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Abstract: In order to improve the resolution of the laser self-mixing interference displacement measure-
ment based on the fringe counting method, a micro-displacement measurement system using the dual-
wavelength single-longitudinal-mode (DWSLM) ytterbium-doped fiber laser self-mixing interference has
been designed, which can output two self-mixing interference signals with opposite phases. An optimal
threshold method is used for subdividing the signals to extract the countable feature points with a resolution
of /8, and the measured displacement is then reconstructed by employing the cubic spline interpolation
method. The self-mixing interference characteristics of the DWSLM ytterbium-doped fiber laser and the
micro-displacement measurement errors have been investigated experimentally. The experimental results

have indicated that when the target mirror vibrates periodically with a frequency range from 3 Hz to 9 Hz
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and an amplitude range from 2 pm to 11 pm, the micro-displacement measurement error varies within a

range from 96 nm to 105 nm, corresponding to an average measurement error of 100. 2 nm, and the aver-

age relative error is 1. 98% . Such a micro-displacement measurement system using the DWSLM ytterbi-

um-doped fiber laser self-mixing interference is simple and feasible, which has a broad application pros-

pect.

Key words: fiber laser; laser self-mixing interference; dual-wavelength single-longitudinal-mode; fringe

subdivision; micro-displacement measurement
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Fig.1 Dual-wavelength single-longitudinal-mode ytterbium-doped fiber laser self-mixing interference fringes and their sub-
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Fig. 2 Laser self-mixing interference signal and its inversion point identification
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LD: laser diode; WDM: wavelength division multiplexer; YDF: ytterbium-doped fiber; PC: polarization controller; DC: directional

coupler; PMFBG: polarization-maintaining fiber Bragg grating; SA: saturable absorber; VOA: variable optical attenuator; GL: gradient

lens; TA: target; PZT-DR: piezoelectric transducer-driver; PBS: polarizing beam splitter; PD: photodetector; DAQ: data acquisition; HC:

host computer
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Fig.3 Schematic diagram of micro-displacement measurement system based on dual-wavelength single-longitudinal-mode

ytterbium-doped fiber laser self-mixing interference
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