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ABSTRACT 
A progressive SAR imaging technique is proposed as a novel SAR raw data processing scheme in this paper. 

Different from the classic SAR imaging algorithms which focus the SAR raw data as a whole despite of targets or 

clutters, the novel technique focuses the SAR raw data pixel by pixel or in a group of pixels via Atomic 

Decomposition (AD)[1]-[3]. Targets or scatter-points in the scene will be imaged progressively in a sequence of 

their energy due to the greedy natural of matching pursuit employed during AD. With the novel technique, the 

contents in the final SAR image can be controlled by an energy threshold, besides the interested targets can be 

separated or extracted from the background clutter and this may be helpful to the SAR image understanding. 

Index Terms—SAR imaging algorithm, Atomic decomposition, progressive imaging technique 
 

1. INTRODUCTION 
 
Synthetic Aperture Radar (SAR) is an important remote sensing method and has been widely used in various 

domains. Focusing of the raw data from SAR is a key step for any SAR based application. A lot of SAR imaging 

algorithms have been proposed [4]-[12] since the first SAR sensor was built. Most of these algorithms are 

designed to process the raw data indiscriminatively and pay the same attention to the clutters as well as the 

targets interested. These algorithms may have a good efficiency in processing time but the final SAR image may 

be hard to be understood due to the interference from the background clutters.  

The progressive SAR imaging technique proposed in this paper introduces a new scheme to focus the SAR data. 

The focusing process is carried out progressively along with parameters-estimation. The SAR image is formed 

pixel by pixel or in groups of pixels according to the energy of scattering-point in the scene. The energy of the 

focused pixels is subtracted from that of the raw data and the imaging procedure will be stopped when the 

remaining energy is small enough or smaller than a pre-set threshold.  

The progressive imaging technique pays more attention to the targets that may be concerned or have a larger 

energy than the clusters around them. Besides, the novel technique can extract the targets from the background 

round them and make them ready for analysis in latter processing steps.  

One implementation algorithm of the progressive imaging technique is discussed detailed in this paper. The 

algorithm utilizes AD in the azimuth to detect the time-frequency parameters including modulation rate, time 



center, Doppler centroid and duration. With those parameters, the range migration of a scattering point can be 

estimated and corrected; the point can also be extracted from raw data and reconstructed in the final image. Due 

to the greedy nature of matching pursuit employed by AD, the scattering points are detected and focused one by 

one according to their energy. 

2. PROCEDURE OF PROGRESIVE SAR IMAGING 

The processing procedure of the progressive SAR imaging technique can be summarized as follows: 

(1) Focusing the raw data in the range direction via matched filter; 

(2) Projecting the range-focused SAR data onto azimuth direction; 

(3) Analyzing the azimuth signal via AD and finding the maximum-energy chirp signal with its four 

parameters: duration, chirp rate, time center and Doppler centriod; 

(4) Estimating range migration from the four chirp parameters and reconstructing the scattering point 

according to those chirp signals at the location that it should be; 

(5) Subtracting the estimated signal from the azimuth projected signal and repeating the same operations from 

step (3) to (5) until the energy of the remains is smaller than a pre-setting threshold. 

From the steps listed above, the scattering points in a scene can be extracted, focused and reconstructed in a 

sequence determined by the amount of energy. A carefully selected threshold will make the final image much 

clear and free of clutter at some degree. The flow chart of the process stated above is illustrated in figure 1. 

 
Figure 1 Flow chart of progressive SAR imaging technique 



The procedure illustrated in figure 1 can be viewed as a typical implementation of the progressive SAR imaging. 

The implementation is based on energy selection and assumes that the potential targets may have a higher energy 

level than the clutter around them. Some other potential targets judgment methods or rules can also be adopted to 

form new kind of implementation of the technique. 

In figure 2, a comparison of the imaging results from traditional imaging algorithm and the novel progressive 

imaging technique is presented. 

 

      
 

Figure 2 Comparison of the imaging results from classic algorithm and the progressive imaging technique. 
The left image is result of classic algorithm and the right one is from the novel technique. 

 
From the images in figure2, it can be seen that the clutter is much reduced and the image is very clear from the 
result of novel technique.  

 
 

3. CONSIDERATIONS OF PROCESSING EFFICIENCY 
 
It is evident that the progressive SAR imaging technique may have a lower efficiency compared with traditional 

SAR imaging algorithms, while some methods can be adopted to improve the processing efficiency.  

(1) A region selection method can be employed to search and find regions with high energy level from range 

focused SAR data. These regions may be appointed with a higher priority in latter progressive processing. 

(2) The range of chirp rate, duration, time center and Doppler centriod of the azimuth-projected signal can be 

obtained before AD and this may help to improve the processing efficiency. 

(3) Some fast algorithms of matching pursuit and chirp estimation can be employed to enhance the processing 

efficiency. 

 
4. APPLICATIONS OF PROGRESIVE SAR IMAGING 

 
The novel imaging technique proposed in this paper can be regarded as a kind of smart imaging algorithms. The 

progressive SAR imaging technique pays more attention to the scattering points that may be part of a target. Thus, 

such a technique can be used as a targets detector at signal level. The technique can yield not only the image of 



scattering points in the scene but also the parameters of those points. From these parameters, the moving feature 

can be estimated and points can also be selected and grouped to form a target objet. Besides, the technique can 

achieve a fine focusing performance to each scattering point for a special set of focusing parameters are used to 

each point according to the result from AD. The affection from range migration is very little due to the azimuth 

projection operation. 
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