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Abstract Most of the displacement and vibration testing methods based on vision require artificial marker on
structure surface, which makes vision-based testing and monitoring for real-life more complicated. Aiming at the
disadvantages of the existing machine vision technology in vibration modal testing for thin-walled components, a
vibration modal testing method of thin-walled components based on curvature scale space (CSS) corner detecting and
matching is proposed. The virtual corner is set to replace traditional physical targets, and the key point of vibration
image sequence of thin-walled components is oriented by the improved CSS corner detection algorithm, which is
matched by using. Thus, the vibration information is obtained and modal parameters are identified. Eventually, the
vibration modal testing experiments for thin-walled beam and thin-walled cylinder is carried out. By analyzing
measurement results and verifying with finite element simulation and accelerometer, the results show that the
proposed method can effectively and accurately obtain modal parameters, and the measurement error is less
than 5% .
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Fig. 1 Principle of vibration modal testing method based on CSS corner detecting and matching
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Fig. 2 Pinhole imaging model of in-plane vibration
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Fig. 3 Results of Canny edge detection. (a) Noise edge; (b) Gaussian filter; (c) bilateral filter
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Fig. 4 Comparison of three corner detection algorithms.

(a) Harris algorithm; (b) CSS algorithm; (c¢) improved CSS algorithm
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Table 1 Matching corner coordinates

Number of frames X position /pixel Y position /pixel Distance between corner and edge/ pixel
1 (initial point) 30.012 102.874 —
2 30.024 103.432 0.013
3 30.028 103.961 0.008
4 30.032 104.258 0.005
5 30.035 104.774 0.011
6 30.002 104.347 0.003
7 30.017 104.162 0.003
8 30.016 103.729 0.015
9 30.008 103.185 0.007
10 30.015 102.874 0.006

4 SEERERAE T
41 LRERZERAR

S RGUNE 7 Bk, —H 777 mm X 50 mm X 2 mm A48 B K TR L G O R S R AT R
i B 35T R T — 1 1 3 B A SR 2% L3 f — 5 IMIB 3213UP &3 CMOS Tl AL R 4 48 R 70 B30 T 1 9% 3 I 14
JF 9, FHBL Y 53 BEHE R 640 pixel X 480 pixel, #i k FE I 4 12 mm, Wl & B Y EE 4 2.3 m. & KR AR
A 300 Hz,

I3t 2 e S R 3 45 RSO A E SR S BN A 5 22 D) AR # N AR B R A% b SR ERAT P R
AH R B R B0 L 7 S I A R R Bl Tl AR AL AT 3 2 RIMGCR 4R o MG 15 3 45 T T ML T A7 6 e Je i H B ML oy
B Ab BEAR A 4R 2 (5 B RIS S50, SE 0 ) R ik 8 5 S X 2 0 RF 43 an &l 8 A 9 iR .

accelerometer exciter exciter control
software

mounting
brackets power
amplifier
thin-walled
components
LED light industrial

source
camera

tripod

F7 LIRS

Fig. 7 Experimental system

| | exciter control
software

thin-walled components  acceleromoter

power
LED light source amplifier

— industrial
=\ .

camera computer
processing system

[ ]

=5

K8 ST SR

Fig. 8 Schematic of experimental scheme

081001-7



54, 081001(2017) BHSNBEIZHE www.opticsjournal.net

@ unit: mm (b) unit: mm 8
%{”{0 ) T Qq)%b‘ . -
‘ =&l thickness: 2 / ) P 9}%/
gt —o——f-——- ﬂ ————— — C/ /,//7
= o0 1675 “‘;"‘-\‘/
177 - ~——

B9 SCHnt QR B . (o) MEBESE s (b) HEBE [ 4
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Fig. 11 Displacement and time curve of point P. (a) Thin-walled beam; (b) thin-walled cylinder
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Fig. 13 First modal shape of thin-walled beam obtained by two methods. (a) Finite element simulation; (b) proposed method
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Table 2 Comparison of two testing methods

Frequency Frequency Error Error
(first) /Hz (second) /Hz (first) /% (second) /%
Proposed method (thin-walled beam) 3.62 23.45 — —
Accelerometer proposed method 3.51 22.6 3.1 3.8
(thin-walled cylinder) 39.9 123.5 — —
Accelerometer 38.23 117.65 4.4 5.0
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Fig. 14 Second modal shape of thin-walled beam obtained by two methods. (a) Finite element simulation; (b) proposed method
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Fig. 15 First modal shape of thin-walled cylinder obtained by two methods. (a) Finite element simulation; (b) proposed method
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Fig. 16 Second modal shape of thin-walled cylinder obtained by two methods. (a) Finite element simulation; (b) proposed method
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