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Optical and SAR Remote Sensing Images
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Abstract: The flooded area detection method based on the fusion of optical and Synthetic Aperture Radar
(SAR) images is applicable for all weather conditions and times. However, due to the large number of randomly
distributed intensive speckle noise in SAR images, the conventional methods of detection often trigger high false
alarm rates at flood-stricken zones. Inspired by the Fuzzy C-Means (FCM) clustering method, a hierarchical
clustering algorithm (Hierarchical Fuzzy C-Means, H-FCM) is proposed in this paper. This method fuses the
SAR image captured after the flood with the optical image captured before the flood. Based on the fused image,
this method uses the proposed hierarchical clustering model to obtain the preliminary detection results of the
flooded area. Additionally, the algorithm uses the proposed region-growing algorithm to obtain the river
location before the flood and uses it as a spatial constraint for the preliminary detection results to further
screen out suspected flooded areas and significantly improve detection performance. The experimental data used
in this paper include the remote sensing images captured before and after the Gloucester floods in the United
Kingdom in 1999, as well as the remote sensing images captured before and after the Nanchang floods in China

in 2019. The effectiveness and validity of the H-FCM algorithm are also supported by comparison experiments.
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Fig. 3 Spectral characteristic curves of typical features®
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Fig. 20 Spatial constraint curve of flooded area
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Fig. 26 Detection results of flooded area based on four algorithms
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Tab. 3 Detection results of flooded area in fusioned SAR image

FiE H-FCM WA Snake H-Kmeans
Right, 0.8946 0.4346 0.6757 0.8837

Miss, 0.1523 0.0680 0.1607 0.1519

Wr, 0.2513 0.7001 0.5070 0.2634
Kappa 0.6092 0.1840 0.2964 0.5837
Time(s) 51.98 2.72 2.53 73.27

Tter(iX) 25 1 1 25
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Fig. 27 Manually labeled flooded areas
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Fig. 29 Detection results of flooded area based on four algorithms
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Tab. 4 Detection results of flooded area in the fusioned SAR image

(c)SnakeHi% (d) H-Kmeans$i%
(c) Snake algorithm (d) H-Kmeansalgorithm

Tk H-FCM WA Snake H-Kmeans
Right, 0.9414 0.6230 0.6426 0.9391

Miss, 0.2520 0.0555 0.0608 0.2434

Wr, 0.2886 0.4690 0.4518 0.2836
Kappa 0.6911 0.2629 0.2749 0.6848
Time(s) 30.59 2.82 3.14 79.13
Tter(iX) 25 1 1 25
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Fig. 30 Detection results of flooded area based on four algorithms after RL filtering
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Tab. 5 Detection results of flooded area in the SAR image after RL filtering

Jiik RL_H-FCM RL_WA RL_ Snake RL_H-Kmeans
Right, 0.8996 0.4391 0.7615 0.8899

Miss, 0.1750 0.0660 0.2598 0.1351

Wr, 0.2653 0.6933 0.4954 0.2418
Kappa 0.6147 0.1863 0.3460 0.6032
Time(s) 646.04 593.72 593.59 745.62
Tter(K) 25 1 1 25
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