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Abstract

Light fidelity (LiFi) and wireless fidelity (WiFi) can be applied with the same network under the different constraints, which
is suitable for COVID-19 surveillance in hospitals. The LiFi network is a high-capacity and security platform. A COVID-19
surveillance system using LiFi is proposed, which consists of two switching modes: communication and surveillance. Firstly,
the communication targets are to accommodate the electromagnetic interference (EMI) immunity and high-capacity and
security data transmission, where secondly the COVID-19 surveillance can be applied. In operation, the up and downlink
system uses a metamaterial antenna embedded by Mach Zehnder interferometer (MZI). An antenna consists of silver bars
embedded at the microring center with two-phase modulators at its sides. The entangled source namely a dark soliton is
applied to form the transmission, where the information security based on quantum cryptography can be managed. By using
the suitable parameters, the whispering gallery modes (WGMs) are generated and the up and downlink nodes are formed.
The input information is multiplexed with time to form the multiplexed signals, where the big data transmission (40 Pbits™!)
can be employed. By using the surveillance mode, the plasmonic antenna can be applied for temperature and electric force
sensors, which can offer the disinfectant spray and temperature sensor for COVID-19 applications. The optimum plasma
force sensitivity is 0.16 N kg~! mW~!. The center frequencies of 191.48 THz and 199.41 THz are obtained for uplink and
downlink antennas, respectively. The optimum temperature sensitivity is 0.05 rads™' °C~!. In conclusion, the novelty of
proposed work is that the integrated sensor circuits are employed for COVID-19 surveillance in the hospital. The fuzzy-
based system is designed for critical patient monitoring alert using this surveillance and management inside the hospital for
COVID-19 patients.
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Introduction It mainly affects the respiratory system of the human.

COVID is similar to severe acute respiratory syndrome
The coronavirus (COVID-19) started in December 2019 (SARS)-COV that occurred in 2003 and Middle East
in Wuhan China. Then, it started spreading globally.  respiratory syndrome (MARS)-COV that occurred in
World Health Organization (WHO) declared that this  2012. The total number of confirmed coronavirus cases
pandemic is a public health concern (PHC) globally.  on 30th June is 10,429,791 according to World Health
Organization (WHO) [1-3]. Work on vaccines is going
on. Some vaccines are in the clinical trial stage. This

Highlights disease spreads by a person-to-person transmission by
e No EMI, robust system . .
S droplets and aerosols. To control this, WHO has given
e Low latency, ultra high speed o . . . .
o Data driven, cognitive, artificial management in hospital some guidelines also for maintaining social distancing,
e COVID-19 patient tracking using hand sanitizer, wearing masks, keeping isolation,
* Quantum security etc. Washing hand frequently is recommended for hand
541 K. Ray hygiene. Mask will reduce the spread of droplets and
kanadray00@ gmail.com aerosols, so it can prevent infecting other healthy people
54 P, Yupapin [4—6].The main pro.tem. structur.e of coronavirus is s1ng.1e—
preecha.yupapin @tdtu.edu.vn stranded RNA which is explained in detail along with

the key events in COVID-19 outbreak [7]. Although for
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normal people, following the guidelines of WHO regard-
ing social distancing is feasible, to maintain the social
distancing is not that possible in hospitals. In hospitals,
there are high chances that healthcare workers can easily
get affected by coronavirus during treatment of patients
[8, 9]. Few papers are reported on the risk in connection
to different types of treatments such as ophthalmology
practice and oral-dental practice [10, 11]. Now, to pre-
vent the spread of virus inside the hospital among the
doctors and staff, some surveillance system is required
which will be controlled using LiFi (Light Fidelity) or
WiFi (Wireless Fidelity) sensor nodes and where no EM
(electromagnetic) interference with medical equipment
occurs. Using a microring model, plasmonic op-amp cir-
cuit for pumping scheme has been presented. This has
applications in LiFi up downlink applications [12, 13].
Plasmonic antenna for LiFi and WiFi was also presented
where the spin wave was generated using MZI. Two
WGMs were observed for uplink and downlink commu-
nication. Plasmonic sensor node using the antenna for
LiFi(WiFi) uplink and downlink is presented in the liter-
ature [14-16]. The virus can survive on dry surfaces also.
A detailed comparative study was presented for SARS
and MARS [17]. To kill the virus, silver (Ag) is a good
disinfectant [18, 19]. Along with the disinfectant, tem-
perature sensors will also be required to monitor the tem-
perature in hospitals. A patient temperature acquisition
system using ZigBee wireless sensor network has been
presented [20], from which the other wireless technolo-
gies along with ZigBee are WiFi, Bluetooth, and ultra-
wideband that have been integrated. Temperature sen-
sors using MZI were also presented [21, 22]. Nowadays,
hospitals are equipped with modern technologies, where
the big data is also playing an important role in health-
care. By using the big data, doctor analyzes the patient’s
medical history, lifestyle, and according to that the
more optimized treatment can be done, where the huge
data is managed using artificial intelligence (AI) and
advanced software [23, 24]. The integrated e-healthcare
system to monitor the health and real-time data using the
biomedical data acquisition can be applied. It is suitable
for elderly people telemedicine using the WiFi, Blue-
tooth, or wired link [25], where the electronic health
record maintains the patient’s data electronically. Other
data sources are public health records and clinical data.
But the main challenge in using big data is a patient’s
data security [26]. The patient data can be secured using
quantum communication [27, 28]. Recently, the patient’s
medical diagnosis report also can be secured using quan-
tum encryption and decryption method on the cloud [29].
The proposed system is a realistic feature, which can be
implemented in the hospital area for future surveillance
applications. In this work, metamaterial antenna using
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silver bar-embedded microring resonator is proposed
for the COVID-19 surveillance network system. This
type of antenna has been designed and well described
in reference [30]. The proposed system uses the meta-
material antennas embedded MZI to form the up and
downlink nodes for LiFi(WiFi) transmission network.
This information transmits via the fiber optic cable and
free space to detect COVID-19 medical parameters in
hospitals with EMI immunity. The WiFi network can be
applied in the certain location. In addition, the system
provides high capacity and security using big data and
quantum cryptography transmission schemes. The pro-
posed microring circuit is designed with the Optiwave
FDTD program and simulated with the formation of
the whispering gallery mode (WGM) at the microring
center, where the extracted parameters from the simula-
tion results of the Optiwave FDTD are employed. The
simulation result is validated by the Matlab program,
where the results obtained are presented and discussed
for dried plasma spray, uplink and downlink antenna
profiles, quantum transmission, and temperature sensor,
respectively. Finally, using the integrated LiFi networks
is also discussed for the potential of COVID-19 surveil-
lance applications.

Methods

The input signal is the dark soliton where the fabrication
structure and its application for sensor circuit are shown in
Fig. 1. The input signal divides into two equal parts using
Mach Zehnder Interferometer (MZI). The MZI works as a
50:50 coupler. The center microring has two phase modu-
lators (small rings) at its sides with two silver bars at the
microring center.
The input dark soliton (E;,) is given as [31]:

E;, = Ctanh [Tlo] exp[%] €))

Where C is the optical field amplitude and d is the propa-
gation distance. T is the soliton pulse propagation time in a
frame moving with group velocity, 7=t — f, z where f§, and
p, are the coefficients of linear and second-order terms of the
Taylor expansion of propagation constant. The dispersion
length g)f the soliton pulse is denoted by Ly, and given as
Ly = ;—:, where T, is the initial propagation time.

The multiplexed space-time source applied to the system,
which is expressed by:

E,4qB x e 2
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Fig. 1 Silicon microring
embedded silver bar circuit for
LiFi network up and downlinks,
where (a) fabrication structure,
(b) sensor circuits. The optical
fields of the input, throughput,
drop, and add ports are E; , E,
E,,., and E, 4, respectively. k is
coupling constants, Ag: silver
bars, R, :center ring radius, R,:
side ring radius. PBS: polariz-
ing beamsplitter, PD: photo-
detector. IV> and IH> are the
vertical and horizontal polariza-
tion components, respectively.
The optical isolator is applied
to protect the source feedback
interference
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where o = 2xf,f = %,a),f, and ¢ are the angular fre-
quency, linear frequency, and speed of light in vacuum,
respectively. B and ¢ are the amplitude and time, respec-
tively. + signs of the exponent term are used for the
full-time slot axis; the control time is given by e
and ¢t = 0 for the time domain. The nonlinear effect is
given as n = ny + n,l = ny +n,P/A, where n, and n,
are defined as the linear and nonlinear refractive indices,
I and A are the intensity and the effective core of the
waveguide, respectively. The center ring is embedded
with a bar of metamaterial silver. The behavior of elec-
trons is described by Drude model [32]:
neq’
€gmw?

ew)=1- 3)

where n,, g, €,, and m are the electron density, electron
charge, permittivity of free space, and mass of an electron,
respectively. w is an angular frequency. The plasma fre-
quency is given as:

n.g?
w0, =1/1| =2 @
€ym
. [UZSOm
From Eq. (3), the electron density becomes n, = "q—z.
The system output is given as [32]:
Ey, = myE, + mE, 44 5)
Ey = msE g4 + mgE;, (6)

where m,, ms, ms, mg are constants defined and explained
in [32, 33].
The system output is normalized intensities given as:

2
It_h = [ﬂ] (7)
in Ein
Idr Edr :
A [ 24 8
in [Ein] ( )

When light propagates within a circular motion path, the
projection forms the particle oscillation. The particle (elec-
tron cloud) motion related to the force (F) is given by an

Eq. (9).
F = ma = mo’r = m(27rf)2r )

where f, r, a, and m are the electron cloud plasma fre-
quency, microring radius (R)), acceleration, and mass of an
electron. This is the force required for dried spray particles
to move.

The change in temperature (AT) is given as [33]:
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AT = Pdsilver (10)
Ky A

where P is defined as the input power, K ,, is defined as
the thermal conductivity of silver bar, A is the area of silver
bar, and dg,., is the thickness of silver film.

From Fig. 1, the quantum cryptography is formed by the
polarizing beamsplitter arrangement, from which the quan-
tum bits can be obtained for security requirement. H and V
present the horizontal and vertical polarized light compo-
nents, respectively. The quantum codes (bits) between the
sender and receiver can be confirmed by the classical com-
munication channel in the LiFi network, which can support
the medical data security requirement.

The functional block diagram is shown in Fig. 2. The
system infrastructure consists of metamaterial antenna
which provides wider bandwidth and communicates
between patient’s device and doctor’s mobile. Antenna
uses Li-Fi and Wi-Fi for communication. Fuzzy logic
controller makes the smart decisions for patients and
sends notifications to doctors.

Results

The system is designed in optiFDTD simulation soft-
ware [34]. The grid size for simulating the structure is
automatically implemented by the optiFDTD software.
The input signal is a dark soliton of 1.55 pm wavelength.
The input signal is applied at the input port (E;,) of the
system. The schematic diagram and fabrication structure
are shown in Fig. la, b. The center is embedded with a
silver metamaterial bar. Silver bars have a length and
width of 1.25 pm and 2.0 pm, respectively. The MZI
material is silicon. The material of panda ring resonator
is silica (Sio,). The length and width of the structure
are 15 ym and 13 pm, respectively. The system has a
center ring (R;) and two smaller side rings (R,) on the
left and the right sides. The center microring radius is
2 um and side ring radius is 0.8 pm. The dark soliton
as given in Eq. (1) is applied at the input port of the
system (the system described in Eqgs. (5) and (6)). The
Drude model (as given in Eq. (3)) explains the behavior
of electrons in the silver material when excited by the
input signal. The design system is simulated for 20,000
steps in OptiFDTD to obtain resonant results. Table 1
gives the optimized parameters used in the simulation.
Figure 3 shows the simulation results of OptiFDTD. The
intensity plot is shown in Fig. 3a, where two WGMs are
formed for uplink and downlink. WGM is formed by
the trapping of light and electrons inside the microring.
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Fig.2 Functional block diagram

Figure 3b shows the trapped electron distribution. The
WGM phenomenon is made possible by the nonlinearity
effect induced in the system. The two-phase modulators
(small rings) at the side of the center microring induce
the nonlinearity effect. The WGM which is generated at
the center ring provides the resonant optical path differ-
ence. The optical path difference matching is established
by the two-phase modulators. The data from OptiFDTD
is extracted and plotted using MATLAB software. The up
and down WGMs form the antenna for uplink and down-
link communications. Figure 4 shows the antenna pro-
files. Antenna gain is plotted by varying the input power
from 40 to 50 mW. The standard definition of antenna
gain is used for plotting [14]. From Fig. 4a, the uplink
gain is 4.95 dB and downlink gain is 1.28 dB. The vari-
ation of gain with input power is almost linear. Uplink
gain is more than downlink gain. Figures 4b and ¢ show
the uplink and downlink directivity of 16.22 and 12.55,
respectively. Figure 4d shows the WiFi bandwidths. The
uplink center frequency is 191.48 THz with bandwidth of
14 THz in the band 185.5-199.5 THz. Similarly, down-
link center frequency is 199.41 THz with bandwidth of
11 THz in the band 193.5-204.5 THz. Uplink bandwidth
is more than the downlink bandwidth. Figure 4e shows
the LiFi bandwidths. The LiFi uplink center wavelength
is 1.56 um with available bandwidth of 21.4 ym. The
downlink center wavelength is 1.50 um with bandwidth
of 27.4 um. LiFi uses wavelength while WiFi uses fre-
quency for the transmission. Figure 5 shows the inten-
sity plot of dried spray. The intensity plot for frequency
domain, wavelength, and time domain is shown in
Fig. Sa—c. COVID-19 can survive on dry surfaces for

Table 1 The optimized parameters for simulation

Parameters Values

Input power (P) 40-50 mWw

Input wavelength (1) 1.55 um

Center ring radius (R1 ) 2.0 ym

Small ring radius (Rz) 0.80 ym

Silver thermal conductivity (K, ) [36] 406 Wm™'K~!
Silver refractive index (n,,) [37] 0.14

Coupling coefficient (k) 0.50

Insertion loss (y) 0.50dB

Structure dimensions (L X W) 15 x 13 um?
Silver bar length (L) 1.25 um

Silver bar width (W) 2.0 um

Silica refractive index (ng, ) 1.45

Silica nonlinear refractive index (nz) 2.7 x 10712 w1
Si refractive index (ng) 3.42

Fiber loss 0.1 dBkm™"

Core effective area (Aeff) [38] 0.30 um?

Free space permittivity (€;) 8.85 x 1072 Fm™!
Electron mass (m) 9.11 x 10~ kg
Electron charge (¢) 1.60 x 107'° Coulomb
Waveguide loss (@) 0.50 dBmm™!

up to 9 days. Survival of COVID-19 on different dry
surfaces are explained in [8]. There is a need for a spray
to disinfect the surfaces. The use of silver (Ag) nanopar-
ticles as disinfectant has been explained in [18, 19]. Fig-
ures 6a and b show the dried spray station in frequency
and wavelength domain for both uplink and downlink.
Figure 6¢ is the plot of the plasma force (as given in
Eq. (9)) for both the uplink and downlink where the sen-
sitivity of 0.14 N kg™! mW~! and 0.16 N kg™! mW~!
is obtained, respectively. The frequency domain spray
uses WiFi while the wavelength domain uses LiFi. The
obtained plasma frequencies for uplink and downlink are
1.91 x 10" rad s~ and 1.99 x 10'¢ rad s~!, respectively.
The installation of a spray station would be in one corner
of the hospital. The patient, doctor, nurse, and anyone
can go to that corner and get disinfected. There is no
need for human interference. The dried spray genera-
tion is explained. The pumping of the spray (the work-
ing principle of the system) is based on the space-time
distortion [35]. This spray is dried in nature. The use
of this disinfectant will kill the virus. Figure 7 shows
the multiplexed signal at the output of MZI. The input
signal (dark soliton) is multiplexed with time at the add
port (E ;) to form the space-time function (as given in
Eq. (2)) which excites the silver bar leading to electron
cloud oscillation that forms the electron density resulting
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Fig.3 The Optiwave FDTD graphical results, where (a) the inten-
sity plot of the WGM formed at the center of the microring, (b) the
electric field distribution within the up and downlink nodes. The used
parameters are listed in Table 1

in the spin-up and down of electrons. At the system out-
put, the spin-up of electrons at the Eth port and the spin-
down of electrons at the E,. port, the obtained multi-
plexed bandwidth is 40 Pbits~!. Figure 8 shows the plot
of the plasma frequency and change in temperature which
forms the temperature sensor (temperature checkpoint).
The sensitivity of 0.04 rads™' °C~! and 0.05 rads~! °C~!
is obtained, respectively, for the uplink and downlink.
This checks the temperature of patients or staff who walk
into the hospital. Figure 9 shows the uplink and downlink
entanglement for security.
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The spin up and down of electrons are entangled and
can be used for quantum transmission of signals which
provide better security during transmission and recep-
tion of the signal. Signal transmission and reception are
achieved using WiFi and LiFi. Figures 9a and b show
the entangled source for the uplink and downlink using
WiFi, and Fig. 9c, d the entangled source for the uplink
and downlink using LiFi. The plasmonic circuit pro-
duces quantum interference making use of entangled
electrons with entangled photon source. The spin-up
and spin-down result from electron cloud oscillation.
This plasmonic circuit can be used for quantum code
encryption as shown in Fig. 9. In the present paper, our
attempt is to identify, connect, and integrate all the crite-
ria required for overall intelligent hospital surveillance.
Some descriptions about quantum security have also
been given in [26, 27].

Figure 10 shows the EMI network and ad hoc sur-
veillance and alarming in hospitals. Fiber opticLiFi
(WiFi) network using big data transmission is applied
for COVID-19 surveillance, where (a) in the hospital,
(b) outside the hospital: the LiFi nodes are linked with
the intensive care unit and fuzzy control as shown in
Fig. 10b, in which the WiFi can also be available for
optional connection in the EMI location such as in the
conference room, outside the hospital, and others. From
the up and downlink node, the electro-optic conversion
signals can be formed by the transducer circuits, in which
the plasmonic circuit namely the microring embedded
silver bars are applied, from which the micro antenna,
dried spray, force, and temperature sensors can be inte-
grated with the fiberLiFi network, where the WiFi is
the option in the case of EMI immunity not required.
The dried spray electric force can be adjusted for each
suitable case, which can be applied for hand cleaning
in the required location. It is a dried spray without any
replacement, which requires only the battery charger.
The remote temperature checkpoint can be installed in
any location, in which the remote temperature can be
detected and reported. The alarm can also be linked with
the critical case to the LiFi network. The LiFi and WiFi
registration points are also available for personnel com-
munication at the entrance nearby the registration point.

In Fig. 10, a LiFi(WiFi) network is applied for
COVID-19 surveillance, where (a) shows the hospital,
(b) the fuzzy alert, doctor’s room, and server connection.
The WiFi can also be available for optional connections
in the EMI location. From the up and downlink nodes,
the electro-optic conversion signals can be formed by
the transducer circuit, which is the plasmonic circuit
microring embedded silver bars, from which the micro
antenna and dried spray are established. Besides, force
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Fig.4 The plot of antenna
profiles of the up and downlink
nodes, where (a) the antenna
gain, (b) the uplink directivity,
(c) the downlink directivity, (d)
the WiFi band with the uplink
and downlink center frequencies
of 191.48 THz and 199.41 THz,
respectively, (e) the Li-Fi band
with the uplink and downlink
center wavelengths of 1.56 um
and 1.50 pm, respectively.

The multiplexed signals can

be applied by the space-time
modulation in both frequency
and wavelength domains, from
which the information capacity
can be increased to accommo-
date the big data transmission
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Fig.5 The plot of the intensity outputs, where (a) frequency domain,
(b) wavelength domain, (¢) time domain, which are the plasma spray
distributions of the up and downlink sensor nodes. By using the meta-
material results, the signal bandwidths are covered from light wave
to radio wave frequencies. The system can support a fiber optic-radio
transmission, where the exchange between radio wave and fiber optic
signals can be performed by up and downlink nodes along the trans-
mission lines

and temperature sensors can be formed and integrated
with the fiber LiFi network. Dried spray force can be
adjusted for each suitable case, which can be applied
for hand cleaning in the required location. The dried
spray is required only for the battery charger without
any replacement. Remote temperature checkpoint can be
installed in any location, which can be detected and real-
time reported. The LiFi and WiFi registration points are
also available for personal communication at the entrance
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Fig.6 The plot of dried spray station, where (a) frequency domain,
(b) wavelength domain, the plasma frequency of 1.91 x 10'° rads™!
and 1.99 x 10'¢ rads™! are obtained, respectively, for the uplink
and downlink nodes, (c¢) plasma force where the sensitivity of
0.14 N kg"'mW~! and 0.16 N kg~' mW~"! are obtained, respectively,
for the uplink and downlink sensor nodes

near the registration. A moving robot (vehicle) in a hos-
pital can be applied and controlled by the integrated sen-
sors, which can connect with force sensors and the LiFi
network for COVID-19 surveillance. The big data capac-
ity network can accommodate all input information such
as machine learning, artificial intelligence, and brain-
inspired computing, which can be implemented within
the robot brain [12, 13, 16, 30, 31, 39-47].

Monitoring is a must for daily care of ICU patients.
Key factors for enhancing patient survival are optimi-
zation of the patient’s critical condition parameters. It
is either manually or through a WiFi-based system. The
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the space-time function can be controlled by the modulated input into
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cation mode, where the big data is the requirement

exponentially increased scalability reduces the speed of
the WiFi-based system. In the light of this, LiFi traces
the areas where WiFi is applicable with extra features of
a high-speed data network. Other than the speed factor,
LiFi suits better monitoring of the patient’s conditions
sans noninterference of frequency. Reducing the risk of
being infected and spreading infection, the LiFi technol-
ogy-based solutions can be blessings for the Medico and
the supporting staff and also offer an effective live health
data monitoring system.

Let us suppose the people are sitting in the waiting
lounge of the hospital. Li-Fi is a point-to-point commu-
nication, where the LiFi is connected with the router. The
LiFi is pointed in such a way that it covers the waiting
lounge, where the beam will sense the presence of peo-
ple (patients). The antenna beam can be adaptive, which
will search in all areas of the waiting lounge and every
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Fig.8 The plot of plasma frequency shift and temperature change,
where the sensitivity of 0.04 rads™' °C~! and 0.05 rads™' °C™! is
obtained, respectively, for the uplink and downlink sensor nodes. The
temperature sensor is applied with the COVID-19 surveillance mode
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Fig.9 The plot of the uplink and downlink quantum entanglements
for quantum security applications, where (a) WiFi uplink entangle-
ment, (b) WiFi downlink entanglement, (¢) LiFi uplink entangle-
ment, (d) where two WGMs are formed for uplink and downlink LiFi
downlink entanglement. The polarized spin waves are formed by the
trapped electron propagation, from which the polarized electrons
(photons) can be configured by the output polarizing beamsplitters
and detectors. The two-way communication can be formed by the up
and downlink nodes, while the security codes can be confirmed by
the information in the transmission line

@ Springer
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Fig. 10 COVID-19 surveillance ()
in hospital using metamate-
rial antenna node LiFi network
integration, where LiFi signals
are optical wireless (OW),

UV: sterilizer, and infrared
temperature (Inf), which can
perform within the hospital
and inside the ICU as shown in
Fig. 9 (a) and (b), respectively.
FLC: fuzzy logic controller.
This is the indoor transmission
link. However, the transmis-
sion link loss is included in the
calculation

AP: Access Point
UV: UV Sterilizer

(b)

FLC

Pulse rate
Covid-19 ‘
Oxygen level ICU ‘
4 —

-

g Dut]

e

OS: Optical Switching
InF: Infared Temperature

OW: Optical Wireless

Doctor’s room

Mobile

Server

Temperature

for COVID-19 is installed on the mobile phone of the
patient. Patients visit other rooms like the cafeteria, bill-
ing counter, x-ray room, the patients would be connected
with the nearest available WiFi. The patient’s position will
be stored on the IP address of the LiFi nodes monitored
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inside the hospital. The designed system shown in Fig. 9
has applications in patient tracking and monitoring of
patients inside ICU. A similar project has been imple-
mented in the Surat Municipal Institute of Medical Edu-
cation & Research (SMIMER) Gujarat India [48]. It is a



Cognitive Computation

case study and explained in Fig. 10b. Let us consider a
scene inside the ICU. There are three patient beds. The
fuzzy system is designed based on the patient’s condi-
tion parameters like oxygen level, pulse rate, and body
temperature. The fuzzy logic-based system is presented
for the patient’s condition in the hospital as reported in
[49], where the fuzzy rule base is designed using if-else.
In this paper, three membership functions are defined for
three input variables as oxygen level, heart rate (pulse),
and temperature. Fuzzy if-else rules are provided by the
following: the first patient’s temperature is high, the 2nd
and 3rd patient’s pulse rate and oxygen levels, respectively,
are normal, then the alert for patient one will be sent to the
doctor. Similarly, other rules are defined. The output of the
fuzzy decision system is given in Fig. 11. We suppose that
the patient bed number 1 oxygen level goes down, then the
LiFi connected with patient bed will send the low oxygen
level to fuzzy logic control, then using LiFi server and a
real-time app, the patient alert will be immediately sent
on mobile app in doctor(nurse) room. The mobile app is
installed with a patient app linked with LiFi, as shown in
Fig. 10b. Due to COVID-19, the doctors are very busy and
need to avoid close proximity with the patients as much
as possible. The proposed system would save the time and
enhance the safety of the doctors. The rule-based system
uses artificial management. The designed system has no
EMI interference inside the hospital, which is a robust
system. As shown in Fig. 10b, the mobile intensive care
unit (ICU) can be installed in the vehicle for COVID-19
investigation and medication. All equipment can be linked
with LiFi and the big data platform. High-speed imag-
ing data transfer and real-time patient monitoring can be
employed, which is capable of catering to more patients.
The LiFi inside the hospital provides less EMI, in which
the LiFi and big data platform provided the patients’ data
more secure.

Moreover, the contribution to the cognitive computa-
tion work can be configured as follows. The deep learn-
ing based on quantum consciousness can be performed
by using the electron spin processing circuit embedded in
the robot [45]. The quantum cellular automata processing
can be retrieved and used. The 3D visual imaging using
a microring embedded circuit and machine learning can
be implemented in the robot brain [13, 39, 41, 45], which
can be applied in the surveillance data. The daily detec-
tion of e-health within the hospital area can be monitored
and useful for decision making [13, 50]. The big data
network can support the required applications [46].

There are several important points to justify the scheme.

1 The concept can be useful for the transmission of pri-
vacy preserving patient data.

()

0.9 4
0.8 4
0.7 4
0.6 4
0.5 4

Alert

40
39

Temperature

©

0.8
0.6

Alert

0.4 4
0.2 4

160 96

bulse 80 g 0 Oxygen level

Fig. 11 Fuzzy decision system for alert of patients in ICU depend-
ing upon the fuzzy rules, the critical condition alert will be sent to
the doctor(nurse), where (a), (b), and (c) are for pulse-temperature,
oxygen level-temperature, and pulse-oxygen level monitoring alerts,
respectively

2 System is avoiding any EMI with medical instruments
as it uses LiFi. So it is a robust system.

3 Low latency, ultra high speed for hospital management
using LiFi.

4 Fuzzy rule-based artificial management in hospital.
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5 Applications in COVID-19 patient tracking and monitor-
ing in ICU.

This type of system has benefits in hospital surveillance
and management as given in case study [48].

Conclusion

A microring embedded silver bar circuit is proposed to build
LiFi sensor network nodes for the COVID-19 surveillance sys-
tem. The system consists of MZI and panda ring resonator. The
center ring consists of a silver (Ag) metamaterial bar. When
the light propagates, two WGMs are formed in both upper and
lower microring resonators. These two WGMs work as uplink
and downlink antennas for communication. The intensity plot in
frequency, wavelength, and time domain is presented. The dried
spray station results, for disinfectant, also plotted and discussed
in frequency and wavelength domain. The spray is in the form
of electron density. The obtained gains of uplink and downlink
antennas are 4.95 dB and 1.28 dB, while directivities are 16.22
and 12.55 for the uplink and downlink. The wider bandwidths
are achieved using metamaterial antenna, the plasma frequency
of 1.91 x 10" rads™" and 1.99 x 10'® rads™" are obtained,
respectively, for the uplink and downlink. The plasma force
sensitivity of 0.14 N kg~'mW~' and 0.16 N kg"'mW~! are
obtained, respectively, for the uplink and downlink. The tem-
perature sensitivity of 0.04 rads™! °C~! and 0.05 rads~! °C~!
are obtained, respectively, for the uplink and downlink. The
bandwidth of 40 Pbits~! is obtained for big data transmission.
The proposed system consists of plasmonic spray consisting of
disinfectants for applications in COVID-19. Plasmonic sensors
can be applied when the uplink and downlink communications
using are functioned as the surveillance mode. Micro sensors to
monitor the person’s temperature and display on the screen. The
medical data can be secured by quantum transmission supported
by the LiFi network. Therefore, the proposed LiFi-integrated
network is a suitable candidate for COVID-19 surveillance in
hospitals. Apart from the surveillance work, the main contribu-
tion of this work is the e-health applications, which can be con-
nected to the community by the long-haul network. The medi-
cal information can be secured and transmitted to the required
destinations. A fuzzy logic-based system incorporates big data
that is suitable for COVID-19 surveillance and management
in hospitals.

In the future, computations in artificial intelligence will be
developed by the use of light instead of electricity. This would
not drastically improve the speed of computation but also the effi-
ciency of machine learning. Presently, the more intelligent is the
task, the more the power is required for the processors. Photon-
based neural network processing unit will overcome these short-
comings to a considerable extent. Our designed system will inte-
grate well with the future trend of intelligent communication.

@ Springer
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