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Abstract – This paper focuses on the antenna array modeling 
and adaptive estimation principle for antenna pattern creation of 
smart antenna composed of a number of uniformly distributed 
identical microstrip antenna elements. The utilities of adaptive 
beamforming and coupling compensation techniques in adaptive 
antenna modeling are depicted and accompanied by suitable 
simulation results. Numerical results are presented for the 
dependence of the radiation patterns of smart antennas on the 
properties of the estimation methods. 
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I. INTRODUCTION 

In wireless communications larger capacity of the channel 
in the frequency-reused radio-communication system and 
better quality of the channel are the main conditions for the 
existing wireless system improving [1]. To meet these 
requirements, smart antennas with microstrip (patch) elements 
can be used. 

A suitable adaptive array is a planar smart antenna because 
possesses the ability to scan the main beam in any direction of 
elevation and azimuth in 3-D space. In antenna array 
modeling, where size, cost, and performance are the main 
constraints, a number of uniformly distributed identical patch 
antennas may be required. These patch elements are low 
profile, low cost and simple to manufacture, mechanically 
robust, with a variety of impedance, polarization, and pattern 
characteristics [2]. 

In this paper, the least mean square (LMS) method and 
mutual coupling compensation technique are applied to 
antenna array modeling. The model descriptions are attended 
by simulation results obtained for a specific uniform 
rectangular array (URA). 

II. THE RECTANGULAR MICROSTRIP ANTENNA 
ELEMENT MODELING. THE SMART ANTENNA 

PATTERN FORMATION 

A. The rectangular microstrip antenna  

The rectangular microstrip antenna is very easy to 
mathematical description and analysis. The patch element 

with a length L ( 00 5.033.0 λλ ≤≤ L ), illustrated in Fig. 1, 
consist of a very thin metallic patch with a thickness t 
( 00 ,λλ<<t  is the wavelength in the free space) placed on a 
dielectric substrate with a thickness h ( 00 05.0003.0 λλ ≤≤ h ) 
above a perfectly conducting ground plane [3]. 

 

 
 

Fig. 1. Geometry of the rectangular microstrip element. 
 

For the rectangular patch antenna design the most popular 
methods are: are used the transmission line model (TLM) and 
the cavity model. Here the TLM model is applied which gives 
accurate enough results avoiding complicated computations 
(like in the full-wave model). For the element modeling, the 
microstrip antenna is described as a configuration of two 
radiating slots with width W, height h, separated by a 
transmission line with length L into a dielectric with an 
effective dielectric constant reffε [3]. It is assumed that only 

the principal mode xTM 010  propagates in this line. For the 

design procedure is necessary to specify the substrate ( rε -
relative dielectric constant, h-height) and the resonant 
(operating) frequency rf . The procedure has the following 
steps: 

- width calculation: 
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- length extension LΔ  (Fig.2): 

1Viara Y. Vasileva is with Department of Electrical Engineering,
Technical University of Varna, 1 Studentska Str., Varna 9010, 
Bulgaria, E-mail: via_vas@abv.bg 

559



( )( )
( )( )8.0258.0

264.03.0
412.0

+−

++
=Δ

h
W
h

W
hL

effr

effr

ε

ε
           (3) 

 
- effective microstrip length: 
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Fig. 2. The rectangular patch element modeling parameters. 
 

In order to determine the input impedance we apply 
the following formula [3] (Fig.2): 
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is the conductance of a single radiating slot, 0k  is the free 
space phase constant, Si (X) is an integral sine function, while 

12G  is the mutual conductance between the two radiating slots 
(often neglected in first approximation).  

The next parameter of interest is the directivity of the 
patch antenna that can be calculated by the following 
expression [3]  
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 is the directivity of a single slot.  If we neglect the mutual 
coupling (in first approximation) the directivity of the antenna 
is 02DDpatch ≈ . 

B. The antenna array pattern creation  

In the previous subsection, the singe patch element 
modeling procedure was represented. Because the single 
element radiation pattern is relatively wide and the directivity 
values is relatively low it is necessary to use a uniform 
rectangular array (URA) smart antenna to synthesize a 
required antenna pattern, to scan array beam in order to 
increase the directivity in the direction of SOI (signal of 

interest) and to decrease the directivity in the direction of 
SNOIs (signals not of interest). 

The URA consists of N x M equally distributed identical 
microstrip antenna elements, is analyzed on the base of 
adaptive beamforming (ABF) estimation technique. The array 
element is modeled using the design procedure described 
above. 

To achieve the desired array radiation pattern the LMS 
algorithm is used. It is applicable to estimate optimal weights 
of an antenna array. Briefly description of the method is 
presented below. 

The expression of optimal weights is given by [4] 
       ( ) ( ) ( )( )nnn wgww μ−=+1                        (9) 

where ( )1+nw  denotes a new computed weights vector at the 
(n+1)th iteration, μ is a gradient stepsize, and the array output 
is given by 

      ( )( ) ( ) ( )1+= nnny H xww                         (10) 
where ( )1+nx  is an array signal vector computed at the 
(n+1)th iteration, and ( )( )ny w  is an output signal. 

In its standard form it uses an estimate of the gradient by 
replacing array correlation matrix R and correlation between 
array signals and reference signal r by their noisy estimates at 
the (n+1)th iteration [6] 

 ( )( ) ( ) ( ) ( ) ( ) ( )*Hn 2 n 1 n 1 n 2 n 1 r n 1= + + − + +g w x x w x   (11) 
where g is the gradient vector. 

The error between the array output and the reference signal 
is given by [4] 

( )( ) ( ) ( ) ( )11 +−+= nnnrn H xwwε                (12) 
and 

( )( ) ( ) ( )( )nnn wxwg *12 ε+−=                   (13) 
is the estimated gradient as a product of the error between the 
reference signal and the output of the array and the signals 
after the nth iteration. 

In array configuration is important to take into account 
mutual coupling effect. It can be significant for the microstrip 
elements and the neglecting of this effect in the beamforming 
algorithm may produce inaccurate results. Here is applied a 
simple mutual coupling compensation technique [5], [6]. The 
new weights are chosen based on the matrix equation 

wCw -1
comp =                                   (14) 

where C is the coupling matrix determined by 
-1
LZ= +C I Z                                 (15) 

where ZL is the load impedance of each element, I is the unit 
matrix, Z is a matrix with diagonal elements self-impedances, 
and off-diagonal elements – mutual impedances. In the 
analysis these elements can be easily computed by Matlab 
implementation [7]. 
 

III. SIMULATION RESULTS 

In this section simulation results are based on the theory 
described in Section 2.  

Modeling results (mathematical calculations and Matlab 
simulations) are presented in Table I and Fig. 3. The design  
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TABLE I 
Microstrip 
parameters  

Mathematical 
calculation 

Matlab 
simulation 
results 

Physical width 4.9411 cm 4.9411 cm 
Physical length  4.1373 cm 4.1356 cm 
Effective length 4.3047 cm 4.3030 cm 
Resonant input 
resistance 

244.5795 omhs 244.7745 omhs 

Feed point 
position 

1.4504 cm 1.4504 cm 

Directivity 5.0295 5.2118 
Directivity [dB] 7.0152 7.1699 
 

 
 

Fig. 3. The rectangular microstrip element radiation pattern. 
 

procedure was realized for rectangular patch antenna 
operating at 2.4 GHz and using substrate with 
parameters 1588.0,2.2 == hrε . 

Simulation results, utilizing the LMS algorithm give precise 
data when adapt the beamforming pattern. To illustrate the 
ABF algorithm applicability for URA, we consider two cases 
where LMS algorithm is used: a) the URA with N=8 and M=8 
elements and interelement spacing (the center-to-center 
separation between elements) λ45.0== yx ss                

(Figs. 4 and 5); b) URA with N=8 and M=8 elements and 
interelement spacing λ45.0== yx ss  when using 

coupling compensation (Figs. 6 and 7). These figures present 
the Matlab simulation results. The URA is examined about 
following scenario: the SOI impinges from direction 
( ο135=θ , ο70=φ ) in the presence of one SNOI from 
direction ( ο105=θ , ο95=φ ), that is an Additive White 
Gaussian Noise (AWGN) with a zero mean, and a variance 
0.1. All simulation results are based on 100 times Monte 
Carlo runs. A stepsize is μ = 0.001 and a signal with uncoded 
BPSK modulation are used in the numerical examples to 
simplify the simulations. These figures illustrate the resulting 
beamforming pattern with respect to ο00 =θ . The results 
demonstrate its good performance, characterized by accurate 
estimation ability, and it is evident that after compensation the 

radiation pattern (Fig. 7) has better ability to distinguish the 
SOI from the SNOI. 

 

 
 

Fig. 4. Beamforming pattern 3D plot. 
 

 
 

Fig. 5. Beamforming pattern 2D plot. 
 

 
 

Fig. 6. Beamforming pattern after coupling compensation 3D plot. 
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Fig. 7. Beamforming pattern after coupling compensation 2D plot. 

IV. CONCLUSION 

This paper investigates the issues for a single rectangular 
microstrip element and a uniform rectangular smart antenna 
array with patch elements modeling. The adaptive 
beamforming (ABF) and mutual coupling compensation were 
examined. The LMS algorithm is used after the ABF 
technique. As concerns to beamforming the examination array 
has an accurate and stable enough radiation pattern regarding 
both: desired signal - the beamforming pattern maximum to the 
SOI and interfering signals – deep nulls towards the SNOI.  

Numerical simulation results are illustrated that the patch 
element design gives accurate results, and that the antenna 
geometry configuration with M=N=8 microstrip elements is an 
optimal scenario, because the ABF estimations are proved to 
be accurate and stable enough, and the ability of the smart 
antenna to reject undesired signals is affected by the type of 
elements, size and geometry of the antenna array. 
Consequently, it is observed that the array element choice and 
the smart antenna design impact on the overall wireless 
communication network efficiency. 

The performance of the smart antenna (beamforming 
pattern) is examined in two cases: a) without a mutual 
coupling; b) with a mutual coupling compensation. Matlab 
programs are used for simulations. The numerical results 
presented here clearly display the importance of the coupling 
compensation. 

 

 

 

 

ACKNOWLEDGEMENT 

Project no. 21 "Improvement of the research potential in the 
area of engineering and information technology" in the frame 
of Program "Development of human resources" and Ministry 
of Education of Bulgaria. 

Project in the frames of the Research Program, financed  
from Ministry of Education of Bulgaria. 

 

REFERENCES 

[1] S. Bellofiore et al., “Smart-antenna systems for mobile 
communication networks, part 1: overview and antenna design”, 
IEEE Antennas and Propag. Magazine, vol. 44, pp. 106-114, 
2002. 

[2] J. James, P. Hall, “Handbook of Microstrip Antennas”,        
vols. 1, 2, P.Peregrinus Ltd., London, 1989. 

[3] C. A. Balanis, “Antenna Theory”, John Wiley & Sons, 
New York, 2005. 

[4] J. Foutz et al, “Adaptive eigen-projection beamforming 
algorithms for 1-D and 2-D antenna arrays”, IEEE  Antennas 
and Wireless Propag. Letters, vol. 2, pp. 62-65, 2005. 

[5] I.Gupta, A. Ksienski: “Effect of mutual coupling on the 
performance of adaptive arrays”, IEEE Trans. Antennas and 
Propag., vol. 31, pp. 785-791, 1983. 

[6] H. Steyskal, J. Herd: “Mutual coupling compensation in small 
array antennas”, IEEE Trans. Antennas and Propag., vol. 38, pp. 
1971-1975, 1990. 

[7] K. Lonngren,   S. Savov, R. Jost,     “Fundamentals    of 
Electromagnetics with Matlab”, (2nd ed.), SciTech, 2007. 

562


