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a b s t r a c t

The main aim of this paper is implantation in human body. Observation of a patient employing remote
systems in practice is going to convenient. Implantation of medical equipment to the heart for monitoring
the wellness of heart patients is made a practice, utilizing the biomedical and electronic devices. The
implantable part is introduced to the internal body of the patient. An artificial implantable device
replaces the current biological structure of the heart. Implantable patient’s iEEG signals were processed
and recorded utilizing the Internet of Medical Things technology. Making use of the desired remote sys-
tems, high dynamic range amplifier, and Internet of Medical Things technology, biomedical implantable
monitoring system can be done in an enhanced manner.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanoelectronics, Nanophotonics, Nanomaterials, Nanobioscience & Nanotechnology.

1. Introduction

Nowadays implantation plays an important role using Internet
of Medical Things (IoMT) technology. In 1999, Federal Communica-
tion Commission (FCC) permits Medical Implant Communication
Service (MICS) to use mobile radio devices for implantation [1].
Implantation process play a major role in medical field. The diag-
nostic/therapeutic functions were used for transmitting data’s by
using the implanted medical devices [2]. In 2016, the implantation
process is done with 400 MHz frequency band and 2360–
2400 MHz band for Medical Body Area Network (MBAN) devices.
This frequency specifications used in medical field is called Medical
Implant Communication Service (MICS). In united states, the
patient’s health was monitored by wireless service WMTS (Wire-
less Medical Telemetry Service) is called biotelemetry. In 2000,
the bands used for digital televisions were 1427–1432 MHz,
1395–1400 MHz and 608–614 MHz, but these frequency bands
were not agreed internationally. Many manufacturing companies
are using ISM bands (902–928 MHz). IEEE 802.11 or Bluetooth
are the best examples of ISM bands using devices.

In 1906, Lee De Forest invented triode vacuum tube for ampli-
fication. Upto 1960 s, vacuum tubes were used and from 1970 s
transistors were used. In 1876, lot of problems like crosstalk’s, long
distance transmission, etc., occurred in telephone communication.
These problems were overcome in telegraphy using intermediate
devices such as relay. The Scientist C. F. Varley introduced relay
repeaters for telegraphic transmission, in which bidirectional com-
munication takes place. Until 1904, this problem was not solved in
the telephone communication. The scientist H. E. Shreeve from
American Telephone and Telegraph company constructs a tele-
phone repeater to overcome this problem. Mercury lamps were
amplified using Shreeves repeater. In 1906, an American inventor
Lee de Forest invented Andion triode as a first amplifier [4]. The
term amplification and amplifier were derived from the Latin and
it means to expand or to enlarge. During 1920–1940 s the theory
of amplifiers were introduced at Bell Laboratories. Upto 1934, the
amplifiers used were highly distorted and then Harold Black
invented negative feedback to reduce distortion. Hendrik Wade
Bode and Harry Nyquist developed the detailed study of amplifica-
tion [5].

In 1947, John Bardeen and Walter Brattain invented point-
contact transistors at Bell Laboratories. In 1948, William Shockley
invented Bipolar Junction Transistors (BJT) at Bell Laboratories.
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For the invention of transistors John Bardeen, Walter Brattain and
William Shockley won Nobel prizes. In 1959, Mohamed M. Atalla
and Dawon Kahng invented metal-oxide semiconductor field-
effect transistor (MOSFET) at Bell Laboratories. Nowadays, MOSFET
is one of the widely used amplifier in the world. Due to the inven-
tion of transistors, integration process takes places. The integration
process includes SSI (Small Scale Integration), MSI (Medium Scale
Integration), LSI (Large Scale Integration), VLSI (Very Large-Scale
Integration), ULSI (Ultra Large-Scale Integration) and GSI (Giant
Scale Integration). Integration is nothing but large number of tran-
sistors were integrated in a single chip to perform a specific func-
tion. Nowadays, the amplifiers used in commercial purposes were
based on the integration process only. In 1982, at Carnegie Mellon
University, the first smart device named Coca-cola vending
machine work was started by scientist mark Weiser’s [11].

2. Related study

2.1. High dynamic-range amplifier

A dynamic range amplifier is defined as the rate in the middle of
the smallest values and largest values. It is used as a logarithmic
value and often used as a signals in light and sound [16]. For light
sight and sound hearing the dynamic range needed will be high for
human senses [17]. The best example for high dynamic range is
loudspeaker and is expressed as,

DRADC ¼ 20� log10
2
1

� �Q

¼ ð6:02:QÞdB ð1Þ

In the above expression DRADCrepresents the dynamic range in
analog to digital conversion and its unit is decibel. The output
response of a high dynamic range amplifier is sinusoidal in nature.
The high dynamic-range amplifier is shown in Fig. 1. In the figure it
is clearly shows that Vdd act as power supply or external supplied
voltage.

The power of a signal represents the time varying current or
time varying voltage. The power of a signal is increased in an elec-
tronic device is called as an amp or electronic amplifier or an
amplifier. The amplification of an amplifier is measured by using
gain [3]. In an amplifier, the power gain should be greater than
one. Nowadays amplifiers are used in many of the electronic
devices. Amplifiers are of many kinds such as RF amplifiers, audio
amplifiers, instrumentation amplifiers and servo amplifiers. The
graphical representation of input and out voltage representation
is shown Fig. 2. The input voltage Vi signal is represented in green
colour and the output voltage Vo signal is shown in yellow colour.

In the above figure, the green color represents the input voltage
and the yellow color represents the output voltage. The amplitude
of the voltage/current increases is called amplification. The voltage
gain of an amplifier is expressed as,

Voltagegain;Vo ¼ 3Vi ð2Þ
The ratio of output power to the input power or amplitude is

called amplifier gain and is measured in decibels. The gain of the
amplifier is expressed as,

G dBð Þ ¼ 10logðPout=PinÞ ð3Þ
The performance of an amplifier depends on the frequency

range and is known as bandwidth. The efficiency depends on the
amplifier input power. The dynamic range of an amplifier is
expressed as

DR ¼ ðSþ NÞ=N ð4Þ
Where, S is defined as the maximum signal power, N as the noise
power and DR defined as the dynamic range [6]. The impedance
matching of the input signal is eliminated by using the instrumen-
tation amplifier and it is also called as In-Amp.

2.2. Implantable device

An implant defines a device which is used in medical field. The
implantable device is used to replace the damaged or missing part
of a human. The medical device or the implantable device is man-
ufactured in the corresponding biological structure. The medical
devices are man-made materials such as silicone, apatite or tita-
nium based upon the function of a body it is used [7]. The coronary
stent for implantation is shown in Fig. 3. The coronary stent con-
sists of stent delivery catheter, location markers and inflated bal-
loon with drug coated stent.

For example, consider a coronary stent, which is a tube-shaped
medical device and is placed in the coronary arteries and for sup-
plying blood towards heart. This is mainly for coronary heart dis-
eases and while performing treatment, it makes the arteries to
be open. Nowadays coronary stents are majorly using throughout
the world. By using this technique, the chest pain gets reduced
and also the acute myocardial infarction gets decreased [8]. The
disorders in brain by means of diseases like Parkinson’s disease,
epilepsy, etc., were implanted by using Cataract, Keratoconus and
neurostimulator. Artificial heart, valve, coronary stent, cardiac
pacemaker was used as implantable devices for cardiovascular.
By using Magnetic Resonance Imaging (MRI) device a patient mus-
cular skeletal study did and if implantation needed, pins, screws,
plates and rods were used in orthopedic implantation [9]. For
implantation most commonly stainless steel is used. In some cases,
alloys such as titanium and cobalt-chromium is used. There are lot
of complications while performing implantation surgery and alsoFig. 1. High dynamic-range amplifier.

Fig. 2. Graphical representation of input and output voltage.
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after the completion of surgery. This complication includes pain,
allergic infection and inflammation. The infections were reduced
by means of the material used for implantation. Due to blood-
borne bacteria complication occur. Using antibiotics, it is difficult
to reduce the risk [10].

2.3. Internet of medical things

Due to advancements, Internet of things play a vital role
throughout the world. In manufacturing, commercial applications,
smart factories and in medical field IoT plays an important and
useful role. By using internet of things costs of the device and
application get reduced and in medical field saved many lives
too. AutoBed an IoT-driven software used in hospitals for monitor-
ing the patient’s health. By using telehealth system, a doctor can
monitor the patient’s health from his house itself. By using IoT
one of the major disadvantages is power shut down. Due to power
off, the entire system get failed and there is a chance of patients
death too. By using radio frequencies internet of things is used in
many applications from 2009 [12]. In 1959, the internet of things
and semiconductor materials were used together to create smart
phones, computers, etc., at Bell Laboratories [13]. Nowadays Inter-
net of Things play a major role in medical field. So, it is called as
Internet of medical things (IoMT). In simple it is called as Smart
Health.

2.4. Implantable device electronics system

For monitoring wellness of the heart of patient there introduces
an implantable part through which bio potential signal from the
heart is obtained and monitored. The process of monitoring a bio
potential signal from heart involves several process. High dynamic
range amplification gives a stable output from a wide range of
input signals. So different signals are reached the high range
dynamic amplifier as inputs then there is an output produced
which is in dB tends to give the output of smallest and largest out-
put levels. Signal which is generated from the high dynamic range
amplifier made sub ranged within three period of cycles. ADC con-
verts the signal from analog to digital proportional to the analog
input. Off-chip controller controls the data that is flowing through
the device. Here the digital signal flow is control monitored by off-
chip controller. For getting raw data from the obtained signal
enabled by feature extractor. Most appropriate digital signal cre-
ated from the desired signal. Stimulator which is attached by using
the electrodes to the internal body makes the monitoring in an

enhanced way. The implantable part block diagram is shown in
Fig. 4. The block diagram consists of high dynamic range amplifier,
sub-ranging system, analog to digital converter, off-chip controller,
stimulator, feature extractor and to the electrode blocks.

Monitoring patient’s health by using remote is an easiest tech-
nique for all the doctors. This technique is called remote patient
monitoring (RPM). The overall cost of this system is less and also
less complications [14]. Normally, it is difficult to monitor the
patients’ health continuation by a doctor sitting in hospital. But
by using IoMT doctors can monitor the patient’s health from wher-
ever they are. With the help of IoMT, patients’ blood pressure, dia-
betes, heart related issues, whole health functioning is monitored
by the doctor. Congestive heart failure is called as heart failure
[15]. Two types of heart failures are there. One as reduced ejection
fraction and another one as preserved ejection fraction. It is
repaired by using coronary stent.

3. Simulation results

An amplifier is an electronic device used for amplification pur-
pose [18]. For some functions low-range amplifiers are used. But in
this paper high range dynamic amplifiers were used. The simula-
tion results of the high dynamic range amplifier gain and its fre-
quency response is obtained by using the circuit diagram [20].
The quantitative measure of a device is called frequency response.
The output obtained perfectly without any distortion and is shown
in the figure. The gain always depends on the frequency of an elec-
tronic device input signal [23]. In an electronic device some kind of
unwanted signals were induced and affect the transmission is
called noise [24]. The simulation results prove the success of a
technique. In this Internet of Medical Things the high dynamic
range amplifier frequency response for gain versus frequency is
shown in Fig. 5 and noise versus frequency in Fig. 6. The electrical
stimulus output representation is shown in Fig. 7.

Electrical stimulator is defined as the stimulation done by using
electricity [19]. The electrical energy used for amplifiers should be
limited only [21], so by using amplifiers there is no distortion in
the output received by the doctor. A circuit which consists of resis-
tors then the circuit is called resistive circuit. But for an electronic
circuit it consists of all the active electronic components. In an
electrical circuit the output response is obtained between the gain
and the frequency [22].

The electricity stimulus is measured for two parameters such as
current and voltage. The voltage response for electrical stimulator
is shown in Fig. 8 and current response is clearly shown in Fig. 7.

Fig. 3. Coronary stent used for implantation.
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The output wave is obtained between Load current and time for
current response and load voltage and time for voltage response.

4. Conclusion

Thus, by using the implantation technique with the help of
IoMT a doctor save many lives. Perception of a patient utilizing
remote systems in practice is progressed using the Internet of

Medical Things technology. Implantation of restorative device to
the heart for observing the wellness of heart patients is practiced,
utilizing the biomedical and electronic gadgets. The implantable
portion is presented to the internal body of the patient for the A
counterfeit implantable gadget replaces the current biological
structure of the heart for improving the monitoring system.
Implantable patient’s iEEG signals are prepared and recorded uti-
lizing the Internet of Medical Things technology. Utilizing the
required farther frameworks, high dynamic range amplifier, and
Internet of Medical Things technology, biomedical implantable
observing framework can be worn out in an improved way.
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a b s t r a c t

Nano-communication devices play the vital role in the medical field in order to improve the quality of
human life. They can be widely used because it can access small and delicate body sites non-
invasively, where traditional medical devices are inefficient. In this paper, a brief study about the current
models, various communication paradigms, antenna design, radio channel models and nano network
models of the nano technology is presented. Also, the open research areas are illustrated for future devel-
opment in the field.
Copyright � 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanoelectronics, Nanophotonics, Nanomaterials, Nanobioscience & Nanotechnology.

1. Introduction

This new technology creates a great impact on various fields
such as industries, bio-medicine, defense and so on. The role of
nanotechnology is efficient in the field of health care and bioengi-
neering applications as it create a substitution for the existing
medical technologies such as catheters and endoscopes. The nano
devices are eminent in reaching the spinal cord, gastrointestinal
or inside the human eye without introducing any medical instru-
ments into the human body [1]. With the help of these nano
devices a variety of information can be obtained to solve compli-
cated tasks. In order to gather such information, properconnectiv-
ity should be established among these nano devices, which
eventually lead to nano communication via nano network, for a
wide range of operation [2]. The data can be transferred among
these devices by Electromagnetic waves at terahertz band [3].
The main goal in the bio medical field is to connect the nano
devices to the Internet in order to fulfill the needs of e-health sys-
tem [5]. The nano scale devices produce shorter wavelength. At
such frequency molecular resonance is present, which detects
highly micro particles in water content and biomedical tissues of
the human body.

In this paper, we are discussing about nano-communication
based on their biomedical applications, research challenges,
antenna design, and channel modeling aspects, simulation issues
and measurement techniques and so on.

2. Various applications and the network design

Nano networks can be broadly classified into four types: They
are environmental, biomedical, military and industrial [2,4]. Nano
devices can monitor the human biological movement. For example,
nano pressure-sensors can be used to detect the intraocular pres-
sure for diagnosing glaucoma which is caused by the high eye pres-
sure. Eventually necessary treatment can be provided in order to
prevent vision loss [1]. Similarly, nano devices can be placed in
the bones to monitor the growth of bones in diabetes patients to
prevent them from osteoporosis [1]. Also, Nano devices can be
used in the biological tissues to detect and eliminate the foreign
malicious agents at their initial stages and making the treatment
more non-invasive [13]. Nano network is used to optimize and
track the organs, nervous and tissue replacements. The nano net-
work is subdivided into three parts: in-body, on-body and off-
body.

Nano-nodes: The nano nodes are composed of sensor and com-
munication units which can perform simple task and transfer the
signal over very small distance. The nano nodes are the integrated
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version of nano devices which has less memory and less communi-
cation characteristics.

Nano-routers: Nano routers are far better than nano nodes
because they have comparatively large computational characteris-
tics than nano nodes. They can control nano nodes by sending sim-
ple instructions. These routers can also obtain information from
nano machines. Their physical deployments are literally an infras-
tructure based system (Fig. 1).

Nano-micro interface: This nano micro interface is a kind of
hybrid device which is widely used to connect the nano scale
devices with the micro scale devices. This interface is used to col-
lect and transmit information from nano scale devices to micro
scale devices, vice versa.

Gateway: It is used to control the whole system by the user via
Internet.

3. Various paradigms of nano-communication

According to Akyildiz et al. the nano communication falls under
two scenarios: They are, (i) Communication between a nano scale
device and a micro/macro system, and (ii) Communication
between more than two nano-devices. These devices can commu-
nicate under various paradigms they are electromagnetic, acoustic,
nanomechanical or molecular etc.

3.1. Molecular paradigms

In molecular communication, a small sized transmitter is used.
The molecules are used to encode, transmit, receive and decode the
information, while a small particle of molecule is released into the
propagation medium. Molecular communication can be broadly
classified into several types. They are:

a) walkway-based: molecules propagate via molecular motors
along a path on which they were previously blocked.

b) row-based: It is one of the communications in the circula-
tory system. In row based molecular communication the
molecules propagate in a guided fluid medium.

c) diffusion-based: The diffusion based molecular communica-
tion (DMC) is the widely popular because the molecules
propagate in the fluidic medium via spontaneous diffusion
[4].

3.2. Acoustic paradigm

Acoustic propagation produce a mild pressure in the fluid or
solid medium that satisfies the wave equation without changing

the characteristics of the nano robots such as physical properties,
surrounding medium and the working frequency. The communica-
tion effectiveness, power necessities and effects on the nearby tis-
sue in vivo ultrasonic communication. Were clearly examined by
Hogg and Freitas [16].

3.3. Touch communication paradigm

Touch Com Paradigm use the nano robots as a carrier for infor-
mation exchange. In TouchCom, transient micro bots (TMs) [8,10]
which can be controlled and monitored by the macro unit
(MAU), installed inside the body to carry the drug particles to the
tiny and sophisticated areas of the human body [11,15]. The chan-
nel model of TouchCom was obtained by decreasing the propaga-
tion delay, path loss with the angular/delay spectra of the signal
strength. Meanwhile, the movement of the nano-robot swarm
within the blood was described by a simulation tool.

3.4. Electromagnetic paradigm

In electromagnetic paradigm, the electromagnetic waves are
used as a message carrier and their amplitude, phase, delay etc.
are used to encode or decode the information. The emerging new
materials such as Carbon Nano-Tube (CNT) and Graphene which
uses EM nano-transceivers that requires the operational frequency
range of THz band [5].

4. Recent development in nano-antennas

The major challenge faced by the nano technology is the com-
munication among nano-devices that mainly depends on the nano
antennas and their corresponding transceiver. By decreasing the
size of the existing antennas to nano meters, high operating fre-
quencies can be produced, that are useful in constructing an EM
based wireless communication among the nano devices. For con-
structing nano antennas, metal or novel materials like carbon nan-
otube and graphene are used.

4.1. Metallic material based nano-antennas

There are several metallic material based nano antennas, they
are: Metallic plasmonic nano-antenna, optical metallic nano dipole
antenna and so on. It is difficult to choose the proper metal in
terms of operational frequency band for nano antenna than the
conventional antennas. To perform this study Method of Moments
(MoM) based electromagnetic solver was developed. Besides that,
metal oxide metal (MOM) techniques were also used for nano-
antenna array because they have excellent tunnelling characteris-
tics (Fig. 2).

4.2. Nano-antennas made of novel materials

The novel materials such as carbon nanotube and graphene can
be used to overcome the fore mentioned limitations such as size
and communication constraints, by using graphene to fabricate
the antennas since the wave propagation velocity in CNTs and gra-
phene nano ribbons are hundred times lesser than the speed of
light in vacuum which depending upon the temperature, Fermi
energy and so on [8]. The graphene-based antenna with 1 m length
radiate EM wave at THz band [14]. For short range of communica-
tion MIMO antenna system based on graphene nano-patch
antenna can be used which enlarges the channel capacity by
increasing the number of antennas and selecting the suitable chan-
nel state matrices [15]. An equilateral triangular patch antenna,Fig. 1. Envisioned architecture for nano-healthcare.

P. Janani, N. Elezabeth Rani, T.D. Subha et al. Materials Today: Proceedings xxx (xxxx) xxx

2



rectangular patch antenna, a log-periodic toothed nano-antenna
and so on were designed using graphene.

A novel graphene-based nano-antenna can exploit Surface Plas-
mon Polariton (SPP) waves in Graphene Nano ribbons (GNRs); the
graphene based plasmatic nano-antennas can operate at less fre-
quency than the metallic antennas [9] (Fig. 3).

5. Current development of nano-scale devices

The micro fabrications are introduced in medical domain in
order to replace the existing medical devices such as catheters
and endoscopes and also to access the complicated human body
areas like spinal cord, blood capillaries and so on. The IC fabrication
which support full duplex communication was manufactured in
CoSMIC research laboratory is represented below (Fig. 4):

Some of the developments in nano scale devices are as follow:
The capsule endoscopes replace the existing endoscopy system
which was applied in 2001 with the FDA’s approval. A crawling
mechanism [6] and on-board drug delivery mechanism [7] were
some of the evolutions of capsule endoscopy. Anano-scallop was
invented which can swim in biomedical rids. A tiny bio-bot which
was invented and empowered by skeletal muscle cells [9]. It is pos-
sible to deliver a single cell gene to the human embryonic kidney
whose SEM image is shown in Fig. 5c [10]. A wireless radiation

detector was invented to detect the level of therapeutic radiation
the tumour cell gets [11].

6. Modeling of nano scalecommunication channel at terahertz
frequencies

The THz Band provides a very broad bandwidth, which ranges
from tens of GHz up to several THz depending on the transmission
distance. The use of this frequency band is expected to address the
spectrum scarcity and capacity limitations. In order to completely
utilize the potential of nano scale devices, it is essential to have the
knowledge about EM wave forms propagation and accurate chan-
nel models inside the body, which are important to design effi-
cient, reliable and optimized high performance systems. It is
mandatory to create a model which achieves target link budgets
and high data rates. It is also important to design an efficient trans-
ceiver and antennas by using digital baseband algorithm. Initially
the communication between nano devices through electromag-
netic radiation was considered challenging because of limitations
such as size, complexity and energy consumption [12]. However,
with the advent of the carbon-based materials like graphene and
CNT (carbon nanotube); attention has been moved to the EM com-
munication slowly [4,13]. The modified Friis formula for path loss
calculation [11] in water vapour at THz has two parts: the absorp-
tion path loss and the spread path loss. Later, a more described
model of THz communication is proposed with multi-ray scenario
[14]. The channel noise power is represented as follows [11]:

Pnðf ;dÞ ¼
Z 0

B

N f ;dð Þdf ¼ kB

Z 0

B

Tnoise f ;dð Þdf

ffi kb

Z 0

B

Tmol f ;dð Þdf ð1Þ

where, Tmol = T0(1�e�4pfdK/c) is the equivalent noise temperature
due to molecular absorption; kB- Boltzmann constant; To- reference
temperature. The capacity of the channel was also studied to deter-
mine the potential of the EMmodel. Higher transmission of bit rates
up to Tera bits per second can be supported for the very short range

Fig. 2. Simulation results for the network. The analytical model validated by
COMSOL Multi-physics simulations.

Fig. 3. A plasmonic nano-patch antenna based on graphene.

Fig. 4. The Realized IC chips. (a) Comparison of the chip with a rice (reproduced
from [11]). (b) An image of the full-duplex transceiver IC which was manufactured
in Cosmic Lab.
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of communication indicates the promising future of the application
of the EM mechanism for nano-communication.

6.1. Numerical modeling at terahertz frequencies

With the modelling of homogenous and layered model the
wave propagation was investigated at THz band inside human tis-
sues [6,7] then the results would be compared with theoretical
model mentioned above.

6.1.1. Homogeneous model
In [8], using CST Microwave Studio the absorption path loss in

tissues was calculated by setting up a simple model, shown in

Fig. 5, [9]. As lossy materials attenuate the plane wave, absorption
path loss was calculated by studying plane wave in tissues. In order
to investigate this concept a tissue cube was modelled by dielectric
shown in Fig. 5 whose wavelength is ranging to THz.

The variation of E-led for a plane wave propagating in +z direc-
tion is monitored by equally spaced probes, while considering a
perfect matched layer boundary condition. The comparison of ana-
lytically and numerically calculated absorption path loss (as shown
in Fig. 6) verifies the numerical model accuracy, thus making a way
forward for more studies.

6.1.2. Layered model
In addition to simple model mentioned above, studies were also

performed numerically in CST on layered structures as well. A
three layered model with the thickness of 1.5 mm (skin), 5 mm
(fat) and 1.9 mm (muscle) was developed with perfectly matched
layer boundary condition. Two dipoles were used in this simula-
tion, where one of the two dipoles was in skin and the other one
was in fat. Vertical and horizontal orientations of dipoles were con-
sidered. The minimum effect of the layered structure was shown
by the comparison of power loss (Fig. 7).

6.2. Measurement techniques atterahertz frequencies

The electromagnetic/optical properties of human tissues are
limited in the THz band [9,10]. Initially, the absorbance of DNA
was measured using pulse based THz time domain spectroscopy
(THz-TDS), at the band of 0.06 to 2.0 THz [19]. Later, power absorp-
tion and far-infrared signal transmission capabilities of animal tis-
sues at THz band were measured using THz-TDS [20]. Because the

Fig. 5. Photos of the nano-bots which can be used in human body. (a) Nano-scallop
which can swim in bio-fluids (reproduced from [8]) (b) Bio-bot powered by skeletal
muscle cells c UIUC. (c) SEM image.

Fig. 6. a human tissue model for plane wave propagation.

Fig. 7. Comparison of numerical and theoretical absorption pathloss at 1 THz [6].
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performance of the cancer tissue is entirely different from the per-
formance of healthy tissue at THz band, more and more studies
have been conducted to describe the distinctive nature of the
human tissues at these bands. Recently, with spectroscopy mea-
surements of normal and cancer breast tissue in the range 0.1 to
4 THz were conducted by Bowman et al. [18], demonstrating the
potential of THz spectroscopy to recognize the cancer cell (Fig. 8).

However, most of the researches are confined to KHz or GHz of
range [14,15] because the human biological materials have mini-
mum scattering in this range. The research of human tissue param-
eters at THz band is still in early stage. The authors did not consider
skin type, specific skin layer and complexity of the tissue in their

studies [9,10]. It should be considered that the fresh tissue is likely
to have more water content. THz radiation cannot penetrate very
far into samples with high water content due to strong water
absorptions at THz frequencies. They have high absorption coeffi-
cient (Figs. 9 and 10).

The main constitute of epidermis were taken to investigate
whether it is enough to use the parameters of collagen as the epi-
dermis and the band of interest by having a study on both dielec-
tric constants and channel parameters (Fig. 11).

7. Open research challenges

The nano-technology especially in biomedical domain provides
substantial flexibility and advancements in healthcare for diagnos-
ing and treating of more diseases will likely increase their usage in
time. Some of the most important open research topics in this filed
is given as follows:

Human tissue parameters extraction at tera hertz frequencies:
The research on tissue parameters at THz band is still in its infancy.
The complete set of data about tissue properties at such frequency
is required for developing efficient and accurate nano based med-
ical systems.

Safety constraints, heating and other problems at THz frequen-
cies: Since the nano-devices are injected into the body, Safety to
the patients is always the main consideration about nano-
network. Hence, THz wave heating effects on the human tissue
should be analysed to make the standard systems.

Interaction between the nano-devices and the surrounding
environment: The interaction between the environment and the

Fig. 8. A planar three layered human model at terahertz frequencies [6].

Fig. 9. Terahertz Time Domain Spectroscopy measurement setup at Queen Mary
University of London [17].

Fig. 10. Artificial Skin (collagen) cultured in the Blizard Institute, QMUL (left) & Collagen layer growth by fibroblast cells (right) [17].

Fig. 11. Comparison of measured (THz- TDS) and modelled path loss inside the skin
at THz frequencies [16].
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devices should be investigated to make sure the devices work in a
desired manner.

Hybrid nano-communication systems: we can see lot of com-
munication patterns for nano communication but still the study
on interaction between two different communications paradigm
is missing. In order to make the nano-networks more powerful
and flexible, all the communications can be merged. Hence the
researches on hybrid communication generally believed that by
merging all the communications together the nano-network would
be muchmore flexible and powerful. Hence studies on hybrid com-
munication mechanism and their practicability is much needed
future direction.

Architecture and protocols: Different challenges against proto-
cols design have been faced with no currently fully developed solu-
tions. A creative and innovative protocol stack model is introduced
recently to provide various characteristics of nano network but it is
still in its early stage.

Antenna design and propagation models: Antennas are
designed in a way that should support high data rates and over-
come high path loss. A compact large antenna array is needed with
multi-band and ultra-band characteristics. Propagation hurdles
like particle scattering, noise and multipath fading affect signal
propagation; hence all propagation effects need to be developed
to create highly efficient systems.

Massive MIMO and cooperative communication: In order to
overcome the high path loss issues and other propagation hurdles
like scattering and multipath fading, massive MIMO and coopera-
tive communication based methods are used.

Security: The database of patient has to be secured. The secure
transmission is ensured between nano and micro device interface
and gateway.

Nano sensor integration: The integration of nano components
including sensor, battery, memory etc is very challenging. These
nano devices are designed and developed in strict laboratory
condition.

8. Conclusion

In this paper, the comprehensive study about nano-scale elec-
tromagnetic communication particularly for biomedical applica-
tions is presented. Various studies have been made on basis of
communication among nano devices, antenna design and the
channel model. By considering the future growth of nanotechnolo-
gies and their use for the detection and diagnosis of various health
related issues, the open research challenges for the nano networks
are clearly demonstrated. By enhancing and developing the current
status of the nano network may lead to the wider range of applica-
tion not only in biomedical domain but also in various communi-
cation related fields.
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w
 th

ere is 
n

o
 m

ed
ici' ie

 fo
r 

C
o

ro
n

a. W
o

rld
 H

e
a
lth

 O
rg

a
n

iz
a
tio

n
 (W

H
O

) ta
k

in
g

 lo
t o

f ste
p

s 
to

 c
o

n
tro

l 
it. 

In 
In

d
ia 

m
a
n

y
 o

f th
e
n

 
g

e
t 

affected by co
ro

n
av

iru
s called C

oV
ID

-19. A
 h

o
u

seh
o

ld
 su

rv
ey

 is 
co

n
d

u
cted

 n
atio

n
ally

 th
ro

u
g

h
 o

n
lin

e. 
T

h
is su

rv
e
y

 is a 
m

e
th

o
d

 fo
r c

h
e
c
k

in
g

 k
n

o
w

le
d

g
e
 a

b
o

u
t th

e
 in

fe
c
tio

u
s v

iru
s. 

In 
th

is o
n

lin
e
 su

rv
e
y

 s
o

m
e
 

q
u

estio
n

n
aires w

ere asked. P
eople take th

eir o
w

n
 in

terest an
d

 su
b

m
it th

eir reply th
ro

u
g

h
 m

o
b

ile p
h

o
n

e 

an
d

 lap
to

p
/d

esk
to

p
 devices. A

fter an
aly

sin
g

 th
e survey. it is clearly p

ro
v

ed
 th

at p
eo

p
le d

id
n

't h
a
:e

 cn
o

u
g

h
 

know
ledge ab

o
u

t
C

O
V

ID
-19. 
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lsevier Ltd. A

ll rights reserved. 
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R
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evere A
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C
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W
H

O
 (W

orld H
ealth O

rganization) 
M

ER
S (M

iddle E
ast R

espiratory S
yndrom

e) 
TG

EV
 (T

ransm
issible G

astroenteritis V
irus) 

sy
m

p
to

m
s in

clu
d

e fever, d
ific

u
lty

 in b
reath

in
g

 an
d

 flu 
lik

e sy
n

ip
- 

to
m

s. T
h

e p
recau

tio
n

 m
easu

res are m
ain

tain
in

g
 so

cial d
ista

n
c
e
 c

f 

2 m
, 

sta
y

in
g

 
h

o
m

e, 
w

e
a
rin

g
 

m
a
sk

 
a
n

d
 

w
a
sh

in
g

 
h

a
n

d
s 

fo
r 

e
v

e
ry

 

1
. In

tro
d

u
c
tio

n
 

T
h

e w
o

rd
 C

o
ro

n
a d

escrib
ed

 fro
m

 th
e L

atin w
o

rd
 C

ro
w

n
. C

oron 

av
iru

s is 
a v

iru
s w

h
ich

 affects an
im

als d
u

rin
g

 1
9

th
 cen

tu
ry

. M
.C

. 
2

0
 m

in
. 

T
he origin of h

u
m

an
 virus is sh

o
w

n
 in Fig. 

I. T
w

o kinds o
f co

ro
- 

naviruses are detected, 1) SARS (Severe A
cute R

espiratory S stem
) 

an
d

 2) M
id

d
le E

ast R
esp

irato
ry

 S
y

n
d

ro
m

e (M
E

R
S). In 2

0
0

2
 ro 2

0
0

3
 

SA
R

S o
ccu

rs aro
u

n
d

 th
e w

o
rld

, n
early

 8
0

0
 d

eath
 an

d
 arou nd S

,0
0

9
 

people infected |5
. In 2

0
1

2
 M

ER
S sporadically occurs, due to

 th
ese 

900 deaths and around 2,500 people infected [6]. T
he com

nica 
hum

an 
coronaviruses 

are 
a) 

A
lphacoronaviruses 

(H
C

oV
-229E

. 
H

C
oV

-N
L63) 

and 
b) 

B
etacoronaviruses 

(H
C

oV
-O

C
43, 

H
C

oV
 

H
K

U
1). D

o
ro

th
y

 H
am

re an
d

 Jo
h

n
 P

ro
ck

n
o

w
 th

e m
ed

ical stu
d

e its 

of the U
niversity o

f C
hicago discovered a 

n
ew

 cold v
iru

s cellecd 
229E

 w
hich affects kidney w

ell in 1965 |7|, In 1967, June A
lm

eid. 
a Scottish V

irologist gave a study about tw
o novel strains B

814 an
 

229E
 at St. T

h
o

m
as H

o
sp

ital in L
ondon [S1. A

 v
iru

s called IB
V

 (In
fec- 

tious B
ronchitis V

irus) is a m
o

u
se h

ep
atitis an

d
 a novel cold v

iru
s is 

k
n

o
w

n
 

as 
co

ro
n

av
iru

ses 
in

tro
d

u
ced

 
in 

W
u

h
an

 
in 

2
0

1
9

 
|121. 

In 

W
uhan, there

is a w
et m

arket, in that large num
ber of fishes, birds 

and anim
als w

ere sold. D
ue to this the viruses easily ju

m
p

ed
 from

 

H
aw

n
 

an
d

 
A

rth
u

r 
S

ch
alk

 
fro

m
 

N
o

rth
 

D
ak

o
ta 

d
escrib

ed
 

ab
o

u
t 

C
o

ro
n

av
iru

ses [1
| affected

 ch
ick

en
s in 1

9
3

0
's. T

h
e v

iu
s sp

read
ed

ch
ick

en
is 

called
 

as 
IB

V
 

(In
fectio

n
s 

B
ro

n
ch

itis 
V

irus). 
In 

1
9

4
0

's 

th
e
 

c
o

ro
n

a
v

iru
s
e
s
 

w
h

ic
h

 
spreaded 

fo
r 

a
n

im
a
ls 

a
r
e
 

c
a
lle

d
 

M
H

V
 

(M
ouse H

epatitis V
irus) 

an
d

 T
G

E
V

 (T
ransm

issible 
G

a
stro

e
n

te
ritis

V
iru

s) 
(4]. 
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ritish

 
M
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ical 

R
esearch

 
C

o
u

n
cil 

g
iv

e 
a 

d
escrip

tio
n

 

ab
o

u
t coronavirus in th

e y
ear 1

9
6

0
 (2]. In 1

9
6

0
 s coronavirus

first 
discovered w

as a large fam
ily o

f viruses [3|]. D
ue to this illness for 

people an
d

 an
im

als a
r
e
 affected

 a 
lot. T

h
ese v

iru
se

s severely a
fe

c
t 

th
e
 resp

irato
ry

 sy
stem

. S
o, it is called

 as S
ev

ere A
cu

te R
esp

irato
ry

 

S
ystem

 C
o

ro
n

a
v

iru
s (SA

R
-C

ov). M
any o

f th
e
m

 affected
 m

ildly 
w

e
r
e
 

reco
v

ered
 

w
ith

o
u

t 
an

y
 

kind 
o

f sp
ecial 

treatm
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t. 
B

ut 
sev

erely
 

affected
 p
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n

s w
e
r
e
 u

n
ab

le to
 
r
e
c
o

v
e
r
. In 2019, it in

tro
d

u
ced

 in 

W
u

h
a
n

 (C
hina) 

follow
ed 

th
at 

it spreads 
throughout 

the 
w

o
rld

 

13]. If it is in
fected

 by 
a 

p
erso

n
, its u

n
ab

le to
 predict for the first 

1
4

 days. 
D

u
e 

to
 this 

re
a
so

n
, it's difficult 

to
 av

o
id

 spreading. T
h

e 

an
im

als to
 h

u
m

an
s. T

h
u

s C
o

v
id

-1
9

 h
as b
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id
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ith
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H
ere suggests th

e form
ation o

f a pair of C
IB

C
s w

ith
 raised p

erfo
rm

an
ce for solar application by em

p
lo

y
in

g
 

m
a
x

im
u

m
 p

o
w

e
r p

o
in

t track
in

g
 m

eth
o

d
. T

h
e su

g
g

ested
 tw

o
 lev

el C
IB

C
s co

n
tain

s a 
p

air o
f in

terlaced
 

b
o

o
st co

n
v

erter (C
IB

C
) co

u
p

led
 in

 co
n

caten
atio

n
 to

 g
ath

er th
e u

tm
o

st p
o

w
er from

 su
n

lig
h

t an
d

 to su
p

p
ly

 
a rise in

 o
u

tp
u

t v
o

lta
g

e
 w

ith
 lo

w
 rip

p
le. T

h
e sim

u
la
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n

 o
f P

V
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m
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n

d
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o
w
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r c

o
n

v
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 d
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n
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e
rte
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P
hotovoltaic 

M
ax
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u
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 P

o
w

er P
o

in
t T

rack
in

g
 

In
terlaced

 B
oost co

n
v

erter 
S

o
lar E

n
erg

y
 

1
. In

tro
d

u
c
tio

n
 

T
h

e m
u

ch
 d

em
an

d
ed

 g
ro

w
th

 for en
erg

y
 th

e th
e co

n
tin

u
al d

ro
p

- 
p

in
g

 in
 stan

d
in

g
 so

u
rce o

f fossil fuels an
d

 th
e g

ro
w

in
g

 care w
ith

 
resp

ect to
 en

v
iro

n
m

en
tal p

o
llu

tio
n

 h
av

e inm
pelled h

u
m

an
k

in
d

 to
 

in
v

estig
ate latest n

o
n

 co
n

v
en

tio
n

al ren
ew

ab
le en

erg
y

 reso
u

rce like 
so

lar, w
in

d
 en

erg
y

 etc, fo
r th

e g
ath

erin
g

 o
f S

tru
ctu

re electricity
 

co
n

sid
erin

g
 o

u
r co

u
n

try
 co

llectin
g

 su
n

lig
h

t all 1
2

 m
o

n
th

s of a y
ear 

A
cco

rd
in

g
ly

 u
tilizin

g
 it w

ith
in

 th
e
 v

ario
u

s zo
n

es co
u

ld
 also

 b
e a 

k
n

o
w

led
g

eab
le co

n
cep

t. S
o

lar p
o

w
e
r is th

a
t th

e
 fo

re
m

o
st p

le
n

ty
 

cau
se o

f en
erg

y
 in

 th
e w

o
rld

. S
o

lar en
erg

y
 is n

o
t a so

le so
lu

tio
n

 
fo

r fu
tu

re en
erg

y
 calam

ity
 ev

en
 so

 a
n

 eco
lo

g
ically

 frien
d

ly
 so

rt o
f 

en
erg

y
. T

h
e en

erg
y

 p
ro

d
u

ctio
n

 u
sin

g
 p

h
o

to
v

o
ltaic is a sy

stem
atic 

ap
p

ro
ach

 for ex
ecu

tin
g

 th
e so

lar p
o

w
er. S

o
lar p

an
els are w

id
ely

 
u

sed
 p

resen
tly

 to
 satisfy

 h
o

u
seh

o
ld

 ap
p

licatio
n

. T
h

e p
rice o

f so
lar 

p
an

els h
as b

een
 co

n
sisten

tly
 d

im
in

ish
in

g
 w

h
ich

 in
sp

ires it's in
 dif- 

feren
t areas to

 control. 

v
o

ltag
e can

b
e g

ain
ed

 b
y

 ex
ten

d
in

g
 th

e
d

u
ty

cycle. S
till as a resu

lt. 
su

c
h

 a
s
 satu

ratio
n

, r
e
v

e
r
s
e

reco
v

ery
problem

an
d

 low perform
ance 

th
e co

n
v

ersio
n

 ratio
 c

a
n

n
o

t b
e ap

p
reciab

ly
, b

o
o

sted
. N

o
n

eth
eless 

th
e p

o
w

er sw
itch

 u
n

d
erg

o
es th

e
 v

o
ltag

e stress as lik
e th

e o
u

tp
u

t 
d

io
d

e co
u

p
led

 to
 th

e
 lo

ad
 w

h
ich

 is aim
o

st h
u

g
e an

d
 n

eed
s a h

ig
h

 
cost pow

er sw
itch in th

e circu
it. A

n
o

th
er tro

u
b

le in a step
u

p
 con-

v
e
rte

r is th
e d

em
an

d
 for co

n
tin

u
ed

 p
o

w
e
r in

 th
e
 input a

n
d

 outpu 
D

esp
ite th

e o
u

tp
u

t p
o

w
er in

 a b
asic d

c-d
e co

n
v

erter w
ill d

isco
n

 
tin

u
e. T

h
ese d

raw
b

ack
s d

riv
es critical 

rip
p

le 
at 

th
e o

u
tp

u
t an

d
 

se
t th

e
 o

u
tp

u
t d

io
d

e
 in

 risk
 o

f re
v

e
rse

 reco
v

ery
 issu

e
 [3

]. 

The CIBC is a remedy o
f this issu

e th
at brings a rise in

 th
e gain o

f 
v

o
ltag

e w
ith

 sm
all lo

sses an
d

 less stress acro
ss th

e sw
itch

es. H
ere 

su
g

g
ests 

th
e 

fo
rm

atio
n

 
a
n

d
 

sim
u

latio
n

 
o

f tw
o

 
lev

el 
C

IB
C

s 
for 

u
tm

o
st p

o
w

er g
ath

erin
g

 fro
m

 su
n

lig
h

t w
ith

 h
ig

h
 p

erfo
rm

an
ce. S

o 
h

ere ex
h

ib
its a fo

rm
atio

n
 o

f a tw
o

 leve! co
n

caten
ated

 in
terlaced

 
b

o
o

st co
n

v
erter (C

IB
C

) for
so

lar ap
p

licatio
n

 m
an

ag
ed

 b
y

 em
p

lo
y

in
g

 
m

ax
im

u
m

 p
o

w
e
r p

o
in

t track
in

g
 m

e
th

o
d

 16]. 
T

h
e su

g
g

ested
 tw

o
 level C

IB
C

s co
n

tain
 a p

air o
f in

terlaced
 b

o
o

st 
co

n
v

erter IB
C

 
co

u
p

led
 in co

n
caten

atio
n

 to g
ath

er u
tm

o
st en

erg
y

 
P

h
o

to
v

o
ltaic 

(P
V

) 
sy

stem
 

|4
] 

p
ro

v
id

es 
m

ain
 

co
n

trib
u

tio
n

s 
specifically for th

e p
resen

t electricity
 su

p
p

ly
 an

d
 in ad

d
itio

n
 attrac- 

tiv
ely

 
accep

tab
le 

b
ecau

se 
o

f 
th

e 
zero

 
em

issio
n

 
an

d
 

sp
en

d
in

g
 

ex
p

en
ses, 

y
et 

th
e 

m
ag

n
itu

d
e 

o
f v

o
ltag

e 
acq

u
ired

 
is 

sm
all 

an
d

 
u

n
co

n
tro

lled
, th

u
s step

p
in

g
 u

p
 co

n
v

erters is m
a
n

d
a
to

ry
 to

 am
p

lify
 

an
d

 co
n

tro
l th

e m
ag

n
itu

d
e o

f th
e o

u
tp

u
t v

o
ltag

e. T
ypical step

-u
p

 
co

n
v

erter h
as a d

efect o
f sw

itc
h

in
g

 lo
ss an

d
 lo

w
 p

erfo
rm

an
ce.N

o
r- 

m
ally

 th
e

im
p

o
rtan

t aim
to

 try
a step

-u
p

 co
n

v
erter is th

at th
ese 

so
u

rces o
p

erates so
lely

 an
d

 also
 tran

sm
ittin

g
 en

erg
y

 to
 th

e p
o

w
er 

g
rid

 w
ith

 a 
few

 risin
g

 v
o

ltag
e q

u
an

tities. E
ven So, 

th
e p

rim
ary

 
b

o
o

st co
n

v
erter can

 
m

e
e
t few
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