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Development of deep learning structure for complex
microbial incubator applying deep learning prediction

result information
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Hong-Jik Kim, Won-Bog Lee , Seung-Ho Lee

Abstract

In this paper, we develop a deep learning structure for a complex microbial incubator that applies deep learning
prediction result information. The proposed complex microbial incubator consists of pre-processing of complex
microbial data, conversion of complex microbial data structure, design of deep learning network, learning of the
designed deep learning network, and GUI development applied to the prototype. In the complex microbial data
preprocessing, one-hot encoding is performed on the amount of molasses, nutrients, plant extract, salt, etc. required
for microbial culture, and the maximum-minimum normalization method for the pH concentration measured as a
result of the culture and the number of microbial cells to preprocess the data. In the complex microbial data
structure conversion, the preprocessed data is converted into a graph structure by connecting the water temperature
and the number of microbial cells, and then expressed as an adjacency matrix and attribute information to be used
as input data for a deep learning network. In deep learning network design, complex microbial data is learned by
designing a graph convolutional network specialized for graph structures. The designed deep learning network uses
a cosine loss function to proceed with learning in the direction of minimizing the error that occurs during learning.
GUI development applied to the prototype shows the target pH concentration (3.8 or less) and the number of cells
(10° or more) of complex microorganisms in an order suitable for culturing according to the water temperature
selected by the user. In order to evaluate the performance of the proposed microbial incubator, the results of
experiments conducted by authorized testing institutes showed that the average pH was 3.7 and the number of cells
of complex microorganisms was 1.7 < 10%. Therefore, the effectiveness of the deep learning structure for the complex
microbial incubator applying the deep learning prediction result information proposed in this paper was proven.
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Key words : Deep Learning, Graph Structure, Graph Convolution Network, Complex Microbe Incubator, Complex
Microbial Data
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Table 1. Example of complex microbial data.
E 1. =% 0/4= Go[E oAl

Temperature| Molasses | Nutrients | Extract Salt pH Cell

Q) (@) (9) (g) [C)] (pH) (cells)

39 27500 550 450 1500 321 3.30E+08
39 25500 800 700 1500 3.7 2.80E+08
33 26000 550 450 1000 3.78 1.30E+08
33 26000 300 200 1000 3.98 1.00E+08
27 25000 300 200 1000 4.08 4.00E+07
27 25500 550 450 1000 4.34 4.00E+07
21 25000 300 200 1500 4.32 3.00E+07
21 26500 550 450 1500 4.15 1.70E+07
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Fig. 2. Example of feature information and adjacency matrix.
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