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Vibration Measurements and Verification Based on Image Processing Using Optical Flow
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Abstract

Conventional vibration-measurement methods used for vibration testing typically employ accelerometers, which offer the significant

advantage of accurately measuring vibrations at specific positions. However, they can only measure one point at a time as simul-

taneously measurements of multiple points can be economically disadvantageous. This study aims to overcome these limitations by ana-

lyzing the vibration outputs of accelerometers attached to a product and those obtained through image processing. The analysis involved

assessing the measurement uncertainties and verifying the low-frequency vibration testing according to KS standards. The results val-

idated and confirmed the reliability of the proposed camera-based image-processing vibration-measurement method, which exhibited

a notable vibration-detection performance and measurement errors within 5% compared to accelerometers for low-frequency vibrations.

This method has the potential for application across various vibration-response and durability evaluations. Future research should focus

on expanding it to high-frequency vibration testing using high-speed cameras and further enhancing image-based vibration-analysis

techniques.
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Vibration Measurements and Verification Based on Image Processing Using Optical Flow
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TEST SPECIFICATION
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(b) Accelerometer

(c) Camera

Fig. 1. Test Equipment

Table 1. Specification of test equipment

Vibration Test System

Manufacturer FAMTECH
Model EDS16000LS
Frequency Range (2 - 2,000) Hz

1,000 (m/s®) Peak
76mm Peak to Peak

Accelerometer

Max. Acceleration

Max. Displacement

Manufacturer KISTLER
Model 8766A050AH
Acceleration Range +50 g
Frequency Response (1 -6) kHz
Operation Temp. Range (-55 - 165) ?
Camera
Manufacturer MICROSOFT
Model LifeCam Studio
Frame rate 30 FPS
Max. Resolution 1020 x 508
Picture Pixel 900,000
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Accelerometer Sample

Camera

(a) Environment conditions on vibration test

Accelerometer

i Sample ’I

Vibration
Test System

Data Acquisition(DAQ)

(b) Schematic diagram for measuring vibration

(c) Accelerometer attachment and ROI position

Fig. 2. Experimental Environment for Vibration Measurement Based
on Image Processing

Table 2. Vibration and camera conditions

Frequency Displacement ~ Camera FPS Resoultion
(2 - 30) Hz (1 -5) mm 30 FPS 640 x 480
Sample Brake Disc
Material ADC
Size ® 240 mm x 80 mm
Weight 10 kg

Fig. 3. Sample pictures and specifications
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I Reading video information |

I Region of Interest(ROI) Settings |

| Initialize frame and object information |

I Optical Flow Calculation |
v

Calculation of object displacement
and display error values

v
I Display result graphs and data |

Fig. 4. Vibration measurement method using optical flow

(c) Dis. 1.459 mm

(d) Dis. (-)1.448 mm

Fig. 5. Vibration measurement results using optical flow
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Table 3. Test results for measuring equipment

Dis- Reference Equipment Measuring Equipment
place Fre- (Accelerometer) (Camera)
quency - -
ment (Hz) Max Min Avg Max Min  Avg
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

2 042 041 024 040 039 024

3 055 055 029 053 053 030

4 057 060 031 059 061 033

5 050 051 029 049 049 031

6 052 052 031 054 050 032

7 054 053 031 054 054 032

1 8 054 053 027 052 052 027
®p 9 054 053 031 055 053 032
10 054 053 031 054 051 033

11 054 053 031 057 055 033

12 053 052 031 054 055 033

13 054 054 030 055 054 031

14 054 053 031 054 053 032

15 053 053 031 053 054 029

2 .75 178 103 179 187 1.07

3 248 249 147 249 250 155

4 271 256 155 277 262 163

5 258 263 1.57 262 261 1.65

6 246 246 155 257 245 162

7 251 251 1.54 261 260 1.62

5 8 249 249 156 232 233 150
®p) 9 251 250 157 247 246 153
10 250 251 1.57 257 260 1.56

11 249 252 157 259 258 1.63

12 249 252 157 254 254 1.62

13 250 250 156 248 249 164

14 249 250 157 237 237 159

15 250 249 156 236 239 1.63
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Vibration conditions (1mm displacement)

1.20 (mm)
1.00
0.80
0.60
0.40
020 —— Camera

0.00 (Hz)
2 34567 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

— Accelerometer

Vibration conditions (Smm displacement)

6.00 (mm)
5.00 A ——
4.00
3.00
200 Accelerometer
1.00 —— Camera
0.00 )
2 3456 7 8 910111213141516 171819 20 21 22 23 24 25 26 27 28 29 30
Fig. 6. Vibration measurement results by frequency
Test results of 1 mm vibration
0.700
0.600 m
0.500 = L W o W Wt B I 1
0.400
0.300 = e dime N | A Wi i

N

2Hz 3Hz 4

0.000
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Test results of 5 mm vibration
2.800

2Hz 3Hz 4Hz 5Hz 6Hz 7Hz 8Hz 9Hz 10Hz 11Hz 12Hz 13 Hz 14 Hz 15Hz

2.400

2.000

1.600

1\

1.200

0.800

0.400

0.000

mm Accelerometer(Max) EAccelerometer(Min) Em Camera(Max)
= Camera(Min) ——Accelerometer(Avg) ——Camera(Avg)

Fig. 7. Vibration measurement analysis results
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Table 4. Accelerometer Measurement Uncertainty

: ” )
Division  Uncertainty Standa.rd Composite  *Measure
uncertainty ~ standard  ment uncer-
(10Hz) factor . .
(mm) uncertainty tainty
Sxr) 0.001
1 mm 1) 0.001 0.004 +0.008)
(®-p) mm mm
Sxy) 0.002
fxs) 0.001
Sxr) 0.001
5 mm fxs) 0.001 0.016 +0.032)
(P-p) m mm
Sxy) 0.011
Sxs) 0.001
*Confidence level approximately 95% (k=2)
Table 5. Image Processing Measurement Uncertainty
: ” )
Division  Uncertainty Standa.rd Composite  *Measure
uncertainty ~ standard  ment uncer-
(10Hz) factor . .
(mm) uncertainty tainty
Sxr) 0.001
Sx) 0.002
1 mm 0.005 (0.31
(pp) few) 0.001 mm +£0.010)
Sxy) 0.004 mm
Sxs) 0.003
Sxr) 0.004
Sx) 0.011
5 mm 0.020 (1.580
(0-p) foxs) 0.001 mm +£0.040)
Sxy) 0.016 mm
Sxs) 0.003

*Confidence level approximately 95% (k=2)
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Table 6. KS Standard Vibration Experiment Verification Results

Reference Equipment Measuring Equipment

Division (Accelerometer) (Image Processing)
(mm) Max Min Avg Max Min Avg
(mm) (mm) (mm) (mm) (mm) (mm)

(3 -7Hz, I0mm 529 517 268 512 506 256
(5-11)Hz, I0mm 5.04 506 226 516 518 219
(7-16)Hz, 10mm 5.06 509 238 520 515 234

6 (mm)

—Accelerometer —Camera

Fig. 8. Test results from 3 to 7 Hz
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