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Abstract

In this paper a novel feature extraction and selection is carried out in order to improve the discriminating
capability between healthy and damaged structure using vibration signals. Although many feature extraction
and selection algorithms have been proposed for vibration signals, most proposed approaches don’t consider
the discriminating ability of features since they are usually in unsupervised manner. We proposed a novel feature
extraction and selection algorithm selecting few wavelet coefficients with higher class discriminating capability
for damage detection and class visualization. We applied three class separability measures to evaluate the fea-
tures, i.e. T test statistics, divergence, and Bhattacharyya distance. Experiments with vibration signals from
truss structure demonstrate that class separabilities are significantly enhanced using our proposed algorithm
compared to other two algorithms with original time-based features and Fourier-based ones.
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Algorithm 1. Wavelet VET-based feature generation
algorithm

Input: a set of vibration signals ¥={y,--y",
a set of membership index F={f ---,
L_{0,1}; O for healthy and 1 for damaged
structure, and the desired feature dimension-
ality k.

Compute the wavelet transform D= {d,--dy}”
vhere d;_{d,;,--.d;p}’

Set the vertical wavelet coefficient feature ma-
trix D*={d--dy} where d?={d,;,-dy;} "
vdie D", compute the wavelet vertical energy

IdUI? =d3, +d5; + -+ dig s

L} where

Conpute A= 32 BUIELF)/
S—Empty;
for i=1 to Ndo
if I = Ay then
S—Sud;
end if
end for
vdi{€S, compute the class separability measure
M9
Sort S with respect to M® in descendent order;
F—FEmpty;
for 1=1 to k£ do
Fe-FUd
end for
Output: the feature set F.
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<Figure 1> Schematics of 8-bay planar truss structure

{a) Sampie signal from healthy structure

0 1 2 3 4 5 8 7 8
{b} Sample signal from Type 1—damaged structure

0 1 2 3 4 5 § 7 8
{C) Sample signal from Type 2-damaged structure

<Figure 2> Time—history response from sensor(S)
in the truss structure; (a) healthy condition, (b)
damage type 1, (c) damage type 2
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<Table 1>& B Case 1¢] 7% divergence M,
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<Table 1> Discrimination performance comparison
on T test statistics (A7,)

Feature Damage M of M of
Case - g g
Base Locat ions Ist feature|2nd feature
1 Type-1 13.7772 13.7704
Original 2 Type-2 13.8680 13.7197
3 Type-1 & 2 15.2440 14.7279
1 Type-1 3.9044 3.4001
FET ype
Power 2 Type-2 3.4872 3.8361
Soectrun | pe & 2 4153 | 3.3850
1 Type-1 81.8929 70.8515
Wavelet
VET Type-2 85,2155 78.1899
3 Type-1 & 2 93.8860 89.3009
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9 <Figure 5>& ©& F 74
<F1gure 4>9 Hl8) ¥ FHE MV F sk 21-8—

& HojFo} <Table 3>9] Aol & AT 7}
H49l feature 719HYE HolFErh ok F ¥ 5
A 71ZE(T test statistics™ divergence)d] A-$%
Bhattacharyya distance®] 7-%-9} A3t
7WNEte] AnE BolFo] 2 F5 X8 S I
Asl B =FolA AAZ

ol e A Antz Ry e A 7HA Y tE
FA 7 wdE A2 BPEANA TEHLE 4
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<Table 2> Discrimination performance comparison
on Divergence (A,)

Feature Case Damage M, of M of

Base Locations | 1st feature | 2nd feature

1 Type-1 5.4999 5.4234

Original 2 Type-2 5.7092 5.5045

3 Type-1 & 2 5.0790 4.6503

FFT 1 Type-1 1.5196 0.6677

Power 2 Type-2 0.9371 0.9312

Seectrun |y ype-142 | 0.7198 0.5685

1 Type-1 195.5871 165.3469

wa"‘%‘” 2 | Type2 297.4257 | 191.7963

3 | Type-1&2 209.4389 174.1544

<Table 3> Discrimination performance comparison
on Bhattacharyya distance (14)

Feature Case Damage M, of A, of
Base Locations | lst feature | 2nd feature
1 Type-1 0.0145 0.0136
Original 2 Type-2 0.0123 0.0116
3 Type-1 & 2 0.0116 0.,0098
FRT 1 Type-1 0.0282 0.0226
Power 2 Type-2 0.0318 0.0286
Seectrum [ 3 T 1ype-1 & 2 0.0217 0.0201
1 Type~1 0.0799 0.0721
Wavelet
VET 2 Type-2 0.0813 0.0766
3 Type-1 & 2 0.0858 0.0742
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<Figure 3> Signal visualization using original

time—based features considering
Bhattacharyya distance
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<Figure 4> Signal visualization using FFT
power spectrum—based features
considering Bhattacharyya distance
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