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Optical and dynamic measuring system for
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Abstract: In order to obtain the movement data of an aircraft, including trajectory, attitude, displace-
ment, deformation and other kinds of movement data of the aircraft structural parts in the flight accu-
rately, an optical and dynamic measurement method is proposed and implemented based on the theory
of close-range photogrammetry and stereo vision technology. The main contents of the method are
multi-camera self-calibration technique based on close-range photogrammetry, camera dynamic posi-
tioning and jitter eliminating in flight technology, rapid acquisition for the trajectory and attitude of
rigid structure, precise matching of non-coding landmark array by multi-camera (=3) collaboration.
The simulation results show that the reprojection error of the camera is less than 0. 03 pixel, the traj-
ectory and attitude measurement accuracy of the system can be up to 0. 01 mm/1 m, and the measure-
ment accuracy of key point displacement and deformation is 0. 05 mm/1 m. It demonstrates that the
system have met the standards of accuracy and reliability for aircraft testing industry.
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Fig. 1 Cross-shaped calibration target
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Fig. 2 Camera dynamic positioning
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Fig.3 Trajectory and attitude measurement
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Fig. 4 Schematic diagram of aircraft attitude
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Fig. 8 Flow diagram of multi-camera matching
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Tab.1 Results of camera calibration
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dX/pixel -23.4277 2.7356 64.738
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RMS(pixeD A b1 & 0.023 0. 035 0. 030
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Tab.2 Trajectory and attitude measuring results

N dw/ (%) de/ () de/ (%) dX/mm dY/mm dZ/mm dD/mm
20 0. 000 2 —0. 000 2 —0.000 0 0.009 8 0.523 6 —0.009 4 0.523 8
40 —0.000 3 —0.000 3 —0.000 1 0.010 0 1.194 6 0. 000 2 1.194 7
60 0. 000 0 0.000 0 —0.000 0 0.024 7 1.853 4 0.050 7 1.854 3
80 0.000 2 —0. 000 6 —0.000 0 0.016 4 2.512 3 0.084 6 2.513 8

100 —0.000 1 —0.000 2 —0.000 1 0.067 3 3.194 2 0.061 0 3.1955
120 0.000 2 —0. 000 2 0. 000 O 0.073 6 3.847 1 0.106 8 3.849 3
140 0.000 1 —0.000 0 —0.000 0 0.088 8 4.516 9 0.136 1 4.519 8
160 0.000 1 0.000 O —0.000 1 0.130 9 5.189 2 0.102 6 5.1919
180 0. 000 4 —0.000 1 —0.000 1 0.114 0 5.851 4 0.189 5 5.855 6
200 —0.000 1 —0.000 1 —0. 000 1 0.148 1 6.525 8 0.122 6 6.528 6
219 0.000 1 0.000 2 —0.000 0 0.142 6 7.143 5 0.207 1 7.147 9
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Tab. 3 Displacement measuring results of X]JTUDP (mm)
REZ ISP NITE /ML FIHAL o UE 22
219 7.1511 7.146 3 7.148 6 0.001 6
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TR L FR G I R R AR SE R B A
Bl 5 b SCHRAG 09 B0 Bl 45 R 31T e Xt ge it
SRR 4 s X Ly S5 A, AT AR RS AE Y
F S S0 MR TR A% I £ A 25 - (AR T 0. 005 mm,

BRGM w2 BB bR 1 m fEm T, R
THis 2538 i A R

0.005 mmX4-+0.005 mmX4+0.01 mm=
0. 05 mm.
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AL HLARUEWT T ZAHPLDC I Ty s A Rk .
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BEXF TRALI AT Ml AE L 1 5 oK AR SCHE
T S R I A PR R ST R B BRI S B
T — Bl B XS BLE S5 R B A LA R A
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Tab. 4 Displacement measuring results (mm)
KBS IS YNITE 2 SN DR 2 R DR 2 P ifE 2 Pk R % i %
20 0.533 9 0.5111 0.520 3 0.004 6 0.523 8 0.003 5
40 1.199 5 1.178 9 1.188 2 0.004 4 1.194 7 0.006 5
60 1. 866 6 1.845 7 1.856 3 0.004 0 1.854 3 0.002 0
80 2.531 2 2.509 2 2.519 8 0.004 4 2.513 8 0.006 0
100 3.201 8 3.173 3 3.186 3 0.004 6 3.1955 0.009 2
120 3.868 8 3.844 6 3.853 6 0.004 2 3.849 3 0.004 3
140 4,528 3 4,507 9 4.519 4 0.004 0 4,519 8 0.000 4
160 5.200 9 5. 177 4 5.188 4 0.004 5 5.191 9 0.003 5
180 5.871 4 5.844 6 5.857 4 0.004 7 5.855 6 0.001 8
200 6.537 7 6.517 0 6.524 9 0.004 0 6.528 6 0.003 7
219 7.165 6 7.140 6 7.153 6 0.004 9 7.147 9 0.005 7

190G B R AT T ORI AN, B A L AR AL A AR

6 4% ® JE 5 FABIL B 25 58 L 5 0 £ 5 B 2 25 P SR G 2

AL, PR UG i 45, S 56 45 SR 36 B . A MLAR 2 1Y &
AR ZE/NT 0. 03 pixel, 76 K00 B A0 HLE 3
B[] B, 29030 223 2500 6 B2 FT 3K 0. 01 mm/1 m,
S SRS AR T RS BE R 5K 0. 05 mm/1 m, JEAR
T A2 RAIL I AT A 8 AT P F U S A
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