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Vibration modal measurement method for thin-walled parts
using optical flow point matching and tracking
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Abstract: Aiming at overcoming the problems that the traditional modal testing methods have limited information and the transducer
additional mass effects modal parameters, and existing non-contact modal testing method requires complex image processing, a vibration
modal measurement method for thin-walled parts using optical flow point matching and tracking is proposed. It avoids complicated image
processing such as feature segmentation and extraction and so on in each frame. Firstly, the model of vibration detection based on the in-
plane vision is developed. The intrinsic and extrinsic parameters of industrial camera are calibrated through the camera calibration board,
and the errors are analyzed. The principle and the method of monocular vision vibration testing based on optical flow method are
investigated. The vibrating sequence images of structure which has pasted feature points are captured with a monocular industrial camera.
The pyramid Lucas-Kanada algorithm is used for optical flow point matching and tracking, and to get the vibration information of each
sub-pixel feature point. And then the modal parameters are obtained by modal parameter identification. Based on the proposed method,
a thin-walled vibration modal testing system is built and the vibration modal testing experiments with the thin-walled beam is
investigated, the testing results are compared and analyzed between that of a shaker testing and FEM simulation. The results show that
the natural frequency errors are less than 5% and the corresponding vibration modes are the same, which verifies the correctness of the
proposed method, so the proposed method provides a new way for the vibration modal testing of thin-walled parts.
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parts based on monocular vision
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Fig.3 The vibration modal test platform of thin-walled beam
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Fig.4 The image of calibration board in different position
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Table 1 The intrinsic parameters calibration of camera
NEZ a, a, Y u, v,
SR 2506.30 2 503.60 0.00 230.98 324.24
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Table 2 First five extrinsic parameters of calibration board
HASH RS R FRHRE T

- —0.0884 0.996 1 -0.001 0, 90.782 2
5108 0.996 0 0.088 4 0.009 2 [ -167.185 4]

L 0.009 2 -0.0002 -1.000 04 2 235.8

- —0.0770 0.9970 -0.005 3, 92.846 0
52 0 0.996 6 0.077 1 0.029 3 [ —196.0816]

L 0.0297 -0.0030 -0.999 64 2233.7

- —0.0481 0.998 8 —-0.006 2, - 86.6380 |
3 0E 0.997 6 0.048 4 0.049 6 -223.722°5

L 0.049 8 -0.0038 -0.998 8 2228.0

- —0.0579 0.998 2 -0.015 5, -25.725 5
408 0.997 8 0.058 4 0.030 0 -231.780 9

L 0.0309 -0.0138 -0.999 44 L2 218.0

- —0.0918 0.9958 -0.001 2, - 18.676 8
550 0.995 7 0.091 8 0.008 4 -204.403 8

L 0.008 8 -0.0004 -1.000 04 L2 219.2
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Table 3 Actual coordinates and distance of ten

pictures feature points in stationary state

Eik SEPRAE A B IR B/ mm SEBRIE RS/ mm 13222/ %
1 (167.93, -266.24) D, _, =43.5 43.83 0.7
2 (164.00, -222.59) D,_ 3 =50 50.21 0.4
3 (158.60, —172.67) D;_y =50 50.19 0.3
4 (152.76, -122.82) D, .5 =50 49.62 0.7
5 (147.82,-73.45) Ds_5=50 50.39 0.8
6 (142.42,-23.35) Dg_, =50 49.96 0.1
7 (137.21,26.34) D, =50 49.66 0.7
8 (132.21,75.75) Dg_g =50 49.79 0.4
9 (127.06,125.27) Dy _y5 =50 49.75 0.5
10 (122.40,174.80) Dy_y, =50 49.26 1.5
11 (117.99,223.86) Dy _pp =50 49.16 1.7
12 (113.80,272.87)
a,~dx +a, -dy
f = . :
2 506.30 x0.004 8 +2 503.60 x0.004 8
= 12.02 nm
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Table 4 Optical distortion coefficients
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Fig.6 B&K acquisition system and experimental

visual measurement device
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Table 5 Comparison of the natural frequency results

between the vibrator testing and the proposed method
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1 3.60 3.54 1.7
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Table 6 Comparison of the natural frequency results
between the finite element analysis and

the proposed method

Bz AW/ He ARSI E/He R/ %
1 3.72 3.54 4.8
2 22.94 22.73 0.9
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Fig. 16  The first two-order finite element simulation

(b) B
(b) 2-nd mode shape

vibration model of the thin-walled beam
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