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Fast complexity pursuit algorithm for blind source separation

of structural vibration signals

HU Zhixiang, HUANG Lei, HE Wenyu
(College of Civil Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Blind source separation (BSS) can be used to extract modal coordinate vibrations from structural vibration signals. Com-
plexity pursuit (CP) is one of the classical methods for solving the BSS problem. To improve the computational efficiency of the
CP algorithm, this paper proposes two enhancements: it uses the negative log function of a Gaussian distribution as a nonlinear
function to estimate signal complexity and derives formulas for rapidly computing signal complexity and its gradient; it employs a
subspace search-based gradient descent algorithm to calculate the optimal mixing vector in the reduced subspace. The new formulas
only require the covariance matrix of mixed signals and the covariance matrix of time delays when computing complexity and its gra-
dient, without using all signal data. Numerical examples and structural vibration data are employed to evaluate the proposed meth-
od. The results demonstrate that the fast complexity pursuit algorithm outperforms traditional methods in terms of computational ef-

ficiency and accurately separates structural modal coordinate vibrations.
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Tab.1 MAC values and consumed time under SNR cases

SNR/dB &4 CP B 1 FastCP %4 i FastCP-Subspace %1
10 1.0000,1.0000,1.0000.,0.9999 1.0000,1.0000,1.0000.,0.9998 . 1.0000,1.0000,1.0000.,0.9999
0.9998.0.9997.0.9995.0.9990 0.9998.0.9997.0.9991.0.9990 0.9998.0.9996 ,0.9991.0.9990
20 1.0000,0.9998.0.9993.,0.9992 1.0000,0.9998.0.9993.,0.9992 1.0000,0.9998.0.9993.,0.9992
0.9990.0.9990.0.9975.0.9950 0.9990.0.9990.0.9974,0.9950 0.9990.,0.9990.0.9975.0.9950
0 1.0000.,0.9997.0.9979.0.9880 1.0000,0.9996,0.9979.0.9883 | 1.0000.0.9996,0.9978 ,0.9882
0.9879.0.9735.0.9631.0.9506 0.9879.0.9732.,0.9633.,0.9489 0.9879.0.9732.,0.9636.,0.9495
FBHERT /s 0.9558 0.0463 0.0287
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Tab.2 MAC values and consumed time under different damping ratios

FHa 145 CP 5k FastCP &3k FastCP-Subspace 5.7
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0.9916.,0.9907,0.9893.0.9832 0.9916.,0.9907.0.9892.0.9819 0.9916.,0.9907,0.9890.,0.9837
0.10 1.0000,0.9985.0.9945.0.9777 . 1.0000.,0.9984 ,0.9945.0.9775 . 1.0000,0.9985.0.9944 .0.9778 .
0.9748.,0.9691.,0.9687 .0.9568 0.9754.0.9700,0.9685.,0.9558 0.9746,0.9683.0.9681.,0.9573
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Fig. 10 Vibration mode identification results of steel frame
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