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Abstract. Empirical mode decomposition (EMD) is a new signal processing theory, and it is very 

much fitting for non-stationary signal processing, such as radar signal. So this paper proposes the new 

synthetic aperture radar (SAR) image target detection algorithm after analyzing the characteristics of 

EMD and SAR images. The proposed method performs the EMD operation, feature extraction, 

election and fusion, which can reduce the affection of speckle. Experimental results show that the 

proposed method is very effective. 

Introduction 

Synthetic aperture radar is an active microwave imaging radar, and the unique characteristic of it is 

that can obtain data under all-time and all-weather. Therefore, SAR is widely applied in many fields, 

such as disaster monitoring, ocean and environment monitoring, military information reconnaissance 

[1,2]. SAR imaging receives the backscattering information of ground object, and then performs the 

complex operation processing with some imaging algorithm and the SAR image of describing feature 

image space of the ground object is obtained. The backscattering signal is the typical non-linearity and 

non-stationary signal. Although wavelet transform can process non-linearity and non-stationary 

signal, it need the subjective choice for the basis function and it has great relation with the prior 

experimental knowledge, so it affects and limits the applications of wavelet transform. EMD is a new 

and complete data-driven processing method and it need not choose the basis function and perform 

the self-adaptation adjustment according with the signal itself characteristics. So EMD overcomes the 

inherent limitation of wavelet transform and has obvious advantage in non-linearity and 

non-stationary signal processing. Therefore, this paper proposes a new SAR target detection 

algorithm based on EMD. 

Empirical mode decomposition theory 

The correlation theory and conception about EMD are proposed by Huang of American NASA in 

1998 [3]. After a signal is decomposed by EMD theory, a intrinsic mode function (IMF) and a residue 

can be obtained. Then the continued decomposition goes on with the residue, and the new IMF and 

residue can be obtained. The operation does not stop until it satisfied some conditions. Wavelet 

multi-scale analysis theory realize the scale adjustments via choosing different wavelet basis function, 

and these basis functions are mutual independence, furthermore, they have none any connection with 

the concrete signal. Therefore, it is very easy to make some detailed information to be omitted, 

especially, image information processing. EMD does not choose the basis function which is produced 

by signal itself, furthermore, different signal has different basis function, which not only is unique, but 

also need not choose. So EMD has been applied widely in non-linearity and non-stationary signal 

processing, such as speech signal, earthquake signal, water wave signal [4,5]. 

 

EMD is a new time-frequency analysis method for non-linearity and non-stationary signal 

processing, and is extended two-dimension signal processing [6]. At first, two-dimension signal is 

decomposed into one-dimension according to row or column, and then is be processed with EMD. 

This way is fitting for extracting level and vertical direction information, but it omits the spatial 
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correlation of two-dimension signal. Therefore, some scholars proposed the bidimensional empirical 

mode decomposition (BEMD), and two-dimension signal can be processed directly with BEMD. This 

promotes the applications of EMD in two-dimension signal, such as image processing [7]. 

The decomposed idea of BEMD is as same as EMD. It decomposes a complex two-dimension 

signal into some bidimensional intrinsic mode function (BIMF) and a residue. Every BIMF is 

independent each other, and they respectively local feature signals which include different frequency 

and different space of original signal.  

The sieving procedure is introduced for BEMD with two-dimension image signal. Let the 

processed image is ( , )I x y , the envelope curve surface of the maximum value is max ( , )E x y , the 

envelope curve surface of the minimal value is min ( , )E x y . The realized step is as following. 

(1) Seeking the local maximum value and minimal value on the curve surface of an image ( , )I x y ; 

(2) Using the interpolative method to perform interpolation operation on extremal points, and 

obtaining the envelope curve surface of max ( , )E x y  and min ( , )E x y ; 

(3) Computing the mean envelope curve surface, i.e. max min( , ) [ ( , ) ( , )]/ 2meanE x y E x y E x y= + , and 

extracting high frequency detailed information, i.e. ( , ) ( , ) ( , )meand x y I x y E x y= − ; 

(4) Judging the two conditions of BIMF whether or not ( , )d x y  satisfies. If it does not satisfy them, 

then ( , ) ( , )I x y d x y= , and the repeat operations are performed from the step one to the step four. 

Otherwise, ( , )d x y  is taken as the first BIMF component, i.e. 1( , )bimf x y ; 

(5) Let 1 1( , ) ( , ) ( , )r x y I x y bimf x y= − , and it is taken as a new signal that will be decomposed. 

Repeating the step one to the step four, then the second BIMF is obtained, i.e. 2 ( , )bimf x y . The residue 

is 2 1 2( , ) ( , ) ( , )r x y R x y bimf x y= − . The forementioned course is repeated until the residue only has one 

maxima and none BIMF component can be extracted. 

Finally, the image ( , )I x y  can be expressed by the sum of some BIMF components and the residuce, 

and it is given by 

1

( , ) ( , ) ( , )
M

i M

i

I x y bimf x y R x y
=

= +∑                                                                                  (1) 

Where M is  the number of BIMF components, and ( , )MR x y  denotes the residuary component. 

In step (4), judging whether or not finishing of the sieving process, it need see whether they satisfy 

the two conditions that the definition of BIMF function contains. It usually used the standard 

deviation between the adjioning two time sieving results to judge the condition, and this is given by 
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Where K and L denote the ordinal number of the EMD decomposition, and the value of SD is often 

from 0.2 to 0.3. 

The description of SAR target detection algorithm 

EMD uses the self feature of signal to decompose the signal, therefore, not only it is a full data-driven 

method for signal processing, but also it is an adaptive, multi-scale and multi-resolution analysis 

method. SAR echo signal is non-stationary signal. If it is decomposed with EMD, more accurate 

target information can be obtained, which is very much fitting for target detection, classification and 

recognition. The flow chart of the new target detection algorithm based on EMD is shown in Fig.1.  

The proposed algorithm for SAR image target detection mainly includes steps as follow. 

(1) Input SAR images. These SAR images are processed through the geometry correction and 

radiometric correction. 
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(2) Make multi-scale decomposition operation with EMD or BEMD. When an SAR image is 

decomposed, two ways can realize the operations. One is that the SAR image is directly decomposed 

by EMD and then the characteristics are extracted. In fact, when an two-dimension image are  

�

 

Fig.1 The flow chart of SAR image target detection algorithm 

processed by the method, every row or every column of the image is acted as one vector signal, and 

then the row vector or the column vector performs one-dimension EMD. The other is that the SAR 

image is directly decomposed and characteristics are extracted by BEMD. 

(3) Obtain all decomposed scale IMF component. 

(4) Select IMF component and fuse them. 

(5) Perform target detection operation with the fused IMF characteristic image. 

(6) Obtain the detection results of SAR targets. 

Experimental results and analysis 

At present, the widely applied target detection method is the constant false alarm ratio (CFAR) 

detection algorithm mainly. There are many branch direction so far, such as the cell-average CFAR 

(CA-CFAR), the smallest of CFAR (SO-CFAR), the order statistic CFAR (OS-CFAR) and the 

greatest of CFAR (GO-CFAR). The main difference of them is the different clutter mean estimation 

algorithms. In this experimentation, the CA-CFAR algorithm, the two-parameter CFAR (TP-CFAR) 

algorithm [8] and the coherence-based CFAR (CCFAR) algorithm [9] are used to test the new 

algorithm. The experimental data comes from the SAR image databank of the moving and stationary 

target acquisition and recognition (MSTAR), and they are shown in Fig.2. The Fig.2(A) is original 

image, and is the SAR image slice of a tank 72 in MSTAR databank. The Fig.2(B) and Fig.2(C) are 

the obtained BIMF image with EMD and BEMD, respectively. The Fig.3 is the experimental results. 

The Fig.3(a) is the CCFAR algorithm, the Fig.3(b) is the CA-CFAR algorithm and the Fig.3(c) is the 

TP-CFAR algorithm. The false alarm ratio is 1e-8, 1e-6 and 1e-3 in turn from the Fig.3(a) to the 

Fig.3(c). 

It is known from the Fig.2 that the different method can obtain different information, so the BIMF 

characteristics are different via them, but there are more abundant characteristic information in two 

dimension EMD than one dimension EMD. Under anything conditions, even though the same CFAR 

condition, the obtained results with BEMD are better than that with EMD, which is shown in Fig.3. 

Especially, when they combine with the CCFAR detection method, the effect is more obvious. 
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Fig.2 The original SAR image and BIMF image 

 

（a）The CCFAR algorithm 

 

（b）The CA-CFAR algorithm 

 

（c）The TP-CFAR algorithm 

Fig.3 The experimental results  

Conclusions 

This paper studies the EMD theory and SAR image data characteristic, and then proposes a new SAR 

target detection algorithm. The experimental results show that the proposed method is very much 

effective, especially, when it connects the CCFAR detection method, the detection effect is better. 
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