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Analysis and Design of a Low-Profile Multiband
Antenna for IOT Applications
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Abstract: Increased intervention of 10T in everyday
applications created an open challenge to the researchers
regarding the usage of RFID technique. This requires the process
of integrating 10T to various wireless standards. This work
proposes, a very low profile planar circular patch united with
Koch fractals and rectangles alternatively on its circumference fed
by a microstrip line and two more Koch fractals on either side of
the circular patch which operates over the bands of
1.5GHz-1.65GHz, 1.92GHz-2.17GH, 2.56GHz-2.85GHz,
3.68GHz-4.0GHz, 4.73GHz-4.94GHz, 5.36GHz-5.57GHz at SHF,
UHF and Microwave frequency bands ,GSM 850 MHz, GSM 900
MHz, LTE-700 MHz, LTE-800MHz, TV broadcasting.

Index Terms: GSM, Internet of Things (IOT), Long Term
Evolution, RFID.

I. INTRODUCTION

Internet of things (I0T) is a platform for automated
information where radio frequency identification technique
(RFID) operates in various electromagnetic bands which in
distinctive applications for the betterment of society.

In today’s contemporary world of communication
networks 10T (Internet of things) plays a crucial role. 10T
connects different smart internet enabled devices to
communicate with each other continuously. Efficient
hardware is required apart from the sophisticated
communication protocol. Antennas functions as the heart of
communication hardware. The antennas for IOT applications
need to exhibit three major characteristics, namely: energy
efficiency, low profile and ability to operate in multi antenna
environment.

Vyshnavi Das S K, Dr. T. Shanmugananthadiscussed the
achievement of Multiband response by introducing DGS
(Defected Ground Structure) [1]. In [2]Kumud Ranjan Jha,
Ghanshyam Mishra and Satish K. Sharma described a
truncated octahedron which is a planar projection, a kind of
the Archimedean solids. Various communication standard
bandwidths such as 4G long term evolution (LTE) band, TV
broadcasting band, GSM 850 MHz are met by the former
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antenna.The authors of [3]i.e.Vyshnavi Das S, T
Shanuganatham proposed the antenna using microstrip line
feeding and consists of three star fish shaped models order to
enable the multiband responses the shape ofantenna is
continuously disturbed which further alters the surface
current circulating path. A quad-band antenna for IOT,
Leveraging a combination of double PIFA (Planar Inverted-F
Antenna) structure and the Defected Ground Structure
(DGS)which is a novel structure is discussed byDuong Thi
Thanh Tuet alin [4].Circularpatch antenna is designed in
which a substrate material is deposited over a ground plane.
Here, the feeding technique is microstrip line center feeding
and feed is selected at the edge of an antenna. Advantages
like increase in efficiency and decrement of losses in antenna
are provided with the help of this feeding technique. These
specifications are proposed by Vikram N, Kashwan K. in
[5].In [6], Mehr-e-Munir et aldescribed an antenna whose
topology is E slotted patch. This type of microstrip antenna
has applications in mobile phone for 4G, L band and C-Band
applications. In [7], Praveen V. Naiduet al proposed a novel
tunable multi band antenna for WLAN and WiMAX
applications. In [8], Muhammad Sajid Igbalet al designed an
antenna which consists of a U-shaped rectangular patch
combined with two rectangular parasitic elements and quarter
circular slits on radiating edges.Bandwidth is significantly
increased by the addition of the quarter circular slits at
radiating edges. In [9-14], the authors proposed various
structures for IOT Applications.

Il. ANTENNA CONFIGURATION

The proposed low profile antenna has dimensions of
128.5mmx88mmx1.6mm which is shown figl.and is
designed by FR4 substrate having dielectric constant 4.4 and
loss tangent of 0.02.

The structure of antenna consists of a circular patch united
with Koch fractals and rectangles alternatively on its circumference
fed by a microstrip line and two more Koch fractals on either side of
the circular patch.

Multiband response is achieved through the surface currents

circulating on the radiating parts of the structure. The DGS
(defected ground structure) with slots in it is shown in fig
2.which also helps in enhancing multiband responses. The
top plane and ground plane of proposed antenna are shown in
fig.1and fig.2 and optimized dimensions of proposed design
are noted in Table I.
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Fig.1.The geometry of front view of proposed low profile
antenna

A. Evolution of Proposed Antenna

Different stages of evolution for the proposed antenna are
shown below:
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Fig.2. Geometry of back view of defected ground

structure (DGS) of proposed antenna

Table I: The optimized dimensions of proposed antenna

Parameter | Size(mm) | Parameter | Size(mm)
L1 115 W4 3

L2 56 W5 3

L3 50 W6 41

L4 82 Gl 28

W1 36 G2 10

w2 3 G3 30

W3 3

The radius of circular patch is calculated by using
F
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Stage 4 Stage 5 Stage6

Stage 1 consists of a circular patch antenna united with
Koch fractals and rectangles which are fed by a microstrip
line with defected half ground plane. In stage 1, the antenna
operates at 6.5GHz.

In addition to stage 1, stage 2 consists of antenna
connected to the defected ground plane with rectangular slots
in it. This stage resonates the antenna to work at 6GHz
frequency.

Stage 3 consists of an outer rectangular split ring around
the circular patch. In this stage, antenna operates at 5.8GHz.

Stage 4 consists of two rectangular stubs placed apart from
the feed line. This made the antenna to operate at both
2.65GHz and 5.45GHz.

Stage 5 consists of four rectangular stubs placed parallel
to the feed line. In this stage, antenna operates at 1.65GHz,
2.65GHz, 3.85GHz and 4.85GHz.

Stage 6 consists of two L shaped stubs in the vicinity of
start of the feed line and two Koch fractals on either side of
the circular patch. In this stage, the antenna operates in
1.65GHz, 2.05GHz, 2.65GHz, 3.85GHz, 4.85GHz and
5.45GHz. The simulated S11 plots of different stages in
theevolution of proposed antenna are depicted in the fig 3.
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Fig.3. Return loss plot of different stages.
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B. Optemetrics D. Results
The lengths of fourrectangular stubs apart from the feed The return loss plot and VSWR plot of the proposed
line and nearer to the field line are varied and therelated antenna at the operating frequencies 1.65GHz, 2.05GHz,
return loss plot isshown in fig 4 2.65GHz, 3.85GHz, 4.85GHz and 5.45GHz are shown in fig
0005 9 and fig 10 respectively.
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Fig.4. Return loss plot Fig.9.Plot of S11 of the proposed antenna
C. Current Distributions 1000
The Current Distributions of radiating plane and ground ]
2 8.0
plane at1.65GHz frequency are shown in fig 6. ]
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The radiation patterns of E-Plane and H-Plane of the
proposed antenna at 1.65GHz, 2.05GHz, 2.65GHz, 3.85GHz,

The current distributions of radiating plane and ground 4 85GHz and 5.45GHz is simulatedand the plots are shown in
plane at 3.85GHz frequency is depicted in the fig 7. Fig.11 and Fig.12.

Fig.6. (a) Radiating plane (b) Ground plane
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Fig.7. () Radiating plane (b) Ground plane Fig.11. Radiation pattel‘;%?_f(;cohe Proposed antenna at

The current distributions of radiating plane and ground
plane at 5.45GHz frequency is depicted in the fig 8.
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Fig.11. Radiation pattern of the proposed antenna at phi
=90°.
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Fig.8. (a) Radiating plane (b) Ground plane
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The simulated 3-D gain of the proposed antenna at
3.85GHz is given in the fig 12.
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Fig.12. 3-D polar plot of gain of theproposed antenna

E. Comparison Table

at3.85GHz

Comparison of operating frequencies and size of different
antennas with reference papers:

Table Il. Comparison of antennas with reference papers

Structure Operating Size of
Frequencies antenna
[11. 1.61GHz2 94GHz, | 130%30
Truncated 3.57GHz 3 94GHz, | *6.35mm?
icosidodecahedron 4 40GHz 5. 2GHz 6
.35GHz
[2]- 920GHz 130*%90*1 .6
Octahedron Shaped | 2.4GHz mm?
Planar 5.4GHz
[31- 0.8GHz2 4GHz 3. | 110%90*6.3
Triple Starfish 2GHz 4 8GHz, 5.8 5 mm?
shaped Microstrip GHz
patch antenna
[4]- 900NHz,1.8GHz, 56*60%1.52
Double Planar 2.6GHz, 3GHz mm?
Inverted F (PIFA)
Structure
[31- 120*80
Circular Patch 2.45GHz *1.6 mm’
Antenna
[6]. 2.1GHz,3.8GHz,7. | 22.47*16.9
E slotted patch 02GHz 5*1.5 mm’
[71- 25GHz 3.5 GHz, | 16%27*1.6
Tunable multi band | 5.5 GHz mm’®
antenna
[8]. 1.65GHz 2 05GHz, | 128.5*88*1
Proposed antenna 2.65GH=z,3.85GHz, | .6mm’
4.85GHz,5.45GHz

The proposed antenna is found to be compact compared to
that of the reference antennas cited above.

CONCLUSION

The proposed antenna is of compact planar structure which
operates in multiband of frequencies of UHF, SHF and
Microwave bands. It operates in the frequency ranges of
Bluetooth, WiFi, and WiMAX, GSM 900 band applied for
Cellular application. It operates for WLAN and WiFibands
which facilitates the antenna a suitable candidate for IOT

applications.

Retrieval Number: D2880028419/19©BEIESP
Journal Website: www.ijitee.org

REFERENCES

1.

10.

11.

12.

13.

14.

VyshnaviDas S K, Dr. T.Shanmuganantha “DesignofMultiband
Microstrip PatchAntenna forlOT Applications”, Proceedings 02017
IEEE InternationalConference onCircuits and

Kumud RanjanJha, GhanshyamMishra and Satish K.Sharma “An
Systems (ICCS 2017).Octahedron ShapedPlanarAntenna for 10T
Applications”, 2017 IEEE.

Vyshnavi Das S K, T Shanuganatham “Design of Triple StarfishShaped
Microstrip PatchAntenna for IOT Applications”,Proceedingsof 2017
IEEE Internationa Conference onCircuits andSystems (ICCS 2017).
Duong Thi Thanh Tu,Nguyen TuanNgoc, ForestZhu, Diep N. Nguyen,
ErykDutkiewicz “Quad-Band Antennafor GSM/WSN/WLAN /LTE -A
Applicationin I0TDevices” , 201717th International Symposium on
Communications and Information Technologies (ISCIT).

VikramN, KashwanK. R“Designof ISMBand RFID Reader Antenna for
10T Applications”, IEEE WiSPNET 2016conference.

Mehr-e-Munir “E-ShapePatchAntenna for4dG, LTEand
S-BandApplications”, proceedingsof 2018, 15thinternationalBhurban
Conferenceon Applied Sciences andTechnology (IBCAST).

Praveen V. Naidu,Arvind Kumar, andVinay Kumar “AMiniaturized
Triple Band ACS-fedMonopolePrinted AntennawithMeandered and
Circular RingShapeResonatorsforWLAN/WiMAX Applications”, 2017
Progress in Electromagnetics Research Symposium Fall (PIERS —
FALL), Singapore, 19-22 November.

MuhammadsSajid Igbal,Syed Awais Wahab Shah “Design of aCompact
UWB Patch Antenna havingRectangular ParasiticElementsfor UWB
andBluetooth Applications”, 20171EEE.

D. Paret, “RFID at ultra andsuper high frequenciestheory and
application,” Hoboken, NJ, USA, Wiley, 2009.

Daniel Zucchetto,Andrea Zanella, “Uncoordinated accessschemes for
the  1OT:approaches,  regulations, and  performance”,|IEEE
Communication Magazine, 2017. (In Press)

Ala Al-Fugaha, Mohsen Guizani,MehdiMohammadiMohammed
Aledhari and Moussa Ayyash, “Internet of Things: A Survey on
EnablingTechnologies,Protocols, andApplications,” IEEE
Communications Surveys &Tutorials, vol. 17,Issue. 4, fourth quarter
2015, pp. 2347-2376, June 2015.

S. Purushothaman, S. Ragahavan and SenthilKumar, “A design of
compact metamaterial encumberedmonopoleantenna with defected
groundstructurefornavigation (L/S-band) applications”,India
Conference (INDICON), IEEE Annual, 2016.

C Elavarasi andT Shanmuganantham, “SRR loaded periwinkleflower
shapedfractalantenna  formultiband  applications”,Microwave and
Optical Technology Letters 59 (10), 2518-2525, 2017.
ChowYenDesmond Sim, Yuan KaiShih, and Ming Hsuan Chang,
“Compact slot antenna for wirelesslocal network?2.4/5.2/5.8GHz
applications,” IETMicrowave,Antenna and Propagation, vol.9, issue.6,
pp. 495-501, April 2015.

AUTHORS PROFILE

Pravallikalnjarapu, B.Tech Student, VR Siddhartha
Engineering College, India, Her areas of
interest are Antennas for IOT applications and
Multiband applications.

( \ Harsha Sanka,B.Tech Student, VR Siddhartha
Engineering College,India, His areas of interest are
Antennas for 1OT applications and Multiband
applications.
—
)
AN.S.Manasa, B.Tech Student, VR Siddhartha
ae) Engineering College, India, Her areas of interest are
Antennas for IOT applications and Multiband
applications.
N——
Published By:

538

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
DEE (e 2CLss ISSN: 2278-3075 (Online), Volume-8 Issue-4, February 2019

V.V. Vineeth Chowdary, B.Tech Student, VR
Siddhartha Engineering College, India, His areas of
interest are Antennas for 10T applications and Multiband
applications.

Saritha Vanka, Assistant Professor, VR Siddhartha
Engineering College, India, She graduated in E.C.E from
Adams Engineering College in 2002 and M.Tech in
Digital Electronics and communication systems from
> JNTU college of Engineering College, Anantapur in 2011.
N———/ She has 15 years of teaching experience and 2 years of
research experience.She has 10 international journals in the area of multi
band and ULTRAWIDEBAND ANTENNAS.

Published By:

Retrieval Number: D2880028419/19©BEIESP Blue Eyes Intelligence Engineering

Journal Website: www.ijitee.org and Scier_]ces Publi_cation (BEIESP)
539 © Copyright: All rights reserved. Py ey



http://www.ijitee.org/

