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A study of pixel variation method for vibration

measurement

Yeong-Ho KIM

Department of Refrigeration and Air-Conditioning Engineering
Graduate School of Korea Maritime and Ocean University
(Supervisor : Prof. Deog-Hee, Doh)

Abstract

The main focus of this study is to validate the authenticity of
vibration measurement using high speed camera. High speed camera
with the capability of immense frame rates opens up the possibility of
capturing slight pixel differences in continuous frame. Thus, the
vibrations on an object could be captured in units of pixels. Through
image tracking processes camera parameters and image pixel
coordinates were obtained. Then the frequency analysis from the data
was performed based on the Fast Fourier Transform (FFT) method.
Using this technique pure sound waves of 50, 100, and 200 Hz were
generated and successfully recovered. After recovering pure sound
waves, experiment to recognize multi frequency sound with high
speed camera and PTV (Particle Tracking Velocimetry) algorithm has

been conducted. To simulate natural environment conditions
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simultaneous frequency and frequency sweep were generated.
Simultaneous frequency was combination of 50, 62.5, 75, 87.5, and 100
Hz frequencies, and frequency sweep was progressing starting from 0
to 2000 Hz. Then the vibration caused by the frequencies were
captured by high speed camera, and the measured vibration data
were used to reconstruct the original data. To evaluate the
authenticity of the experiment human voice were captured instead of
using pure sound waves. As a result, high speed camera and PTV
algorithm method showed promising results of reconstructing human
voice as well. From all the conducted experiments of pure sound
frequency, multi-frequency, simultaneous frequency, frequency sweep
and human voice tests the integration of high speed camera and PTV
algorithm showed promising results of measuring small vibrations
caused by sound. Next phase of the experiment is to measure depth
information using a single high speed camera and three laser pointers.
Depth information is essential when measuring vibrations because it
contains 3 dimensional coordinate data. Yet a single high speed
camera is not sufficient to retrieve depth information from an image.
Thus, lasers are used to support measuring depth of vibration. Three
lasers are shot with a triangular formation on to a mirror surface.
Then when the mirror is subjected to a external force, such as
vibrational force, the triangular laser formation reflected off the
mirror will start to deform or drift. The deformation of triangular
laser points can be used to derive the depth information of subjected
vibration on the mirror. The changing displacement between the three
laser points can be calculated using PTV algorithm. Integrating the
high speed camera images and laser point deformations can then be

used to verify or reveal the vibration on the mirror. Then neural

_iX_
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network is applied to enhance the accuracy and speed of measuring
vibration. Furthermore, the application of neural network introduces

the feasibility of universal vibration measuring technique.

KEY WORDS: High speed camera, PTV, Pixel variation, Vibration, Neural

network, Triangular laser point method
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Fig. 3.15. Paper vibration for 50, 75 and 100 Hz FFT
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Fig. 3.16. Paper vibration for 50, 62.5, 75, 87.5 & 100 Hz FFT
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Fig. 3.18. 50, 75, and 100 Hz microphone FFT
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Fig. 3.19. 50, 62.5, 75, 87.5 and 100 Hz microphone FFT
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_35_

Collection @ kmou



Mol F3 4P ARGtk 2uANA BYH Yol MdEpAe
R So7le% WAsigon #9 A% Ao AANAE FHa
gt

o
(d
fru
of\
9
Auj
S
<
<
V)
b
o
“

3
9w A FAEE AFAAT FSEE WA AFS 57 2B 3
oJth. Fig. 321 £ A7 MA=E 9ol B Tgo|th FoleA
dge FF v A BT ANsHGod ide 542 ol
ZFolgA AF FFS NAEF FE2 Gk ol U LIt
Fol AFOE Soj/tHA FAY FoHAS AFAAAA F3F

F&= "A o =80 2 A= 9457 WEolo

Age Ao ded 2o A mlolas B 4L ~ure w
HANG 29 AZRE ] S57F Hdolt FolE AL AEAINA H1
7 AES WA Hol Y= AWetE B9 Bk gAdol 1EEE =
N8 ARzt S04 H3 o] AAuA oS PTV /WS A

o

gole] FAAT. FHARRA Az BB 9He) WES L 5

W 7 dHolEE FFTEMse A% #3542 245 3 & g oF
98 7

-
243 F4E BEUz 29 AMAAH 299 2o

- 36 -
Collection @ kmou



Fig. 3.22€ FFT#A 34 Fig. 3.23% o] Yehdot.

1425

-
f-3
-
5]

141

5
n

Cross Mark Location [Pixel]

1 39.5 1 L i ] — 1 - 1 L i 1
0 0.5 1 R \\ 25///'3 a5 4 4.5 5
Frame %104

Fig. 3.22. Plastic bag vibration

Fig. 3.23. Plastic bag spectrogram for all range
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Fig. 3.24. Plastic bag spectrogram for 0~1500 Hz
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Fig. 3.25. Plastic bag vibration with q, removed
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Fig. 3.27. Plastic bag spectrogram for 0~1500 Hz with

a, removed
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Fig. 3.28. Plastic bag vibration with a,, 0~20 Hz, and
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Fig. 3.29. Plastic bag spectrogram with a,, 0~20 Hz,

and 1500 Hz above removed
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Fig. 3.30. Paper vibration
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Fig. 3.31. Paper spectrogram for all range
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Fig. 3.32. Paper spectrogram for 0~1500 Hz
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Fig. 3.33. Paper vibration with @, removed
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Fig. 3.35. Paper spectrogram for 0~1500 Hz with q,
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200 0, -3, -6, -9, -12, -15, -18
250 0, -3, -6, -9, -12, -15, -18
300 0, -3, -6, -9, -12, -15, -18
350 0, -3, -6, -9, -12, -15, -18
400 0, -3, -6, -9, -12, -15, -18
450 0, -3, -6, -9, -12, -15, -18
500 0, -3, -6, -9, -12, -15, -18
600 0, -3, -6, -9, -12, -15, -18
700 0, -3, -6, -9, -12, -15, -18
800 0, -3, -6, -9, -12, -15, -18
900 0, -3, -6, -9, -12, -15, -18
1000 0, -3, -6, -9, -12, -15, -18
1500 0, -3, -6, -9, -12, -15, -18
2000 0, -3, -6, -9, -12, -15, -18
2500 0, =3, -6, -9, -12, -15, -18
3000 0, -3, -6, -9, -12, -15, -18

Table 4.5. (a) Frequency and decibel data for initial input

200 250 300 350 400 450 500 600
700 800 900 1000 1500 2000 2500 3000

Table 4.5. (b) Linear amplification test data of each frequency for initial

input

200 ~ 1000

Table 4.5. (¢c) Frequency sweep test data for initial input

Table 45 () 54 #9459 54 AZo A9 oA $4UL n
71981 AR E @Eolnl, Aol Fusel HAME s Az Hol A
$79) dlol 1{— A2 5ol SHe HolH AEHET Table 45 (D&
7 e dYoz A AE HolHE Fusd 57 9

rul
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Fig. 4.7. 2-Hidden Layer 700 Hz Result
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800hz
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Fig. 4.8. 2-Hidden Layer 800 Hz Result

1600

1400

8

:

Frequency [Hz]
3 3
e o

] 2000 4000 6000 8000 10000 12000
No. of Data Points [Frame]

14000

16000

Fig. 4.9. 2-Hidden Layer 900 Hz Result
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Fig. 4.10. 2-Hidden Layer 1000 Hz Result

_65_

Collection @ kmou




1500hz
2500
2000
E 1500
g
?-J' 1000
500
0
0 2000 4000 6000 8000 10000 12000 14000 16000
No. of Data Points [Frame]
Fig. 4.11. 2-Hidden Layer 1500 Hz Result
2000hz
2500
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E 1500
g
% 1000
500
0
0 2000 4000 6000 8000 10000 12000 14000 16000
No. of Data Points [Frame]
Fig. 4.12. 2-Hidden Layer 2000 Hz Result
2500hz
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% 1000
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0 2000 4000 6000 8000 10000 12000 14000 16000
No. of Data Points [Frame]

Fig. 4.13. 2-Hidden Layer 2500 Hz Result
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Fig. 4.14. 2-Hidden Layer 2000 Hz Result
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-1 -08 -06 -04 -02 0 02 04 06 08 1
X

Fig. 4.18. No neuron inputted result with 1HL

-1 -08 -06 04 -02 0 02 04 06 08 1
X

Fig. 4.19. No neuron inputted result with 2HL
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-1 -08 -06 -04 -02 0 02 04 06 08 1
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Fig. 4.20. No neuron inputted result with 3HL

s |]
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Fig. 4.21. No neuron inputted result with 4HL
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Fig. 4.22. No neuron inputted result with 5HL

T
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Fig. 4.23. No neuron inputted result with 6HL
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-1 -08 -06 -04 -02 0 02 04 06 08 1
X

Fig. 4.24. No neuron inputted result with 10HL
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Fig. 4.25. No neuron inputted result with 15HL
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Fig. 4.26. Neuron inputted result with 1HL
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Fig. 4.27. Neuron inputted result with 2HL
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Fig. 4.28. Neuron inputted result with 3HL
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Fig. 4.29. Neuron inputted result with 4HL
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Fig. 4.30. Neuron inputted result with 5HL
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Fig. 4.31. Neuron inputted result with 6HL
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Fig. 4.32. Neuron inputted result with 10HL
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Fig. 4.33. Neuron inputted result with 15HL
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Fig. 4.35. Two output neurons result (dB)
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Amplitude (HL with 40 Neurons to 3 Outputs)
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Fig. 4.37. Three output neurons result (dB)
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Fig. 4.39. Three output neurons result (Phase)
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