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Table 1 The comparation of threshold using different threshold
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Landsat 8 NDWI Landsat 8 100 82 82
Landsat 8 MNDWI Landsat 8 100 81 81
Landsat 8§ AWEI Landsat 8 100 79 79
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Abstract: The Chinese Synthetic Aperture Radar (SAR) satellite GF-3 has acquired a large volume of multi-polarization and full-polariza-
tion SAR data. Moreover, researchers at home and abroad have conducted in-depth studies on the extraction of inland water body images
and proposed rapid response mechanisms against flood disasters. However, optical remote sensing images and foreign space SAR images re-
main widely used because of their long development history and reliable image quality.

Applying domestic GF-3 images to environmental protection and water resources management is an urgent matter. This study analyzed
the differing backscattering characteristics of water bodies and other targets to explain the rationality of the threshold segmentation method;
integrated the image binarization method based on threshold segmentation and Markov random field (MRF); and developed a method with
advantages of high accuracy and high automation for water body information extraction by using GF-3 images. The method first analyzed
the backscattering intensity differences of water and nowater distribution under different imaging modes and different polarization modes
based on histogram statistics. The best segmentation threshold was determined by using visual interpretation. The effects of the Otsu and KI
binarization methods on the water-nowater classification were compared on the basis of the research results of threshold segmentation. The
threshold segmentation result of the KI method was better than that of the Otsu method. Given that the radar beam cannot illuminate the
large mountain slope facing away from the SAR sensor (i.e., a phenomenon that has led to missing monitoring information), the current SAR
orthorectification is applied to compensate the missing data by using the interpolation method, but this approach may result in inaccuracies
in feature monitoring. Scholars at home and abroad typically use the method of removing shadow areas from water distribution maps.
However, the pixel value obtained by the interpolation cannot represent true backscattering intensity information, which can then affect the
distribution characterization of the image and reduce the accuracy of automatic threshold estimation. In response to this problem, this study
generated a mask file, also called Mask, of the radiation distortion region by combining DEM and GF-3 orbital parameters. In this manner,
the radiation distortion region is masked in the SAR logarithmic intensity map, and the influence on the probability distribution of the image
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can be eliminated to a great extent. The initial water distribution map can be obtained by KI threshold segmentation, which has good accur-
acy. Fisher transform is a data dimension reduction algorithm that converts multidimensional data into one-dimensional data, and this ap-
proach is beneficial to image classification. In this study, the multipolar logarithmic intensity image is converted into a single variable by the
Fisher transform under the guidance of the initial water-nowater distribution map derived by the KI method. Although traditional methods,
such as multi-look and filtering, can greatly reduce the noise level of SAR images, these methods also tend to lose useful image information.
MREF can determine the class attribute of a pixel by using the maximum posterior probability criterion and by fusing spatial context informa-
tion with pixel gray information (i.e., an approach with good inhibitory effect on speckle noise). Moreover, the posterior probabilities of the
pixels in the water and nowater classes in this study are calculated iteratively. With Fisher transform and MRF based on Gaussian distribu-
tion. When the number of iterations has been satisfied or the posterior probability has become stable, the final water distribution map is gen-
erated on the basis of the maximum posteriori probability criterion.

Experiments were performed by using multi-polarization GF-3 images under different imaging modes. The images represent the north-
east part of Hunan Province where many rivers and lakes abound. Floods in the rainy season are very severe in Hunan Province. Thus, real-
time monitoring of water body distribution is necessary. A random point was selected to evaluate the accuracy of using optical images in this
study and by setting close imaging times with GF-3. The true detection accuracy, which denotes the proportion of correctly classified pixels
in the total pixels, was used to quantitatively evaluate the accuracy of water distribution.

The experimental results show that the KI method has stronger advantages than the Otsu method in terms of water extraction applica-
tion by using GF-3. After Mask was used to remove the radiation distortion area of the image, the auto-determined threshold yielded a value
that was close to the visual interpretation threshold, and the difference was only 0.4 dB. However, the accuracy was low due to the existence
of the nowater class within the water class. By optimizing the Fisher transform and the MRF model, the continuous extraction of water in-
formation was achieved, and the boundary of the river and the lake became smoother than that of the KI method. The extraction accuracy of
the water targets exceeded 85%, which is superior to that of the water index method that use optical images.

Extracting water information with the threshold segmentation method from SAR images is a reasonable method. The capability of
cross-polarization (HV, VH) to distinguish water and nowater classes is stronger than that with the same polarization (HH, VV). Radiation
distortion areas have certain influences on the probability density distributions of intensity images. Thus, deriving the exact segmentation
threshold by removing the radiation distortion areas is imperative. The Fisher transform and the GD-MRF model can be used to fuse multi-
polar information and spatial context information, and they can effectively suppress the influence of speckle noise. The method requires min-
imal artificial experience, and it offers the advantage of strong automation and high reliability.

Key words: GF-3, water extraction, KI, markov random field, automation, maximum posterior probability
Supported by National Key Research and Development Program of China (No. 2017YFC1500901)
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