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Structural Damage Detection using Frequency Response Function
Index and Surrogate Model Based on Optimized Extreme
Learning Machine Algorithm

R. Ghiasi’, M. R. Ghasemi and M. R. Sohrabi

School of Engineering, Sistan Balouchestan University, Sistan Balouchestan, Iran

Abstract: Utilizing surrogate models based on artificial intelligence methods for detecting structural damages has attracted
the attention of many researchers in recent decades. In this study, a new kernel based on Littlewood-Paley Wavelet (LPW) is
proposed for Extreme Learning Machine (ELM) algorithm to improve the accuracy of detecting multiple damages in structural
systems. ELM is used as metamodel (surrogate model) of exact finite element analysis of structures in order to efficiently reduce
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the computational cost through updating process. In the proposed two-step method, first a damage index, based on Frequency
Response Function (FRF) of the structure, is used to identify the location of damages. In the second step, the severity of damages
in identified elements is detected using ELM. In order to evaluate the efficacy of ELM, the results obtained from the proposed
kernel were compared with other kernels proposed for ELM as well as Least Square Support Vector Machine algorithm. The
solved numerical problems indicated that ELM algorithm accuracy in detecting structural damages is increased drastically in
case of using LPW kernel.

Keywords: Detecting structural damages, Surrogate model, Extreme Learning Machine (ELM) algorithm, Littlewood-Paley
Wavelet (LPW) kernel.
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modal strain energy

residual modal force

frequency response function (FRF)

little modified particle swarm

optimization

. Space structure

orthogonal matching pursuit

7. finite element model updating
procedure

8. degree of freedom

9. surrogate model

10. neural networks

11.adaptive neuro-fuzzy inference
system (ANFIS)

12. Gaussian process (GP)

13.]least square support vector
machine (LS-SVM)

14.single layer feedforward neural
network (SLFN)

15. flexural plate

16. large scale

17. extreme learning machine (ELM)

18. kernel
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19. wavelet

20. Morlet

21.seismic reliability assessment of
reinforced concrete structures

22. soil-structure interaction

23. hybrid kernel

24.radial basis

25. thin plate spline

26. Littlewood-Paley(LWP)

27. hessian matrix

28. elements

29. finite difference methods

30. dynamic of structure

31. complex nonlinear mappings

32.hidden layers bias

33.reduced gradient method

34.feed forward back propagation
learning process

35. activation function

36. Sigmoid

37.regression

38. classification

39. stochastic neuron

Propagation”, Mechanical Systems

Processing, Vol. 60, pp. 958-970, 2015.
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40. linear kernel

41.polynomial kernel

42. Gaussian kernel (radial basis
function)

43. time-frequency localization

44. quadratic continuous integral
space

45. generalization

46. Mercer’s condition

47. harmonic

48. orthogonal function

49.band scalar adjusting

50. flexible coefficient

51. hyper-plane

52.border

53. nonlinear constrained optimization

54. damage scenario

55. mean square error (MSE)

56. dissemination

57.horizontal floating

58. flexible orthonormal

59. structural health monitoring
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