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This paper presents the design and analysis of a frequency reconfigurable,
aperture coupled rectangular patch antenna for use in smart grid applications
in TV white space bands. The proposed antenna model has been realized
on multi-substrate layers of Polylactic acid (PLA) material (er=2.65,
tand=0.003) with a ground plane sandwiched in between them. An aperture

has been made in the ground plane for coupling energy to the patch. The
overall system dimensions are 270x270 mm. The feature of frequency
Keywords: reconfigurability has been achieved by incorporating a switch and varying
the reactance of the feed line on the bottom substrate. A rectangular slot on
Apertur.e coupled the long feed line improves impedance matching. The ON and OFF states of
Reconflg_urable antenna the switch provide two operating frequency bands namely 630.13 to
Smart Q“d 636.7 MHz and 619.16 to 625.3 MHz respectively. The proposed aperture
TV white space coupled reconfigurable system operates with a maximum gain of 6.4 dB and
average efficiency of 78.5% in both bands. The measured results are
satisfactory and the proposed antenna will be suitable for operation in the
smart grid environment.
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1. INTRODUCTION

The modern smart power grid is intelligent in terms of power generation, transmission, distribution,
and billing methods. An electrical grid can incorporate machine intelligence and communications to be called
a smart grid. This can essentially be implemented using a two-way digital wireless technology. It can provide
real-time information, to control appliances at consumers' premises resulting in increased reliability with an
associated saving of energy and reduction of cost.

A smart grid in an urban scenario is presented in Figure 1. As shown in the figure, a collection of
Meters suitably connected to a gateway comprises a home area network (HAN). Similarly, several gateways
in turn connected to a data aggregate unit (DAU) will form a neighborhood area network (NAN). The
function of these gateways is to transmit the meter data that it collects periodically within its home area
network to the data aggregate unit. The gateway is then able to route the data from the meter to the data
aggregate unit either by making use of a TV white space (TVWS) channel if it has been declared available by
the white space database (WSDB), or through an industrial scientific and medical (ISM) band.
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The multilayer smart grid communication network (SGCN) is spread across a large geographical
area. Here, wired, as well as wireless communication mediums, can be engineered to meet the last/middle
mile requirements of this entire region. Both wired and wireless communications are integral in the mix of
communications technologies necessary to enable future smart grid communications. To extend network
coverage and improve performance these hybrid networks exploit independent mediums [1]. the home area
network (HAN) in the SGCN is responsible for providing communication access to smart devices and
appliances along with smart meters in the home to the gateway. The key functionality of advanced metering
infrastructure (AMI) helps in connecting the smart meters and other devices in the network through a two-
way effective, efficient and reliable communication infrastructure [2].
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Figure 1. Smart grid: a possible scenario in a given geographical region [2]

With the volume of data traffic generated being high, fiber optic cables providing wired
communication may be considered the best option. At the micro-grid level, however, the communication
medium could be planned to be either wired or wireless. The communication infrastructure of the smart grid
amalgamates heterogeneous communication technologies working on various standards and in diverse
environments. Radio communication can be considered to be the technology for establishing secure
connectivity in such a grid network. The prominent wireless technologies available for use at the micro-
grid/HAN level are IEEE 802.11 (Wi-Fi), ultra-wideband (UWB), and IEEE 802.15.4 ZigBee. In [3] a smart
grid is discussed in depth along with the kind of communication methods used. The components of a smart
grid are introduced to facilitate an easy understanding, and communication methods and protocols are
compared. The communication technologies are introduced as wireline and wireless classification where the
key features are also tabulated.

The digital transformation of energy infrastructure is essentially implemented by the deployment of
smart grids and microgrids. In study [4], innovative multi-layered architecture has been presented. Data
transmission has been successfully performed by utilizing the Modbus TCP network. Signals from sensors,
controllers, and software environments are properly shared by means of the multi-layered architecture.

A major challenge of an SGCN is the scarcity of spectrum resources. The radio systems operating in
the 2.4 GHz ISM, license-free frequency band are Zigbee, Bluetooth, and Wi-Fi. These systems cause
interference with each other which is quite notable. Also, microwave ovens, like some other domestic
appliances may emit strong electromagnetic waves making the spectrum in a home area network subject to
additional interference. It is advantageous to make use of cognitive radio (CR) technology in HANs [5].
Federal Communications Commission (FCC), and other Govt. agencies the world over have now enabled the
usage of cognitive radio which enables dynamic spectrum access (DSA). In wireless communication making
use of cognitive radio, the network or a wireless node changes/reconfigures its transmission or reception
parameters to communicate efficiently and at the same time avoid interference with licensed or unlicensed
users. The active monitoring of several factors in the overall radio environment, for example, the radio
frequency spectrum can form the basis of reconfiguration.

The unused TV spectrum and digital dividend on conversion from analog to digital transmission
techniques worldwide are referred to as TVWS. This band of frequencies can provide high bandwidths in
AMiIs and NANs and can be exploited for smart grid communication employing cognitive radio. The TV
very high frequency (VHF)/ultra-high frequency (UHF) frequencies have several inherent advantages
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wherein it gives an alternative to reduce congestion and provide better indoor propagation characteristics
compared to the unlicensed 2.4 GHz band. The power consumption is low at the lower end of the TVWS
frequency band. In comparison to optical fiber connections, networks operating in the TVWS can cover a
larger area with lower installation and maintenance costs. The penetrating characteristics of these frequencies
make them an excellent option for providing connectivity to several households which are separated by walls.
In the rural areas and thinly populated suburban areas, their long reach characteristic makes it suitable for
connecting households that are far away from the network. The fact that the TVWS can cover a larger range
for the last mile of smart grid communication is its greatest advantage. Depending on the white space band
frequency in use along with the propagation environment, there could be a range advantage of the order of
3 to 40 times greater. Importantly, with range advantage considered three times, the area that could be
covered will be nine times larger with the same transmission power [6].

The frequency reconfigurability feature allows the devices in the smart grid to operate utilizing the
unused spectrum in the radio environment. Dynamic spectrum access enabled by cognitive radio technology
is employed by the smart grid to make use of the underutilized or unused frequencies. This effectively
increases efficiency, reliability, and flexibility in a cognitive radio-based smart grid network.

Recent advancements in wireless technology have made wireless networking adaptable for smart
grid applications. Wireless networks have become preferred options for small distance connections which
require low data rates. In the TVWS network, the effective isotropic radiated power (EIRP), for operation in
the fixed mode could be up to 5W. The high transmission power capability and better propagation
characteristics result in better access to all the smart meters.

Cognitive radio communication, through the IEEE 802.22 WRAN standard, has several
advantageous features when compared to other wireless or even wired communication techniques. IEEE
802.22 is the first standard in the realm of cognitive radio networks and is dedicated to wireless regional area
networks (WANSs) operating in TVWS. IEEE 802.22 WRAN is meant for long-distance communications of
high-bandwidth and it allows CRs to make use of TVWS within the VHF and UHF channels [7]. The IEEE
802.11af and IEEE 802.11ah standards committees are the leading bodies to develop an IEEE 802.11
amendment for WLAN operation in TVWS. The smart grid application not being very bandwidth-intensive, a
limited number of TVWS channels are required for this application. This paper involves the design of a
frequency reconfigurable antenna operable in the TVWS band. The feature of reconfigurability enables the
antenna to be employed in a frequency-agile environment of the cognitive radio.

Aperture couple feed is one of the efficient feeding techniques for improving the gain and efficiency
of the antenna system and hence an aperture coupled patch antenna is considered here for implementation.
The aperture coupled feed uses multiple substrates [8] with an aperture in the ground plane to couple the
energy radiating element. A wideband compact patch antenna that uses an aperture coupling technique for
CubeSat communications has been studied in [9]. The antenna operates from 2 to 2.45 GHz with an
efficiency of 76%. In [10] the design of a circularly polarized, aperture coupled antenna integrated with solar
panels for CubeSat applications to operate in 2.2 to 2.3 GHz band for downlink applications has been
proposed. A microstrip antenna with frequency reconfigurable feature in the 3 to 10 GHz band has been
discussed in [11]. Further, the addition of reconfigurability to the aperture feeding resulted in achieving
greater bandwidths and an improvement in the performance of the system [12]. In these two slots have been
etched for generating two different frequency bands 7.28 to 7.73 GHz and 8.55 to 9.12 GHz and employing
defected structure for the ground plane. A circular-shaped patch antenna having slots with two different types
of feeding techniques (CPW feed and microstrip feed) have been investigated in [13]. These two antennas
work in the range from 470 to 806 MHz for TVWS usage and size has been reduced (20%) by the usage of
the CPW feeding technique. In [14] a novel TV White space antenna system along with the characteristic
mode analysis has been studied. This has been designed and prototyped on an FR4 substrate of thickness 0.8
mm and operates in the band 474 to 1,212 MHz. A meander line technique has been utilized in U shaped
planar antenna [15] which operates for a TV white space band. For achieving the meandering technique
several slots (21) have been etched at the lower part of the U shape. This U shape antenna operates from
470 to 798 MHz with a variable gain of 2.2 to 4.6 dBi. A triangular-shaped patch antenna having a wideband
application of cognitive radio has been discussed in [16]. This structure uses a meandered strip for generating
desired band 470 to 806 MHz. Variation in S-Parameters has been presented by changing different lengths of
both the triangles on the front and rear sides. A rectangular slotted monopole antenna with symmetric
defected ground structure (DGS) has been discussed in [17]. This antenna has been designed to operate from
470 to 790 MHz for TV white space applications. In order to obtain wideband performance E-shaped and
U-shaped slots on microstrip patches have been suggested [18]-[24]. For moderately wide bandwidth,
stacked patch antennas have been proposed where two patches are coupled to each other [25], [26]. In terms
of obtaining wide bandwidth through feeding, aperture coupling is an attractive solution. Aperture coupled
patch antennas [27], [28] are preferred particularly for phased arrays because of their advantage of integration
to other active devices and circuits, e.g., phase shifters and power amplifiers.
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In this article, an aperture coupled, rectangular patch antenna on a multilayer biodegradable
polylactic acid (PLA) substrate with a reconfigurable feature has been proposed for use in the TV white
space band. The proposed system has been made to switch between two operating bands with the use of a
10 K ohm resistor element inserted as a switch between the feed line and a parasitic strip on the lower
substrate. Section 2 describes the antenna design configuration. Section 3 gives the comparison of simulated
and measured results for the proposed TVWS system followed by the conclusion in section 4.

2. METHOD OF ANTENNA DESIGN

The design configuration for the proposed reconfigurable aperture coupled TVWS antenna system
has been illustrated in Figure 2. In Figure 2(a) is depicted the front view and the bottom view is shown in
Figure 2(b). The ground plane can be seen at Figures 2(c) and 2(d) depicts the side view. The antenna has
been designed on a customized multilayer substrate with ground sandwiched between them. Both, the top and
lower substrates are made up of biodegradable PLA material with a dielectric constant of 2.65 and a loss
tangent of 0.003. They each have a thickness of 3 mm. The dimensions of the rectangular patch L1xW1 have
been chosen to obtain a resonant frequency in the TVWS band. The patch is excited through an aperture of
dimensions W3xL5 made on the ground plane. The patch is centered over the aperture for maximum
coupling. The rectangular shape and dimension of the aperture have been optimized for maximum coupling
and impedance match. The feed line is positioned at a right angle to the center of the aperture. The length of
the feed line stub L2 is approximately A/4. A slot of length L3 has been carved out of the feed line for
improved impedance matching. A lumped switch has been placed in between the feed line stub L2 and a
parasitic strip L4 to obtain a variable length of the tuning stub. This provides variation in the reactance value
and results in generating two operating bands in the ON and OFF states of the switch. The proposed
reconfigurable design has been simulated using finite element method (FEM) based solver Ansys HFSS
version 19. The lumped switch plays a key role in changing the frequency of operation in the ON and OFF
states. The TVWS system has been realized with an overall dimension of 270x270x6.035 mm?® and has been
excited using a standard 50 Q SMA connector. The optimized dimensions for the proposed design have been
listed in Table 1.

L1 L h3 "i i‘ h2
(@) (b) (c) (d)

Figure 2. Geometric configuration of proposed reconfigurable TVWS system (a) front view,
(b) bottom view, (c) ground plane and (d) side view

Table. 1. Optimized dimensions of antenna (all dimensions in mm)

L 270 L5 5
W 270 w1 190
L1 130 W2 8.4
L2 165 W3 50
L3 40 h1 3
L4 56 h2 3
h3 0.035

3. RESULTS AND DISCUSSION

The above-proposed antenna system was designed on the FEM-based HFSS tool. The return loss
scattering parameter was simulated and the observed values for both the switched ON and OFF conditions
were well below -10 dbm. Similarly, the voltage standing wave ratio (VSWR) was also simulated for the ON
and OFF conditions and observed values were found lying between 1 and 2. The same was simulated for the
far-field parameters and the results obtained were found acceptable. The design was extended to fabrication
and the fabricated prototype of aperture coupled reconfigurable design is shown in Figure 3. Figure 3(a)
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depicts the top view of the prototype antenna. In Figure 3(b) is the plane comprising the aperture, and Figure
3(c), displays the feed line on the bottom plane.

The fabricated prototype has been validated on the Keysight FieldFox microwave analyzer N9918A.
The measured reflection coefficient and VSWR of the proposed design are well-matched with the simulated
results in both operating bands namely 630.13 to 636.7 MHz with a bandwidth of 6.57 MHz and 619.16 to
625.3 MHz with 6.14 MHz bandwidth. The radiation patterns for the proposed model have been measured
concerning a standard horn in an anechoic chamber and desired patterns have been obtained. The measured
radiation patterns in both E and H-plane at different frequencies are matching with the simulated patterns. In
addition, prominent performance parameters such as gain and efficiency have also been obtained for the
desired operation. The proposed TVWS aperture coupled antenna operates with a peak gain of 6.4 dB and
has an efficiency >78.5%.

@ (b) (©

Figure 3. Fabricated TVWS microstrip antenna (a) top view, (b) aperture view and (c) bottom view

3.1. Scattering parameters

The scattering parameter is a measure of how closely the input impedance of the prototype antenna
is matched to the feed. A comparison of simulated and measured S11 for both the operating bands has been
represented in Figure 4. Low reflected power at the input port has been obtained for both the simulated and
the measured results in the OFF as well as the ON states of the switch.

The voltage standing wave ratio is a measure of the reflected power. The S11 and VSWR values are
both indicative of the input power coupled to the antenna and consequently the power radiated by the
antenna. The value of VSWR in both the operating bands is between 1 and 2. This is commensurate with the
S11 results, as reflected in Figure 5.

3.2. Radiation patterns and efficiency

Figure 6 gives the normalized 2D radiation patterns in both the E plane and H plane in both ON and
OFF states at 635 and 622 MHz respectively. The pattern has been observed to be almost omnidirectional in
both E and H principal planes. Figure 6(a) depicts the E plane at 622 MHz during OFF conditions for both
the simulated and measured states. Similarly, Figure 6(b) reflects the H plane at 622 MHz during the OFF
state.
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Figure 6(c) depicts the E plane at 635 MHz during ON conditions for both the simulated and
measured states. Similarly, Figure 6(d) reflects the H plane at 635 MHz during the ON state. The simulated
and measured gain plot for the proposed system in both the frequency states has been given in Figure 7. The
gain has been found to have a value of 6.4 dB from simulations and 6 dB from actual measurements. The
obtained gain values augur well for the proposed smart grid applications covering the large geographical
region. The proposed system operates with an efficiency of 78.5% as shown in Figure 8 which suggests its

suitability for TV white space smart grid applications.

“0- /
20- 300 / /
-30 p o

0- ~ D T Gain ¢ (Sim.)
Gain & (Sim.)
o==Gain ¢ (Meas.)

= =Gain § (Meas.)

Gain ¢ (Sim.)
Gain 3 (Sim.)

180 = Gain ¢ (Meas.)

= =Gain § (Meas.)

©

dBi

Bi
b & &
o o =]
~N
N
=
I'\-¢9\\" 4 ‘_""'.'
, . ‘
! \
x ! AT )
\ P AT T
~e® e !
-—-
3

-30 N W -
"} : £ y
L2 \*-.. ___,/ 1D
10 \\ ---------- 7
0 N TN oo Gain ¢ (Sim.)
210 © 150

Gain § (Sim.)
== Gain ¢ (Meas.)
= =Gain 5 (Meas.)

i ) ] e Gain ¢ (Sim.)

Gain & (Sim.)
[=C== Gain ¢ (Meas.)
= = =Gain & (Meas.)

(d)
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4. CONCLUSION

The application areas for TV white space frequencies range from internet access to difficult-to-reach
rural areas and urban connectivity to emergency and public safety, smart grid networks, internet of thing
(10T), and machine to machine (M2M) communication. The utilization of TVWS technology in smart
applications has been on the rise. These smart solutions are expected to bring in a significant change in the
existing electricity grid by allowing two-way communications, thereby improving the generation,
transmission, and distribution of electric power. TVWS-based communication is used to provide connectivity
to facilitate metering and other smart solutions. As the smart grid application is not very bandwidth-intensive,
a limited number of TVWS channels are required for this application. Given the low bandwidth requirement,
interest to adopt this communication network has been on the rise. For instance, Singapore is one of the first
countries to deploy TVWS-based communication for various smart community projects. In this paper, an
aperture coupled antenna with frequency reconfigurable feature has been realized for operation in TV white
space band. The measured results are found suitable for TV white space band applications an example of
which could be smart meters deployed at customer homes and control stations in smart grid solutions. The
proposed reconfigurable antenna resonates at 633.5 and 622 MHz in the TV White space band with an
impedance bandwidth of approximately 6 MHz. A measured peak gain of 6 dB and an efficiency of 78.5%
are found encouraging and suitable for smart grid application.

As a future scope, the size of the antenna could be taken into consideration. Size reduction
techniques could be employed to reduce antenna dimensions and design compact antennas. Suitable
semiconductor diode switches could also be incorporated into these antennas to obtain frequency
reconfigurability features.

ACKNOWLEDGEMENTS
We express our sincere gratitude to the Armament Research and Development Establishment,
ARDE, Pune, for permitting us to carry out measurements in the Anechoic Chamber.

REFERENCES

[1] J. Zhang et al., “Hybrid communication architectures for distributed smart grid applications,” Energies, vol. 11, no. 4, Apr. 2018,
doi: 10.3390/en11040871.

[2] A.S. Cacciapuoti, M. Caleffi, F. Marino, and L. Paura, “Enabling smart grid via TV white space cognitive radio,” in 2015 IEEE
International Conference on Communication Workshop (ICCW), Jun. 2015, pp. 568-572, doi: 10.1109/ICCW.2015.7247241.

[3] Y. Kabalci, “A survey on smart metering and smart grid communication,” Renewable and Sustainable Energy Reviews, vol. 57,
pp. 302-318, May 2016, doi: 10.1016/j.rser.2015.12.114.

[4] A. A. Khan, M. H. Rehmani, and M. Reisslein, “Cognitive radio for smart grids: Survey of architectures, spectrum sensing
mechanisms, and networking protocols,” IEEE Communications Surveys & Tutorials, vol. 18, no. 1, pp. 860-898, 2016, doi:
10.1109/COMST.2015.2481722.

[5] 1. Gonzalez, A. J. Calderén, and J. M. Portalo, “Innovative multi-layered architecture for heterogeneous automation and
monitoring systems: Application case of a photovoltaic smart microgrid,” Sustainability, vol. 13, no. 4, Feb. 2021, doi:
10.3390/5u13042234.

[6] E.F.Orumwense and K. Abo-Al-Ez, “Exploiting TV white spaces for smart grid communications,” Journal of Communications,
vol. 15, no. 8, pp. 613-618, 2020, doi: 10.12720/jcm.15.8.613-618.

[71 W. Zhang, J. Yang, G. Zhang, L. Yang, and C. Kiat Yeo, “TV white space and its applications in future wireless networks and
communications: a survey,” IET Communications, vol. 12, no. 20, pp. 2521-2532, Dec. 2018, doi: 10.1049/iet-com.2018.5009.

[8] D.M. Poza, “A review of aperture coupled microstrip antennas: History, operation, development, and applications,” University of
Massachusetts at Amherst Amherst, 1996.

[9] M. J. Veljovic and A. K. Skrivervik, “Aperture-coupled low-profile wideband patch antennas for cubeSat,” IEEE Transactions on
Antennas and Propagation, vol. 67, no. 5, pp. 3439-3444, May 2019, doi: 10.1109/TAP.2019.2900428.

[10] T. R. Jones, J. P. Grey, and M. Daneshmand, “Solar panel integrated circular polarized aperture-coupled patch antenna for
cubeSat applications,” IEEE Antennas and Wireless Propagation Letters, vol. 17, no. 10, pp. 1895-1899, Oct. 2018, doi:
10.1109/LAWP.2018.2869321.

[11] N. Kumar, P. A. Raju, and S. K. Behera, “Frequency reconfigurable microstrip antenna for cognitive radio applications,” in 2015
International Conference on Communications and Signal Processing (ICCSP), Apr. 2015, pp. 370-373, doi:
10.1109/ICCSP.2015.7322910.

[12] M. A. Aris, M. T. AH, N. H. Abd Rahman, N. Ramli, and 1. Pasya, “Frequency reconfigurable aperture-coupled microstrip patch
antenna using periodic Defected Ground Structures,” in 2015 IEEE Conference on Antenna Measurements & Applications
(CAMA), Nov. 2015, pp. 14, doi: 10.1109/CAMA.2015.7428153.

[13] T. A. Dhande, P. D. Peshwe, 1. S. Darwhekar, and A. G. Kothari, “Wideband patch antenna for cognitive radio applications in TV
white space,” in 2019 10th International Conference on Computing, Communication and Networking Technologies (ICCCNT),
Jul. 2019, pp. 1-6, doi: 10.1109/ICCCNT45670.2019.8944832.

[14] M. H. Jamaluddin, T. A. Rahman, H. Mohamad, N. Ramli, and M. T. Islam, “Wideband planar U-shaped monopole antenna with
meandering technique for TV white space application,” Radioengineering, vol. 22, no. 3, pp. 708-713, 2013.

[15] Q. Zhang and Y. Gao, “Compact low-profile UWB antenna with characteristic mode analysis for UHF TV white space devices,”
IET Microwaves, Antennas & Propagation, vol. 11, no. 11, pp. 1629-1635, Sep. 2017, doi: 10.1049/iet-map.2016.0993.

[16] 1. S. Darwhekar, P. D. Peshwe, K. Surender, and A. G. Kothari, “Wideband triangular patch antenna for cognitive radio in TV
white space,” in 2019 2nd International Conference on Innovations in Electronics, Signal Processing and Communication
(IESC), Mar. 2019, pp. 115-118, doi: 10.1109/IESPC.2019.8902398.

A novel frequency reconfigurable antenna for smart grid applications in ... (Sanjeev Kumar)



618

a ISSN: 2088-8708

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

S. J. Shedge and V. N. Kamble, “Rectangular ring monopole antenna using defected ground structure for television white space
application,” in 2020 IEEE 9th International Conference on Communication Systems and Network Technologies (CSNT), Apr.
2020, pp. 9-12, doi: 10.1109/CSNT48778.2020.9115781.

F. Yang, X.-X. Zhang, X. Ye, and Y. Rahmat-Samii, “Wide-band E-shaped patch antennas for wireless communications,” IEEE
Transactions on Antennas and Propagation, vol. 49, no. 7, pp. 1094-1100, Jul. 2001, doi: 10.1109/8.933489.

R. Chair, C.-L. Mak, K.-F. Lee, K.-M. Luk, and A. A. Kishk, “Miniature wide-band half U-slot and half E-shaped patch
antennas,” |EEE Transactions on Antennas and Propagation, vol. 53, no. 8, pp. 2645-2652, Aug. 2005, doi:
10.1109/TAP.2005.851852.

H. Wang, X. B. Huang, and D. G. Fang, “A single layer wideband U-slot microstrip patch antenna array,” IEEE Antennas and
Wireless Propagation Letters, vol. 7, pp. 9-12, 2008, doi: 10.1109/LAWP.2007.914122.

K. Y. Lam, K.-M. Luk, K. F. Lee, H. Wong, and K. B. Ng, “Small circularly polarized U-slot wideband patch antenna,” IEEE
Antennas and Wireless Propagation Letters, vol. 10, pp. 87-90, 2011, doi: 10.1109/LAWP.2011.2110631.

S. Wang, H. W. Lai, K. K. So, K. B. Ng, Q. Xue, and G. Liao, “Wideband shorted patch antenna with a modified half U-slot,”
IEEE Antennas and Wireless Propagation Letters, vol. 11, pp. 689-692, 2012, doi: 10.1109/LAWP.2012.2204716.

S. Liu, W. Wu, and D.-G. Fang, “Single-feed dual-layer dual-band E-shaped and U-slot patch antenna for wireless communication
application,” IEEE Antennas and Wireless Propagation Letters, vol. 15, pp. 468-471, 2016, doi: 10.1109/LAWP.2015.2453329.
M. Ali, A. T. M. Sayem, and V. K. Kunda, “A reconfigurable stacked microstrip patch antenna for satellite and terrestrial links,”
IEEE Transactions on Vehicular Technology, vol. 56, no. 2, pp. 426435, Mar. 2007, doi: 10.1109/TVT.2007.891412.

G. Splitt and M. Davidovitz, “Guidelines for design of electromagnetically coupled microstrip patch antennas on two-layer
substrates,” IEEE Transactions on Antennas and Propagation, vol. 38, no. 7, pp. 11361140, Jul. 1990, doi: 10.1109/8.55633.

D. M. Pozar, “A microstrip antenna aperture-coupled to a microstripline,” Electronics Letters, vol. 21, no. 2, p. 49, 1985, doi:
10.1049/el:19850034.

S. D. Targonski, R. B. Waterhouse, and D. M. Pozar, “Wideband aperture coupled stacked patch antenna using thick substrates,”
Electronics Letters, vol. 32, no. 21, pp. 1941-1942, 1996, doi: 10.1049/el:19961306.

D. Poduval and M. Ali, “A broadband high-gain aperture coupled patch array for communication and radar applications,” in 2017
IEEE International Symposium on Antennas and Propagation & USNC/URSI National Radio Science Meeting, Jul. 2017,
pp. 2147-2148, doi: 10.1109/APUSNCURSINRSM.2017.8073116.

BIOGRAPHIES OF AUTHORS

Sanjeev Kumar E:4 B3 has received his B Tech degree from Ranchi University, India in
1987, and M Tech in Aerospace engineering in 1996. Asst Prof with Symbiosis Institute of
Technology, Pune, India. Has experience working with Microwave communications systems
for over 25 years with the Indian Air Force. Pursuing research in Reconfigurable Microstrip
Antennas in TV White Space band. He can be contacted at sanjeevkumar@sitpune.edu.in.

Neela Rayavarapu B4 12 received her BE degree in Electrical Engineering from
Bangalore University, Bangalore, India in 1984, MS Degree in Electrical and Computer
Engineering from Rutgers, The State University of New Jersey, USA, in 1987, and
aPh.D. degree in Electronics and Communication Engineering in 2012 from Panjab
University, Chandigarh. She has been involved with teaching and research in Electrical,
Electronics, and Communication Engineering since 1987. Her areas of interest are digital
signal processing and its applications and control systems. She can be contacted at email:
neela.raya27@gmail.com.

Praveen Vummadisetty Naidu B4 2 s working as an Associate Professor in the
Department of Electronics and Communication Engineering, VRS Engineering College,
Vijayawada, India. He has published more than 80 research articles in the refereed peer-
reviewed SCI and SCOPUS indexed international journals and conferences. He is serving as an
active editor/reviewer for more than 25 top-ranked SCI-indexed peer-reviewed international
journals with the publishers like IEEE, PIER, Wiley, Springer, Elsevier, and Taylor & Francis.
He has authored 2 international textbooks on "Antennas". His main research interests are
antennas, Small Satellites design, Filters, MIMO antennas, RF energy harvesting antennas and
DRA. He can be contacted at email: drpvnaidul8@gmail.com.

Int J Elec & Comp Eng, Vol. 13, No. 1, February 2023: 611-618


mailto:sanjeevkumar@sitpune.edu.in
mailto:neela.raya27@gmail.com
mailto:drpvnaidu18@gmail.com
https://orcid.org/0000-0002-1783-973X
https://scholar.google.com/citations?user=nB9SHlkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57218172692
https://publons.com/wos-op/researcher/5361715/sanjeev-kumar/publications/
https://orcid.org/0000-0001-7979-0575
https://scholar.google.com/citations?hl=en&user=TDB_IDcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36024341500
https://orcid.org/0000-0002-5914-1188
https://scholar.google.com/citations?hl=en&user=GHvzy4YAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56046368300
https://publons.com/wos-op/researcher/504245/dr-praveen-vummadisetty-naidu/

