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Abstract—Electronically-steerable parasitic array radiator 

(ESPAR) antenna is a promising antenna array configuration. 
It offers lower power consumption, lower cost, lower hardware 
complexity, and smaller size as compared to classical antenna 
arrays configurations. Meanwhile it is able to support 
important communication techniques such as beamforming 
and diversity. In this paper, we propose a transmitter ESPAR 
antenna system where symbols are transmitted over switchable 
beampatterns of the antenna in order to enhance the power 
performance of underlay spectrum sharing in cognitive radio 
networks compared to previously proposed transmitter 
systems. We study the performance of two different pattern 
shapes of ESPAR antenna to choose the appropriate one for 
underlay spectrum sharing. We show through simulation that 
the ESPAR antenna can offer a better power performance than 
a classical circular antenna array (CAA) of the same size and 
comparable number of elements. In addition, the ESPAR 
antenna can preserve its good performance with small spacing 
between elements, whereas the classical CAA’s performance 
severely degrades. 
 

Index Terms—antenna arrays, antenna radiation patterns, 
cognitive radio, MATLAB, multipath channels. 

I. INTRODUCTION 

Cognitive radio networks (CRN) have been widely 
considered as an auspicious solution for the growing 
problem of spectrum scarcity. Studies of the Federal 
Communication Commission (FCC) have shown that a large 
portion of the licensed bandwidth is underutilized. In CRN, 
secondary users (SUs) can transmit data within the same 
band of licensed primary users (PUs), provided that 
interference levels at the PUs are within pre-defined limits. 
SU’s transmission of data can occur either concurrently 
while PUs are communicating (underlay spectrum sharing) 
or when PUs are silent (overlay spectrum sharing) [1]. 

In the literature, underlay spectrum sharing has been 
achieved using conventional antenna arrays through 
transmitting weighted versions of a symbol over statistically 
independent channels [2-4]. The precoding weight vector is 
optimized such that it maximizes the transmitted power to 
the SU receiver (SU-Rx) while keeping transmitted power to 
PU receiver (PU-Rx) under a certain limit. 

However, conventional antenna arrays need complex 
design requirements [5]. They require an individual RF 
chain to be connected to each of the array elements. 
Moreover, isolators and sufficient separation between 
elements are necessary to reduce mutual coupling between 
the elements. This has motivated the need for novel antenna 
array configurations that impose less hardware complexity, 

power consumption, cost, and antenna size. 
Electronically-steerable parasitic array radiator (ESPAR) 

antenna [6] is considered as a promising configuration of 
antenna arrays and has received increasing attention lately. 
It has been used to attain lower power consumption, lower 
cost, lower complexity, and smaller size as compared to 
conventional antenna arrays [7-10]. It consists of one active 
element and multiple passive elements mutually-coupled to 
the active one. This mutual coupling is created by reducing 
the spacing between the elements of the ESPAR antenna 
array, which gives it the advantage of small size and 
eliminates the need for isolators between elements. The 
active element is connected to the receiver/transmitter 
circuit and the passive elements are reactively loaded. 
Hence, it needs only one RF chain, which considerably 
reduces the power consumption, cost, and hardware 
complexity needed. In this paper, we will focus on the 
ESPAR antenna’s ability to enhance power performance of 
underlay spectrum sharing while working properly under 
small size restrictions. 

Contrarily to conventional antenna arrays, ESPAR 
antenna elements cannot serve directly as individual 
receive/transmit branches. This is simply because only one 
of the ESPAR antenna elements is connected to the RF 
chain. Despite this limitation, ESPAR antennas were used to 
achieve receive diversity though using switchable 
beampatterns of the antenna as individual receive branches 
in [9] and [10]. Also, receive beamforming has been 
achieved using ESPAR antenna to maximize the received 
signal while minimizing the interference [11-13]. In 
addition, it was used for spectrum sensing in cognitive radio 
networks [14-15]. 

In the context of underlay spectrum sharing, an ESPAR 
antenna has been used in [16] to form a power pattern of the 
SU transmitter with nulls towards the PU receivers. 
However, issues like maximizing antenna efficiency and 
maximizing transmitted power towards SU receivers were 
not considered. Maximizing transmitted power to SU 
receivers is specifically important for stationary and power 
limited devices. More recently, the authors of [17] have 
proposed an algorithm to maximize the transmitted power to 
SU receivers, while minimizing interference to PU 
receivers. However, a line-of-sight communication was 
implicitly assumed. Moreover, it was assumed that the 
directions of the PU and SU receivers are known apriori. 

In this paper, we propose a transmitter ESPAR antenna 
system for underlay spectrum sharing in cognitive radio 
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networks. We transmit weighted versions of symbols over 
switchable weakly correlated beampatterns of the ESPAR 
antenna, while taking into consideration maximizing 
antenna efficiency. The weight vector is optimized such that 
it maximizes transmitted power to a SU-Rx while 
constraining interference to multiple PU-Rxs to be under a 
certain limit. As our simulations show, this achieves power 
performance enhancement compared to [16], while taking 
into consideration a more practical assumption of non-line-
of-sight communication as compared to [17]. It is worth 
noting that the concept of assigning weights over the 
ESPAR antenna patterns was reported in [10] for achieving 
receive diversity, using a five-element ESPAR antenna. 
However, since their goal was to create statistically 
independent receive branches only, their algorithm leads to 
patterns with gains that are less than 3 dB. Contrarily, we 
optimize maximized-gain patterns with gains of 6.11 dB for 
a three-element ESPAR antenna to enhance the transmit 
power performance of the ESPAR antenna in underlay 
spectrum sharing paradigm. We also optimize maximized-
gain patterns with gains of 7 dB for a seven-element ESPAR 
antenna. 

The contribution of this paper can be summarized as 
follows. We study the power performance enhancement 
resulting from using a transmitter ESPAR antenna with 
switchable maximized-gain beampatterns in underlay 
spectrum sharing. We also investigate the performance of 
two different beampattern shapes of ESPAR antenna, and 
we choose the appropriate beampattern shape for underlay 
spectrum sharing. We show through simulation that the 
ESPAR antenna can offer a better power performance than a 
classical CAA of the same size and nearly the same number 
of elements. Moreover, we show that ESPAR antenna can 
preserve its good performance in case of small spacing 
between elements, whereas the classical CAA’s 
performance severely degrades. 

The rest of the paper is organized as follows. Section II 
describes the ESPAR antenna system model. Section III 
covers the wireless system model, the performance analysis 
of different types of beampattern shapes of the ESPAR 
antenna in underlay spectrum sharing paradigm, and a 
qualitative comparison between the proposed transmitter 
system and a classical CAA. Numerical performance 
evaluations and comparisons are given in Section IV. 
Section V concludes the paper. 

Notation: Boldface capital letters refer to matrices and 
boldface small letters refer to vectors of the specified size.  
<·>x,y returns the {x, y} entry of the enclosed matrix and 
<·>x returns the xth element of the enclosed vector. |·| gives 
the magnitude of the enclosed complex number. The 
superscripts T, * and H denote transpose, conjugate and 
transpose conjugate, respectively. j is the imaginary unit 

( 1j   ). 

II. ESPAR ANTENNA SYSTEM MODEL 

Consider (K+1) dipoles of lengths λ/2 forming a circular 
ESPAR antenna array of radius r. The active dipole lies at 
the center of the circle and the remaining K passive dipoles 
lie uniformly at the circumference. K switchable 
beampatterns can be created, and the field pattern of the kth 

beampattern in the azimuthal plane is [15] 

 ( ) ( ),T
k kB   i α   (1) 

where  1,  ..,  k  K , and φ is the azimuthal angle of 

departure of the transmitted signal.  1 1( ) K  α   is the 

steering vector of the antenna array and is defined as 
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The vector  1 1K
k

 i   defines the currents in the 

ESPAR antenna elements where 
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where sv  represents the applied voltage source signal, 

   1 1KK  Z  is the mutual coupling impedance matrix of 
the ESPAR antenna and it is calculated as a function of the 
pairwise distances between the dipoles and the lengths of the 

dipoles as in [18],    1K K
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1  is a diagonal matrix of 

the vector Z jx La , Z  is the complex load 
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x j  defines the 

reactive loads on the passive elements, and the vector 
 1K 1 v   is given by . Switching between 

beampatterns can be done simply by circularly permuting 
physical loads of the passive elements. 
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The power gain of the kth beampattern is given as 
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where  0,  1   is the antenna efficiency and is defined as  

 

2*

1 ,in L

in L

z z

z z



 


  (5) 

where 

 
00 0

10

1
.

K

in kt t
k t

z


  Z Z
i

i   (6) 

Also, the complex voltage gain of the kth beampatterns can 
be calculated as 
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III. PROPOSED ESPAR ANTENNA TRANSMITTER SYSTEM 

FOR UNDERLAY SPECTRUM SHARING 

A. Wireless System Model 

We consider an underlay spectrum-sharing paradigm with 
a single SU-Tx, a single SU-Rx and multiple PU-Rxs. We 
assume a uniform power angle spectrum environment and 
consider a device-to-device communication between the two 
SUs. The SU-Tx is equipped with an ESPAR antenna, and 
transmits symbols to the SU-Rx, which is equipped with an 
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isotropic antenna, while jointly keeping interference to N 
PU-Rxs (equipped with isotropic antennas) under a certain 
limit.  

The approach for transmitting the symbols is as follows. 
The symbols are transmitted over the switchable patterns 

v, ( )kG   of the ESPAR antenna. If we kept the correlation 

between any of the ESPAR antenna beampatterns under 0.7, 
the transmitted symbols over them will experience 
independent (or weakly-correlated) channels [19], where the 
correlation between two beampatterns is given by 
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By doing so, one can regard the ESPAR antenna 
switchable beampatterns as virtual antenna array elements, 
where symbols are transmitted over them while 
experiencing statistically independent channels. Thus, the 

system resembles to a single MISO channel 1Ks 

1

 from 
the ESPAR antenna virtual antenna array elements towards 

the SU-Rx, and another MISO channel n
Ki  towards 

the nth PU-Rx; the equivalent channel model is shown in 
Fig. 1. 

 
Figure 1. MISO channels created from the SU-Tx virtual antenna elements 
to the SU-Rx and to each of the PU-Rxs 

 
Mathematically, the signal and interference channels, 

respectively, are given as follows 
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where ds and dp,n are the distances from the SU-Tx to the 
SU-Rx and to the nth PU-Rx, respectively,  is the path loss 
exponent, L


s and Lp,n are the total number of paths from the 

SU-Tx to the SU-Rx and to the nth PU-Rx, respectively, '
ls  

and  are the l'
,l ni th path channel responses from the SU-Tx to 

the SU-Rx and the nth PU-Rx, respectively, and  is the 

angle of departure of the l
lf

x

th path. 
Hence, if we transmitted weighted versions of a symbol x 

over the switchable beampatterns of the ESPAR antenna, the 
transmitted voltage signal from the ESPAR antenna can be 
written using Kronecker model [20] as 
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where 1Kw  is the precoding weight vector over the 

virtual antenna elements, and K KR  is the correlation 
matrix between the ESPAR antenna switchable 
beampatterns, where the matrix elements are given by (8). 
The precoding weight vector is optimized as follows 
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where γ is the predefined interference threshold at the PU-
Rxs. This problem can be considered as a Lagrangian 
optimization problem with inequality constraints. 

In the following subsection we will study the performance 
of two different shapes of switchable beampatterns, and 
choose the beampattern shape that achieves the higher 
power performance. After that, we will compare the 
proposed transmitting system to a classical CAA of the same 
size and (nearly) the same number of elements.  

B. Pattern Shape Optimization 

We now optimize the shapes of the beampatterns of the 
ESPAR antenna for enhancing the performance of underlay 
spectrum sharing. We study two types of patterns shapes of 
the ESPAR antenna: maximized-gain and maximized-
efficiency beampatterns. The physical loads creating a 
maximized-gain beampattern can be found through solving 
the following optimization problem 
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  (13) 

where we have chosen the allowable reactive loading on 
ESPAR elements to be in the range [-100j, 100j] Ω, and the 
allowable resistance loading on the active element to be in 
the range [0, 100] Ω. Also, we constrain the correlation 
between two successive beampatterns to be under 0.7, which 
also ensures that the correlation between any other two 
beampatterns to be under 0.7. This optimization problem 
can be solved via a constrained nonlinear optimization 
MATLAB routine.  

On the other hand, the physical loads creating a 
maximized-efficiency beampattern can be found through 
solving the optimization problem 
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It is noted that the maximized-efficiency beampatterns are 
optimized such that the total radiated power of the antenna 
is maximized, whereas maximized-gain beampatterns are 
optimized such that their power patterns are concentrated at 
specific angles. This makes the maximized-gain 
beampatterns have smaller beamwidths than maximized-
efficiency beampatterns (see Fig. 2 for patterns shapes of a 
seven-element ESPAR antenna). As we show through 
simulations, the maximized-gain beampatterns are able to 
deliver higher power to the SU-Rx than the maximized-
efficiency beampatterns. The justification for this is given as 
follows. 

From (8), since the correlation coefficient between any 
two patterns depends only on the patterns shapes and the 
angular separation between them, the correlation matrix is a 
symmetric circulant matrix. This means that the square root 
of the correlation matrix takes the form 
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where rk is (K×1) column vector whose elements are the 
square roots of the correlation coefficients between the K 

beampatterns. Let us define vectors  and 

. Thus, vectors  and  can be written as 

linear combinations of the column vectors r
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Problem (12) is ideally solved when the complex random 
vector  is orthogonal to the subspace spanned by the 

complex random vectors ; so, the weight vector w is 

chosen in the direction of  and orthogonal to vectors 

. In the remainder of this section, we investigate the 

effect of the beamwidths of the antenna patterns on the 
characteristics of r

Rs

,R ni

Rs

Rs

,R ni

k, and we show how this affects the 
characteristics of vectors  and  and the solution of 

(12). 
,R ni

Without loss of generality, we can model the beampattern 
of the ESPAR antenna as a Gaussian function of the form 
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where σ is the Gaussian spread parameter and it is related to 
the half-power beamwidth (HPBW) of  kB   through the 

relation 2 2 ln 2HPBW  , and k  is the angle of 

maximum radiation of the kth  beampattern and is defined by 

 
1

2 .
k

k

K
  

   (19) 

We use (8) to calculate the correlation coefficient 
between the first and the kth patterns. After some 
mathematical manipulation we find that 
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This relation clearly states that the correlation coefficient 
between the first and the kth beampatterns is exponentially 
decaying with the angle of maximum radiation k . 

Moreover, narrow beamwidths result in smaller values of σ 
and steeper decay of <R>1,k with k , and vice versa. Thus, 

as the beamwidths becomes wider, the correlation 
coefficients of the matrix R become more similar to each 
other, which increase the correlation between the vectors rk. 

Intuitively, in the case of highly correlated vectors rk, the 
correlation between the vectors  and  is more likely 

to increase, as these vectors are linear combinations of the 
vectors r

Rs ,R ni

k. This in turn leads to low power delivery to the 
SU-Rx. Contrarily, when the beamwidths are smaller, the 
vectors rk become weakly correlated to each other, and the 
vectors  and  become likely to be weakly correlated, 

which leads to a high power delivery to the SU-Rx. This 
analysis explains why maximized-gain beampatterns, which 
attain small beamwidths, are expected to deliver higher 
power to the SU-Rx than the maximized-efficiency 
beampatterns that attain wide beamwidths. This result is 
validated experimentally in the next section. 

Rs ,R ni

C. Comparison of the Proposed Transmitter System with 
the Classical CAA 

Having optimized the ESPAR antenna patterns for the 
underlay spectrum sharing paradigm, it is interesting now to 
compare the proposed transmitter ESPAR antenna of (K+1) 
dipoles with gain-maximized beampatterns, with a classical 
CAA of K dipoles. Firstly, the gain of each transmit branch 
of the classical CAA (the individual dipoles) is known to be 
2.15 dB [21], while the transmit branches of ESPAR 
antenna (the switchable beampatterns) are of gains 

0 ,max( ( ))p kG G


 , which will be shown to be 7 dB for a 

seven-element ESPAR antenna. This normally enhances the 
transmitted power level. Moreover, since the ESPAR 
antenna is using K switchable beampatterns, it will need 
only 1/K of the power needed by the classical CAA to create 
its K corresponding transmit branches. 

Further, an ESPAR antenna with a very small radius (for 
instance λ/20) will be still able to create weakly-correlated 
beampatterns, and hence, work properly. This is because the 
correlation between any two successive patterns in the 
ESPAR antenna system depends only on the patterns shapes 
not on the separation between the physical elements of the 
array as shown in (8). On the other hand, the correlation 
between the individual dipoles of the CAA depends on the 
separation between them. This correlation can be calculated 
from 
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where dx,y is the distance between the xth and yth elements. 
As shown earlier, higher correlation between transmit 
branches results in less power delivered to SU-Rx. Hence, 
the performance of the classical CAA of very small radiuses 
degrades severely. Section IV presents numerical evaluation 
of correlation and power performance of small-radius CAA. 

IV. PERFORMANCE EVALUATION 

For our proposed system performance evaluation, we 
consider a seven-dipole circular ESPAR antenna of radius 
λ/4 as a transmitter unless otherwise stated. For simplicity, 
we assume equal distances from the SU-Tx to the SU-Rx 
and to all PU-Rxs, i.e. . The path loss 

exponent α is taken as 2, 

, ,  s p nd dd  

l

n

  is modeled as a uniformly-

distributed random variable as we are assuming a uniform 

power angle spectrum environment,  and  are modeled 

as Rayleigh-distributed random variables with zero means 
and unit variances unless stated otherwise, and γ is taken as 
1 µW. The transmitted power to the SU-Rx is averaged over 
1000 randomly-generated channel responses. 

'
ls i '

,l n

The optimization problems of (13) and (14) are solved 
using constrained nonlinear optimization MATLAB routine 
to find the optimum physical loads. The achieved efficiency 
in the two problems is found to be η=1, and one pattern of 
each type is plotted in Fig. 2. 

The correlation matrix in the maximized-gain 
beampatterns case is found to be 
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After taking the square root of this matrix, we calculate the 
correlation between all the matrix columns and the average 
correlation between them is found to be 0.903. The 
correlation matrix in the maximized-efficiency beampatterns 
case is found to be 
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And again, after taking the square root of this matrix, we 
calculate the correlation between all the matrix columns and 
the average correlation between them is found to be 0.962. 
This shows the lower correlation between vectors rk in case 
of maximized-gain beampatterns, which results in higher 
power delivered than the maximized-efficiency 
beampatterns case. 

A. Maximized-Gain versus Maximized-Efficiency 
Beampatterns 

We compare between two ESPAR antennas with 
maximized-gain beampatterns and maximized-efficiency 
beampatterns, each with λ/4 radius, in order to find the 
optimum weight vector in (12). The transmitted power to a 
SU-Rx at different distances in cases of one PU-Rx and four 
PU-Rxs is calculated and shown in Fig. 3. Generally, it is 
noticed that maximized-gain beampatterns deliver higher 
power to the SU-Rx than maximized-efficiency 
beampatterns. We also note that the larger the number of 
PU-Rxs, the lower the transmitted power to SU-Rx. This is 
attributed to the fact that increasing the number of PU-Rxs 
increases the number of vectors , and the interference 

constraints of (12) have to be satisfied for the most 
correlated vector 

,R ni

, ,  R n ni  to .  Rs

The interference signal at each PU-Rx is also calculated, 
and it is found to be equal to the predefined interference 
threshold, which is 1 µW.  
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
Figure 2. One of the six maximized-gain beampatterns, and one of the six 
maximized-efficiency beampatterns are shown for a seven-element ESPAR 
antenna 
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Figure 3. Average transmitted power to the SU-Rx in case of maximized-
gain and maximized- efficiency patterns, number of PU-Rxs equal to 1 and 
4 

B. Comparison Between the Proposed ESPAR Antenna 
System and the Classical CAA 

We compare the proposed ESPAR antenna system with a 
classical CAA of λ/4 radiuses as transmitters to solve the 
problem (12), and we apply an equal total source power to 
both of them. The power transmitted to the SU-Rx in the 
two cases is shown in Fig. 4, for different distances. ESPAR 
antenna is shown to achieve superior performance, as the 
power of each transmit branch in the ESPAR antenna is six 
times higher than the classical CAA, as discussed earlier. 
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Figure 4. Average transmitted power to the SU-Rx in case of maximized-
gain ESPAR patterns and CAA, for r=λ/4, number of PU-Rxs equal to 1 
and 4 

 
We again compare the same types of transmitter antennas 

but of radiuses λ/20. In this case, in addition to the higher 
power of transmit branches in ESPAR antenna, the high 
correlation between the transmit branches of the CAA 
severely degrades its performance compared to the ESPAR 
antenna. This result is shown in Fig. 5. It can be noted that 

the power performance of the ESPAR antenna coexisting 
with four PU-Rxs is better than the power performance of 
the CAA coexisting with only one PU-Rx. 
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Figure 5. Average transmitted power to the SU-Rx in case of maximized-
gain ESPAR patterns and CAA, for r=λ/20, number of PU-Rxs equal to1 
and 4 

 
It is interesting to note that even if we set the input power 

to the classical CAA of radius λ/20 to be six times higher 
than the ESPAR antenna of radius λ/20, the ESPAR antenna 
would still be able to transmit higher power to the SU-Rx, as 
shown in Fig. 6. Again, this is because of the high 
correlation between the transmit branches of the classical 
CAA, which severely degrades its performance. 
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Figure 6. Average transmitted power to the SU-Rx in case of maximized-
gain ESPAR patterns and CAA, for r=λ/20, , number of PU-Rxs equal to 1 
and 4, and assuming an input power to the classical CAA that is six times 
higher than the input power to the ESPAR antenna 

C. Performance Comparison with Orthogonal Precoding 
Algorithm [16] 

In [16], a linear combination of linearly independent 
patterns or basis is used such that the resultant pattern forms 
nulls towards the PU-Rxs. However, the proposed approach 
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did not maximize antenna efficiency, which can 
considerably affect the power performance of the antenna. 
Moreover, it did not pay attention to maximizing the 
transmitted power to the SU-Rx, which is important 
specifically in stationary networks. 

On the other hand, our proposed algorithm maximizes the 
antenna efficiency. Moreover, it chooses the optimum 
precoding weight vector over virtual antenna elements to 
maximize the transmitted power to the SU-Rx while 
constraining the interference to PU-Rx. 

To begin comparison, we consider the following scenario. 
A PU-Rx located at 120 degrees with respect to the SU-Tx, 
and the angle of the SU-Rx with respect to the SU-Tx is a 
variable. We also consider a line-of-sight communication, a 
Rician fading channel with unity standard deviation, and a 
three-dipole ESPAR antenna as a transmitter (for a fair 
comparison with [16]). Using the orthogonal precoding 
algorithm of [16], the resultant power pattern is shown in 
Fig. 7a irrespectively of the direction of the SU-Rx. We use 
this power pattern to calculate the average transmitted 
power to SU-Rx at different directions. The results are 
shown in Fig. 8. 

On the other hand, the switchable maximized-gain power 
patterns using the proposed algorithm are shown in Fig. 7b. 
We first place the SU-Rx at 0 degree and calculate the 
optimum   weight vector in problem (12). The average 
transmitted power to the SU-Rx is calculated. Then, we 
repeat the previous steps for SU-Rx at different directions. 
The results are also shown in Fig. 8, and clearly show 
superior performance for our proposed approach. The 
justification of the superiority of our algorithm is as follows. 
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Generally, the maximized efficiency of the antenna in our 
proposed system leads to power patterns with higher gains 
than the orthogonal precoding algorithm, as shown in Fig. 7. 
The gain of each switchable beampattern of our proposed 
system is 6.11 dB, whereas it is only 3.69 dB for the 
orthogonal precoding algorithm. This helps to deliver more 
power to the SU-Rx Rx in more directions as compared to 
the orthogonal precoding algorithm. Also, as seen from Fig. 
8, the high power delivery to the SU-Rx at most directions 
implies that our proposed algorithm is able to find the 

optimum weight vector w that is highly correlated to the 
vector 

Rs  and weakly correlated to the vector 
,1Ri . 
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Figure 7. (a) Power pattern generated by [16] to transmit a null towards a 
PU-Rx at the direction of 120 degree, (b) The two switchable maximized-
gain beampatterns of a three dipoles ESPAR antenna 
 

Furthermore, we show in Fig. 9 a plot of the average 
transmitted power to the SU-Rx at 0 degree at different 
values of the interference threshold in decibels. It can be 
seen that our proposed algorithm delivers higher power to 
the SU-Rx at different interference threshold values. Also, 
we plot in Fig. 9 the interference at the PU-Rx using each 
algorithm. As shown, for different values of the interference 
threshold, our proposed algorithm is able to maintain the 
interference at the PU-Rx under the interference threshold. 
On the other hand, the orthogonal precoding algorithm 
cannot reduce the induced interference power at the PU-Rx 
below -46.49 dBW. 
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Figure 8. Average transmitted power to SU-Rx located at different angular 
directions for our proposed algorithm and the orthogonal precoding 
algorithm [16]. Random Rician faded channels are assumed between the 
SU-Tx and both SU-Rx and PU-Rx 
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Figure 9. Average transmitted power to the SU-Rx is shown in decibels, for 
both cases of our proposed algorithm and the orthogonal precoding 
algorithm [16]. Also, the interference power at the PU-Rx is shown for the 
two cases 

V. CONCLUSION 

In this paper, we proposed a transmitter ESPAR antenna 
system for enhancing power performance in underlay 
spectrum sharing paradigm. We have discussed the choice 
of the appropriate pattern shape of the antenna. We have 
experimentally demonstrated the superiority of the proposed 
system over the orthogonal precoding algorithm and the 
classical circular antenna array. Using the ESPAR antenna 
does not only enhance the power performance, but also 
reduces the antenna size, cost, and complexity, which 
enhances the performance of underlay spectrum sharing. 
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