived by using the method of fitting recursion, and the 3D bending shape fitting perception and reconstruction of the
scraper conveyor are realized. By setting up a test platform for three—dimensional bending of the scraper conveyor, the measuring effect of
perceived and actual shape in the three—dimensional straight state and three—dimensional bending state of the scraper conveyor is verified.
The test results show that the measured curve is basically the same as the perceptual curve in the three—dimensional bending configuration
of the scraper conveyor, and the error of the direction of each coordinate axis is not more than +15 mm, which can meet the requirements
of the accuracy of detecting the straightness of the intelligent work.

Key words:fiber grating curvature sensing; three—dimensional curvature sensor of fiber grating; three—dimensional bending test experi-

ment; straightness of scraper conveyor; intelligent perception
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Fig. 1 Slot section diagram of flexible substrate surface
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Fig.2 Diagram of the docking mode of fiber—optic grid
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Fig. 3 Diagram of 3D Curve Reconstruction
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Fig. 4 Test field map in three—dimensional

linear and bending state
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Fig. 6 Comparison curves of measured and perceived trajectories in three—dimensional linear and bending state
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Table 1 Error analysis of measured and perceived trajectories in three—dimensional linear state
X {5 Y B 5L Z {65k
s BE A N s BE A M52 e A £y s 2s
guooxi X o U0 it i v Vv o 4l Zf 7.,
KXo /m Xy, /m Xy /m| Xy _@) Yo /m Y, /m Yy /m (YOL B 2 ) o Z,,/m  Zy/m - 2 )
/m /m /m
0 0 0 0 0 0 0 0 0 0 0 0 0
1 0.500 0.502 0.501 -0.001 5 0 0 0 0 0 0 0 0
2 1.000 1.001 1.001 -0.001 0 0 0 0 0 0.002 0.003 0.003 0.001
3 1.500 1.503 1.502 -0.002 5 0 0 0 0 0.102 0.105 0.104 -0.025
4 1.950  1.957 1.958 -0.007 5 0 0 0 0 0.200 0.199 0.199 0.001
5 2.435 2.439  2.440 -0.004 5 0 0 0 0 0.210 0.218 0.218 -0.008
6 2.900 2910 20911 -0.010 5 0 0 0 0 0.115 0.119 0.119 -0.004
7 3.380 3.388  3.389 -0.008 5 0 0 0 0 0.004 0.002 0.002 0.002
8 3.860 3.865 3.866 -0.005 5 0 0 0 0 0.002 0 0 0.002
9 4.340 4.338 4.338 0.002 0 0 0 0 0 0 0 0 0
10 4.840 4.841 4.840 -0.000 5 0 0 0 0 0 0 0 0
11 5.340 5.344 5.344 -0.004 0 0 0 0 0 0 0 0 0
12 5840 5.842 5.843 -0.002 5 0 0 0 0 0 0 0 0
13 6.340 6.340 6.340 0 0 0 0 0 0 0 0 0
14 6.840 6.840 6.840 0 0 0 0 0 0 0 0 0
15 7.340 7.340 7.340 0 0 0 0 0 0 0 0 0
16 7.840 7.840 7.840 0 0 0 0 0 0 0 0 0
17 8.340 8.340  8.340 0 0 0 0 0 0 0 0 0
18 8.340  8.340  8.340 0 0 0 0 0 0 0 0 0
19 9.340 9.340 9.340 0 0 0 0 0 0 0 0 0
20 9.840 9.840 9.840 0 0 0 0 0 0 0 0 0
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Table 2 Error analysis of measured and perceived trajectory under three—dimensional bending state 1
o Y52 Z{a5E
s me o oma T wma o wge L WA BA i
Fe X KM XM W R A PN LR A L+ 2y
Xoi/m X, /m X, /m (Xol Kt Xy )/m Yo/m Y,./m Y,/ (Yo; T ) Zy /m Lurm  Zys - )
/m /m
0 0 0 0 0 0 0 0 0 0 0 0 0
1 0.500 0.502  0.501 -0.001 5 0 0 0 0 0 0 0 0
2 1.000 1.001  1.001 -0.001 0 0 0.001 0 -05 0.002 0.005 0.005 -0.003 0
3 1.500 1.506 1.505 -0.005 5 0.060 0.065 0.063 -0.004 0.098 0.100 0.100 -0.002 0
4 1.950 1.957 1.955 —-0.006 0 0.105 0.105 0.100 0.025 0.197 0.192 0.193 0.005 5
5 2.423 2430 2.428 -0.006 0 0.200  0.210  0.208 -0.009 0.205 0.215 0.216 -0.010 5
6 2.875 2.881 2.880 -0.003 5 0.272  0.278 0.278 -0.006 0.115 0.116 0.115 -05
7 3.335  3.330  3.331 0.004 5 0.410 0.405 0.406 0.045 0.006 0.008 0.008 -0.002 0
8 3.783 3.774 3.772 0.010 0 0.520 0.523  0.523 -0.003 0.005 0.004 0.003 0.001 5
9 4.269 4270 4.270 -0.001 0.619 0.620 0.620 -0.001 0.002 0.002 0.002 0
10 4766 4.766  4.765 0 0.620  0.620  0.620 0 0 0 0 0
11 5.266 5.265 5.263 0.002 0 0.620  0.620  0.620 0 0 0 0 0
12 5.766  5.766  5.766 0 0.620  0.620  0.620 0 0 0 0 0
13 6.266  6.266  6.265 0.005 0 0.620  0.620  0.620 0 0 0 0 0
14 6.766 6.766  6.766 0 0.620  0.620  0.620 0 0 0 0 0
15 7.266  7.266  7.266 0 0.620  0.620  0.620 0 0 0 0 0
16 7.766  7.766  7.766 0 0.620  0.620  0.620 0 0 0 0 0
17 8.266  8.266  8.266 0 0.620  0.620  0.620 0 0 0 0 0
18 8.766  8.766  8.766 0 0.620 0.620  0.620 0 0 0 0 0
19 9.266  9.266  9.266 0 0.620  0.620  0.620 0 0 0 0 0
20 9.766  9.766  9.766 0 0.620 0.620 0.620 0 0 0 0 0
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Table 3 Error analysis of measured and perceived trajectory under three dimensional bending state
— VIS 7%
g WA Ba XA g Be Be wRE mE o mE sz
FE X X E XE e Y1H YE Y, Y, + Yy, FH 2R Z,fH Z,M8 Z, + 2y
Hoo/m Xy /m - Xoi /m (X(" - @ )/m Yo /m ¥y /m ¥y /m (YOi ) 2 ) Zor/m Zy;/m  Zy /m (ZO[ - 2 )
/m /m
0 0 0 0 0 0.620  0.620  0.620 0 0 0 0 0
1 0.505 0.500 0.501 0.004 5 0.620  0.620  0.620 0 0 0 0 0
2 1.002  1.006  1.005 -0.003 5 0.620  0.622  0.622 -0.002 0 0.002 0.001 0.001 0.001 0
3 1.502  1.505 1.505 -0.003 0 0.615 0.621  0.622 -0.006 5 0.100 0.105 0.105 -0.005 0
4 1.950 1.950 1.955 0.002 5 0.521 0.528 0.526 -0.006 0 0.195 0.199 0.199 -0.004 0
5 2435 2442  2.441 -0.006 5 0.425 0.434 0.435 -0.009 5 0.205 0.204 0.204 0.001 0
6 2.896  2.890 2.890 0.006 0 0.345 0.342  0.342 0.003 0 0.117 0.111 0.110 0.006 5
7 3.385  3.395  3.395 -0.010 0 0.210  0.208  0.206 0.003 0 0.005 0.004 0.003 0.001 5
8 3.852 3.853 3.854 -0.001 5 0.100  0.100 0.100 0 0.001 0.001 05
9 4336  4.336 4.336 0 0.002  0.002 0.002 0 0 0 0 0
10 4.822 4.822 4.822 0 0 0 0 0 0 0 0 0
11 5322 5321 5.321 0.001 0 0 0 0 0 0 0 0 0
12 5822 582 5822 0 0 0 0 0 0 0 0 0
13 6322 6322 6.322 0 0 0 0 0 0 0 0 0
14 6822 6.822 6.822 0 0 0 0 0 0 0 0 0
15 7.322  7.322 7.322 0 0 0 0 0 0 0 0 0
16 7.822 7.822 7.822 0 0 0 0 0 0 0 0 0
17 8.322 8322 8.322 0 0 0 0 0 0 0 0 0
18 8.822 8.822 8.822 0 0 0 0 0 0 0 0 0
19  9.322 9322 9.322 0 0 0 0 0 0 0 0 0
20 9.822  9.822 9.822 0 0 0 0 0 0 0 0 0
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