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Abstract

In this paper, a truncated patch antenna based on the electromagnetic band gap (EBG) struc-
ture has been proposed. The fabricated antenna has five operating frequencies at 10.4, 15.68,
19.68, 27.2, and 35.04 GHz. The fabricated prototype of the antenna constitutes a truncated
rectangular patch etched with the shape of a symmetrical slot (on top) and an EBG loaded
on the ground plane of the dielectric substrate. The optimized volume of the antenna is
20 x 15 x 1.57 mm?>. The proposed antenna gives a good radiation pattern for the E-H field in
all covered bandwidth and also achieved better performances related to the reference papers.
A multiband antenna also covered the 5 G bandwidth, which resonates at 27.2 GHz from
24.2 GHz to 27.84 GHz bandwidth and at 35.04 GHz from 33.84 GHz to 36.2 GHz bandwidth,
which can be used in the Internet of Medical Things. On the other hand, X/Ku/K frequency
bands have been committed for wireless communication where the multiband antenna can be
used to help in monitoring, especially in the case of data transmission from radio frequency
sensors to health-care system in real-time applications.

Introduction

Recently, research in the Internet of Medical Things (IoMT) is gaining attention as a resource for
enhancement in medical diagnosis, treatment, and biotelemetry purposes. Nowadays, various
IoMT-based devices are being developed for different applications such as noninvasive blood
glucose monitoring, blood pressure measurement, heart rate monitoring, insulin pumps, tumor
detection, and endoscopy. Currently, 5 G networks are being deployed in many countries. It has
potential application for communicating diagnostic reports like high or low blood pressure,
glucose level in blood plasma, body temperature, and heart rate. 5 G networks can also be used
to implement telemedicine systems efficiently. A multiband antenna can be inserted into the
patient’s body or attached over the upper body part to make a biotelemetry system along with
medical devices such as biosensors, routers, micro-base stations, and a wide area network for
IoMT applications. Diagnostic reports like glucose level in the blood, blood pressure, and heart
rate from a radio frequency (RF) sensor imbedded in the human body or wearable on the body
can be wirelessly transferred to smart health-care systems [1]. loMT-enabled devices can make
health-care affordable and approachable for all. It has developed the feature of health care by
giving dynamic nature in real-time approach [2]. It supports the patients to take suitable mea-
sures in case of serious illness conditions like high and low glucose concentration in blood, high
and low blood pressure, brain tumor, and cardiac attack [3]. It eases remote sensing check-up
facility that reduces the costs. The IoMT has an important role to transform the health-care
systems and minimize the cost of medical devices such as RF sensor that provides different
bands by using a single antenna. Many wearable medical devices for IoMT and 5 G networks
applications in smart health-care structures are being developed, such as RF sensors for nonin-
vasive blood glucose level monitoring, pacemaker for cardiac disease, and diagnostic of brain
tumor. In near future, 5 G networks will support operation of the IoMT [4]. IoMT applications
in the 5 G spectrum will result in the development of a smart health-care system [5]. The smart
health-care system and its main components are depicted in Fig. 1, which is based on the 5 G
network.

Advanced medical devices in smart health-care systems are based on many novel ideas
of research for implantable and wearable RF sensors [6]. A wearable medical device such as
an RF sensor can have noninvasive monitoring in real-time mode. It can transmit diagnos-
tic information like blood glucose levels, high blood pressure, brain stroke, and cardiac attack
to the health-care system, where medical experts are ready for the treatment of patients [7].
An RF sensor is attached in or around the body part to establish a Wireless Body Area
Network (WBAN) [8]. The advantages of RF/microwave frequency bands are being utilized
in IoMT, wireless communications, satellite communications, and 5 G network applications. By
using multiband antenna design, handy medical diagnostic tools like RF sensors for glucose
level monitoring and heart rate monitoring devices are also developed. In tumor detection
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Data centre

Figure 1. Schematic view of smart health-care system
based on a 5 G network [2].
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Figure 2. EBG structure of ground plane unit cell.

systems based on microwave/RF bands, a multiband antenna is
used in the wide super-high frequency (SHF) band from 0.5
to 40 GHz for the low depth of access inside human tissues.
Development in implantable/wearable technology has resulted in
the new design of RF sensors for medical applications such as glu-
cose monitoring [9, 10], neural recording [11], intracranial pres-
sure monitoring [12, 13], and endoscopy [14, 15]. The key element
of a health-care system is an RF sensor, which is used for commu-
nicating the RF signal in between the RF sensor and health-care
systems [16, 17]. Human tissues are lossy medium for RF/Electro
Magnetic (EM) waves, and some of the RF waves are absorbed
within human tissues [18]. A novel design of the antenna is needed,
which contains low backward radiations and minimum Specific
Absorption Rate (SAR) value that results in less harm to the human
tissues [19]. Biomedical devices are wireless devices; they have a
single antenna with multiple band, RF sensors, a transmitter, and
a microcontroller unit, which can be attached to the patient’s body

https://doi.org/10.1017/51759078723000454 Published online by Cambridge University Press

Saurabh Raj et al.

Satellite
Communication

Centralize
Network

Health care
(Hospital)

Distributed
Network

D2D links If B
- .. i+
. ~
PMC
Waveport 2 /

[ m—
| — - 1

| |

\ |

1 PEC

EBG unit cell
\
'! Waveport 1

or etched on clothing [20]. It has many issues related to RF sensors
design. The design of a flexible antenna with stable characteristics
and specified limits of the SAR value are important issues [21-24].
Design should be compact in size, and it should be smart enough
that it can operate in different spectrum using a single antenna
design. Multiband designs substitute the application of conven-
tional patch antennas for different resonant frequencies [25-27].
The multiband antenna can be designed by unique geometric vari-
ation, such as slot cuts on patch and structures on ground plane
are the important components in conventional microstrip patch
antennas. Recently, several methods to obtain multiband anten-
nas such as subtracting the slots on the patch [28] and loading of
metamaterial-based configurations [29, 30] on the radiating patch
are being used. Defective ground structures (DGS) can also be
used on the ground plane to cover the multiple bands by a sin-
gle antenna design. A multiband antenna is designed that covers
SHEF satellite communication applications [31]. A rectangle-shaped
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Figure 3. Current distribution on EBG unit cell.

microstrip patch antenna has been developed to function at a wide
range of frequencies, including those used in Intelligent Transport
System (ITS) and satellite communications applications [32]. In
[32], a compact antenna is designed for use of ground mobile satel-
lite communications for vehicles. In [33], a square slotted patch is
designed for dual-band satellite communication applications. In
[34], a monopole antenna having dual-band notch is designed,
which is used in satellite communication for X/Ku-band applica-
tions. In [35], a fractal patch antenna is designed for SHF satellite
communication. In [36], a metamaterial-based miniaturized patch
antenna is designed for satellite communication, GPS, and Wireless
Local Area Network (WLAN) applications. In [37], a DGS-based
ultra-wideband antenna is designed for WLAN applications. A
slotted patch antenna that operates in the Ku-band is reported in
[38]. An oval-shaped ring patch antenna is shown in [39]. The
antenna described in this study is efficient, has a good impedance
bandwidth, and is suited for C/X/Ku/K band satellite commu-
nications. In [40], an elliptical ring patch multiband antenna is
reported.

A multiband antenna that covers multiple frequency bands,
such as C/X/Ku/K wireless communication, is designed in [41].
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Figure 4. Band gap of EBG surface with the reflection phase diagram.
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In [42], a poly fractal shape microstrip patch antenna with circu-
larly polarized multiband is proposed. In [43], a triband antenna
is proposed. It has achieved circular polarization at multiple res-
onant frequencies for Bluetooth, WLAN, and ITS applications.
The manufactured dipole antenna in [44] is mounted to a dielec-
tric substrate that possesses the same electrical properties as
human tissue. It is shown that nanomaterial is an ideal mate-
rial for SAR minimization. For the biotelemetry system, a com-
pact dual-band circular patch antenna is constructed in [45]. The
designed antenna covers Industrial Scientific and Medical bands
(ISM), Medical Implantable Communication System (MICS), and
Med Radio for biomedical applications [45]. For Radio Frequency
Identification (RFID) biomedical applications, a small, circularly
polarized implanted antenna is developed [46]. An RFID antenna
for in body measurement is developed in [46]. In [47], a small
antenna loaded on a superstrate is designed for biomedical appli-
cations in the ISM band. In [47], an antenna with a small vol-
ume of (25 x 25 x 1.92) mm® was proposed, which is devel-
oped for biomedical telemetry applications. An extremely tiny
implanted antenna for biomedical applications is reported in [48].
The antenna is fabricated on Roger RO3003 (¢, = 3) with an
overall volume of 5 x 5 x 0.26 mm?®. The designed antenna oper-
ates at a 2.45 GHz resonant frequency with 460 MHz impedance
bandwidth and a gain of —22.6 dB observed in human body.
The ISM band is used by a circularly polarized implanted patch
antenna for biomedical applications [49]. The proposed antenna
has a compact dimension of 10 mm X 10 mm X 0.5 mm.
A novel compact-size implantable circular antenna is proposed
in [50]. It provides wireless information and energy transmis-
sion at the ISM and Medical Device Radio-communication
bands.

The multiband antenna operates in multiple bands, which can
be used for IoMT and 5 G applications. In this paper, the discussion
about a multiband antenna for IoMT and 5 G networks is divided
into five sections. The first section describes the introduction of
a literature survey on multiband antenna for biomedical applica-
tions. The second section states the methodology of electromag-
netic band gap (EBG) structure design on radiating patch antenna.
In the third section, antenna design parameters are discussed. In
the fourth section, results are discussed. Finally, the conclusion is
given in the fifth section.
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Figure 5. Band gap of EBG surface with transmission loss graph. Frequency (GHZ)
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Figure 7. Real and Imaginary permittivity of design unit cell. freq(GHZ)
Electromagnetic band gap structure design methodology maximum current density is obtained, as can be seen in this figure.
In Fig. 2, a unit cell of the EBG structure with the dimensions This results in a +180° reflection phase at a particular frequency

3 x 3 mm? is depicted. The periodic arrangement of EBG on the range.

ground plane has been realized from the dispersion graph, the By using a ref.lectic.)n Phase graph, an e.:lectromagnetic property
reflection phase, and the transmission loss parameters. The cur-  1as been determined in Fig. 4. The reflection phase of 180 os.how.s a
rent distribution on EBG unit cell is illustrated in Fig. 3. The Perfect Electric Conductor (PEC) and reflection phase of 0° implies

slit gap of the unit cell construction is the location where the a perfect magnetic conductor (PMC) plane.
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Figure 10. The simulated geometry of the proposed EBG-based truncated patch antenna: (a) top view and (b) bottom view.

In nature, the PMC does not exist. An EBG structure plane The bandwidth of frequency from +90° to —90° in the reflec-
has reflection phase changes from +180° to —180° by increasing  tion phase variation matches with the bandgap of the EBG ground
frequency [51]. plane unit cell. The reflection phase diagram within a particular
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(@) (b)

Figure 11. The fabricated design of the proposed EBG-based truncated patch
antenna: (a) top view and (b) bottom view.
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Figure 12. Planner periodic EBG structure.
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Figure 13. Simulated reflection coefficient S;; (dB) versus frequency with and
without EBG.

frequency range is shown in Fig. 4. As shown in Fig. 5, a multi-
ple band of the frequency with transmission loss S,; of <-10 dB is
typically measured as the band gap [52, 53].

In Figs. 6 and 7, the artificial material parameters such as
effective permeability and effective permittivity are shown. These
graphs shows that both negative permeability and permittivity
bands lie between approximately 25 and 26 GHz, 27 and 29 GHz,
and 37 and 40 GHz. This result implies that these particular
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Figure 15. S;; graph with and without truncation on the corner of a rectangular
patch.

frequency bands of design unit cell work as an EBG structure. As
a result, incident waves experience a zero degree reflection phase
shift. Planner periodic structure array has been used on ground
plane for surface wave reduction.

According to [54], a metamaterial with symmetrical geometry’s
effective thickness (d) is measured (in the plane of EM propa-
gation). When the measurement locations are situated close to
the periodic arrangement of metamaterial, undesirable modes of
higher order are produced, which results in improper effective
permittivity and permeability. To get precise S-parameters, the
observation nodes must be placed far enough from the metama-
terial surface to achieve the dominant mode. The wave impedance
and the refractive index in [54], electromagnetic wave with normal
incidence on a homogeneous surface, have the following correla-
tions with the S-parameters:

Ry (1 _ eiZNeﬂkOd)

Su = (1 _ RgleiZNeﬂrkod) @
o _ (=R (e o
= (1 — R eiNakod)
_ Zg—1
R = 5T ©)

where N g(w) = n.g + keg denotes the complex refractive index,
Z.¢ denotes the complex impedance of wave, 7.4 denotes the effec-
tive refractive index, kg is the effective extinction coefficient, k,
denotes the wave number, and w denotes as the angular frequency.
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A unique method for determining metamaterial parameters is
proposed, which is based on the Kramers-Kronig correlation.
Effectively using equations (4) and (5) in the case of a uniform
substrate with properly specified substrate boundaries and known
S-parameters is proposed. Once the thickness of the homogeneous
substrate has been defined and the material’s properties are known,
it is possible to calculate the S-properties using the analytical for-
mulas (1) and (2). The effective magnetic permeability and effective
electric permittivity are determined using the effective material
parameter extraction algorithm.

Effective impedance (Z.4) parameter has been calculated from
the values achieved from the waveguide medium as [54],

(1+8h)— S5
(1—8h) =83’

Zefg = (4)

. S
i2Negkod — 21 5
¢ TSRy, %)

From this value of effective impedance (Z.g), effective perme-
ability (pt.q), effective permittivity (e.4), and refractive index (N .q)
are calculated by following equations [54, 55]:

Hef = Negt X Zeggs (6)
Neff

Eeff = 7> (7)
i Zeﬁ

1 . .
Hef = kod {I, [(Ine™ )] 4 2mm — R, [Ine™ d]} . (8)

By equations (6)-(8), the complete values of fi.g, € and #eg
have been calculated using MATLAB code. These values are shown
in Figs. 6-8, respectively. It can be observed that the value of effec-
tive permeability, effective permittivity and refractive index are
negative between bandwidth of 25 to 26 GHz, 27 to 29 GHz, and 37
to 40 GHz, respectively. At this particular frequency band, the stop
band phenomena is seen for designed unit cell of EBG structure.

In Fig. 9, the impedance magnitude of the designed unit cell
of EBG is shown. It is found to be positive throughout the fre-
quency bandwidth, which implies that a high impedance surface
has been achieved. It has high impedance surface for both TE and
TM polarization, and this results in minimum surface wave propa-
gation at particular frequency bandwidth. Moreover, the band gap
property of EBG for surface wave reduction enhances the peak
gain of antenna, minimizes the backward wave propagation, and
decreases mutual coupling.

Antenna design and its specification

In this work, an EBG-based truncated patch antenna is simulated,
which is illustrated in Fig. 10. The geometry of the truncated patch
is designed on the RT/Duroid dielectric substrate with a dielectric
constant (¢,) of 2.2, with the height of 1.57 mm, which is depicted
in Fig. 10(a). The developed antenna, depicted in Fig. 10(b), has an
EBG structure loaded in the ground plane to reduce surface cur-
rent and improve radiation properties like impedance bandwidth,
realized gain, and antenna efficiency. By using HFSS v18 simulation
software, the dimensions depicted in Fig. 10 have been optimized.
A conventional microstrip line with 50 ohms SMA connector is
used for feeding RF power. Fig. 11 displays the lab-fabricated proto-
type of an antenna. The optimized volume of the fabricated antenna
is 20 x 15 x 1.57 mm®. Due to truncation on the corner of a rectan-
gular patch with slot subtract on radiating patch, a good impedance
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matching has been obtained with the transmission line. The slot
is cut of rectangular shape on the radiating patch in a symmetri-
cal manner, which produces capacitive coupling with the periodic
structure of EBG on the bottom of the substrate. It reduces cur-
rent density on the surface of the dielectric substrate, which leads
to maximum power radiation in free space.

The gaps between EBG unit cells usually have a very high aspect
ratio, and as a result, it introduces a high coupling effect in a capac-
itor that miniaturized the physical size of the antenna, which is
illustrated in Fig. 12. The use of planner periodic EBG structure
loading on the ground has led to the propagation of TMO in plan-
ner structure. Due to TMO propagation, the surface current in the
substrate is reduced [56].

Results and discussion

HFSS v18 is used for the simulation of an optimized antenna. First,
the patch antenna without loading of EBG structure is simulated
in the HFSS tool. The simulated graph of reflection coeflicient S},
(dB) with and without loading of periodic EBG ground structure
is shown in Fig. 13. The graph shows that due to the stacking
of the periodic structure of EBG on the ground plane, two more
bands are available for communication, and impedance matching
is improved compared to without loading EBG structure. A good
agreement is achieved in the simulated and measured graph of
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Figure 22. Simulated and measured radiation pattern at (a) 10.4 GHz, (b) 15.68 GHz, (c) 19.68 GHz, (d) 27.2 GHz, and (e) 35.04 GHz.
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Figure 23. Simulated and measured co-cross-polarization in E- and H-planes
(dB) at (a) and (b) 10.4 GHz, (c) and (d) 15.68 GHz, (e) and (f) 19.68 GHz, (g) and
(h) 27.2 GHz, and (i) and (j) 35.04 GHz.

S11 (dB), which is shown in Fig. 14. Truncated patch antenna with
theloading of EBG ground plane are resonating at five different res-
onant frequencies of 10.4 GHz (BW: 8.5 to 11.66 GHz), 15.68 GHz
(BW: 14.5 to 16.9 GHz), 19.68 GHz (BW: 18.9 to 20.3 GHz),
27.2 GHz (BW: 24.2 to 27.84 GHz), and 35.04 GHz (BW: 33.84
to 36.2 GHz), which covers X/Ku/K/Ka/mm-wave bands, respec-
tively. A good impedance matching is obtained with the feed line
due to the truncated corner and slot cut on the patch that produces
multiple resonant frequencies.

The simulated result of radiating patch with and without trunca-
tion on the corner of rectangular patch is shown in Fig. 15. It shows
that due to truncation on the corner of the rectangular patch, the
impedance matching has improved and bandwidth has also been
enhanced.

Due to the loading of the periodic structure with a 3 x 4 EBG
array on the bottommost of the dielectric substrate, the back lobe
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is reduced, and a 180° phase shift occurs in the frequency band gap,
enhancing the antenna performance. Figure 16 shows the surface
current density on the EBG-loaded ground plane and PEC-loaded
ground plane at the resonant frequency. The surface current is
reduced by loading the EBG structure because of its frequency
band gap. Because of the EBG structure’s high impedance and
reduced surface wave propagation in the ground plane, the reso-
nant frequency is in the band gap region. It demonstrates that the
radiation from the designed antenna has enhanced in the intended
direction.

Due to the loading of the EBG structure on the ground plane,
the radiation efficiency is enhanced, which is shown in Fig. 17. It
is observed that by loading of the EBG ground plane, the average
radiation efficiency increases from 55% to 75%.

Figure 18 shows the current distribution on the radiating patch
and EBG ground plane. It implies that the transmission line and
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Figure 24. Measurement setup for glucose level monitoring by loading of thumb
on radiating patch.

edges of the rectangular slot have a maximum current density,
which leads to good impedance matching in multiple bands of
frequencies. On the other hand, the current distribution on EBG-
loaded ground plane shows maximum current flow along the
radiating patch, which leads to good impedance matching with
the transmission line and reduces surface wave on the dielectric
substrate. In the proposed antenna design, circular polarization is
obtained at the resonant frequency of 27.2 GHz ranging from 27
to 27.28 GHz, which is illustrated in Fig. 19. The designed antenna
has an axial ratio of <3 dB, which shows the circular polarization.
A circularly polarized antenna radiates EM waves in every dimen-
sion, which is required for receiving data at the receiver point. The
realized peak gain of the fabricated antenna concerning frequency
is illustrated in Fig. 20. In Fig. 20, the antenna shows a maximum
peak gain of 4, —4, 6, 8.5, and 2.5 dBi at 10.4, 15.68, 19.68, 27.2, and
35.04 GHz resonant frequencies, respectively.

Figure 21(a) and (b) shows that by loading EBG on the ground
plane, the gain of the antenna has improved from 2 to 8.5 dB at
27.2 GHz resonant frequency and the axial ratio also improved,
which achieves the circular polarization from 27 to 27.28 GHz
frequency band.

In Fig. 22, radiation pattern at multiple resonant frequencies are
shown. The magnitude of electric field intensity on radiating patch
in the field plot implies that the proposed antenna is working at
multiple resonant frequencies. It shows that the truncated point
in the rectangular patch has maximum radiation intensity. The
radiation pattern shows that the proposed antenna is a directional
antenna that can be used for point-to-point wireless communica-
tion including long-range connectivity applications between two
devices.

Polarization is the orientation of the electric field. Co-
polarization is the desired polarization, and orthogonal to polariza-
tion is cross-polarization, which is undesired. The electric field of
co-polarization defines the signal strength, and cross-polarization
defines the undesired noise signal. Co- and cross-polarization in
the E-plane and H-plane are shown in Fig. 23. It has been observed
that approximately symmetric with some directionality, E-H field
with low co-polarization magnitude has been realized in H-plane.
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Table 1. Comparison of the parameter of proposed design with other
referenced paper

Resonant Peak
Reference Dimension frequency (GHz) Gain (dBi)
[31] 8 x 16 mm? 8.7, 16.4, 19.6 8.4, 8.04, 3.12
[32] 14 x 12 mm? 4.96, 7.76, 2.03 to 7.77
12.72,29.3
[33] 40 x 35 mm? 13,18 3.14 to 4.98
and 2.03
to 2.58
[34] 20 x 20 mm? 45,7,9,12,15 6.96
[35] 15 x 15 mm? 8.8, 10.8, 1.56
13.02, 15.23
[36] 24.6 x 22.15 8.5, 17.7, 9.6
mm? 20, 23.7,30
[40] 50 x 50 mm? 2.4,3.4,5.8 NA
[45] 340 mm? 4.3.5 MHz, 4.8
(volume) 433.9 MHz
and 2.45 GHz
[46] ™ x (6)2 x 1.27 902-928 MHz 8.1
mm3
[47 25 x 25 x 1.28 915 MHz NA
mm3
[57] 12 x14x 1.6 5.72, 14.3, NA
mm3 and 16.06 GHz
[58] 0.144%, x 0.105X, 820-990 MHz, NA
% 0.003%g 1.87-2.08 GHz,
2.37-2.93 GHz,
3.98-4.27 GHz,
and
5.47-8.9 GHz
[59] T x (4?2 %16 27.5-28.8 GHz, NA
mm3 32.45-34.65 GHz
Proposed 20 x 15 x 1.57 10.4, 15.68, 4,-4,6,
work mm? 19.68, 8.5,2.5
27.2, 35.04

It shows the radiation pattern in pass bands between multiband
frequencies. The motive of the field pattern is to determine that the
proposed design essentially covers a multi bandwidth. The electric
field pattern is almost same as the pattern of the dipole antenna.
The cross-polarization increases at a certain magnitude with higher
frequencies due to a wide area of radiation. The cross-polarization
is less than —10 dB in H-plane, which is desired for radiation
purposes in wireless communication for biotelemetry applications.

The proposed antenna can be used as an RF sensor device for
monitoring blood glucose levels non-invasively. Fig. 24 shows that
by loading the thumb as a superstrate on top of the radiating patch,
there is a remarkable frequency shift. This shift is measurable, and
using a single-pole cole-cole model, the shift in resonant frequency
can be used for calibrating glucose levels directly.

Finally, the proposed work is compared with other reference
work as shown in Table 1. This shows that the proposed work gives
better results than reference papers.

Conclusion

In this paper, an EBG ground structure-based truncated patch
antenna has been proposed. It has a compact volume of
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20 x 15 x 1.57 mm?®. The proposed multiband antenna has a good
gain over a wide frequency range. The designed antenna has aver-
age radiation efficiency of 75% throughout the wide frequency
range. In the proposed antenna design, the current density on
the surface is minimized due to the loading of electromagnetic
bandgap at the bottom of the dielectric substrate. It results in
maximum RF/EM radiation in free space. The designed truncated
antenna has a peak gain of 8.5 dBi at 27.2 GHz resonant frequency.
It covers 24.2 to 27.84 GHz bandwidth, which is allocated to 5 G
networks. By loading the electromagnetic bandgap structure, the
fundamental parameters of the microstrip patch antenna such as
impedance matching, bandwidth, and radiation efficiency have
been enhanced. The proposed design has a novel structure having
multiple bands at 10.4 GHz for X-band, 15.68 GHz for Ku-band,
19.68 GHz for K-band, 27.2 GHz for Ka-band, and 35.04 GHz for
the mm-Wave band. The designed multiband antenna can be used
for telemetry applications in IoMT and 5 G networks, as well as dis-
ease detection and diagnostics in order to improve the health-care
system.
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