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Abstract: In this manuscript IR Energy Harvesting using hybrid Wingsuit Flying Search Algorithm
(WFSA) and Chaos Game Optimisation (CGO) for Designing an Improved Rectenna. In this technique, to
design the rectenna using the input AC current is taken from the IR rays and given to the rectenna
(combination of antenna and diode) to get antenna coupling efficiency and diode(MIM) responsivity. In
this some iteration will occur, to get optimal solutions and to increase the maximum coupling efficiency
and responsivity here used an algorithm known as hybrid Wingsuit Flying Search Algorithm (WFSA) and
Chaos Game Optimisation (CGO). The experimental outcomes portrays that proposed system sandpiper
shows the better performance such as the coupling efficiency7.39%, Responsivity 6.47%.Gives better
performance than Genetic algorithms (GA), metal-insulator— insulator—metal (MIIM) diode optimization
and Boolean optimization algorithm with triple port rectifier.
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1. INTRODUCTION

Now a days harvesting energy from various resource is
becoming a major issue in problem in day-by-day life.
There is various resource to select energy harvesting process
such as Infrared radiation energy harvesting [1,2], wireless
sensor network[3,4], solar energy harvesting[5], among
them Infrared radiation energy harvesting system [5,6] is
used to construct the energy from earth or natural resource.
In this infrared radius energy is harvested from earth and
substitute for the various processes. In these discrete ways

are taken to harvest and used renewable energy source [7,
8]. In this the harvested energy is converted to microwave
frequencies to construct the rectenna [9, 10, 11]. The
rectenna rectifies the high-frequency AC signal [12] as
various electromagnetic radiations. To convert high
frequency AC [13], signal a diode is used namely Metal —
Insulator -Metal diode is place in between the antenna used
to rectify the high frequency. Here nano antenna is
implemented to get the good impedance matching with
MIM diode [14] resistance. Due to the thin layer of the
insulators may defect the diodes’ non linearity and weaken
its rectification ability. To solve the problems in the
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insulators a multiple insulator layers [15] are inserted this
will improves the non-linearity problem. By inserting
multiple layers of insulator into MIM diodes, their thickness
will damage the equivalent capacitance of the diodes and
determine the cut-off frequency. Here the objective function
is not uniform and lots of stationary points are satisfied. In
this to get more optimal solution here proposed a hybrid
algorithm known as hybrid Wingsuit Flying Search
Algorithm (WFSA) And Chaos Game Optimisation (CGO).

In this manuscript the objective is to harvest energy
from the Infrared radius and give to the rectifying antenna
which uses Metal insulator metal diode (for rectifying
process). In this the input infrared radiations in this process
the energy is taken from the earth and convert to microwave
frequencies then given to diode the in-put current is ac
current then convert to Dc current[16] by using rectenna. In
this method the rectenna coupling efficiency and diode
responsivity is optimized. To maximize the coupling
efficiency MIM diode [17] is used and to take the product of
coupling performance and response capacity is taken as the
product. For obtaining more coupling performance and
responsivity here proposed a hybrid algorithm known as
Hybrid Wingsuit Flying Search Algorithm (WFSA) And
Chaos Game Optimisation (CGO).

The major contributions of this manuscript are
recapitulated below:

In this manuscript, IR Energy Harvesting using hybrid
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimization (CGO) for Designing an Improved
Rectenna.

e In this manuscript, here to optimize the coupling
efficiency and diodes responsivity [18] is
maximized using proposed optimization algorithm
WFSA and CGO.

e The energy harvesting applications needs an array,
which may gather more incoming power and
convert to effective DC current.

e Various antennas and their corresponding
resonance wavelengths and bandwidths covering
the frequency range of interest.

e Then Multi-Insulator — diode is utilized for
proposing more freedom for their resistance and
response capacity.

e Current-voltage features are calculated using
quantum transmitting boundary method (QTBM)
depends on airy functions. So, hybrid Wingsuit
Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO) is proposed for solving
the optimization problem.

e Here hybrid Wingsuit Flying Search Algorithm
(WFSA) [19] and Chaos Game Optimisation
(CGO) [20]is integrated to gradient-based
approach looking for best efficiency of rectenna is
utilized.
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2. LITERATURE SURVEY

In 2018, El-Araby et al. [21] has presented a geometric
diode nano-antenna method for energy capture. Geometric
graphene-based diodes were coupled to nano antennas for
infrared (IR) energy harvesting technique. IR harvesting
using nano antennas and the DC voltage composed from the
nanoantenna were rectified using the geometrical diode its
coupling efficiency was calculated.

In 2018, jeyaswal et al. [22] has presented a totally
passive 28 THz zero-bias rectenna for energy harvesting
from infrared (waste heat). Waste heat existing on mid-
infrared (IR) range and taken as renewable energy source. In
this, the mixture of a plasmonic antenna and high speed
Metal / Insulator / Metal (MIM) diode, was used to form a
rectenna and rectifies IR to produce useful DC.

In 2017, Tumendemberel et al. [23] has presented a
bow tie nano-rectenna optimization topology for solar
energy harvest applications. In this process, check the
effects of the nano-antenna shape determine the
performance of a whole structure of nano-rectenna for
defined bow-tie geometry. The results validate that by
accepting the bow tie topology, the radiation performance of
aluminium dipole was maximized 51% to 61% and
performance was 46% to 57%.

In 2017, shen et al. [24] presented a multiport pixel
array for RF energy harvesting. Radio Frequency (RF)
energy harvesting contains an optimal triple port pixel
antenna and rectifier through DC combining. The multi-port
pixel benefit includes improved harvested RF power. The
triple port pixel antenna optimization was performed by
sequential comprehensive Boolean optimization and
produce DC power output.

In 2018, Rong et al. [25] has presented body-centered
nano-networks driven by nano-rectenna in terahertz band. A
body-centered wireless nano-network contains numerous
nano-sized sensors with healthcare application. The contests
on the network were produced with imperfect power and
also stored in nano-batteries. Nano-rectenna broadband
assets allow direct current (DC) electricity to be produced
from THz inputs towards optical frequencies. Then compute
the power output produced by the nano-rectenna shown in
the THz band.

In 2020, Margeat et al. [26] have presented a rectifier
antenna for the capture of energy from microwaves into
visible light. It views the potential technical invention for
energy harvesting. To improve the key point’s sympathy to
design rectifier antennas can form infrared and visible light,
and the device manufacturing RF energy harvesting
systems.

In 2019, Shilpil et al. [27] have presented a Rectifier of
high potential frequency for metal-insulator-metal diodes
(MIM) of Rectenna application. It rectifies the potential
high speed frequency in rectenna based energy harvesting.
The fabrication and characterization of graphene (Gr) -based
Al [ AlIOx / Gr MIM diode were highly asymmetric current-
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voltage characteristics with high current density and better
non-linearity degree. The results were given in highly
potential in rectifying antenna efficiency.

In 2020, Ashim et al. [28] have introduced a Compact
MIMO antenna with high port isolation for triple band
applications intended with biomass material. The MIMO
antenna substrate material description was thoroughly
examined by analyzing their dielectric stable and loss
tangent. The experimental results were performed for triple-
band MIMO applications.

3. PROPOSED METHOD FOR DESIGNING IR
ENERGY HARVESTING RECTENNA USING
HWFSA-CGO

In this section designing IR energy harvesting rectenna
using hybrid Wingsuit Flying Search Algorithm (WFSA)
and Chaos Game Optimisation (CGO) is proposed to get
more coupling efficiency and diode resistivity during
Energy Harvesting process. Figure 1 portrays that
architectural diagram of IR energy harvesting rectenna using
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO). In this method the input

Input AC
current
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Infrared radiations (IR) are taken from the earth and produce
input AC current, this current gives less efficiency and also
noisy. Then this emitted is converted to microwave
frequency and the frequency is calculated. Then the signals
are sent to the rectenna to rectify the un wanted energies in
the AC current. The rectenna consists of two elements such
as Antenna and Diode. The Antenna works in the AC
voltage source and the impedance with resistance and the
reactance and the Metal-insulator-metal (MIM) diode is the
combination of resistance and capacitance and it is
connected parallel to each other for the rectification process.
Then the current is converted into High Frequency AC
current. In this process the efficiency is tackled due to the
objective function such as, it is not smooth and many
stationary points are existing. To optimize this problem an
optimization algorithm is proposed such as a hybrid
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO) and it will increase the total
Antenna performance and diode responsivity. Then the
output of rectenna is to get useful DC current for the Energy
harvesting process.

efficiency and diode
responsivity

Rectenna
Infrared Radiations o Microwave -
collected from earth o frequency o
Antenna
High Frequency IR L
AC Current Dl
\ 4
Objective
function Optimization

Maximize Antenna total

Algorithm

Y

HybridWingsuit Flying
Search Algorithm (WFSA)
and Chaos Game
Optimisation (CGO)

Output DC current

Figure 1: Block diagram for Rectenna
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Rectenna is the combination of the Antenna and diode
and it is used to rectify the unwanted frequency or signals
in the antenna to get more efficiency in the Energy
harvesting process. Then the antennas in the receiving
section include and also designed in the ultrahigh-Frequency
voltage source is shown below,

L, = Lcosc(ur) 1)

Where L denotes the voltage source, and connected at series
with impedance of antenna B, . Then the diode is modelled
in parallel position with the combination of resistor and
capacitor. To calculate coupling efficiency, it needs to
combine both antenna and diode in one part. Then the
coupling efficiency is given below;

O; (powerdeliveredtoT;)  |L; [> /2T, @
He = Oinp (antennainccidencepower) N Lﬁ /8T,
Lf = Lb fZ (3)
b, + f,
E— )
Pl T,

Where resistance is denoted as L, Capacitance is denoted as
K, impedance is Z, power is denoted as O, K; and T; is

the resistor and capacitor and L ; is the voltage in all diode
terminal. Then the Frequency is calculating as,

y =27, )

Then the equation 5 is known as device operating
frequency. From equation 1 the efficiency is calculated as,

4 Tbe
(To +T¢)
Hi = T (6)
b'f 2
1+ (v————Ky)
(T, +T4)

From equation 6 the numerator denotes the matching of
impedance among antenna and diode. T, is the range of few
10’s and 100’s ohms. For example, when implementing
resistance T, =100, T;become close to this value and

increases the numerator. Then determine the equivalent
resistor is,

Teq =ToTe /(TpT1), (VTggKs <<1 O
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The above equation 6 can clutch to catch maximum
coupling efficiency.

Then the impedance matching state encourages using
MIM diodes to get diode responsivity. This diode is holds
low diode resistance, to get more resistance use ultrathin
insulator layers. The MIM diode resistance is estimated by
using the current voltage characteristics. By the process of
insulating layer, the conduction of charges will be carried.
So, the thickness of this layer is lower too few nanometres
and the tunnelling probabilities will reduce gradually and to
increase the insulator thickness.

The cut-off frequency is calculated for MIM diode
coupled to the antenna for the performance of high
frequency is given as,

1
g =—— 8
fred = 24TK ®)
Where T denotes resistance, K denotes capacitance.
The capacitance (K) is calculated as,
K=25 0stB (9)

f

6o is permittivity in free space, ¢; denotes insulator

material permittivity, B denotes active area, f denotes
thickness of insulating layer of diode.

Then substitute the capacitance value in frequency in
equation (8),

1

— = (10)
27TK = —go? B

d freq —

In this resistance (T) is calculated by the inverse of the slope
of current (Uu; )voltage (L, ) curve and the resistance is more

precisely dynamic resistance. Then the current with voltage
is derived as,

-5 (11)
Uj
_dn
T-Shog (12)

The asymmetry ( x, ) is the absolute relation of forward and

reverse currents in certain bias voltage and then measure the
diodes ability to perform rectification.

1+
AT (13)

The non-linearity of the diode is used it sharpen or turn on
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the voltage and the double segregation of diode current
regarding with voltage is given as,

2
19
dy;

(14)

Then the responsivity of the diode, the DC output power
and the ac input power can be calculated as,

2
L (15)

Equation 6 shows the total antenna coupling efficiency and
equation 15 is known as diode responsivity using the
infrared radiations with energy harvesting. In this process
the efficiency and responsivity are not approximate and
some iteration are present, to avoid these iterations an
approximation algorithm is proposed known as hybrid
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO).In this a hybrid Wingsuit Flying
Search Algorithm (WFSA) and Chaos Game Optimisation
(CGO) is proposed to rectify the coupling efficiency and the
diode responsivity in the rectenna. Wingsuit hybrid
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO) is the new optimization
algorithm used to detect the earth surface to get infrared
radiation emitted from the earth for the energy harvesting
process and to convert input AC current to Output DC
current. This optimization algorithm explains the behaviour,
movements; of the IR radiations emitted least point of the
earth with in the particular range. This algorithm is real-life
easy to implement and lean procedure.

The efficiency of the optimization algorithm is
determined as,

e
Mi| [mb m2.... m..... m |
my mi... mi.. m
_ B x=12,..v (16)
Hic= |- - i=12,...f
M,
_ m mZ. omp.. m/
_MV_

Then the condition is changed to next position of the
iteration of the dimensional grid to the neighbour selection.
Then the co efficient is calculated as,
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Vo=|\W |v =2 17

The equation 16, 17 shows the computational difficulty
and convergence performance is calculated. Then hybrid
Wingsuit Flying Search Algorithm (WFSA) and Chaos
Game Optimisation (CGO) for enhance the real-life results.
It will reduce the costs, and increase the reliabilities.

3.1 Step by Step procedure

In this section have to discuss thedesigning IR energy
harvesting rectenna using hybrid Wingsuit Flying Search
Algorithm (WFSA) and Chaos Game Optimisation
(CGO) is proposed to get more coupling efficiency and
diode resistivity during Energy Harvesting process. The
proposed sandpiper optimization algorithm shows step by
step procedure to designing the rectenna using IR rays input
AC current is converted to output DC current and to
maximize the coupling efficiency and responsivity is as
follows:

Step 1: Initialization

Initialize the initial position V" be the initial points and the
population is given below,

V=V -2 (18)
Then the initial points are defined as,
AjD = maxi = Imini (19)

Vo

Where Ai® is the maximum and minimum cost function

Step 2: Random generation

Then the random generation is estimated by the process of
initialization step. Let f be the dimension and the random
generation is given as,

j=12....v

i=12,...f (20)

m!(0) = mjjymini + rando.(mjj.maxi),{

Where mjj(O) provides the random generation in the

initialization points, m! .. and (M) )is  the
maximization and minimization process with i" and j"
values and the rando is the random number with intervals

[0,1].

Step 3: Fitness Function
From the initialized values, a random number of solutions
are created. Fitness function of solution is evaluated and the
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objective function is represented in an optimization of
function g in equation (6).

Step 4: Updation

Update the position using hybrid Wingsuit Flying Search

Algorithm (WFSA) and Chaos Game Optimisation (CGO)
In this step WFSA and CGO optimization algorithm

assigns the designing of the rectenna and the best solution is

generated by rearranging the equation 19,

M) = (1= % Am® 21)

Initialization

A 4

Generate the initial Points and
emits input IR rays (AC)

y

Designing the Rectenna using
Antenna and Diode

v

Detetermine Coupling efficiency
and responsivity

while (q < iter

max )

Optimization using WFSA and
CGO Algorithm

!

Update optimal solution and
return the best solution

v

Maximization of Coupling
efficiency and Responsivity

Yes i L.
Halting criteria

max(Efficiency and
Responsivity) is met

No

C Termination )

Figure 2: Flow chart for WFSA and CGO Algorithm
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n<M;+gmM (22)
From equation 15 the responsivity is calculated as,

vy
d® D H(X).KE(x)
j=1
vy

d2 Z.Kg(x)
j=1
vy
d ZH(X).KB(X)

=1 v
vy

d > KE(x)
= i

(23)

Where H(X)is the antenna responsivity function and the
efficiency y,7M (e IN —RAD) gives the step size objective

function with the random variables with the infrared
radiations in the earth.

Step 5: Maximization of coupling efficiency and
responsivity
It is the metaheuristic algorithm and wused in the
optimization process to maximize the coupling efficiency
and responsivity to design the antenna and to produce useful
DC output.

From equation 22 the maximization process is
formulated below,

d(n)<d(M;)>M; =n (23)

Where d is the objective function solution derived from the
coupling efficiency and responsivity.

Step 6: Termination

The hybrid Wingsuit Flying Search Algorithm (WFSA) and
Chaos Game Optimisation (CGO) optimizes the problems in
rectenna design using antenna and diode to maximize the
coupling efficiency and to increase the responsivity to get
useful DC output using input AC infrared radiations (IR) for
energy harvesting process.

4. RESULT AND DISCUSSION

In this section, the hybrid Wingsuit Flying Search
Algorithm (WFSA) and Chaos Game Optimisation (CGO)
optimizes the problems in rectenna design using antenna
and diode to maximize the coupling efficiency and to
increase the responsivity to get useful DC output using input
AC infrared radiations (IR) for energy harvesting process. In
this the simulation performance of the proposed the
MATLAB simulations are performed on PC through the
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Intel Core is, 2.50 GHz CPU, 8GB RAM and Windows 8.
Optimization algorithm starts with po that are randomly
selected by the hybrid WFSA and CGO. Here, equations
with v=2xf,and f,, =83 THz matching towards

wavelength 10.6 um.

Table 1: Initial and Optimal Design Parameters

Parameters Initial Optimal

Q1= Ay -0.045 eV 0.041eV

Q2= Ay 0.55 eV 0.12eV

Q3=Al, 0.05eV 0.17 eV

Qi=¢ry 74 1.7

05=G1a 13 100

Q6=F1 0.75nm 2.04 nm

Q7= 3.5nm 1.20nm

08=B 0.34x0.36pm? 0.094x0.088um?

From table 1, Qi, Qz, Qs, Q4, Qs, Qs, Q7and Qg are the
design parameters. Au,and Au; are the first two design

parameter. f,, f, is the thickness of insulator 1 and insulator
2, 6.6, Is the dielectric constants of each insulator, B is

the area of diodes. The above table shows the optimal values
of design parameters Q, also the zero-bias resistance value,
coupling, and zero bias responsiveness. 7.39 A / W is the
optimal zero-bias response value obtained, while 6.47% is
the maximum coupling efficiency achieved. 3.90 kQ is the
zero bias resistance of optimal diode obtained that is not
predicted since the predefined resistance of antenna is
maintained 100 Q.

Objective Function W

L] 30 100 150 200 250
Iteration #

Figure 3: Convergence of WFSA and CGO
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The algorithm joins the optimal parameter values
demonstrated on Figure. 3. The zero-bias region permits
self-switching operation. The optimal solution to this
maximization issue is reached while the stopping conditions
meet.

! (V,=AE/e) 1
e '________ Evr-%-AE
I 7
2 .
oy .
L4
& .
il z (¥, =0)
. AN Ef
~
N
N, remmememeaaa
MoV (Fy=+AEle) \
~1 4
I
------- EJ_AE

Distance(nm)
Figure 4: Optimal MIM design using zero-bias metal
electrodes and tuned dc bias +AE/e

Figure 4 represents the optimal design energy band
diagram and gives the band diagram of wavelength 10.6
shaped on the incident IR radiation, photon energy 0.128
eV. The energy band and voltage principles are raised up
0.128 eV and down 0.128 eV. When comparing the forward
and reverse bias curves are estimated that achieve maximum
frequency on diode response. Energy bands at positively
biased voltages allow electrons to pass during a triangular
obstacle in minimum voltages.

Resistance
12

10

~
(o]
o

10
10

1/2|3|4|5|6
Resistance| 0 | 2. | 4.[5./10| 3

N
[
o

Figure 5: MIM diode resistivity

Figure 5 shows the diode resistivity and the resistance
value, it gives more efficiency, and get the smooth
derivatives and the diode resistance is calculated as
resistance of 6.0 kQ it is more than the MIIM — GAO
method.
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Responsivity -2 3. -1 -2 1 -5
Figure 6: MIM diode Responsivity

Figure 6 shows the diode responsivity of the proposed
MIM diode and the diodes maximum responsivity is
calculated as 11.7 A/W at 160 mV, and zero-bias 1.8 A/W is
more than the MIIM — GAO method.

5. CONCLUSION

In this paper, to design the rectenna using the input AC
current is taken from the IR rays and given to the rectenna
(combination of antenna and diode) to get antenna coupling
efficiency and diode(MIM) responsivity. In this some
iteration will occur, to get optimal solutions and to increase
the maximum coupling efficiency and responsivity here
used an algorithm known as hybrid Wingsuit Flying Search
Algorithm (WFSA) and Chaos Game Optimisation (CGO).
The experimental outcome demonstrates that the proposed
system sandpiper shows the better performance such as the
coupling efficiency7.39 A / W, Responsivity 6.47% gives
better performance than GA, MIIM diode optimization and
Boolean optimization algorithm with triple port rectifier
respectively.

REFERENCES

1. H. Zou et al., Mechanical modulations for enhancing
energy harvesting: Principles, methods and
applications, Applied Energy, vol. 255, p. 113871,
2019.

2. C. Wei and X. Jing, A comprehensive review on
vibration energy harvesting: Modelling and
realization, Renewable and  Sustainable Energy
Reviews, vol. 74, pp. 1-18, 2017.

3. V. Mihai, C. Dragana, G. Stamatescu, D. Popescu and
L. Ichim, Wireless Sensor Network Architecture
based on Fog Computing, 2018 5th International
Conference on Control, Decision and Information
Technologies (CoDIT), 2018.

10.

11.

12.

13.

14.

15.

Received on Aug 2020

M. Gholami, M. Taboun and R. Brennan, An ad hoc
distributed systems approach for industrial wireless
sensor network management, Journal of Industrial
Information Integration, vol. 15, pp. 239-246, 2019.

S. Chang, P. Cheng, G. Li and Y. Yang, Transparent
Polymer Photovoltaics for Solar Energy Harvesting
and Beyond, Joule, vol. 2, no. 6, pp. 1039-1054, 2018.
H. El-Araby, H. Malhat and S. Zainud-Deen,
Performance of nanoantenna-coupled geometric
diode with infrared radiation, 2017 34th National
Radio Science Conference (NRSC), 2017.

T. Ghomian, O. Kizilkaya and J. Choi, Lead sulfide
colloidal quantum dot photovoltaic cell for energy
harvesting  from human body  thermal
radiation, Applied Energy, vol. 230, pp. 761-768,
2018.

S. Loh, The potential of the Malaysian oil palm
biomass as a renewable energy source, Energy
Conversion and Management, vol. 141, pp. 285-298,
2017.

M. Khan, S. Rehman and F. Al-Sulaiman, A hybrid
renewable energy system as a potential energy
source for water desalination using reverse osmosis:
A review, Renewable and Sustainable Energy Reviews,
vol. 97, pp. 456-477, 2018.

M. Mattsson, C. Kolitsidas and B. Jonsson, Dual-Band
Dual-Polarized Full-Wave Rectenna Based on
Differential Field Sampling, IEEE Antennas and
Wireless Propagation Letters, vol. 17, no. 6, pp. 956-
959, 2018.

C. Lin, C. Chiu and J. Gong, A Wearable Rectenna to
Harvest Low-Power RF Energy for Wireless
Healthcare Applications, 2018 11th International
Congress on Image and Signal Processing, BioMedical
Engineering and Informatics (CISP-BMEI), 2018.

L. Sheng, W. Bangmin and Z. Lanyong, Intelligent
Adaptive Filtering Algorithm for Electromagnetic-
Radiation Field Testing, IEEE Transactions on
Electromagnetic Compatibility, vol. 59, no. 6, pp. 1765-
1780, 2017.

L. Lu, Y. Jia, Y. Xu, M. Ge, L. Yang and X. Zhan,
Energy dependence on modes of electric activities of
neuron driven by different external mixed signals
under electromagnetic induction, Science China
Technological Sciences, vol. 62, no. 3, pp. 427-440,
2018.

S. Sharma, V. Chauhan and M. Sinapius, A review on
deformation-induced electromagnetic  radiation
detection: history and current status of the
technique, Journal of Materials Science, vol. 56, no. 7,
pp. 4500-4551, 2020.

S. Shriwastava and C. Tripathi, Metal-Insulator—
Metal Diodes: A Potential High Frequency Rectifier
for Rectenna Application, Journal of Electronic
Materials, vol. 48, no. 5, pp. 2635-2652, 2019.

F >| Journal of Soft Computing and Engineering Applications, Vol. 1, No. 3, 2020

- R T



16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Q. Xiong, S. Ji, L. Zhu, L. Zhong and Y. Liu, A Novel
DC Arc Fault Detection Method Based on
Electromagnetic Radiation Signal, IEEE
Transactions on Plasma Science, vol. 45, no. 3, pp.
472-478, 2017.

K. Bhatt, S. Kumar and C. Tripathi, Highly sensitive
Al/AI203/Ag MIM diode for energy harvesting
applications, AEU - International Journal of
Electronics and Communications, vol. 111, p. 152925,
2019.

A. Elsharabasy, A. Negm, M. Bakr and M. Deen,
Global Optimization of Rectennas for IR Energy
Harvesting at 10.6 pm, |EEE Journal of
Photovoltaics, vol. 9, no. 5, pp. 1232-1239, 2019.

N. Covic and B. Lacevic, Wingsuit Flying Search—A
Novel Global Optimization Algorithm, IEEE Access,
vol. 8, pp. 53883-53900, 2020.

S. Talatahari and M. Azizi, Optimization of
constrained mathematical and engineering design
problems using chaos game optimization, Computers
& Industrial Engineering, vol. 145, p. 106560, 2020.

H. El-Araby, H. Malhat and S. Zainud-Deen,
Performance of nanoantenna-coupled geometric
diode with infrared radiation, 2017 34th National
Radio Science Conference (NRSC), 2017.

G. Jayaswal, A. Belkadi, A. Meredov, B. Pelz, G.
Moddel and A. Shamim, A Zero-Bias, Completely
Passive 28 THz Rectenna for Energy Harvesting
from Infrared (Waste Heat), 2018 IEEE/MTT-S
International Microwave Symposium - IMS, 2018.

S. Yan, B. Tumendemberel, X. Zheng, V. Volskiy, G.
Vandenbosch and V. Moshchalkov, Optimizing the
bowtie nano-rectenna topology for solar energy
harvesting applications, Solar Energy, vol. 157, pp.
259-262, 2017.

S. Shen, C. Chiu and R. Murch, Multiport Pixel
Rectenna for Ambient RF Energy Harvesting, IEEE
Transactions on Antennas and Propagation, vol. 66,
no. 2, pp. 644-656, 2018.

Z. Rong, M. Leeson, M. Higgins and Y. Lu, Nano-
rectenna powered body-centric nano-networks in
the terahertz band, Healthcare Technology Letters,
vol. 5, no. 4, pp. 113-117, 2018.

C. Reynaud et al., Rectifying antennas for energy
harvesting from the microwaves to visible light: A
review, Progress in Quantum Electronics, vol. 72, p.
100265, 2020.

S. Shriwastava and C. Tripathi, Metal-Insulator—
Metal Diodes: A Potential High Frequency Rectifier
for Rectenna Application, Journal of Electronic
Materials, vol. 48, no. 5, pp. 2635-2652, 2019.

A. Biswas, P. Swarnakar, S. Pattanayak and U.
Chakraborty, Compact MIMO antenna with high
port isolation for triple- band applications designed
on a biomass material manufactured with coconut

Received on Aug 2020

husk, Microwave and Optical Technology Letters, vol.
62, no. 12, pp. 3975-3984, 2020.

F >| Journal of Soft Computing and Engineering Applications, Vol. 1, No. 3, 2020

- R T



