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Abstract: Aiming at adaptive filtering in the laser vibrograph, we simulated and analyzed the parameters of the
Least Mean Square forward predictors, such as the peak value and frequency of the vibration measurement signal,
the order of the filter and the step size coefficient on the filtering performance. Then we built an experimental
system for verification, and an experimental system was built to verify it. The research results can be used as the
theoretical basis for the parameter selection of the minimum mean square error forward predictor and provides a
technical means for designing an adaptive filter suitable for laser vibrometer.
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Fig. 1 Orthogonal demodulation flow chart
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(a) Schematic diagram of experimental system; (b) Physical drawing of experimental system
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Fig. 11 Waveform and spectrum comparison before and after filtering.

(a) Waveform and spectrum diagram before filtering; (b) Waveform and spectrum diagram after filtering
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Research on the forward predictor of minimum
mean square error in laser vibrometer

Wang Zhihao'*®, Zhang Wenxi"**", Wu Zhou*’,
Kong Xinxin"*, Wang Yongbiao'®, Hao Yiwei'’

Input signal x(n)

x(n—1)

LMS forward predictor

Overview: Laser vibration measurement technology has made great progress in the past decades, and there is still a
higher demand in the measurement accuracy and measurement range. Due to the large amount of noise in the
measurement process of the laser vibrometer, which leads to a decrease of the vibration measurement precision of the
laser vimeter, the filtering of the vibration measurement signal is the key to improving the precision of the laser vimeter.
Traditional filters such as the FIR and IIR are time-invariant filters, whose parameters are fixed and invariable. The
frequency range of the input signal is required to be known during design, and the filtering performance is inversely
proportional to the bandwidth. An adaptive filter is a time-variant filter, it does not need to predict the statistical
properties of interference noise, can filter in successive iteration processes of the working state of convergence to
adaptively based on the optimal solution under the certain standards, such as minimum mean square error (MMSE) and
least-squares criterion, are effective for broadband and narrowband noise suppression. The Least Mean Square (LMS)
forward predictor is a kind of the classical adaptive filter, which is based on the MMSE criterion and uses the stochastic
gradient descent method to approach the optimal solution under the MMSE criterion by iteration. It has the advantages
of simple structure and good robustness. Aiming at the adaptive filtering problem in the laser vibrometer, the Least
Mean Square (LMS) forward predictor was used in this paper, and the vibration measurement signal model was
established. We simulated and analyzed the parameters of the LMS forward predictor, such as the peak value and
frequency of the vibration measurement signal, the order of the filter and the step size coefficient on the filtering
performance, and built an experimental system for verification. Simulation and experiments show that the LMS forward
predictor can be used as a way to realize adaptive filtering of laser vibrometers, which is suitable for vibration velocity
signal filtering in applications such as building vibration detection, mechanical vibration measurement, and material
surface micro-damage detection. The filtering effect and convergence speed of the LMS forward predictor are affected by
the peak value, order, and step coefficient of the input signal. The filter parameters can be selected and designed
according to the requirements of the system for the minimum filtering signal-to-noise ratio and vibration velocity
measurement range. This paper provides a theoretical basis for the parameter selection of the LMS forward predictor
and provides a technical means for designing an adaptive filter suitable for a laser vibrometer.

Wang Z H, Zhang W X, Wu Z, et al. Research on the forward predictor of minimum mean square error in laser
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'Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China; *School of Optoelectronics, University of
Chinese Academy of Sciences, Beijing 100049, China; *Key Laboratory of Computational Optical Imaging Technology, Chinese Academy of
Sciences, Beijing 100094, China

* E-mail: zhangwenxi@aoe.ac.cn

210391-13


https://doi.org/10.12086/oee.2022.210391
https://doi.org/10.12086/oee.2022.210391
mailto:zhangwenxi@aoe.ac.cn
https://doi.org/10.12086/oee.2022.210391

	1 引　言
	2 理论推导
	2.1 输入信号模型
	2.2 LMS前向预测器

	3 仿真及结果分析
	3.1 输入信号频率对滤波信噪比的影响仿真分析
	3.2 输入信号峰值对滤波信噪比的影响仿真分析
	3.3 步长系数对滤波信噪比的影响仿真分析
	3.4 阶数对滤波信噪比变化的影响仿真分析
	3.5 输入信号信噪比对滤波信噪比变化的影响仿真分析
	3.6 步长系数对收敛速度的影响仿真分析

	4 实验验证
	4.1 实验平台搭建
	4.2 输入信号频率对滤波信噪比的影响验证
	4.3 输入信号峰值对滤波信噪比的影响验证

	5 结　论

