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A robust zero-phase joint extraction method for quasi-static deformation
signals in optomechanical structures

ZHU Zhangzhi, LI Kekai, LEI Xin, TAO Ye*
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Abstract: In ultra-precision optical systems, optomechanical structures undergo slight deformation with ambient tem-

perature changes, which can degrade system performance. This deformation mainly results from the combined effects of ther-

mal expansion and intrinsic stress relaxation. When external high-frequency vibration is superimposed, the measured signal

becomes more complex. Therefore, effective removal of high-frequency vibration from the low-frequency true deformation

signal is essential for accurate deformation measurement. Focusing on the optomechanical structure of an ultra-precision

strain monitoring instrument, this study proposes a robust joint extraction method that combines locally weighted regression

(LOWESS) with a zero-phase fourth-order Butterworth filter to recover the quasi-static deformation signal. Compared with

mean filtering and wavelet analysis, the proposed method reduces the root-mean-square error by 45.8% and 41.3%, respec-

tively, and lowers the standard deviation of denoised noise by 20.7% and 21.5%. It also shows better suppression of vibra-

tion components than conventional filtering methods. This method is of practical significance for improving the environmental

adaptability and measurement accuracy of ultra-precision optical systems.
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