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Fig.l Measurement model of object micro-vibration signal
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Fig.2 Numerical simulation results of vibration displacement
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Fig.3 Experimental optical path for measuring micro-vibration signal of object
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Tab.1 Test conditions for noise power measurement

No. Test conditions
1 Local-oscillator power: 2 mW/4 mW/8 mW
2 Modulation frequency of AOM1: 80 MHz
3 Modulation frequency of AOM1: 85.5 MHz
4 Center frequency of spectrometer: 5.5 MHz
5 Spectrum analyzer bandwidth: 100 Hz
6 Resolution bandwidth of spectrometer: 1 Hz
7 Video bandwidth of spectrometer: 1 Hz
8 Average count: 100
9 Optical heterodyne contrast: 0.9
10 System optical power correction value: 0.63
11 Detector quantum efficiency: 0.69
12 Receiver feedback resistance: 5 kQ
13 Receiver load resistance: 50 Q
14 PZT amplitude modulation: 1 Vpp
15 PZT waveform modulation: Triangle wave
16 PZT frequency modulation: 2-10 Hz
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Fig.8 Noise power of local oscillator light
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Tab.2 Experimental results from 2-10 Hz

f/Hz r AL.c/nm Ps/10718 W
2 0.0051 11.99 1.23
3 0.0046 11.34 0.97
4 0.0047 11.47 1.01
5 0.0046 11.34 1.03
6 0.0048 11.60 1.18
7 0.0044 11.08 0.96
8 0.0047 11.47 1.07
9 0.0046 11.34 1.09
10 0.0046 11.34 1.04

Avg 0.004 68 11.44 1.06
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RS B M £0.75 nm, WA 2 H s A 0 s TR, 5 PZT
b E RS B AL, = 11.21 nmEEA—F; WA G S
G Ih R Py = 1.06x 1078 W, BIFERT L4055
TGI8 BCHHE SR, X k2% (~10 Hz) M5B Y IR IR
B (I S, W7 K SP-3k 38 HIOHE R P A PR

4 4

SR FH A O e A 1 1 YA S0 25 0 K
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A BBREATE B R 0.25 nm, & bR S 5 E B N
0.34 nm, P 545 32 2 +0.75 nm, W75 7K 135 3] H0k:
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Optical measurement method of shot noise limit micro-vibration

based on optical polarization control

Wu Kaikai'?, Xie Boya', Chen Lin', You Songging'?, Xiong Zhewen’, Yang Peng”’

(1. School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China;
2. Optoelectronic Laboratory for Intelligent Sensing and Object Recognition, School of Electrical and

Electronic Information Engineering, Hubei Polytechnic University, Huangshi 435003, China)

Abstract:

Objective The measurement of micro-vibration signals of objects has important application value in magnetic
field, construction, biological imaging and aerospace. However, the weak reflected light generated by the micro-
vibration of the object is not only extremely weak, but also susceptible to interference from environmental factors
such as detection distance and rain and fog. Moreover, the vibration form of low-frequency vibration is variable
and susceptible to classical noise. It is difficult to achieve vibration signal measurement under extremely weak
reflected light conditions. In view of the above problems, this paper realizes the measurement of micro-vibration
signal in Hertz frequency band and weak reflected light based on polarization control.

Methods Optical polarization control method is used to control the polarization of signal light and local
oscillator light to reduce the interference of optical noise. Balanced heterodyne detection is used to convert low-
frequency DC signals into high-frequency AC signals to avoid signal annihilation by noise (Fig.1). The power
spectral density (PSD) analysis of the photocurrent formula output by the balanced detector is carried out by
MATLAB, and the relationship curve between the ratio of the noise power of the vibration signal to the power of
the heterodyne signal and the vibration displacement is obtained (Fig.2). Then, the corresponding value is
obtained according to the power spectrum of the vibration signal and the heterodyne signal in the Hertz frequency
band measured by the experiment (Fig.9). Finally, the measured value of the micro-vibration displacement is
obtained.

Results and Discussions In the Hertz frequency band, the noise level of the detector reaches the shot noise
limit (Fig.7), and the micro-vibration signal measurement under the condition of Ava-level reflected light is
realized. When the PZT load voltage is 1 Vpp, the optical power of the input signal light is 1.06 x 10" W, the
micro-vibration amplitude of the object is 11.44 nm, the class A standard uncertainty is 0.25 nm, the combined
uncertainty is 0.34 nm, and the measurement accuracy is = 0.75 nm (Tab.2).

Conclusions A balanced heterodyne detection method controlled by optical polarization is used to measure the
shot noise limit of object micro-vibration signals in the frequency range of Hertz (~10 Hz). The minimum
amplitude is 11.44 nm, the standard uncertainty of class A is 0.25 nm, the combined standard uncertainty is 0.34
nm, the measurement accuracy is + 0.75 nm, and the noise level reaches the shot noise limit. This scheme not only
provides experimental support for the research of weak Doppler frequency measurement, low frequency vibration
signal detection and other measurement fields, but also has broad application prospects in complex measurement
environments such as weak reflected light, long distance, rain and fog weather.

Key words: micro-vibration; weak reflected light; polarization control, shot noise limit; balanced
heterodyne detection
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