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Fig. 1 Data distribution of band 3 of green tide, sea water and thick cloud
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Data is randomly sampled from the HY-1C/D satellite CZI sensor images on May 25, June 21, and June 30, 2001. The number of green tides and seawater

samples is about 10 000. The band 3 data distribution of thick cloud sample points is too centralized to be easily displayed. The number of band 3 is about 5 000
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Table 2 Green tide extraction rule set
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A b3 —b4 < —389.5Hb3 — b4 < -328.5Hb1 < 4485 FANT A, MFiE R R

b3 —b4 >-389.5Hb2 — b3 >-84.5Hb3 — b4 >863

b3 —b4 >-389.5Hb2 — b3 >-84.5Hb3 — b4 >-523.5
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Fig.2 Rule B extraction results (green)
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Fig. 5 Rule E extraction results (orange)
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Fig. 7 Comparison of classification results
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a. HY-1C/D satellite CZI sensor RGB synthetic images (R: 825 nm, G: 650 nm, B: 560 nm); b. classification results based on rule sets;

c. classification results after correcting error categories
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Fig. 8 Full-automatic extraction method of green tide from HY-1C/D CZI images
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Both green tide and non green tide data are randomly sampled, with a quantity of 1 000
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Fig. 10  Accuracy evaluation area
a. b, c. HY-1C/D T2 CZI f£%4% RGB & iU 1% (R: 825 nm, G: 650 nm, B: 560 nm); X3k 1 & X4k 20 R}y 400 18 % x 400 4% ; h FHREKX
3o 2 B AR L WK X 21 2 X 25 RS i E S 100 18R x 100 15385 AR ZE NS 50 m x 50 m
a, b, c. HY-1C/D satellite CZI sensor RGB synthetic image (R: 825 nm, G: 650 nm, B: 560 nm); area 1-20 with dimensions of 400 pixels x 400 pixels; due to
the fragmented green tide patches in the flare area, the size of the area 21-25 is set to 100 pixels x 100 pixels; each pixel size is 50 m x 50 m

ResNet50 U-Net A

-

JR A NI % NDVI

a b c d
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Fig. 11 Comparison of green tide extraction effects in thick cloud region
a. HY-1C/D T & CZI 4848 RGB A B2 1% (R: 825 nm, G: 650 nm, B: 560 nm); b, c. d. e. f. g 7% 7 A Tf# 1% . NDVI, VB-FAH, ResNet50, U-
Net. A% 3C 5 ¥ 9 40 $2 B 45 2R
a. RGB composite image (R: 825 nm, G: 650 nm, B: 560 nm) of HY-1C/D satellite CZI sensor; b, c, d, e, f, g show the green tide extraction results of manual
interpretation, NDVI, VB-FAH, ResNet50, U-Net, and the method proposed in this paper, respectively



176

MHEEd 4545

VB-FAH

ResNet50

12 9z DXk i SR OCR X L

Fig. 12 Comparison of green tide extraction effects in thin cloud region

a. HY-1C/D P& CZI £ 4% RGB A BU¥ 12 (R: 825 nm, G: 650 nm, B: 560 nm); b, c. d. e. f. g /M8 A T 1% . NDVI. VB-FAH.
ResNet50, U-Net, 7% 3CJ7 4k 14 G 8 2 B 45 2R
a. RGB composite image (R: 825 nm, G: 650 nm, B: 560 nm) of HY-1C/D satellite CZI sensor; b, ¢, d, e, f, g show the green tide extraction results of manual

interpretation, NDVI, VB-FAH, ResNet50, U-Net, and the method proposed in this paper, respectively
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Fig. 13 Comparison of green tide extraction effects in cloud-free region
a. HY-1C/D TR CZI A48 %% RGB & i 1% (R: 825 nm, G: 650 nm, B: 560 nm); b, c. d. e. f. g 735 A T.fi%#i% . NDVI, VB-FAH, ResNet50.,
U-Net, 78307 o i 50 1 S R 2
a. RGB composite image (R: 825 nm, G: 650 nm, B: 560 nm) of HY-1C/D satellite CZI sensor; b, c, d, e, f, g show the green tide extraction results of manual
interpretation, NDVI, VB-FAH, ResNet50, U-Net, and the method proposed in this paper, respectively

g5 ANTff%F NDVI VB-FAH ResNet50 U-Net
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Fig. 14 Comparison of green tide extraction effects in cloud spot region

a. HY-1C/D TE CZI £ J84% RGB A 85 1% (R: 825 nm, G: 650 nm, B: 560 nm); b, c. d. e. f. g /%4 A T.f# 1% . NDVI, VB-FAH, ResNet50.,
U-Net, A< 37 1 (1 S ) 4 B 4 2R
a. RGB composite image (R: 825 nm, G: 650 nm, B: 560 nm) of HY-1C/D satellite CZI sensor; b, ¢, d, e, f, g show the green tide extraction results of manual

interpretation, NDVI, VB-FAH, ResNet50, U-Net, and the method proposed in this paper, respectively

TE—E By i AR BCBLR (A& 13 i IXR 11, KB S48 008 8 5% AR R A5G . B0 W A9 2%
13)o ZEF NI AG B0 AES SR BEH A ooy B O R i T AR Y 1 5 o mT e 4TS R
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Fig. 15 Comparison of green tide extraction effect in flare region
a. HY-1C/D TL& CZI {4 /%4% RGB £ M 12 (R: 825 nm, G: 650 nm, B: 560 nm); b. c. d. e. f. g 4M %I A T.fi#i% . NDVI. VB-FAH. ResNet50.
U-Net, 4 3C 5 1 i1 30 £ i 25 2R
a. RGB composite image (R: 825 nm, G: 650 nm, B: 560 nm) of HY-1C/D satellite CZI sensor; b, ¢, d, e, f, g show the green tide extraction results of manual

interpretation, NDVI, VB-FAH, ResNet50, U-Net, and the method proposed in this paper, respectively

%3 ACC T Kappa fE BTG £ R
Table 3 Accuracy evaluation results of ACC and Kappa

ACC Kappa
X 32
NDVI VB-FAH ResNet50 U-Net SRS NDVI VB-FAH ResNet50 U-Net K@ik
VR 0.959 2 09127 0.930 1 0.959 5 0.9923 0.814 8 0.508 0 0.614 4 0.791 9 0.964 5
2B 0.803 7 0.791 4 0.980 7 0.988 2 0.994 1 0.156 9 0.065 4 0.589 8 0.761 0 0.891 6
3R 0.901 2 0.875 1 0.962 4 0.976 1 0.993 2 0.400 5 0.096 5 0.5503 0.748 2 0.9352
4B 0.927 4 0.929 4 0.984 3 0.990 2 0.9925 0.462 0 0.3810 0.766 3 0.600 3 0.894 1
SIRZ 0.8722 0.869 0 0.976 1 0.982 6 0.990 1 0.3899 0.3343 0.771 9 0.643 4 0.842 4
6/ 2 0.969 4 0.947 2 0.9579 0.970 0 0.9709 0.824 5 0.583 2 0.710 7 0.694 5 0.849 2
LEFS 0.966 7 0.968 3 0.976 1 0.9820 0.989 4 0.719 1 0.558 4 0.744 2 0.698 0 0.885 4
8z 0.9775 0.973 7 0.976 4 0.983 9 0.9855 0.8152 0.691 1 0.767 7 0.837 8 0.859 6
9/ iz 0.965 1 0.984 6 0.984 8 0.970 1 0.987 1 0.775 5 0.864 3 0.879 0 0.9225 0.9825
104% 2 0.948 7 0.927 1 0.924 6 0.945 2 0.994 5 0.774 7 05235 0.587 6 0.691 3 0.973 1

k= 0.904 9 0.980 9 0.978 5 0.969 1 0.990 4 0.576 8 0.853 6 0.8526 0.8250 0.9213
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ACC Kappa
X 4/ 275
NDVI VB-FAH ResNet50 U-Net AT NDVI VB-FAH ResNet50 U-Net A7
12/ K= 0.949 2 0.971'5 0.966 7 0.967 2 0.979 6 0.673 1 0.688 7 0.707 2 0.783 3 0.828 2
13/ &= 0.923 4 0.957 4 0.963 1 0.968 5 0.970 4 0.682 4 0.726 9 0.8010 0.678 2 0.8473
14/ K= 0.9750 0.975 5 0.973 5 0.985 7 0.998 2 0.769 7 0.621 3 0.683 5 0.820 6 0.978 5
15/ K= 0.9850 0.977 4 0.980 8 0.986 9 0.989 0 0.830 7 0.627 0 0.732 6 0.8159 0.850 1
16/ 55T 0.905 6 0.955 6 0.940 4 0.9718 0.982 3 0.606 8 0.660 4 0.6127 0.8329 0.896 5
17/ 55T 0.914 1 0.969 8 0.962 2 0.9742 0.994 1 0.470 0 0.483 8 0.500 9 0.676 1 0.927 7
18/ 5T 0.868 0 0.957 5 0.9449 0.955 7 0.985 1 0.454 3 0.549 8 0.5725 0.698 5 0.8879
19/ 5T 0.924 0 0.981 1 0.976 1 0.9777 0.984 0 0.478 8 0.682 7 0.683 8 0.856 7 0.906 0
20/=BE 0.904 2 0.955 4 0.944 7 0.967 8 0.984 1 0.603 1 0.661 5 0.682 5 0.817 4 0.907 8
21/EBE 0.907 5 0.978 1 0.9775 0.976 4 0.995 6 0.3346 0.294 5 0.2523 0.187 7 0.919 1
22/EBE 0.896 6 0.987 5 0.988 6 0.988 6 0.995 1 0.188 5 0.1479 0.2757 0.2757 0.8190
23/MEBE 0.903 9 0.987 6 0.9873 0.987 3 0.996 7 0.219 4 0.664 6 0.279 4 0.279 4 0.890 9
24/1EBE 0.959 3 0.993 1 0.994 6 0.994 6 0.997 2 0.254 6 0.1256 0.423 7 0.423 7 0.816 0
25/HEBE 0.7119 0.966 1 0.9815 0.981 5 0.987 1 0.167 8 0.353 7 0.730 7 0.730 7 0.860 4
# 4 F1-Score F1 MIoU #& EiEfE £ R
Table 4 Accuracy evaluation results of F1-Score and MIoU
F1-Score MIoU
[X 45/ 25 5
NDVI VB-FAH  ResNet50 U-Net ES'@IR7S NDVI VB-FAH  ResNet50 U-Net A5k
Rz 0.967 0 0.945 5 0.958 2 0.9770 0.993 7 0.8379 0.644 6 0.703 7 0.8210 0.965 5
2ER 0.803 4 0.796 6 0.988 3 0.993 4 0.996 4 0.4553 0.424 6 0.704 0 0.802 4 0.901 6
ER 0.907 4 0.885 7 0.978 3 0.985 7 0.995 6 0.592 6 0.476 1 0.679 0 0.794 4 0.938 7
HER 0.926 5 0.933 8 0.988 5 0.990 1 0.993 7 0.6250 0.593 6 0.807 8 0.908 7 0.963 6
SIEx 0.874 0 0.875 4 0.975 6 0.968 6 0.9822 0.576 0 0.554 1 0.810 1 0.862 4 0.9613
6/ 0.974 7 0.9729 0.9753 0.964 6 0.983 2 0.846 5 0.690 3 0.766 7 0.824 5 0.9353
PALES 0.969 0 0.983 8 0.983 6 0.969 5 0.987 5 0.773 9 0.684 0 0.7919 0.829 1 0.920 1
8/ 0.978 8 0.986 6 0.984 1 0.970 6 0.990 3 0.840 6 0.757 8 0.807 4 0.858 3 0.8752
(UEFN 0.964 0.9319 0.928 2 0.961 6 0.988 0.8103 0.878 7 0.890 5 0.927 4 0.950 1
10/#i= 0.9526 0.962 1 0.949 9 0.968 2 0.997 1 0.807 4 0.653 8 0.688 7 0.7519 0.973 7
1= 0.901 1 0.970 1 0.973 4 0.9515 0.980 7 0.674 5 0.869 9 0.869 0 0.929 5 0.9440
12/ %= 0.949 2 0.975 4 0.975 1 0.961 9 0.983 5 0.741 5 0.755 8 0.766 9 0.894 2 0.950 6
3Lz 0.921 8 0.978 1 0.972 5 0.967 5 0.985 2 0.741 1 0.776 4 0.828 4 0.889 2 0.963 9
4/ L= 0.974 8 0.987 6 0.980 7 0.971 1 0.999 0 0.808 2 0.718 6 0.754 0 0.845 8 0.978 9
15/ K= 0.986 6 0.988 6 0.988 0 0.992 8 0.994 0 0.853 2 0.7222 0.785 3 0.842 6 0.868 3
16/=5% 0.901 8 0.976 9 0.9573 0.976 9 0.984 4 0.691 4 0.735 4 0.706 5 0.853 1 0.904 6
17/=5% 0.9126 0.984 7 0.974 1 0.982 1 0.996 5 0.624 1 0.649 3 0.656 4 0.749 8 0.9322
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F1-Score MIloU
X duf /274
NDVI VB-FAH ResNet50 U-Net ARSI NDVI VB-FAH ResNet50 U-Net AT

18/ BE 0.863 6 0.978 1 0.9579 0.960 8 0.987 6 0.600 6 0.676 5 0.686 6 0.759 1 0.897 8
19/ 5 0.9226 0.950 2 0.9820 0.968 0 0.986 1 0.6314 0.754 6 0.754 7 0.773 1 0.895 1
20/ BE 0.900 4 0.976 5 0.954 4 0.971 8 0.9857 0.689 0 0.736 0 0.747 3 0.840 9 09143
218 0.906 2 0.988 8 0.988 6 0.988 1 0.996 3 0.563 5 0.5773 0.562 6 0.5412 0.924 8
2215 0.8959 0.993 7 0.994 3 0.994 3 0.997 5 0.505 7 0.5342 0.5752 0.5752 0.818 1
23/ 5 0.903 2 0.993 8 0.993 6 0.993 6 0.997 6 0.5195 0.7457 0.5759 0.5759 0.9013
24/¥E 5 0.959 2 0.996 5 0.9972 0.9972 0.998 4 0.5555 0.5303 0.6324 0.6324 0.8233
25/FEBE 0.705 3 0.9828 0.974 4 0.957 8 0.987 6 0.4150 0.594 1 0.784 0 0.784 0 0.876 0

T A VBB /N | 5% B AR W 2 O 5 i K IR & A —
o BTEE I S b, N T AR BSR4 0
HIE & F SR T, 1A Sy i 5 060 # S0 )
NDVI 7 A AT DL AN 2, (4) 7E 2 BEX 5, NDVI
Jr A VB-FAH J5 kR B 22 5% . NDVI 7 A7 1E
W 2 AG T AS DU Ay 2 ) 1) 4% 505 1 VB-FAH J7 3 ) 3¢
BN VF 22 G AR 0 AT 1 4 BRI 1 <R 38 o 2 JBC 15
s TR BE 2 2] 7 v ATHAETE DROHE LU IR = w5 0L R
14 £ S5 TG 3 35004 S 30 0 B ol 4 7% ), A B2 AR
SO RS . (5) 7ERERE X 38k, NDVI Jr 2 4 e
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Bl H 5 Sy AR T s oAb vk 2 R R T 4 iR
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Automatic extraction of green tide in areas with clouds or solar flares in
HY-1C/D CZI multispectral images

WuKe', Wang Changying', Huang Rui', Li Huawei'

(1. School of Computer Science and Technology, Qingdao University, Qingdao 266071, China)

Abstract: Multispectral images are greatly affected by factors such as clouds, fog, and solar flares, which makes it
difficult to automatically extract high-precision green tides under complex weather conditions. Based on the multi-
spectral images of my country’s HY-1C/D satellite CZI payload, using data mining technology to explore the differ-
ence in data distribution between green tide areas and non-green tide areas, we propose a high-precision and fully
automatic green tide extraction method , which can be applied to HY-1C/D CZI sensor data. First of all, the thick
cloud area is removed by preliminary extraction rules to achieve preliminary classification. Then, the correctly clas-
sified green tide samples and non-green tide samples were used as positive and negative samples respectively, and
these samples were used as experimental data to train the decision tree model, and the automatic extraction rules of
green tide were obtained according to the model. Finally, 5 strategies for correcting misclassifications were de-
signed to achieve fully automatic extraction of green tides. In order to verify the effectiveness of the method, we
collected 25 images of the green tide outbreak period in the Yellow Sea in 2021 for automatic detection experi-
ments, and compared the experimental results with traditional index methods (NDVI, VB-FAH) and deep learning
methods (ResNet50, U-Net). The results showed that the method outperformed other methods in terms of accuracy,
Kappa coefficient, F1-Score, and MIoU. The accuracy of green tide extraction was higher in areas with thick

clouds, thin clouds, cloudless clouds, cloud spots, and flares.

Key words: HY-1C/D satellite; green tide extraction; decision tree; solar flare; cloud cover
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