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Tab.1 Horizontal Axis Datum Error of Motion Controller/mm
Y X

i 0 100 170 230 310 400 540 610 760 890 980
0 0 1.098 0 1.1955 1.526 8 2.3657 3.880 8 4.934 6 6.478 8 6.942 5 8.361 1 10.969 5
80 0.114 1 1.143 2 1.246 2 1.602 3 2.4120 3.910 5 4.939 6 6.500 9 6.974 2 8.491 2 10.998 2
170 0.3257 1.3157 1.5357 1.624 5 2.4212 3.9350 5.023 6 6.624 1 6.996 9 8.499 5 11.042 3
250 0.4237 1.550 2 1.736 4 1.658 5 2.550 9 4.090 8 5.209 8 6.678 2 7.1259 8.506 9 11.154 3
310 0.520 4 1.744 1 2.040 8 1.695 3 2.609 3 4.134 6 5.291 3 6.695 8 7.180 4 8.6312 11.4654
460 0.565 2 1.959 8 2.229 5 1.778 4 2.718 7 4.240 8 5.376 4 6.749 4 7.204 3 8.7458 11.578 2
520 0.778 6 2.198 8 2.324 8 1.8709 2.820 4 4.257 5 5.4937 6.788 5 7.296 5 8.703 9 11.746 3
640 0.937 4 2.350 9 2.430 4 1.973 4 3.0357 4.287 4 5.489 3 6.801 3 7.346 5 8.954 2 11.750 9
710 1.3527 2.4937 2.6537 2.1397 3.2108 4.3309 5.463 2 6.8158 7.398 4 8.932 8 11.847 6
890 1.627 3 2.774 8 2.858 2 2.434 3 3.413 4 4.543 4 5.484 9 6.828 7 7.401 2 8.997 6 11.954 8
920 1.974 5 2.956 4 3.060 3 2.6459 3.500 9 4.750 1 5.508 2 6.8154 7.4259 9.078 4 12.060 4

F2 EBEHEF[HAMEEIRE/mm
Tab.2 Vertical Axis Datum Error of Motion Controller/mm
Y X

it 0 100 170 230 310 400 540 610 760 890 980
0 0 0.102 1 0.1219 0.232 6 0.383 1 0.432 8 0.723 4 0.803 6 0.854 2 0.914 9 1.254 8
80 0.7237 0.854 0 0.891 2 0.9130 1.218 3 1.3559 1.5954 1.601 2 1.809 6 1.810 6 1.920 3
170 1.213 4 1.3209 1.404 0 1.4258 1.556 5 1.674 2 1.8609 1.979 8 2.124 7 2.4408 2.460 4
250 1.7352 1.856 3 1.916 4 1.989 3 2.193 5 2.490 4 2.609 8 2.708 7 2.884 5 2.976 5 2.9787
310 24014 2.550 4 2.676 3 2.807 8 2.843 6 2.9352 3.214 4 3.4138 3.624 9 3.838 9 3.954 4
460 4.376 2 4.590 2 4.614 8 4.692 2 4.888 5 4.907 3 5.236 6 5.326 4 5.5380 5.639 2 5.8415
520 4.802 4 4.948 0 4.979 2 5.190 3 5.423 5 5.726 3 5.9857 6.126 9 6.240 8 6.357 4 6.560 9
640 6.696 6 6.7312 6.851 3 6.905 2 6.980 8 7.349 2 74784 7.6713 7.789 5 7.909 9 7.980 3
710 6.702 3 6.853 2 6.924 8 7.1394 7.4513 7.754 5 7.960 2 8.3114 8.543 8 8.814 2 9.114 7
890 8.4510 8.5827 8.788 6 8.897 4 9.1052 9.3184 9.426 3 9.538 2 9.7417 9.8324 9.940 8
920 10.2453 10.3703 10.5774 10.8257 11.1485 11.5764 11.6758 11.9695 124012 12.6245 12.7310
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Tab.3 Goodness of Fit of Motion Axes Error Model
Al 1) Ry /mm®  BIERR B /mm
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A Geometrical Error Imaging Detection Method for Synchronous Belt
Motion Controller

LI Jiatian' NIU Yiru' HE Rixing > JIA Chenglin' LI Jian' WU Huajing'
1 Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China
2 Information Center, Ministry of Public Security of China, Beijing 100741, China

Abstract: An error modeling method of synchronous belt motion controller based on the orientation calibra-
tion is proposed. The steps are:(1)restoring the homography between the known point coordinates and the
image plane coordinates on the different positions of motion axis, then obtaining the interior and exterior ori-
entation elements of the camera; (2)calculating the corresponding positional relationships between different
positions by linearly operating the translation vectors in exterior orientation elements; (3)regarding the dis-
tance corresponding to pulses that you input as the true value, which can do the differential operator with
the positon relationships previously calculated to obtain multiple sets of error data, then establishing the
polynomial error model by fitting. Experiments show that the error modeling method needs less equipment
and simple operation, and the model precision can reach to sub-millimeter level.

Key words: motion controller; synchronous belt; geometrical error; exterior elements; imaging detection
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Integrated Vector Calibration of Magnetic Gradient Tensor System Using

Nonlinear Method

LI Qingzhu' LI Zhining' ZHANG Yingtang' FAN Hongbo' YIN Gang’

1 Department of Vehicle and Electrical Engineering, The Army Engineering University of PLA, Shijiazhuang 050003, China
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Abstract: In order to obtain the accurate output of the tensor measurement, an integrated mathematical
model of sensor biases, scale factors and non-orthogonality error of single magnetic sensor and the misalign-
ment error between multi-sensor axes is established. Based on the cross magnetic gradient tensor system, a
least-squares nonlinear integrated calibration method is proposed. Compared with the two-step scalar cali-
bration, the integrated mathematical model can be used to estimate the entire 48 error parameters of the
cross tensor system at once, and a low-cost vector calibration is realized using an man-made platform out-
put as the reference, which greatly improves the calibration efficiency and accuracy of parameters estimated.
Simulation and experiment results show that the accuracy of the error parameters’ estimation of the tensor
system is higher than 99.75% , the root mean square error of the total field intensity output is less than 2 nT
and the root mean square error of the tensor component is less than 50 n'T/m.

Key words: magnetic gradient tensor system; nonlinear fitting; vector calibration; integrated calibration
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