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Abstract

In this paper, the multi-camera calibration algorithm for optical motion capture system is
proposed. This algorithm performs 1st camera calibration using DLT(Direct linear transformation)
method and 3-axis calibration frame with 7 optical markers. And 2nd calibration is performed by
waving with a wand of known length(so called wand dance) throughout desired calibration volume.

In the 1st camera calibration, it is obtained not only camera parameter but also radial lens

distortion parameters. These parameters are used initial solution for optimization in the 2nd
camera calibration. In the 2nd camera calibration, the optimization is performed. The objective

function is to minimize the difference of distance between real markers and reconstructed markers.
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For verification of the proposed algorithm, re-projection errors are calculated and the distance
among markers in the 3-axis frame and in the wand calculated. And then it compares the proposed

algorithm with commercial motion capture system. In the 3D reconstruction error of 3-axis frame,

average error presents

1.7042mm(commercial system) and 0.8765mm(proposed algorithm).

Average error reduces to 51.4 percent in commercial system. In the distance between markers in
the wand, the average error shows 1.8897mm in the commercial system and 2.0183mm in the

proposed algorithm.
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Table 1. Intrinsic parameters of each camera

f(pixels) pp(pixels)
Camera Skew
X Yy X Yy
1 846.2 848.9 9.9 360.6 | 235.9
2 909.9 908.3 -0.0 2711 271.5
3 884.4 893.8 15.5 418.7 | 238.1
4 808.1 805.5 -10.8 258.4 | 262.1
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Table 2. Lens distortion parameters of each camera

Cam. K Kp K3
1 -6.3020x107 2.1149x10°7" 7.7766x107"
2 1.5803x10° -7.9250x10™" 1.2589x107®
3 1.7213x10° -5.9458x10°" 5.6692x10°7"
4 2.3726x107 -2.2204x107" 2.0188x10°7"
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Table 3. Compare error about distance between markers in
the wand

Error Before optimization After optimization
(mm) | Calibration | Corrected | Calibration | Corrected
Min. 0.0063 0.0006 0.0035 0.0015
Max. 5.7334 5.2532 5.3753 4.5722
Avg. 1.7828 1.5569 1.6581 1.4277
S.D 1.3667 1.1701 1.0851 0.9572

NS SRS A5 A2 HE A B3k W)
S Azshg BYHAE o] AAE M) Aol 1y
BAlole] A2E ANG Ave 27 4sh Lo

Opti_calib === Opti_carrect|

WA AN

2 0 & &0 100
Frare

Distance (mm)

BEREEEENYNYS

T2 4. 2™E0| U= ol Alole] AHz|(2xE =)
Fig. 4. Distance between wand markers(after optimization)
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Table 4. Distance among markers in the 3-axis frame

Mark | Absolute Commercial Mocap Proposed method
er distance (mm) (mm)

pairs (mm) Dist. Error Dist. Error
1-2 250 250.8345 | 0.8345 | 250.4104 | 0.4104
1-3 320.1562 321.1886 1.0324 | 320.3696 | 0.2134
1-4 471.6991 472.6301 0.931 472.7775 1.0784
1-5 650 650.8701 0.8701 | 649.2456 | 0.7544
1-6 349.3365 351.0491 1.7126 | 350.1343 | 0.7978
1-7 553.6569 556.4368 | 2.7799 | 553.8078 | 0.1509
2-3 538.5165 5425902 | 4.0737 | 539.1315 0.615
2-4 640.3124 643.8032 | 3.4908 | 641.3308 1.0184
25 781.0250 784.0261 3.0011 | 780.7037 | 0.3213
2-6 556.3596 559.074 2.7144 | 557.3401 0.9805
2-7 702.8769 705.2531 2.3762 | 703.4094 | 0.5325
34 200 200.0625 | 0.0625 | 201.3815 1.3815
35 400 400.3654 | 0.3654 | 399.0774 | 0.9226
36 315.4933 315.843 0.3497 | 3153789 | 0.1144
37 532.9503 534.2071 1.2568 | 531.5211 1.4292
45 200 200.3053 | 0.3053 |197.7019 | 2.2981
46 4685467 469.283 0.7413 | 470.4812 1.9345
47 635.6383 637.3056 1.6673 |636.1665 | 0.5282
56 647.7160 649.0713 1.3553 | 647.2538 | 0.4622
57 777.1975 779.861 2.6635 775.6267 1.5708
67 250 2532063  |3.2063 [249.1079 | 0.8921

Mean error 1.7042 0.8765
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|41 Hieak= 0.0050mm= WERED Hd b=
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EZAA 150092 FeRITHE 5). Hul 249 A9 3
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Fig. 8. Distance between wand markers(commercial motion
capture system and proposed method)

B 5. EFES oA Alo| 72| H|m(ZHEB)
Table 5. Distance between markers in the wand(verification)

Error (mm) Commercial Proposed
Mocap method
Min. 0.0050 0.0010
Max. 13.9678 6.9852
Avg. 1.8897 2.0183
S.D 1.5458 1.56999
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