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Abstract — Spaceborne Synthetic Aperture Radar (SAR) is 

one important way to obtain the information of ocean surface 
velocity. The Doppler Centroid Anomaly (DCA) estimation, which 
obtain the radical velocity based on the difference between the 
measured Doppler centroid and the predicted Doppler centroid, 
have be used to most onboard spaceborne SAR. GaoFen-3 (GF-3), 
the first full-polarimetric SAR satellite of China. This paper shows 
the experiments of direct ocean surface velocity measurement for 
GF-3 SAR Satellite. Comparing the results to the actual ocean 
current, the proposed method of ocean surface velocity 
measurement for GF-3 SAR is validated. Thus, GF-3 has the 
similar ability to retrieve the radical ocean surface velocity as 
Sentinel-1 and Radarsat-2. 

Keywords — ocean surface velocity, SAR, Doppler centroid, 
Gaofen-3. 

I. INTRODUCTION 
Spaceborne Synthetic Aperture Radar (SAR) is one 

important way to obtain the information of ocean surface 
feature, in [1], e.g. ocean winds, waves, surface current, internal 
wave, oil film, mesoscale eddies, fronts, ships and so on. The 
ocean currents reflect the movement of ocean water, which are 
created by wind, water temperature, salt content and the gravity 
of the moon. Thus, routine monitoring the ocean current is of 
great interest both scientific and coastal communities. In 
particular, current shear and convergence zones can modulate 
the distribution of ocean waves, resulting in wave steepening 
and enhanced ocean surface roughness changes.  

During the past decades, there are two methods for 
measuring ocean surface velocity with SAR which have been 
discovered and validated in [2]. One is Along Track 
Interferometry (ATI), which requires two receiver antennas 
spaced along the satellite track to obtain the echo of the ocean 
surface at the same time. SRTM and TerraSAR have carried out 
the onboard ATI experiments to measure the radical current, 
which is present in [3] and [4]. Based on the Aperture Switching, 
the along baseline of TerraSAR is 1.3m to measure the radical 
ocean velocity. Simulations and experiments show TerraSAR 
can measure the surface current with 0.1m/s accuracy in 1km 
spatial resolution.  

The other method is single-antenna Doppler shift method 
called Doppler Centroid Anomaly (DCA) estimation in [2] and 
[6], which obtains the radical velocity based on the difference 
between the measured Doppler centroid and the predicted 
Doppler centroid. DCA has be used to most onboard spaceborne 

SAR, include ERS-1, ERS-2, Envisat, Radarsat-1, Sentinel-1A 
(launched in 2016) and Sentinel-1B (launched in 2018). In 
particular, Sentinel-1 have open the high-precision products of 
ocean surface wind and current, called OCN in [7], which 
promotes DCA method wide and routine application. 

Variant ocean current can change the velocity distribution 
of ocean surface waves, resulting in the change of Doppler 
spectrum. The direct Doppler measurement of ocean surface 
current is proposed in [8] and put forward theoretically and 
experimentally in spaceborne Radarsat-1 SAR in [6]. The 
Doppler Centroid is proved to be consist of the main 
contribution of wind-driven wave and ocean surface current that 
is shown in [2]. According to the difference between the 
estimated Doppler centroid and the predicted one, the global 
ocean radical velocity can be retrieved using several years’ 
Envisat images.  

DopRIM (Doppler Radar Image Model) in [9] has been 
proposed to high precision current inversion, in which the 
Doppler shift results from the combined action of near surface 
wind on shorter waves, longer wave motion, wave breaking and 
surface current. ESA began to promote the application of DCA 
in current inversion in ENVISAT satellite since 2006. DopRIM 
is successfully used to process WSM (Wide Swath Medium) 
images of ASAR. The work in [5] have found that the RSM of 
Doppler shift is 4.7 Hz and 3.9Hz for VV and HH, respectively. 
The error of DopRIM in ocean surface current inversion is 
0.23m/s and 0.19m/s with the incidence angle of 35° for VV 
and HH, respectively.  

A high-precision Doppler centroid anomaly estimator in [10] 
was developed and implemented as part of the Sentinel-1 Level 
2 ocean processor. This gives an accuracy in the corresponding 
radical velocity projected on the ocean surface of less than 0.2 
m/s on a spatial resolution down to 2 × 2km2 and proves 
Doppler standard deviation between 2.49Hz~2.89Hz over 
homogenous ocean areas.  

GaoFen-3 (GF-3), the first full-polarimetric SAR satellite of 
China with a resolution up to 1 m, had been successfully 
launched in August 2016 and, after 5 months of in-orbit 
calibration, it had been officially delivered to the users in 
January 2017 that is shown in [11]. The SAR images of GF-3 
have been applied in wind inversion, oil spill detection, internal 
waves observation over more than three years. This paper 
shows the experiments of direct ocean surface velocity 
measurement for GF-3 SAR Satellite. The main algorithms and 
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procedures are described in Section Ⅱ. Section Ⅲ shows the 
results of ocean surface velocity based on GF-3 single-look 
complex data in fine-strip model. Finally, the conclusion and 
outlook of future work are present in section Ⅳ. 

II. ALGORITHM BASICS 

A. Doppler centroid anomaly model for current measurement 
The predicted geometrical Doppler shift   is given by the 

relative velocity of the satellite and the rotating Earth for low-
orbit SAR satellite [5]. 

If the satellite orbit and attitude remain stable, the measured 
Doppler shift  can be estimated from the SAR raw data or 
processed data. The anormal Doppler frequency shift is 

    (1) 
Taking into account the errors in the Doppler centroid 

estimation, the geographic Doppler shift  caused by ocean 
motion shows as followed. 

    (2)  
If the observation scene is stationary (such as land), . 

If the observation scene is moving (such as the ocean), 
contains the motion information of the ocean scatterer. The 
radical velocity of ocean surface current could be estimated by 

 according to DopRIM model. 
 The DopRIM model [9] establishes a two-scale ocean 

scattering and Doppler spectral model, which considers the sea 
backscattering coefficients as the ones modulated by the long 
waves and the surface current. Meanwhile, the sea surface 
scatterer (Bragg waves) is moving with long waves and current. 
The radical velocity of ocean surface  is 

 

Where is the radar wave number, is the incidence angle, 

 is the average phase velocity of the wind-driven Bragg 

waves,  is the ocean surface velocity, and  is the 
contribution of hydrodynamic modulation and tilt modulation 
to the current.  

This paper defines that the positive Doppler frequency 
reflects the current or the waves moving towards the radar. For 
the descend orbit and the right-sight image geometry, the 
positive velocity denotes the current moving towards the east. 

B. Doppler centroid estimation 
The Average Cross Correlation Coefficient (ACCC) 

method proposed by [12] is used for Doppler estimation. This 
method correlates the signals  in the time domain and 
estimates the centroid of the Doppler spectrum of the signals. 
The cross-correlation coefficient  is calculated as 
follows 

     (4) 

is the radar signal in time dimension, is the SAR 

azimuth time, is the SAR range time; , PRF is 

the SAR pulse repetition frequency. The phase of the cross-
correlation coefficient   is calculated by the average value 
of the correlation coefficient in the range direction as follows. 

     (5) 

in which N is the average number of cross correlation 
coefficients. 

The measured Doppler shift based on the SAR signal is 

     (6) 

C. Segmentation and Quality Assessment  
The data segmentation is used in the processing in order to 

decrease the amount of calculation. Studies have shown that too 
high or too low image signal-to-noise ratio (SNR), strong 
azimuthal radiation gradient, and severe spectral distortion can 
cause Doppler estimation bias in [13]. Thus, after the SAR data 
is divided into blocks, the data quality of each block needs to be 
evaluated. By examining SNR and azimuthal radiation gradient, 
the data blocks that do not meet quality requirements are 
removed to ensure estimation accuracy. 

SNR is calculated by Harmonic ratio. 
     (7) 

where   and  is the first and second of the Fourier 
coefficients of the received radar data in the azimuth direction, 
respectively. 

The azimuthal radiation gradient is calculated by the energy 
gradient of the sub-block in the azimuth direction, when the 
block data is divided into 4 * 4 sub-blocks. 

III. PROCESSING RESULTS 

A. Data instruction 
There are more than 12 image models for GF-3 satellite. The 

SLC data of GF-3 Fine Strip Model Ⅱ is processed in this paper. 
In order to evaluate the results, the data that images the 
northwest coastline of France is chosen to current inversion. 
The intensity images are shown in Fig.1. 

The real-time coastal surface current measured by other 
methods (updated in the FHOM website https://data.shom.fr/) 
is used to validate the current measured by GF-3 SAR. Because 
the radical velocity is most projected to the surface velocity 
along the range direction, the surface velocity along east-west 
direction is shown in Fig.2 as the ground truth. 
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Fig. 1.  The intensity of GF-3 images in Fine Strip Model Ⅱ. 

 
Fig. 2.  The surface velocity along east-west direction provided by FHOM. 

B. Ocean surface current measured by GF-3 
The measured and geographic Doppler centroid are shown 

in Fig.3 and Fig.4.  
And the ocean surface current is shown in Fig.5. According 

to the geometry between GF-3 and the observed region, the plus 
velocity denotes the current with the east direction. The  
current directions around Region A, B and C are consistent with 
the actual currents shown in Fig.2. 

The ocean surface velocities measured by SAR is slightly 
higher than the actual ones in Region A, because the phase 
speed of Bragg waves (likely moving towards to east) has not 
been subtracted from the ocean surface velocities. The 
velocities in Region B and C are close to the actual ones, 
because the wind speed has low magnitude in these regions. 

 

   
Fig. 3.  The measured Doppler centroid based on GF-3 SLC images 

 
Fig. 4.  The geographic Doppler centroid based on GF-3 SLC images 

 
Fig. 5.  The ocean surface velocity based on GF-3 SLC images 
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IV. CONCLUSION 
The results prove that the proposed method of ocean surface 

velocity measurement for GF-3 SAR is effective and the GF-3 
satellite has similar ability to retrieve the radical ocean surface 
velocity as compared to Sentinel-1 and Radarsat-2. 

 Future works focus on the comparison GF-3 results to 
Sentinel-1 OCN product in order to improve the algorithm. 
Additionally, the subtraction of the speed of wind-driven Bragg 
wave is also considered in future works. 
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