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Table 3 Hidden layers’ optimization of BP neural network
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Table 4 Hyperparameters’ optimization of

BP neural network
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Fig. 9 Some segment of egg’s thermal images
(a): Thermal images; (b): Otsu algorithm;

(¢) : BP neural network

R5 HEMDEHMEIL

Table S Comparison of algorithms for segment
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Fig. 10 Segment’s images of egg and air cell
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Fertilized Eggs’ Air-Cell Change Monitoring Algorithm Based on
Thermal-Image

LIU You-fu, XIAO De-gin* , WANG Chun-tao
College of Mathematics and Informatics, South China Agricultural University/Guangdong Province Agricultural Data Engineer-
ing Research Center, Guangzhou 510642, China

Abstract The size of the egg air-cell is one of the important indicators for monitoring the hatching process of the eggs.
According to the thermodynamic structure of the breeding egg, during the hatching process of them, the temperature difference
between the part of the shell enclosing the air-cell and the other part of the shell may cause a temperature difference, which can
be observed by thermal infrared imaging technology. A thermal-image based monitoring method for egg air-cell change was
designed. The algorithm for monitoring the thermal-image of the egg air-cell mainly includes three parts: egg target detection
and segment, egg air-cell’s size of segment and egg air-cell’s area calculation. The target detection of the eggs is implemented by
the fast-RCNN algorithm. The size of the egg air-cell is implemented by BP neural network. The egg air-cell area is calculated
based on the segmented egg thermal-image segment. In this paper, eggs had hatched for 5 days or more were used as research
objects, and thermal-images of them were taken for testing. The test results show that the mean average precision(mAP) of the
target detection of the thermal-image for the egg is 99.85% , which has a good detection effect. Under optimizing of the BP
neural network’s hyperparameters, the result shows that the best structure of layers is 1000-1000-1000, the best initial learning
rate is 0. 000 1, and the best max-iteration is 500. Using Fl-measure as the evaluation index of the segment effect compare with
the Otsu algorithm, the BP neural network”s result is much better than the Otsu algorithm. The Otsu algorithm’s segment
evaluation is 65. 25% , and the BP neural network’s result is 87. 02%. In the case of only one egg, the segment result of the BP
neural network is 87.17%, and the result of the Otsu algorithm is 68.86%. The segment result of BP neural network is
86.94% , and the result of the Otsu algorithm is 61. 64 % under the interference of other eggs. BP neural network has a stronger
anti-interference ability. At the end of the experiment, the air-cell changes of fertilized eggs from 5 to 19 days were extracted,
and the hatching of the eggs was monitored by observing the curve of the egg chamber area. The curve shows that the air-cell
tends to become larger with the days increasing. The comparison between the artificial measurement method and the thermal-
image measurement method shows that the correlation between the two is 0. 934 3, which has a good correlation. The thermal-
image of egg air-cell change monitoring algorithm can realize individual identification of egg and rapid monitoring of gas chamber

size in actual production, which is of great significance for health monitoring during egg hatching.
Keywords Thermal-image; Size of egg’s air-cell; Machine vision; Deep learning; BP neural network; Image segment
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