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Fig. 3 Visualization analysis

(a), (b), (¢), (d): Spectral curves by using different preprocessing methods; (e), (f), (g), (h): Visualization using t-SNE
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Table 1 Analysis of modeling results based on feature wavelengths

Model Parameter Accuracy of calibration set Accuracy of prediction set
RF-PLS-DA 13 91.75%(289/315) 90. 48 % (95/105)
RF-ELM 34 95.56% (301/315) 95. 24 %,(100/105)
RF-BLS (2730, 0.9 98.41%(310/315) 97.14%(102/105)
PCA-PLS-DA 5 90. 48 % (285/315) 89.52%(94/105)
PCA-ELM 21 93.97%(296/315) 91.43%(96/105)
PCA-BLS (2720, 0.9) 96.19%(303/315) 94.29%(99/105)
2D-COS-PLS-DA 2 85.10%(269/315) 81.90%(86/105)
2D-COS-ELLM 14 89.21%(281/315) 87.62%(92/105)
2D-COS-BLS (2720, 0.7) 91.43%(288/315) 89.52%(94/105)
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Shrimp Freshness Detection Method Based on Broad Learning System

YE Rong-ke', KONG Qing-chen', LI Dao-liang" *, CHEN Ying-yi''*, ZHANG Yu-quan', LIU Chun-hong' **
1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2. National Innovation Center for Digital Fishery, China Agricultural University, Beijing 100083, China

Abstract To improve the accuracy of shrimp freshness discrimination, we proposed a shrimp freshness detection method based
on a broad learning system in this paper. In this study, firstly, multivariate scatter correction (MSC), standard normal variate
(SNV), and direct orthogonal signal correction (DOSC) were used to preprocess the raw hyperspectral data of shrimp with
different days of refrigeration. And secondly, t-distributed stochastic neighbor embedding (t-SNE) was used to visualize the data
after preprocessing, and the visualization results showed that the DOSC-processed data had the best clustering effect. Then, the
spectral data after DOSC preprocessing were used for feature extraction using random forest (RF), principal component analysis
(PCA), and two-dimensional correction spectroscopy (2D-COS). Finally, the shrimp freshness was modeled based on the
characteristic wavelength, and the broad learning system (BLS) was used in shrimp freshness modeling for the first time in this
paper and compared with the classical discriminant models such as partial least squares discrimination analysis (PLS-DA) and
extreme learning machine (ELM). The results indicated that the RF method minimized the redundant information in the spectra,
while the BLS had high accuracy and shorter discrimination time than the linear modeling method PLS-DA and the nonlinear
modeling method ELM, and thus the combined RF-BLS model obtained the best freshness discrimination performance. The
experimental results indicated that the hyperspectral imaging technology combined with broad learning system to identify shrimp
freshness is feasible. The method proposed in this paper can provide a theoretical basis for developing an online shrimp freshness

detection system.

Keywords Freshness of shrimp; Direct orthogonal signal correction; Random forest; Broad learning system; Hyperspectral

imaging technology
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