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Integrated Method of Multiple Machine-Learning Models for Damage Recognition

of Composite Structures
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(1. Aircraft Strength Research Institute of China, Xi’an, 710065, China;2. School of Electronics Engineering and Computer Science,
Peking University, Beijing, 100871, China)

Abstract: In the topic of damage detection of composite structures based on lamb wave technology,
damage index is commonly used for damage identification. However, its threshold is largely of expertise-
dependence and poor performance at knowledge generalization. Therefore, a method based on the concept
of least margin is proposed, which integrates even machine learning models and outputs the identification
result by polling all models’ decision. The proposed method avoids the shortage that damage recognition
relies on a single but incomprehensive model, and puts the confidence on a number of most qualified
models instead. Significantly higher accuracy of damage identification for composite structures is manifested
through test verification.
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laminate

KB R B BTG WA S AT A — s 25 0 . 3R 18028 T 0K 4 555 T 7 W (R I 2], 1
SRR DT T A 25 S o BECE S5 R S 2R B L RO REIN , LA KA PR 5 TR ER B S T, X 4 2 S 2 R AR BN
B = A

Al
F

x1 ARGEERGBERATHARBSEESHEIIL

Table 1 Comparison of typical signal characteristics in undamaged and damaged casess of a composite lami-
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Table 3 Mathematic expressions of DI

i, DI Kk
Peak-to-peak amplitude™’ DI=A,— A,
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Root mean square™’ DI= [(1/T) J[ f()Fde
Root mean square deviation™’ DI:\/J-[ () —fi(0) T dt/Jff (r)de
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DI based on signal energy"” DI:(_ﬂfl (¢ )‘2 dl‘)/(ﬂfz (z) |2 df)
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Table 4 Example of structural state identification from data x;
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Table 5 State categories in matrix form

K C, (F#HG) C, (LHi;)

1 1 0

2 1 0

3 1 0

4 0 1

5 1 0
BRI 4 1
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Table 6 Accuracy comparison of least margin with other machine learning methods

ok HIRTES EICE Fi/%
KNN 64.29 57.69 63.11
RBF-SVM 65.97 50.00 52.44
GP 39.50 54.14 28.11
CvDTree 74.50 78.30 73.89
NN 34.03 50.00 17.28
GNB 68.07 53.09 57.07
QDA 67.65 52.47 56.18

/N 91.31 89.83 90.54
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