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Abstract: In this study, we evaluate the feasibility of swell-based bathymetry using Chinese 

quad-polarization Gaofen-3 (GF-3) synthetic aperture radar (SAR) data. To achieve this 

purpose, detectable shallow water depths are estimated from the dominant scattering 

component by using the linear dispersion relation and polarization decomposition. By 

comparing with the values from an official electronic navigational chart (ENC), the mean 

absolute and relative error of the results from the scattering mechanisms based method are 

about 1.39m and 8.89%, respectively. Results indicate that Chinese quad-polarization GF-3 

SAR is capable of detecting shallow water depths, and the dominant scattering mechanisms 

based method is feasible for swell-based bathymetry. 
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1. INTRODUCTION 

Detailed shallow water depth information has great significance in human activities such as, 

safe navigation, and harbor security (Calkoen et al., 2001 , Holland, 2001 , Jackson and Apel, 

2004). Traditionally, sonar-based bathymetric soundings provide high precision for sea-bed 

point measurement. However, factors such as implementation costs, bad weather conditions, 

and poor costal navigation affect their applications (Calkoen et al., 2001). Several remote 

sensing technologies, including light detection and ranging (LIDAR) (Costa et al., 2009 , 

Fernandez-Diaz et al., 2014), optical (Sandidge and Holyer, 1998 , Eugenio et al., 2015), and 

synthetic aperture radar (SAR) (Brusch et al., 2011 , Alpers and Ingo, 1984 , Yang et al., 

2010 , Fan et al., 2011 , Renga et al., 2014 , Pereira et al., 2019), have been suggested for 

directly and indirectly detecting shallow water depth. The LIDAR- and optical-based methods 

which depend upon moderately high water clarity detect shallow water depth by estimating 

the depth of light penetration at various wavelengths to the bottom (up to 20 m) 

(Pleskachevsky et al., 2011). In contrast, the SAR-based methods are better for bathymetric 

mapping in cloudy and rainy conditions or in turbid waters (e.g., the coastal regions in the 

East China Sea and the Yellow Sea) (Bian et al., 2018). 

The phenomenon of shoaling waves in SAR images provides useful information for 

interfering shallow water bathymetry, which is called the swell-based method. Different 

spaceborne SAR satellites(Bian et al., 2020), including L-band (Boccia et al., 2015), S-band 

(Bian et al., 2016), C-band (Pereira et al., 2019 , Bian et al., 2018 , Bian et al., 2017 , Mishra 

et al., 2014), and X-band (Monteiro, 2013 , Brusch et al., 2011 , Pleskachevsky et al., 2011), 

have been applied to detect shallow water depth based on swell-based methods. This work 

aims to evaluate the swell-based method proposed by Bian et al. (2017) using GF-3 SAR data. 



2. DATA AND METHODS 

2.1 Study area and SAR data 

The study area is located in Xiapu, Fujian province, China where water depth is shallower 

than 22 m from ENC. The GF-3 satellite was launched on 9 August 2016 (in China launch on 

10 August), developed by the Chinese Academy of Space Technology (CAST). The GF-3 

satellite has 12 imaging modes, including spotlight, stripmap and scan, with four polarization 

capability. The satellite works in an orbit altitude of about 755 km in a sun synchronous orbit 

in a side looking attitude. Figure 1 displays the collected C-band fine quad-polarization GF-3 

images (http://210.72.27.21:8790/SNFFWeb/WebUI/HomePage.jsp) and the polarization 

decomposition result over the study area. The Freeman-Durden decomposition results (Ps: the 

power of surface scattering component, Pd: the power of double-bounce scattering component, 

and Pv: the power of volume scattering component) as shown in Figure 1 (d) shows that color 

red is dominant, that means the surface scattering is the dominant backscatter mechanism. 

  
(a) HH-polarized image                 (b) HV-polarized image 

  
(c) VV-polarized image         (d) Color-coded image of the Freeman-Durden   

decomposition red, Ps; green, Pd; and blue, Pv 

Figure 1. The C-band fine quad-polarization GF-3 SAR images and the polarization 

decomposition result in Xiapu coastal region, Fujian province, China, acquired on October 22, 

2017 at 21:56 UTC. 

 

2.2 Linear dispersion relation 

The most significant environmental feature of the shallow waters is that water depth is 



shallow and change rapidly (Jackson and Apel, 2004). As swell waves travel from deep 

waters where water depth is larger than half the wavelength to shallow waters where water 

depth is between 1/20th and half of the wavelength, their wave height increase, speed 

decrease, length decrease as wave orbits become asymmetrical. The relationship between 

wave frequency and water depth can be described by the dispersion relation.  

If the effect of current (e.g. current velocity less than 0.05m/s) can be neglected, shallow 

water depth ( ) can be estimated from the linear dispersion relation which can be written as 

follows (Bian et al., 2016): 

     (1) 

where  ( ,  is the swell period) is the angular wave frequency,  is the 

gravitational acceleration (9.8 m/s2),  ( , is the wavelength ) is the wave number. 

The required swell wave parameters can be tracked by ray tracing mode, fixed grid mode or 

the integrated mode by using the fast Fourier transformation (FFT) for swell-based 

bathymetry (Bian et al., 2016). 

3. RESULTS 

Figure 2 shows swell wave tracking results which were tracked by fixed grid mode from 

surface component from Freeman-Durden polarization decomposition using fully 

polarimetric GF-3 SAR data. Each arrow corresponds to a FFT-box (512×512 pixels) of 2.56 

km by 2.56 km, and its length and color mean the value of wavelength and direction means 

the direction of swell waves. The distance between two arrows is 1.5 km. The swell wave 

tracking results show a decreasing trend from the southeast to the northwest, and the 

propagation direction also gradually changes, which is in good agreement with the 

corresponding water depth distribution from ENC. 

 



Figure 2. Wave fields map tracked by fixed grid mode from surface component from 

Freeman-Durden polarization decomposition using fully polarimetric GF-3 SAR data. 

Shallow water depths are estimated from the retrieved wavelengths by the linear dispersion 

relation (Equation (1)). Figure 3 shows the results of swell-based bathymetry from an 

estimated swell period of 11.2 s. The variation trend of the estimated shallow water depths 

from co-polarization images and surface component Freeman-Durden polarization 

decomposition are similar with each other, which is basically consistent with that of ENC. 

Compared with the estimated shallow water depths from co-polarization images, although the 

estimated results from cross-polarization image reflects the features of underwater 

topography, some water depths are overestimated (as shown in Figure 3 (b) the upper left 

corner and the middle of the bottom part in the effective area).  

   

(a) Results from HH-polarized image     (b) Results from HV-polarized image 

   

(c) Results from VV-polarized image     (d) Results from surface component 

Figure 3. Shallow water depths estimated from single polarization and fully polarimetric GF-3 

SAR data. 

 

Figure 4 shows the 3D results of shallow water depth estimated from GF-3 polarimetric SAR 

data based on Freeman-Durden polarization decomposition, and some missing values are 

interpolated by Kriging. It can be seen from the mapping that the overall change trend of 



shallow water depth is basically consistent with that of ENC, showing gradually shallower 

from southeast to northwest, and the change is relatively gentle, but it shows more detailed 

topographic information of shallow water than that of ENC used for comparison and analysis. 

 

Figure 4. The 3D results of shallow water depth (about 275.0 km2) from fully polarimetric 

GF-3 SAR data. 

 

We use the 1:100000 ENC bathymetric data (a total of 86 points) to compare and the mean 

absolute error (MAE) and the mean relative error (MRE) as indicators to validate the 

estimated results from GF-3 polarimetric SAR data based on swell-based bathymetry. The 

detection result based on the dominant scattering component (the scattering component of 

Freeman Durden polarization decomposition surface) is the best (MAE is 1.80 m and MRE is 

11.62%), followed by VV polarization (MAE is 1.95 m and MRE is 12.62%), HH 

polarization (MAE is 2.01 m and MRE is 13.09%) and cross-polarization (MAE is 3.46 m and 

MRE is 22.51%). Based on the discrete convolution method proposed by Bian et al. (2018), 

the detection results after optimization MRE the same as those without optimization, MAE 

and MRE are 1.39 m and 8.89%, respectively. It is confirmed that the optimization method 

based on discrete convolution can improve the detection accuracy of shallow water depth. 

Although the visual interpretation of HH polarimetric SAR image contains periodic speckle 

noise, according to the characteristics of FFT transform, the detection results are not 

obviously affected by speckle noise, which is close to VV polarization. 

4. CONCLUSIONS 

In this work, we evaluate the feasibility of China’s first C-band GF-3 SAR satellite to detect 

shallow water depth based on linear dispersion relation. The results indicate that GF-3 SAR 

has the ability to detect underwater topography in shallow waters. Based on our comparison 

analyses, the scattering mechanisms based method has better accuracy (MAE:1.39 m and 

ARE: 8.89%) than that from single polarization SAR data. Under the conditions of moderate 

wind speed and medium incidence angle, the combination of optimization method based on 

discrete convolution and polarization decomposition based on dominant scattering mechanism 

can effectively improve the detection accuracy of underwater topography in shallow waters. 
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