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Machine vision method for cable force identification

in complex boundary conditions
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Abstract: In order to accurately identify cable force in complex boundary conditions, a new method of cable force identification us-
ing machine vision and generalized regression neural network (GRNN) is proposed. Machine vision technologies, such as the
phase-based motion amplification algorithm and sub-pixel edge detection algorithm, are used to extract the vibration displacement
time history data and identify the frequency through the cable vibration video to realize multi-point non-contact synchronous mea-
surement of cable vibration deformation. A sample dataset is generated using the finite difference method. The smoothing factor of
GRNN is obtained by the sparrow search algorithm (SSA), and a SSA-GRNN cable force prediction model is constructed, estab-
lishing the correspondence between frequencies and cable force under complex boundary conditions. The obtained frequency infor-
mation is input into the model for cable force recognition. Taking a single cable as an example, the numerical simulation of the ca-
ble in complex boundary conditions and the cable test under artificial excitation condition are carried out. The results show that the
cable force identification using machine vision and GRNN can accurately identify frequencies through vibration video, and improve

the recognition accuracy of the cable force in complex boundary conditions.
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Fig. 10 Comparison of error of different cable force

identification methods
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Tab.4 Prediction of different boundary conditions under

the same cable force

4% T,/N T,0/N  Tepe/N  Tya/N  Topn/N WS (N'rrlf":ad”) S/Hz - f/He - f/He T[j\“fd/ Rf /
1 300 3296 3294 3262 302.9 1 0 11.815 23.782 36.595 549.8 8.4
2 400 4158 415 412 395.9 2 10 11.920 24.002 36.917 567.7 5.4
3 550 5554  553.8 5511 5517 3 10° 12.298 24.797 38.125 582.6 2.9
4 600 603 601.2 598.7  601.3 4 10° 12.569 25.371 39.030 601.3 0.2
5 650 6511 649 646.5  652.1 5 10° 12.614 25466 39.182 601.3 0.2
6 800 7965  793.7 7915 796.4 6 10° 12.619 25476 39.198 600.4 0.1
7 900 8941  890.9 883.9  894.1 7 o 12.619 25477 39.200 600.3 0.1
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Fig. 11 The experimental devices
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Fig. 12 Motion magnification effect based on phase
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Fig. 14 The identification effect of cable boundary
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Fig. 15 Displacement extraction and frequency identification

based on machine vision of ROI-1
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Tab.5 The results of cable force identification

gk T A AR kg Ry A Jfi/Hz S/ Hz Jfi/Hz T.../N T,./N W/ %

ROI-1 12.573 24.902 36.792 570.1

ROI-2 12.573 25.415 37.598 589.3

ROI-3 12.573 24.927 37.500 584.3 580.6 1.3
T — 60

ROI-4 12.573 25.147 37.769 589.3

ROI-5 12.573 24.878 36.792 570.1

T 2 3 12.573 24.976 36.816 570.1 570.1 3.0

ROI-1 9.375 18.359 27.779 282.2

ROI-2 9.375 18.701 28.125 293.4

ROI-3 9.375 18.799 28.101 297.6 290.5 1.2
TH 30

ROI-4 9.375 18.604 27.881 291.5

ROI-5 9.375 18.335 28.027 288.0

Jin i 9.375 18.359 27.148 284.1 284.1 3.4

ROI-1 7.617 14.485 21.532 183.4

ROI-2 7.617 15.105 22.218 197.3

ROI-3 7.617 14.794 21.831 192.1 189.6 3.3
T = 20 )

ROI-4 7.617 14.601 21.659 185.6

ROI-5 7.617 14.801 21.763 189.7

Jin 7.617 14.648 21.680 187.2 187.2 4.5

T H I E g BUR 9.8 m/s%,
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