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1. INTRODUCTION 
 
Target detection and automatic target recognition in SAR imagery are attached importance to increasingly these years. In 
SAR imagery, complicated background clutters affect the performance of the conventional CFAR algorithm seriously. 
Therefore, effective approach to restrain the background clutters will be greatly helpful to CFAR detection. Classical 
parametric image processing methods rely on a specific model of the signal of interest and seek to compute the parameters of 
this model in the presence of noise. In contrast to the parametric methods, nonparametric methods rely on the data itself to 
dictate the structure of the model [1]. With the relatively recent emergence of machine learning methods, kernel methods 
have become well-known and used frequently for pattern detection and discrimination problems [2]. In this letter, we 
propose a small target detecting algorithm in SAR imagery, which predicts the background clutter using 2D kernel regression 
to eliminate correlative background and get remaining image which only consists of noise and targets, then uses CFAR 
detecting algorithm to process the remaining image. 
 

2. METHODOLOYY 
2.1  2D Kernel Regression 
Kernel regression in 2-D [3]:  
The form of 2-D (2-dimension) KR is  

Pixzy iii ,,1,)(      (1) 
where  is a vector of 2x1,  is image pixel gray,  is regression function, ix iy )( ixz i  is a random error or interference that is 
decorrelated with , and P is the total number of pixels. Generally, suppose ix i  be normal variable with zero mean. Thus, the 
local expansion of the regression function  is as follows )( ixz
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As in the case of univariate data, the n  are computed from the following optimization problem:  
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where K is the 2-D realization of the kernel function, and H is the 2x2 smoothing matrix. It is also possible to express (6) in a 
matrix form as a weighted least-squares optimization problem.  



After n  are obtained by solving the optimization problem, KR-based background prediction can be performed on the 
image.  
2.2  2D Kernel Regression 
Detecting algorithm using kernel regression-based background prediction: the steps for the anomaly detection are as follows. 
(i) Set the hollow window size. The window consists of two regions, the inner and outer window regions, as shown in Fig.1. 
The window size varies with resolution and the type of target of interest [4]. 
(ii) Select the kernel function, estimate the parameters and the smoothing matrix. In this paper, we use the popular Gaussian 
RBF as the kernel function defined as 
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(iii) Predict the background using kernel regression; subtract the predicting image from the original image and get the 
remaining image. 
(iv) Use the CFAR detector [5] to process the remaining image. 
 

3. PAGE TITLE SECTION 
 
We tested our algorithm on a real SAR image to make a comparison with conventional CFAR detecting algorithm. To get 
better predicting results, we set the size of the guard window 30N , and the width of outer area 4M ..  
The ROC curves comparing the proposed algorithm and the two-parameter CFAR detecting algorithm are shown in Fig.1. To 
get a clearer comparing result, the probability of detection is defined as the ratio of the detected target pixel number and the 
whole target pixel number. And the detecting algorithm using kernel regression-based background prediction greatly 
outperforms the conventional two-parameter CFAR detecting algorithm throughout the curve. 

 
Fig.1. ROC curve comparing detecting algorithm using kernel regressive background prediction and conventional CFAR 

detecting algorithm 
 

4. CONCLUSION 
 
In this paper, a KR-based background prediction method is proposed for small target detection in SAR imagery. In the 
proposed method, 2D KR is firstly performed to predict the background clutters in SAR imagery. Then, the predicted 
background clutters are removed from the original SAR imagery, and a new image is obtained, in which, there are only target 
and noise. The conventional CFAR algorithm is performed on the new clean image finally. The experiment results indicated 
the proposed algorithm can greatly improve the performance of the conventional CFAR algorithm. 
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