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Telemedicine is a form of remote medical practice using information and communication technologies
which facilitates distance mediation between the patient and the medical staff. In rural or remote areas
where many of the specialized medical services required by the community do not reach, telemedicine can
be a viable and reliable alternative to facilitate access to these services as the use of telemedicine technolo-
gy leads to higher levels of health care and treatment. As in telemedicine systems antennas have an im-
portant role, we focus on the optimal design of used antennas to achieve better results. The role of an an-
tenna is to convert the electrical energy of a signal into electromagnetic energy, or conversely to convert
electromagnetic energy into electrical energy. A transmitting antenna is a device that transmits energy be-
tween an emitter and the free space where this energy will propagate. The rapid development of wireless
communication systems has led to numerous improvements in telecommunication antennas and systems to
meet the needs of telemedicine applications. The microstrip patch antenna is a planar antenna that has re-
ceived a lot of attention due to its flat geometry. These types of antennas are very popular among designers
and are used in many applications. This paper presents an improved patch antenna and array antenna
with microstrip feed line using three kinds of metamaterial (MTM) structures that can be very useful in
telemedicine systems. A metamaterial is an artificial composite material with unnatural electromagnetic
properties. Different structures are considered and analyzed to reach a good performance antenna. Pro-
posed structures increase the gain of antennas which are used in telemedicine systems. The structures of
the mushroom-like electromagnetic band gap (EBG), the one layer and two-layer woodpile EBG in straight
and curved forms have been discussed and analyzed. The operating frequency is 2.45 GHz for telemedicine
applications. The simulation process has been done through High Frequency Structure Simulator (HFSS)
software and the results are compared.
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1. INTRODUCTION oped after the war in the Midi-Pyrénées region under

the leadership of Dr. Louis Lareng.

The discipline was institutionalized in 1973 with the
first International Congress of Telemedicine in the USA
[6]. During this congress, it was noted that information
and communication technologies were not sufficiently

Telemedicine is a form of remote medical practice
using information and communication technologies. It is
also an important vector for improving access to health
care, particularly in underprivileged areas [1-3]. Tele-

medicine is even presented as a necessity of law and developed for the moment to allow quality remote sup-

WhiCh makes la,w,’ in the first sense. The use ofitelemed- port. Telemedicine therefore benefited greatly from the
icine should facilitate access to care, especially in dense- technological advances of the 1980s and 1990s [7].
ly populated areas by allowing patients to obtain faster

charging and tracking that may in some situations pre-
vent some hospitalizations and re-hospitalizations and
to reduce the need for emergencies [4].

Medical tele-assistance by telephone began in the
1920s to provide care during transatlantic cruises [5].
Then, in 1950, transferring medical images (radiology)
began with the work of radiologist Jacob Gershon-
Cohen. Then, tele-psychiatry took off in 1959 with the
first remote consultation by video. This discipline sub-
sequently developed with the care of Vietnam War vet-
erans throughout the country. Later, in 1964, the video
distance training of American healthcare professionals
began. Canada was also a pioneer country and, in Eu-
rope, Norway and France were the pioneer countries in
telemedicine. In France, the first initiatives were devel-

The rapid development of wireless communication
systems has led to numerous improvements in tele-
communication antennas and systems to meet the needs
of telemedicine applications [8]. An antenna is one of
those devices which play an important role in improving
the performance of telemedicine systems. An antenna is
a device used to radiate the electromagnetic field into
space or alternatively to capture. There are several
types of antennas such as satellite dishes, patch anten-
nas, Yagi antennas, dipole antennas, etc. [9].

Microstrip patch antennas have become very popu-
lar over the past few decades due to lightweight, low
profile, conformable to planar and non-planar surfaces
and easy to fabricate. An individual microstrip patch
antenna is made up of a piece of sheet metal of various
shapes (a patch antenna) on the surface of a dielectric
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with a ground plane on the other side.

The frequency of 2.45 GHz that is belonging to UHF
band is proposed as a frequency in telemedicine applica-
tions due to being free of charge, existing no frequency
interference, using for the WiFi telecommunication [10].

In this paper, the metamaterial structures have
been added to the microstrip rectangular patch, patch
tree-antenna and array antenna due to better results.

PATCH ANTENNA

The role of an antenna is to convert the electrical
energy of a signal into electromagnetic energy, or con-
versely to convert electromagnetic energy into electrical
energy. A transmitting antenna is a device that trans-
mits energy between an emitter and the free space
where this energy will propagate. Microstrip patch an-
tennas have received a lot of attention in recent dec-
ades thanks to special features such as their flexibility,
low weight, low fabrication cost etc. [11]. However, low
gain is a disadvantage of microstrip antennas. Here,
metamaterial structures are used to overcome the
drawback of microstrip patch antenna.

Three parameters are required to design a micro-
strip rectangular patch antenna (MRPA) [12]: dielectric
constant for substrate (2.2 < & < 12), resonant frequen-
cy (f) and height of the substrate (k). Using these pa-
rameters, the dimensions of the patch are calculated.

The design equation for the width of the patch [12]:

w=——F——. (1.2)

The effective dielectric constant is given by:

e +1 & -1 h |2
=——+— 1+12— »
2 2 w

2.2)

geﬂ

where &r is the relative permittivity of the substrate, A
is the height of the substrate, w is the width of the
patch.

The effective length of the patch is calculated by:

C

ly=—— (3.2)
eff ’
2[5, /geff
where fo is the operating frequency of the patch.
Equation for the difference in the length
(£ + 0.3)[% + 0.264)
Al=0.412h (4.2)
(4 —0.258)(% + 0.813}
The actual length of the patch is given as
I=1,-2Al. (5.2)

Fig. 1 presents the structure of a typical microstrip
patch antenna and Table 1 demonstrates its dimensions.
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Fig. 1 — Microstrip patch antenna

Table 1 - Dimensions of the patch antenna

No | Parameters Dimensions
1 a patch dimension of X 39.72 mm

2 b patch dimension of Y 48.63 mm

3 X substrate dimension 120.47 mm
4 Y substrate dimension 92 mm

5 X feed dimension 37.508 mm
6 Y feed dimension 9.868 mm
2. METAMATERIAL

A metamaterial is an artificial composite material
with unnatural electromagnetic properties. It consists of
man-made composite materials which have unique or out-
of-scope response functions and dispersion relationships.
Metamaterials were invented in the late 1960s [13].

As you know, periodic structures are found in abun-
dance in nature, now imagine these alternative struc-
tures and electromagnetic waves acting on each other.
In this case, very amazing results will be achieved.
Patch antennas along with metamaterial structures can
be used in order to improve the radiation parameters
[14]. The Electromagnetic Band Gap (EBG) structures
are one kind of metamaterials which are capable of sup-
pressing the surface waves within the substrate.

In general, EBG structures which show attractive
and special features are divided into three categories:

1. three-dimensional volumetric structures;

2. two-dimensional flat plates;

3. one-dimensional transmission line.

A mushroom-like EBG structure is one kind of di-
mensional metamaterial structures which are struc-
tures with the presence of a via. The main advantage of
two-dimensional structures is their small size, light-
weight and low cost of construction. The unique proper-
ties of EBG structures such as a reduction of surface
waves and an increase in antenna gain have led to their
widespread use in the design of antennas [15].

A mushroom-type EBG is a combination of square
patches, each having a via which connects the patch to
the ground plane. This structure behaves as a parallel
resonant LC circuit and gives a better performance.

The parameters of a mushroom-like EBG structure
are the width of the EBG patch w_ebg, the gap between
adjacent patches g and the radius of the via r [16]:

w_ebg =0.104,
g =0.024,
r =0.0054,

(1.3)
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A1 is the free space wavelength corresponding to the
operating frequency of the patch and A2 is the wave-
length of the wave considering the dielectric constants
of both the substrates. Also, the values of L and C be-
longing to the LC circuit are expressed as:

L= puh 1n%+0.5g—0.75
d h

(2.3)

C- we, (5r1 —grz) -cosh™! {2w+g}

T g

The schematic of a microstrip patch antenna with a
mushroom-like EBG is shown in Fig. 2 and also Table 2
consists of dimensions of this antenna.

A woodpile EBG is another metamaterial structure
which is shown in Fig. 3. This type of structure is a
three-dimensional structure which consists of several
layers that are placed vertically on top of each other
[17]. Each of these layers is made up of dielectric rods
that are placed parallel to each other. Relative permit-
tivity of dielectric rods is 8.4 and dielectric loss tangent
is assumed to be 0.002. The dimensions of rods are
2 mmxbx2 mm (along Y) or ax2 mmx2 mm (along X)
which is presented in Table 3. Also the difference be-
tween woodpile rods and the patch is equal to a factor
of half the wavelength [18].

It is shown in Fig. 4 that the gain of a usual patch, a
patch with a mushroom-like EBG and a patch with a
woodpile EBG is consequently 7.5, 8.2 and 9.5 dB. The
following diagram of gain plot at phi =90 is shown in
Fig. 5.

Fig. 2 — Microstrip patch antenna with a mushroom-like EBG

Table 2 — Dimensions of the mushroom-like EBG structure

Parameters Dimensions
w_ebg 31 mm
g 1.5 mm
r (radius of via) 0.5 mm
n (number of EBGs) 50

Fig. 3 — Microstrip patch antenna with a woodpile EBG
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Table 3 — Dimensions of the woodpile EBG structure

Parameters Dimensions

Woodpile Y dimension of X 2 mm
Woodpile Y dimension of Y b

Woodpile Y dimension of Z 2 mm
Woodpile X dimension of X a

Woodpile X dimension of Y 2 mm
Woodpile X dimension of Z 2 mm
Height of patch 150.45 mm

|v}—

a b [

Fig. 4 — The 3D polar plot of (a) microstrip patch antenna; (b)
mushroom-like EBG structure; (¢) woodpile EBG structure

Then the expressed metamaterial structures are
applied to a microstrip tree-patch antenna (Fig. 6) (pre-
sented in the previous article [19]) and the results are
as follows (Fig. 7). The results show that the gain of a
tree-patch antenna with EBG structure has increased.

Gain Plot 5

20000 “15000 10800 000 5000 10000 15300 20d00

obo
Theta ideg)

Fig. 5 — Gain plot of a microstrip patch antenna at phi =90, a
mushroom-like EBG and a woodpile EBG at phi = 90

a b

Fig. 6 — The schematics of microstrip antennas applied by met-
amaterial. Microstrip tree-patch antenna with a mushroom-like
EBG (a), microstrip tree-patch antenna with a woodpile EBG (b)

In this section, a woodpile structure is applied as a
straight and curved layer of rods to the microstrip patch
antenna and the results have been analyzed using
HFSS software. The structure of these antennas is
shown in Fig. 8. The obtained results are shown in
Fig. 9 and Fig. 10. As demonstrated, the increase in the
gain was only about 0.1 dB and the S parameters have
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been improved (Fig. 10). Therefore, the gain of one-layer
woodpile EBG structures is less than the gain of two-
layer structures, but one-layer woodpile EBG structures
are easier to build.

Fig. 7-The 3D polar plot: microstrip tree-patch antenna (a);
microstrip tree-patch antenna with a mushroom-like EBG
structure (b); microstrip tree-patch antenna with a woodpile
EBG structure (c)

Fig. 8 - The structure of an antenna created by HFSS soft-
ware. Microstrip patch antenna with one curved layer of a
woodpile structure (a), microstrip antenna with one straight
layer of a woodpile structure (b)

[
I : B(GanTota)
5 P

aB(GainTolaf)
(o)

@BGamTotal)

Fig. 9 - The obtained results from simulation. Microstrip
patch antenna with one curved layer of a woodpile structure
(a), microstrip antenna with one straight layer of a woodpile
structure (b)

S Parameter Plot 1 microatip antenna one lsyer woodplel 4
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O T
Fig. 10 - S parameters of a microstrip patch antenna, micro-
strip antenna with one curved layer of a woodpile structure,
microstrip antenna with one straight layer of a woodpile struc-
ture
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As demonstrated in Fig. 10, the S parameters are
reasonably acceptable for determining the bandwidth.
Also as it is shown, the bandwidth of a curved woodpile
is a little more than the others.

3. ANTENNA ARRAY

A double element microstrip patch antenna with
different types of mushroom-like EBG has been ana-
lyzed by HFSS software [20]. The performance of the
array changes if EBG parameters are changed which is
shown in the results (Fig. 12 and Fig. 13). The shape of
the proposed structures is given in Fig. 11.

Fig. 11 - The structures of a proposed model. Microstrip patch
antenna array with internal EBG elements (a), microstrip
patch antenna array without internal EBG elements (b)

10
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Fig. 12 — Gain plot of a microstrip patch antenna array with
internal EBG elements (a), gain plot of a microstrip patch
antenna array without internal EBG elements (b)
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Fig. 13 - S parameters of a microstrip patch antenna array
with internal EBG elements

4. CONCLUSIONS

Different types of metamaterial structures have
been studied for achieving gain enhancement in tele-
medicine applications which are created and simulated
by HFSS software. The results show that the offered
metamaterial structures have high gain and reasonable
S parameters. In the proposed antennas with metama-
terial structures, the antenna with a woodpile EBG has
maximum gain and reasonable S parameters. We also
added two metamaterial structures to the previously
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Table 4 — Comparison between gains of proposed antennas

Antenna Gain

Typical microstrip patch 7.5dB

Mushroom-like EBG 8.2 dB

Woodpile one-layer EBG 7.6 dB

Woodpile two-layer EBG 9.5 dB

Antenna Gain

Tree-antenna 8.1dB

Tree-antenna with mushroom-like EBG 8.9 dB

Tree-antenna with woodpile EBG 9.1 dB
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IinBumenna koedimienra NOCUIEHHA MiKPOIIOJIOCKOBOI MAaTY-AaHTEHHU 1 PpenIiTyacTol aHTeHU 3
BUKOPHCTAHHAM Pi3HUX CTPYKTYP MeTaMaTepPiaiB Ojid JOSATKIB TeJieMeJUuIInHN
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Tenemenuiuua — 11e dopMa BiATATEHOI MEIMYHOI IIPAKTUKA 3 BUKOPHUCTAHHAM 1HQOPMAIIAHUX 1 KOMYyHI-
KaIlfHUX TeXHOJIOTIH, KA CIPHAE TUCTAHINIMHOMY IOCEPEIHUIITBY MiK HAI[EHTOM 1 MEIUUHUM IIE€PCOHAJIOM.
¥V cimbchEmX 200 BIIUTASIEHHX PAafoHAX, JIe 6araTo Crerrai30BaHuX MeJUIHUX TIOCIIYT, 0 HeOOXITHI CIITBHOTI,
€ HeJIOCTYIIHUMU, TeJIeMeJUIFHA MOsKe OyTH JKUTTE3IATHOIO 1 HAIIHOK aJIbTePHATHBOIO JIJIs TOJIETIIIeHHS JI0-
CTYILy JI0 X IIOCJIyT, OCKLIBKY BIKOPMCTAHHS TeJIEMEIIMYHIX TeXHOJIOTIH Bese 40 OLIBII BUCOKOTO PIBHS Me-
IUYIHOTO 00ciIyroByBaHHs 1 jikyBaHHSA. OCKUIBKM B TeJeMeIUYHUX CHCTeMaX AHTEHU BIMITPAOTh BAKIIUBY
POJIb, MU TIPUIIIISIEMO OCOOJIMBY YBary ONTHMAJIBHINA KOHCTPYKIT] BUKOPHUCTOBYBAHUX AHTEH JJISI JOCSITHEHHS
Kpalyx pe3ysbrariB. Posb aHTeHM HoJsirae B IepeTBOPEHH] eJIEKTPUYHOI €Heprii CUTHAJIY B €JIEKTPOMATHITHY
eHeprio abo, HABIIAKH, B IIEPETBOPEHH] €JIEKTPOMATHITHOI eHepril B eJlekTpuuHy. [lepemaBaipia anTeHa — 11e
IPUCTPIl, AKWIA Iepeaae eHepriio Midk BHUIIPOMIHIOBAYEM 1 BIIBHHM IIPOCTOPOM, e IS eHepris Oyie MOIIMpIo-
Barucs. [IBuaruii po3aBUTOK crcTeM 06e3IPOTOBOIO 3B'S3KY IIPUBIE JI0 YMCJIEHHHUX IIOJIIIIEHb B TEJIEKOMYHIKA-
IMHUX aHTEHAX 1 CHCTeMAax JJIA 3aJ0BOJIEHHS II0TPed JOOAaTKIB TejaeMe uimHu. MIKpPOIIoI0CKOBA IIaTY-aHTeHA
— Ile IUIaHAPHA aHTeHA, AKA [IPUBEPHYJIa 0araTo yBaru 3aBIAKM CBOil IIocKii reomeTpil. 111 Tnmm anTen mysxe
TOITYJIAPHI cepel AU3aiHepiB 1 BUKOPHUCTOBYIOTHCA B 0araThox AoJaTKax. ¥ CTATTI MPeICTaBJIEHA BIOCKOHAJIE-
HA [IaTY-aHTEHA 1 PelriTyacTa aHTeHHA 3 MIKPOIIOJIOCKOBOI JIHIEH KUBJICHHA 3 BUKOPHUCTAHHAM TPHOX BHUIIB
cTpykTyp 3 Mmeramarepiams (MTM), axi MoskyTh OyTH Oyske KOPUCHMMH B CHCTeMAaxX TeseMenuinan. Merama-
Tepiayl — Iie IITYYHUI KOMIIO3UTHUN MaTepiasl 3 HeIpPUPOJHUMU €JIEKTPOMATHITHUMU BJACTUBOCTAMHA. J[Jist
OTPUMAaHHS aHTEHU 3 TAPHUMU XapaKTEPUCTUKAMI PO3IVISIAITHCS 1 AHAI3YIOThCS Pi3HI KOHCTPYKINI. 3arpo-
TOHOBAHI CTPYKTYPH 30LIBIIYIOTH KOE(IIleHT IIOCHJIEHHSI aHTEH, II[0 BUKOPHCTOBYIOTHCS B CHCTEMAaX TejeMe-
nurrar. OGroBOPIOBAIIUCS 1 AHATI3YBAJIUCS CTPYKTYPH 3 TPUOOIIOIIOHOI0 eJIeKTPOMATHITHON 3a00POHEHOI0 30-
oo (EBG), oguomaporoio i aeoraposoro mrradesbaon EBG mpsamoi 1 BurayToi popm. Poboua vacrora mitst mo-
natkis Tesemenuimun craanae 2,45 I, Iporec MogesmoBadHs GyJi0 BAKOHAHO 3a IOIIOMOTOI0 IIPOrPAMHOTO
3abesneuenaa High Frequency Structure Simulator (HFSS), 1 pesybraTi HOpiBHIOIOTHCA.

Kmiouosi cinosa: Tenemenuuuua, HFSS, ITatu-anrena, Meramarepiain, EBG, Illta6ens, I'pubonomiOmmit,

Pemrituacra anrena.
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