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 This study presents the conception, simulation, realisation and 

characterisation of a patch antenna for Wi-Fi. The antenna is designed at the 

frequency of 2.45 GHz; the dielectric substrate used is FR4_epoxy which has 

a dielectric permittivity of 4.4.this patch antenna is used to estimate the 

direction of arrival (DOA) using 2-D Multiple Signal Classification (2-D 

MUSIC) the case of the proposed uniform circular arrays (UCA).  

The comparison between Uniform circular arrays and Uniform Linear arrays 

(ULA) demonstrate that the proposed structure give better angles resolutions 

compared to ULAs. 
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1. INTRODUCTION 

Smart antenna technology includes AOA estimation and Beam forming. There are a lot of Angle 

of Arrival (AOA) estimation algorithms, which are divided in to two different types: maximum likelihood 

DOA estimation algorithm and subspace based DOA estimation algorithm. The maximum likelihood 

DOA estimation algorithm is such as ML estimation algorithm [1]. The representative subspace based 

DOA estimation algorithms are MUSIC algorithm [2], ESPRIT algorithm [3], and WSF algorithm [4]. 

There are various methods to estimate the angle of arrival (DOA) of radio signals on the antenna array.  

DOA estimation techniques can be broadly divided into three different categories namely; 

conventional methods subspace based methods and maximum likelihood methods. Convolution methods 

are based on the concepts of beam forming and null steering, but it requires a large number of elements to 

provide high resolution. Examples of this method are delay and sum and Capon‟s minimum variance 

method [5]. One major limitation of this method is poor resolution that is its ability to separate closely 

spaced signals. Unlike conventional methods, subspace methods exploit the information of the received 

data resulting in high resolution. Two main subspace based algorithms are Multiple Signal Classification 

and Estimation of Signal Parameters via Rotational Invariance Techniques [6]. 

The DOA algorithms are classified as quadratic (non- subspace) type and subspace type. The 

Bartlett and Capon (Minimum Variance Distortion less Response) are quadratic type algorithms. Both 

methods are highly dependent on physical size of array aperture, which results in poor resolution and 

accuracy. Subspace based DOA estimation method is based on the Eigen decomposition. The subspace 
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based DOA estimation algorithms MUSIC and ESPRIT provide high resolution; they are more accurate 

and not limited to physical size of array aperture [7-8].  

These algorithms give information about number of incident signals and DOA of each signal. 

Maximum likelihood method is one of the first techniques to be investigated for DOA estimation but has 

the drawback of intensive computational complexity [9]. Deployed at the base station of the existing 

wireless infrastructure, smart antennas are capable of bringing outstanding capacity improvement (very 

important in urban and densely populated areas) to the frequency-resource-limited radio-communication 

system by an efficient frequency reuse scheme. This unique feature has been made feasible through the 

impressive advances in the field of digital signal processing, which enable smart antennas to dynamically 

tune out interference while focusing on the intended user. DOA estimation technology is focused on high 

resolution estimation algorithm. In multiple DOA estimation algorithms, a promising method for smart 

antenna array is MUSIC algorithm [10].  

It has been proven both theoretically and experimentally that smart antennas can provide the 

benefits stated above, but possibly the most challenging problem related to adaptive antennas is their 

practical implementation [6]. Digital signal processing (DSP) algorithms related smart antennas come at a 

high computational expense making   their real time implementation difficult. Until now, the investigation 

of smart antennas suitable for wireless communication systems has involved primarily uniform linear 

arrays (ULA). Different algorithms have been proposed for the estimation of the direction of arrivals 

(DOAs) of signals arriving to the array and several adaptive techniques have been examined for the 

shaping of the radiation pattern under different constraints imposed by the wireless  

environment [11], [12]. Albagory et al. proposed an array structure for fast and computationally efficient 

2D-DOA estimation using the MUSIC algorithm. This technique separates the noise and the signal 

subspace based on eigenvalue decomposition of the spatial covariance matrix, the conventional signal 

processing algorithms [13]. 

This paper is organized as follow: The definition and the proposed Music algorithm are 

presented in section 2 and 3 Then realized patch antenna geometry is designed in section 4. Their 

simulation results and the comparison between the MUSIC method and the experimented ones are 

compared in section 5, followed by the conclusion. 

 

 

2.     MODEL OF SIGNALS AND 2D-MUSIC ALGORITHM 

MUSIC means Multiple Signal Classification [14], is a high resolution DOA estimation 

algorithm. It gives the estimate of DOA of signals as well as the estimate of the number of signals [15]. In 

this algorithm, the estimation of DOA can be carried out by using one of the subspaces either noise or 

signal. The capacity of DOA estimation using UCA-MUSIC shows in Figure 1 is bounded by the number 

of antenna elements. These techniques need to estimate the DOAs of all target signals and interference, 

which decreases the accuracy of the DOA estimation [16-17]. We assume that there are N uniform 

circular array, M narrow band far field signals from different incident direction. The radius of the circular 

array is denoted as r and wavelength of narrow band is denoted as λ. 

 

  

 
Figure 1. Uniform Circular Array (UCA) with N elements 

 

 

Choose a signal source S (t) impinges on the array with an angle θ. If the received signal at the 

first element is x1(t) = s(t), then the delay at element i is: 

 

       
(   )      

 
                                                                                                       (1) 
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If there are M sources the signals received at the array the received signal vector is given by: 

 

    ( )   ( )                                                                                             (2) 

            

Where A=[a (     ),…,a (     )] is a (N×M) matrix of the M steering vectors and S=[S1(t),…,SM(t)]T 

is a signal source vector of order  (M×N).        denote transpose of a matrix and N(t) is N(t) = [n1(t), 

n2(t), ..., nN(t)]T is the tth snapshot of either zero mean stationary complex additive white gaussian noise 

(AWGN). The correlation matrix of received vector can be written as: 

 

                                                                              (3) 

 

Where     is the variance of white Gaussian noise vector (W), V is covariance matrix of signal vector (S) 

which is a full rank matrix of order (M×M) given by:  
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Where the statistical expectation is denoted by E [ ], Rs is a signal covariance matrix of order (N×N) with 

rank M given by: 
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                                                        (5) 

 

   , has (N-M) Eigenvectors corresponding to zero eigen values. We know that steering 

vector  (     ) which is in the signal subspace is orthogonal to noise subspace let   be such an 

eigenvector.  

 

                                                                                                            (6) 

 

Since V is a positive definite matrix: 

 

    (     )                                                                                                         (7) 

 

This implies that signal steering vectors are orthogonal to eigenvector corresponding to noise 

subspace [9-11]. So the MUSIC algorithm searches through all angles and plots the spatial spectrum: 

 

      (   )  
 

(  (   )    
  (   ))

                                                                                                  (8) 

 

 

3.     PROPOSED METHOD 

In the proposed algorithm, we will reconstruct the signal matrix,  

 

H=E X*          (9) 

 

Where „*‟ represents complex conjugate, E is an N order inverse identity matrix which is called transition 

matrix. The covariance matrix of the data H is: 

 

         
     

 

We introduce a new array covariance matrix, which is the sum of RY and Rx 
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According to the proposed  matrix theory, if q is an eigenvector corresponding to a zero eigen 

value of matrix ARSA, then q must also be an eigenvector correspond to the zero eigen value of matrix E 

[ARSA]*E. We observe that matrix Rx, RY and R have the same noise subspace. By performing eigen 

value decomposition with R, we get its eigen values and its eigen vectors. So to the estimated number of 

signal sources, the noise subspace among the eigen vectors can be proved. With the new noise subspace, 

we can construct MUSIC spatial spectrum. 

 

 

4.     ANTENNA DESIGN 

A smart antenna system is a system aided by some smart algorithm designed to adapt to different 

signal environments. Smart antenna is an antenna system that can modify its beam pattern or other 

parameters, by means of internal feedback control while the antenna system is operating. The basic idea 

behind s mart antennas is that multiple antennas processed simultaneously allow static or dynamical 

spatial processing with fixed antenna topology [19]-[20]. The pattern of the antenna in its totality is now 

depending partly on its geometry but even more on the processing of the signals of the antennas 

individually. Several algorithms have been developed based on different criteria to compute the complex 

weights [21-22].  

For a better impedance matching, a simple rectangular sequence is proposed on the realized 

patch antenna presented in Figure 2. The parasitic element is introduced in order to increase the effective 

surface area of the proposed antenna. In this design, the FR4 epoxy substrate is used. The substrate height 

is 1.6 mm, the dielectric constant is 4.4 and the loss tangent is 0.02. The patch antenna is fed by an axial 

microstrip line. 

 

      (   )  
 

( (   )     
  (   ))     

                                                                                       (12) 

 

    

 
 

Figure 2. Proposed patch antenna 

 

 

The dimensions for the proposed patch-H antenna resonate in frequency f0 = 2.45GHz, are given 

in the Table 1. In this design, the FR4 epoxy substrate is used. The height h of the substrate is 1.6 mm, the 

dielectric constant εr is 4.4 and the loss tangent is 0.02. The patch antenna is fed by an axial microstrip 

line. 

Figure 3 present an antenna resonate frequency at 2.45GHz for the experimental and simulated 

for proposed patch with return loss between -40dB and -36dB. So we can say that proposed antenna 

exploit well Wi-Fi. The parasitic element is introduced to increase the effective area of the proposed 

antenna. 
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Table 1. Properties of proposed antenna 
Parameters values 

Wg 46 

Lg 51 

L 34 

W 20 

Ereff 5.92 

∆L 0.4722 

 
Figure 3. Experimental returns loss of proposed patch 

 

 

5.     RESULTS AND ANALYSIS 

5.1.  Simulated results for the proposed antenna geometry  

Figure 4 present the proposed structure for the uniform circular array studied in this work using 

HFSS. The software enables to compute antenna array radiation patterns and antenna parameters. HFSS 

models the array radiation pattern by applying an “array factor” to the single elements pattern [20]. The 

radius of circular array is chosen to get an inter-element distance of 0.5λ. Figures 5-6 shows that after 

determined angles by using 2–D MUSIC method, proposed geometry directs the main beam towards the 

user and at the same time forms nulls in the directions of interferers in the case of two and tree signals. 

From Figure 6 we observe that 2–D MUSIC method using the proposed geometry can be applied for 

correlated sources to eliminate multipath (when the antenna receives the desired signal and its various 

multipath components). 

 

 

 
 

Figure 4. (4+1) proposed patch antenna structure 

 

 

5.2.  Comparative results between proposed UCA and ULA geometry Using MUSIC Algorithms 

In order to demonstrate the direction of arrival of the spectral technique using the results of 

proposed experimental patch antenna indicate above. We have been compared the results with an 

experimented ones [23-25] for different cases to: a uniform circle array (UCA) with five antennas, radius 

r=124 mm. The radiation source is pulse signal and the distance between the radiating antenna and the 

direction finder receiving antenna approximately is 8 m. The carrier frequency is 6 GHz and the SNR is 

20 dB according to [23] shows in Figure 7. 4x4 planar antenna array with0.5λ element spacing for [25] 
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illustrate in Figure 8 and UCA with 8 antenna element, 2 source and noise = 12 dB, with BPSK, 2ASK 

modulation mode, the search step of MUSIC is 0.1° and the noise intensity is -12 dB according to [25]. 

 

 
 

Figure 7. Uniform Circular Array (UCA) with 5 elements 

 

 

 
 

Figure 8. (4x4) planer antenna with 0.5 λ 

 

 

To compare the proposed algorithm MUSIC with an experimented one [23], a first simulation 

under the same condition was made  as shows in Figue 9 we employed two unequal power signals 

arriving at azimuth and elevation (133.6°,137.8°) and (78.6°, 82.4°), respectively. One signal power is 

7dBm and the other one is 5dBm. Now we depict the spectrum of the MUSIC and the this work with 

receiving data, we note the method in this work can resolve clearly the azimuth elevation (132.4°, 136.2°) 

and (78°, 84°) and the peaks are sharp, while the Music [23] whose estimations (130°, 138.5°) and     

(79°, 82.5°) are far from(133.6°,137.8°) and (78.6°, 82.4°) , the peaks are less sharp. 

 

 

 
 

Figure 9. Simulation for azimuth and elevation (133.6, 137.8) and (78.6, 82.4) 
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A second simulation was made by changing  the azimuth and elevation, (128.4°,116°) and 

(78°,84°), respectively and keeping  signals power in 7dBm and 5dBm. It is observed from Figure 10 

each algorithm could separate the two signals, while comparing with the peak of the MUSIC  

algorithm [24], and the proposed algorithm‟s is much sharper. Furthermore, the DOA estimations of the 

new method are (128.4°,115.3°) and (78°,84°), which is more accuracy than MUSIC method whose 

estimations are(129.5°,117°) and (78.5°,82.5°). 

Figure 11 shows that angles have the same values but the developed method present a good 

Magnitude for angles (99.48 50.13); (64.88 15.1) the magnitude is 40.15 dB, 38.84dB respectively. 

Results indicate that this work gives a higher value of peaks and estimates successfully the angles with an 

efficient magnitude: +0.24 % for angles (99.48; 50.13) and +0.02 % for angles (64.88 15.1) compared to 

the proposed one [25]. 

 

 

 
 

Figure 10. Simulation for azimuth and elevation (128.4, 116) and (78, 84) 

 

 

 
 

Figure 11. Simulation for azimuth and elevation (99.48, 50.13) and (64.88, 15.1) 

 

 

We conclude that the proposed UCA geometry can obtain directly the main beam towards the 

user and at the same time forms nulls in the directions of interferers in the case of two and tree signals 

and we can observe that 2–D MUSIC method using the reconfigurable geometry can be applied for 

correlated sources to eliminate multipath (when the reconfigurable receives the desired signal and its 

various multipath components). 

 

 

6.     CONCLUSION 

This article presents the results of direction of arrival estimation using 2-D MUSIC. The 

proposed algorithm takes full advantage of proposed geometrical norm of UCA. We recommend MUSIC 

based on UCA for estimation of DOA system for the following reasons:  it is easier to arrange the circular 
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array on an aircraft or a satellite, the signals with the same frequency are independent for aerial reflectors 

around the antenna, and this avoids the defect of MUSIC based on UCA, the high SNR of airborne 

antennas can heighten the spectrum peak, increase probability of signal and the superiority of the 

proposed algorithm compared to the experimented ones with a margin error 0.0086%. 
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