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Accurate measurement method for motion parameters of airborne
weapons based on 3D model

HU Binghua, YAN Hui, HE Hongli
(Chinese Flight Test Establishment, Xi'an 710089, China)
Abstract: In view of the test requirements, test conditions and the deficiencies of existing projectile motion
parameters measurement methods of airborne weapons projection test in flight test, an accurate measurement
method of projectile motion parameters based on three-dimensional model was proposed. Firstly, the method,
principle and system composition of accurate measurement of projectile motion parameters based on three-
dimensional model were briefly discussed. Then, the methods of high precision geometry and texture
modeling, automatic registration of three-dimensional model and dynamic sequence image, automatic point
finding, turning point tracking and high precision pose and attitude solving were discussed in detail. Finally, a
ground test verification system was constructed, and the verification tests for the accuracy of static
measurement data and the effective reliability of dynamic measurement data were carried out. The test results
show that the proposed method effectively improves the measurement accuracy and reliability, and realizes the

three-dimensional reproduction of the motion process based on the projectile body model.
Key words: airborne weapon; flight test; three-dimensional model; geometry and texture modeling; model and

image registration; position and posture measurement
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Fig. 1 Schematic diagram of measuring projectile motion
parameters based on 3D model
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jectile 3D model and dynamic sequence image
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Table 1 Analysis of camera calibration accuracy

s s A AR DL ) ZAR AR Ry A,

g APRRFIOSHARR SRR bRsk
AX/m A4Y/m AZ/m dX/mm dY/mm
1 —0.0608 0.0029 0.8497 0.0 0.0
2 —0.0520 0.0310 0.6186 0.1 0.0
3 —0.0543 -0.0249 0.5667 0.1 0.0
4  —-0.0596 -0.0021 0.3003 0.1 -0.3
5  —0.0633 -0.0498 0.2806 -0.3 0.3
6 —0.1015 -0.0872 0.2237 0.1 -0.3
7 —0.0540 0.0266 0.1807 0.1 0.3
8 0.0614 0.0593 0.3331 0.0 0.1
9 0.0985 0.0907 0.2627 0.0 —0.4
10 0.0772 0.0748 0.2258 0.2 0.2

x2 BTAXFER D MNESHITEBE
Table 2 Calculation accuracy of 6D measurement param-

eters based on proposed method

s dx dy dz il R BEE
/mm /mm /mm d®/°) dQA°) dKA®)

2 0.3 0.3 0.9 0.05 0.04 0.08
3 0.5 0.5 1.7 0.09 0.07 0.14
4 0.3 0.4 1.2 0.06 0.05 0.12
5 0.3 0.3 1.5 0.04 0.03 0.13
6 0.5 0.7 24 0.04 0.06 0.17
7 0.3 0.6 1.4 0.03 0.03 0.22
R

BWHRRZE 04 05 1.6 0.06 0.05 0.15
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Table 3 Comparison of attitude data calculated by proposed method and total station measurement

ros ARIGH F g i/(°) LIRS /(%) X /)

- fiicia @ Eme ERK il @ L] FERK il de FhdQ FRdK

2 2.722 -0.923 -0.191 2.818 -1.007 -0.243 -0.096 0.084 0.052

3 2.146 -3.522 -0.408 1.998 -3.567 —0.365 0.148 0.045 -0.043

4 -1.871 -0.032 9.184 -1.702 0.128 8.972 -0.169 -0.160 0.212

5 5.169 1.027 18.747 5.023 0.825 18.816 0.146 0.202 -0.069

6 0.546 11.542 -9.185 0.581 11.663 -8.980 -0.035 -0.121 -0.205

7 7.092 -5.121 85.589 7.015 -4.972 85.812 0.077 -0.149 -0.223
YRz 0.121 0.137 0.156
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