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Abstract 
 

The antenna pattern in this case has a main beam pointed in the desired signal direction, and has a null in the direction of the 

interference.The conventional antenna pattern concepts of beam width, side lobes, and main beams are not used, as the 

antenna weights are designed to achieve a set performance criterion such as maximization of the output SNR.A new direction 

of arrival estimation method using effects of model errors and sensitivity analysis is proposed. Two subspaces are used to form a 

signal space whose phase shift between the reference signal and its effects of model error signal. Through simulation, the 

performance showed that the proposed method leads to increased resolution and improved accuracy of DOA estimation 

relative to those achieved with existing method. Since a desired signal is obtained after interference rejection through correction 

effects of model error, the effect of channel interference on the estimation is significantly reduced.  
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1. INTRODUCTION 
 

This is multi dimension estimation problem, and thus the 

necessary signal processing algorithms are complex [1]. The 

complexity of these estimation algorithm is further 

magnified when array model errors such as the inequality of 

sensor channel gain and phase characteristics, sensor 

location errors, and the presence of inter sensor mutual 

coupling are included in the numerical model[2]. One way 

of reducing the complexity of the estimation algorithm is to 

characterize the array model more accurately by estimating 

the net effect of the various errors and using this real array 

model in the parameter estimation [3]. This requires signal 

sources with known parameters covering the utilized array 

manifold.  The adaptive array antennas are used for a 

phased array when the weighting on each element is applied 

in a dynamic fashion. The amount of weighting on each 

channel is not fixed at the time of the array design, but  

 

rather decided by the system at the time of processing the 

signals to meet required objectives. In other words, the array 

pattern adapts to the situation and the adaptive processing is 

under control of the system . For example, consider the 

situation of a communication system operating the inter 

presence of a directional interference operating at the carrier 

frequency used by the desired signal, and the performance 

measure is to maximize the output SNR. As discussed 

previously, the output SNR is maximized by canceling the 

directional interference using optimal antennas. The antenna 

pattern in this case has a main beam pointed in the desired 

signed direction, and the performance measure is to 

maximize by canceling the directional interference using 

optimal antennas. The antenna pattern in this case has a 

main beam pointed in the desired signal direction, and has a 

null in the direction of the interference. Assume that the 

interference is not stationary but moving slowly.  

If optimal performance is to be maintained, the antenna 

pattern needs to adjust so that the null position remains in 

the moving interference direction. A system using adaptive 

antennas adjusts the weighting on each channel with and 
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aim to achieve such a pattern. The conventional antenna 

pattern concepts of beam width, side lobes, and main beams 

are not used, as the antenna weights are designed to achieve 

a set performance criterion such as maximization of the 

output SNR. On the other had in conventional phase array 

design these characteristics are specified at the time of 

design. 

In the proposed DOA estimation method, the target DOA 

is estimated from the phase shift introduced in the target 

signal by effects model error, which is a function of the 

target DOA. Since the phase shift is estimated after effects 

of model error, all signals and interference other than the 

target one can be efficiently rejected before DOA estimation. 

Thus their interference on the DOA estimation is reduced. 

In this way, the estimation resolution and accuracy of the 

proposed method are better than those for existing method. 

 

2. DOA ANTENNA SIGNAL MODEL 
 

Consider an antenna composed of �  antenna sensors 

arbitrarily located in spatial and assume that a signal 

impinges on the array. Then the output of �th
 the sensor 

can be written as follow [4-5]  

X��t� � 	 
���  �� � ����
�

���
� �����                                  �1� 

( 1 ) 

Where s���� �� � 1,2, � , ��  is the receive signal, 

α�andφ� are the gain and phase delay associated with the 
�th
sensor , ��� is the delay relative to a reference point 

associated with the signal propagation from the �thsource to 
the �th

sensor. The array output can be expressed as [7] 

��t� � C  Λ A�θ����� �  ���                                                �2� ( 2 ) 

where X�t�is the received signal vector, C is the mutual 
coupling matrix,Λ is complex diagonal matrix,����is the 
signal vector, A�θ� is array manifold matrix, !�"�� is 
steering vector corresponding to the �th

 source at direction 

"� , and N�t�  is additive white noise.In subspace DOA 
estimation methods, the array output covariance matrixR 
can be partitioned into two subspace, the signal subspace 

and the noise subspace, using eigenvalue decomposition, 

such that 

% � E'(')'* �  +,)�)�*                                                           �3�  

Where R is signal covariance matrix, � �* is Hermitean. 
E' and E�  are signal subspace and noise subspace 
respectively. The array manifold will affect the 

orthogonality between the two subspaces. We refer to the 

different between the ideal and real array parameters. The 

spatial spectrum of MUSIC and DOA estimation can be 

written as follow 

SE�θ, µ� � 1
/�"�)�*�"�)��"�/*�"�                                     �4� 

 

3. SIMULATION 
 

General methods used ML and MUSIC method. Consider a 

uniform linear array with 9 sensors, each sensor separated 

by half wavelength. Fig.2 shows the Root Mean Square 

Error(RMSE) of the DOA estimation of a signal arriving 

using the ML, MUSIC and proposed method for different 

SNR. The SNR is varied from 0dB to 25dB. In Fig.1, ML 

method showed 102� in the case of SNR=10dB, MUSIC 
method shows 102�.4  in the case of SNR=10dB, and 
proposal method shows  102�.5 in the case of SNR=10dB. 
Proposal method improved 8dB than ML method in this 

paper. Proposal method improved 2dB than MUSIC method. 

ML method shows SNR 10dB in the case of MMSE 102�. 
MUSIC method shows SNR 6dB in the case of MMSE 

102�. Proposal method shows SNR 4dB in the case of 
MMSE 102�.  
 

 

∑

 
Fig. 1. Adaptive Array Antenna system 
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Fig. 2. RMSE proposed method and existing method 

 

4. CONCLUSION 
 

A new DOA estimation method based upon effects of model 

errors has been proposed. In the new method, two subspaces 

are used to obtain an optimum estimation of the desired 

signal whose phase relative to the model error signal is a 

function of the target DOA. Through simulation, the 

performance showed that the proposed method leads to 

increased resolution and improved accuracy of DOA 

estimation relative to those achieved with existing method.  
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