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Abstract: This paper investigates and develops a novel compact broadband and radiation efficient
antenna design for the medical internet of things (M-IoT) healthcare system. The proposed antenna
comprises of an umbrella-shaped metallic ground plane (UsMGP) and an improved radiator. A
hybrid approach is employed to obtain the optimal results of antenna. The proposed solution is
primarily based on the utilization of etching slots and a loaded stub on the ground plane and
rectangular patch. The antenna consists of a simple rectangular patch, a 50 Q microstrip feed line,
and a portion of the ground plane printed on a relatively inexpensive flame retardant material (FR4)
thick substrate with an overall compact dimension of 22 x 28 x 1.5 mm?. The proposed antenna
offers compact, broadband and radiation efficient features. The antenna is carefully designed by
employing the approximate calculation formulae extracted from the transmission line model. Besides,
the parameters study of important variables involved in the antenna design and its influence on
impedance matching performance are analyzed. The antenna shows high performance, including
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impedance bandwidth of 7.76 GHz with a range of 3.65-11.41 GHz results in 103% wider relative
bandwidth at 10 dB return loss, 82% optimal radiation efficiency in the operating band, reasonable
gain performance, stable monopole-shaped radiation patterns and strong current distribution across
the antenna lattice. The suggested antenna is manufactured, and simulation experiments evaluate its
performance. The findings indicate that the antenna is well suited for medical IoT healthcare systems
applications.

Keywords: compact; broadband; radiation efficiency; umbrella-shaped metallic ground plane
(UsMGP); modified radiator and medical internet of things (M-IoT) healthcare systems

1. Introduction

The great progress of wireless medical healthcare systems needs compact broadband and
efficient antennas. The optimal performance of these systems is achieved with the robust antenna
designs. Recently, compact antenna devices have been playing an important role. These devices are
part of the modern healthcare wireless communication system. Therefore, designing a compact
antenna with the best performance is still a challenging task for active antenna designers. In
addition, different types of antennas with different specifications covers modern heterogeneous
wireless applications have been reported in the literature [1-4]. The existing antenna designs still
faces many challenges, such as reasonable antenna behaviour, narrow bandwidth (BW), moderate
radiation efficiency and acceptable gain with the comparatively larger size.

In recent years, there has been remarkable research and advancement in the medical internet
of things (M-IoT) and healthcare systems and services [5,6]. The M-IoT has proved its ability to
connect disparate pieces of medical equipment, sensors, actuators, and healthcare professionals to
provide superior medical services at a remote location [7—10]. As a result, many benefits have been
achieved, including optimized patient safety, lower healthcare costs, increased healthcare service
accessibility and increased operational efficiency in M-IoT field [11,12]. The M-IoT technology
encompasses heterogeneous wireless communication applications (HWCA) used in smart gadgets,
control and automation systems, wireless sensor networks and smart grids [13,14]. A significant
role is played by the efficient antenna system utilized in M-IoT end devices. An M-IoT system uses
an efficient antenna design with features including compact, low-cost, broadband, low power
consumption, radiation efficiency, simple configuration, and monopole-like radiation patterns.

Moreover, researchers are drawn to a high-performance broadband system due to its fast data
rate, high capacity, simplicity, and low operational power. Nowadays, scholars concentrate their
efforts on developing antennas with novel structures and increased compact properties. The antennas
may utilize the entire spectrum without causing interference in a confined space. These antennas are
distinguished by their broad bandwidth, high gain, small size, and great radiation efficiency. The
antennas can be used to cover M-IoT, modern heterogeneous wireless communication applications
(HWCA), including civil and military wireless access services, personal communication system,
airborne, naval, terrestrial radio detection and ranging (RADAR) [15], high-speed modern M-IoT
[16], high-precision positioning satellite and navigational systems and so on. The telecommunication
regulatory authority radio frequency allocation board of the Federal Communication Commission
(FCC) has apportioned spectrum for multiple HWCA, such as C-band from 4 to 8 GHz, X-band from
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8 to 12 GHz, H-band from 6 to 8 GHz [17], and airborne, terrestrial and naval radars from 8.5 to 10.5
GHz, respectively.

References [18-21] have been made to current research on miniature high-performance planar
antennas for modern wireless communication applications. Diverse radiator shapes and modern
antenna topologies, including folded C-shaped radiator and disc-shaped antenna for radio
frequency identification and broadband applications reported in [22,23]. In references [24-26], an
elliptical wide-slot antenna with a cross-shaped parasitic component, redesigned antenna lattices
utilizing defected ground structures (DGS), and meta-material resonator inspired antennas for
ultra-wideband (UWB) applications were presented. A compact circular staked patch antenna
achieved a wide BW of 5.02 GHz [27]. Another hexagonal probe-fed antenna using a flangeless
connector exhibited 8.3 GHz BW with a reasonable gain performance developed in [28]. The authors
used various antenna shapes to achieve a broad impedance BW and did not emphasize the radiation
efficiency. A miniature trident antenna by engraving multi-resonant slots and annular sector for
UWB applications were presented in [29]. The broadband antenna with loading u-shaped patch
engraved on the compact substrate 40 x 50 x 1.575 mm?; achieved around 40% fractional BW have
been designed in [30]. Another work presented the high-performance Fabry-Perot cavity antenna using
a beam switched approach. The designed antenna attained the 24% relative BW and 17.6 dBi peak
realized gain at a given frequency range [31]. However, the developed antennas include intricate
topologies and higher antenna diameters. Roberto Vincenti Gatti et al. designed the single layer
wideband antenna using a microstrip feeding line. The authors utilized the square and rectangular
patches with compact sizes of 9.85 x 9.85 mm? and 9.403 x 11.593 mm?. The presented work
achieved a reasonable BW of 6.12% and 3.17% in the operating band [32]. The stubs loaded patch
DGS, and numerous designing concepts of broadband antennas were utilized in [33,34]. A dual
wideband antenna with parasitic slot and radiator was reported in [35]. The proposed antenna
achieved 2.4 to 6.1 GHz and 9.4 to 13.8 GHz impedance BW. The method for BW enhancement
has been suggested in [36]. The authors achieved the broad BW with compact fractal metal
structures. A wideband antenna with notch band features and improved patch antenna design were
suggested in [37,38]. However, the employed approaches were complex, resulting in computational
complexity. A miniaturized broadband patch and slot antennas for ground penetrating radar (GPR)
and multiple-input multiple-output (MIMO) wireless terminal applications were reported in [39,40].
The antennas enhanced results were achieved with larger substrate dimensions.

Further, a new palm tree structure antenna with wideband features proposed in [41]. The antenna
achieved the broadband BW ranging from 4.0-10.4 GHz. The triple band notch wideband
panda-shaped antenna exhibited reasonable results across the frequency span was demonstrated in [42].
Recently, UWB, single and dual resonant antennas for spectrum sensing and moisture content
measurement applications reported in [16,43]. The compact antennas with asymmetric coplanar strip
(ACS) feeding and coplanar waveguide (CPW) feeding approaches were reported in [44—46]. The
designed antennas achieved the triple and pentaband features by using the material selection and
different shaped slots. The authors have used different laminates to achieve good performance of the
antennas. Another new design of antenna fed with CPW feed line achieved reasonable gain
performance and 67% efficiency for satellite forward mission features proposed in [47]. The
designed antenna has the overall size of 40 x 40 mm? imprinted on Roggers 5880 laminate. Further,
the reconfigurable and versatile designing methods for single and multiple elements were analyzed
in [48-50]. An ultra-compact triangular-shaped ground plane antenna have been proposed for
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multiband features [51]. Besides, a broadband antenna for modern communication application
reported in [52]. The antenna with an inverted omega-shaped ground plane achieved wideband and
high gain features reported in [53]. A miniaturized crossed dipole antenna with a size of 30.3 x 51.4
x 0.508 mm?® achieved the 28% fractional BW, and 1 x 8 dielectric resonator antenna (DRA) array
exhibited an optimal gain of 12 dBi and BW of 6 GHz were reported in [54,55]. The employed
antenna designing methods were complex and time-consuming. The antenna’s high-performance
results including good impedance BW and high gain demonstrated in [15,56]. The results were
accomplished using an array and a single layer stub loaded approaches. The slotted bowtie elements
transmit array for UWB applications was proposed in [57]. The authors designed different antenna
geometries with multiple functionalities for different modern communication applications reported
in [58,59]. The other studies about the high-performance dipole antennas using cavity backed
approach and modified taegeuk structure were reported in [60—62].

This article proposes a revolutionary compact broadband and radiation efficient antenna with an
umbrella-shaped metallic ground plane (UsMGP). A new hybrid approach is employed to obtain the
optimal antenna results. The primary reason for this compact antenna design is to introduce a novel
structure that may achieve wide impedance bandwidth (BW), optimal radiation efficiency and stable
omni-directional radiation patterns. The proposed method mainly relies on etching slots and loaded
stub used on the ground plane and rectangular patch. The proposed antenna includes a simple
rectangular patch, 50 Q microstrip feed line, and ground plane. The antenna design is printed on a
thick layer of low-cost flame retardant (FR4) substrate material. The antenna is designed to be
compact with an overall size of 22 x 28 x 1.5 mm?’. The parameters study of important variables
involved in the antenna design and its influence on impedance matching performance are analyzed.
The proposed antenna model obtains an impedance bandwidth of 7.76 GHz with a range of 3.65—11.41
GHz results in a wider fractional BW of 103%, a reasonable gain of 4.58 dBi, stable monopole like
radiation pattern and good 82% radiation efficiency features. The suggested antenna design has been
simulated, constructed, and verified experimentally. As demonstrated by simulation and experimental
findings, the suggested compact broadband and radiation efficient antenna is a superior solution for
M-IoT healthcare systems.

The remainder of the manuscript is organized as follows. Sections 2 and 3 describe the proposed
antenna’s technological plan and evolution stages. Section 4 comprises the simulation results and
discussion; Section 5 includes experimentally validated results; Section 6 contains a comparison to
recently published state-of-the-artwork. Finally, Section 7 summarizes the concluding observations.

2. Antenna technical design strategy

In this section, the proposed antenna technical design strategy is briefly described. Before start
designing the antenna lattice, the type of antenna, selection of the material and its thickness is very
important. Based on the requirement, the planar monopole antenna (PMA) has been focused due to
its good performance and low-cost FR4 epoxy substrate material is used to curb the fabrication cost
of the antenna. Afterwards, selection of suitable electromagnetic (EM) software has been decided.
The antenna is designed and simulated by using the high frequency structure simulator (HFSS)
version 13.0. The step by step flow of technical strategical plan of the proposed antenna is briefly
explained. The proposed antenna is designed by employing the transmission line model equations.
The antenna is designed using the following technical approach illustrated in Figure 1.
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Figure 1. Flow chart of designed technical strategy.

Besides, the approximated mathematical formulation based on the transmission line model is
also expressed here. The size of the radiating patch, dielectric substrate, feed line and partial ground
plane of the proposed antenna can be obtained by the following approximated Eqs (1) to (9). The
value of patch length can be obtained by using the formula [52]:

LoP=L, -2xAL (1)

where, LoP represents the patch length, L.y is the effective length, and AL is the normalized
extension in length. Moreover, Les can be calculated as follow:

Vv
L =0 ()
eff [
2 f grej}’

where, Vo denotes the speed of light in a vacuum, f represents the resonance frequency, and é&ref
indicates the effective diclectric constant. Furthermore, &5 can be calculated as follow:

&, +1 e —1
grejf: L + 2 H S (3)
2 1+12( 0 )
WoS

where, & is the dielectric constant of the substrate, HoS and WoS, represents the dielectric substrate's
height and width, respectively. Moreover, normalized extension in length due to the fringing effect
can be calculated as follows:
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where, WoP represents the width of the patch. Moreover, the width of the patch (WoP) and length of
the partial ground plane (LoGP) can be calculated as follow:

wop=Jo| |2 6
2f &y T1
LoGP = LoP+6x HoS (6)

where, LoP is the length of the patch. However, substrate thickness (HoS), width of the ground plane
(WoGP), feed line length (LoF) and guided wavelength (/¢) can be calculated as follow:

HoS — 0.606x A 7
Je.
WoGP =WoP +6x HoS (8)
A
LoF =%;) = 4 )

4

g
\ Erer

3. Antenna evolution stages and designed layout

The suggested antenna model’s development and architecture are depicted in Figure 2(e)—(f). The
designed antenna is etched on a low-cost FR4 epoxy thick substrate material with a relative dielectric
permittivity of & = 4.4, a loss tangent value of 6 = 0.02, and a copper thickness of 0.035 mm. The
suggested antenna is 28 mm long, 22 mm wide, and 1.5 mm thick. The intended antenna was created
by modifying the metallic ground plane (MGP) and creating a small rectangular patch. On the top side
of the laminate, a basic rectangular patch with compact dimensions of (10.5 x 14.0 mm?) and a 50 Q
microstrip feed structure are etched, and a small miniature partial ground plane (PGP) is etched on the
flip side of the substrate, as shown in Figure 2(a).

The chamfered operation of 5.0 mm is performed on the upper left and right edges of the PGP and
constructs the antenna model-2 as shown in Figure 2(b). Further, an 8.0 mm fillet operation is
performed on lower left and right edge of chamfered PGP to form an umbrella-shaped metallic ground
plane (UsMGP), as depicted in Figure 2(c). The purpose of making this change on the PGP is to realize
the high-performance features of the antenna. Then, as illustrated in Figure 2(d), trim the upper-right
edge of the compact rectangular patch using a 3.0 mm fillet operation to create the antenna model-4.

Finally, the proposed antenna model is constructed by again applying fillet operation of 3.0 mm
on the lower-left edge of rectangular patch and the loaded circular disc stub with the minimum size of
1.5 mm on the upper-right edge of the compact improved rectangular patch as elucidated in Figure 2(e).
The variables and their optimal values of the proposed antenna design are listed in Table 1. The
electromagnetic high frequency structure simulator (HFSS) software program develops and simulates
the proposed antenna. Moreover, the proposed antenna model is also designed on the three
dimensional (3D) altium designer (AD) tool widely used in the industry, as shown in Figure 2(f).
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(e) ®

Figure 2. Proposed antenna development process, (a) simple partial ground plane (PGP),
(b) chamfered PGP, (c) umbrella-shaped metallic ground plane (UsMGP), (d) fillet
radiator and UsMGP, (e) proposed antenna prototype, (f) 3D designed antenna model with
SMA connector.

Table 1. Proposed antenna designed variables and optimized values (unit: mm).

Defined variables Optimized value Defined Variables Optimized value
WoS = WoGP 22.0 LoS 28.0

HoS 1.5 LoGP 14.5

Lerc = Rare 8.0 Lerr = Rapr 5.0

Wr 3.1 Lr 17.0

LoP 14.0 WoP 10.5

RUC = L]_c 30 CSD1.5

The performance of the evolved antenna models in terms of return loss (|S11]) is depicted in
Figure 3; it is discovered that the initially designed antenna model obtained a wide impedance
bandwidth (BW) of 4.9 GHz with a range of 3.9—8.8 GHz at a return loss of 10 dB. Additionally, the
antenna model-2 has an impedance BW of 5.98 GHz and a frequency range of 3.78-9.76 GHz. The
impedance BW is improved by 22% compared to the proposed antenna model-1. The partial ground
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plane (PGP) is used to achieve this increase in impedance BW. Likewise, the antenna model-3 is
designed to have an impedance BW of 6.08 GHz and a frequency range of 3.72-9.8 GHz. Moreover,
the suggested antenna type achieves a greater impedance BW of 6.19 GHz over the 3.76-9.95 GHz
frequency range. Finally, the proposed antenna model obtains an impedance BW of 7.76 GHz with a
3.65-11.41 GHz frequency range. Also, it can be seen that the proposed antenna model’s impedance
BW has been enhanced by 58.4% when compared to the initial antenna design model.

e=mem Antenna Model-01 ==0== Antenna Model-02
0+ =i Antenna Model-03 Antenna Model-04
@=@==Proposed Antenna Model

-154

[S;;| Parameter (dB)

=20 4

25

Frequency (GHz)

Figure 3. |S11| performance of overall antenna designed prototypes across the operable
frequency.

4. Simulation results and discussion

This section explains the parametric analysis of the variables used to develop the proposed
antenna design. The parameters associated with the intended variables can be examined by employing
the electromagnetic high frequency structure simulator (HFSS) software package for rigorous multiple
times simulation. The main purpose of this study is to obtain proper impedance matching, wide
impedance BW and best performance results for the proposed antenna.

4.1. Influence of LoGP and WoP

The size of the length of the ground plane (LoGP) and width of the patch (WoP) influences the
proposed antenna impedance matching performance and resonance tuning features. As shown in
Figure 4(a), the proper impedance matching and wider BW are achieved at a maximum 14.5 mm value
of the ground plane. Likewise, the second resonance tunability has been achieved at the maximum
value of the variable. Further, the proper matching, wider impedance BW and second resonance tuning
are achieved at the value of WoP 14.0 mm, as shown in Figure 4(b).

Mathematical Biosciences and Engineering Volume 19, Issue 4, 3909-3927.
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Figure 4. Influence of variables over the entire operable frequency range, (a) length of
ground plane LoGP, (b) width of the patch (WoP).

4.2. Influence of LoP and HoS

The length of the patch (LoP) and the thickness of the substrate (HoS) strongly influence the
impedance matching, BW and frequency tuning performance of the proposed antenna. It can be
analyzed from Figure 5(a); the antenna matching performance is achieved at the patch value of 10.5
mm. Further, substrate thickness strongly affects the impedance matching performance of the
proposed antenna, as shown in Figure 5(b). It can be seen that at the lower value of the thickness of the
substrate, the antenna exhibited the dual-band frequency response. The wider impedance BW is
achieved at the optimized substrate thickness value of 1.5 mm.

0 === LoP=10mm ==0==LoP=10.125mm 0
LoP=10.25mm ==v==LoP=10.375 ‘
=== LoP=10.5Smm
-5 54
) )
= =
= -10 = -10
7] 7]
5] 5]
£ £
& -154 g -15+
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V_J-': =204 (,_J: -204 e H0S=0.5mm
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2254 25 emp==HoS=1.0mm
HoS=1.3mm
==0==HoS=1.5mm
-30 ' v -30 — —
2 4 6 8 10 12 2 4 6 8 10 12
Frequency (GHz) Frequency (GHz)
(a) (b)

Figure 5. Influence of parameters, (a) length of the patch (LoP) and (b) substrate thickness
(HoS) across the operable frequency span.
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4.3. Surface current distribution (Jsurr)

The recommended antenna model’s simulated result analysis of the current density at two
resonances is presented in Figure 6(a)—(b). When the proposed antenna resonates at 4.82 GHz, it
exhibits a significant distribution current across the entire patch, feeding line, and umbrella-shaped
ground plane (UsMGP). Additionally, at 8.96 GHz, a slight shift in current is evaluated at the patch's
upper edge and the UsMGP’s lower left and right edges. As a result of the data stated previously, it can
be inferred that the suggested antenna maneuvers admirably throughout the operable frequency range.

Jsurf[A_per_m]

7.BE77e+0B8
5. BE8587e+008
. BE38e+B80

. B379e+880
. §993e+800
. 3675e+2808
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(a) (b)

Figure 6. Surface current distribution of the proposed antenna at different frequencies, (a)
4.28 GHz, (b) 8.96 GHz.

5. Experimental verified results

This section discusses the proposed antenna model’s experimentally validated outcomes. The
measured and simulated values for critical antenna characteristics such as [S11| (dB), peak realized gain
(dBi), radiation efficiency (%), and radiation patterns throughout the standard plane are compared,
investigated, and analyzed.

5.1. Return loss |S11| parameter

The manufactured antenna prototype is depicted in Figure 7(a)—(b). Before evaluating the return
loss of the manufactured antenna sample, the vector network analyzer (VNA) is calibrated properly.
The antenna model is linked to the VNA’s single port. Figure 8 illustrates the simulation and
measurement results for the proposed and manufactured antenna. The manufactured antenna sample's
return loss (|S11]) parameter performance is determined using the Agilent PNA 5230C VNA. As
illustrated in Figure 8, the antenna’s simulation model has a broader impedance bandwidth (BW) of
7.76 GHz, with a lower frequency of 3.65 GHz and a higher frequency of 11.41 GHz. Similarly, at 4.28
GHz and 8.96 GHz, two resonances are recorded. Additionally, the antenna's constructed model
exhibits two resonances identical to the simulation model. As can be seen, the lower resonance has
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been somewhat pushed away from 3.9 GHz compared to the simulation results. Due to the SMA
connector’s faulty welding and the lossy substrate material, discrepancies in the results have been
noted.

(a) (b)

Figure 7. Fabricated antenna model, (a) front view, (b) back view.
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Frequency (GHz)

Figure 8. Simulation and measured results of |S11| entire operable frequency span.
5.2. Peak realized gain and Radiation efficiency
Figure 9(a) illustrates the simulation and measurement findings for the proposed antenna’s peak
realized gain. At 10.5 GHz, the planned antenna model's simulation result (streaked blue line)

demonstrates a maximum gain of 4.58 dBi. Similarly, a respectable gain is noticed, for example, 4.13
dBi at 4.28 GHz and 4.42 dBi at 8.96 GHz resonances.

Mathematical Biosciences and Engineering Volume 19, Issue 4, 3909-3927.



3920

5 100

= 804
e
s P
£ g
6 g:E 60 4 "r_}—“:i_"( ”*\'Q—i} .
T = \¥,
3 s
o 2 and
z h
> b=}
= o
S =
= 204 fl
o4y —*—Simulated Peak Realized Gain (dBi) =—0=— Simulated Radiation Efficiency (%)
==Om=\]easured Peak Realized Gain (dBi) 0 ==Om===Measured Radiation Efficiency (%)
T y T T T T T - T T T T T T T
2 4 6 8 10 12 2 4 6 8 10 12

Frequency (GHz) Frequency (GHz)

(a) (b)

Figure 9: Simulation and measurement results in the entire operating frequency range, (a)
peak realized gain, (b) radiation efficiency.

Additionally, the Friis transmission equation is used to determine the measurement gain of the
fabricated antenna. As illustrated in Figure 9(a), the manufactured sample of the antenna reaches a
peak realized gain of 4.0 dBi at 10.5 GHz. Similarly, gain values of 3.7 dBi and 3.9 dBi are
achievable at 4.28 GHz and 8.96 GHz resonances. Due to the loss of samples of the indoor antenna
in the anechoic chamber during the measurement process, a difference of 0.58 dBi in the peak
realized gain between the simulation and measurement data is seen.

Figure 9(b) depicts the proposed antenna’s simulated and measured radiation efficiency. As can
be seen, the antenna's maximum efficiency at 3.9 GHz is 82%. Similarly, the proposed antenna
achieved a 78% and 70% radiation efficiency for 4.28 GHz and 8.96 GHz resonances. As can be seen,
the suggested antenna radiates efficiently within the specified frequency range. Moreover, an
efficient gain/directivity approach extracted the proposed fabricated antenna radiation efficiency. As
illustrated in Figure 9(b) (streaked red line), the suggested antenna’s fabricated sample reached a
maximum efficiency of 72% at 4.5 GHz. Similarly, for resonant frequencies of 4.28 GHz and 8.96
GHz, the manufactured antenna sample approaches 70% and 60% radiation efficiency, respectively.
Further, the difference observed in the simulation and measurement result of radiation efficiency is
less than 20%, which validates the effectiveness of the applied gain directivity approach.

5.3. Radiation pattern performance
The manufactured antenna sample is put in an anechoic chamber to evaluate and validate the
suggested antenna model’s radiation pattern performance. The produced sample and ridge gap horn

antenna are positioned in the line of sight (LoS), as seen in Figure 10(a)—(b). The fabricated antenna
sample (the antenna under test) is mounted on the turntable and spun 360°.

Mathematical Biosciences and Engineering Volume 19, Issue 4, 3909-3927.
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(b)

Figure 10. Test environment of anechoic chamber room, (a) placement of ridge horn
antennas, (b) placement of antenna under test (AUT).

The radiation pattern performance of the designed and fabricated model of an antenna on the
standard planes (E-plane at ® = 0°) and (H-plane at ® = 90°) is shown in Figure 11(a)—(b). The
proposed antenna model has excellent performance and presents the monopole-like radiation
pattern on standard planes at the resonant frequency of 4.28 GHz, as elucidated in Figure 11(a).
The simulation and measurement results are found to be consistent. Similarly, in the H-plane, nulls
near 90° are formed.

Additionally, Figure 11(b) illustrates the suggested antenna’s radiation pattern performance across
standard planes at the resonant frequency of 8.96 GHz. The suggested antenna produces monopole-like
radiation patterns along standard planes. Further, a zero point is established about 300° in the proposed
antenna’s H-plane. As a result of the preceding discussion, it can be concluded that the simulation
results agree well with the measurement data. Similarly, for the resonant frequencies of 4.28 GHz
and 8.96 GHz, the suggested antenna exhibits stable monopole-like radiation patterns along the
standard planes.

180
==e==Simulated E-plane ====Simulated H-plane Simulated E-plane Simulated H-plane
=== Measured E-plane =====Measured H-plane === Measured E-plane =====Measured H-plane

(a) (b)

Figure 11. The proposed antenna’s simulation and measurement radiation patterns
performance, (a) @4.28 GHz, (b) @8.96 GHz, on standard planes.
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6. Performance comparison analysis

This section summarizes the suggested antenna’s performance study regarding total occupied
space, impedance bandwidth (BW), peak realized gain and radiation efficiency compared to
previously published literature. As shown in Table 2, the proposed antenna achieved high gain values
of 2.08 dBi, 1.08 dBi, and 0.58 dBi in comparison to the references [10,20,32]. The proposed
antenna exhibits the higher impedance BW of 2.74 GHz, 4.54 GHz, 3.96 GHz and 4.16 GHz in
comparison to the results reported in [10,13,19,32,53].

Further, the proposed antenna size is reduced by 34.18%, 70.8%, 86.96%, 90.98%, 74.26%,
90.94%, 41.3%, 70.83%, 85.4% and 99.69% as compared to investigated antennas in [18—
21,27,28,39,40,61,62]. Furthermore, it is noted that the antenna radiation efficiency results in
[19,21,27,28,61,62] are not reported. As shown in Table 2 and the above explained analysis, the
proposed antenna is small in size and achieves a high performance compared to most recently
examined antennas described in the literature.

Table 2. Performance comparison analysis of the proposed antenna with recently reported works.

Ref. / Year Occupied space (mm?) Bandwidth (GHz) Peak gain (dBi) Efficiency (%)
This work /2022 616 7.76 4.58 82

[27]/ 2021 936 5.02 9.3 Not reported (NR)
[28]/2020 2116 8.3 2.5 NR
[18]/2019 4725 3.22 3.5 90

[19]/2019 6832 8.01 6.5 NR
[20]/2019 2393.6 8.9 7.0 90

[21]/2018 6804 3.8 7.35 NR
[39]/2018 1050 10 5.0 84

[40]/2016 2112 3.6 4.0 95

[61]/2016 4224 7.03 11.8 NR
[62]/2015 202500 9.8 10 NR

7. Conclusions

In this article a novel compact broadband and radiation efficient antenna for medical IoT
healthcare system has been proposed. The antenna design comprises of a compact improved radiator,
umbrella-shaped metal ground plane (UsMGP) and 50 Q microstrip feed line. In this research, a new
hybrid technique is proposed to acquire the ideal antenna findings. The proposed approach is mainly
based on etched slots and short load stubs employed on a partial ground plane (PGP) and rectangular
patch. The suggested antenna is imprinted on a thick substrate made of a low-cost flame retardant
material (FR4). The antenna has a compact dimension of 22 x 28 x 1.5 mm?®. The proposed antenna
was carefully designed by using mathematical formulations extratcetd from the transmission line
model. The parameters study of important variables involved in antenna design and its influence on
impedance matching performance are analyzed. The designed antenna shows high performance,
including 103% wide relative bandwidth, 82% best radiation efficiency, reasonable peak realized
gain performance of 4.58 dBi, stable monopole-like radiation pattern and strong current distribution
across the operable frequency span. The proposed antenna has been fabricated, and the experimental
results have been validtated through simulation experiments. The designed antenna is suitable for
M-IoT healthcare systems and covers heterogeneous wireless communication applications (HWCA).
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Moreover, The presented work can be extended further to design, simulation and fabrication of the
metamaterial inspired reconfigurable notch band MIMO antenna.
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