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Absiract

Simce the Internet of Thinz: (JaT) enablsd madical
diagmastic system requires unprecedanted precizion and
amomation for better health care dalivery, thersfore in
such zystems, the pafonunance of amtemnas for
cificiently wemsforing defa (vikl fmcions of the
bumer body) 5 mm muportant sk Too address thess
concams, 2 mecharically robuast, movel nybrid wearakls
on-body anberma imspired by Moore’s factl bazed
geometry and comventional rectansolar leop for a
diagmestic bealth momitorins system i3 proposed. The
sruchme developed fmwohe: the stching of Blpores
ouve omto 2 cooventional rectamgular paich and
subsagnently encazng it in 2 rectangular loop alomg
with a defected promd stmactore The proposed
anterma exhibiis doal-band with bamdwidth ransme
from 1.3%5 - 1.2 GHz and 2 25 - 4 82 GHz respectivaly,
covarmg WAITS, T5ML and Perzomal Cosmomication
Inamd besides coverme 2 portion of T'WE band al:o. The
o operating bands of the antarma offer a fractiomal
bandnadth of 38.3% and T37% respectively. It iz
obzemed thet the average spacific absorpton rate (SAE)
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aver the neatE-layver phanton is 0025 Wke for an gt
power of = 24 dBm In comperison to the recenily
reparied wearable anterma:, the design proposed has a
compct foofpring of 0135 ko 3 009300 @ QU004da
besides offering a dual- berd of operation, peak zaim of
2.1 dBi, overall radiated eficiency of 053 and ZAR.
below 0023 Whks The desizn = fbocated using
Fiogers SBR0) subsirate (zemi-flex) of thickme:z 073
men The expermmentz] resuls validate the sinmulated
results maline the proposed amtenra 2 promising
candidate for the bio-medical application. On aalysing
the performaamce of the proposed amtema omto the
Iumizm body (lneman body loading), it is concloded that
the propozed amterre stuchee is apgroprate for bio-
telemetic application in diagmostc health meomitoring
sysiems wherem data is relayed from all bip-sensors to
Ternote comtrol systams 2 well 2= its content

1. Introduction

From ths last two years, our sociefy at large iz
facing the dizastrous outcomes of the pandemic Itis
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an andeniabls The azsocizte editor coordmating the
review of this manuscript and approving it for
publication was Masoed Ur-Fehman . fact that the
healthcare sector is the worst kit and thers has besn
fremendous pressure on s resources.  People
working in the biomedical field are not only oying to
fix the challenze arising dus to the unexpected
situation but 2lse amm to provide 2 steady solution for
the fiubare whenever such a critical sftoation arises. In
light of thiz sifuaticn, 2 lot of work haz been doae to
decrease the workload of doctors by redocing the
mumber of visits of patients to the hospitals. Thiz has
been achisved by ensuring proper tels monitoring of
vital fanctions of critical patientzs and a timely
dizgnozis by the healthcare profesziomazls. In a2
biomedical diagpostic system, an ant=nna is not onky
2 wital part of the =ystem but it defines the cvarall
efficacy of the system A schematic of the
biotelemetry-bazed diagmostic health moaitoring
system is illustrated in designing an amtenna for om-
body application iz a hercolean fask Im such
sceparios, the BF waves imteract with differest
tiszues of the body resulting in mtemal reflection and
scaftering phenomena which make: the impedance
mziching a hectic issus. Mot anly thiz, the placement
of the antenna omce figed over a human body i
liable to change whenever any body movement
pcoars. Thiz resultz in a change in the resonamt
frequency, mmupedance bandwidth, 2nd reflecion
coefficient To alleviate the shifiimz of operzting
frequenciss I such scemarips, it i3 alway: better to
desizn @ wideband amtenma  Taking  imbo
conzideration above mentioned challenges, there iz a
dirs demand for the dezign of 2 robust, compact,
conformal, multiband’ wideband amtsmna for body-
worn applications., A CPW-fed octagonal shapsd
UWE amtznna for WEAM application iz reparted in.
When the reported amfenna iz operated in cloze
projimity to @ human body, the radiation pattemm of
the amtenna heing bidirectional increazed the specific
abzorpition rate. To address this concern, suthors m
have employed 2 foll groond plane that is placed
bepeath the subsirate layer to awedd the effect of
radiztion: emitting from the amtenna on the homan
body, A4 Bow-Tie amfenmna  for  biomedical
applications is reparied. When this anfenna is placed
over the skim, it operates in the fregquency rangs of
0.3-1 GHz. However, the repored prototyps i
fabricated on a2 rmigid PCB, which limis it
application for the cazs: where conformity i:
required (on-bedy affization). In muothorz have
reported a bicomical anterma for the body area
network 23 if provides a doectional patern with
minimum back radiation. The sexou: drawhback of
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This antenna iz its larger size which mhibits its uzagze
m large-:cals imtegration. Furthermors, in the
rezearchars reported that a big zround plans M an
amtenna shislds the body from the eleciromaznetic
(EBD) radiztion arizing oot of it by reducing the
backward radiztien Mevertheless, mntenmas with
large ground planes resulied n 2n increasze in zize
and losz of femibility in the wearable anterma A
pliablz on-body aniemma i3 presemted in which iz
compact, conformal, apd ha: 2 midirectionmal
radiztion patiern. The prospeciive antesama opsrabss
m the frequency band of 0.55-3 GHz when placed at
different pariz of the human body. In this antenna,
the mazmimum 5AR valoes remain well below 0.8
Wikz (10 2) for the mammuom impet power limited to
10 dBm. In 2 mmidirectional antenpa meant for head
mazing is reported. The dimension: of the prototype
are G0 = 85 = 4 mm? and work in the opsrational
fequency ramge of 1.1-1.2 GHz For the same
application, am Dmproved compact amtenma i
reported M operating in the Tequency band of 1- 4.3
GHz. A friple baed implantable antsnna meant for
bio telematric application iz propozed in, wherein the
performance of the desizn is reported to have besn
achieved by uwitlizing the split ring rezonator: leadsd
with meandersd line: in the radiatmz patch of the
amtenna The factional bandwidth achieved in all
thrzz operating bands of the antenpa reported m i
leza than 207% sipnifying the fact that the design iz a
parrowhbend anterma. In 2 flegible and compact
circularly polarized monopole antenna iz propozed
for wearzble applications. To achisve good
performance m terms of gmin and  Specific
Absorption Fate (SAR), the antenna is backsd by an
Artificial Magnetic Condoctor (AWC) that acts as a
reflector. A comformal widebamd patch antenna
backed by AMC for better SAR, impedance
mziching and high efficiency is reported. However,
such fypes of designs a:z proposed in have larger
sizaz and a higher degree of complexity. A low-
profile Eoch ourve-mapired hybrid antenna i
proposed for on-body WEANW applications. By
virtue of fractzl geometry with meandering zlits and
defected ground plane, the sffective zize ha: besn
mimizharized amd bandwidth improvement has besn
achigved in the reported desigm. In puishell, o =
obaerved that apart from the slot amd traditiomal
patches, versatile antemma desizn: for body wom
applications with improved effidency and
performance have been recently reported Eesping
theie challengzes i mind, there is a dire peed for new
amtennas that a2re more soifable for on-body

operations
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1. LITRATURE SURVEY

1. Wireless Body Ares Networks: A Survey

Fecent  development: and  technelogical
advancements in wireless Communication,
blicroelectromechanical Systems (BIERIE) technologzy
and  imtegrated circuit: haz  emabled  low-powar,
miellizent, miniztorized, invasiveroa-imvasive micro
and namo-technology zenzor nodes strategically placed
m or aroond the human body fo be used in varios
applications, such as perzomal health monitoring. Thiz
eEciting mew area of research iz called Wirelezz Body
Area Wetwarks (WEAM:) and leverazes the amerging
[EEE E02.156 and IEEE 802134) standards,
gpecifically standardized for medical WEANa.

2.  Dual-band recomfigurable antenna with &
wery wide tunability range
A mew technigue for desizming dual-baed
reconfipurable slot aniemmaz iz presemted.  Dual-
frequency opsration is achieved by loading a :lot
amtenna with two hmped variable capacitors (varactors)
placed in proper locations along the zlot Loading the
slot anterna with lumped capacitors shift: down the
resomant frequencies of the first and :econd resonance:
of the antenna Howewver, the:e feguency shift: depend
wot only on the valies of the capaciters, ot also on
their locations along the slot antenma

3. Tuanable coplanar patch amtenna using
varactor

The operating frequency of a coplanar patch
amtemna iz tuned wsing a varacior mounted at one of the
radiating edge:. The coplanar patch amtenna is funable
from 4.9 GHz at 0V to 540 GHz at 193 V with a
refurn lozs better than 14 dB in thiz freguency range.
Ths antenna provide: a return los: better than 32 dB in
the tonakle frequency range of 5146 to 5.40 GHz.

4, MEMS-based recenfizurable antennas

In this paper, two fTequency reconfigurable
amtemmas  usimg  the  OMOFF  state:  of a2
micraslectromechanical systam (AEWS), are prezented.
A multifrequency plamar inverted-F anterma (PIFA) iz
dezigred with 2.L-shapsd open :lot upon itz main plate.
Az a proof-of-principle, an ON :tate BF MEMS switch,
modeled by a piece of copper (Ix]l mmizup 17, iz
mserted into the slot to achieve frequency switching
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(While OFF zmate iz modeled without the piece aof

COPEEr).

8 Multifuncfional  reconfigurable  R{EMS
integrated amtenma: for adaptive MIMO
syrbems

Dinlti-mpat  mulb-outpot systems  with
aszociated technologies such as smart anbepna: and
adaptive coding and modulztion technigues =nhance
chammel capacity, diverzity, and robustnes: of wireles:
communication: as has besn proven by mamy recent
research results both n theory and epperiments.

. Eecenfipurable anfenna structure for a
wideband cognitive radio
[ thiz paper the desizgn of a simgle feed
amtenna that cam be uned to a fequency m the range
450 MHz o 1.1 GHz iz discuszed A reconfigurable
patch amtemna strochare is proposed and the frequency
tuning iz performed by switching m and out coplanar
patches, switching m and out shormmz posts and varying
the voltags across a varactor diods

T. Am EF electronically controlled impedance
tuning network desizn and its application to a8
amtenna inpuat impedance automatic maiching
syatem
A wvovel dezign is prope:zed for an elsctromically

tunabls impedance unit. The prototypes include lumped
elements, but no eleciromechamical comirol methods.
The devices cam fune many different complex
mpedance: al mmimuom manofactore costs. Two
amtenna inpoi impedance automatic matching systems:
are also prezented, based on the nming network COme
mchades 3 simplified version of the generic tuner, which
can achieve geod matching levels befween the antenna
and the power module with Llow lpases.

3. Tablez, Figures
1.1 BLOCK DIAGEAM
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This work iz atributed to the development of
an amtenna for ER medical diaznostic systems and here
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forth we have chosen Meore's fractal-based anterma for
thiz crocial application The final design achisved in
thiz work ka:z undersone a pumber of svolutionary
stazes to achieve itz optimal performance Ilustrates the
schematic diagram of the proposed bybrid amtenma
fabricated on a 0.73 mm thick Rogers 5820 zubstrate
with a loss tamgent of 00008 and ralative permittivity of
1.1, It 12 worth to mention that the Fopsr: BT/ Duroid
3BB0 iz a high-freguency laminate made fom a FTFE
composite  reinforced with  glas:  micoefibers
Furthermore, Fopers 5820 has am exfremely low
dieleciric  constzni, low coefficient of thermal
expansaion. low dizsipation factor and iz remarkably
resiziant to corrosion, medsture and abrasion. Also, the
Diglectric constant of the material remains constamnt
over a2 wide freguency range The zlasz:-microfiber-
reinforced PTFE lammate 1z pdeal for smgzle-bend
applications. All these features make it an ideal matarial
for forming, bendimz, broadband and high-frequency
applications. The prospective amtenna consists of a fop
radiator that iz evideatly a hybrid version of the fractal-
bazad Moore': amberna The teren hybrid wied for the
radiating element holds tmae in the context that the
geometry of the amtenna i= a miphoe of fractal concept
and the comventipnal rectangular loop. To buoild the
dezign, Mloore’s curve of n = 4 1z etched onfo a
rectangular patch succesded by a rectanzular loop

TABLE 1. of Her p Hal lapaut of propaued denipn
Walke
[ I~ kg
WETRCT iy AraITaeT shug {rmami
L s W, &5
L 1 (- - ]
R 51 -]
w, 51 - 12
Ls L} W, 1
Lsc Lsa I8

Within whick it iz enclosed. The fracmal iz egpcited
through the rectanzular loop (the fractal iz connected to
the loop throwgh the patche: at the diametrically
opposite =ides) that is conmected to the feedline
Furthermore, the ground of the proposed antemma iz
partial and the three slotz are embedded within it for
achieving impedance matching and suppressing the
back lobe radiation For the zize reduction of the
artenna, we employed Moore™s fractal peometry which
m furn lowered the operating frequency of the antenna
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by imcreazing itz electrical lemsth that resulizs in
achieving the required compactness,

It 1= a well-=stablished fact that the dimensions of the
ground if modified can change the antenna impedance
and thersfore can help m zelecting the desired band of
operation. The overall planar size of the protofype i3
0L13500= 008300 where 30 Iz the wavelength of the
lowest rezonating frequency. The radiatmz element 13
fed by a rectangular feedline of lenzth LE and width THE
Al the optimized parameters of the geomeatrical lavonst
are tabaolated in Table 1. The width, length, and position
of the zloiz etched in the ground hawve been optimized
for achieving better performancs.
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4.Concluzions

A compact, robust and flexible body-womm
amtemma 1z proposed for biotelemetry in biomedical
dizgneetic systems. The fractzl-based desigm increazed
the length of cument flow thereby ensuring that the
amtenma ix of optimal sizs and i operating 2t a lower
frequency of imterest The anferma offers duoal-hand
operation (1.32-1.8 GHz and 2.23-4 88 GHz) covering
WIITS and I5M band: smaltanecusly; making it an
ideal candidate for mteropermbility m bismedical
applications. The bybrd ant=nna reported m thiz paper
offers 2 fractional bandwidth of aboat 38.5% and 7373
im the dual band: 1.35-1.8 GHz amd 2.23-4.8% GHz
respectively. The back lobe has been minimized to
zome extent in this work by in:erting the vertical slotz
m the ground. The peak zam of 1.1 dBi ha: been
achisved in the free :pace and 1.1 dBi when the
proposed design is placed on the phamtarm . The specific
abzorption rate i3 well below 0.025 Wkg for an mput
power of = 14 dBm which is generally used for SAR
meazurement m the case of mokile application devices,
The prospective antsnna has an edge over the recently
proposed antempasz  due fo it compact  size,
mieroperability, and abeowve all itz low

gpectific
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abzorption rate for high power mput Mathematical
model: of entifies mvolved in thiz work are alse
discuszed to provide in:ight mio the desisning of the
radizting  slement of the amtenma and phastom
respectively. Te wvalidats the simulatsd results, the
device was fbricated and itz performance waz
evaluated vaing Keyzight M3247A Microwave Network
Analyzer. To the best of our knowledgs, the propozed
desizn iz the most compact antenna that offsrs the
lowrest SAR for magimum power impuat and doal-band
covering most of the bands allocated for biotelsmetry.
This work can be extended to mvestizate the dewice for
imaging application: Alse, the device (because of itz
minimized =ize) can be emploved im an  amay
confizuration for further improvemesnt of zain.
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