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Automatic Eggshell Crack Detection System for Egg Grading

W, K Choi K Lee J R Son S Kang H. Y. Lee

Egg grading is determined by exterior and interior quality. Among the evaluation methods for the egg quality, a candling
method is common to identify eggs with cracked shells and interior defects. But this method is time-consuming and
laborious. In addition, practically, it is challenging to detect hairline and micro cracks. In this study, an on-line inspection
system based on acoustic resonance frequency analysis was developed to detect hairline cracks on eggshells. A roller
conveyor was used to transfer eggs along one lane to the impact position where each of eggs rotated by the roller was
excited with an impact device at four different locations on the eggshell equator. The impact device was consisted of a
plastic hammer and a rotary solenoid. The acoustic response of the egg to the impact was measured with a small condenser
microphone at the same position as the impact device was installed. Two acoustic parameters, correlation coefficient for
normalized power spectra and standard deviation of peak resonant frequencies, were used to detect cracked eggs. Intact eggs
showed relatively high correlations among the four normalized power spectra and low standard deviations of the four peak
resonant frequencies. On the other hand, cracked eggs showed low correlations and high standard deviations as compared
to the intact. This method allowed a crack detection rate of 97.6%.
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Fig. 1 The distribution of weight and equator diameter of used eggs.
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Fig. 2 The types of cracks on eggshells.
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Fig. 3 Inspection system for cracks on eggshell.
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Table 1 The correlation coefficients of four power spectra

J. of Biosystems Eng. Vol. 33, No. 5.

X1 X2 X3 X4
X1 1.000
X2 0.983 1.000
Intact eggs
X3 0.988 0.995 1.000
X4 0.989 0.992 0.995 1.000
X1 1.000
X2 0.355 1.000
Cracked eggs
X3 0.593 0.635 1.000
X4 0.666 0.714 0.778 1.000
Table 2 The peak resonant frequencies and standard deviation of four power spectra
X1 (Hz) X2 (Hz) X3 (Hz) X4 (Hz) Standard Deviation (Hz)
Intact eggs 4,888 4,907 4,868 4,868 18.7
Cracked eggs 2,190 4,457 4,653 4,477 11728
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Table 3 The inspection result using unknown samples

o Error ratio (%)
Class No. of eggs Correct Classification (%)
Type I* Type II**
Intact eggs 242
g8 0.8 6.8
Cracked eggs 88
Total 330 2.4
*Type I: the error ratio in estimating intact egg as cracked
**Type II: the error ratio in estimating cracked egg as intact
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