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Feature Selection in Structural Health Monitoring Big Data Using a
Meta-Heuristic Optimization Algorithm

R. Ghiasi and M. R. Ghasemi *
Department of Civil Engineering, University of Sistan and Baluchestan, Zahedan, Iran.

Abstract: This paper focuses on the processing of structural health monitoring (SHM) big data. Extracted features of a

mrghasemi@eng.usb.ac.ir : S35 xS Gy (3K J ghs  *

\ \\’"‘\‘\ UL:.WJU c\ 3)[.&.«5 s‘wq JL.»: ‘wJ.«.@.d L LSJ..«\.O Lgudi:j)



structure are reduced using an optimization algorithm to find a minimal subset of salient features by removing noisy, irrelevant
and redundant data. The PSO-Harmony algorithm is introduced for feature selection to enhance the capability of the proposed
method for processing the measured big data, which have been collected from sensors of the structure and uncertainties
associated with this process. Structural response signals under ambient vibration are preprocessed according to wavelet packet
decomposition (WPD) and statistical characteristics for feature extraction. It optimizes feature vectors to be used as inputs to
surrogate models based on the wavelet weighted support vector machine (WWLS-SVM) and radial basis function neural network
(RBFNN). Two illustrative test examples are considered, the benchmark dataset from IASC-ASCE SHM group and a 120-bar
dome truss. The results indicate that the features acquired by WPT from vibrational signal have higher sensitivity to the damage
of the structure. Furthermore, the proposed PSO-Harmony is compared with four well-known metaheuristic optimization
algorithms. The obtaind results show that the proposed method has a better performance and convergence rate. Finally, the
proposed feature subset selection method has the capability of 90% data reduction.

Keywords: Structural health monitoring, Big data, Surrogate model, PSO-harmony algorithm, Wavelet packet decomposition.
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correlated

. degree of redundancy

3. wavelet weighted least square-
support vector machine

9. variety

N —

11. velocity
12. variability

4. radial basis function neural 13. veracity

network 14. value
5. bigdata 15. statistics
6. volume 16. data mining
7. terabytes 17. predictive analytics
8. petabytes 18. business analytics
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10. heterogeneous
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19. knowledge discovery from data
20. data analytics

21. data science

22. vulnerability assessment

23. principal component analysis
24. proper orthogonal decomposition
25. data fusion

26. subset selection algorithm

27. hyper-plane

28. border
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29. nonlinear constrained optimization

30. thin plate spline-littlewood paley
wavelet rate

31. wavelet packet transform

32. recursive filter-decimation operation

33. modulation

34. wavelet pocket relative energy

35. fused feature vector

36. harmony search algorithm
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39. pitch adjusting rate
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43. time series distribution
44.individual component analysis

45. timeseries distribution
46. data science
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48. precision

49, recall

50. f-score

51.root mean square

52. ambient vibration
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