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A Hybrid Multi-Port Antenna System for Cognitive Radio
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Abstract—This paper proposes a hybrid, compact, low profile, and multi-port antenna system for
Cognitive Radio (CR). This system consists of a CPW-fed sensing UWB monopole (2–11 GHz) and
three NB antennas, out of which one is standalone (7.355 GHz); one is dual-band (5.834 GHz and
8.786 GHz); and the other is reconfigurable (3.863 GHz, 4.664 GHz, 5.2 GHz, and 6.13 GHz) using
switching mechanism. This antenna system exhibits less than −15 dB isolation over the operating band.
The system is simulated using CST Microwave Studio, and a prototype is fabricated to verify the results.
The simulated results are in good agreement with measured ones. The proposed antenna is suitable to
operate in C-band, ISM/WLAN/Military application, mid-band 5G, maritime radio navigation, X-band
satellite communication, and public safety wireless communication.

1. INTRODUCTION

Applications of Cognitive Radio (CR) gained momentum after the Federal Communication Commission
allowed the 3.1–10.6 GHz band for commercial use [1]. This created opportunities for many non-
commercial applications of CR technology, which is based on spectrum sharing when the spectrum
is not in use. A case study says that at some place and time up to 80% of the allocated spectrums
remain idle, which justifies the usability of this technology [2, 3]. The performance of a CR depends on
its antenna system [4]. A CR antenna system needs a compact, low profile, UWB antenna for continuous
unused spectrum monitoring. If any channel is free, it establishes communication through an integrated
narrowband (NB) antenna in that channel. Several designated bands within UWB are classified for
communication such as C-band, ISM, WLAN, and Mid-band 5G [5, 6]. To use these bands, there is a
requirement of more NB antennas to cover the UWB spectrum. It is a challenging task to pack all these
NB antennas and the UWB antenna in the design of such an antenna system in a limited space [7, 8].
In a CR antenna, the UWB antenna occupies most of the space. Several miniaturization techniques
have been implemented to reduce the size of UWB monopole antenna [9, 10]. They include the use of a
modified ground plane structure which helps in minimizing the cross-polarization level and improving
impedance matching. But, it affects antenna gain and radiation patterns [11, 12]. For modeling the CR
antenna system, a planar CPW fed UWB antenna is preferred [13], as it offers easy integration of NB
communicating antennas within a compact space.

Some notable integrated CR antenna systems include coverage of: 3–11 GHz sensing band and four
communicating sub-bands using a dimension of 68×54×0.79 mm3 [14]; 2–5.5 GHz sensing band and 2.6–
2.7 GHz communicating band using a dimension of 80×65×1.58 mm3 [15]; 3.3–12 GHz sensing band and
two communicating sub-bands using a dimension of 58.35× 75.7× 0.762 mm3 [16]. Besides, a multiport
antenna system of size 120 × 65 × 1.56 mm3 reported in [17] uses two widebands for spectrum sensing
and seven sub-bands for communication purpose. In this antenna system, a large sensing antenna is
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used as a ground plane for other NB antennas. A recent review of the CR antenna system is reported
in [18]. However, the above discussed integrated CR systems have some drawbacks, like poor gain
and efficiency, lower sensing bands, fabrication complexity, large antenna dimension, and low isolation
among antennas. Improvement of isolation, without increasing size, needs additional components such
as microstrip lines, slots, strips, metamaterials, energy bandgap structure, defected ground planes,
complementary split-ring resonators, etc. [22]. Avoiding such additional circuitry to improve isolation
is still an open problem. Further, many researchers reported reconfigurable communicating antennas
for CR [23–25]. The reconfiguration can be achieved using PIN diodes, varactor diodes, RF-MEMS,
FETs, stepper motors, and photoconductive elements [26, 27]. However, these switching techniques
have issues like non-linearity effects, low switching speed, additional power requirements, etc. [28]. To
overcome these issues, we propose a multiport antenna system and limit the number of diodes used for
reconfiguration. Furthermore, efficient utilization of the space in a CR system [29] continues to be an
important problem, as inefficient utilization of available system area limits the number of NB states.

This paper focuses on the proper utilization of the available area in a CR system to maximize the
number of NB states and isolation among antennas. To this end, the paper proposes a modified CPW-
fed monopole to cover the sensing UWB band and reused its ground plane for some communicating
NB antennas besides adding a reconfigurable NB antenna limiting the number of p-i-n diodes (for
reconfiguration) to three. In total, the proposed CR antenna system uses a UWB antenna, one NB
antenna, one dual-band NB antenna, and a reconfigurable NB antenna using a small substrate working in
cohesion without interference or significant coupling. For ground plane reuse, this work is different from
other reported ones. For example, in reference [28], one ground plane is used for three monopole antennas
(one sensing and two NB). This is extended further in [30] with the addition of two more monopole
antennas on the opposite side with separate ground planes for each of them. Similarly, in reference
[31], the authors used one ground plane with four slots to accommodate monopole antennas. All these
come under “use of a common ground plane” instead of “ground plane reuse”. In our case, the ground
plane is used by the sensing antenna which is a CPW-fed monopole, and reused by communicating
microstrip antennas. These antennas belong to two distinct classes of planar antennas, which use one
ground plane. So, the term “ground plane reuse” is more appropriate in our case. Moreover, the
communicating antennas in reference [28] cover only the upper half of the UWB spectrum using four
distinct bands each limited to within 1 GHz bandwidth. Those in reference [30] cover the full band using
five bands, three of which have bandwidths above 1GHz. The antenna system in reference [31] uses
three broadband antennas for communication. In the CR system, for high reliability communicating
antennas are expected to be narrowband in nature and hence these are termed as narrowband (NB)
antennas. To achieve this, suitable antenna can be dual-band, multiband or reconfigurable in nature,
covering a major portion of the UWB spectrum. Our proposed antenna meets all these requirements
with a maximum bandwidth of NB antennas limited to 1 GHz.

2. ANTENNA DESIGN

Figure 1 shows the proposed antenna structure. The antenna connected to Port-1 is a CPW monopole
UWB antenna. To Port-2 and Port-3, respectively, U-slot and G-shaped NB antennas are connected.
A reconfigurable NB antenna is connected to Port-4.

2.1. UWB Sensing Antenna

Keeping the ground plane reusability in mind, we considered a CPW-fed circular monopole [32]. When
the monopole is other than a circular shape, the first resonating frequency depends on its effective
radius. The performance of a CPW-fed monopole primarily depends on its effective radius, feed-gap,
and width of the ground plane. It is independent of the length of the ground plane beyond a definite
length [32]. The width of the CPW ground affects impedance matching and bandwidth. Initially, we
fixed the ground plane size to an acceptable value. We saw that it affected the impedance values.
To improve the impedance performance [33], we placed a half-pentagon on the upper portion of the
circular monopole, as shown in Fig. 2. This is in agreement with [33] that vertex truncation in the
feed portion improves bandwidth (BW) performance. The lower circular portion is like trimming at
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(a) (b) (c)

Figure 1. Proposed CR antenna system, (a) front view, (b) bottom view, and (c) side view.

Figure 2. UWB monopole sensing antenna.

multiple points of the vertex. The pentagon part improves the impedance performance due to uniform
current distribution, and the lower circular portion improves the bandwidth. It is known that BW
of a circular monopole is greater than that of other shapes. In this way, we minimized ground plane
size and achieved UWB. The optimal dimensions are obtained by parametric sweep. The ground plane
dimension is between 47 mm [32] and 30 mm [35]. A larger ground plane will increase the overall CR
antenna size, and a smaller ground may not provide sufficient ground to place NB antennas. Therefore,
to obtain an optimal design with acceptable ground plane size, we concentrated more on the radiating
patch. Table 1 shows the considered optimal dimensions of the antenna for a lower cut-edge frequency
of 2.0 GHz.

The lower cut-edge frequency fL and corresponding wavelength λL of the monopole are defined
using Eq. (1).

fL =
c

λL
=

7.2
{(l + r + p) × k} GHz (1)

where l, r, and p are the equivalent cylindrical height, radius, and gap between the ground plane
and radiating patch of the antenna [34]. The value of k is different for different dielectric materials
which is chosen empirically to obtain lower resonant frequency. The initial dimensions are fixed using
Eqs. (2)–(7) [34, 35]. The height of the monopole antenna (l) is λL/4 [36].

The equivalent radius of the radiating patch is fixed according to Eqs. (2) and (3).
0.0625λL ≤ r ≤ 0.125λL (2)

r ≈ λL

6
− 0.5Lf (3)
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Table 1. Design parameters of CR antenna.

UWB sensing

antenna

G-shaped NB

antenna

U-slot NB

antenna

Reconfigurable NB

antenna

Parameters
Size

(mm)
Parameters

Size

(mm)
Parameters

Size

(mm)
Parameters Size (mm)

L1 5.83 L4 9 L9 7.50 L13 1.3

L2 = W3 14.80 L5 2 L10 7 L14 = W1 3

Lg, p 16, 0.5 L6 6 L11 5 L15 15.5

W1 3 L7 3 L12 4.50 W9 13

W2 18.20 L8 5 W6 3 W10 4.50

R1 12 W4, W5 9.50, 7.50 W7,W8 3.50, 0.25 W11 7

The gap between ground plane and radiating patch of the antenna (p = Lf − Lg) can be determined
using Eq. (4).

(Lf − Lg) ≤ 0.02λL (4)
The length (Ls), width (Ws), and thickness (h) of the substrate can be determined using Eqs. (5) to
(7). The total length of the substrate for the integrated structure containing all elements needs to be
0.5Lg more than that of the sensing element alone. This requires that the substrate dimension should
conform to the following.

0.25 (λL + 2Lg) ≤ LS ≤ 0.5 (λL + Lg) (5)
Ws ≈ 4r (6)

h ≈ 0.01λL (7)

2.2. G-Shaped and U-Slot NB Antenna

A spur-line slot on a rectangular patch antenna creates an extra resonance [37]. We call this antenna
as a G-shaped antenna after the spur-line slot is made as shown in Fig. 3. The U-slot antenna is well
documented in the literature [38]. The G-shaped antenna is, in fact, another U-slot antenna with one
smaller slot arm. The larger slot arm extends to the edge of the patch. The design of the G antenna
starts with that for the U-slot antenna and settles down through parametric studies. The insertion
direction is chosen such that it does not disturb the current distribution on the CPW feed-line. This
avoids coupling with the sensing antenna. Optimal dimensions of the antenna for the desired band
obtained using CST Microwave Studio, are shown in Table 1. Fig. 4 shows the U-slot rectangular
patch antenna. The U-slot shifts the resonant frequency towards the lower side [39]. It operates in a
single band mode. CST Microwave Studio gives the optimal dimension of the antenna after parametric
analyzes. Table 1 shows the physical parameters of the antenna.

Figure 3. G-shaped NB patch antenna. Figure 4. U-slot NB patch antenna.
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2.3. Reconfigurable NB Antenna

The reconfigurable planar monopole on a partial ground plane is inspired by [40]. Its geometrical
parameters, corresponding to four intended frequency bands, are obtained using parametric studies.
It operates in three single and a dual-band mode. The reconfiguration can be achieved using three
p-i-n diodes [23–26], for which variable resistors can be its equivalent circuits. The frequency agility
functionality of the antenna depends on the switching states of the p-i-n diodes modeled by their
equivalent circuits [41]. The proposed reconfigurable antenna is shown in Fig. 5.

(b)(a)

Figure 5. Reconfigurable NB monopole antenna, (a) top view and (b) bottom view.

3. RESULTS AND DISCUSSION

To study the performances of the proposed antenna, CST Microwave Studio is used. Also, we fabricated
a prototype on an FR-4 substrate (εr = 4.4 and loss tangent = 0.02) of dimension 80 × 40 × 1.6 mm3,
shown in Fig. 6. Fig. 7 shows the measurement setup, using a VNA, in an anechoic chamber.

(a) (b)

Figure 6. Fabricated antenna prototype, (a) top
and (b) bottom view.

Figure 7. Setup for radiation pattern measure-
ment inside anechoic chamber.

3.1. UWB Sensing Antenna

Figure 8 compares the reflection coefficient (S11) obtained from simulation and measurement over
the frequency band of 2 GHz to 11 GHz. Both plots follow each other in close proximity, indicating
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Figure 8. Comparison of simulated and measured reflection coefficients of the UWB monopole.

(a) (b) (c) (d)

Figure 9. Simulated surface current distribution of UWB sensing monopole in standalone configuration
at (a) 2.352 GHz, (b) 4.513 GHz, (c) 8.1 GHz, and (d) 10.533 GHz.

good matching between simulation and experimental results. The small deviations are natural due
to inherent measurement errors. In this figure, there are five distinct dips with two additional small
dips. Understanding of this pattern needs observation of surface currents. Fig. 9 shows the surface
current distributions at (a) 2.352 GHz, (b) 4.513 GHz, (c) 8.1 GHz, and (d) 10.533 GHz for the sensing
antenna in a standalone configuration. These figures help in identifying areas on the ground plane with
minimum current amplitudes. This is useful in locating places for narrowband antennas on the other
side of the substrate for minimum coupling with the sensing antenna. On the ground plane, the surface
current is mostly residing in the upper portion, i.e., the portion nearer to the radiator. Therefore, the
antenna performance is independent of the ground plane length after a definite depth over which the
surface current is appreciable. Further, Fig. 10 shows the surface current distributions on the sensing
antenna for the integrated CR antenna system proposed in this work. These current distributions are
at (a) 2.351 GHz, (b) 4.511 GHz, (c) 7.517 GHz, (d) 10.127 GHz, and (e) 10.838 GHz. At 2.351 GHz,
the current extends from the feed-line to all sides, indicating the longest current path and hence the
lowest operating frequency. However, the average current magnitude for this frequency is the lower
than that for other frequencies. Therefore, the matching at this frequency is less than that for other
frequencies, indicating the smallest dip in Fig. 8. At 4.511 GHz, the current on the arm L1 is minimal,
whereas the current distribution is strongly along the semi-circular portion and the arm L2. Thus the
effective current path for radiation is smaller than the previous case and hence a higher frequency.
Due to the higher average power flow to the antenna, this frequency gives a sharp large dip in the
reflection coefficient plot. But, higher-order modes start to appear at this frequency, which results in
lower efficiency of the antenna although it accepts more power. In other words, this happens because
radiated power in higher-order modes is less than that in the fundamental mode. At 7.517 GHz the
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(a) (b) (c) (d) (e)

Figure 10. Simulated surface current distribution of integrated UWB sensing monopole antenna at
(a) 2.351 GHz, (b) 4.511 GHz, (c) 7.517 GHz, (d) 10.127 GHz, and (e) 10.838 GHz.

formation of higher-order modes is clearly visible. The antenna receives more power than at 2.351 GHz
but radiates less. More number of higher-order modes appears at 10.127 GHz resulting in the similar
performance of the antenna. At 10.838 GHz, there are no more higher-order modes, but the current
distribution is mostly prominent on the feed line, the ground plane around it, and the lower part of the
antenna. At this frequency also the antenna receives high power but radiates comparatively less. In all
these cases, the lower part of the antenna contains the major part of the input power and hence plays a
dominating role in the radiations, thereby affecting the efficiency and radiation patterns. The remaining
two peaks are spurious in nature and don’t affect the antenna performance. The reason for this peak
in the simulated curve may be due to the limitation in meshing imposed by the CST Microwave Studio
on our license.

From the above discussions, it is clear that the sensing antenna has a good matching over the desired
frequency band. Moreover, due to the dominating lower part, the radiation patterns are expected to
be less distorted because of higher-order modes. Similarly, due to the absence of higher-order modes,
the radiation efficiency is maximum at the lowest matching frequency and deteriorates marginally to
78% as higher-order modes appear with increasing frequencies (Fig. 12(b)). The simulated realized
gains at respective frequencies are 2.08 dBi, 3.36 dBi, 5.32 dBi, and 5.5 dBi, which lie around a 2 dBi
band indicating a nearly flat response of the antenna over the frequency band (Fig. 12(a)).

A sensing antenna in CR application requires a figure of eight (8) E-field patterns and
omnidirectional H-field patterns. In other words, it is expected to resemble the pattern of a dipole.
Fig. 11 shows the radiation patterns at (a) 2.351 GHz, (b) 4.511 GHz, (c) 7.517 GHz, and (d) 10.127 GHz
for our proposed antenna. There is a close matching between simulated and measured results, except
for some measurement errors. The first two frequencies clearly give the desired patterns. The patterns
get distorted within an acceptable limit, as we move to higher frequencies because of the appearance of
higher-order modes and to a less extent due to lossy FR-4 substrate at these frequencies.

3.2. NB Communicating Antennas

Figure 13 shows the current distribution on the U-slot loaded microstrip antenna. The slot acts as
an inductor, and hence its loading pushes down the resonant frequency from that of an unloaded
microstrip antenna. The current distribution shows that there is no disturbance compared to an
unloaded microstrip antenna. Therefore, we expect its radiation characteristics to be similar to that of
a rectangular microstrip antenna in its dominant mode. Its reflection coefficient (S22) shows a sharp
dip at 7.355 GHz (Fig. 14), confirming NB nature of the microstrip antenna to meet an NB antenna
characteristic for a CR system. The radiation pattern (Fig. 15) conforms to that of a rectangular
microstrip antenna without any distortion. The realized gain is 4.47 dBi, and the radiation efficiency is
around 65% at 7.355 GHz, which is in the standard band for conventional rectangular microstrip antenna.
This confirms that our design meets the requirement of an NB-CR antenna by using a miniaturized
rectangular microstrip antenna with a U-slot for inductive loading. Close matching of simulated results
for all characteristics, excluding current distribution, with measured value confirms the design process
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(a) (b)

(c) (d)

Figure 11. Simulated and measured radiation patterns of UWB sensing antenna at (a) 2.351 GHz, (b)
4.511 GHz, (c) 7.517 GHz, and (d) 10.127 GHz.

(a) (b)

Figure 12. Comparison between simulated and measured results, (a) realized gain and (b) radiation
efficiency of UWB antenna.

adopted for this NB antenna.
The reflection coefficient (S33) plot of the G-shaped antenna in Fig. 16 confirms that the antenna

operates in dual-band. The 1st resonating frequency is 5.834 GHz, and the 2nd is 8.786 GHz, confirming
that they are not harmonically related. The surface current density plot in Fig. 17 verifies that there are
no higher-order modes at the upper frequency. It shows that at 5.834 GHz, substantial current exists
in the three parallel arms of the G structure. At this frequency, the current density is uniformly high
on these arms, besides being moderately high on the sidearm. At 8.786 GHz, the current is moderately
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Figure 13. Simulated surface current distribu-
tion of U-slot NB antenna at 7.355 GHz.

Figure 14. Comparison between simulated
and measured reflection coefficients of U-slot NB
antenna.

Figure 15. 2D radiation pattern of U-slot NB
antenna at 7.355 GHz.

Figure 16. Comparison between simulated and
measured reflection coefficients of G-shaped NB
antenna.

(a) (b)

Figure 17. Simulated surface current distribution of G-shaped NB antenna at (a) 5.834 GHz, and (b)
8.786 GHz.

distributed on all arms indicating a lower current density and a lower average current path than that
for 5.834 GHz. Thus, it shows that the power delivered to the antenna from the source is marginally
smaller at the upper frequency, indicating a slightly better matching at the lower frequency. A correlated
interpretation of Fig. 17 with Fig. 16 confirms this, as the lower frequency dip is comparatively higher
than that for the upper frequency. It shows (Fig. 22(a)) lower gains (2.76 dBi @ 5.834 GHz and 2.69 dBi @
8.786 GHz) than U-slot loaded microstrip antenna but comparable efficiency of around 62% (Fig. 22(b)).
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Its radiation patterns resemble that of a microstrip antenna (Fig. 18). At both frequencies, it maintains
the pattern consistency. The design of the antenna is also being verified by comparing the closeness of
the simulated and measured results, as in previous cases.

Figure 19 compares measured reflection coefficients (S44) with those from simulations for four
states ((a) ON-ON-ON, (b) OFF-OFF-OFF, (c) ON-ON-OFF, (d) OFF-OFF-ON) of the reconfigurable

(a) (b)

Figure 18. Simulated and measured 2D radiation patterns of G-shaped NB antenna at (a) 5.834 GHz,
and (b) 8.786 GHz.

(a)

(c)

(b)

(d)

Figure 19. Simulated and measured reflection coefficient of the reconfigurable NB antenna, (a) ON-
ON-ON state, (b) OFF-OFF-OFF state, (c) ON-ON-OFF state, and (d) OFF-OFF-ON state.
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(a) (b) (c) (d)

Figure 20. Simulated surface current distribution of the reconfigurable NB antenna, (a) ON-ON ON
state, (b) OFF-OFF-OFF state, (c) ON-ON-OFF state, and (d) OFF-OFF-ON state.

(a)

(c)

(b)

(d)

Figure 21. Simulated and measured E and H-plane radiation patterns of the reconfigurable antenna
at (a) 3.863 GHz, (b) 4.664 GHz, (c) 5.2 GHz, and (d) 6.13 GHz.

antenna. There is only a minor mismatch validating the design process. Fig. 20 for current distributions
in these states respectively, seen in conjunction with Fig. 19, gives insight into the functioning of this
antenna. The main radiation comes from the central vertical patch, which is the stem of the antenna.
In the state ON-ON-ON, this stem is loaded by two stubs on two sides and the conductor at its upper
open-end. The currents on the lower two stubs are in opposite directions and hence do not contribute
to radiation significantly. On the upper conductor, the current bifurcates at the entry point, and hence
this is also an insignificant contributor to radiation. However, due to these loading effects, the main
stem experiences two electrical lengths corresponding to two resonant frequencies of 3.863 GHz and
6.13 GHz. In the OFF-OFF-OFF state, the main stem experiences a current path corresponding to
a resonant frequency at 5.2 GHz. In the ON-ON-OFF state, the loading on the main stem results in
a current path of equivalent electrical length corresponding to the resonant frequency at 4.664 GHz.
Similarly, the OFF-OFF-ON state gives an equivalent electrical length to the main stem for resonating
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(a) (b)

Figure 22. Simulated and measured (a) realized gain and, (b) radiation efficiency of all NB antennas.

at 3.863 GHz. It also indicates a high amount of out of phase current at 6.13 GHz, which can cause
a significant reduction in radiation efficiency besides considerable distortion in the radiation pattern.
A comparison of measured and simulated radiation patterns in Fig. 21 confirms this proposition for
6.13 GHz. In this figure, the patterns are almost consistent for the other three frequencies. The nature
of the radiation patterns resembles the figure of eight (8), which is standard for CR communicating
antennas. Table 3 summarizes the performance characteristics of these antennas. A point to note here
is the fact that for convenience in the measurement, 1 Ω and 5 MΩ resistors were used to represent
ON and OFF states of the p-i-n diode [40]. However, in practice, it is necessary to use p-i-n diodes
with proper DC biasing circuits. For compatibility of measurement with simulation, we also used
lumped resistors in simulation instead of p-i-n diodes. Fig. 22 shows the gain and efficiency of the
reconfigurable antenna. The efficiency is above 80% for 3.863 GHz, 4.644 GHz, and 5.2 GHz, except for
6.13 GHz (around 50%).

Figure 23 shows the simulated isolation and Envelope Correlation Coefficient (ECC) curves of the
CR antenna system. It reveals that the antenna system has below −15 dB mutual coupling throughout
the UWB range (Fig. 23(a)). It is an acceptable value for minimum cross-talk between the antennas.
We further calculated the ECC [42], using Eq. (8), which measures up to what extent the radiation
patterns are uncorrelated. The ECC (max) values are presented in Table 2. It shows that the ECC
(ρ) values between the ports lie below acceptable value 0.5 [17], over the entire operating band. That
means the radiation patterns are not correlated. Table 4 compares the present CR antenna with earlier
reported antennas in terms of physical dimension (substrate size) and band coverage. It shows that the
proposed antenna has a smaller size and a larger coverage band.

ρ =

∣∣∣s∗iisij + s∗jisjj

∣∣∣
2

(
1 − |sii|2 − |sji|2

)(
1 − |sjj|2 − |sij|2

) (8)

Table 2. Simulated ECC (max) of the proposed antenna system.

Between the antennas ECC (max)

1 & 2 0.011

1 & 3 0.006

1 & 4 0.071

2 & 3 0.031

2 & 4 0.001

3 & 4 0.002



Progress In Electromagnetics Research C, Vol. 106, 2020 13

Table 3. Operational characteristics of CR antenna system.

Parameters

G-shaped

NB

antenna

U-slot

NB

antenna

State-1

(S1-ON,

S2-ON,

S3-ON)

State-2

(S1-OFF,

S2-OFF,

S3-OFF)

State-3

(S1-ON,

S2-ON,

S3-OFF)

State-4

(S1-OFF,

S2-OFF,

S3-ON)

Operating

Frequencies

(GHz)

5.834,

8.786
7.355

3.863,

6.13
5.2 4.664 3.863

Bandwidth

(GHz)

5.70–6,

8.44–9.02
7.1–7.7

3.56–4.25,

5.96–6.36
4.76–5.70 4.21–5.21 3.56–4.25

Realized

Gain (dBi)

2.76,

2.69
4.47

1.62,

1.22
2.2 1.92 1.64

Usable Band

for application

LMI C-band,

Maritime

Radio

Navigation

X-band C-band

ISM, WLAN,

Military

application

Public

safety

Next

generation

5G

(Mid-band)

Table 4. Comparison of various integrated CR antenna systems.

Ref.

Substrate

Size

(mm2)

Electrical

size (λ2
L)

UWB

range

(GHz)

Number

of NB

Gain

(UWB/

NB)

Efficiency

(%)

UWB/NB

Number

of Ports

[14]
68 × 54

(= 3672)
0.367 3 ∼ 11 Four

1.25 ∼ 5/

0.6 ∼ 4
-/37.2 ∼ 75 Two

[15]
80 × 65

(= 5200)
0.231 2 ∼ 5.5 One

3.92 ∼ 7.2/

6.05
-/- Two

[16]
58.35 × 75.7

( =4417)
0.534 3.3 ∼ 12 Two

0.5 ∼ 6.5/

3 ∼ 6
-/- Two

[17]
120 × 65

(= 7800)
0.038

0.67 ∼ 1.9,

3 ∼ 4.6
Seven

−5.26 ∼ 3.12/

−0.96 ∼ 4.90
-/- Five

[19]
63 × 63

(= 3969)
0.509 3.4 ∼ 8.0 One 2 ∼ 6/6

47 ∼ 60/

68 ∼ 76
Two

[20]
58 × 65.5

(= 3799)
0.459 3.3 ∼ 11 Two -/- -/- Two

[21]
120 × 65

(= 7800)
0.042

Communicating

within UWB

range from

0.7 ∼ 3

Five -/−4.45 ∼ 0.23 -/- Four

Prop.

Model

80 × 40

(= 3200)
0.142 2.0 ∼ 11 Seven

2.08 ∼ 5.5/

1.2 ∼ 4.47

78 ∼ 85/

50 ∼ 86
Four



14 Parida et al.

(a) (b)

Figure 23. Simulated (a) isolation and (b) ECC plot of the CR antenna system.

4. CONCLUSION

This paper presented a compact, low profile multi-port CR antenna system. It proposed amalgamating
a circle with pentagon to generate geometry for a planar monopole fed by a CPW so that its ground
plane can be reused by NB communicating antennas. For the communication antennas, it proposed an
NB U-slotted microstrip antenna and a G-shaped dual-band microstrip antenna besides a reconfigurable
planar monopole antenna. The microstrip antennas were placed on opposite side of the UWB sensing
antenna and used its ground plane with appropriate locations to minimize coupling. The reconfigurable
antenna resided on the opposite end of the substrate. These NB antennas covered a total of seven sub-
bands. The proposed antenna system meets the requirements of radiation characteristics for the CR
system, like pattern, efficiency, gain, etc. With isolation less than −15 dB, the proposed antenna system
is appropriate for C-band, ISM/WLAN/Military application, mid-band 5G, maritime radio navigation,
X-band satellite communication, and public safety wireless communication.
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