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Discrimination of 5™ Instar 3 Day Silkworm using Hyperspectral
Image and Partial Least Squares Discriminant Analysis
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Abstract Recently, sericulture farms have been trying to pioneer the functional sericulture industry.
Moreover, it has been proved that the 5% instar 3 day silkworm is effective in diabetes. Along these lines,
there is a growing demand for the development of basic technologies that can automate the
management of silkworm breeding in light of the deepening labor shortage. This study investigated
whether the 5" instar 3 day silkworm can be non-destructively determined using hyperspectral
fluorescence imaging techniques. As part of the study, hyperspectral fluorescence images of 72
silkworms were captured with a wavelength range of 420 nm to 730 nm for the 365 nm UV light. In
particular, the images were captured during the five days of the 5® instar. The average spectra from the
region of interest were obtained, and nine pretreatment methods were followed. To discriminate the 5%
instar 3 day silkworm, we divided the spectra into two groups (group 1: 5 instar 1/2 day and group
2: 3/4/5 day). Further, the distribution of silkworms' spectra was confirmed through principal
component analysis (PCA), and we checked the possibility of discriminating 5 instar 3 day silkworms.
Subsequently, partial least squares discriminant analysis (PLS-DA) and five-fold cross-validation were
performed to develop a discriminant model. The result of the analysis showed that the 1D derivatives
spectrum model showed the highest performance (the prediction accuracy: 93.80%).
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Fig. 1. Picture of 24 silkworms used in the
experiment
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Fig. 2. The Ultra-Violet fluorescence hyperspectral
imaging system
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Fig. 6. The result of principal component analysis
between 2 group of silkworm (group 1:
5% instar 1/2 day, group 2: 3/4/5 day)
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Table 1. The results of PLS-DA model between 2
group of silkworm (group 1: 5% instar 1/2
day, group 2: 3/4/5 day)

Pretreatment Calibration Validation
None 93.27 93.06
Smoothing 93.27 93.00
Baseline 93.05 92.99
MSC 92.42 91.91
SNV 93.13 93.38
Max 93.05 92.73
Normalization Mean 93.54 92.75
Range 92.98 92.73
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2™ Derivative 93.12 92.64
15 1 Sensitivity = 88.19
Specificity = 96.76
Accuracy = 93.33
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Fig. 7. The result of PLS-DA model developed by
using the 1% derivative pretreatment to the
reflectance spectra of silkworm (group 1: 5
instar 1/2 day, group 2: 3/4/5 day)
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