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Abstract With the high-precision nano-vibrator as the vibration target to be measured, this paper studied the
swept-source optical coherence tomography (SS-OCT) method based on ultra-small gradient index (GRIN) fiber
probes for vibration measurement. The working performance of the integrated SS-OCT based on ultra-small GRIN
fiber probe was assessed. In theory, the system can measure the maximum peak-to-peak value of vibration up to
12.5 mm and the maximum frequency up to 25 kHz. The corresponding vibration measurement system was
developed and the tests and analysis of micro-vibrations were performed. The results show that, with the peak-to-
peak value range of 1 nm—5 pm for the nano-vibrator and the frequency range of 1-200 Hz, the integrated SS-OCT
vibration measurement system can detect micro-vibrations with a frequency of 1 Hz and a peak-to-peak value of 6 nm or
above. For a single-frequency sinusoidal vibration signal with an amplitude of 25 nm and a frequency of 10 Hz, the system
has a repeatability-test standard deviation of 0.003. It shows that the integrated SS-OCT system based on the ultra-small
GRIN fiber probe has the feasibility of measuring micro-vibrations, which provides an experimental basis for further
research on its application in precise measurement fields such as micro-vibrations and micro-displacements.
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Fig. 1 Schematic diagram of integrated SS-OCT vibration measurement system based on ultra-small GRIN fiber probe
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Fig. 4 Integrated SS-OCT vibration measurement experimental system
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experiments  P-to- R- . P-to- R- .. Frequency / Amplitude / Frequency / Amplitude /
P /pm  square RMSE P /pm  square RMSE Hz pm Hz pm
1 0. 044 0.9872 0.0018 0. 049 0.9993 0. 0005 9.766 0.022 9.766 0.024
2 0.043 0. 9814 0.0021 0. 049 0.9992 0. 0005 9.766 0.021 9.766 0.024
3 0. 045 0.9824 0.0021 0. 049 0.9993 0. 0005 9.766 0.023 9.766 0.025
4 0. 049 0. 8035 0.0086 0. 049 0.9993 0. 0005 9.766 0.024 9.766 0.024
) 0.052 0. 8862 0.0065 0. 049 0.9993 0. 0005 9.766 0.026 9.766 0.024
6 0.048 0. 9780 0.0025 0. 049 0.9993 0. 0005 9.766 0.024 9.766 0.024
7 0. 044 0. 9786 0.0023 0.049 0.9993 0.0005 9.766 0.022 9.766 0.025
8 0.051 0.9698 0.0032 0. 049 0.9993 0. 0005 9.766 0.025 9.766 0.024
Average value 0.047 0. 049 9.766 0.023 9.766 0.024
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Fig. 5 A=0.025 pm, f=10 Hz. (a) Time-varying curve of vibration signal and interference signal;

(b) frequency spectrum
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Fig. 9 Sine wave 1 (A=0.5 pm, /=20 Hz) + sine wave 2 (A=0.5 pm, f=40 Hz). (a) Time-varying

curve of vibration signal and interference signal; (b) frequency spectrum
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Fig. 10 Triangle wave 1 (A=0.5 pm, f=20 Hz) + triangle wave 2 (A=0.5 pm, f=40 Hz).

(a) Time-varying curve of vibration signal and interference signal; (b) frequency spectrum
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Fig. 11 Sine wave (A=0.5 pm, f=20 Hz) + triangle wave (A=0.5 pm, f=40 Hz). (a) Time-varying

curve of vibration signal and interference signal; (b) frequency spectrum
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Fig. 12 Sine wave (A=0.5 ym, f=20 Hz) appended to triangle wave (A=0.5 pm, f=40 Hz).
(a) Time-varying curve of vibration signal and interference signal; (b) frequency spectrum
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Table 2 Experimental data record table (A=0.010 pm, f=200 Hz)

Fitting time domain signal Fitting frequency domain signal
Number of experiments OCT Nano-vibrator OCT Nano-vibrator
P-to-P /pm P-to-P /pm Frequency /Hz Frequency /Hz
1 0. 005 0. 006 200. 2 200. 2
2 0.005 0. 006 200. 2 200. 2
3 0. 005 0. 006 200. 2 200. 2
4 0. 005 0. 006 200. 2 200. 2
S 0.005 0. 006 200. 2 200. 2
6 0. 005 0. 006 200. 2 200. 2
7 0.005 0. 006 200. 2 200. 2
8 0. 004 0. 006 200. 2 200. 2
Average value 0. 005 0. 006 200. 2 200. 2
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Fig. 13 Experimental diagrams of amplitude accuracy. (a) Time-varying curve of vibration signal and

interference signal; (b) frequency spectrum
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