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Abstract — For the problem of coherent and uncorrelated signals direction finding under impulsive noise, an efficient method is 
designed. Firstly, a threshold value was established according to a novel adaptive algorithm. Secondly, all the amplitude in the 
received data that is higher than the threshold value, was replaced by the threshold value. Finally, the classical methods based on 
second-order statistics are employed to estimate the Direction Of Arrival. Theoretical analysis and simulation results show that the 
proposed method is effective in environments of strong impulsive noise, and it  has better performance than the methods based on 
fractional lower order statistics. 
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I. INTRODUCTION 

DOA estimation is an important area in array signal 
processing, and is widely applied in the field of military and 
civilian[1-2]. Most classical DOA estimation algorithms are 
based on the white Gaussian noise, and they ignore the case 
of impulsive noise. The present DOA estimation algorithms 
in the presence of impulsive noise are mostly based on the 
fractional lower order statistics[3-4], such as the fractional 
lower order moment (FLOM)[5] method, the robust co-
variation (ROC)[6] method, and the fractional lower order 
covariance(FLOC)[7] method. However, these methods have 
to estimate suitable fractional lower order parameters at first, 
which will add additional computational complexity. 
Moreover, none of these methods considers the situation of 
coexisted uncorrelated and coherent signals. In order to 
estimate the DOAs for coexisted uncorrelated and coherent 
signals, some new methods[8-10] have been proposed, and 
the DOAs of the uncorrelated and coherent signals are 
estimated separately. However, these methods fail to 
estimate in the presence of impulsive noise, which can be 
modeled as alpha stable process. 

There have been some preprocessing methods based on 
the threshold theory to detect the impulsive noise in [11-12]. 
However, these methods didn’t consider the intensity of the 
impulsive noise, and the processes are complicated, and the 
way to set up the threshold is not introduced. In this paper, a 
new direction finding method is presented under impulsive 
noise environment when the uncorrelated and coherent 
signals coexist. Firstly, a preprocessing process is carried out 
to remove most of the impulsive noise. Secondly, the second 
order statistics based direction finding algorithms are utilized 
to estimate the DOAs of the uncorrelated and coherent 
signals separately. Moreover, the proposed method is 

effective in strong impulsive noise as well, in which the 
performance of most methods deteriorate severely. The rest 
of the paper is organized as follows. Section II briefly 
introduces the data model. Section III discusses the proposed 
method in detail. Section IV presents the simulation results 
to verify the performance of the proposed method. Section V 
provides a conclusion of this paper. 

II. DATA MODEL  

Consider N far field narrow-band signals impinging on a 
uniform linear array (ULA) composed of M sensors. Assume 
there are Nu independent signals and K groups of coherent 
signals, and the number of the ith group of coherent signals 

is ki, then the number of coherent signals is c =1
=

K

ii
N k , 

N=Nu+Nc. The impulsive noise is modeled as symmetric 
alpha stable (SαS) process, and the noise is independent 
identically distribution random variable which is independent 
with the signals. The array received data at the tth snapshot 
is: 
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where a(θi)=[1,ui, … ,uiM-1]T, ui=e-jπcosθi. 
B=blkdiag{τ1,…,τK}, and τi are the complex fading factors 
of the ith group of coherent signals. Sc(t)=[sc1(t),…,scK(t)]T  
are the K independent generating sources of the K groups of 
coherent signals.    
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As there is no fixed probability density function for the 
SaS distribution, the eigen-function is implemented to 
describe the characteristics of the SaS distribution 

(j - | | )( )=e w ww
                                  (3) 

where α(0<α<2)  is the characteristics exponent, which 
determines the shape of the SaS distribution. When α=2, the 
SaS distribution converges to Gaussian distribution. The 
intensity of impulse is in inverse proportion to the value of α. 
ε is the location parameter, which defines the symmetric 
point of the SaS distribution. And γ is the dispersion (γ>0), 
which plays a role similar to the variance of the second-order 
process. In this paper, we consider the impulsive noise as the 
standard SaS distribution, which means ε=0, γ=1. 

III. THE SECOND-ORDER MOMENT BASED METHOD  

Since the impulsive noise doesn’t have second-order 
statistics, the traditional second-order moment based DOA 
estimation algorithms fail to estimate in impulsive noise. In 
this section, a novel preprocessing method is presented so 
that the second-order statistics based DOA estimation 
algorithm can be effective in impulsive noise.  

A. Eliminating the Impulsive Noise 

According to the amplitude feature of the SaS 
distribution, we can learn that there are only a few received 
data having huge amplitude, and the rest of the data have 
relatively very small amplitude. The key point of this method 
is to determine the threshold value Bm. When the amplitude 
of the array received data is greater than Bm, a normalization 
process is applied and the data amplitude is modified as Bm. 
If the amplitude of the array received data is less than Bm, 
the data amplitude keeps unchanged. In this way, the 
impulsive noise is eliminated greatly, and the traditional 
second-order moment based methods can be implemented to 
estimate the DOAs. 

Firstly, we should estimate Bm from the array received 
data ( )X t . Let the number of snapshot be L, and 1( )X t be a 

matrix, whose elements take the absolute value of ( )X t ’s. 

Randomly choose Q columns from 1( )X t  to construct a new 
matrix G. The data of G might be influenced severely by the 
impulsive noise so that some data might have huge 
amplitude. Take the maximum element of G’s each column 
to form a new vector h, we have 

1[ , , ]Qh h L h                                   (4) 

max{ (:, )}ih G i                               (5) 
where 1,...,Qi  . Obviously, only a part of h’s elements 

might take extraordinarily huge amplitude. 
Let h0 be the minimum elements of h, and the process of 

estimating Bm is summarized as follows, For 1,...,Qi  , let 

1 2 ... Qh h h   . 

If 0Qh kh , where k is a real number, adjust the value of 

hQ  

0Qh qh                                       (6) 

If 0Qh kh , estimate the value of  mB  

{ }mB mean h                                  (7) 
During the process of estimating Bm, we need to set up 

the value of k and q. The function of k is to find out the 
elements in h with huge amplitude. Obviously, the value of 
h0 is smaller than the amplitude of the elements in h 
influenced by the impulsive noise. Since the influence of the 
impulsive noise becomes serious as α decreasing, we should 
set a relatively small value for k when α is low, then we have 

=5(1+ )k                                   (8) 
The function of q is to adjust the amplitude of the 

elements severely influenced by the impulsive noise to a 
normal level, so the value of q should be relatively smaller 
than k. In order to reduce the estimation error, especially 
when α is smaller than 1, we have 
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where c is a random number between 0 and 1. 
Since the threshold value Bm has been estimated, we can 

modify the array received data as follows, which cut out 
most of the impulsive noise. Let ( )Y t  represent the new 
array data, then the element at row i and column j is 
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where i=1,…,M, j=1,…,L. Then we have  

1 1( ) ( ) ( ) ( ) ( ) ( )u u c cY t AS t N t A S t A BS t N t         (11) 

where 1( )N t  represents the remained noise, which is not 
SαS noise any more. So far, we can adopt the common DOA 
estimation methods based on the second-order statistics to 
estimate the DOAs of the coexisted signals. 

B. Direction Finding for Coexisted Signals 

Compute the data covariance matrix R from Y(t), then 
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where RSu=E[Su(t)Su(t)H], RSc=E[Sc(t)Sc(t)H], and 
RN is the data covariance matrix of the noise. Applying 
singular value decomposition to R, we have 

H H
S S S N N NR U V U V                     (13) 

where US, VS are composed of eigen-vectors 
corresponding to the Nu+K big singular values, and UN, VN 
are composed of eigen-vectors corresponding to the M-Nu-K 
small singular values. ΛS and ΛN are diagonal matrices with 
the largest Nu+K singular values and the rest M-Nu-K  small 
singular values on their diagonal, respectively. 

To cut down the computation complexity, the root-
MUSIC algorithm is exploited to estimate the DOAs of the 
uncorrelated signals.  

-1 -1( ) ( ) ( )M T H
N Nf u u p u U U p u            (14) 

And the DOAs can be estimated as 
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Utilizing the Toeplitz property of the uncorrelated data 
covariance matrix, the data covariance matrix only 
containing the information of the coherent signals can be 
obtained.  
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The compressed sensing theory in [13-14] can be 
employed to estimate the DOAs of the coherent signals, 
which doesn’t require de-coherent processing. 

IV. SIMULATIONS  

To illustrate the estimation performance of the proposed 
method, several simulations are carried out. The MORMP 
method in [15] is implemented to estimate T0. Since there is 
no open publication researching on DOA estimation for 
coexisted uncorrelated and coherent signals under SαS noise, 
we expand the FLOC method for coexisted signals to 
compare with the proposed method. An 8-sensors ULA is 
employed, and the distance between the adjacent elements is 
half of the wavelength. Let the number of snapshot be 500, 
and 200 independent experiments be carried out to compute 
the root mean square error (RMSE). The estimation is 
considered to be successful when the absolute value between 
the estimated angle and the real angle is less than 1 . The 
RMSE is defined as  

0
2

RMSE
1 10

1
( )

LN

i ij
i jNL
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where L0 is the times of the independent experiment. i  

is the real angle of the ith signal, and ij  is the jth estimation 

result of i .  
Simulation 1: To illustrate the ability of the proposed 

method to eliminate the impulsive noise, simulations are 
carried out to show the effect of processing when the 
generalized signal to noise ratio is 5 dB. Fig.1 illustrates the 
processing results at different characteristics exponent α. 

In Fig.1, the first row of the figure is the pure original 
signal, and on the left of the second row is the array received 
data mixed with the SαS noise, and on the right of the second 
row is the data after processing. We can learn from Fig.1 that 
the threshold value is estimated reasonably, and the effect of 
processing becomes better and better as α increase. Not 
only the impulsive noise is cut out mostly, but also the 
amplitude of the signal is not influenced. Moreover, the 
proposed method is simple and is effective at strong 
impulsive noise (0<α<1).  

 
 

 

(a) α=1.5 

 
(b)  α=1.5 

Figure 1. The processing result at different α 

 

Simulation 2: Consider four narrow-band far field 
signals, consisting of two coherent signals and two 
independent signals, impinging on the array. The incident 
angles of the uncorrelated signals are 60°and 145, and that 
of the coherent signals are 40°and 80°. Let α=1.6, Fig.2 
illustrates the probability of successful estimation and the 
RMSE of the proposed method and the FLOC method at 
different generalized signal to noise ratio (GSNR).   
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(a)  the probability of successful estimation 

 
(b)  the RMSE of estimation 

Figure 2. The estimation performance via GSNR 

 

Obviously, we can learn from Fig.2 that the proposed 
method has much better performance than the FLOC method 
for both uncorrelated and coherent signals. The compress 
sensing theory is employed to estimate the DOAs of the 
coherent signals. In this way, the de-coherent process is not 
required so that there is no loss of array aperture, and the 
performance of estimation is improved greatly as well. Since 
the estimation results of the FLOC method is not stable, the 
real RMSE is very large. In order to show the performance 
of the proposed method, we just take the estimation results 
whose error is less than 10° to compute the RMSE in Fig.2. 

Simulation 3: Take ρGSNR=15dB, and the impinging 
signals are the same with simulation 2. Simulation is 
conducted to illustrate the estimation performance of the 
proposed method at different characteristics exponent α. 
Fig.3 illustrates the estimation performance of the proposed 
method and the FLOC method at different characteristics 
exponent α. 

 
(a) the probability of successful estimation 

 

 
(b)  the RMSE of estimation 

Figure 3. The performance at different α 
 

Fig.3 illustrates that the performance of both methods get 
better and better as the characteristics exponent α increase. 
The proposed method is effective even α is very small, while 
the FLOC method is only effective when α is large enough. 
So the proposed method is more practical than the FLOC 
method under impulsive noise environment. The RMSE of 
the FLOC method is computed the same as simulation 2. 

V. CONCLUSION 

This work introduced a new DOA estimation method 
based on the second-order moment for coexisted 
uncorrelated and coherent signals under SαS noise. Based on 
the threshold theory, a preprocessing method to eliminate the 
impulsive noise is proposed. Then the common DOA 
estimation algorithms based on the second order moment can 
be effective in impulsive noise. The root-MUSIC algorithm 
and the compressed sensing theory are exploited to estimate 
the DOAs of the uncorrelated and coherent signals, 
respectively. The proposed method has better performance 
than the methods based on the fractional lower order 
statistics, and is effective in strong impulsive noise as well. 
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Simulation results illustrate the excellent performance of the 
proposed method.   
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