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Fig. 14 Lissajous figures of orthogonal signal pair.

(a) Before normalization; (b) after normalization
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(a) Demodulation result of traditional PGC-DCM
algorithm; (b) demodulation result of improved
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result of improved PGC-DCM algorithm
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Table 2 Comparison of signal-to-noise distortion ratio of two algorithms under different frequencies

Signal-to-noise distortion ratio/dB

Algorithm
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results of amplitude modulation microvibration
signal and excitation signal. (a) Time domain of
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Detection of Solid Surface Microvibration Excited via Acoustic Radiation
Using Sinusoidal Phase Modulation Interferometer

Zhang Lieshan , Li Rongsen, Lan Yicheng, Yuan Pengzhe, Wang Jiawei
Faculty of Mechanical Engineering and Automation, Zhejiang Sci- Tech University, Hangzhow, Zhejiang 310018, China

Abstract

Objective  Vibration is a periodic reciprocating displacement change. It is one of the most common physical
phenomena. Sensing of many physical quantities can be achieved through microvibration measurements. For
example, when sound waves are incident on a gas-solid surface, surface microvibration will be generated on the gas-
solid surface owing to the large difference in acoustic impedance between air and solid materials. Detecting the
microvibration of solid surface excited via acoustic radiation can realize acoustic information extraction. Laser
interferometry is the main technology for detecting weak vibrations. Because the amplitude of microvibration on a
solid surface is only several nanometers, it is necessary to demodulate the interference signal phase. The phase-
generation carrier-demodulation algorithm has been widely used as a method to realize the phase demodulation of the
interference signal. However, the traditional PGC-DCM algorithm is considerably affected by the optical intensity
fluctuation and interference signal visibility. Further, the disturbance of a measurement light echo often results in a
large nonlinear error in phase demodulation. To achieve an accurate measurement of weak vibration excited via
acoustic radiation, a detection method is proposed based on a sinusoidal phase modulating interferometer and an
improved PGC-DCM demodulation algorithm.

Methods A sinusoidal phase modulating laser Doppler interferometer was used to detect the gas-solid surface
radiated by sound waves, and a microvibration detection signal was obtained. An improved PGC-DCM algorithm based
on real-time normalization was used to restore the microvibration on the solid surface. In this algorithm, the
amplitude of each frequency component of the interference signal was achieved using the fast Fourier transform.
Additionally, the effective interference signal components were extracted based on the spectrum threshold. Then,
the amplitude sum of the low-frequency components and that of the components with a carrier frequency shift were
calculated. There was a functional relationship between the ratio of the two amplitude sums and phase-modulation
depth. The phase-modulation depth could be determined from the function table. The in-phase carrier and quadrature
carrier signals were mixed with the interference detection signal. After filtering using a low-pass filter, the two
orthogonal signals, which were mathematical, were obtained by the carrier phase delay functions. The carrier phase
delay could be obtained by taking the ratio of the two signals and arctangent operation. The algorithm realized the
real-time calculation of the phase-modulation depth and carrier phase delay and the prenormalization of the orthogonal
interference signal components using the phase-modulation depth and carrier phase delay. Then, the algorithm was
used to calculate the sum of the squares of the orthogonal interference signal components. And the interference signal
visibility coefficient could be calculated using the square root of the sum signal. Thus, the complete normalization of
the orthogonal interference signal components could be realized. After normalizing the orthogonal interference signal
components, the phase demodulation of the interference signal was realized using the principle of differential cross
multiplication. Finally, the microvibration excited via acoustic radiation was extracted through filtering.

Results and Discussions To detect the solid surface microvibration excited via acoustic radiation, this paper
proposes a detection method based on a sinusoidal phase modulating interferometer and an improved PGC-DCM signal
demodulation algorithm based on real-time normalization. A numerical simulation of the proposed method is
conducted, and a set of partial optical fiber sinusoidal phase modulating interference system is built in the darkroom
environment to detect the microvibration of the solid surface excited via actual acoustic radiation. The simulated and
experimental results show that the proposed improved PGC-DCM demodulation algorithm can accurately calculate the
phase-modulation depth and carrier phase delay of the interference signal (Figs. 4 and 5). Moreover, it can
eliminate the influence of the interference signal fringe contrast coefficient and realize the normalization of the
orthogonal interference signal components (Fig. 8). Furthermore, the proposed method can effectively demodulate
the measured microvibration. For the signal demodulation algorithm, the conventional PGC-DCM demodulation
algorithm usually produces large nonlinear errors due to the fluctuation of phase-modulation depth, change in the
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carrier phase delay, and fluctuation of the interference signal visibility. The proposed improved PGC-DCM algorithm
can effectively eliminate these nonlinear errors (Fig. 10). The demodulation result of the improved PGC-DCM
algorithm can effectively retain the intensity information of the measured microvibration.

Conclusions The proposed algorithm and interferometric system can effectively detect the microvibration of the
gas-solid interface excited via acoustic radiation. The improved PGC-DCM algorithm can accurately calculate the
phase-modulation depth and carrier phase delay. Additionally, the orthogonal interference signal components can be
completely normalized, thereby considerably reducing the nonlinear errors caused by the fluctuation of the phase-
modulation depth and change in the carrier phase delay. The improved PGC-DCM algorithm eliminates the influence
of interference signal visibility on the demodulation results. Furthermore, it realizes the complete normalization of
orthogonal interference signal components of the sinusoidal phase modulating interferometer and improves the
stability of the PGC-demodulation algorithm. The proposed method can detect the microvibration information of the
solid surface. In the frequency range of 3 kHz, the average signal-to-noise distortion ratio of phase demodulation is
33.0956 dB and the dynamic range is 22.75 dB.

Key words measurement; sinusoidal phase modulation; surface microvibration; modulation depth; carrier phase
delay; normalization
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