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Abstract — we present the mathematical modelling, simulation and design of ESPAR (Electronically Steerable Parasitic Array 
Radiator) antenna capable of dynamic electronic beam steering. Parasitic elements are loaded with variable reactance, beam 
steering is achieved by varying the set of reactance values. We have formulated mathematical equations of finding reactance values 
that yield maximum gain in a given direction. Using calculated values 3D beam steering is achieved. Around 7 dB gain was 
achieved in given direction if Theta and Phi. Designed antenna is highly efficient in terms of size and cost since all the elements are 
placed and Lambda/4, thereby revolutionizing present day communication systems and replacing conventional Omni directional 
antennas in Radios, Laptops, Cell phones. Along with efficient beam forming antenna is a step forward towards green technology, 
operating at reduced powers without disrupting EIRP of antenna systems. 
 
Keywords — ESPAR (Electronically Steerable Parasitic Array Radiator), HFSS (High frequency structure simulator) 

 
 

I. INTRODUCTION 
 
 Designing of 7 elements ESPAR antenna that would 
give gains higher than the traditional Omni-directional 
antennas Signal to noise ratio can be improved for 
Wireless local area network (LAN) systems, Cellular 
networks, Radar systems by using electronically steerable 
directional antennas, generally phased array antennas are 
used for this purpose they vary the directivity 
electronically but such antennas can not be made compact 
because of limitation of minimum element. If the element 
spacing is decreased, element excitation cannot be 
controlled individually because the mutual coupling 
among elements becomes strong. In ESPAR systems 
phase shifters are not used instead mutual coupling is used 
it becomes feasible to have transmitter and receiver 
constructed in one system, its spread as a terminal device 
can be expected due to the compact size, light weight, low 
cost, and low power consumption. Moreover there is 
single feed element instead of seven so loses are also 
reduces the at feed elements. 
 
 
 

II. CONCEPTUAL DIAGRAMMATIC OVERVIEW 
 

 
 

Fig. 1. Variable directionality achieved 
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Fig. 2. Omni directional pattern 

 
III. MUTUAL COUPLING 

 
 

  
Antenna 1                   Antenna 2 

 
Fig. 3. Antenna 

 
V1 = Z11 I1 + Z12 I2  
 
V2 = Z21 I1 + Z22 I2 
 
 Here if antenna 2 is short and current I0 is flowing in 
antenna 1 we can find current I2 in antenna 2 
 
 I2=Z21 / Z22 * I0                                                   (1) 
 
where Z22 is constant values and Z21 is calculated using 
distance Vs reactance graph in Fig 4. By controlling phase 
of I2 beam can be steered in any desired direction [5]. 
 
 
 
 

 
 

 

Fig. 4. Distance vs. Reactance graph 
 
 

IV. ANTENNA STRUCTURE 
 
 A seven element antenna (Fig.5) is considered where 
a single feed monopole is encircled by six, equally 
spaced, parasitic monopole elements. The antenna 
elements reside on a hollowed cylindrical ground 
structure, under which the parasitic elements are loaded. 
While this ground configuration consumes substantially 
more volume than would be required for the 
complementary dipole array, it provides a practical, 
mechanically sound solution for antenna feeding and 
control circuitry. 
 

 
Fig. 5. Seven Element Antenna 

 
 Since the mirror image on an infinite ground plane 
provides perfect up and down symmetry for the real 
elements, the beam radiation direction is within the 
horizontal plane. However, since the dimensions of the 
practical ground plane are finite, the beam is tilted upward 
from the ground plane. There are some applications such 
as indoor wireless LAN in which a certain tilt is effective. 
It is generally considered effective to increase the ground 
plane size significantly if tilt is avoided in order to obtain 
radiation elevation toward the horizontal direction. In the 
ESPAR antenna case, there is a way to realize horizontal 
radiation with a limited ground plane size by making the 
ground plane in a cylindrical skirt shape (with a radius of 
a half-wavelength and height of a quarter-
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wavelength).While varactor diodes would typically be 
used to produce electrically controlled reactances, their 
use was inappropriate. For simply confirming simulated 
results combinations of SMA adapters terminated with 
either open circuits, short circuits or surface mount 
capacitors were used to create the different reactive loads. 
Fig.6 shows an this loading [3] 
 
 

 
Fig. 6. Loading 

 
V. HFSS MODEL 

 
Model simulated in HFSS Fig (7) 
 
 

 
Fig. 7. HFSS Simulation 

 
3 D polar plots for three different set of reactances are 
shown in following figures showing steering of beam Fig 
(8, 9 and 10) 
 

 
Fig. 8. Polar Diagram 

 
 

 
Fig. 9. Polar Diagram 

 

 
Fig. 10. Polar Diagram 

 
 

VI. MATHEMATICAL MODELLING 
 
 Here we have used vector effective length equivalent 
weight vector (VEL-EWV) model. 
 
 

 
Fig. 11. VEL-EWV model 

 
 The far field E (θ, φ) is calculated as follows [2] 
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 (2) 
 
 Where im expresses the port current, lem expresses 
the vector effective length of the m-th element, index 0 
indicates the feed element, M indicates the number of 
parasitic elements, λ indicates the wavelength in free 
space, Z0 is the characteristic impedance in free space, 
and am(θ, φ) represents the components of the steering 
vector.im is expressed as [4] 
 

 (3) 
 
 

  (4) 
 
 

 (5) 
 
Where vs and Zs are the open circuited voltage and the 
inertial impedance of the feed circuit, respectively. Zmn 
expresses the impedances between elements m and n. 
Zmn is inverse of Ymn . 
Ymn measured form HFSS 

 
 

 
 
Vector effective length is computed as [4] 
 

 (6) 
 
where le(0)m and αm are structural parameters 
independent of the reactance values Xm, like the 
impedances Zmn [4] 
 

 (7 & 8) 
 
Zin is the input impedance and calculated as follows [2] 
 
 

     (9) 
 
Absolute gain is calculated as [2] 
 
 

 10) 
 
 
For simplicity of computation Zs is approx to 0 for above 
two equations [2] 

             (11) 
 
For equation Zs is take as that of dipole Zs=50*2=100 
ohms(characteristic impedance) [5] 
 

VII. MATLAB COMMAND AND RESULTS 
 
 Using matlab program working gains are calculated 
for given values of (Theta and phi),using Fminunc 
command we computed reactance values that yielded 
minima of reciprocal of gain function thus giving the 
values of reactance that corresponds to maximum gain in 
given direction(specific values of theta and phi ). 
 
fminunc(@seven,[0 250 500 1000 500 250]) 
Here initial vector is set as 
X= [0 250 500 1000 500 250] 
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Results: the inductances that yield directivity in direction 
phi=0 theta=90 are 
 
Inductances = 1.0e-005 *[0.1005 0.0243 
-0.0001 -0.0004 -0.0002 0.0126] Henry 
 

VIII. PROTOTYPE MODEL 
 

 
Fig. 12. Model 

 
IX. CONCLUSIONS 

 
 We proposed, simulated and designed a prototype for 
an electronically steerable parasitic array radiator 
(ESPAR). 
 Antenna. Radius of this configuration is lambda/4 
working at the frequency of 2.45 GHZ. Beam steering 
was achieved by varying the reactances values computed 
using mathematical model antenna simulation results 
obtained complied with the mathematical model showing 
beam steering for different values of reactances. 
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