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Abstract— The dipole antenna is one of the most
important and frequently used radio frequency
(RF) antennas. It is used on its own and integrated
into many other RF antenna designs, where it
serves as the driving element for the antenna. To
save cost and ensure a wider reach for wireless
communication users, wireless communication
operators and users put their antennas in the
same location in the base station mast or
buildings, known as collocation and can also be
put in an array system. The major problem with
the collocation of antennas is that the antennas
interact with one another by receiving signals
from one another, known as mutual coupling. This
reduces the overall performance of the antennas
by lowering the gain, altering the radiation
patterns and the antenna impedance when they
are not properly placed from one another. This
paper present review of different mutual coupling
reduction techniques with past works of several
researchers and concludes with the most efficient
method to reduce mutual coupling in an antenna
array or collocated system.
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l. INTRODUCTION

An antenna is an electromagnetic device that is used
to transmit and receive radio signals. Antennas
consist of a conductor designed to work on a radio
frequency of different shapes and sizes. An example
of such an antenna is a dipole antenna [1].

A dipole antenna (likewise recognized as a doublet or
dipole aerial) is a straight electrical conductor
measuring half wavelength from end to end and
coupled at the center to a radio frequency (RF) feed
line. The dipole is any one of the varieties of antennas
that produce a radiation pattern approximating an
elementary electric dipole. Dipole antennas are the
simplest and most widely used type of antennas. The
finite length dipole antenna includes a half-wave

dipole antenna, a full-wave dipole antenna, folded
dipole antenna. The half-wave dipole antenna is used
to operate at the frequency range of 3kHz to 300GHz
and is used to feed or drive bigger antennas which are
convenient for GSM, television cable system, satellite
communication which is the most commonly used
standard for wireless telecommunication [2].

The wireless access of information and
telecommunication services has changed the
operational dynamics of individuals and industries
across the board. An increase in the users of
smartphones, increased mobile communication
services, increased number of cable television users,
limited spectrum resources, and increased radio
frequency service providers have led to frequency
reuse in cellular network architecture [3]. To improve
the quality of service in the network, this has led to a
diverse range of challenges in the network
architecture. One of such challenge is the placement
of several radio frequency transceiver antennas at
close proximity to one another (either on the same
building or on the same network mast/tower); the
concept is known as collocation.

Collocation is a wireless communication facility owned
and operated by a communication service provider
located on the same tower, building, accessory
structure, or property as another telecommunication
facility owned or operated by a different
communication service provider. It is also a situation
where two or more RF users share the same
infrastructure in a particular site. The shared
infrastructure could range from the site, tower, shelter,
generator, and even the air conditioning system. New
operators can lease antenna space on the tower,
install their shelters within the site of an existing
operator, and share the cost of running and securing
the site [4] [5].

Sharing a common site has its economic advantages.
Multiple service providers can consolidate to reduce
maintenance costs, rental, logistics, and other
recurrent expenditures. This allows mobile stations to
have reduced filtering and dynamic range
specifications [6]. In addition, it minimizes the stealing
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of antenna equipment and increases the level of
interference due to signals from surrounding antennas
[5]1 [7] [8]- When multiple antennas are placed within a
limited space, interference is bound to occur.
Interference in modern communication networks is
undesirable, limiting the benefits desirable from this
communication [3].

Interference is when two or more waves superpose to
form a resultant wave greater, lower, or the same in
amplitude. It modifies or disrupts a signal as it travels
along a channel between the source and the receiver,
i.e., it is the addition of unwanted and wanted signals.
Interference has been found to be high when two or
more antennas are in close proximity due to
interaction in signals between the antennas. This
effect is known as mutual coupling.

Mutual coupling is the electromagnetic interaction
between the antenna elements in an array. The
current developed in each antenna element of an
array depends on their excitation and the contribution
from adjacent antenna elements. Mutual coupling
between antenna elements is well known as an
undesired effect, which degrades the performance of
array signal-processing algorithms [9]. Various
methods have been used to reduce or isolate mutual
coupling and some would be discussed in this paper.
This paper aims to review the different techniques for
reducing mutual coupling in a collocated antenna or
array system.

1. DIPOLE ANTENNA

The dipole antenna consists of two straight electric
wires separated by a small gap at the center, and the
power is fed at the center gap. The electric cables
should be electrically thin, i.e., the linear dimensions
of its cross-section are much smaller than the wire
length. It is an omnidirectional antenna, and its
polarization is determined by the orientation of the
wires, which can be horizontal, vertical, or at the slant
[10].

Dipole antennas are widely used due to their simple
characteristics and ease of implementation in an array
configuration. Dipole antennas vary in shape and
sizes, including short dipole antennas, half-
wavelength dipole antennas, monopole antennas, V-
shaped antennas, folded dipole antenna Yagi-Uda
antenna, whip antenna, etc. An example of a simple
dipole antenna application is given in Figure 1 [12].

Figure 1: A Dipole Antenna [11]

Il APPLICATION OF DIPOLE ANTENNAS
Dipole antennas have been found to have various
uses. Depending on its construction, it is either a
directional or an omnidirectional antenna with a high
frequency of 3kHz to 300GHz with high gain uses
[15]. Dipole antennas have different applications
across the world of wireless communication. It can be
used as a radio receiver, a television receiver, and a
radio frequency transmitter for mobile communication.
When used with various antennas, it has a wide
variety of applications [16]. The dipole antenna can be
further constructed as a half-wave dipole antenna with
various applications, which can also be constructed as
a half-wave folded dipole antenna that can be used
where optimum power transfer is needed and where
large impedances are needed. The folded dipole
antenna is used as the main element in the
construction of the Yagi-Uda antenna [16] [17] for
Television cable services. The application of the
folded dipole is enormous as it is used as major radio
receivers, parabolic antennas in base stations as
GSM transmitting antennas, turnstile antenna that can
be used as spacecraft antenna, log periodic antenna,
phased and reflector array.

V. DIPOLE ANTENNA ANALYSIS

The geometry arrangement and current distribution of
a small dipole antenna are shown in Figure 2a and 2b,
respectively [14].

P(r.8.¢)

X

Figure 2a: A Dipole Geometry [14]
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Figure 2b: Current Distribution [14]

The vector potential A for a dipole antenna can be
written as [14];

- ~ 0 2,
A, = ﬁ[azf_?uo (1+22)

o—JkR

e—JkR L

dz' + @, [21, (1 -
2 !
%)
1)

Where I, is a constant

Because the overall length of the dipole is very small,
the values of R for different values of z along the wire
length are not much different from r. Thus, R can be
approximated by R= r throughout the integration path.
Performing the integration, equation (1) reduces to
[14] [12]:

dz’'

- = 1 [ulgle=Jkr
A=a,d, = a3 [ ]
2)

The field component of the dipole antenna can be
determined using the vector potential A. The magnetic
field is determined using
A= VxA= —a,10

u op
3
Using the cylindrical coordinates to analyze equation

(3), the magnetic field intensity of the dipole antenna
i§ given_as [14]:

H = &(DH@ =
—dy 4:‘1’] ; [e7/kR1 4 e~JkRz — 2 cos (%) eIk
(4)
Where
r=x2+y2+z2= \[p?+2z2
(5a)
Ri= @4yt G-br= o2+
(5b) R, =
sz +y2+ (z 4% = \[pz +(z+7)? (5¢)

The corresponding electric field is found by using
Maxwell’s equation:

E=—VxH
jwe
(6)

Where the component of the electric field radiated by
the dipole are [14]:

- _ AT A = ~ 1 aHQ) ,\ 1 10
E = apEp + aZEZ = ap o oz E;g(p ¢,) (7)
F o= F, =j2o[(, Lyt (z+) e SRz _
EP_EY_JA}ny( 2) Ry +Z+2 Ry
k1) e JkT
2zcos (—) ]
2 r
®) kR kR jk
— __'ﬂ e JKR1 e ) 2_ (kl) e/ 7’]
E, = o R + & 2zcos - 9)

Equation vanishes when the overall length of the
element is an integral number of odd half-wavelength

ni Xl -
(l=7,n=135,..), because cos (;) = cos (T) =
0forn=135,..

Using a finite length dipole antenna (ideally zero
diameter), with the antenna center-fed, the current

vanishes at the endpoints (z = i%) . The current
distribution along the wire is given by [14]:

1, = 2maj, = I, sin [k (é - IZ’I)]
(10)

V. COLLOCATION

Wireless communication is made of a set of networks
that  transports the data necessary  for
telecommunication services. Each network requires
building, operating, and maintaining an infrastructure
made up of a combination of different types of assets.
These assets include passive infrastructure assets,
such as but not limited to masts, shelters, air
conditioning equipment, active infrastructure assets,
such as antennas, transceivers, microwave radio
equipment, switches, and intangible assets like
spectrum licenses [18] [19].

Collocation, otherwise known as infrastructure sharing
in wireless communication, refers to the joint use of
the assets necessary to provide wireless
communication  services to reduce network
infrastructure building operation and maintenance.
Sharing can be done at any of the wireless
communication networks [18]. It is useful to build
coverage quickly while saving cost, mainly when
covering a substantial number of areas in a telecom
start-up phase. Sharing of infrastructure can help in
achieving this goal.

Due to the close proximity of antennas with other
antennas in a collocated site, they are bound to
receive unwanted signals from another antenna that
are close by, causing degradation in the performance
of the antennas. This phenomenon can be referred to
as interference.
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VL. INTERFERENCE

The term interference occurs when two waves leaving
a source travel by different paths arrive at a point.
This occurs in micro wave space propagation as this
is one of the optical properties of radio wave
propagation [20]. The optical effects such as
diffraction, reflection, and interference can alter the
ray wave front propagation from the normal space
wave behavior in the earth’s atmosphere [21].

Radio frequency interference is the reception of
unwanted signal(s), which causes a detrimental effect
on the reception of the desired signal. Technically, it
can be defined as an electromagnetic disturbance due
to the super-imposition of an unwanted signal on a
wanted signal, producing a resultant signal having
both wanted and unwanted signal [21]. Interference
limits the overall performance of all communication
systems by restricting the operation range, generation
of error messages, and in dire cases, it prevents
receivers from receiving desired signals.

A. TYPES OF INTERFERENCE
There are different types of interference in wireless
communication systems. The common ones are;
i. Self-interference
i. Multiple access interference
iii. Co-channel interference
iv.  Adjacent channel interference

Self-Interference is induced by signals that are
transmitted on a shared transmitter.

Multiple  Access Interference is induced by
transmission from multiple radios using the same
frequency resource.

Co-channel Interference occurs when more than one
user is using the same radio frequency at a time.
Adjacent Channel Interference occurs when a strong
signal from a neighboring antenna affects the signal
from other antennas.

B. INTERFERENCE MITIGATION

There are various types of interference mitigation
techniques that are being used today. They would be
discussed.

1) INTERMODULATION SOLUTION

The amplitude modulation of signals containing two or
more frequencies in a signal with non-linearities is
called intermodulation. Intermodulation between the
frequencies brings about additional signals at
frequencies that are not in harmonic frequencies with
one another but also at the same sum and or
difference frequencies of the original frequencies and
their multiples [22].

The types of intermodulation in collocated base
stations are; forward and reverse intermodulation
(RIM). The forward intermodulation (FIM) components
are produced in the victim’s receiver and are of great
concern when they affect the required signal. A
knowledge-based filtering solution was proffered in
[23] to eliminate the forward intermodulation
components. This approach relies on the knowledge

of collocated transceiver specifications antenna
pattern. [24] proffered another approach that locates
the jamming signal by scanning the spectrum with fast
fourier transform (FFT), after which it would be
removed with a tunable notch filter [25].

The reverse intermodulation (RIM) components are
produced when high-powered transmission from a
jammer radiates its signal into the antenna system of
another jammer. The adaptive solution for reverse
intermodulation is classified into transmitter-end
solutions and interference cancellation using
regenerated distortions. The transmitter-end solution
involves placing multiple isolators at the power
amplifier output [26].

2) FREQUENCY PLANNING TECHNIQUE
Frequency (channel) allocation in  wireless
communication is paramount in the world of
telecommunication. With the increase of users using
wireless technology, the frequency spectrum has
remained fixed. This has given rise to frequency
allocation problems, which are modeled as a multi-
objective, multi-constraint optimization problem given
several base stations with limited available channels
[27]. It is then required to find an optimal frequency
plan that can satisfy the demand for channels of
wireless communication users and the interference
constraint.

3) GENETIC ALGORITHMS

Evolutionary computation is an approach that models
biological evolutionary principles to solve complex
mathematical optimization problems. Evolutionary

computation can be divided into; genetic
programming, genetic algorithm, evolutional
strategies, and computation. Evolutionary

computations use biological, genetic concepts; hence,
the terminologies used are mutation, crossover,
patent, etc. are used quantitatively to define the
processes involved in applying the evolutionary
computation to optimization problems [28].

Genetic algorithm has been applied to channel
assignment problems. The problem formulation is
often viewed as, given an n number of radio cells and
several available channels, it is required to find an
optimal channel assignment that minimizes the
interference constraints and maximizes the resources
and spectrum available. In this genetic algorithm,
several feasible solutions are first randomly generated
and are called parent at the initial stage; offspring are
then generated using crossover or mutation
approaches on the parent [29]. Cross-over operators
perform the cross between parents to exchange
information to produce better offspring, while mutation
operators combine random mutagens with each
parent to form a new generation. This process is
repeated iteratively until an optimal solution is found.
VII. ANTENNA COUPLING

Antenna to antenna mutual coupling can be described
as the energy absorbed by one antenna’s receiver
when another antenna nearby is operating. This
means that mutual coupling is undesirable because
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another antenna absorbs energy that should be
radiated away. Also, a signal that could have been
captured by one antenna would be absorbed by
another nearby antenna. Mutual coupling can be
described to reduce the antenna efficiency and the
overall performance of antennas in both the
transmitting and receiving modes. Figure 3 gives the
graphical analysis of the antenna’s mutual coupling.
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Figure 3 Mutual coupling of antenna arrays (a)
Transmitting antenna array (b) Receiving antenna
array

Antenna 1

Figures 3a and 3b occur when antenna 1 is excited,
generating an electromagnetic wave, a part of energy
2 as seen in the diagram is directly radiated into free
space. Another part of energy 3 is coupled into the
adjacent antenna 2. After antenna 2 receives energy
3, it generates a current and radiates a part of energy
4 into space. The energy 3 from antenna 1 can be
seen as energy 5, which enters the signal source and
is superimposed with the energy generated by
antenna 2. This causes a mismatch in the antenna,
thereby deteriorating the antenna’s performance.

The mathematical analysis can be carried out by
analyzing the antenna elements.

VIIIL. MUTUAL COUPLING BETWEEN ANTENNA
ELEMENTS

The amount of mutual coupling between array
elements depends on the relation characteristics of
each antenna, the relative separation between the
pair of antennas, and the relative orientation of each
antenna. Conventionally, the mutual impedance is
used to measure the mutual coupling effect.

When an antenna is in the presence of an obstacle or
other element, its current distribution and the radiation
field are altered. Because of this observation, the
input impedance of the antenna varies. The
interaction between elements is called driving-point
impedance and is the combination of the self-
impedance and the mutual impedance between the

Antenna 2

driven element and other obstacles or elements. The
driving-point impedance depends upon the antenna
type, the relative placement of the elements, and the
type of feed used to excite the elements. Mutual
coupling can be analyzed using either the traditional
(conventional) mutual impedance method or the
receiving mutual impedance method [14] [30].

IX. REVIEW OF DECOUPLING TECHNIQUES
Many decoupling techniques have been proposed to
tackle mutual coupling in antenna arrays. Each
method is based on a different principle and for
various applications.

A. Open-Circuit Voltage Method

This method being discussed in [31] [32] [33] is one of
the earliest methods used to analyze the effect of
mutual coupling in antenna arrays. It was proposed
by. In this method, the mutual coupling between two
antennas was characterized by a mutual impedance
whose parameters was taken from that used originally
in circuit analysis, i.e., using the Z parameters in the
network analysis. It treats the antenna array as an N-
port network relating to the antenna terminal voltages
Vi =123..,N) to the open circuit voltages V,;
through an impedance matrix that is represented as

Z11  Z12 ZiN

I+70 = ZL 4] Voc1
Z21 Z22 Z2N Vv V.
Z.  Zp ZL 2 0c2
ZN1  ZN2 1 +ZNN VN VOCN

Z], Z], Z],
11)

Where Z;;(i,j =1,2,3..,N) represents the mutual
impedances between the antennas array elements,
while Z, represents the self-impedance of the
antennas. The mutual impedance or self-impedance
of the antenna is given as:

_ Voci _ _ 1 ! . .
ij — 1]'(0) - Ii(O)Ij(O) fo E‘](r)-ll(r)dl

(12)

Where [;(0) is the value of the current distribution [;(r)
of the ith number antenna at the feed point. I;(0) is the
value of the current distribution I;(r) of the jth number
antenna at the feed point. E;(r) is the electric field
radiation at the surface of the ith number antenna,
which is being generated by the current distribution at
the jth terminal. L is the length of the ith antenna.
Equation 12 can be calculated by using the EMF
method or the moment method. The EMF method is
found by first getting the mutual impedance.

1) MUTUAL IMPEDANCE

The conventional mutual impedance of two antennas
is evaluated by employing two-port (four terminal)
networks [30]. Assuming the antenna system consist
of two elements with one antenna in transmitting
mode connected to a source and another is in
receiving mode and open-circuited in Figure 4 and
Figure 5, we can write;
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Figure 4: A Two-Port Network [14]
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Figure 5: T-Network Equivalent [14]

For the two-port network in Figure 4, the current-
voltage relationship [34]:

Vi =215 + 7430,

(13a)

Vo = Zy1lh + 2,1,

(13b)

Where Z,, is the input impedance at port 1 with port 2
open-circuited;

|41
Zi1=—|5.=
1= l,=0

(14)

Where Z,, is the mutual impedance at port 1 due to
current at port 2 (with port 1 open-circuited);

V;
Zip = i |11:o
(15)
Where Z,, is the mutual impedance at port 2 due to
current at port 1 (with port 1 open-circuited);
V.
Zy = f |12=o
(16)
Where Z,, is the input impedance at port 2 with port 1
open-circuited;
V:
Zyp = i |11=0

(17)

Equations (15) and (16) mean that the impedance Z,,
and Z,, are the self impedances of antennas 1 and 2
respectively when in an isolated environment.
Equations (15) and (16) are the mutual impedances
Z,, and Z,,, which are reciprocal for conventional
mutual impedance method thatis Z,, = Z,; .

The conventional mutual impedance assumes that the
same model is applicable in transmitting and receiving
models. However, [34] introduced the new concept of
mutual impedance, known as receiving mutual
impedance, which is superior to the conventional
mutual impedance.

The following points are the fundamental difference
between the receiving and the conventional mutual
impedance [34].

. The receiving mutual is defined on a three-
port system. It requires an external source to
excite the two antennas, and hence one can
consider the external source as the third port
while the conventional mutual impedance is
defined based on a two-port network system.

2. The receiving mutual impedance makes a
reference to the external source where the
conventional does not.

The consequence of these differences between the
two methods is that the conventional mutual
impedance satisfies the reciprocity theorem. Z,, = Z,,
Whereas the receiving mutual impedance does not,
that is, Z;, # Z,,

2) THE INDUCED EMF METHOD

It is a classical method of computing the self and
mutual impedances of an N-port network
representation of an antenna array. The induced EMF
method is used to calculate the mutual impedance for
straight, parallel-in-echelon elements. It does not
account for the radius of the antennas and the gaps at
the feed [35].

d 1

Figure 6: Dipole Positioning for Mutual Coupling for
Induced EMF Method [14]
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Using the figure 6 above, the mutual impedance Z,,
(i.e. induced open circuit voltage in antenna 2,
referred to its current at the input terminal, due to
radiation from antenna 1) is given as [14]:

2

V; 1 >
o [ B ()27’

21 2

Zy = f =
(18)
When
E,,,(z") = Electric field radiated by antenna 1, which is
parallel to antenna 2

L,(z") = Current distribution along antenna 2

Using the induced EMF method, the mutual
impedance is based on the equation above, except
that I,(z") is assumed to be the ideal current
distribution of equation (10) while E,,;(z') is the
electric field of equation (9). This equation (18) can be
expressed as;
I2
Zyy =2 =2 (% sin [k (2-12])] [
2

Iy amlyilyi

e~ JkR1

Ry

e—JkR2 1\ e~Jkr ,

— 2 cos (k ;) T]dz
(19)
Where
r=x2+y2+z2= [p?+ 22
(20a)

Ri= @4yt G-br= 2+ G-
(20b)
R, =\/x2 +y2+ (z+)? = \/pz +(z+3)?
(20c)

With 'y = d, and I =1L, Lpand Iy, 1,; are the
maximum and input currents for antenna 1 and 2,
respectively. By referring to each of the maximum
currents to those at the input and assuming free-
space, equation (13) can is written as

, 30 2 L , e~ JkR1
Z21 =]Wf%sm[k(;z—lz I)][ R +

e—JkR2

— 2 cos (k l;l) e_rﬂ]dz’

Ry

(21)

The mutual impedance referred to as the maximum is
related to that at the mutual impedance referred to the
input of equation (20) by
221m = Zle Sln (kzi) Sln (%)
(22)
For identical elements (l; =1, =1), the equation
reduces to

kl

Zom = Zyyisin? (%) (23)
The real and the imaginary parts of the mutual

impedance are expressible as

.o (ki
Rym = Ryq;5in® (;)

(24)

.o (Kl
Xom = Xpq; sin® (;)
(25)

B. S-Parameter Method

In [36] - [38] the s-parameter method, the receiving or
transmitting antenna array was modeled as an N-port
network. Then the mutual coupling between the
antenna array elements was modeled using scattering
parameters. When the s-parameters are determined,
the decoupled signals are calculated from the coupled
terminals signals. Though, in using this method, only
the transmitting antenna array is modeled correctly
with regard to handling the mutual coupling effect. For
the receiving antenna array, due to the definition of s-
parameters requiring that the antenna elements be
driven by an active source that is connected at the
terminals of one of the antennas in the array system,
it, therefore, fails to correctly model the array of the
antenna elements that are driven by an external
source, which is outside of the array.

C. Full-Wave Method

The full-wave method in [39] [40] [41] is used to solve
the entire boundary value difficultly of the EMF for the
whole antenna array by using the moment method. It
uses the parameters that are known, such as the
terminal voltages with currents that come with mutual
coupling, to calculate the incident of the array that is
coupling free. But, only the terminal voltages or
currents are known and not the entire current or
voltage allocations on the antenna elements. This
results in an undetermined system of equations. For
the undetermined system to be solved, some
approximations have to be made. For example, the
current distribution would be assumed, which is a
known coming path of the incident field, or by just
solving the undetermined system straight by using a
compromised method. The performance of this
method depends on the approximations made, which
can sometimes not be realistic, allowing its scope of
application to be limited. Suppose the incident field is
assumed to completely know. In that case, the full-
wave method can be used as an accurate analysis
tool in investigating the effect of mutual coupling in
antenna arrays.

D. Decoupling by Antenna Design

Mutual coupling in antenna arrays can be minimized
or reduced if there is a proper design of the antenna
elements and/or the configuration of the antenna [42]
[43]. As seen in a two-element planar Yagi-Uda
antenna array shows a lower mutual coupling (< -
22dB) when the antennas were aligned in a collinear
form rather than the parallel form. That is, when the
Yagi-Uda elements are in the collinear configuration,
they are almost in the null radiation of the near field
pattern of the close element, which results in low-level
mutual coupling. In, the antenna array was designed
to reduce the parasitic current on the antenna
elements by changing the load impedances for the
parasitic radiation field caused by the adjacent
elements to be reduced. This results in the active
element patterns of the antenna elements comparable
to a single element pattern, which means the mutual
coupling is reduced substantially.
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E. THE RECEIVING MUTUAL IMPEDANCE
The two dipole antennas are configured as a linear
array with their axes along the z-axis, as shown
below. The two antennas are completely identical in
all respect with length | and wire radius a. They are
separated along the x-axis by a distance d. An
external field coming from a direction ¢ azimuth plane
excites the antennas. Both dipoles are connected to
an external load Z; as shown in Figure 7 below [34].

antenna 1 antenna 2

¥ signal direction

2

Figure 7: The Two Dipole Antennas and the External
Excitation Source [14]

In receiving mutual impedance approach, the mutual
impedance Z,, is defined as the ratio of the induced
voltage V; across the terminal load of the antenna 1 to
the current [, on the terminal load of antenna 2 when

the array is excited by the external field:
V;

Zip = ,_1
2

(26)

Which, V; on antenna 1 is that part of the induced
voltage is solely due to the exciting current on
antenna 2 and not due to the external source.

Z,, is defined similarly as Z,, but the position of
antennas 1 and 2 are interchanged

_"
Zy =+

Iy
(27)
To find the receiving mutual impedance using

theoretical method, the values of V; and I, in equation
(13) can be calculated in the following manner [9].

First, the two dipoles are excited by the external
source, and the terminal voltages and currents on the
two dipoles are calculated and denoted as V/, V;, I;
and I,. Second, the terminal voltages on two isolated
dipoles are calculated by removing one of the dipoles
from the array when the terminal voltage, on the other
hand, is being calculated. For example, the isolated
terminal voltages are calculated to be V{'and V;’. Then
according to the superposition principle, the terminal
voltage on antenna 1.

Vi=v -V
(28)

Z4, can be obtained by substituting equation (15) into
equation (16) as;

vi-v’
Iz

Zip =

(29)
And Z,, as;

F. Slots/Slits-Etching Approach

In this method, the ground has been detected by
etching slots/slits in the ground plane. This approach
is used to disturb the flow of the surface current
distributions as it diverts the conducting paths that the
current flows. Different works of literature have
successfully carried out this approach, and some of
them will be discussed.

The common slot etched in the radiator of an antenna
helps minimize mutual coupling [44] - [46]. Along the
line of neutralization, four slits were etched to the
ground (Yang et al., 2016) to reduce the mutual
coupling between the antenna elements of a
multiband multiple input multiple output (MIMO)
antenna used for GSM and long term evolution (LTE)
applications. Different slot representations have been
used over time in other research that would be
discussed extensively in the slot/slit-etching approach.
This approach for reducing mutual coupling in
antennas has not been very effective as it isolates
only a small amount of the nearby signal from the
neighboring antenna(s). Unwanted signals can still be
received or transmitted with this method.

In [44], miniaturization was achieved by using different
combinations of techniques, which includes a
resonant stub connected to the ground, which shorts
the excessive coupled energy before it reaches the
other port and reduces coupling, slots that are etched
in the radiator also helps to reduce mutual coupling.

In [45], an etched rectangular slot is introduced in the
circular radiator to enhance the isolation between the
two ports of an Ultra-wideband antenna, which results
in a low mutual coupling between the ports of the
antennas. The antenna orientation was not
considered for this.

In [46], a U-shaped. I-shaped and S-shaped paired
slot is etched to the ground between the two-port to
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enhance the antennas' isolation. The stub from the
ground has an effect on both the bandwidth and the
mutual coupling between the antennas. The
bandwidth of the antennas was altered in this process,
thereby not making it a very good method. This
method does not work for multiband systems.

In [47], four 30mm long slits and two 2x12 mm?
rectangles are cut from the ground plane's backside to
reduce mutual coupling between antennas and also
slightly improve the impedance matching. The gain
with this method did not improve.

In [48], two planar inverted-F antennas are
experimented upon, with a proper slot being
introduced on the antenna plate to achieve a dual-
band operation. Two slots were also used between
the antennas to enhance the isolation between the
antennas to reduce the mutual interaction between
them. There was no actual reduction in the mutual
interactions between these antennas, and it works
only on one frequency.

In [49], a dual-band two-element multiple input and
multiple outputs for wireless area network were
worked on. A wide slot and a pair of narrow slots were
used between the ports of the antennas to analyze
and reduce the mutual coupling. The wide slot was to
change the surface current distribution and also
extend the path between ports 1 and 2 at the different
antennas. The mutual coupling was reduced at
2.5GHz but was not reduced at other frequencies.

In [50], two different antennas were worked on for
ultra wideband application. The antennas consisted of
two monopole-antenna elements, a T-shaped ground
stub, a vertical slot cut on the T-shaped ground stub
to reduce mutual coupling. There was not much
reduction in the mutual coupling between the input
ports as there was an increase without the ground
slot.

In [51] and [52], monopoles antennas were 90°
angularly parted with  stepped semi-circular
decoupling strips on the radiator and six slits which
aids to diminish mutual coupling and also adds in the
direction of impedance matching for wireless
application. The different antenna configurations were
not considered, which gives room for non-accurate
results using another configuration.

In [53], a simple method was proposed to reduce
mutual coupling between two closely spaced
antennas using a miniaturized open-end T-shaped
slot. The method relies on the bandstop effect of the
slot, which suppresses the induced common ground
and near field currents.

In [54], a T-shaped rectangular slot of 7.5mm x 2mm
was etched to the ground. The rectangular slot diverts
the direction of the surface currents and increases the
distance between ports, which improves the isolation
of the surface current to reduce the mutual coupling.
This method cuts off part of the signal being sent from
the antenna, making it ineffective.

In [55] tried reducing mutual coupling in extremely
closed placed dual-element microstrip antennas
positioned on a finite-sized ground plane for wide local
area network (WLAN) application using a high

isolation slot structure on the ground between the
microstrip antenna. This proposed method was used
to reduce mutual coupling through a half-wavelength
slot antenna formed by the slot cut on the ground
plane.

In [56], antennas consist of two L-shaped slot antenna
elements and a narrow slot on the ground plane. The
antenna elements were placed perpendicularly to
each other to obtain high isolation, and a narrow slot
is added to reduce further mutual coupling of the
antenna elements in the low frequency band.

In [57], a T-shaped slot impedance transformer was
applied to reduce mutual coupling. For specific sizes
of the ground plane, the formed T-shaped slot can be
excited to reduce mutual coupling. The T-shaped
must always be dimensionally accurate for the
different ground planes.

In [58], two antennas were collinearly placed with an
edge-to-edge spacing of 0.09A with two symmetric
stepped open L-shaped slots etched in the ground
plane to reduce mutual coupling. The slots obstruct
the current flowing through the common ground plane
between the two radiators.

In [59], six pairs of slits were etched into the middle of
the ground plane to reduce mutual coupling of the
upper band frequency between a C-shaped slot
antenna with a T-shaped antenna. This does not work
for the lower band frequencies.

In [60], an E-shaped slot was inserted in the radiating
patch to increase the current isolation and thereby
reducing the mutual coupling between the antenna
elements at a low frequency band. To further reduce
the mutual coupling, a narrow slot was inserted into
the ground plane.

In [61], n-section rectangular slits were placed in
between the antennas to be investigated to isolate
surface current, and that in turn reduces the mutual
coupling between the antennas. The effect of the
reduction of the mutual coupling was negligible as the
current wasn'’t properly isolated.

In [62], a dual slot line defected ground structure
(DGS) was placed between the adjacent antennas to
improve the isolation of surface and current and
reduce mutual coupling between the adjacent
antennas considerably.

In [63], a parasitic T-shaped strip was placed between
the two radiating antenna elements as a decoupling
structure to suppress the mutual coupling. A notched
band was at 5.5GHz is realized by etching a pair of L-
shaped slits on the ground. A low mutual coupling was
achieved with a low envelope correlation coefficient.
This method works only for very high frequency bands
and not for low frequencies.

In [64], a paired H-shaped slit was inserted in the
patch of the radiating antenna with a narrow slot
etched to the antenna's ground plane to reduce the
mutual coupling between the antennas. This method
reduced the mutual coupling but also did not affect the
gain of the antenna as it was reduced due to the
mutual coupling of the antenna

In [65], a decoupling slot was introduced on the
ground of two unsymmetrical dumbbell slot antenna
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elements to reduce the mutual coupling between the
antenna elements. This method successfully reduced
the mutual coupling between the antennas, but a
deviation of the radiation pattern was observed.

In [66], a triangular slot that acts as a band stop filter
to help in reducing the mutual coupling and a meshed
metal strip are introduced in the ground plane. As the

ground plane width approached 7\/2, minimum surface

current density occurs near the edge of the ground
plane, which reduces the mutual coupling due to the
surface waves. This method work for ultra-high
frequency bands.

G. Protruding Ground Stub Structures

This is similar to the slot/slits-etching approach
method, and the protruding ground stub structures is
another established method of reducing mutual
coupling in antennas. It provides isolation, and
sometimes it improves impedance matching and also
helps achieve wider impedance bandwidth [67]. Some
of the popular designs would be further discussed in
the review of protruding ground stub structures.
Among all of them, the T-shaped ground plane is
widely used among the dipole antenna for Ultra
wideband applications. A T-shaped. The decoupling
stubs decompose the original coupling by creating
another coupling path and therefore reducing the
mutual coupling.

In [68], to reduce the mutual coupling between the
antennas, a T-shaped stub formed by a horizontal
strip of size (Lg XWgy, ) and vertical strip size
(Lg2 X Wgy,) was fabricated to isolate the ground plane
current distribution, redistribute them, and modify the
ground plane. The isolation was achieved, and a good
impedance matching was achieved, but the method
cannot work for other antennas.

In [50] [69] - [79], the same T-shaped ground stub
along with some variation like an etched slot in the T-
shaped stub, stepped T-shaped stub and some similar
structures were used in these publications to isolate
excess current flowing into the antennas to reduce
mutual coupling between the antennas. It significantly
reduced the mutual coupling between the antennas
but would be an expensive approach for commercial
purposes.

In [80], mutual coupling was reduced by first etching a
rectangular slot on one of the antennas that are
circular, and after that, an inverted Y-shaped metallic
stub was introduced to the ground plane. The
rectangular slot acts as a quarter wavelength
resonator at the lower frequency edge of the ultra-
wideband, resulting in the reduction of mutual
coupling. The reduction was small compared to the T-
shaped stub.

In [81] [82], a decoupling stub was placed at
45° between the two radiators of the antennas to
ensure high isolation coupled with etching two split-
ring resonators (SRR) slots on the respective
radiators. The rectangular stub improved the
scattering parameters, and it reduced the wideband

mutual coupling by separating the radiation patterns of
the two radiators.

In [83], an extended protruding rectangular stub was
placed in between two heptagonal monopoles that are
orthogonally and symmetrically aligned to have
extended ground planes. This altered the antenna
propagation of the antennas.

In [84], a simple Y-shaped defected ground structure
was etched to the ground plane, and a protruded stub
to achieve band rejection to reduce the mutual
coupling between the antennas. The antennas
elements were arranged orthogonally and fed
perpendicularly to obtain polarization and reduce
mutual coupling. To further reduce the mutual
coupling, the Y-shaped defected ground structure was
etched in the ground between the closely spaced
antenna element to suppress the coupling current.
This method extends the distance between the
antennas.

In [85], antennas for Wireless Local Area Network
(WLAN) application were worked on as a folded Y-
shaped stub isolator element was introduced between
the isolator element and the radiators of the
meandered monopole antennas at the lower band.
The folded Y-shaped isolator also presents an
additional coupling path between the radiators
resulting in the cancellation of mutual coupling
between the antennas. This system is not sustainable
as it affects the propagation of signals.

In [86] [87], an inverted pair of L-shaped rectangular
strips were etched to the ground plane to reduce
mutual coupling in the antennas. The effect of
reduction of the mutual coupling was minute.

In [88], two orthogonal T-shaped asymmetric
microstrip antennas closely placed were worked for
mutual coupling reduction. The microstrip antennas
were isolated with an inverted L-type ground strip
embedded at the left corner, followed by the square
strip. A modified meandered line (MML) was
embedded with the square strip, and also a split ring
resonator (SRR) was placed at the back of the
antenna to reduce mutual coupling. The MML, SRR,
and inverted L-type ground strip reduced the mutual
coupling to a reasonable extent and obtained a
circular polarization.

In [89], two circular arc-shaped protruding grounded
stubs were placed on the ground plane to reduce the
mutual coupling of two closely placed dipoles with a
distance of 0.5A between them. This method was not
very effective as there was still a disturbing amount of
coupling between the antennas.

In [90], two capacitively extended curved ground stubs
were used to back two monopole antennas to reduce
the mutual coupling. The stubs were a quarter
wavelength long at a lower operating band than the
antennas. The stub intercepted the antenna's current
and diverted to reduce the mutual coupling, but the
diversion could cause a major collapse in the overall
system.

In [91], a partial ground T-shaped isolating stub
structure was introduced into the antenna system to
control the space and degrading factors of mutual

Www.jmest.org

JMESTN42353873

14574


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 8 Issue 9, September - 2021

coupling between the antennas due to the close
coupling of the radiating elements. A reduced mutual
coupling was achieved, but it was minimal as there
was still a distortion in the radiating antennas as
signals were being sent.

In [92], reduction of mutual coupling between two
ports was made by a metal branch stub being
extended on the ground plane and etching a T-shaped
slot to the ground to increase isolation between the
two antennas. The metal stub decreases the current
on the ground flowing between the two antennas.
Reduction of mutual coupling was achieved at the
cost of antenna gains.

In [93] [94], two F-shaped stubs, were placed in
between two antennas on the same shared ground
plane to reduce mutual coupling. The two F-shaped
stubs acted as a reflector to separate the radiation of
the antennas. This system was not effective for
reducing mutual coupling but good for antenna gain.

In [95], a decoupling structure consisting of two
inverted L-shaped branches and a rectangular slot
with one circular end etched to the ground plane was
presented to reduce the mutual coupling between the
antenna elements. The inverted L-shaped branches
combined with the etched slot to block the current
from flowing from the exciting port to the coupled port.
This was an effective way to reduce the mutual
coupling, but the decoupling structure affected the
antenna's performance.

In [96], a cross-shaped unconnected stub was
introduced into the ground plane to reduce mutual
coupling. The characteristics mode was also tuned by
observing modal significance and characteristics
currents, which helps to reduce the mutual coupling
more. Mutual coupling was significantly reduced, but
this works on antennas with high frequency bands.

In [97], a stepped stub was extended from the
modified ground plane as a decoupling element
between the radiators of the antennas to realize good
isolation to reduce the mutual coupling between the
antennas. The direct ground current was broken when
the stepped stub was used. This reduced the mutual
coupling, but the redirected current can cause more
harm to the antenna system if not properly redirected.
In [98], metallic and slot stubs with properly shaped
arms were inserted between two adjacent radiating
antennas to reduce mutual coupling. The tilted stubs
(one metallic and one slot) were attached to the
corners of the antenna ground arms. While the
metallic stub by virtue of currents induced on it blocks
the spread of electric field into the antennas, the slot
stub limits the ground plane currents from spreading
to other ports. This reduced the mutual coupling
between the antennas and also blocked radiating
signals.

H. Parasitic Element/Structures

In a single antenna system, the parasitic
elements/structures are used to achieve multi
resonance, which enhances the impedance bandwidth
(IBW). In a collocated antenna setup, they are
inserted between the resonating antenna, either as a

reflector or resonator, to reduce mutual coupling
between the antenna elements. Generally, parasitic
elements/structures are not connected to the ground,
unlike those connected to the ground to form a
resonator [99]. Parasitic elements/structures generate
a coupling opposing the original coupling created by
the excited antenna elements. The resulting coupled
field would be out of phase with the unreceptive
antenna at that moment as it would help reduce the
effect of mutual coupling from one radiating element
to another. These parasitic elements are specifically
modeled or designed to control the bandwidth of
isolation and the level at which the mutual coupling
would be reduced.

In [100], a modified serpentine structure (MSS) with a
width of 3mm was designed to reduced mutual
coupling in an antenna array. The antenna array was
constructed using square patch radiators and
designed to work at 2.45GHz with a spacing of )‘O/zo

used for wireless communication. The proposed MSS
acts like a band-reject filter working along with
resonators to reduce the mutual coupling between the
radiators in the antenna array. The surface current on
the ground from the radiating antenna are captured
by the intermediate resonators along with the
serpentine structures, therefore providing enhanced
isolation. Mutual coupling was reduced with the
proposed MSS design but can have an effect on the
antenna radiation.

In [101], a central reflector was placed at the center of
two groups of four elements of dielectric resonator
antennas (DRAS) in a 4x4 antenna configuration for
wireless access point application. The reflector
element was proposed to tilt the radiated beam
patterns to reduce the field correlations, as a result of
this reducing mutual coupling for the antenna system.
It was able to reduce mutual coupling, but it caused a
minimal effect on the efficiency of the antenna, the
bandwidth of operation, and impedance matching.

In [102], a metal strip reflector was placed in between
two antenna elements placed in a parallel
configuration to act as an efficient tool to reduce
mutual coupling in the band of operation for wireless
application. The decoupling structures help to block
the migrating current or attenuate it, reducing the
mutual coupling effect between the two antennas.
This was effective for of 4.5GHz, but the influence of
the decoupling structure waned for frequencies
greater than 7.5GHz

In [103], an asymmetrical H-shaped strip that acted as
a reflector was placed in between the antenna
elements to reduce mutual coupling between the
antenna elements. The effect of the reflector did not
mean much as there was just a small reduction in the
mutual coupling between the antennas.

In [104], a rotated “+” shaped rectangular strip
reflector structure was introduced in between the
antenna elements configuration to reduce mutual
coupling. On the introduction of the slot reflector to a
diagonal antenna configuration, there was a
significant improvement in the reduction of mutual
coupling, but on introducing the slot reflector to an
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adjacent configuration, the effect was minimal. This
method works well for antennas placed diagonally.

In [105], a rectangular parasitic element was
embedded between the monopole antennas at the
substrate backside on which the antennas were
placed to reduce mutual coupling between the
monopole antennas. By wise tuning of the position
and dimensions of the parasitic elements, high current
isolation is achieved for more reduction in the coupling
of the antennas. This method was effective for low
frequency bands but less effective for high frequency
bands.

In [106], a linearly arranged patch antenna array is
being presented for mutual coupling reduction. The
antennas were arranged in close space with edge-to-
edge separation of 0.096 A and center-to-center
spacing of 0.29A. Two separate rectangular shapes
and T-shaped parasitic elements, were used to cancel
the surface current to reduce mutual coupling. These
parasitic elements were placed in between the
antennas with an extension of the T-shaped element
towards the boundary of the patches. There was a
reduction in the mutual coupling between the
antennas, but it only works for antennas in a parallel
configuration.

In [107], a cross-shaped metallic fence was placed in
between two antennas to reduce mutual coupling
between them to avoid loss of a degree of freedom
(DOF) being used for Robust navigation. The metallic
fence provided a medium of blocking interactions
between the antennas which helps for power coupling
between the antennas. This method is only effective
for miniaturized antenna systems.

In [108], a stepped cross-shaped metallic reflector
strip was placed in between antenna elements
reflector to reduce mutual coupling. The reflector strip
was specifically designed for this cognitive radio
antennas system for 5G applications. This was
effective for this application as it reduced the mutual
coupling to an allowable extent, but it is not certain it
can work for other antenna setups.

In [109], a compact high ultra-wideband antenna
comprising of two monopole antennas with a circular
parasitic element at the backside of the radiating
patch to reduce mutual coupling. This parasitic
element creates a reverse coupling in order to counter
the effect of the mutual coupling for it to be reduced.
The circular parasitic element was introduced at the
center of the antennas to act as an isolator to reduce
the coupling. The mutual coupling was reduced
considerably but effective for this type of antenna.

In [110], a novel reversed S-shaped wall was used to
provide high isolation between antenna elements in
closed space with the edge-to-edge distance being
1Imm in order to reduce mutual coupling. Mutual
coupling was able to be reduced with this method, but
it works for smaller antenna systems.

In [111], a decoupling metallic strip loaded with an
inductor was used to reduce mutual coupling between
two mobile ad-hoc networks (MANET) antennas for
MANET communication, satellite navigation, and
satellite communication application. To decrease the

mutual coupling between the two MANET antennas,
an isolation strip with an inductor loaded was
introduced in between the antennas. More energy was
coupled to the isolation strip at the resonant frequency
of the isolation strip. The coupling between the two
antennas at that frequency was reduced compared to
the case without isolation.

In [112], two modified L-shaped slots, a rectangular
ground plane structure, and a rectangular parasitic
structure for increased isolation were all used to
reduce mutual coupling between two square
monopole antennas. The parasitic element was
embedded between the monopole antennas on the
backside, and it showed a reduced mutual coupling of
an acceptable level of -20dB.

In [113], octagonal notches and diagonal parasitic
element was used to reduce mutual coupling between
two closely placed antennas. The parasitic element
was chosen in a diagonal position between the ground
planes to reduce mutual coupling and to achieve high
return loss. It was not an effective method to reduce
mutual coupling as it was slightly reduced.

In [114], a Minkowski fractal parasitic stub along with
a Minkowski fractal grounded stub was placed at 45°
between the monopole antennas to reduce mutual
coupling between them, which in turn establishes high
isolation between the radiators. The Minkowski fractal
shaped parasitic element creates a dissipative
coupling to reduce mutual coupling and a rectangular
stub extended from the ground plane symmetrical with
respect to the ground plane at 45° to extend the
effective current route, which in turn enhances the
wideband isolation. The Minkowski fractal parasitic
element captures the interfered signal and converts it
to surface current resulting in reduced mutual
coupling. The mutual coupling was reduced at ultra-
high frequencies.

In [115], a new approach was used to reduce mutual
coupling between two closely-spaced planar
monopole antennas. The approach employs either
two parallel metallic strips or a single strip with a
meander-shaped slotted pattern that is symmetrically
positioned between the two antennas. Their edges are
separated by 4mm and 8mm, respectively. The
decoupling structures were not only confined in the
space shared by the two planar monopoles antenna
edges but are rather extended above the partial
ground plane on one end and to the edge of the
substrate on the other end. This method effectively
reduced the mutual coupling of the antenna but might
not be realistic.

In [116], the use of resistor-loaded paired parallel-
coupled resonator (PCRs) was proposed to reduce
mutual coupling in an antenna array system with
0.125 2, center-to-center spacing for wireless local
area network (WLAN), long-term evolution (LTE), and
possibly fifth-generation (5G) communication. The
mutual coupling was significantly reduced with little
signal overlap.

In [117], a parasitic fragment-type element was used
in suppressing mutual coupling between two antennas

that are )‘/4 in length at a frequency of 2.45GHz for
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WLAN application. The parasitic fragment-type
element was used to perform specific isolation of the
antennas from coupling with one another. This was
effective for the antenna design but might not
completely work for other antenna designs.

I Defected Ground Structures (DGSs)
Defected ground structures are of the most popular
techniques, particularly in the reduction of between
wideband and ultra wideband antenna elements. DGs
are a defect in the ground plane, introduced on
purpose to the ground plane, which strongly disturbs
the surface current distribution on the ground plane.
This impedes the total transmission line between the
different antennas to change, resulting in lower mutual
coupling between them. [118] [119] [120] [121]
discussed DGs and their importance when designing
antennas.

In [122], a ring-shaped ground plane was modified by
introducing four slots in each corner of the ground
plane close to the antennas to reduce mutual coupling
between the antennas. Since the four antenna ports
were connected to the same ring-shaped ground
plane, the slots could divert the current across the L-
corners of the ground plane to decrease it. This
reduced the mutual coupling among the antennas
slightly.

In [123], a V-shaped modified ground structure
between the adjacent dipole antenna elements was
used to reduce spatial mutual coupling between the
dipole antennas for Wireless Local Area Network
(WLAN) and World Interoperability for Microwave
Access (WIMAX). The dipole antennas were first
placed in an orthogonal configuration which reduces
mutual coupling by 5dB a little, and the V-shaped
ground structure blocks the spatial coupling. This was
not an effective method to reduce mutual coupling.

In [124], an interdigital structure (ID-DGs) was
incorporated into the ground plane for modification to
reduce mutual coupling in the antenna system. The
ID-DGs were etched to the ground, which reduced the
surface wave of the antennas, thereby reducing the
mutual coupling by 12.5dB.

In [125], two decoupling structures consisting of a
meandering resonant branch and an inverted T-
shaped slot etched to the ground to defect the ground
plane to reduce mutual coupling between antennas.
The spacing between the antennas was smaller than

)\/2 with the T-shaped slot of about 7\/4 in length was

etched to the ground, with U-slits being etched to the
feedlines for effective isolation. The isolation was
improved by up to 15dB and worked for compact
antennas.

In [126] [127], a ring-shaped structure was placed in
the ground plane, which behaves like a defected
ground structure to reduce mutual coupling by
behaving like a band-reject filter for the surface
current. This ring-shaped structure cancels the current
at the spiral slot's edges, minimizing the mutual
coupling between the antenna element. It reduced the
mutual coupling slightly, which was not very effective.

In [128], a funnel-shaped ground plane with an open-
ended slot was used to reduce mutual coupling
between the antennas for Wireless Local Area
Network (WLAN) design. The funnel-shaped ground
plane dissipated the surface current in the ground
plane, which reduced the mutual coupling up to -21dB
between the antennas.

In [129], a dumbbell-shaped defected ground structure
(DB-DGs) was worked on as a bandstop filter to stop

the flow of surface currentin a 7‘/4 microstrip line. This

was modeled and fabricated, giving a stopband of -
19dB. That is, when applied to an antenna array
system, it can reduce the mutual coupling to an
acceptable limit.

In [130], the combination of a spade-shaped radiation
patch, a rectangular defected ground structure, and a
windmill-shaped decoupling structure was used to
reduce the mutual coupling in a super-wideband
antenna system. The mutual coupling was effectively
reduced by -17dB with a good envelope correlation
coefficient.

In [131], a rectangular slot and a T-shaped slot were
etched to the ground to cause a defect in the ground
plane to reduce mutual coupling between the
antennas. The T-shaped slot reduces the surface
current on the ground plane between the two ports of
the antennas and the rectangular acts as an isolation
barrier to effectively reduce the mutual coupling of low
frequencies by -16dB. This effect depreciates at high
frequencies.

In [132] [133], a simple string of H-shaped ground
structure was used to reduce mutual coupling in an
antenna system. The H-shaped ground structure
decreased the direct coupling path among the
antenna's closely spaced (edge-to-edge gap of
0.038A) paths, thereby reducing the mutual coupling
between the antennas.

J. Antenna Placement and Orientation
Approach

Antenna placement and their orientation are usually
sufficient enough to achieve the minimum required
isolation for the reduction of mutual coupling to -10dB
or lower. The further away the antennas are placed
from one another, the lesser the mutual coupling
between them, but antennas cannot be totally apart
when they are in a collocated system or when in an
array setup. Therefore, there is the need to get the
right position for which they can be placed from one
another for lower mutual coupling between them.

In [134], four antennas were placed in an orthogonal
configuration to reduce mutual coupling between
them. This configuration allows isolation of the
different orthogonal ports to reduce the exciting
current distribution in the antennas. This was able to
reduce the mutual coupling by -15dB.

In [135], the feeding structures and the two antennas
were orthogonally placed with no extra decoupling
structure to reduce the mutual coupling between the
antennas. This was able to reduce the mutual
coupling by -15dB, brings features of pattern diversity,
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dual-polarization and also saves space in the
antennas system.

In [136], L-shaped slot antennas were placed
orthogonally with a spacing of 0.05A from one another
with L-shaped slits to provide further isolation and
reduce mutual coupling between the antenna
elements. This was able to reduce the mutual
coupling between the antennas slightly due to the
separating distance.

In [137], four inverted F-antenna elements were
arranged in a rotational symmetry configuration along
with a square substrate’s four corners to reduce
mutual coupling between the antenna elements.
Decent isolation was achieved with this configuration
without additional decoupling measures, which leads
to a decent reduction in mutual coupling between the
antenna elements.

In [143] [144] [145], a different form of orthogonal
configuration for two antenna placements on the
ground plane was used for isolation to reduce mutual
coupling. For each orthogonal element, the pattern
lies in a place with a different tilt in angle orientation of
the antenna. The mutual coupling was slightly
reduced with this method

In [138] [139] [140] [141] [142], the same orthogonal
configuration arrangements were used for four
antenna elements to reduce mutual coupling between
the antennas. The distance between two dipoles was
M4 [139]. The orthogonal configuration provided good
isolation for the movement of surface current to
reduce mutual coupling. This was effective as it
improved the antenna gain and radiation efficiency.
There was an additional offset of antenna orientation
of 135° and H orientation in [138] from the
conventional sequential rotational array (SRA)
orthogonal configuration, which provided further
isolation and therefore had a better reduction in
mutual coupling between the antennas.

1 4

dy

¥

l_.XAIB 12 41 13 11 Jz ql .Ié 2! l,
@ (b) ©

Figure 8 (a) Non-rotated orthogonal array, (b) H-
oriented SRA, (c) 135° angular offset [138].

X. CONCLUSION

In this paper, reducing mutual coupling in a collocated
antenna system or antenna array is significant
problem. There is an increase in mutual coupling
between antennas when the separating distance
between the antennas is very small due to limited
space. This reduces the performance of the antennas
in the collocated system or antenna array. Different
methods have been discussed in this paper on

isolation and reduction of mutual coupling. The
antennas placement and orientation is still one of the
most cost effective and efficient way to reduce mutual
coupling in a collocated antenna system or antenna
array.
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