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Abstract 

In hospitals, there is a lot of medical equipment’s that is sensitive to monitor patients’ status. In this condition, it is prohibited of using 
Wi-Fi especially in the case of intensive care unit due to probable interference between Wi-Fi radio waves and hospital operation equipment’s. 
To overcome such restrictions, this work proposes to design a low-cost LiFi prototype for data transmission between two medical equipment’s 
in hospital. LiFi is based on LED light bulbs through which data can be transmitted. Meanwhile, it doesn’t interfere with medical equipment’s, 
since LiFi uses illumination for data transmission. In this paper, we built a prototype using accessible tools and platforms such as Arduino with 
hardware and software. The designed prototype allows text and image transmission between two equipment’s using an LED and a photodiode. 
After many experimental tests, we showed the possibility to transmit data rate of 115,200 bits/s throughput over 2,5cm using the LiFi prototype 
designed. To the best of our knowledge, this is the first Benin LiFi transmission that opens the way for huge possibilities of projects.
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Abbreviations: WiFi: Wireless Fidelity; VLC: Visible Light Communication; IM: Intensity Modulation; DD: Direct Detection; LOS: Line of Sight; 

OSI: Open Systems Interconnection

LiFi : Light Fidelity; LED : Light Emitting Diode ; LASER : Light Amplification by Stimulated Emission of Radiation

Introduction  

Communication has always been a necessity for humans. 
This growing and ever more demanding need has enabled 
the evolution of data transmission solutions. Radio frequency 
communications have been the most widely deployed and 
continue to be exploited. In hospitals, there is much critical care 
equipment operating to monitor patients’ medical status. For 
hospital personals to monitor their patient’s status, they must use 
their own device, such as cellphone or desktop computer through 
data communication. If we used Wi-Fi at the same place as 
medical equipment, electromagnetic interference may occur and 
this could induce potentially hazardous events related to medical 
equipment operations, data security or risks for human health. 
According to authors [1], in radio frequency interference test with 
medical equipment, about 20% of the incidents were classified as  

 
hazardous or significant. This will not be good in intensive care 
rooms where sensitive care medical equipment could malfunction 
if this happens. Due to this reason, WiFi connection is limited or 
prohibited in parts of the hospital building. In this case, only wired 
communications is used but not practical for mobility usage. A 
healthier alternative capable of responding to these problems in 
the hospital consists in using VLC (Visible Light Communication) 
technology, exploiting wavelengths of visible light spectrum (400 
nm - 750 nm) [2,3]. The recent evolution of VLC technology and 
light-emitting diodes with very fast switching capacity has enabled 
the birth of LiFi (Light Fidelity). LiFi is a recent technology that 
can transmit data at high-speed using visible light communication. 
There are several benefits to using LiFi technology. The first 
one is that we already have available lighting infrastructure in 
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our buildings. This means that all the old bulbs can be replaced 
with LiFi capable bulbs and also the wire to connect them and 
transmit data on the network. Also, as the flickering rate of the 
LED bulb for data communication is much faster than the human 
eye can realize, we can use it as regular light source and the LiFi 
functionality bulb will be transparent to people in the hospital. 
Recently, LiFi data transfer rate is shown to be much faster (100 
times faster) than that is possible through WiFi [4]. Due to all the 
described LiFi benefits, it is well suited in hospital areas and many 
other applications like schools, administration areas, commercial 
centers, restaurants where light can be used to send data. In this 
paper, we introduce VLC and LiFi technologies before presenting 
our proposed LiFi low-cost prototype. The rest of the paper is 
organized as follows: Section 2 presents the material and methods 
about LiFi technology and the realized LiFi prototype. Section 3 
shows all the results obtained followed by the discussion about 
the results in Section 4. Finally, Section 6 will conclude this paper 
with possible future works after describing the development 
contribution of the work in Section 5.

Material and methods

VLC systems work on the concept of transmitting data through 
a light source which can be an LED or a LASER diode. However, 
LEDs are preferred due to their low cost and large emission 
surfaces, allowing more diffuse optical beams to be produced, 
thus facilitating compliance with lighting constraints as well as 
those related to eye safety [5]. Due to the lighting function that VLC 
systems must ensure, Intensity Modulation and Direct Detection 
(IM/DD) in direct visibility (or LOS: Line of Sight) is generally 
implemented [2,6,7]. Indeed, in the VLC transmitter, intensity 
modulation is implemented by directly modulating an LED and 
controlling the intensity of its optical radiation. The emitted optical 
wave is propagated in the channel and then detected by a receiver. 
The incident wave is then transformed into a proportional current 
[8,9]. Thus, the VLC transmitter transforms the information into 
data compatible with the optical medium while the receiver 
converts the detected optical signal into electrical to extract the 
information [6]. Apart from an operation like that of VLC systems, 
LiFi is an analogy with that of WiFi commonly used today to talk 
about VLC technology. Indeed, VLC is a unidirectional and point-
to-point optical communication technology [10-12]. On the other 
hand, LiFi allows two-way communications that support multiple 
accesses to data and user mobility thanks to the networking 
of LED lamps [13]. Additionally, LiFi is a downlink VLC with 
infrared uplink. LiFi, then, extends the concept of visible light 
communication (VLC) to achieve high-speed, secure, two-way 
wireless communications using powerful LEDs or LED lamps [14]. 
Such LiFi system comprises a transmitter block and a receiver 
block with respectively an LED and a photodetector. Figure 1 [11] 
shows an example of LiFi link. The information data that comes 
from the Internet is used to modulate an LED Lamp via a driver. 
At the receiver, a dongle composed of a photodetector with an 

electronic processing block is used to recover the data.

To design the LiFi prototype, the proposed system is based 
in hardware with developed software implemented on it. We 
used two computers as medical equipment and designed the 
various necessary circuitry cards (for both the emitter and 
receiver boards). The implemented software allows us to test 
the prototype during the experimentation phase. To achieve 
this, model OSI (Open Systems Interconnection) is applied 
[15]. As physical medium, here, cards equipped with LEDs and 
photodiodes respectively are used to transmit and receive the 
information data (Cf. Figure 2). Indeed, according to (Figure 
3), we can see an LED and photodiode which respectively are 
associated with a conditioning block. The conditioning block has 
the role to process an input signal to provide output which will 
be easily perceptible and understandable by a microcontroller 
used in both emitter and receiver card. The latter brings together 
amplification and filtering sub-blocks. Each microcontroller 
receives (or sends) a signal to transmit the resulting signal into 
a computer (or conditioning block). For the experimentation, 
Arduino Uno microcontroller is used. In addition, the two cards 
are each one powered by a 5V DC voltage supplied by a computer 
USB port. As hardware cannot function alone, software layers are 
necessary to ensure the information data sending and receiving. 
All the prototype physical and logical architectures are based on 
an OSI model and shown by (Figure 3).

With the established architecture, a large choice of material 
could be used for the hardware and software point of view. 
Here, we have decided to use accessible and low-cost tools with 
open-source software to achieve our objective. Remember that 
we want to prove that it is feasible to send data through visible 
light spectrum between medical equipment. In the emitter card, 
we chose a standard white LED with a voltage of about 3,4V at 
a bias current of 20 mA. For the receiver card, the optical light 
detection is ensured by a BPW34 photodiode. This photodiode is 
available in the market and works in both the infrared (IR) and 
visible light spectrum. It allows acceptable detection in the visible 
spectrum with less sensitivity to external disturbances (like other 
light sources close to its immediate environment). The prototype 
implementation was done with Arduino open-source platform 
as it is quite an intuitive platform, used for building electronic 
projects. We also use the free Proteus software [16] to design all 
schematics of the LiFi prototype emitter and receiver circuits. 
Apart from the Arduino C language coding, we’ve also coded in 
Python to implement the second software layer of the prototype. 
This is done because we have decided to convert all information 
data into binary sequence. This way of proceeding removed the 
barrier concerning the type of data to be sent (either this is a 
text or image, etc.). Hence, the first software layers (in Arduino) 
with the second one (in Python) allow us to build the serial 
communication protocol:
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Figure 1: Example of a LiFi link for internet access.

 

Figure 2: Bloc diagram concept of the LiFi prototype.

i. communication between the emitter and receiver cards 
through the LiFi channel (LED + Free Space + Photodiode).

ii. communication between boards and computers via USB 
ports.

As the buffer of the serial links is only 64 bytes, data 
sequencing was carried out to facilitate the transmission. (Table 
1) gives an overview of the material we used.
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Table 1: Material used.

Material Characteristics Quantity

Standard white LED 3,4 V / 20 mA 1

Photodiode (BPW34) 3,4 V
 λ1 ϵ [430 − 1100] nm 1

Arduino Uno
14 digital pins 
6 analog pins 

Serial Rx In / Serial Tx Out
2

USB-Serial converter (CH340G)
USB 2.0 

Rx In / Serial Tx Out
 5 V and 3,3 V Out

2

Results

In this section, a summary of the design choices made during 
the project work and the achieved results are described. 

Emitter and receiver cards circuits

As we stated before, the emitter card has a conditioning block. 
This packaging has an amplification module that should possibly 
allow the simultaneous use of 3 LEDs. This amplification was done 
using a 2N2222 transistor. The transistor is connected to port 18 
of an ATmega 328P microcontroller, from which a signal data is 
produced to modulate the intensity light of LEDs. Figure 4 shows an 
overview of the LiFi emitter card schematic as described. Like the 
transmitter circuit, the receiver card is built with an ATmega 328P 
microcontroller. It also includes a BPW34 photodiode associated 
with a high resistance which acts as a conditioner to convert the 
photodiode induced photocurrent into a voltage level. At this step, 
the resulting signal is processed and the received binary data is 
recovered. (Figure 5) shows an overview of the corresponding LiFi 
receiver card schematic. According to the proposed architecture 
(Figure 3), we obtained the functional LiFi prototype presented at 
(Figure 6) [17]. This prototype is composed of two cards (emitter 
and receiver) that could be connected by USB to a terminal 
(computers or medical equipment).

Experimentation Results

The prototype’s software layers allow transmission of “text” or 
“black and white” image data between two terminals respectively 
with bit rates of 11,520 bits/s for ASCII texts and 115,200 bits/s 
for images. At this transmission rate, only a distance of 2,5 cm 
is achieved with a single LED source as shown by Figure 7 [18]. 
Figure 8 and Figure 9 show an example of a text transmission by 
the LiFi prototype. A case of black and white image transmission 
is also shown by Figure 10. For this transmission, the image 
resolution is set to a value of 12x12 pixels. We also tested high 
resolution image transmission to estimate the transmission 
performance in terms of received image quality or transmission 
time (as shown by Figure 11).

Analysis

In this section, we discuss about results obtained in Figure 
6. Firstly, based on results from Figure 8 and Figure 9, we 
demonstrate that it is possible to transmit a “text” data using the 
prototype without error transmission. We also prove the feasibility 
of “image” transmission using the same prototype. However, for 
images beyond 12x12 pixels resolution, there is a pixel loss or 
images corruption. Likewise, for “text” transmission beyond 34 
ASCII characters, some errors occur in the received text. This is 
normal and could be explained by the physical limitations in terms 
of speed and buffer memory of the used microcontroller in the 
experiments. As our objective to design a low-cost LiFi prototype 
and demonstrate its feasibility to transmit data “text” and “image” 
through visible light is proved, and now real, we can say that the 
designed prototype works perfectly and could be improved for 
real applications like hospital area. According to result from Figure 
7, we can see that distance transmission for the experienced “text” 
and “image” LiFi transmission is only 2,5 cm at respectively bit 
rate of 11,520 bits/s for ASCII text transmission and 115 200 
bits/s for image. This is because we have already reached the 
performance limitations of the prototype hardware at these data 
rate values. However, to reach more than 2,5 cm transmission 
with the proposed LiFi prototype, we need to decrease the data 
rate transmission as it is shown in papers [13,19]. But if high 
distance transmission is needed, we must design a more complex 
prototype LiFi with high electronic and processing components. 
In addition, for the case of image transmission, the transmission 
time increases with the image resolution. This is quite normal due 
to the high information volume to send when having high image 
resolution to emit.

Conclusion

This paper demonstrates the possibility to realize in a low-
cost manner a data transmission between two terminals of 
medical equipment through visible light spectrum. The proposed 
LiFi prototype is designed using accessible tools and platforms 
such as Arduino and optoelectronic components available in 
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the Benin market. For this proof of LiFi prototype concept, we 
demonstrate transmission of “text” and “image” at throughput of 
115,200 bits/s over a maximum distance of 2,5 cm via visible light 
source. The use of efficient LEDs and photodiodes dedicated to the 

visible light transmission in addition to very powerful on-board 
electronics processors such as Raspberry Pi or FPGA should make 
it possible to carry out more interesting LiFi applications.

Figure 3: Bloc diagram of the designed LiFi prototype architecture.

Figure 4: Emitter circuit of the designed LiFi prototype.
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Figure 5: Receiver circuit of the designed LiFi prototype.

 

Figure 6: View of the designed LiFi prototype.

http://dx.doi.org/10.19080/RAEJ.2023.05.555670


How to cite this article: Max Fréjus Owolabi S, Fifamè Merci-Ange M, Sabi Yari Moïse B, Anais A N, et al. A Low-Cost Light Fidelity Prototype 
Designed for Patients’ Status Transmission in Benin Hospital. Robot Autom Eng J. 2023; 5(4): 555670. DOI: 10.19080/RAEJ.2023.05.555670

007

Robotics & Automation Engineering Journal

 

Figure 7: LiFi prototype connecting two computers for test.

 

Figure 8: The text “Welcome with Li-Fi 2021” is sent.

 

Figure 9: The text “Welcome with Li-Fi 2021” is well received.
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Figure 10: Image of 12x12 pixels – (a) sent, (b) received.

 

Figure 11: Performance of the transmission time versus the image resolution (N).
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