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Feature extraction is a key former step in structural damage detection. In this paper,
a structural damage detection method based on wavelet packet decomposition (WPD) and
random forest recursive feature elimination (RF-RFE) is proposed. In order to gain the
most effective feature subset and to improve the identification accuracy a two-stage
feature selection method is adopted after WPD. First, the damage features are sorted
according to original random forest variable importance analysis. Second, using RF-RFE to
eliminate the least important feature and reorder the feature list each time, then get the
new feature importance sequence. Finally, k-nearest neighbor (KNN) algorithm, as a
benchmark classifier, is used to evaluate the extracted feature subset. A four-storey steel
shear building model is chosen as an example in method verification. The experimental

results show that using the fewer features got from proposed method can achieve higher
identification accuracy and reduce the detection time cost.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The performance of civil structures deteriorates during their service life [1]. Damage, which includes changes of the
boundary conditions and system connectivity or the reduction of stiffness etc., is defined as material or geometric property
changes in the structural system. In order to extend the life of facilities more attention should be given to infrastructures and
buildings.

Research in vibration-based damage identification has rapidly expanded over the last few years. In general, the
associated signal analysis and pattern recognition algorithm are the two key factors in the development of vibration-based
damage identification methods. Researchers have proposed a variety of damage detection methods. Especially, many data
mining methods have been applied to this field, such as artificial neural network (ANN), support vector machine (SVM) and
genetic algorithm (GA) etc. [2-6].

Feature selection, also known as variable selection, plays an important role in machine learning and data mining tasks. It is
the process of selecting a subset of relevant features for use in model construction. Usually we only obtain the original
acceleration signal in vibration-based damage identification methods. How these signals are converted into the input features
of classifier is a key former step in structural damage detection. The mainly used signal processing approaches include Fourier
transform, wavelet transform and wavelet packet transform. Among them, WPD as a more elaborate space-time processing
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method has been attracting much attention in the field of signal processing in recent years [7-9]. The energy of sub-bands and
corresponding coefficients of WPD are selected as features. The number of layers of WPD determines the dimension of the
feature vectors, and the outcome of feature selection will directly influence the accuracy and time cost of damage
identification. However, the present studies simply use all of the WPD sub-bands, but ignore that assessing whether they
are beneficial for the final detection.

This paper discusses a feature extraction method by integrating the WPD technology and RF-RFE approach. WPD is used
to convert the acceleration signal into the initial energy feature set while RF-RFE is a method to eliminate the least
important features and reorder the new feature importance sequence. The excellent performance and effectiveness of this
method have been proved by the experiments on a four-storey steel shear benchmark building model.

2. Wavelet packet transform and damage features generation
2.1. Wavelet packet transform

Wavelet packet transform is an important generalization of wavelet transforms. Wavelet packet function can offer more
flexibility than wavelet in representing different types of signals, and has broad prospect of application in the field of civil
engineering [10-12].
2.2. Damage features generation

For N levels of decomposition, the WPD produces 2V different band signals SNiGi=1,2,..., 2Ny from the low frequency to
the high frequency. The energy of each frequency band signal is defined as:
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where x; is the amplitude of kth discrete point in reconstructed signal Sy; and n is the number of discrete point.

Ey;, reflecting the original signal energy in selected frequency band and certain time interval, is significant for the
analysis of non-stationary and time-varying signal [16]. The damage feature vector T = (En1, Enz, ..., Ey,v) is constructed
according to the sequence {Ey;lj=1,2, ...2V}. By normalizing T, we get the final damage feature vector T =
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Fig. 1. RF-RFE damage identification model.
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