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Broadband displacement reconstruction method based on
acceleration signal decomposition and regularization
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Abstract: In practical engineering application, the displacement measurement usually needs to set
reference points, which makes it difficult to directly measure the displacement of large structures.
Therefore , this paper proposes a new method which directly uses easily accessible (no reference point
needed) and highly precise acceleration data to recover the displacement of the structure. Firstly, the
discrete linear equation between displacement and acceleration is established. Displacement is the
double integral of acceleration by directly solving the equation. However, direct integration is very
sensitive to low frequency noise, resulting in "low-frequency drift" phenomenon. Secondly, Tikhonov
regularization is introduced on the basis of discrete linear equations to overcome the ill-posed problem
and solve the "low-frequency drift" problem. In addition, in order to improve the accuracy of displace-
ment reconstruction, a displacement reconstruction scheme based on overlapping windows is developed ,
and the interval length of each window should be about 3 times of the main frequency period of the
signal. It is found that this method is suitable for the displacement reconstruction of acceleration at
single main frequency (or narrow frequency) , but it is usually poor for broadband displacement recon-

struction. In order to improve the accuracy of broadband displacement reconstruction, this paper

* WA BEHE: 2022 -11-05 FEABH: 2023 -04-07 MEEHAZBEE: 2023 -06-19
EEWB: EZEARRAREE(11972380) ;)7 A8 5 SUS A 431 50 H (2022B0101080001 )
EEREN: BRER(1998404:), B BARAE: REBE/SIT SSH]; E-mail: chenxj259@mail2.sysu.edu.cn
BISMESE: ERI(19894FA4:), 55 MARAE: Z5HEHMIFITT )% ; E-mail: wangli75@mail.sysu.edu.cn



5

WREH, 2% BRI LR 520 AE 0 AL ) SE 0 0 7 A J7 75 125

further proposes a bandlimited signal decomposition method , which decomposes the broadband

acceleration signal into several narrow frequency signals, and then uses the regularization method

to reconstruct the displacement of each narrow frequency signal with high accuracy. Finally, numerical

and experimental results show that the proposed method can accurately reconstruct the displacement of

the structure from the broadband acceleration signal.

Key words: broadband displacement reconstruction; low-frequency drift; bandlimited signal decom-

position; regularization
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