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1. Introduction

Light Fidelity (Li-Fi), also known as Visible Light Communication (VLC) is an innovative wireless
communication technology that transmits data by modulating the intensity of light sources, such as LED
lamps. The ratification of the ITU-T G.9991(2019) also known as G.vlc, and the IEEE 802.11bb (2023)
[1] standards marked pivotal moments for Light Fidelity (Li-Fi) technology, transitioning it from a
theoretical concept to a practical and industry adopted technology. With the release of standard compliant
products, Li-Fi is poised to revolutionize wireless communication by leveraging the optical/infrared
spectrum for data transmission. By providing a global framework to deploy light-based devices that are
compatible with each other, IEEE adoption will help boost the global adoption of Li-Fi and drive further
advancements in the field.

Li-Fi technology promises enhanced data rates ranging from 10 Mbit/s to 100 Gbit/s; in early research
data rates of over 224 Gbit/s have been demonstrated [2]. This technology is ideal for densely populated
areas such as conference rooms or classrooms. Li-Fi offers enhanced speed, reliability, and security
compared to traditional radio frequency-based wireless technologies, making it suitable for a diverse
range of applications across healthcare, education, retail, and transportation. As Li-Fi technology
continues to evolve, it is set to become a transformative force in the wireless communication landscape.
Li-Fi holds considerable promise as a complementary technology to existing wireless solutions such as
Wi-Fi, addressing specific needs and enhancing overall connectivity. The technology operates in
unlicensed spectrum and does not interfere with Radio Frequency (RF)-based wireless technologies. As
shown in Figure 1, the optical spectrum, which encompasses both visible and infrared wavelengths, is
three orders of magnitude larger than the entire radio frequency spectrum.
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Figure 1- Unlicensed Spectrum Available for Li-Fi
The unlicensed nature of this spectrum offers immense potential for expanding data transmission

capacity. Also, because optical transmission spectrum is located orders of magnitude above the RF
spectrum, there is no interference with RF-based wireless technologies.
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Enhanced security is another key advantage. Because a light signal can be confined to a physical space —
such as inside a room — it is difficult to intercept. While market projections anticipate rapid growth, today
Li-Fi occupies a niche market within the broader wireless communication landscape [36].

This paper explores the technical intricacies and potential applications of Li-Fi, highlighting its
capabilities in sectors including general connectivity, high-security data transmission, smart home
integration, along with emerging fields such as XR, and spatial computing.

2. Understanding Li-Fi Technology

At its core, Li-Fi technology operates on the principle of using light to transmit data. This is achieved by
rapidly modulating the intensity of light emitted from LED lamps or other alternative infrared
transmission sources in a process is imperceptible to the human eye. These rapid changes in light intensity
are then detected by a photodetector, which converts the light signals back into electrical data. Figure 2
below is a high-level diagram of a typical Li-Fi transceiver [4,8].
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Figure 2- Basic Block Diagram of a Li-Fi System
As shown in figure 3 below [5,33], in a system that requires wider coverage such as large conference

room or office space, multiple access points are required to be deployed. As shown in figure 3, all optical
transceivers are connected to a control unit that can help enable seamless mobility between transceivers.
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Li-Fi technology primarily utilizes visible light spectrum, but it also incorporates infrared spectrum
ranging from 800 to 1000 nanometers for data transmission. This reliance on the optical/infrared spectrum
offers a substantial advantage, as the optical spectrum is significantly broader (10,000 times more) than
the radio frequency spectrum used by traditional wireless technologies. The availability of unlicensed
spectrum in these bands could help address the ever-increasing demand for data capacity. In addition,
communication via Li-Fi is bidirectional, which is desirable for real time applications, with the downlink
(data transmission from the light source to the device) occurring through visible light and the uplink (data
transmission from the device back to the network) potentially utilizing infrared light. The fundamental
difference between Li-Fi and Wi-Fi is the medium used for data transmission: Li-Fi uses light waves,
while Wi-Fi employs radio waves.
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3. Comparing Li-Fi with Other Wireless Technologies

It is important to note that Li-Fi is additive to Wi-Fi. They will work together to provide enhanced
wireless connectivity. In fact, the two technologies may eventually become interoperable, enabling
seamless cross-device integration thanks to new global standards, namely the IEEE 802. The wireless
communication technologies for Li-Fi and Wi-Fi differ significantly in their underlying principles and
performance characteristics. Li-Fi utilizes light waves for data transmission potentially offering much
higher speeds and inherent security due to light’s inability to penetrate walls. However, its range is
limited by the illumination area, and it requires line-of-sight between the transmitter and receiver. Wi-Fi,
on the other hand, uses radio waves, which provide broader coverage and can transmit through obstacles.
While Wi-Fi's speeds are generally lower than what Li-Fi may offer, its infrastructure is well-established,
and it offers greater mobility. Bluetooth operates on short-range radio waves and is primarily used for
connecting devices in very close proximity, offering low to medium data rates. 5G, the latest generation
of cellular technology, also uses radio waves across various frequencies to deliver very high speeds and
low latency over medium to long ranges, but its deployment requires exclusive use of spectrum resources
and significant infrastructure investment. The table below [12] shows a high-level comparison of Li-Fi
with other wireless technologies.

The claim of lower latency in Li-Fi stems from its ability to provide faster data transfer speeds due to vast
optical spectrum, reduced interference, localized coverage, and improved connection stability compared
to traditional Wi-Fi networks. Li-Fi doesn't experience the same congestion issues that can plague Wi-Fi
networks in crowded areas. This is because Li-Fi signals are confined to a specific coverage zone and are
not affected by multi-user degradation.

Table 1- Li-Fi Comparison with Other Technologies

Feature Li-Fi Wi-Fi Bluetooth 5G

Spectrum Visible Light, Radio Waves Short-Range Radio Radio Waves

Utilized Infrared, Ultraviolet Waves (Various Frequencies)
Speed Very High High (up to 1 Gbps Low to Medium Very High
P (Gbps) typically) (Mbps) (Gbps)
Limited (line-of- Medium to Long | Short (within a few Medium to Long
Range . (depending on
sight, room-based) (through walls) meters)
frequency)
Securit High (physically |Moderate (vulnerable| Moderate (pairing |High (encryption and
y confined signal) to interception) required) authentication)
Low (immune to RF | High (susceptible to | . Moderat(e (can Low to Moderate
Interference . ) interfere with other (depending on
interference) RF interference) .
devices) frequency)
Potentially Higher Lower (.W idely Low (integrated into | High (infrastructure
Cost (initial setup) established many devices) deployment)
P infrastructure) Y ploy
- Limited (requires . . .

Mobility line-of-sight, High High High
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The strengths and weaknesses of Li-Fi and Wi-Fi complement each other quite well. Li-Fi is not intended
to be a direct replacement for Wi-Fi. Instead, it is more likely to serve as a complementary technology,
offering significant advantages in specific use cases where its unique characteristics are particularly
beneficial, such as in environments where security is paramount or where radio frequency interference is
a concern.

Hybrid systems that integrate both Li-Fi and Wi-Fi capabilities are also being explored to leverage the
strengths of both technologies and provide a more versatile and seamless user experience [13]. Hybrid
systems are expected to support intelligent handover based on signal strength, mobility, and load
balancing. This will help improve user experience. Hybrid Li-Fi and Wi-Fi systems hold significant
promise for the future of wireless communication because they offer a balanced approach that leverages
the strengths of both technologies, providing enhanced speed, security, and reliability, while addressing
the limitations of standalone Li-Fi and Wi-Fi networks.

Li-Fi partners have outlined several settings where Li-Fi can operate better than Wi-Fi or where Wi-Fi is
simply not possible. For example, light can penetrate seawater up to 200 meters, so Li-Fi opens the
possibility of high-speed untethered communications between underwater remote-operated vehicles and
operators. Li-Fi can also be used in medical suites for surgery or imaging machinery, where Wi-Fi
performance may get compromised due to potential interference from the medical equipment.

4. Current State of Li-Fi Technology

The current state of the Li-Fi market reflects a divergence from earlier optimistic predictions. Projections
in 2013 anticipated a compound annual growth rate of 82% from 2013 to 2018, with a market value
exceeding $6 billion by 2018 [37]. However, the market did not materialize as expected, and Li-Fi
remains a technology with a focused set of applications. Despite this, more recent analyses suggest a
renewed period of growth. The market for Li-Fi-based products was estimated to be worth USD 1.72
billion in 2024, with a projected compound annual growth rate of around 63% for the forecast period of
2024-2029 [6]. This indicates a recognition of Li-Fi technology potential and a gradual increase in its
adoption across various sectors. This anticipated expansion is supported by ongoing research
advancements in diverse areas. For instance, studies are exploring the performance of visible light
communication (VLC) based underwater optical communication using techniques like polarization
division multiplexing. Research is also focused on optimizing Li-Fi for indoor environments using
intelligent reflective surfaces and exploring the potential of novel fluorescent optical antennas.

Presented and first published at SCTE TechExpo25 7
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Furthermore, advancements in micro-LED technology are enabling high-speed visible light
communication, with researchers demonstrating data rates exceeding several Gbps. Besides the ITU-T
G.9991 (G.vlc) standard already being ratified in 2019, the publication of the IEEE 802.11bb standard in
July 2023 is considered another pivotal development in the Li-Fi landscape. Standardization provides a
vendor-neutral framework for the Li-Fi market, fostering interoperability and paving the way for broader
commercial adoption

4.1. Unique Advantages of Li-Fi

Li-Fi technology offers several compelling advantages [7] over traditional wireless
communication methods. One of the most significant is its potential for very high data
transmission speeds and bandwidth capacity. Li-Fi can deliver speeds reaching multiple Gbps,
significantly exceeding the capabilities of typical Wi-Fi networks. This is made possible by Li-
Fi's utilization of vast amounts of unlicensed optical spectrum, which offer a much greater
bandwidth potential compared to the increasingly congested radio frequency spectrum. This
advantage positions Li-Fi as a crucial solution for bandwidth-intensive applications and for
alleviating some of the burden on overloaded Wi-Fi networks.

Another key benefit of Li-Fi is its enhanced security and data privacy. Since optical waves
cannot penetrate walls or opaque objects, a Li-Fi network's signal is physically confined to a
specific space, as shown in figure 4 below [34]. This significantly reduces the risk of
eavesdropping, hacking, and unauthorized access from outside the illuminated area, offering
military-grade security suitable for sensitive environments.

-
i /I\ ’ﬁ

LIFI user

Figure 4- Enhanced Security Offered by Li-Fi

Li-Fi also offers immunity to electromagnetic interference since it does not interfere with radio-
sensitive equipment often found in settings like hospitals and aircrafts. Li-Fi could be a preferred
choice where RF communication is restricted or can cause disruptions. Li-Fi connections also
tend to be more reliable and stable, as they are less susceptible to congestion compared to Wi-Fi,
especially in densely populated areas, which provides consistent connectivity with fewer
dropouts.

Presented and first published at SCTE TechExpo25 8
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Furthermore, Li-Fi offers a lower latency contention-free connection, which is crucial for real-
time applications such as online gaming, video conferencing, AR/VR applications and robotic
surgery.

Li-Fi offers significantly higher data density compared to any other technology in existence
today. For example, Li-Fi's area data rate — or rate per square meter — can be as much as 1,000
times higher than the area data rate of a Wi-Fi network. Smaller cell size enabled by Li-Fi allows
for a higher number of access points, which can deliver simultaneous bandwidth to more devices
than Wi-Fi, which may render Li-Fi the preferred option for some dense IoT installations.

Li-Fi also has the potential to increase energy efficiency by leveraging existing energy-efficient
LED lighting infrastructure and potentially eliminating the need for separate routers and
modems. Since Li-Fi can support greater data density and network capacity, this allows for a
larger number of connected devices within a given area and the creation of smaller, more
localized network cells. A clear direct line-of-sight is not always needed between the receiver
and transmitter—reflections off walls and other surfaces can also carry data.

The precise, localized nature of Li-Fi signals enables accurate indoor positioning, which can be
very useful for applications like asset tracking, indoor navigation, and targeted advertising.

4.2. Navigating the Limitations and Challenges of Li-Fi

Despite its numerous advantages, Li-Fi technology also faces several limitations and challenges
that currently hinder its widespread adoption [8]. One of the most significant ones is the
requirement of line-of-sight communication for optimal performance. The Li-Fi signal can be
blocked by obstacles, which can result in performance degradation in the coverage area, thus
necessitating careful placement of both transmission sources and receivers. This is a notable
drawback compared to Wi-Fi, which can transmit signals through walls and other obstructions,
thereby offering greater mobility and deployment flexibility.

Another challenge is the limited range and coverage area of Li-Fi signals. The effective range of
Li-Fi is typically confined to the area directly illuminated by the light source. Achieving
seamless coverage across larger spaces or outdoor environments would require a significantly
denser network of Li-Fi transmitters compared to Wi-Fi. The cost of initial implementation and
infrastructure can also be a barrier. Li-Fi systems may require specialized hardware such as
photonic antennas and receivers, potentially leading to higher upfront costs than traditional Wi-
Fi equipment. Retrofitting existing lighting infrastructure with Li-Fi capabilities can also involve
additional expenses. However, for newer buildouts of interior lighting infrastructure, the
combination of lighting and communications can offer a very distinct advantage.

Achieving seamless mobility poses another challenge. Because Li-Fi relies on a direct line-of-
sight, the connection can be disrupted when a user moves between different light sources or
coverage areas. Optimizing the handover process between Li-Fi attocells is crucial for providing
a smooth and uninterrupted mobile experience. The performance of Li-Fi can also be affected by
ambient light sources. Direct sunlight and other strong light sources can interfere with the

Presented and first published at SCTE TechExpo25 9



\
%\ﬂ% §I%Ec:hExpo

detection of Li-Fi signals, potentially limiting its effectiveness in outdoor or brightly lit
environments without specific shielding or filtering technologies.

Finally, ITU-T 999.1 (G.vlc) and IEEE 802.11bb standards are in place, but further
standardization and interoperability efforts are needed to ensure seamless compatibility between
different vendors' Li-Fi products and to facilitate widespread adoption across various industries.

4.3. Real-World Implementation: Pilot Projects and Commercial Deployments

Despite the challenges, Li-Fi technology has seen several successful pilot projects and initial
commercial deployments across various sectors. In the industrial domain, Li-Fi underwent
successful testing at a BMW plant in Munich for specific applications [9]. The education sector
has also explored the potential of Li-Fi, with schools like Kyle Academy in Scotland piloting its
usage within classrooms to provide students with high-speed data access through room lighting.
Companies like Oledcomm have showcased their Li-Fi technology at events such as the Paris Air
Show, demonstrating its capabilities in different environments. Signify has deployed with several
commercial and educational entities such as the Waldorf School Engelbach, Wharton County
Junior College, PSV Eindhoven soccer stadium, just to mention a few. ERNET India, in
collaboration with IIT Madras, initiated a pilot project to study Li-Fi as an alternative
communication technology for smart city applications.

A significant real-world deployment involves the U.S. Army Europe and Africa, which awarded
pureLiFi a multi-million-dollar deal to deliver its secure wireless communication system,
Kitefin. This deployment, consisting of thousands of units, marks the first large-scale
implementation of Li-Fi in a tactical and strategic environment, highlighting its reliability and
security for critical communications. Fairbanks Morse Defense also signed an exclusive
agreement with pureLiFi to deploy secure Li-Fi technology to maritime defense customers in the
United States. Signify is working very closely with European and American integrators for
Government and military networks and is working on larger scale R&D projects with focus on
deployment of Li-Fi technology. Signify has also reached a significant milestone as being the
first Li-Fi company that achieved full FIPS 140-3 certification under the NIST Cryptographic
Module Validation Program (CMVP).

4.4. Key Players Driving Innovation

Several companies and organizations are at the forefront of driving innovation and
commercialization in the field of Li-Fi technology. The Light Communication Alliance (LCA)
[10] is the authority on light communication. LCA is driving demand for light communication
through collaboration. As an alliance, LCA leverages partnerships between industry leaders to
validate use cases and build functioning ecosystems, with the aim of ultimately inspiring global
investment in light communication. Founding members of LCA include Nokia, Emirates
Integrated Telecommunications Company (du), LEDVANCE, Liberty Global, Lucibel, pureLiFi,
LiFi Research & Development Centre, Velmenni, Zero.1, CEA Leti, Institut Mines-Télécomand
Orange. Some of the key developments of LCA members and partners are listed below.

Signify, formerly Philips Lighting [34], a global leader in lighting, has also integrated Li-Fi into
its portfolio under the TruLiFi brand, offering integrated lighting and Li-Fi solutions for various

Presented and first published at SCTE TechExpo25 10
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industries. Li-Fi Research and Development (Li-Fi R&D), a U.S.-based company, focuses on
advancing the commercialization of Li-Fi technology, particularly in sectors like smart office,
automotive and healthcare.

PureLiFi, headquartered in Edinburgh, UK, is a prominent player focused on developing Li-Fi
technology for both consumer and enterprise applications, including mobile devices and LED
lighting. For instance, pureLiFi’s Light Antenna ONE, shown in the figure below, is the world’s
first device compliant to the new standard. Li-Fi simply appears as if it was another band of Wi-
Fi. The module is only 14.5 millimeters wide—smaller than a dime—and designed for
integration with existing Wi-Fi chipsets into smartphones, tablets, televisions, virtual

reality headsets and more. It can achieve data rates of 1 Gbps or more from a range of 20
centimeters to 3 meters.

Figure 5- 802.11bb Ready Antenna for Mass Integration

In terms of home, office and other indoor applications, pureLiFi has its Li-Fi Cube Gateway, a
portable hotspot that can plug-and-play to a network via Ethernet, Powerline or Power over
Ethernet. Compliant with the new standard, it can deliver a link of up to 250 Mbps and can sit on
a table, rest on an adjustable stand or mount on a ceiling, wall or shelf.

Oledcomm, a French company, specializes in Li-Fi technology, offering secure and high-speed
internet connections through visible light communication and providing products like Li-Fi
modems and light fixtures. Visible Light Communication (VLC) Technologies, based in the UK,
is involved in developing ultra-fast, secure wireless solutions using VLC and Li-Fi for
commercial and industrial sectors. Accenture, a global professional services company, is also
involved in exploring and implementing Li-Fi solutions. Academic institutions also play a
crucial role in advancing Li-Fi technology.

The Fraunhofer Heinrich-Hertz-Institute (HHI) in Germany has conducted testing of Li-Fi
for industrial applications. For the many devices that do not have Li-Fi antennas built into them,
the NEON module from Fraunhofer HHI is a dongle that can attach to laptops and other devices
via USB. It’s about the length and width of a credit card, about a half-inch thick, and has a
weight of about 60 grams, so it very much feels like an external SSD hard drive. It can achieve a

Presented and first published at SCTE TechExpo25 11
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downlink of 1 Gbps and an uplink of about 100 Mbps. There are outdoor applications for Li-Fi
as well, it can even work in sunlight. Fraunhofer HHI has an outdoor Li-Fi point-to-point
link that can supply 1 Gbps over 100 meters and 500 Mbps over 200 meters.

=
=i

Figure 6- Examples of Li-Fi USB Dongles

Solace Power and pureLiFi have collaborated on developing a window-mounted Li-Fi Fixed
Wireless Access (FWA) Customer Premises Equipment (CPE) to address challenges in broadband
deployment [11].

\. | LiFi
] .|

 pureliFi | Solace

Power

LU 0P|

Outdoor unit

Figure 7- Li-Fi Bringing Broadband Indoors

By moving wireless CPE outdoors, they have significantly improved the network capacity by as
much as 60% while increasing the speeds of connections. This solution supports self-install and
saves the cost of sending a technician out for installation.

These examples demonstrate the growing interest and practical application of Li-Fi technology in
diverse and demanding real-world scenarios.

Under the Trulifi brand, Signify has several product offerings for indoor office Li-Fi
communications. The Trulifi 6002 uses up to six distributed optical antennas connected to a
G.vle (ITU-T 999.1) based modem solution. This approach is very beneficial when larger office
space coverage is required. Even multiple modems can be used, and the system provides
handover while users move from one access modem domain into a different one.

Presented and first published at SCTE TechExpo25 12
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Figure 8- Li-Fi Solution Components for Indoor Office Connectivity

The Li-Fi Research and Development Centre at the University of Edinburgh, led by Professor
Harald Haas, a key figure in the development of Li-Fi, continues to contribute significantly to the
field. The collaboration between established lighting companies and dedicated Li-Fi startups,
along with the ongoing research in academic institutions, creates a dynamic ecosystem that
fosters innovation and explores the diverse potential of Li-Fi technology.

5. Exploring Li-Fi Technology Applications

Li-Fi technology offers a unique set of characteristics that make it well-suited for a variety of applications
across different industries.

5.1. Smart Homes

In smart homes [14], Li-Fi can provide fast, secure, and reliable wireless communication for the
growing number of connected devices being used. This technology not only facilitates
exceptionally high data transfer rates, potentially exceeding gigabit per second speeds, but also
delivers significant advantages in terms of latency, interference management, and security -
critical elements for

optimizing the performance of interconnected smart home ecosystems.

New emerging applications such as immersive virtual reality, advanced automation systems, and
high-fidelity media streaming, demand a stable, low-latency, and secure network. Li-Fi addresses
these requirements by providing reliable, high-quality transmission speeds and minimizing
interference from other radio frequency-based devices. Its use of visible light or near-infrared
light for data transmission offers inherent security benefits, as light signals are typically confined
to illuminated areas, mitigating the risk of unauthorized data interception.

Furthermore, Li-Fi systems can potentially be seamlessly integrated with existing LED lighting
infrastructure, which presents a practical and aesthetically pleasing solution for enhancing home

Presented and first published at SCTE TechExpo25 13
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network coverage. Each Li-Fi enabled light fixture can function as a wireless access point,
ensuring consistent and ultra-fast network access throughout the home. Advanced features like
intelligent handover between light points and interference management protocols further enhance
the user experience, providing uninterrupted connectivity. These benefits are making Li-Fi
technology a compelling choice for smart homes where data security and privacy are prioritized.

5.2. Healthcare

In the healthcare sector, Li-Fi presents several compelling advantages [15,16]. The inherent
security of Li-Fi, stemming from the fact that light cannot penetrate walls, makes it an ideal
solution for the secure and fast transfer of sensitive patient data, crucial for maintaining privacy
and complying with regulations like HIPAA. Furthermore, Li-Fi is immune to electromagnetic
interference which is a significant benefit in hospital environments where traditional wireless
networks can disrupt or be disrupted by sensitive medical equipment such as MRI machines.
This allows for the seamless operation of both communication systems and critical medical
devices. Li-Fi technology can also power real-time patient monitoring systems by enabling
secure and high-speed data transmission from Li-Fi-enabled sensors, ensuring continuous and
accurate tracking of vital signs. Additionally, the localization capabilities of Li-Fi can be utilized
for indoor positioning and navigation within hospitals, assisting patients and staff in navigating
complex facilities and improving overall efficiency. Li-Fi's contention free, low latency and high
throughput connections make it a potential solution for robotic surgery and remote medical
procedures, providing the stable and responsive connection required for precise control and real-
time image transmission.

5.3. Education

The education sector can significantly benefit from the implementation of Li-Fi technology. In
classrooms and campuses [17], Li-Fi can provide enhanced connectivity to support online
learning platforms, video lectures, and access to digital educational resources, addressing the
increasing demand for bandwidth with the growing number of connected devices. The inherent
security of Li-Fi, where light signals are confined to a specific area, offers improved network
security for sensitive student data, reducing the risk of unauthorized access. Low latency and
high bandwidth capabilities of Li-Fi can also support interactive learning technologies such as
augmented and virtual reality, creating immersive and engaging educational experiences.

5.4. Retail

In the retail industry [18], Li-Fi technology can enhance the in-store customer experience in
various ways. By using shop display lighting as a Li-Fi broadcast channel, retailers can transmit
personalized marketing information, digital signage, and real-time promotions directly to
customers' smartphones or other Li-Fi-enabled devices. Li-Fi can also enable indoor positioning
and wayfinding within large retail spaces, helping customers navigate stores more efficiently and
providing retailers with valuable insights into customer flow patterns. The secure nature of Li-Fi
can also facilitate secure and efficient transaction processing within the store. Moreover,
integrating Li-Fi with inventory management systems through Li-Fi-enabled sensors can
optimize inventory tracking, reduce costs, and improve overall operational efficiency.
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5.5. Transportation

The transportation sector presents numerous potential applications for Li-Fi technology [19]. In
aviation, Li-Fi enabled lighting can provide high-speed in-flight connectivity for passengers
without causing electromagnetic interference with sensitive aircraft electronics. In the
automotive industry, vehicles equipped with LED headlights and taillights could communicate
with each other (V2V) and with roadside infrastructure (V2I) via Li-Fi, enhancing road safety
and traffic management by enabling the exchange of real-time information about road conditions
and potential hazards. Li-Fi also holds promise for underwater applications, where radio waves
are quickly absorbed by water, enabling communication with remotely operated underwater
vehicles (ROVs) and between divers.

5.6. Other Emerging Applications

Beyond the key sectors mentioned above, military and government sectors can leverage military-
grade security offered by Li-Fi for highly secure communication networks, resistant to
eavesdropping and jamming. In industrial settings, Li-Fi offers interference-free communication
in environments sensitive to RF signals, supporting automation, robotics, and secure data
exchange. Li-Fi Techn News has published a list of top 30 applications where Li-Fi can be used
[32].

6. Future Trends and Recommendations

The future of Li-Fi technology appears promising, with several key trends and advancements on the
horizon. One significant trend is the ongoing miniaturization of Li-Fi components. As Li-Fi modules
become smaller and more cost-effective, their integration into a wider range of devices, including
smartphones, laptops, and IoT devices, will become increasingly feasible, paving the way for broader
consumer adoption. The development and deployment of hybrid Li-Fi/Wi-Fi systems is also expected to
gain traction. These systems will allow devices to seamlessly switch between Li-Fi and Wi-Fi networks,
depending on factors like signal availability, security requirements, and user mobility, which can provide
a more robust and adaptable wireless connectivity experience. Furthermore, the integration of Li-Fi with
emerging technologies like 5G/6G networks holds significant potential [20]. In high-density urban
environments and other scenarios where 5G/6G networks might face capacity limitations, Li-Fi can act as
a complementary technology, offloading data traffic and providing additional high-speed, secure
connectivity within localized areas. To further advance the field and broaden the applicability of Li-Fi,
continued research and development efforts are crucial. Areas such as enabling non-line-of-sight
communication, extending the range of Li-Fi signals, and reducing the overall cost of implementation are
key priorities. For businesses and organizations in sectors like healthcare, defense, education and retail, it
is recommended to explore pilot projects and evaluate the potential benefits of Li-Fi for their specific
needs and operational environments. This will allow them to gain firsthand experience with the
technology and determine its suitability for addressing their unique challenges and requirements.

7. Conclusion

Li-Fi technology represents a significant advancement in wireless communication, offering
compelling advantages in terms of speed, security, and immunity to radio frequency interference.
Its diverse range of potential applications across smart homes, healthcare, education, retail,
transportation, and other sectors highlights its versatility and ability to address specific needs.
While limitations such as the requirement for line-of-sight communication and limited range
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currently pose challenges to widespread adoption, ongoing research and development, coupled
with standardization efforts like IEEE 802.11bb, are steadily paving the way for its broader
implementation. Soon, Li-Fi is likely to serve as a complementary technology to existing
wireless solutions like Wi-Fi, enhancing connectivity in specific use cases and providing a
valuable alternative in environments where its unique advantages are paramount. Li-Fi can help
reduce congestion on RF-based communication networks. The continued innovation and
exploration of Li-Fi technology capabilities suggest a promising future for this light-based
communication technology in the evolving landscape of wireless connectivity.
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