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Calibration Method for Rotary Axis of Helicopter Transmission System Based on Machine Vision

QI Kai', LI Shuanggao', HUANG Xiang', LI Gen’, HOU Guoyi'
(1. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China;
2. Suzhou Research Institute of Nanjing University of Aeronautics and Astronautics, Suzhou 215000, China)

[ABSTRACT] There are multiple rotary axes in the helicopter transmission system and their spatial pose information is
an important basis for subsequent assembly. Traditional measurement methods have low accuracy and slow speed, and are
difficult to realize digitalization. Aiming at the above problems, a machine vision-based rotation axis calibration method for
helicopter transmission system is proposed. Firstly, the absolute coordinate system is established by the visual target, and the
sub-pixel corner is detected by the checkerboard corner detection technology based on Radon transform. Then the absolute
pose of the monocular camera is estimated by the Levenberg-Marquadt algorithm. Finally, the spatial pose information of the
rotary axis is obtained by fitting the motion trajectory of monocular camera. Experimental results show that the calibration
accuracy of this method is higher than 0.35 mm, which meets the requirements of subsequent transmission system assembly.
Keywords: Vision measurement; Rotary axis; Sub-pixel corner; PnP problem; Spatial circle fitting
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Table 1 Camera calibration re-projection errors of two corner detection methods

SEBERF IR /pixel FHEBGE IR /mm
215 G wieny
BER WARR K BER AR K
1 18 0.1535 0.0352 1.0754 x 10 23999 x 10
2 18 0.2110 0.0437 1.4137x 107 2.9934 %107
3 18 0.2661 0.0428 1.7829 x 107 29279 x 107
4 20 0.2514 0.0376 1.6819x 107 2.565x 107
5 19 0.2180 0.0407 1.478 x 107 2.8083 x 107
6 18 0.1996 0.0389 13573 % 107 2.6258 x 10”
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Fig.6 Installation error between camera and rotary axis
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8 —37.525785, -37.673381, 0.3124269
—1449.39907) —1449.59937)
(30.162960, (30.342091,
9 —53.231899, —53.112668, 0.2507137
—1454.35694) —1454.22828)
(51.817766, (51.951819,
10 —34.305501, —34.327089, 0.1635934
—1450.19098) —1450.28223)
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Table 3 Calibration result of rotary axis angle

13 HOBIREAL ENyRE | Seffifmzs A0/
- 7' [a] [a) RS (°)
(0.12522332, (0.12504176,
1 ~0.0297464, ~0.0296542, 0.01175
0.9917867) 0.9918113)
(0.1252873, (0.12530635,
2 -0.0296033, -0.02963789, 0.00226
0.99178190) 0.9917791)
(0.1195233, (0.11952678,
3 0.11829111, 0.11838824, 0.00561
0.98575929) 0.9857472)
(0.10525278, (0.10509786,
4 0.11848343, 0.11840763, 0.00999
0.9873619) 0.9873875)
(0.00009806, (0.0001177,
5 ~0.19611613, -0.1961633, 0.00297
0.9805807) 0.98057124)
(0.2873347, (0.28736079,
6 ~0.0095778, ~0.0096783, 0.00597
0.95778235) 0.9577735)
(0.1104634, (0.1104574,
7 ~0.0110424, ~0.01115837, 0.00665
0.9938188) 0.9938182)
(-0.21696704, (-0.2169615,
8 -0.0002212, -0.0001139, 0.00616
0.9761789) 0.97618016)
(-0.3162920, (-0.316287,
9 -0.0001096, -0.0002477, 0.00792
0.9486619) 0.94866357)
(-0.2249006, (-0.22489677,
10 0.0000780, 0.00015366, 0.00434
0.9743817) 0.9743826)
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