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Abstract The frequent occurrence of brown tide pollution in recent years has brought huge losses to the economy of
coastal areas. Therefore, the accurate and efficient identification of brown tide algae is of great significance to the
prevention of marine environmental pollution. In this paper, a combination method of three-dimensional
fluorescence spectroscopy, gradient boosting decision tree (GBDT), and logistic regression (LR) is used to achieve
accurate identification of brown tide algae. In order to solve the problem of weak feature combination ability of LR
model for nonlinear data, the GBDT algorithm is introduced to make full use of the advantages of the integrated
learning algorithm in processing nonlinear data. The prediction result of GBDT model is used as a new feature
instead of the original feature which is input into the LR model, and a brown tide algae recognition model (GBDT-
LR)that combines GBDT and LR is established. In response to the interference of other types of algae in the

complex marine environment, five different types of algae such as Chlorella and Synechococcus elongatus are
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introduced for comparison in the experiment, and analyzed the identification of brown tide algae in different growth

cycles are analyzed. The proposed model is compared with LR, support vector machine (SVM) and back

propagation (BP) neural network under the same conditions. The results show that the GBDT-LR model is superior

to the other models in terms of classification accuracy, recall rate, and Fl-score. The fluorescence spectrum of algae

in the exponential growth period is the most stable, and the identification result of the brown tide algae in this period

is the best.
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Fig. 1 3D fluorescence spectra and contour maps of algae. (a) 3D fluorescence spectrum of Chlorella ; (b) contour map of
Chlorella; (c) 3D fluorescence spectrum of Aureococcus anophagefferens; (d) contour map of Aureococcus
anophagefferens; (e) 3D fluorescence spectrum of Synechococcus elongatus; (f) contour map of Synechococcus
elongatus; (g) 3D fluorescence spectrum of Prorocentrum donghaiense; (h) contour map of Prorocentrum
donghaiense; (i) 3D fluorescence spectrum of Thalassiosira rotula; (j) contour map of Thalassiosira rotula ;

(k) 3D fluorescence spectrum of Dunaliella salina ; (1) contour map of Dunaliella salina
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Table 1 Corresponding relationship between main pigments and algae

Algae Category

Main pigment

Aureococcus anophagefferens

Ochromonadaceae

Chlorophyll b, fucoxanthin

Chlorella Chlorophyta Chlorophyll a,chlorophyll b
Synechococcus elongatus Cyanophyta Phyeoeyanin
Prorocentrum donghaiense Pyrrophyta Chlorophyll b

Dunaliella salina

Thalassiosira rotula

Chlorophyta

Bacillariophyta

Chlorophyll a,chlorophyll b
Chlorophyll a,chlorophyll b
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Fig. 2 Fluorescence excitation spectra of Aureococcus
anophagefferens at different growth periods
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Fig. 4 Relationship between model accuracy and decision tree parameters. (a) Relationship between prediction

accuracy and number of decision trees; (b) relationship between prediction accuracy and maximum number of leaf nodes
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Fig. 7 Comparison of classification results of various models under different growth periods. (a) Algae samples of first week;

(b) algae samples of second week; (c) algae samples of third week; (d) algae samples after third week
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Table 2 Comparison of evaluation indexes of different models

Model A R F Accuracy
GBDT-LR 0. 982 1. 000 0.973 0.995
LR 0.929 0. 944 0. 895 0.736
GBDT 0.947 0. 889 0.914 0.991
SVM 0. 807 0. 389 0. 560 0. 956
BP 0.929 0.778 0. 875 0. 848
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