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Category Recognition of Three-Dimensional Fluorescence Spectra of
Algae Based on LLE and Gold-SA-SVM

Liu Zhe, Meng Hui, Zhang Yongbin, Duan Weiliang, Chen Ying

Key Laboratory of Test/Measurement Technology and Instrument of Hebei Province, School of Electrical Engineering,

Yanshan University, Qinhuangdao, Hebei 066004, China

Abstract  Aiming at the problems that the linear dimension reduction method of three-dimensional (3D)
fluorescence spectra of algae is not ideal and the model recognition accuracy is low, a classification model is
constructed by using local linear embedding (LLE) algorithm to reduce the dimension and using the golden sine
algorithm (Gold-SA) to optimize the support vector machine (SVM). The 3D fluorescence spectrum data of algae
after dimension reduction by LLE algorithm is used as the input of SVM, and other two dimension reduction
methods are compared. The results show that LLE algorithm has the best dimension reduction effect and the
highest recognition accuracy. In order to further improve category recognition ability, the Gold-SA is used to
optimize SVM and establish a Gold-SA-SVM model, and the other four classification models are compared. The
results show that the classification recognition accuracy, precision, recall rate, and F1 score of the Gold-SA-SVM
model are significantly improved, and the method can accurately realize the classification of Aureococcus
anophagefferens, Chlorella, and Synechococcus elongatus, providing an effective reference for the research of
brown tide.

Key words spectroscopy; three-dimensional fluorescence spectra; brown tide; locally linear embedding; support

vector machine; golden sine algorithm
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Fig. 1 Flowchart of Gold-SA-SVM classification model
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Fig. 2 3D fluorescence spectra and contour maps of algae. (a) 3D fluorescence spectrum of Synechococcus elongatus ;

(b) contour map of Synechococcus elongatus; (¢) 3D fluorescence spectrum of Chlorella ; (d) contour map of Chlorella ;

(e) 3D fluorescence spectrum of Aureococcus anophagefferens; (f) contour map of Aureococcus anophagefferens
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Fig. 3 3D fluorescence spectra of Chlorella at different stages of growth cycle. (a) 1st day; (b) 3rd day;
(¢) 6th day; (d) 9th day; (e) 12th day; (f) 15th day
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Table 1 Feature values extraced from LLE algorithm
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Sample 270 2.82157 —0.71266 0.50778 —2.63531 0.37356
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Fig. 5 Fluorescence spectrum characteristics of Aureococcus anophagefferens, Chlorella, and

Synechococcus elongatus. (a) Aureococcus anophagefferens; (b) Chlorella; (c¢) Synechococcus elongatus
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Table 3 Confusion matrices of different classification models
Predict
Model Actual Synechococcus Aureococcus
Chlorella
elongatus anophagef ferens
Synechococcus elongatus 90 0 0
NNLS in Ref. [6] Chlorella 6 73 11
Aureococcus anophagefferens 6 0 84
o Synechococcus elongatus 88 1 1
Bayesian in
Chlorella 4 80 6
Ref. [7] .
Aureococcus anophagefferens 1 0 89
. Synechococcus elongatus 90 0 0
GA-SVM in
Chlorella 3 84 3
Refs. [13-14] ”
Aureococcus anophagefferens 1 0 89
L . Synechococcus elongatus 90 0 0
PSO-SVM in
Chlorella 1 87 2
Refs. [15-16]
Aureococcus anophagefferens 1 1 88
. Synechococcus elongatus 90 0 0
Gold-SA-SVM
Chlorella 0 90 0
in this paper
Aureococcus anophagefferens 0 0 90
®4 o ARRIBIR Y 53 S8 25 RN 8 BR X L
Table 4 Comparison of evaluation indexes of different classification models %
Synechococcus Aureococcus
Chlorella
Model elongatus anophagef ferens A
P R F, P R F, P R F,
NNLS in Ref. [6] 88.2 100. 0 93.8 100.0 81.1 89. 6 88.4 93.3 90. 8 91.5
Bayesian in Ref. [7] 94.6 98.8 92.7 97.8 88.9 98.9 96. 2 93.6 95.7 95.2
GA-SVM in Refs. [13-14] 95.7 100. 0 97.8 100. 0 93.3 96. 6 96.7 98.9 97.8 97.4
PSO-SVM in Refs. [15-16] 97.8 100. 0 98.9 98.9 96.7 97.8 97.8 87.8 97.8 98.1
Gold-SA-SVM in this paper 100.0 100.0  100.0 100.0 100.0  100.0  100.0  100.0  100.0  100.0
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