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Abstract: A new cognitive radio antenna system is presented and discussed in this study. The antenna system is composed of a
wideband antenna that is used for channel sensing and a communicating antenna that is used for dynamic transmission over
various frequencies. The communicating antenna is a software controlled reconfigurable antenna that can tune its frequency
response by changing the height and angular position of its ground plane. This antenna is composed of a rectangular patch
and three ground planes. Two ground planes are fixed while the third one moves and tilts based on the user’s demand. The
antenna’s moving ground plane is controlled by an Arduino board and two linear actuators. The wideband sensing antenna is
composed of a printed monopole patch that searches the spectrum for idle frequencies. A prototype of the complete antenna
system is fabricated and tested. Both experimental and simulated results show good agreement.

1 Introduction

In recent years, the static spectrum allocation has increased
the unbalance in the spectrum usage. Cognitive radio
appears to be a solution to this problem by dynamically
accessing the spectrum. The dynamic access is completed
after channel monitoring and identification of frequencies
that are idle, and not used at discrete instants of time. Once
these frequencies are identified; the cognitive radio
processor, also known as a cognitive engine [1], orders
communication over the discovered bands. Thus, a
cognitive radio communication scheme is based on two
main actions. The first action requires sensing the spectrum
and identifying any existing idle frequencies. The second
action requires a dynamic capability to communicate over
the identified idle frequencies.
The antenna requirements for a cognitive radio system are

based on a wideband antenna that senses the channel over a
wide bandwidth to identify idle bands. Cognitive radio also
requires a reconfigurable antenna that is able to tune its
operational frequency to dynamically cover the identified
frequencies [1].
There is a need to design a system composed of a

reconfigurable antenna and a wideband antenna. For the
reconfigurable antenna design, a variety of reconfiguration
techniques have been used in the literature. Such techniques
include the incorporation of radio frequency-micro
electromechanical system (RF-MEMS) [2, 3] or PIN diodes
[4–6] as RF switches to connect and disconnect between

different antenna parts and elements. Varactors [6, 7] are
also used to achieve switching with a variable capacitance
values based on the variation in the biasing DC voltage.
Although these electrical reconfiguration techniques have
been widely implemented and have attracted attention, they
have some undesired performance characteristics when they
are not designed carefully. Their impedance mismatch with
the antenna structure creates a challenge for antenna
designers and their reliability consideration needs to be
accounted for since their life span can be heavily shortened
by problems in harsh environments.
Mechanical reconfiguration techniques, although they

achieve slower tuning time for reconfigurable antenna
functions, they offer an alternative reconfiguration method
with good control over the antenna topology. For example,
a pattern reconfigurable square ring patch antenna based on
a movable parasitic plate within the ring patch is discussed
in [8]. The plate is actuated using a hemispherical dielectric
elastomer actuator. Small variations of the height of the
parasitic plate can significantly alter the antenna radiation
pattern while maintaining reasonable impedance matching.
The actuator is used in the antenna by placing it below the
parasitic conductor plate. Antenna tuning by varying the
antenna’s substrate height is also presented in [9, 10] where
different instances of substrate heights are discussed for
antenna tuning.
In this paper, we present a new cognitive radio antenna

system that consists of a wideband printed monopole
antenna as well as a new mechanically reconfigurable
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antenna. The reconfigurable antenna tunes its frequency based
on elevating and tilting its ground plane. The radiating patch
of the communicating antenna remains stable while the
position and angle variation of the ground plane is software
controlled.
The paper is divided as follows: in Section 2, we start by

presenting the reconfigurable antenna structure, then Section
3 focuses on the reconfigurable antenna’s operation. The
simulation and measurement results of the proposed
reconfigurable antenna structure are shown in Section
4. Section 5 presents the complete cognitive radio antenna
system with its sensing antenna component. Section 6
concludes the paper with final analysis of the proposed
antenna system.

2 Reconfigurable antenna system structure
and design

The proposed reconfigurable antenna is a microstrip line fed
patch. The rectangular patch has dimensions of 4.13 cm ×
4.85 cm as shown in Fig. 1. The microstrip line feeding the
patch has a length of 1.435 cm and a width of 0.12 cm.
Two asymmetric rectangular slots are etched on the patch.
The first slot (slot 1) has a width of 0.2 cm and a length of
2.4 cm. The second slot (slot 2) is rotated 90° from slot 1
with a width of 0.1 cm and a length of 1.88 cm. The
feeding line and the slots dimensions are optimised for a
better impedance matching. The slots positions improve the
antenna matching and allow a multi-band operation.
The antenna substrate is Rogers Duroid 5880 (RO 5880). It

has dimensions of 7 × 7 cm2, a height of 0.16 cm and a
dielectric constant εr = 2.2. The antenna’s ground plane is
composed of three sections: two fixed ground planes
(ground planes 1 and 2) and a moving ground plane as
shown in Fig. 2. The two fixed ground planes are
positioned as indicated in Fig. 2 and have the dimensions
of 7 cm × 0.5 cm for ground plane 1 and 7 cm × 1 cm for
ground plane 2. The moving ground plane is rectangular
with dimensions of 6 cm × 5 cm. The moving ground plane
is controlled by two actuators that allow its vertical
movement as well as its tilting position. The actuators used
in this work are the Miniature Linear Motion Series L12 by
Firgelli Technologies [11] with a positional accuracy up to
0.1 mm. The actuators have a width of 1 cm at the top and
a total height of 10 cm. The actuators are powered by four
1.5 V batteries to supply 6 V with a maximum of 400 mA

each. The reconfigurable antenna is designed to cover
various frequency bands between 2 and 6 GHz for different
ground plane positions and tilt angles.
The fabricated prototype is shown in Fig. 3. The different

components of the controlling circuit are enclosed in a foam
chassis. An Arduino microcontroller is programmed to
receive input from a parallax switch. The output of the
Arduino microcontroller feeds the LCD screen as well as
the two actuators. The actuators are pulse width modulated
with software control by an Arduino board. The software
controlling board used in this work is an Arduino Uno R3
[12] with a 5 V voltage supply from a USB port. The
antenna system is equipped with a parallax five-position
switch [13]. The switch is used to control and drive the
ground plane’s movement through the Arduino
microcontroller. The ‘five-position’ (PUSH, UP, DOWN,
RIGHT and LEFT) parallax switch drives the actuators and
thus tunes the antenna’s operation. The position of the
actuators is indicated on the LCD display [14].

Fig. 1 Dimensions of the antenna’s top layer

Fig. 2 Three different parts of the antenna’s ground plane

Fig. 3 Fabricated antenna prototype with the controlling circuit
enclosed in foam chassis
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A guide rail links the moving ground to the actuators as
shown in Fig. 3. This rail is made of nylon with a dielectric
constant of 3.2 and the hooks connecting the actuators to
the rail are made of delrin material with a dielectric
constant of 3.7. An ultra-dense foam chassis with a
dielectric constant of around 1 is chosen to constitute the
solid frame that encloses all these different system
components. The chassis that encloses the antenna system is
of 17 cm height with a 9.5 cm2 area. The chassis and the
rails are included in the simulation.

3 Reconfigurable antenna’s operation

The reconfiguration of the antenna’s operation is achieved by
moving the ground plane vertically or by tilting its position.
The vertical movement or tilt introduces an air gap with a
variable height. This changes the substrate’s effective
dielectric constant and transforms the antenna into a
suspended microstrip antenna with variable air gap. For the
case when the air gap has a zero height, the microstrip
antenna behaves as a conventional microstrip antenna [15].
This technique allows the antenna to have a dynamic access
to the spectrum and solves the problem of unbalanced
spectrum usage. Mechanically tuning the antenna’s
operating frequencies by changing the position of its ground
plane allows the antenna to cover idle bands on demand
with a robust user control. It also constitutes an alternative
solution to electrical reconfiguration methods that rely on
component integration on the antenna’s radiating patch.
The strengths of this reconfigurable antenna’s design reside in

the fact that the radiating patch is fixed and the reconfiguration
of the antenna’s operation is based on moving a part of the
ground plane, thus avoiding the use of any bias lines that can
interfere with the antenna’s radiation characteristics.
A major antenna capability is based on tuning the antenna’s

frequency operation over a wide range of bandwidth using
software control and with minimum undesired effects. This
technique allows the user to control the operational frequencies
on demand. A user can change the antenna’s frequency of
operation by simply changing the ground plane’s position. The
position of the ground plane controls the operational frequency
and allows the antenna to be tuned correspondingly.

3.1 Ground plane’s vertical movement

The vertical movement of the ground plane changes the
height of the air gap uniformly. As a result, the effective
dielectric constant of the combined substrate medium
changes since it is dependent on the height of the substrate
and the variable air gap. The corresponding structure of the
microstrip antenna with the variable dielectric thickness is
modelled in Fig. 4 where h1 is the thickness of the variable
air layer and h2 is the fixed thickness of the antenna
substrate. The antenna behaves now as a suspended
microstrip antenna with a variable air gap. The modelling
of suspended microstrip antennas is discussed in [15, 16].
The resulting dielectric constant of such structure is
summarised in (1) [15, 16]

1reff =
41re1rdyn

���
1re

√ + �����
1rdyn

√( )2 (1)

εreff is the effective relative permittivity of the dielectric
medium (Rogers Duroid 5880 + variable air gap) [15, 16].

εre is the equivalent permittivity of the two-layer dielectric
substrate medium that has a total thickness h = h1 + h2. εre
is expressed in (2) [16, 17]. εrdyn is the dynamic dielectric
constant discussed in [16–18]. It is expressed in (3) as a
function of the dynamic main and dynamic fringe
capacitances (C0dyn and Cedyn). These dynamic capacitances
are also function of the total height of the substrate (h = h1
+ h2) as discussed in [17, 18]

1re =
1r 1+ (h1/h2)
( )
1+ 1r(h1/h2)
( ) (2)

1rdyn =
Cdyn 1 = 101re

( )
Cdyn 1 = 10

( ) (3)

where

Cdyn = C0dyn + Cedyn = f (h) (4)

Equations (1) through (4) show that the effective dielectric
constant of the resulting dielectric substrate medium
(Rogers Duroid 5880 + air gap) is a function of the height
of the total substrate.
Thus varying the air gap thickness, results in varying the

effective dielectric constant. This results in tuning of the
antenna’s operation.

3.2 Ground plane’s tilting movement

The antenna topology with a tilted ground plane is shown in
Fig. 5. This figure shows the different parameters of the
antenna structure at a tilted ground position. Ws/Wp is the
width of the substrate/width of the patch; Ls/Lp is the length
of the substrate/length of the patch; and H is the height of
the tilted ground plane. This height varies from 0 to (h1/Ws)
W. In this case, the ground plane is not being dropped
uniformly and thus the effective dielectric constant
expressed in (1) does not reflect an accurate expression. The
volume that is between the ground plane and the substrate
can be divided into subsections with variable heights. An
integration of the effective dielectric constant expressed in
function of W, h and L needs to be completed to obtain an
accurate representation of the effective dielectric constant as
detailed in (5)

1rTotal =
∫Ls
0

∫Ws

0

∫ h1/ws( )W
0

1reff wp, h, Lp
( )

dHdWdL (5)

Fig. 4 Microstrip antenna topology with the ground moving
vertically
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where

wp = ws − 2Dw (6)

and

Lp = Ls − 2DL (7)

The effective dielectric constant varies as a function of the
air gap thickness in the case where the ground plane is tilted at
different angles. Thus changing the tilt angle, changes the
thickness h1 which in turn changes the total effective
dielectric constant as shown in (5). This change in the
dielectric constant reconfigures the antenna’s operation as
discussed in Section 4.

4 Reconfigurable antenna results and
applications

The antenna system is required to sweep several frequency
bands between 2 and 6 GHz and be able to switch between
these frequencies dynamically. The designed reconfigurable
antenna can tune its frequency of operation to target
coverage of applications such as satellite communications,
wireless aviation communications, ISM, TV auxiliary
broadcasting, private land mobile, earth exploration
satellites, radio navigation, WI-FI and WiMAX. The
reconfigurable antenna is then proposed for cognitive radio
applications because of its ability to widely and
dynamically reconfigure its frequency response.
The reflection coefficient of the reconfigurable antenna is

measured for different ground plane positions and the
results are compared with the simulated data. Good
agreement is noticed as shown in Figs. 6a and b for two
different ground plane positions (when the ground plane is
dropped by 1 mm and when it is dropped by 3 mm). The
frequency reconfiguration is shown in Fig. 7 for five
different ground plane elevation positions and tilt angles.
The five different ground plane positions correspond to:

– Position 1: h1 = 0 mm with a tilt angle of 0°.
– Position 2: h1 =−1.5 mm with a tilt angle of 0°.

– Position 3: h1 =−2 mm with a tilt angle of 0°.
– Position 4: h1 =−0.4 mm with a tilt angle of 0.25°.
– Position 5: h1 = 0 mm with a tilt angle of 5°.

The frequency response shown in Fig. 7 does not exhibit
continuous tuning since the changes in the ground plane
positions explored in this figure are not continuous. One
notices that not all frequency bands have the same
bandwidth. This is because of the fact that the
reconfiguration is achieved based on either changing the
height vertically or titling the ground plane as explained
previously. The different positions and orientations of the
ground plane affect the antenna’s various operational bands

Fig. 7 Tuning of the antenna frequency response for various
ground position and tilt angles

Fig. 5 Microstrip antenna topology with the tilted ground plane

Fig. 6 Comparison between the measured and simulated reflection
coefficient

a Ground plane is dropped by 1 mm
b Ground plane is dropped by 3 mm
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as well as their bandwidths. The cognitive engine [1] or ‘a
user’ identifies the required frequency of operation and
drives the antenna’s ground plane using the five-position
switch to a predetermined position that will achieve the
desired frequency of operation. Thus, operating frequencies
are identified, selected and tuned to dynamically cater for
the evolving wireless spectrum occupancy. This dynamic
control over communicating frequencies allows a much
more efficient usage of wireless channels.
The radiation pattern measurements compared with the

simulated results are shown in Fig. 8 for three different
frequencies of operation as well as three different ground
plane positions:

(a) f = 2.4 GHz at h1 = 0 mm and tilt = 0°.
(b) f = 4.2 GHz at h1 = 0 mm and tilt = 5°.
(c) f = 2.75 GHz at h1 =−3 mm and tilt = 0°.

The back lobe shown in the radiation patterns of Fig. 8 is
expected and predicted since part of the ground plane is
moving and tilting in various directions. A minor back lobe
radiation is obtained in Fig. 8a. This is expected since at 0
mm, with no tilt, the ground plane is covering most of the
antenna’s bottom layer. The back lobe is more significant
when the ground is tilted as shown in Fig. 8b.

5 Complete antenna system for cognitive
radio

A cognitive radio system relies on sensing and communicating
as its two major functions. The sensing part of the system is
achieved by a wideband antenna that monitors the channel
constantly between 2 and 6 GHz. The communicating part of
the system is the reconfigurable antenna that is discussed in
the previous sections. The proposed complete cognitive radio
antenna system is shown in Fig. 9.
The sensing antenna is a printed monopole antenna that has

a partial ground plane with a size of 4.7 cm × 0.75 cm. It is

fed via a stripline that has an opening width of 0.4 cm. The
printed monopole antenna with its partial ground achieves a
wideband operation between 2 and 6 GHz which makes it
beneficial for spectrum sensing in the desired coverage of
this antenna system. The trapezoidal feeding section, the
patch shape and the partial ground plane are the main
reasons for the wideband operation of this antenna.
The sensing antenna is positioned out of the plane of the
reconfigurable antenna at a height of 4 cm below the
surface of the communicating patch. A slit is cut into
the hardened foam wall that is supporting the whole
antenna system and the sensing antenna is optimally
positioned inside the slit. The position of the sensing
antenna is optimised for better isolation from the
communicating antenna. The isolation between the
communicating and sensing antennas remains constant for
any position of the ground plane. The reflection coefficient
of the sensing antenna is shown in Fig. 10 where good
agreement is observed between the simulated and measured
results. The radiation pattern for the sensing antenna is

Fig. 8 Comparison between measured and simulated total
radiation pattern (ETotal) in the x–z plane for three different
frequencies and ground plane positions

a f = 2.4 GHz, elevation = 0 mm, tilt angle = 0°
b f = 4.2 GHz, elevation = 0 mm, tilt angle = 5°
c f = 2.75 GHz, elevation =−3 mm, tilt angle = 0°

Fig. 9 Complete antenna system fabricated

Fig. 10 Comparison between the measured and simulated
reflection coefficient for the sensing antenna
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shown in Fig. 11 at f = 4.2 GHz for the X–Z and Y–Z plane
cuts. An omni-directional behaviour is noticed in the X–Z
plane. The coupling between the communicating and
sensing antenna is shown in Fig. 12 where good isolation
between the two elements is demonstrated.

6 Conclusion

A new mechanically reconfigurable antenna design is
presented in this paper as a part of a complete cognitive
radio antenna system. The cognitive radio antenna system is
composed of two antenna component: a sensing antenna
and a reconfigurable antenna with three ground plane
sections. Two of the partial ground planes are stationary
while the third one (middle section) changes its elevation
and tilt angle. The entire system is automated through two
actuators that are software controlled through an Arduino
microcontroller. A push button drives the system based on

orders from the user to change the position of the ground
plane and thus tune the antenna’s operating frequency.
Every step of the process is displayed on an LCD screen
enclosed in the package machined out of hardened foam.
The sensing and communicating antennas are positioned in
such a way to maximise their isolation. The antenna system
proposed constitutes a great candidate for software
controlled cognitive radio. The system is portable, user
friendly and can be controlled on demand by a simple
switch configuration. This antenna system adds a new
dimension to the reconfigurable software controlled antenna
systems that are proposed for wireless communication
applications such as cognitive radio. It covers most
commercially utilised frequency bands and presents a new
reliable venue for mechanically reconfigurable antennas.
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