
























Capture High-frame-rate Video by high-speed Camera
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Frequency-analysis-based Vibration Visualization Sensor

Calculate high-frequency velocity signal by parallelized DIC
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…

Dynamic-analysis-based Software Sensor

FFT Analysis

Angle-similarity-analysis-based Rotation Sensor

Tapping-analysis-based Finger Tapping Sensor

Similarity Estimation

Tapping Analysis

High-speed Camera

GPU-based DIC Calculation

High-frequency Velocity Signal



















∆�

∆�

High-speed motion Short frame interval 
but huge image data

Processing within ∆� is hard.

Camera noise: affect similarity estimation Weak texture: hard to distinguish deformation





Input images sequence �(�, �, ��) , Grid Management
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Full-field displacement estimation frame by frame

� �, �, �� = Displacement(�(�, �, ��))
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Multi-reference Image

Parallelized Phase 

Correlation

Parallelized subpixel 

estimation
Average Result

Reference Image�(�,�)

Test Image �(�,�) Multi-test Image











“cameraman”

“house”

“bridge”

“baboon”

“pepper”

“couple”

“airplane”



Original image Noise image















Cymbal

4.0 m

High speed camera

45.7 cm



t=0.0 s t=0.8 s

t=1.6 s t=3.2 s
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High-speed camera

Steel box

Computer

3.5 m

Vibration platform

35 cm

24 cm

t=20.0 s t=50.0 s

t=100.0 s t=200.0 s









28.3 Hz

28.3 Hz
(t = 32.3 s)

28.3 Hz

45.9 Hz
(t = 54.5 s)

45.9 Hz

45.9 Hz

137.7 Hz

137.7 Hz
(t = 177.1 s)
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(a) t = 0.2 s

(b) t = 0.4 s

(c) t = 0.6 s





Motor Command
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AI Detection DIC Estimation Ours

Target Selection Automatically Manually Automatically

Robustness High Low High

Accuracy Several Pixels Subpixel Subpixel

Speed Slow Fast Fast

Characteristic
Method
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DIC Estimation AI Detection
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Top ViewSide View







High-speed Camera

Table Plane
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20-50 Hz



Force Sensor

High-speed Camera Kinect

60 cm
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1: t = 8.8 s, R-Index, ’T’

2: t = 9.5 s, R-Index, ’H’

3: t = 9.9 s, R-Middle, ’I’

4: t = 10.4 s, L-Middle, ’S’

5: t = 10.9 s, R-Middle, ’I’

6: t = 11.3 s, L-Middle, ’S’

7: t = 11.6 s, L-Ring, ’A’

8: t = 12.1 s, R-Index, ’T’

9: t = 12.5 s, L-Middle, ’E’

10: t = 12.7 s, L-Middle, ’S’

11: t = 13.1 s, R-Index, ’T’
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