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Abstract This paper proposed a deep learning model based on a semantic segmentation neural network (UNet) for
extracting floating macroalgae blooms effectively from the data of Geostationary Ocean Color Imager (GOCI) satel-
lite sensors, achieving the end-to-end and pixel-to-pixel segmentation and recognition of the information of floating
macroalgae blooms. The validation results show that the average recognition accuracy of the deep learning model for
floating macroalgae blooms in the validation set can reach 88.54% . Compared with existing methods for detecting
floating macroalgae blooms, including normalized difference vegetation index (NDVI) and alternative floating algae
index (AFAI), the constructed model based on the UNet for monitoring floating macroalgae blooms has high accu-

racy and is less affected by clouds. Consequently, the recognition results of the UNet based model for floating mac-
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roalgae blooms are successfully applied to analyzing the outbreak process of floating macroalgae blooms in the East

China Sea in 2017. The proposed model indicates a good applicability.

Key words oceanic optics; floating macroalgae blooms; remote sensing monitoring; deep learning; semantic seg-

mentation; UNet
OCIS codes 010.0280; 010.4450; 100.2000
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Fig. 1 Specific process of establishing deep learning model for floating macroalgae bloom extraction
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Fig. 3 GOCI pseudo-color synthetic images for different regions, and distributions of floating macroalgae blooms obtained
by UNet based deep learning model, NDVI method, and AFAI method. (a)(e) GOCI pseudo-color synthetic images
for different regions; (b)(f) distributions of floating macroalgae blooms obtained by UNet based deep learning mod-
el; (¢) (g) distributions of floating macroalgae blooms obtained by NDVI method; (d) (h) distributions of
floating macroalgae blooms obtained by AFAI method
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Table 2 Distribution results of floating macroalgae blooms obtained by UNet based deep learning model,
NDVI method, and AFAI method

Pixel number of floating ) Pixel number of floating A
Method A,/ km’ ] F./%
macroalgae blooms macroalgae blooms in R1 in R1 /km’
UNet based deep
19898 4974. 50 5460 1365. 00 86.09
learning model
NDVI 16526 4131. 50 5224 1306. 00 79. 38
AFAI 15463 3865. 75 4901 1225. 25 79.78

Note: A, represents distribution area of floating macroalgae blooms.
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Fig. 4 GOCI pseudo-color synthetic image on 24 March, 2015 and distributions of floating macroalgae blooms obtained by

UNet based deep learning model, NDVI method, and AFAI method. (a) GOCI pseudo-color synthetic image on 24

March, 2015; (b) distribution of floating macroalgae blooms obtained by UNet based deep learning model;

(c) distribution of floating macroalgae blooms obtained by NDVI method; (d) distribution of floating macroalgae
blooms obtained by AFAI method
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Fig. 5 Distributions of floating macroalgae blooms near the East China Sea obtained by UNet based deep learning model.

(a) 3 April, 2017; (b) 19 April, 2017; (c) 18 May, 2017; (d) 28 May, 2017
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