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S5 WAL RS 4 HHT F1 Multi-PCA J7 22 %t 8 5%
N B SUE W PR AR 5 AT B4 A, O o R
Al #Hl (support vector machine, SVM)# 5 F1 A T
25 W) 2% (artificial neural network, ANN) £ & i
DA Sy S 0 2 2 e B4 a0 i) ol Ak 8 3l A6 25
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Fig.1 Eggshell cracks detection system based

on acoustic response signal
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The regions covered by vertical bold line are valid information after endpoint detection.
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Fig.2 Original acoustic response signals of intact egg(A) and cracked egg (B)
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A FEE B P Y {5 5 Acoustic response signal of intact egg; B: 24808 AY A P W /5 5 Acoustic response signal of cracked egg.
B IMF #5508 0 2 i 3 2K % 0 . The frequency of each IMF is decreasing arranged from top to bottom.
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The IMFs of acoustic response signal of intact egg (A) and cracked egg (B)
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Hilbert-Huang spectrum
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A and C are HHT spectra of intact egg,while B and D are cracked egg.

B4 ZFEFRFFEWEMNESH HHT EE

Fig.4 The HHT spectra of acoustic response signal
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Fig.5 The two dimensional distribution of

principal components PC1 and PC2
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Table 1 Discrimination results of SVM by selecting different kernel function and training samples

ER:3 = Sy Bt mL g I /B

Y g gl Claicton o sl st e

(Intact egg/ Cracked egg) (Intact egg/ Cracked egg) Kernel function Accuracy
40 (20/20) 30 (21/9) £ Linear 50.00
40 (20/20) 11 (6/5) £ 75\ Polynomial 81.67
40 (20/20) 9 (4/5) 17 3 Radial basis 85.00
40 (20/20) 30 (30/0) i 1 Sigmoid 50.00
60 (30/30) 17 (15/5) 2 Linear 50.00
60 (30/30) 5(3/2) £ 71 3 Polynomial 87.50
60 (30/30) 4(1/3) 2 0] H: Radial basis 90.00
60 (30/30) 20(20/0) i A Sigmoid 50.00
80 (40/40) 3(6/2) 2 Linear 60.00
80 (40/40) 3(2/D £ i 3 Polynomial 85.00
80 (40/40) 2(2/0) 2 ) %€ Radial basis 90.00

{1 Sigmoid 50.00

A 0 AR A 1 I R A T 0 R B ik 4 A i AR 1Y [m]
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Non-destructive detection of eggshells based on acoustic
response coupling with HHT and Multi-PCA

WANG Fang TAN Zuojun XIE Jing ZHANG Shu SHEN Huan

College of Science/Institute of Applied Physics , Huazhong Agricultural University ,
Wuhan 430070,China

Abstract A self-built acoustic response system was used to non-destructively detect the eggshells
cracks when the eggs were artificially cracked to produce various kinds of cracks.In order to minimize the
dependence on the position cracked,the knocking point was always located near the eggshell equator.The
original acoustic signals were pre-processing to detect endpoints of signals and then analyzed with Hil-
bert-Huang transformation (HHT) and multiply principal component analysis (MPCA).Results showed
that the accuracy of detection and classification of egg with cracks is very-well via a support vector ma-
chine (SVM) and artificial neural network(CANN) models since the main features of the time domain and
frequency domain were extracted from HHT and Multi-PCA when the cracks have randomly distribu-
tion. The radial basis kernel function is best for SVM and the accuracy for crack classification can be up
to 90%.The whole regression coefficient is 0.924 76 with the accuracy of 86.70% for ANN model.It is in-
dicated that the analytical methods of HHT and Multi-PCA are very suitable for detecting the cracked
eggshell.

Keywords non-destructive detection; eggshell cracks; Hilbert-Huang transform; multiply princi-

pal component analysis;support vector machine; artificial neural network
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