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Research on measurement technology of inertia tensor of rigid
body based on binocular vision and torsion
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(School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract:To address the challenge of inertia tensor measurement for irregular rigid bodies, this article proposes a novel integrated
method combining binocular vision and torsional pendulum techniques. First, high-resolution industrial cameras synchronized with an
atomic clock are employed to capture sequential images of the torsional motion during a single measurement cycle. Feature points are
extracted from the images, and a high-precision angular displacement-time curve is derived based on the geometric relationships within
the measurement system. From this curve, the torsional vibration period and damping ratio are extracted. A linear damped torsional
vibration model under linear damping conditions is subsequently applied to calculate the moment of inertia for a single measurement.
Furthermore, binocular structured light 3D reconstruction technology is utilized to obtain the point cloud data of the measured object and
the torsional pendulum. A point cloud registration algorithm is used to accurately align the real-measured point cloud of the object with
the point cloud of the object’s computer-aided design ( CAD) model, solving for the homogeneous transformation matrix. The axis
direction is determined through cylindrical axis fitting, and the homogeneous transformation matrix is used to transform the data into the
coordinate system of the CAD model’ s product center of mass, effectively avoiding the mechanical positioning errors inherent in
traditional measurement methods. The cosine values of the angles between the centroidal coordinate system axes and the torsional
pendulum axis are computed. Combined with the measured moments of inertia, these values formulate an inertia ellipsoid equation.
Ultimately, a system of equations encompassing all parameters of the inertia tensor is formulated through six rotational configurations and

solved to achieve high-precision measurement of both the moments of inertia and inertia products. Extensive experiments are conducted
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on the proposed method and system. The experimental results evaluate the feasibility and effectiveness of the proposed method. The

absolute error in the measurement of the moment of inertia is less than 0. 5X107° kg-m”, and the maximum deviation in the principal axis

orientation angle is 0.99°. The measurement proposed scheme proposed in this paper achieves high accuracy, no longer relying on

mechanical positioning, significantly improving both measurement efficiency and safety. It is suitable for the measurement of inertial

parameters of various products.
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Diagram of the torsional pendulum measurement apparatus
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Fig.2  Angular displacement curve of torsional oscillation
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Fig.4 Diagram of the measurement setup
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Fig. 11 Measured torsional oscillation curve
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Fig. 12 Measurement results of rotational inertia for

multiple standard parts
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Table 1 Reproducibility measurement experimental

results for multiple standard parts

Feahid iU WETIE ganiies .
PR Jox1074/ Jx107%/ Ax107*/ Z’TX\(FO%
(kg'm®) (kgem®) (kg=m*)
1 1.734 4 1.742 6 0.0082  0.040 7
2 2.5437 2.556 0 0.0123  0.061 4
3 3.673 6 3.691 7 0.018 1  0.066 2
4 4.252 8 4.275 1 0.0223  0.066 8
5 5.176 2 5.203 1 0.0269  0.067 5
6 6.087 9 6.120 2 0.0323  0.0793

2)) BHLJ& X e sl ABt A Ik 14 52 )

YIATER L 152 Sl T rhol 22 310k 1 28 SUBR 5 RE
I3, R B B 45 BELJE A 9 B2 00, 7 220 W B e A 4
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RELJE XoH i 45 SR 04 B2 A 1, Xk 6 A AN [R] 5% Bl 15k A B
IR A HEA T SR o, I8 e T 2 S 2 B e L
THOUT BTS2 5 4R 2 PR,

&2 MELREIRENZM

Table 2 Impact of damping ratio on rotational inertia

o ,
gn MR ﬁjfi’ﬁ;;ﬁ i it/
¢ (kgem?) J'x107*/ (kg-m?) &

1 0.011 7 1.734 4 1.742 8 0.484
2 0.012 3 2.543 17 2.556 4 0.502
3 0.013 2 3.673 6 3.6923 0. 509
4 0.013 7 4.252 8 4.275 1 0.524
5 0.014 5 5.176 2 5.204 2 0. 541
6 0.015 2 6.087 9 6.121 6 0. 554

MG 2 SR 7R R — Aa b 2 F 224 Hh BHJE X % 2
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Impact of damping on rotational inertia measurement

Fig. 13
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Fig. 14 Model of the engine crankshaft
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(a) Point cloud obtained from scanning and CAD model point cloud
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(b) Point cloud registration result diagram
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Fig. 15 Diagram of point cloud registration
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Table 3 Relationship between the rotational inertia values
of the object at different poses and the pose of

the torsion axis

Feah Bt Saetrih SestRil SAEREE B0
ot WaE xfmdem  vihdem Z g AR
JX107/  aBRE BRIy AR B A
(kg-m?)  fH cosa 1B cosB {8 cosy mm
1 2.25883 -0.55696 0.688 01 0.46523  69.481
2 2.43269 0.54288 0.19849  -0.816 02  72.467
3 2.64193  0.54125 0.79162  0.28351  77.371
4 2.0778  0.55272 -0.809 15 -0.199 44  65.562
5 2.01554 0.90945 0.17394  0.37769  71.963
6 2.52705 0.52157 -0.779 14  0.34771  74.476

A S B R XT EL T IR R 85, Fsh it
H 4 4R 228 F 0.5%107° kg - m”, MR 22 /N F
0. 57% , WP BUE A XS B /N AN B R FH A R 5 268 %o 15 22
i, — PR P 32505 67 A D 22 ok i 38 12 503 R G
P R B KA 22 45X B 0. 99° GERH T i RS H
A R I RS
3.3 it

A 50 BB A R 3k A 0 e A e 3 B A ML A
SEA, HA A 3 ) 37 5 o7 26 B %) 26 T 1 25 R A i SR AR
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Table 4 Comparison of theoretical and measured inertia parameters for standard parts

¥ EEF %107/ (kg-m?) BHERIx1073/ (kg-m?) TPE RO/ (°)

- I, J, J. I, I, J. X y z
0/180 90 90

S (E 0.161 18 0. 860 34 0.934 19 0 0 0 ( 90 ) (0/180 ( 90 )
90 90 0/180
179. 01 89.38 89.22

S E 0.162 11 0. 856 81 0.929 24 0.007 46 0. 000 47 -0.010 37 (89. 38) (o. 68 (90. 29)
90. 77 90. 28 179. 18
-0.99 -0. 63 -0.78

W 0.57% 0. 41% 0. 53% — — — (—o. 62) ( 0. 68 ( 0.29 )
0.77 0.28 -0.82
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