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Abstract: The Internet of Things (loT) has an ever more significant function in many areas of our
modern world. It improves the overall quality of life, where almost everything, including objects and
devices, can be linked to the cloud and thus be hyper-connected. Within this changing 10T system,
this paper focuses on data transfer, emphasizing the critical role of light fidelity (LiFi) technology.
LiFi technology is an up-and-coming technology that makes use of light-emitting diodes (LEDs) and
photodetectors (PDs) as transmitters and receivers (Rx), respectively, for concurrent data
communications and lighting. This paper proposes a single-input multiple-output loT-based LiFi
system using an LED array, phototransistor, and ambient light sensor-based Rxs for simultaneous
data transmission. DHT11 sensor is used to measure the environmental conditions and store collected
data via Wi-Fi in the cloud server using HTTP protocol. Through indoor LiFi communication, the
cloud streaming data is transferred using pulse position modulation (PPM) at a frequency of 2 KHz.
The experimental results illustrate transferring and receiving data successfully at a communication
distance of 1 meter. MATLAB software is used to evaluate the performance of the spatial radiance
pattern and illuminance intensity of an LED Array used and received power depending on a
line-of-sight (LOS) channel.

Keywords: Light Fidelity (LiFi); Internet of Things (1oT); Ambient Light Sensor (ALS); Pulse
Position Modulation (PPM); Light Emitting Diodes (LEDs)
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1. Introduction

The Internet of Things (10T) is a platform that facilitates the connection of numerous devices,
including sensors, wearables, and equipment, to a network connection, enabling communication with
data centers, and devices. 10T represents a state of hyper-connectivity wherein virtually all objects
and devices can extend the reach of Internet access beyond traditional computing devices, such as
computers, tablets, and smartphones, allowing for communication and interaction with the external
environment around the advanced wireless communication network while supporting the existence
of smart things around us. The information and advanced technology open up many ways to access
this information [1]. loT frameworks are widely used in many applications, including smart
transportation systems, intelligent environments, intelligent medical care, intelligent homes, smart
agriculture, smart offices, and supply chain logistics 10T [2]. Every 10T device is cemented with a
Wi-Fi module to transmit data through the internet. Due to the explosive growth in the amount of
wireless data to be transmitted, the radio wave spectrum is quickly reaching its limits and causing
problems, increasingly causing high-frequency electromagnetic interference and not having enough
spectrum capacity to send huge amounts of data types and difficulty of data security. Because of
these limitations of wireless technologies that use radio waves to transmit signals, many researchers
have turned their attention to other parts of the electromagnetic spectrum to find new ways to solve
this problem [3]. Therefore, light fidelity (LiFi), proposed by Professor Harald Haas in 2011, is
considered one of the most robust and trustworthy technologies and is widely known as a
complementary solution to wireless technologies, especially Wi-Fi. Specifically, visible light
possesses a spectrum range that surpasses radio frequency by roughly 10000 times, and it operates
without the need for regulation, meaning that LiFi does not require a license to function [4,5].
Additionally, the LiFi network system provides the advantage of dual functionality, serving both as a
source of illumination and a means of communication [6,7]. Figure 1 summarizes the operation of
this technology. Li-Fi has the potential to leverage multiple regions of the optical spectrum, including
visible light, infrared (IR), and ultraviolet (UV), for information transmission [8,9]. In addition to
sending information, Li-Fi also uses light as a source of illumination. It uses light-emitting diode
(LED) lights to exchange information and photodetectors such as photodiodes, phototransistors, and
ambient light sensors (ALS) to receive light signals. LiFi uses signal processing technology to feed
information into LED light bulbs. A photodetector is then used on the receiver side to acquire the
light signal. Signal processing components then convert the optical signal into streaming
data [10,11].

Moreover, LiFi holds the potential for compatibility with 10T cloud networks using physical
layer protocols, including modulation, coding, and framing techniques, thereby opening up vast
opportunities for its future development and widespread adoption [12,13]. A cloud platform refers to
a virtual environment where users can store, manage, and access their data remotely via the internet.
It provides access when needed to different computing capabilities like storage space, processing
power, and applications [14]. It is important to explore the feasibility of integrating the advantages of
both LEDs and loT technology to establish an indoor wireless network. As IoT adoption keeps
growing, sensors are appended to more and more things, necessitating the need for a quicker and
more reliable data transmission source. This can only be accomplished with a widespread and
reasonably priced communication infrastructure that strives to regulate the behavior of the devices
and offer communication reliability.
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Figure 1. Li-Fi system operation.
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The continuous pursuit of improved LiFi performance has driven significant technological
advancements in recent years. To address exploring the potential of LiFi for 10T networks, several
works have been suggested in the literature. The paper [15] discusses the use of Li-Fi technology,
which employs visible light for data transmission instead of conventional radio frequency (RF)
methods. This involves the use of light-emitting diodes (LEDs) that flicker at high speeds to encode
data in binary form. The implementation of Li-Fi systems includes the use of photodetector-equipped
receivers that can decipher the encoded data transmitted through the rapid on-and-off flashing of
LEDs, allowing for high-speed data transfer that can reach up to 100 Gbps in laboratory settings.

The paper [16] highlights the potential of Li-Fi technology, utilizing LEDs for high-speed,
short-range wireless data transmission, particularly beneficial for the 1oT. By leveraging visible light
communication (VLC), Li-Fi can facilitate real-time data transfer in various environments,
enhancing connectivity in homes and offices. The rapid frequency modulation of LEDs allows for
greater data capacity compared to traditional Wi-Fi, making it an innovative solution for loT
applications where reliable and efficient communication is essential.

The study in [17] presents Li-Fi-10T, a Li-Fi-based system specifically designed for efficient
and secure management of 10T devices within smart home automation systems (SHAS). This system
utilizes visible light for wireless data transmission to control various home devices remotely. A series
of experiments were conducted to demonstrate the potential of the Li-Fi technology in loT device
control, highlighting improvements in data transfer speed, energy efficiency, and data security within
the context of smart home automation. The authors in [18] propose LiRF, a light-based wireless
communication system that enables smooth cooperation between VLC and RF networks, achieving
near-Gbps data rates for 10T devices and paving the way for seamless integration of VLC in loT
networks.

The paper [19] highlights the potential of VLC technology, specifically LiFi, for high-speed
wireless data transmission using LEDs. By leveraging the visible light spectrum, LiFi can facilitate
efficient communication between loT devices. The methodology outlined ensures optimized
performance through careful selection of components and modulation techniques, making it suitable
for various applications, including indoor wireless communication. This integration of LiFi with 10T
can enhance data transfer rates and reliability in smart environments.

The integration of LiFi with 1oT and Wi-Fi confronts several critical challenges, including the
energy inefficiency of maintaining separate infrastructures for illumination and data transmission,
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and the need for secure, high-speed data transfer in resource-constrained environments. Traditional
systems often rely on dedicated networking hardware, which escalates energy consumption and
deployment costs while limiting scalability. Further, the presence of additional light sources in a LiFi
system, particularly from ambient light sources, raises significant challenges that can impact the
system's performance [20]. This paper addresses these challenges by leveraging a dual-function LED
lighting system that reduces hardware redundancy and energy consumption. It uses pulse position
modulation (PPM) for efficient communication in variable lighting, incorporates smartphone-based
light sensors to streamline receiver design, and facilitates cloud compatibility. The approach
enhances security via encrypted LiFi streaming, bridges interoperability with Wi-Fi/loT networks,
and promotes sustainable, energy-efficient indoor wireless solutions. The proposed system mitigates
ambient noise from dedicated ambient LEDs via low-pass filtering. The key contributions of the
study are as follows:

e Integration of LiFi, IoT: A novel hybrid system architecture is proposed that combines LiFi, 0T,
and Wi-Fi technologies to enable energy-efficient indoor wireless communication. This approach
leverages existing lighting infrastructure for simultaneous data transmission and illumination,
reducing reliance on standalone networking devices.

e loT-cloud integration for real-time monitoring: The proposed system as shown in Figure 2
incorporates an loT cloud platform alongside ALS and photodetector (PD) in smartphones,
enabling real-time environmental monitoring and adaptive data streaming based on observed
conditions.

e Practical implementation: A prototype demonstrates the feasibility of merging loT analytics with
LiFi-enabled data transmission using PPM, offering a scalable solution for smart indoor
environments that prioritizes energy efficiency and interoperability.

Things in

IoL Wi-Fi Cloud
D
@ = g

Figure 2. The proposed indoor LiFi environment.

The paper is organized as follows. Section 2 discusses the Li-Fi in 10T applications. Section 3
discusses the modulation techniques for LiFi. In Section 4, an loT-based LiFi system architecture is
presented. In Section 5, an experimental setup is performed. Section 6 presents the analysis of
experimental and simulation results. Finally, in Section 7 we conclude the paper.
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2. Li-Fiin loT applications

This section reviews literature focusing on specific 10T applications that can effectively
leverage LiFi technology. The selected studies primarily address indoor scenarios where LiFi can be
applied within 1oT frameworks. Various application scenarios are discussed concisely, to highlight
the potential of LiFi technology for real-world implementation. Furthermore, numerous LiFi
applications are identified as being particularly compatible with 0T networks.

The study presented in [21] explores the integration of LiFi use cases within 10T environments.
It operates on the premise that LiFi solutions are typically customized to their respective ecosystems.
The primary objective of this research is to introduce and discuss a LiFi system concept tailored to
the requirements of 10T applications. The study delineates the most significant LiFi use cases and
their corresponding requirements for 10T, highlighting the flexibility and versatility afforded by
various hardware and software components. In [22], a proposal is introduced for a system utilizing
LiFi to support 10T nodes, with a focus on indoor application scenarios. This research provides a
comprehensive overview of the LiFi access point and associated 10T devices. The proposed system is
specifically designed for LiFi in l0T contexts, featuring an in-depth analysis of system components
and structure, particularly regarding positioning and power delivery. The research offers practical
solutions for 10T nodes that necessitate only intermittent data delivery through modulation
techniques, leveraging available LEDs to facilitate the 10T environment. Additionally, the study
explores critical research directions in the domain of LiFi for loT.

The integration of LiFi within the e-health scenario is analyzed in [23]. This study leverages
both LiFi and loT technologies to enhance health monitoring systems, allowing physicians to
promptly update patients' health statuses in the cloud. In this context, the cloud functions as the loT
system, while the LiFi network ensures rapid and interference-free connectivity. This enables
physicians to assess patient data and deliver real-time feedback. The study accurately identifies the
essential components of the health monitoring system and elucidates their interactions, supplemented
by flow diagrams illustrating the system. LiFi technology is also explored in mining environments,
as detailed in [24]. This study addresses critical situations where the dissemination of emergency
information is hampered by inadequate WiFi coverage. LiFi is employed to monitor hazardous
conditions detected by IoT sensors, and a decision-making system is developed to identify abnormal
circumstances related to dangerous gases. The performance of the proposed system is evaluated in an
authentic testbed, showcasing the utilized hardware components.

In [25], a prototype of a LiFi system designed to transmit analog audio signals is examined for
its applicability in l1oT. The audio signal is sourced from a mobile phone, which is modulated and
converted into light using blinking LEDs. A solar cell then captures the light signal and transmits it to
a speaker. The system utilizes genuine hardware components, validating its effectiveness and
underscoring the primary advantages of incorporating LiFi into 10T applications. A more extensive
application scenario for indoor use is proposed in [22], wherein LiFi serves 10T nodes. This scenario
is suitable for delivering various services, and the scheme is thoroughly described, including its
components and performance characteristics, such as power consumption and data rate. A
comparative analysis between LiFi and RF transmission is also presented, emphasizing the
limitations and challenges associated with LiFi. Finally, the study discusses key research directions
to promote the integration of LiFi and loT. In [26], LiFi technology is utilized for local advertising
within the context of public transportation. This research primarily focuses on outdoor scenarios,
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where LiFi transmits local advertisements to devices in proximity to LED sources. Nonetheless, the
proposed model is deemed appropriate for indoor IoT communications, enhancing data reliability
and addressing bandwidth limitations. The paper provides a comprehensive examination of both the
transmitter and receiver sections of LiFi communication, presenting a hardware-based
implementation model and evaluating its performance regarding signal attenuation and bit error rate.

2.1. Insights gained on use cases for LiFi in loT

The analyzed paper indicates that LiFi technology can be effectively integrated into a diverse
array of 10T application scenarios. In these contexts, LiFi offers notable advantages, including high
energy efficiency, enhanced security measures, substantial bandwidth availability, the use of low-cost
components, and strong resistance to electromagnetic interference. However, the studies also suggest
that LiFi technology has not yet matured sufficiently to fully replace existing WiFi connections in
loT applications. Instead, a hybrid approach that combines WiFi and LiFi is recommended for
optimal performance. LiFi is particularly valuable for 10T applications that prioritize cost-effective
optimization while ensuring high throughput, reliability, and low latency, especially in indoor
environments. Furthermore, the analysis presented in these articles suggests that LiFi is poised to
become a leading technology for the 10T in the future.

3. Modulation techniques

Modulation techniques are essential components of LiFi systems as they allow for the encoding
and decoding of information into light signals. These techniques enable efficient utilization of the
available spectrum and enhance the overall performance of LiFi systems [27]. Modulation
techniques are integral to visible light communication systems, offering immense potential for
high-speed data transfer in various applications ranging from indoor wireless networks to vehicular
communication, monitoring, and beyond. Figure 3 shows the overall modulation schemes utilized in
LiFi systems.

Single Carrier Multi Carrier Color
| OOK _— OFDM —_— CSK
PAM — DCO-OFDM — CIM
LiFi Modulation
Schemes PPM  —— ACO-OFDM
— VPPM —— U-OFDM

Figure 3. LiFi modulation techniques.

This paper utilized PPM, a widely used digital modulation technique in communication systems,
to efficiently transmit information through noisy channels. Unlike amplitude or frequency
modulations, PPM encodes data in the timing of pulses within a signal. In PPM, each pulse denotes
discrete symbols representing bits of data, where the position of the pulse within a fixed timeframe
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determines the symbol being transmitted [28]. By altering the pulse locations based on binary
patterns that represent the data bits, multiple symbols can be sent successively. PPM provides
benefits in bandwidth efficiency, enabling higher data rates within a given bandwidth compared to
other modulation techniques. It is also more robust to noise and interference because of the discrete
nature of the symbols [29,30]. As shown in Figure 4, PPM signal formats are created by altering the
location of a pulse.

Figure 4. PPM signal format.

Where x(t) represents the intensity of the optical PPM signal, and the transmission pulse form is
presented by P(t). Further, x(t) may be expressed [31]:

x(t) = LPYX_, Plk(t — kT) (1)

Where LP is an operator at x(t), T is a symbol period, and Plk(t) expresses the set of pulse
waveforms.

I-11T

Dl () = {(1) fort e[ ]f le 12,..,L @

elsewhere

Where T is partitioned into L separate intervals and the symbol [ denotes the location within a
particular interval during a k’th symbol period.

The performance of the PPM technique in the LiFi system can be set by calculating the bit error
rate (BER) for PPM as expressed in Eq (3):

Pppy = erfc( 5 SNR: logz ) (3)
Where, SNR and L indicate the signal-to-noise ratio and order of modulation, respectively.
4. Proposed loT-based LiFi system
0T devices are made up of energy-efficient intelligent sensors that need smaller amounts of
data compared to their traditional counterparts [32]. However, With the increasing interconnectivity
of devices through the Internet, both Li-Fi and Wi-Fi can supply the needed frequency range for
transferring large amounts of data. In this paper, we propose to use the Li-Fi communication medium

to transfer 10T cloud data from a sensor for receiving with photodetectors.
The proposed loT-based LiFi System architecture diagram is shown in Figure 5, on the
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transmitter side the 10T has been strengthened through the integration of Li-Fi and Wi-Fi. Including
various sensors can form a matrix that facilitates data interaction and communication in actual time
by using Li-Fi connections. These things also connect to Wi-Fi networks create a connection and
facilitate the exchange of information between cloud organisms and services. The sensory device in
the proposed system discovers and supervises environmental factors such as temperature, and
humidity, and provides status updates. The main function of the 10T gate is to convert field protocols
into cloud protocols, such as message queuing telemetry transport (MQTT), and hypertext transfer
protocol (HTTP) protocols to enable communication between a sensor and the cloud [33].

The NodeMCU used is connected to the Wi-Fi network to upload and download processes with
the cloud. Sensor data monitored and stored in the cloud can be requested at any time using one of
the protocols for transfer through an indoor Li-Fi system. The content data is modulated and
converted into binary data using the PPM technique for transfer via an LED array. From the receiver
side, there are two types of detection used, a phototransistor in the first receiver (Rx;) and an ALS in
a smartphone in the second receiver (Rxz) to capture the incoming light with sensor data included
and process data to display.
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Figure 5. Block diagram of loT-based LiFi system.
4.1. Transmitter

In the transmitter circuit schematically illustrated in Figure 6, we used a DHT11 sensor to
monitor changes in the environment, which is a digital sensor that measures the humidity and
temperature levels as in Eq (4):

RH = £+ 100% 4)
N
Where Py, is the actual water steam intensity and Ps is the water steam intensity at saturation.

These values are also continuously monitored and stored on the ThinkSpeak cloud through
NodeMCU ESP32. In this prototype, the Arduino UNO MCU is fed with the cloud data by sensor
data stored in the cloud using ESP32. The LED driver circuit uses N-channel MOSFET IRF520. To
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sense the gate input of the MOSFET, the output of the microcontroller is programmed using C
language to produce a modulated PPM level signal. An additional series diode is connected to the
circuit to protect the output pin of the microcontroller from the bias voltage. When the gate voltage
level fluctuates in response to the modulation signal, the MOSFET draws current corresponding to
the gate voltage fluctuation.
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Figure 6. The transmitter circuit schematic.
4.2. Receivers

In the system, there are two LiFi receivers for the detection process. The first receiver (Rxi)
uses a phototransistor to convert incoming light into electrical energy. For digital signals, the circuit
between the phototransistor and the Arduino must be processed to correctly interpret the electrical
signal. Therefore, the current is converted into voltage to be amplified and compared. To amplify the
signal, we used a variable resistor to maintain a constant, stable voltage scale for the voltage signal.
The output signal is routed to the microcontroller unit’s (MCU) analog-to-digital converter (ADC)
for subsequent sampling and demodulation processes. The received data will be exhibited on an LCD
module. The second receiver (Rxz2), encompasses a light sensor that enables the identification of light
emanating from the LED array by utilizing one of the pre-installed sensors present in smartphones,
commonly referred to as the ALS. We have developed an Android application through the utilization
of Android Studio Software, which utilizes the ALS to receive sensor data transferred via a
modulated LED array light. The receiver's circuit schematic is indicated in Figure 7.

4.3. Communication channel
The propagation model in a proposed loT-based LiFi system is the line-of-sight channel
whereby the system based on optical technology uses LED arrays and PDs with large surface areas.

On the transmitter side, the radiation intensity pattern for the LED's angular distribution [34], is
shown in Figure. 8, is based on a Lambertian pattern and is defined by Eq (5).
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mq+1 mq _
R, () ={ S—Cos (p), ©e[—m/2,m/2] (5)
0, ¢ =>m/2

Where ¢ = 0 is the angle at which the maximum power is radiated, @ is the half-angle of the
LED's beam, and m; can be obvious of the LED's half-power semiangle using Eq (6) [35].

@
M = (cos (0, 2)) (6)

The radiant intensity of an LED, which is described in terms of the angle of irradiance and the
total power output of the LED, can be calculated using Eq (7).

__ (m1+1)P; cos™1 (@)

P iz (7)

where P, represents the total power that is transmitted by an LED.

The LOS channel DC gain can be determined by:
Ar(mq+1) m
Huos©) = it GO W00 2 <

0, b=y,

where A, represents the photodetector surface area, y is the angle of incidence. Ty({), g(yr)
represents the optical filter's and an optical concentrator's gain, correspondingly. . is a FOV at the
receiver, and d is the space between the receiver and sender.

In the receiver, the optical power P. received at the PD is derived from the transferred P,, the
photodetector responsivity R and may be expressed:

(8)

P._1os = Hyps(0) * R * P, 9)

Smart phone —SEN
Light sensor—s= o

Ambient light sensor

p—

Figure 7. The receiver's circuit schematic of (a) Rxy and ALS of (b) Rxz.

(a) (b)
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Figure 8. The LOS communication between transmitter and receiver.
5. Experimental setup

The system includes the DHT11 sensor for computing the environmental conditions. The sensor
is linked to the NodeMCU ESP32 that is used to uplink and downlink processes with a cloud. The
data is accumulated in the microcontroller after being picked up by the sensor and then sent to the
10T cloud through Wi-Fi. The 10T cloud platform functions as a centralized hub for storing and
processing this sensor data. We used the HTTP protocol to connect sensor data with the cloud server
which facilitates data transmissions between the server and web platforms and considerably reduced
the cross-platform problem. The ThingSpeak cloud server was used to store the data in private or
public channels and perform analysis on the data. To activate the connection between the
ThingSpeak cloud and the LiFi system, we used the API keys of a ThingSpeak channel to establish a
secure connection and request specific data from the cloud to the indoor LiFi system.

The LiFi transmitter consists of an LED driver connected to the ATmega 328p microcontroller
to drive the white LED Array that provides the benefits of low energy exhaustion and high intensity
to achieve a lengthy distance between the transmitter and receiver up to 1 meter using PPM. MCU
can produce the 2 kHz carrier wave with precision in the transmission. On the receiver side, we
have used two LiFi receivers and a phototransistor 3DU33 in the Rx; that can receive light signals in
the shape of an electric flow that holds various values. After converting it to digital, the signal is
passed to the Arduino UNO for demodulation processes and the outcome received is exhibited on
LCD. The other receiver Rx; includes an ALS in the Alcatel smartphone to detect incoming light.
When the level of ambient light fluctuates, our developed Android application can preserve lighting
intensity and receive the data. Table 1 shows the ALS specifications in an Android app used. Figure 9
and Figure 10 illustrate the transmitter and receiver hardware implementation and the experimental
setup of the proposed system, respectively.

Table 1. Specification of ALS.

Sensibility Delay time [|S]
Sensor delay speedy 0

Sensor Ul 50.000

Sensor delays Normal 100.000
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(a) (b)

Figure 9. Practical circuits of LiFi (a) transmitter (b) receiver.

Figure 10. The experimental setup of an indoor loT-based LiFi system.
6. Results and discussion
6.1. Practical results

As a part of the work, we built a prototype based on loT for an indoor Li-Fi system to send data
to PDs. An experiment was performed to sensor data transmission and reception using a
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photodetector and mobile-developed application. The DHT11 sensor is employed to detect humidity
levels and obtain temperature information. The sensor is linked with Wi-Fi to transfer the collected
data to the ThinkSpeak cloud, the sensing values graphs are shown in Figure 11.
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Figure 11. Temperature and humidity graph from ThinkSpeak.

Additionally, Li-Fi technology is incorporated to transmit the humidity conditions and
temperature data from cloud storage. To facilitate the data transmission, PPM is utilized. The
utilization of PPM in VLC systems effectively minimizes flickering effects since it employs a high
level to represent both bit 0 and bit 1. The PPM signal is generated following the sensor data bit,
whereby the filled slot is positioned to the left slot if a bit is logical 0. Conversely, if the bit is logical
1, the filled slot is positioned to the right slot. The entire system functions efficiently with the LED
array of the transmitter, and the receivers are capable of receiving the data transmitted. The space
between the sender and receivers, as measured for the prototype, is approximately 1 meter. Even
when the angle between the LED array and phototransistor exceeds 60 degrees, the data can still be
received relatively quickly in the phototransistor of the first receiver. The difference in received
voltage between logic 1 and logic 0 was minimal, so the signal was amplified using a 741 op-amp to
the Arduino UNO and subsequently demodulated to display the original data. The output waveforms
using a DSO for the transmitted and received data are indicated in Figure 12.
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Figure 12. The measured Ty and Rx waveforms.
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The monitoring sensor data changes over time. Figure 13 shows the output of Rx; using a
phototransistor on the LCD. The information regarding the sensor used is sent to the end user Li-Fi
data monitoring display.

Phototransistor
— LiFi Rx)1

& S —

Humidito:
Temperature- =

Prp— - EPR——

Figure 13. The received LiFi Rx; output.

For the Rx, result based on the Android app using an ALS, we chose the fastest level and
experimented. From the results, the least time interval is around 7 ms, indicating that the light sensor
can expose the signal with a high sensitivity. The result shown in Figure 14 indicates the illumination
level value as a lux meter and the received data.

@ ALS Receiver @ ALS Receiver

Recieved data......

humidity30 temperature2s......

350.4 lux
Start receiver Stop receiver
< o = S~ < e = ~
(a) (b)

Figure 14. Android interface as (a) data receiver, (b) lux meter.

The receiving process was done successfully with the phototransistor and ALS used in the LiFi
receivers. Depending on the amount of light that the photodetectors receive on the reception side and
their specifications, Figure 15 compares two types of photodetectors a phototransistor and an ALS in
which there is a descending trend in both sensors’ response to the light. The phototransistor response
is more sensitive than the ALS response which means the phototransistor can detect faster changes in
light intensity. The phototransistor is suitable for applications that require high data rates.
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Bit Error Rate (BER)
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Figure 15. The responsivity of phototransistor versus ALS.

The probability of errors for PPM with a given BER can be calculated using the relationship
shown in Eq (3). Figure 16(a) displays the theoretical and simulated error probability curve for PPM
across different BER values.
Figure 16(b) presents a logarithmic plot showcasing the relationship between the BER and
communication distance in an experimental setup utilizing an LED array, phototransistor, and
ALS-based Rxs for simultaneous data transmission. The plot reveals a single data point at a
communication distance of 20 cm, where the BER is measured at 10°. As the communication
distance extends towards 1 meter, there is a notable increase in the BER.
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Figure 16. The BER of (a) PPM error probability (b) experimental implementation.
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6.2. Simulation of optical channel results

In the LiFi system, the radiation paradigm of the LED is comparable to the Lambertian model.
The optical medium is used to spread the light that the LEDs emit. The simulation parameters used in
MATLAB software are illustrated in Table 2.

Table 2. Simulation parameters.

Parameters Values

LED arrays 1

LEDs per array 25

All LEDs power 2W

LED Type 3528 SMD

Luminous Flux 400 Im (at 100 mA, 25<C)
Center Luminous Intensity 0.73 [cd]

Receiver's Field of View 0, 60 [deg]

Photodetector Area App 1[Cm?]

Photodetector responsivity R 0.4 [A/W]

The results focus on the LOS channel used in the LiFi system. The results in Figure 17(a)
illustrate the spatial radiance pattern of an LED as a light source in polar coordinates. It visualizes
how the intensity of light disperses in different directions. The pattern indicates varying intensities of
light emission-specific angles at which the intensity is measured. Figure 17(b) illustrates the
illumination distribution with LED array lights where the coverage area had enough light, and the
average illuminance level was 350 lux, which was considered adequate.

3D llluminance of LED Array

Spatial mdiance pattern (polar coordinates)

lllurninance (Lux)

Relative intensity

(a) (b)

Figure 17. The simulation results of (a) Lambertian and (b) llluminance.

The considerable contribution to the used lighting LED array structure is the reality that it
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expends low energy in downlink connection. Figure 18 illustrates the LiFi receivers' received optical
power distribution values. It is observed that light and optical power are concentrated in the middle.

Where the square of the distance between the LED array and photodetector is inversely
proportionate to received power as expressed in Eq (9). Therefore, as the detector moves gradually
from the center position toward the corners, the received power value decreases.

Received Power Distribution

Y position (m)
o

X position (m)

Figure 18. The received power at the LiFi receiver.
6.3. Comparison with existing work

The rapid proliferation of the 10T necessitates innovative solutions for reliable, high-speed data
transmission in environments saturated with connected devices. LiFi technology has emerged as a
transformative approach, leveraging visible light for simultaneous illumination and communication.
This analysis evaluates recent advancements in LiFi systems for 10T applications, comparing the
experimental framework proposed in our work with existing works in the field.

Our system employs a single-input multiple-output (SIMO) architecture featuring an LED array
transmitter and phototransistor-based receivers augmented with an ALS. This design contrasts with
Ref [17] smart home implementation, which uses point-to-point LiFi links without spatial diversity.
The proposed approach enhances signal reliability through spatial redundancy, addressing occlusion
challenges common in loT environments where devices may operate in shadowed areas.

In Ref [19] a visible light communication model using discrete LEDs at a 0.8 m communication
distance. While their system prioritizes bandwidth, our LED array configuration optimizes coverage
uniformity, achieving high illuminance consistency across 1 m according to MATLAB radiation
pattern simulations. This spatial optimization proves critical for 10T deployments requiring stable
connectivity for distributed sensors.

Unlike in Ref [18] framework that integrates RF signals directly into LiFi modulation, our
system adopts a dual-layer architecture: LiFi handles device-to-device communication while Wi-Fi
manages cloud uplink via HTTP. This separation leverages LiFi's interference-free operation for
local data aggregation while utilizing existing Wi-Fi infrastructure for wide-area connectivity,
reducing deployment costs compared to fully hybrid systems. In Ref [21] flexible LiFi concept
shares this pragmatic approach, advocating for the complementary use of optical and RF
technologies.

This comparative analysis positions our proposed system LiFi system as a pragmatic
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advancement in loT connectivity, balancing performance with deployment feasibility. Our
architecture demonstrates unique strengths in adaptive reception and hybrid network integration. The
results validate LiFi's potential as a complementary technology in the IoT communication ecosystem,
particularly for applications requiring electromagnetic interference immunity and spatial-diverse
connectivity.

7. Conclusions

This paper introduced the experimental implementation of an loT-based LiFi system. The LiFi
scheme in an indoor static environment that a white LED Array-based Tx was used for the
simultaneous transmission of signals. The DHT11 sensor was used to measure the humidity and
temperature conditions where the data was stored in the ThinkSpeak cloud channel using HTTP
protocol. We can request the cloud data using API keys for transfer via a secure LiFi system using a
PPM technique and receive it through two LiFi receivers. A phototransistor was employed as the
primary receiver, while a smartphone-based Android application leveraging the integrated ALS was
implemented as a secondary receiver for data receiving and illuminance measurement. The data is
received successfully at the communication distance of 1 meter between the transmitter and receiver.
The integration of Wi-Fi-based 10T and LiFi technology holds significant implications for future
communication systems. As demonstrated in recent studies, hybrid LiFi-WiFi architectures,
underscore the potential of these systems for scalable, high-speed data transmission, such as in [36].
Recent advancements in mobility-aware blockage management, as demonstrated by [37] in
multi-user hybrid architectures, further validate the robustness of such integrated frameworks. By
leveraging the strengths of both systems, faster wireless data transfer can be achieved, enabling
applications across diverse sectors, including smart environments and industrial I10T.
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