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Abstract.

Light-Fidelity (LiFi) is a new way of data communication through the visible light spectrum
(4.3 x 10%** Hz to 7.5 x 10 Hz) coined by Prof. Harald Haas in 2011. Since, in the span of
ten years a lot of work being carried out, recently it is claimed that a 26Gbps speed of data
transfer being achieved. In this paper, we propose a representation of medical networking
using LiFi. LiFi is also considered one of the secure physical layer data transfers and thus it
can be effectively used as an anti-theft data transfer. The other advantage of LiFi-based
networking is that it doesn’t interfere with many radiofrequency devices such as MRI
Scanner whereas the conventional Wireless Fidelity (WiFi) based network does. The only
disadvantage of LiFi is that it works on line-of-sight. In this paper, we first give a brief
introduction of LiFi and then describe LiFi in detail with architecture and mathematical
equations. Then we give a detailed literature survey stating why LiFi is important for medical
networking. We give a scheme of a proposed model thereafter and then we discuss the
probable implementation and its features.

Keywords. Light Fidelity (LiFi), Light Fidelity (LiFi) based medical network, Light Fidelity
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1. INTRODUCTION

With the development of communication systems, the necessity and dependency on
networking have also increased. If we look around two to three decades back, long-distance
communication was a difficult task for people. But it has become so cheap and inevitable
now. We can see the development of a generation of networks from 1G to 5G which is
further stepping toward 6G. With this increase in the necessity, congestion of networks, theft
of data, loss of speed, and interference of signal has all got included in the network and
communication system. In 2011, Professor Harald Haas, University of Edinburgh, coined
the term ‘Li-fi’, due to which the whole outlook of the networking and communication
system changed. He showed the use of visible light as a data carrier and named it Li-Fi —
Light Fidelity. As the radio wave spectrum is congested due to the increase in demand for
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mobile communication, the visible light spectrum is vacant and still not commercially
introduced. The wavelength of visible light communication ranges from 350 nm to 750 nm,
with frequencies ranging from 4.3 x 10 Hz to 7.5 x 10%* Hz. Making it an excellent
mechanism for data transfer.[1] This band is readily available in all indoor environments
and does not interfere with other waves in the specified space. A commonly used solid-state
device, LED, transmits the data from the transmitter to the receiver. As LED is a current-
driven device, the modulation technique is also simplified. An LED is a p-n junction
semiconductor device, whose current intensity can be controlled or regulated. The lifetime
of the light-emitting diode is comparatively longer when compared with the other sources.
If we consider fluorescent light as a source, the durability and efficiency of the LED are
much better [2]. To send and receive data, the transmitter has to modulate the signal and the
receiver has to demodulate the signal received. When we use led as a source, with only
intensity modulation the data becomes suitable for transmission, we do not have to include
phase and frequency modulation techniques. For transferring 1 bit of data at a time the on-
off keying technique is used. So, it can be said that led proves to be a good transmitter point.

Though radio waves have a long-range, can be communicated to distant places, it becomes
a disadvantage for it when we consider it from a data loss or theft point of view. There is
attenuation in radio waves and theft of data, while using visible light, it cannot pass through
any opaque object, keeping the range very secure to nearby places and known persons.
Considering VLC as communication illumination is a factor for proper data transfer, so from
this point of view also if we study, the range of visible light from a led will be constricted to
an indoor space only. So, data theft can be minimized or eliminated, if we use VLC for our
local networking. Furthermore, it is surveyed that the maximum of the traffic generated is
in an indoor environment, so visible light communication can serve as a good source of
wireless connectivity [3]. VLC is a low power consumption system, with uncontrolled
bandwidth allocation. The future is predictive of a hybrid model for RF and VLC, which
will impart a much faster communication model [4].

Section 2 gives details about LiFi Technology with The OOK modulation in Section 2.1,
Section 3 gives the literature review and motivation, Section 4 illustrates the scheme of the
proposed LiFi-based networking model in medical hospitals, Section 5 gives a probable
implementation and its features. Finally, Section 6 draws the conclusion. References are
listed at last.

2. THE LIGHT FIDELITY (LIFI) TECHNOLOGY

Data transmission through light fidelity will be a life-changing prospect in near future. This
is a subset under VLC, developed and tested in the indoor environment when invented, but
conquering many of its misconceptions, like Li-Fi is Los technology, it does not work on
sunlight, dimming is not advisable, lights flicker a lot, no uplinking is possible, [5] it has
emerged to be a technology for versatile applications. It has gained its control in the field of
smart cities, healthcare, delicate industrial sectors, airlines, defence, underwater data
transfers, and many more [6]. Though there is some restriction to using Li-Fi or visible light
for communication like attenuation, interference, or noise [1], using some advanced
modulation techniques like OFDM and adaptive modulation with coding, the loss of data
can be minimized.
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Let us now understand the architecture of light fidelity. As Li-Fi comes under visible light
communication, we can easily understand the architectural flow between the transmitter and
receiver. The architecture consists of a physical layer, medium access control layer, and the
application layer, for more security purposes in mobile communication we can use a security
layer before the implementation of the application layer. The below diagram shows the
layered architecture of Li-Fi (Fig 1.)

APPLICATION LAYER APPLICATION LAYER
SECURITY LAYER SECURITY LAYER

MAC LAYER MAC LAYER

: PHYSICAL LAYER PHYSICAL LAYER g

: ; ;

: Physical Medium| i

Figure 1. The layered architecture of LiFi

Discussing the physical system, we can design it for three sections: the transmitter module,
channel, and receiver module. The transmitter module consists of the modulator and the light
source, the channel is the distance between the transmitter and the receiver, the channel gain
can be given by the equation 1 —

CC (f) = CL + CD(f), (1)

where CL is the path loss and CD is the channel gain [18], and the receiver section consists
of the demodulator, signal conditioning and finally, we receive the data [7]. The data
received in Li-Fi is non-coherent, positive, and real [1]. The received signal can be given by
the relation z = Lx + n, where L is the multiple input LED channels.[12] Fig 2. Shows a
physical system of visible light communication.

So, studying the complexity of systems, designs, and networking layers, it is understood that
it can be established and used in many core application areas. Visible light communication
or more specifically light fidelity will give a step forward towards the development of 6G
communication. In Fig. 2, Blue arrows signify the outer channel of the communication and
black arrows portray the inner channel of communication for both sender and receiver
sections.
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Figure 2. The physical system of visible light communication

While we develop some applications from new technology, understanding contemporary
technology is very important, and in this article, as we propose to establish a complementary
technology of RF spectrum, let us know some disadvantages of RF in the case of medical
fields. Not only inside the medical premises, using radio wave spectrum for communication
outside the medical buildings has a severe effect on the patients as well as the medical
equipment of the Medical [8]. The equipment in the Medicals that are used for imaging or
scanning of the human body, uses electromagnetic spectrum, frequency ranging in MHz,
which interferes with the mobile networks near the building, and tends to give faulty results
[9]. They imbibe noise within the signal and hamper the machine. Continuous propagation
of radio waves inside the premises also has an adverse effect on the human body. The
machines used in ICU get affected when the people inside the medical carry a mobile
communication device with him/her. Not only on the machines, radiofrequency has a long-
term effect on the human body, a study shows that when rodents are exposed to radio waves
they mimic the lifetime human exposure, it also has an increased rate of schwannomas,
malignant gliomas as well as chromosomal DNA damage. The brain development of
children also decreases with exposure to mobile networks [10]. But knowing the effects on
machines and human health, networking is also an integral part of life, without which a
Medical cannot run. Proper communication between building floors, different wards, and
laboratories is very important. Proper transmission of data is needed for prompt response
and service deliveries in the healthcare sector. Li-Fi can be a stable alternative to these
factors. The frequency used is very high in terms of 10%* Hz, and interference and signal
fading are very minimal in Li-Fi. Due to the use of the current-driven solid-state device as
transmitter output, modulation becomes easy, so the lagging of data is less, and the noise
becomes very minimal when orthogonal modulation techniques are implied. Li-Fi can also
be used for easy transmission of sensor data, making it suitable for use as patient monitoring
device transmitters. The data can be easily received and plotted at respective storage areas
[11]. As discussed previously, visible light cannot cross thick walls, and theft of data can
also be neglected. With the use of optical filters and expressing automatic gain control
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algorithms, Li-Fi can be used in outdoor communication systems, as the effect of sunlight
and shot noise can be reduced [5].

Though the mobile network radio waves are fast and deployed in each corner of the world.
Within a few years, a massive change will be noticed, when commercially Li-Fi will be
implemented for indoor and outdoor networking, edge computing, and many modern tech
applications. Making a radiation-free space for treatment at medical centres or Medicals.

2.1. The On-Off Keying (OOK) Modulation

The primary method used in this technology is On-Off Keying of OOK. In this technique,
the LEDs are turned off to represent the logic value 0, and LEDs are turned on to represent
the logic value 1. Let the Phl is the error probability of receiving 1 as 0 and also Let Plh is
the error probability of receiving 0 as 1. This condition is also known as the coherent
receiver. Then this probability is calculated as equation 2

Phl = Plh = % f(N((E/N) * 1/4)) )

Where, E/N is the Energy to Noise Ratio and function, f represents the complementary error
function.

There are few important advantages of OOK modulation than other modulations in LiFi
technology are:-

e  OOK modulation is the closest digital modulation with analog modulation so, the
conversion time from Analog to Digital and vice versa is very less, hence data
transfer is fastest and bandwidth is also increased.

e The LIFi with OOK modulation also enhanced data security as encryption and
decryption can be done right in transmission and receiving modules along with the
signal itself.

e OOK modulation is very susceptible to distortion, noises, non-linearities and cross
talk.

e OOK modulation provides the highest signal strengthen in a quite large distance.

¢ OOK modulation is cheapest to implement.

3. PREVIOUS WORK AND MOTIVATION

In this section of the article, we will be discussing some of the previous development with
the thrust on the following and the primary motivating factor in writing this paper: -

Protection from Radiofrequency device interferences.

e Li-Fi can be used for real-time tracking of important prescribed and aseptic drugs
e.g., cytotoxic drugs

e LiFi for remote monitoring

e LiFi for doctors, staff, and patients

e Li-Fienabled tracking and relocation of the positions of key medical devices

As discussed earlier in this article’s introduction section, the exposure to radio waves in a
long term causes critical diseases, as well as it is studied to have interference with the
medical instruments in the clinical areas. Li-Fi tends to be a better solution when establishing
a network system in Medical and critical care units.
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From the article [16], we can see that remote monitoring and a radiation-free environment
can be created by using light fidelity, as the medium of data transmission. Through some
embedded system designed on the concept of the internet of things, monitoring ECG, heart
rate, blood oxygen level, non—invasive blood pressure, and overall health can be sensed. A
device equipped with light fidelity can transmit this data fetched from the different sensors.
This helps doctors and health workers to know about the health condition of the patient.

Interference of radio waves with the precision devices in the Medical is a crucial issue, in
getting the proper result from the devices. Light fidelity plays an important role to eliminate
this interference. Protection against radio waves is very much needed, as it may also cause
heart stress, and insomnia and may reduce brain activity. When multiple Li-Fi transmitters
are installed, they can transfer around 224 gigabits of data per second, which are much faster
than Wi-Fi or a cellular network. So, networking in the Medical becomes very easy for
doctors and other staff, as it can be noticed that medical illumination is very bright and at
every corner, so fading or noise absorption also becomes very less [12].

Tracking the medication on a real-time basis for remote patients is very important. The
sensitive patients treated at home needs, proper care, location update, and health parameter
updates, from [11], it is studied that with the use of multiple sensors not only the parameters
of the body but also the medication timing, injection timings can be monitored and checked.
The use of respiration sensors and glucose sensors will help in getting the variable levels of
glucose and inhale-exhale level while taking the medicines. When injected or orally taking
any cytotoxic drugs, the glucose level varies in the body, so more this kind of critical medical
also, Li-Fi serves a good purpose. The patients taking cytotoxic drugs are very weak, so
exposure to radio waves mainly the cellular waves or wi-fi would harm their health condition
in an adverse situation. So, communication through visible light prevents the worsening
[10].

Multiple Li-Fi transmitters can be attached to a variety of places, to detect the movement of
a patient, relocation of beds, and medical devices can be traced using network handover in
inter LED communication module. While using multiple transmitters, inter—LED mitigation
can be seen, which on using a technique known as channel inversion precoding can be
minimized [12].

The Li-Fi technology is covering the whole world wherever there is a problem with the radio
waves. Though much development and research are needed to establish a fully commercial
system, it has been tested and introduced in many fields, other than healthcare sectors. Li-Fi
plays a huge role in the development of smart cities, 10T devices, traffic lights, airlines,
underwater data transmission, disaster management, defence as well as educational
institutions also [17].

4. THE PROPOSED MEDICAL NETWORK SYSTEM

The proposed model is a scheme or representation of a Li-Fi-based patient monitoring
system that uses white LEDs to transfer data through a VLC-based data transmission system
in the medical network. In this proposed system, the illumination and the communication
sources are provided by several LEDs that might be utilized and used as data transmission
of sensors located in the static patients in bed. The usage of the illumination values in the
LED lamps and a built-in transmitter that is connected with the medical database in turn will
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allow downlink in a controlled manner. Since a typical patient kept in the ICU monitoring
is static in time, so, a static proposed model is chosen here. The Installation of data
transmission with LEDs is done for each of the sensors through a precision-based
transmission module which makes the proposed system different from the existing system.
In this model, the receiver is placed on the top of the patient i.e., the ceiling, and the
transmission module points upward to the receiver at the ceiling [13]. The electronic medical
database that just discussed transfers medical data to the Li-Fi transmitting module and this
is a point-to-point connection. Photodetectors (PDs) are used as a receiver and placed on
desktops, tablets, or user devices [12]. Moreover, transmission modules that are placed on
the patient with LOS are also connected to the PDs that are placed on the ceiling. The other
implementation perspectives are: -

e  Multiple detectors minimize the diversity effects.
e Photodetectors spacing achieves robustness.
e Thisis an obstacles-free environment model in the ICU [14].

Fig. 3 illustrates the proposed scheme of LiFi-based medical network system.
The various biomedical signals collected in the proposed system are: -

ECG

Photoplethysmogram (PPG)
Body Temperature

Pulse rate

SPO; Value

- —

LED Lamps as Li-Fi transmitters
Li-Fi Receivers with attached PDs

 ‘ Temperature | !
.

- —

* Ny
~ !
— =T == 1)
L= \| ===
Figure 3. The Representation of Proposed Li-Fi based Medical Network System

We used here the OOK modulation because it provides both accuracy and reliability in this
system [13]. We also achieved a very low bit error rate (BER), which is less than 10-5, at
considerable SNR values in that service area [14]. Therefore, Li-Fi based system in medical
communication is indeed a novel use as discussed in this section.
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5. IMPLEMENTATION AND DISCUSSION

In Medicals, a patient’s current medical condition is monitored by critical care equipment.
Doctors, nurses, technicians, and caregivers use their smartphones, tablets, smartwatches, or
desktop computers to monitor the same via data communication. van der R. Togt performed
an electromagnetic interference test with several medical equipments. 20% of the incidents
were classified as hazardous as a result of this test. To avoid such potentially hazardous
equipment malfunctioning due to electromagnetic interference, only wired communication
channels are used in Intensive Care Units (ICUs) instead of Wi-Fi. Hence, Li-Fi which
permits high-speed data communication via Visible Light Communication (VLC) could be
safely used to avoid such limitations of Wi-Fi in corridors, waiting rooms, patient rooms,
and operating theatres. Nowadays, the security and reliability of data transmission are
playing key roles in patient monitoring. However, all related technologies operate in the
radiofrequency spectrum which not only jeopardizes patients’ health but is also responsively
congested and highly susceptible to hacking. Li-Fi is secure against hacking and data theft
as light cannot penetrate through walls. Li-Fi is also used in the transference of curative text
data and analog physiological signals can be used. Moreover, patients could connect to the
internet to check emails, and news, listen to songs, play video games, access social media
platforms, and watch movies and web series on OTT platforms to avoid feeling homesick
during their medical stay. Hence, Li-Fi could monitor and report the movements and vital
signs of patients on their beds in real-time without using wired communication channels. Li-
Fi could assist the medical staff by tracking and relocating of crucial positions, as these
devices are shared between various departments. Fig 4. Shows a summary of Li-Fi
implementation between patients and caregivers.

o
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permitted?
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Figure 4. Summary of Li-Fi implementation between patients and caregivers

Li-Fi could be implemented using light-emitting diodes (LEDs) in medical environments to
enhance comfortability for sufferers and carers which prevents the risk of disturbance that

Proceedings-AIR2022, River Publishers (ISSN: 2794-2333)



501

can arise from electromagnetic waves interference disturbing the precision medical device.
Indoor wireless communication could be achieved at a much faster rate by using LED bulbs
as a data transmission medium instead of Wi-Fi. As the flickering rate is faster than the
human eye can realize, people could still use the same light source in each room without
interfering with medical equipment operation. The real-time tracking of advised aseptic
drugs like cytotoxic drugs can also be performed from medical pharmacies. Li-Fi can aid
pharmacists in receiving and screening electronically approved prescriptions directly in the
unit. Healthcare professionals can access, monitor, and share the real-time status of patients’
records in a suitable, rapid, and very safe manner on their smartphones without the necessity
to make a call, go directly to the unit, or wait to collect their reports at the pharmacy
terminals. Li-Fi could be implemented in data collection from any device enabled with Li-
Fi technology using a secure network by data loggers to remotely observe a situation with
data uploading periodically without the need of being collected from a desktop [15].

6. CONCLUSION

Thus, in this paper, we have successfully given the representation of LiFi-based medical
networking and its probable implementation by discussing it. We also provided the
architecture of this technology with the OOK method of transferring data with equations.
The main advantage of this model is security and anti-theft transferring of data. It also
protects radiofrequency devices such as MRI scanners. The other applications of this
proposed model are Li-Fi for concurrent tracking of advised aseptic drugs like cytotoxic
drugs, LiFi for remote monitoring, LiFi for doctors, staff, and patients, and Li-Fi for not only
keeping in sight but also resettlement of the positions of crucial medical gadgets. In future
work, we will insert machine learning into the model to implement some more applicability
in smart computing. We will also incorporate Optical OFDM where a baseband signal is
used to modulate the LED intensity.
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