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Human-Body 3D Scanner
Li Yunpeng Tian Qingguo

Multi-Sensor Synchronous Calibration Method for Line Laser
Abstract

Zhang Xiangyu Wei Yaolin Ge Baozhen
(Key Laboratory of Opto-Electronics Information Technology, Ministry of Education ,

School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

In order to calibrate line laser human-body 3D scanner quickly and accurately, a multi-sensor synchronous

OCIS codes

calibration method which uses ceramic gauge block is proposed. V-shaped laser stripe which is made by line laser projection
are paired with 2D translation stage’'s world grids. Based on pinhole camera model and using Levenberg-Marquardt (LM)
than 0. 3480 mm, standard deviations are less than 0.2524 mm.
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on ceramic gauge block is used as calibration point. 8 CCDs are distributed on 4 uprights, and capture V-shaped light stripe

5l

—

simultaneously to record V-shaped laser stripe pattern. Use gray centroid algorithm and dual fitting line intersection method
to extract the light band’s sub-pixel-precision center grid. In order to obtain precision calibration point grid pairs, the grids
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nonlinear optimization algorithm, all sensors’ calibration matrices are obtained. The calibration results are tested by feature
=]

points which are different from calibration points, and the result shows that all sensors’ average projection errors are less

machine vision; synchronous calibration; ceramic gauge block; human-body 3D scanner
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Fig. 1 (a) Schematic diagram of one group 3D sensor and (b) multi-sensor synchronous cablibration
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Table 1  World and pixel coordinate of calibration points for CCD 0
Point World Pixel Point World Pixel
coordinates /mm coordinates /pixel coordinates /mm coordinates /pixel
Ne- X. Y. u v ne- X. Y. u v
1 0. 0000 —0. 0100 525.3912 139.4750 2 —8.6790 —49.2110 490.7680 132.3050
3 —24.9950 —43. 3000 484. 6301 136. 5135 4 —38.2960 —32.1230 483.2114 141. 2490
5  —46.9800 —17. 0860 486. 9546 145. 8983 6 —49. 9960 0.0150 495.4907 149.7988
7 —46.9690 17.1020 508. 1640 152.5629 8 —38. 2860 32.1410 522.9456 153.6532
139 306.4110 257.1100 852. 1198 125. 7740 140 375.8800 136.8040 792.4162  94.8108
141 400. 0000 —0. 0040 715.6320 73.3563 142 375.8560—136.7950 629.6987  60.5395
143 306.4030 —257.0960 540. 0096 55. 8147 144 200. 0060 —346. 3900 450.6463 59.0042

145 69. 4630
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Table 2 8 CCDs' calibration matrices

CCD No. hi hiy his hs hs, hos hs hs, hys
0 0. 8708 0.3317 525. 37 —0.1244 0.1092 139. 44 0. 0006 —0.0005 1. 0000
1 —0.3023 0. 8584 509. 89 —0.0848 —0.0974 179. 36 0. 0005 0. 0005 1. 0000
2 —0. 8811 —0. 3096 513.12 0.0944 —0.0789 201.70  —0.0006 0. 0006 1. 0000
3 0.3271 —0.8792 511. 85 0.0752  0.0787 204.93  —0.0006 —0.0006 1. 0000
4 0. 8682 0. 3087 544. 38 0.6442 —0.6258 802. 28 0. 0006 —0.0005 1. 0000
5 —0. 3180 0. 8689 510. 47 0. 6444 0.6552 846.52 0. 0005 0. 0005 1.0000
6 —0.8935 —0.3168 528.96 —0.6642  0.6715 832.58 —0.0005 0. 0006 1. 0000
7 0.3324 —0.8732 515.67 —0.6486 —0.6680 816.32 —0.0005 —0.0006 1.0000
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Table 3 8 CCDs' projection error

. Minimum Maximum Average Standard
ceb error / error / error /  deviation /
No.
mm mm mm mm
0 0. 0308 1. 2753 0. 3196 0.2139
1 0. 0050 1.1183 0.2718 0. 1857
2 0. 0286 1. 5913 0. 3480 0.2295
3 0.0278 0.7064 0. 1955 0.1155
4 0.0253 0. 9240 0.2286 0. 1585
) 0.0119 1. 3582 0.3118 0. 2206
6 0.0037 1. 4669 0. 3100 0.2524
7 0.0072 1. 0688 0. 2656 0.1543
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