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Research Progress in Microvibration Detection Technology
Based on Laser Speckles
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Abstract Microvibration sensing technology based on laser speckles has several advantages, including noncontact,
system compact, invisibility, high sensibility and long sensing distance, and it can be used in medical treatment,
aerospace, civil engineering, security, national defense, etc. In this paper, we reviewed the development of microvibration
detection using laser speckles according to the developing sequence and detection scheme. Here, we introduced four
detecting schemes, including high-speed area array camera, photodetector, line array camera, and rolling shutter camera.
Furthermore, we discussed their advantages and disadvantages and summarized the algorithms for extracting vibration
signals. Additionally, we provided an outlook on future development trends in laser speckle-based microvibration
detection.
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Optical system output A zoomed-in view of the heart
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Fig. 2 Pig heartbeat and respiration signals extraction based on laser speckle. (a) Extracted heartbeat signal; (b) part of extracted

heartbeat signal; (c) extracted respiratory signal; (d) part of extracted respiratory signal
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Fig. 3 Flowchart of vibration measurement based on adaptive seed point matching algorithm
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Fig. 14 Flowchart of signal extraction for Shearlet transform algorithm
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Table 1  Selection of detectors

Maximum
Detection system Detectors frame rate / Reason analysis Reference
(frame+s™")
Basler A312f /Pixe LINK A741 400/2480 Cheap [11]
Pixe LINK B741F 3800 High frame rate [13]
Pixe LINK A741 /EHD-1IK1112 2000/1027 High frame rate [12]
) ) Phantom V310 500 Performance and efficiency [19]
Global shutter camera imaging .

Mode-5KF10M 2500 High frame rate and fast [20]
Manta G-145-30 fps 320 Cheap [42]
Point Gray GS3U3-3254C-C 2300 High frame rate [15]
Phantom V10 20000 High frame rate [17]
. Hamamatsu G8421-03 100000000 High sensibility [22]

Photodiode flux measurement . L
Thorlabs PDA36A 10000000 High sensibility [23]
Teledyne Dalsa Spyder 3 10000 Cheap [24]
Basler ral-2048gm 51000 High line rate [25]
Line scan camera imaging Photonfocus MV 1-1.2048-96-G2 20000 Cheap with high line rate [26]
Basler ral-2048gm 51000 High line rate [27]
Basler ral-2048gm 51000 High line rate [31]

Cheap and Low power

Pentax K-01 60 ) [17]

consumption
Rolling shutter camera imaging Flea3-U3-13S2C 120 High SNR [39]
Basler acA3800-14uc 15 Small amount of data [40]

Basler acA1300-60gm 200 Commercially available Unpublished
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Table 2 Optical microvibration detection scheme

Detection

Detection Detection

Advantage Dis-advantage Method ) Reference
system frequency /Hz distance /m
Cross-correlation 205 [11]
Seed point matching 1800 50 [13]
Peak centroid 2000 40 [12]
Expensive; Large Image correlation 500 [19]
Global shutter Simple system amount of data; Singular value
o 4 . . iy 800 <1 [20]
camera imaging Easy to adjust Time-consuming decomposition
to process Compressed sensing 320 0.8 [42]
Optical flow method 1000 2 [15]
Complex steerable
. 1000 <4 [17]
pyramid
Photodiod - .
otociode Cheap; Wide . . Spatial light modulation 5000 50 [22]
flux Difficult to align
frequency range i . . .
measurement Correlation 800 5 [23]
Cross-correlation
) 5000 <2300 [24]
centroids
Line scan Difficulty in Multi-channel fusion 4000 50 [25]
. ) High frame rate long-distance ) .
camera imaging ) . . Optical flow method 10000 2 [26]
imaging alignment
Phase correlation 20000 10 [27]
Deep learning 4000 50 [31]
Complex steerable
. 1000 <4 [17]
pyramid
Rolling .shutt.er Cost—ef.fective; High Sigflal extraction Shearlet transform 500 1 [39]
camera imaging  detection frequency is complex )
Image matching <150 <1 [40]
Centroid array matching 3500 10 Unpublished
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