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Displacement measurement experiment based on laser self-mixing
interference frequency modulation signal

HAN Yu-xiang' , CONG Zhi-cheng’ , GAO Bing-kun®, CUI Xiang-yu'
(School of Computer & Information Technology , Northeast Petroleum University, Daqing 163318, China;
2. School of Electrical Engineering & Information , Northeast Petroleum University , Daqing 163318, China)

Abstract; Laser self-mixing interferometry plays an increasingly important role in the field of high precision measure-
ment. Micro-displacement measurement has been used in large civil structures, aerospace, health monitoring and so
on. The traditional measurement is based on the amplitude modulation signal , but with the enhancement of noise, the
measurement error is bigger and bigger,and even difficult to measure. For this reason,the amplitude modulation/fre-
quency modulation (AM) signal conversion is realized by using the Mach — Zehnder interferometer. In this paper, the
phase unwinding of frequency modulation signal in high noise environment is carried out by using multiple Hilbert
transform, and the original signal is reconstructed. Numerical simulation results demonstrate the effectiveness of the
proposed method. The SNR of the system is 10. 0614 dB and the estimated error is 0. 0614 dB in a 10 dB white noise
environment. The experimental results show that the error of micro-displacement reconstruction is within 100 nm, and
the SNR of FM signal is much higher than that of AM signal. This method is suitable for ultra-precision measurement
and has a high signal-to-noise ratio in high noise environment.
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Fig. 1 Frequency modulation signal generation schematic diagram
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Fig. 2 The corresponding change curve of filter intensity
transmission coefficient and light frequency and the schematic
diagram of FM signal conversion
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Fig. 3 Simulation of frequency modulation signal without noise
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Fig. 4 Numerical simulation with 10 dB noise
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Fig. 5 An experimental device for detecting AM/FM signals

of vibrating objects
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Fig. 7 Experimental results of micro displacement measurement

based on frequency modulation signal
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Fig. 8 Experimental results of micro-displacement measurement based
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