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   The estimation technique of DoA 

(direction of arrival) has been studied 

according to the development of electronic 

field. DoA techniques have been widely used 

in various applications such as radar, sonar, 

biomedical, and wireless communication 

systems. The DoA estimation methods are 

usually classified as Bartlett, Capon, Linear 

Prediction, MUSIC, and ESPRIT[1-3]. 

  The methods for target estimation are 

further categorized, Bartlett and Capon are 

non parameter, and MUSIC and ESPRIT are 

parameter methods.

  The MUSIC method has a super resolution 

owing to the use of subspace technique. 

The MUSIC method has considerable 

computational complexity because of 

eigenvalue decomposition. 

  The techniques for DoA estimation help in 

improving signal to noise ratio, achieving 

higher transmission power, and aids 

adaptive array signal processing [4-6]. 

  In this paper, we propose a method for 

obtaining a super resolution and an 

accurate DoA estimation. 

  The proposed method estimates the 

desired signal by updating the weights using 

the mutual coupling matrix and mean 

square error method.

 We suggest ways to improve the weights on 

the array antenna system and determine the 

optimum weight of the covariance matrix to 

improve the angle resolution. 

  This paper is organized as follows. In 

section 2, the signal mode analysis is 

described. The proposed method using the 
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weight of the covariance matrix is presented 

in Section 3. The performance analysis of 

the proposed method is provided in Section 

4. Conclusions are drawn in Section 5.

 Figure 1 depicts shown an adaptive array 

antenna system. In Fig 1, the system 

consisted of an array antenna, a mixer, and 

an adaptive weight control algorithm. The 

receiver in this paper is a uniform linear 

array composed of an M-arrays antenna 

with narrowband signals(N). The array 

antenna response vector is as follow[7-8]

     ⋯         (1)

   where   ⋯ , and array steering 

matrix () of the DoA of the kth signal 

is as follow

   exp cos         (2)  

 Where   and  are element spacing, 

incident phase, and the wavelength, 

respectively. 



Fig. 1. Block diagram of the adaptive array system

   Output signal(  of the array antenna 

is as follows

                       (3)

                       (4)

   

  is the incident signal,   is the 

source signal,   is the noise signal, and  

  is the weight vector. The correlation 

matrix of the received signal vector on the 

array antenna is as follow

                         (5)

  

 Where, the ∙  is called expected value. 

Moreover, the correlation matrix may 

consist of the sum of the snapshot number.
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   DoA estimation methods are studied to 

minimize the signal between the desired 

signal and the array antenna output. This is 

termed the Winer solution and the manner 

in which it is developed for the signals 

related to an adaptive beamformer is 

described hereafter. Let   and  

denote the sampled signal of output system 

and  at time instant, respectively. Then 

the error signal is as follows[9-12]

                        (6)

  

 Mean squared error is defined by the cost 

function

                                        

                          (7)

  

 It should be noted that the cost function

( ) attains its minimum when all the 

element of its gradient vector are 

simultaneously zero. Substituting equation (6) 

and into equation(7) gives

      

     
   

     

   (8)  

   Where        is the cross 

correlation matrix. The gradient vector of 

the cost function is as follows 

 ∇  


                   (9)

   When the mean squared error is 

minimized, the gradient vector

(∇    ) will be equal to a  ×   

null vector. Substituting equation(8) into 

equation(9) gives

                       (10)

                          (11)

   
                         (12)

   The optimum weight vector is also called 

the Wiener solution. From equation(12), it is 

obvious that the computation of the 

optimum weight vector, knowledge of two 

quantities is required: the correlation matrix 

of the input data vector and the cross 

correlation vector between the input data 

vector and the desired signal. Where is the 

number of snapshots. 

   We consider all signals to be coherent. 

The signals change amplitude and undergo 

phase delays owing to multipath. We 

consider that first element of array antenna 

is reference signal. In the case of  of 

narrow band sources, replicas of the first 

array antenna source signal is as follows

                      (13)

   Where   represent the complex 

attenuation of the th signal with respect to 

the first signal. The correlation signal matrix 

is as follow

                        (14)
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  Where   ⋯   and we should 

remove for the effect of mutual coupling 

before estimating desired signal. We propose 

two conditions

  Condition 1. correlation signal of 

eigenvalue decomposition 

    
    

             (15)

 

  Where the   is eigenvector 

corresponding to the largest eigenvalue, and  

 is the eigenvector corresponding to the 

smallest eigenvalue. According to subspace 

method, we obtain the following 

  

   ⊥          (16)

 

  Where   and   are constant of the array 

response vector and mutual coupling matrix, 

respectively. When the signal is non 

coherent, the mutual coupling matrix is as 

follows

 






  ⋯  ⋯ 
  ⋯  ⋯ 

⋮  ⋱  ⋯ ⋮
⋮  ⋯ ⋱ ⋯ ⋮
⋮  ⋯   ⋮
  ⋯  ⋯ 





             (17)

 

  Condition 2. Correlation signal of 

reconstruction at the covariance matrix. 

When the signal is coherent, correlation 

matrix is as follows

       
                  (18) 

  When the signal takes coherent, the 

mutual coupling matrix is as follows

            

   






  ⋯  ⋯ 

    ⋯ 

⋮  ⋱  ⋯ ⋮
  ⋯ ⋱  

  ⋯   

     





        (19)

   The optimum MUSIC spectrum of array 

output is as follows

 
     


          (20)

  In this chapter, we present the analysis of 

the performance to compare the classical 

MUSIC algorithm with the proposed 

algorithm. 

Table 1. Simulation conditions

  In figure 2, we show that the desired 

signals are estimated by the classical MUSIC 

algorithm using 10 array elements in 

non-coherent channel from the target 

positions (-10o, 0o, 10o).
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  The graph of the Fig. 2 is correctly 

estimated for the desired signals of three 

targets at (-10o, 0o, 10o).

  Figure 3 shows that the phase of the 

targets is estimated by the MUSIC algorithm 

in a coherent channel. In the Fig. 3, the 

desired signals are not estimated accurately 

at (-10o, 0o, 10o). The desired signals 

estimation in Fig. 3 is shown at one 

signal(10o).

  Figure 4 shows that the desired signals 

are estimated by the proposed algorithm in 

a coherent channel. In the Fig. 4, the 

desired signals of the three targets are 

accurately estimated in (-10o, 0o, 10o)

 

Fig. 2. Desired signals estimation by classical M

USIC algorithm in non-coherent channel

Fig. 3. Desired signals estimation by classical M

USIC algorithm in coherent channel

Fig. 4. Desired signals estimation by the propose

d algorithm in coherent channel
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