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Light Fidelity (LiFi), a new technology that uses light to transmit data as a high-speed wireless connection system from a

wide spectrum of domains.
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1. Introduction

On the other hand, VL is visible and detectable by the human eyes. Furthermore, the spectrum of VL has seven colors ,

with their respective wave lengths and data transmission speeds. Many studies have used and tested different lights to

transmit data. The main focus was on Red, Green and Blue, which is also known as RGB .

One of the most important events that has made history in the 1880s was the invention of the photophone by Alexander

Graham Bell and his team . The photophone was an instrument that conveyed speech wirelessly via a beam of light.

The first documented research in modern VLC began at the Keio University in Japan in Nakagawa Laboratory . In 2006,

CICTR researchers from the State University of Pennsylvania suggested the combination of power transmission with LED

technology to ensure adequate broadband access. This entry specifically focused on data transfer that utilized LEDs with

VL. This channel provided inexpensive and sufficient illumination and home networking. Two years later, the European

Union started its VLC research project, known as OMEGA ; they aimed to develop a high-speed domestic service

network at rates of up to 1 Gbit/s. The maximum performance cap for the network was 1.25 Gbit/s. In 2008, the United

States National Science Foundation conducted a range of tests to enhance the usage of smart lighting wireless

communication network . Funding was initiated to use LED bulbs as comparable points of communication technologies.

Many other research ventures have been conducted in the European Union and the United States. Some of these works

have contributed substantially to the establishment of LiFi at the Edinburgh University in Scotland. The development of the

VLC technology began in 2006 and was primarily based on the two-way data communication. Subsequently, paving the

way for the growth of LiFi technology. LiFi was introduced to the world via the Hass’ 2011 TED talk. Wireless data

transmission by light bulb was demonstrated in the talk. During the talk, Haas presented a variant of “The Light Fidelity”.

In 2012, he helped assess the LiFi Product Marketing Business, the first company to combine LiFi instruments with

existing LED lights and named it Market-Built Equipment Original Equipment Manufacturer (OEM) .

LED lights are used in LiFi to deliver good lighting since it uses the existing lighting infrastructure and provides illumination

in indoor areas. In order to guarantee the general indoor illumination, a pre-requisite requirement of a minimum

illuminance of 500 lux is needed, and the area optical power of LiFi APs is set to be 2.5 W/m2 . Note that the measuring

unit for illumination is lux . LiFi technology has attracted high attention of the research

community , and various research efforts on this technology have constantly been growing . This technology is best

known for its various importance and contributions over other existing technologies (i.e., Wi-Fi, Bluetooth, and RF

identification) , which include high data transmission rates , fast speed , safety , availability , efficiency ,

security  and low cost . The integration of LiFi in every light source creates an opportunity to shift ubiquitous light to

the connected objects. Therefore, boosting its potentials and expansion in tremendous ways . Extensive research on

this technology and its various potentials will yield remarkable findings from the perspectives of science and academia

and from various interested parties that have the commercial ability to integrate this technology in their respective

domains. Organizations also will benefit from the full potential, and it will pave the way for new communications in the

future. Thus, it is a very important topic that receives considerable attention that has served as an important motivating

factor for this paper.

The contributions of this entry can be summarized as follows: (I) a detailed literature review and a multi-aspect

classification is introduced. (II) Identification of the most important features of the architectural component of LiFi network

systems. (III) Detailed discussion on the advantages and disadvantages of this technology. (IV) A comprehensive
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comparison between LiFi and other technologies. (V) discussion of multi-user access in LiFi networks. (VI) discussions on

the most significant scientific challenges and open issues for LiFi and finally a comprehensive discussion of the highly

utilized area of LiFi applications.

2. Applications of the LiFi Network

Furthermore, Wi-Fi is unauthorized in certain domains because of the interaction among signals such as those in radiation

operating rooms. Wireless Internet in several hospitals can obstruct the signals of control devices. LiFi solves these

issues, often in operating rooms when the network is constant rather than flickering. LiFi is ideally used in modern medical

facilities. Thus, addressing the challenges, including interference, which occur when using wireless technologies, such as

IR and RF. Thus, LiFi is a substantial complementary approach to radio, being particularly attractive in scenarios where

RF and/or IR fail to provide security, privacy, and zero electromagnetic interference . This avoidance of electromagnetic

radiation challenges which occurs with other wireless technologies in locations like aircraft, surgical facilities, and the oil

and petrochemical industries enables many new opportunities .

Other types of LiFi applications include sound system communications. Studies on sound system applications are fewer

as compared to other applications. However, they are discussed because of their significance in integrating LiFi. In ,

various coloured LEDs may relay sound and even execute an audio signal transmitting scheme at the Pulse width

modulation (PWM) base .

LiFi has performed in similar outstanding standards as other technologies used in a broad range of applications, such as

education, eventhough LiFi is among the latest of technology. The most advanced Internet access technology offers one

of the fastest Internet connectivity . Thus, LiFi can be considered the most modern Internet networking infrastructure

that provides the best connection to the Internet. It can be an excellent alternative to Wi-Fi in educational and corporate

organizations. Therefore, it can be considered among the ideal frameworks to be used by colleges, lecture rooms,

conference rooms, testing centres, research centres, and laboratories .

Any light source, such as streetlights, may deliver LiFi hotspots. Indoor and outdoor lights in the office, home, health

facilities, business sites, airlines, cars, and streets allow artifacts to be linked to the Internet using attractive VLC features.

Therefore, street signage can be used as a hotspot and can be rendered as a proper LiFi application. Moreover, the same

networking and sensor technologies may be used for lighting and data management .

3. Component and Architecture of a LiFi System

LiFi, as a potential and strong candidate in communication, is different from traditional Wi-Fi in many aspects, such as its

components and architecture. Understanding such aspects will aid in comprehending and utilizing the technology

efficiently in the future. Therefore, this section aims to elaborate and discuss the components and architecture of LiFi. A

standard LiFi operating system involves propagation in one path, such as DL  or UL  or where both of them

are BID . Power and data may be supplied to each light fixture through various approaches, including Power Over

Ethernet (PoE) and Power Line Connectivity (PLC) . An UL is introduced by utilizing a transmitter on the user

equipment (UE) or sometimes using an IR source and a receiver near the light fixture. These light fixtures, which

simultaneously serve as wireless LiFi APs, generate an incredibly tiny cell called attocell. This tiny cell has a high

bandwidth density because of a single light source . The key and typical components for data transmission and

reception in DL and UL are specified in this section. The transmitter and receiver also run simultaneously between the UE

and the AP. Similar techniques, processes, device architecture, and configurations were suggested by most researchers

who worked on improving LiFi systems. Consequently, the most common components used in LiFi systems in DL and UL

procedures are introduced in this section.

A LiFi light bulb is used as a DLT . Usually, the light bulb consists of one LED or many shaped clusters . Quick

and massive current variations can be created to produce the optical output because only Light is used . The LiFi light

bulb is constantly operating and interruption-free because the LED can be turned on and off easily, and the number is

quickly modulated. Thus, even though it flickers, the human eye is not able to see it . This transmitter, known as the AP,

can be connected to the receiver in UEs, such as PCs, laptops, and mobile phones . Similar to all other wireless

networking technologies, this AP spans a small region and transforms IP network knowledge into bits. Also, the coverage

area created by LiFi AP is referred to as the attocell . Figure 1 illustrates the LiFi AP attocell. A few important factors

must be considered in DLT. (i) The line of sight (LOS) component: the contributions of the received signal, wall, and

surface which are reflected in the light. Therefore, the LiFi technology is not strictly oriented to the LOS .

However, LOS connections offer greater results than the Non-Line Of Sight (NLOS) link. (ii) Presenter of light: This factor

depends on the irradiance angle and the environment. Most LiFi simulation studies assume that the irradiance angle in
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their device design is perpendicular to the floor . This phenomenon shows that the attocell for each AP is in an

asymmetric circular form. Meanwhile, the irradiance angle is a significant feature for designing and creating methods,

algorithms, and schemes, such as APS, LB, and HO management and coordination. (iii ) Illumination: This factor refers to

the important volumes of transmitted optical energy. This power follows the transfer of electric power to optical power .

Moreover, the room’s height has a major effect on the optical power, which contributes to the intensity of the AP–UE

communication relationship. However, more APs require more lighting, subsequently increasing the noise between the

APs. Thus, the Signal-To-Interference-Plus-Noise Ratio (SINR) must be considered. Although all these factors might seem

identical, they are not.

Figure 1. LiFi attocell in DLT.

However, they participate in AP assignment and communication resource allocations. The LiFi AP covers a specific and

limited area. Moreover, attocells are cells greater in scale than the communication in the LiFi network. A strong spatial

spectrum quality can be obtained by reusing the bandwidth in each attocell . The overlap zone, Optical Co-Channel

Interference (CCI), is recognized and treated as noise because the same bandwidth is reused by all attocells . The

attocell diverges scale based on the source of illumination and the form of light. (iv) The distance between the AP and the

region of irradiation. The attocell boundary represents the edge of the illuminated region. CCI occurs when two or more

attocell users are linked as long as they remain inside the HO circle. This phenomenon is the same as that in the LiFi

service area. Thus, users will connect to the AP and receive a LiFi signal from there. Other signal forms from another AP,

such as Wi-Fi, may affect the area size . As users across the HO zone borders, they would experience HO where they

would remain inside the HO field. Depending on the algorithm used, such as the LB algorithm, this approach requires

multiple milliseconds to seconds . However, even within the HO zone, users will not experience HO in certain cases.

This instance, which is termed as HO overhead , may occur even beyond the HO area because of other

factors, such as: (i) the capacity of networks, (ii) the density for devices or users, (iii) signal intensity strength, and (iv)

availability.

Using an IR light for UL can be a potential scheme for LiFi systems because IR light is invisible to the human eye. Using

RF as a UL increases the complexity of combining space and time to increase the number of users who can access the

network with a target value of rate per user. Managing transmissions by multiple users are necessary. To assure

connectivity, UL coverage, and sufficient rate, multiple APs must be considered because the sole use of an AP may be

inadequate. The opportunity of having the same signal copy at a different AP may induce interference if not adequately

regulated through an access strategy. The ULR is called an IR detector, and it is typically placed in the ceiling at the AP

beside the DLT, depending on the design that is being used. The CU controls both entities. In , the authors proposed a

design for a UL with multiple users which consisted of five photodiodes. The UE refers to the user’s pieces of equipment,

such as laptops, phones, or any other devices. A cell phone is supposed to face upwards for proper ULT because of the

Vertical handover (VHO) and a complicated power allocation are required. The ULT greatly depends on the user and AP

locations. For instance, when WiFi is used for UL, users can move more freely in the room without considering the device

orientation. By contrast, UE should be placed upward to maintain a stable connection for systems that use IR for UL. An

IR ULT smart Time Division Multiple Access (TDMA)-based scheme was proposed in . The authors proposed a scheme
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with hybrid access that aimed to ULT and/or DLT are essential for a complete LiFi system. In Figure 7 , all the hardware

components used in building, designing, or modelling a LiFi system network are proposed. To build, design, or study the

architectural components of a LiFi system, understanding and investigating all the entities that must be included in the

development of the LiFi systems are important. Figure 7 illustrates the essential components of infrastructure, AP side

and UE side. The AP side includes Internet access , lamp driver, and light bulb, which represents the AP ; CU to

control the flow of the data and support the LB and APA process ; and PLC or POE, which make to the use of the

power lines as the medium of communication in the infrastructure among Internet servers , CU, and APs

possible. The UE includes cell phone, PC, or a dongle, including a light detector, such as a PD or camera , solar cell

, or PV , as receivers.

4. Comparison between LiFi and other OWC/RF Technologies

The OWC spectrum is unlicensed and offers better security  compared with RF-based wireless systems. However,

many differences among them are noted, as shown in Table 1 . Table 2 shows a comparison of these technologies and

explains the main differences between the LiFi system and the RF system in terms of elements, functionality,

specifications, and other factors. Moreover, there are significant features and differences between LiFi and VLC; they both

use existing illumination infrastructure . The availability of VLC or LiFi attocells adds a new tier, creating three-tier

networks . LED luminaires or laser diodes (LDs) are used as transmitters, and photodetectors (PDs) are used as

receivers in VLC. It can provide communication, lighting, and localization while using simply VL as a communication

medium. VLC does not require mobility or illumination assistance. Sunlight and ambient light sources significantly impact

VLC performance, rendering it inappropriate for outdoor applications.

Table 1. LiFi and other OWC comparison .

METRICS FSO VLC OCC LiFi

Indoor/outdoor Outdoor Indoor/outdoor Indoor/outdoor Indoor/outdoor

Outdoor/indoor
stability Outdoor Indoor Outdoor Indoor

LOS/NLOS LOS only LOS/limited
NLOS LOS only LOS/NLOS

Topology P2P P2P, limited
P2MP P2P P2P, P2MP, MP2P,

MP2MP

Mobility support No Possible No Yes

NLOS support No No No Yes

Transmitter LD LD/LED LED LD/LED

Receiver PD PD/Cam Cam/IR PD/Solar cell

Comm.
Distance/range >10,000 km 20 m 60 m 10 m

Multi-user access No Yes No Yes

Interference Yes Yes No Yes

Outdoor
vulnerable
(Fog/rain)

Yes Yes Yes Yes

Comm. direction One direction One direction One direction Bi-directional

Spectrum IR/VL/UV VL IR/VL IR/VL/UV

Cell size/service
area Small Medium/small Small Ultra-small/small

Data rate High speed 1–40 Gbps LED = ~10 Gb
LD = ~100 Gb

The achievable data rates are
low~55 Mbps

LED = ~10 Gb
LD = ~100 Gb

Security High High High High
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METRICS FSO VLC OCC LiFi

Applications

It can be used to provide
ultra-high speed backhaul
connections within a data
center

Indoor

Backhaul

Vehicles

Outdoor

IoT

M2M

Applications on existing
smartphones, such as:

Indoor

positioning/navigation,

asset tracking and

the broadcast of barcodes

V2V

I2V

Indoor

Outdoor

Underwater

Vehicles

IoT

D2D

M2M

5G support Yes Yes Yes Yes

Table 2. LiFi and Rf comparison .

METRICS LiFi RF

Bandwidth Unlimited Limited

Power consuming Medium High

Topology P2P, P2M P2P, P2M

Data transmission carrier Light waves Radio waves

Communication medium VL RF

Range of spectrum High Low

Frequency 100 TH 20 kHz–300 GHz

Range ~10 m ~100 m

Privacy Higher Lower

Underwater communication efficiency High Low

Dynamic environment support Low to medium High

Installation Easy Easy

Hybrid with other systems Necessary Not necessary

HO rate High Low

DL Light waves Radio waves

UL RF, IR Radio waves

Number of users per AP Less More

Video streaming Very fast Medium

IoT support Yes Yes

Transmitter LED Antenna

Receiver PD, PV Antenna

Standard IEEE 802.15.7 IEEE 802.11.xx

Cost Cheap Expensive

Availability Where light exists Limited

Environmental impact Low High

Services Lighting and Internet access Internet-only
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METRICS LiFi RF

Blockage Yes Limited

Interference Low High

Shadowing Yes No

Security High Low

Modulation OFDM, OOK, CDMA, CSK, PM, etc. DSSS, ASK, PM, etc.

Maximum data rate 10 to 100 Gbps 6 Gbps

Communication distance Short Long

Outdoor stability Low High

Indoor stability High High

Noise Sunlights, Inter-Cell Interference ICI, and CCI All electronic appliances

Health Safe Harmful 

LiFi, like VLC, employs LEDs or LDs as transmitters and PDs as receivers, as well as communication, illumination, and

localisation. A LiFi system has a transmitter and a receiver at both ends of the transmission, allowing for bidirectional

communication. Furthermore, it facilitates point-to-multipoint connections. Mobility and lighting support are required in LiFi.

Sunlight and ambient light sources have a significant impact on LiFi functionality .

The studies , claims that LiFi and VLC both use a light-based technology for data transmission. VLC differs from LiFi

because it is a unidirectional, point-to-point light communication system with lower data speeds. While LiFi is a networked,

bidirectional, and high-speed wireless communication system. In contrast to VLC applications, infrared light is being

examined for communication in LiFi and communication distances in LiFi limed to 10m while in VLC is 20m; moreover,

VLC uses VL spectrum as a transmission medium while LiFi uses VL, UV and IR. Furthermore, LiFi uses PD as a

receiver, while VLC uses PD and Camera. Moreover, LiFi and VLC have different standardization; LiFi standardisation is

IEEE 802.11 bb, while VLC standardization is IEEE 802.15.7 .

LiFi and VLC both offer high data rates, but WiFi and small cells give relatively broader coverage for increased support for

mobility. If LED transmitters are situated closely, VLC and LiFi systems suffer from interference effects . In hybrid

systems, similar to WiFi/VLC, WiFi/LiFi, and small cell/LiFi systems, macrocell/VLC and macrocell/LiFi hybrid systems

also support offloading traffic to high-data, cheaper VLC and LiFi networks to enhance spectrum use, dependability of

links, seamless movement, and security for optical wireless users. VLC and LiFi VLC are dislodging the increasingly large

traffic in the macrocellular network. Traffic is routed across two networks in RF/VLC and RF/LiFi hybrid systems, ensuring

improved service levels and maximising the use of resources. A hybrid system network can be selected based on the

parameters such as traffic type, needed safety levels, required data rate, lighting requirements, mobility assistance and

uplink/downlink service type .

References

1. Bao, X.; Yu, G.; Dai, J.; Zhu, X. Li-Fi: Light fidelity-a survey. Wirel. Netw. 2015, 21, 1879–1889.

2. Ma, W.; Zhang, L. QoE-Driven Optimized Load Balancing Design for Hybrid LiFi and WiFi Networks. IEEE Commun. Le
tt. 2018, 22, 2354–2357.

3. The History of LiFi. Available online: https://lifi.co/the-history-of-lifi/ (accessed on 4 November 2021).

4. Nakagawa Laboratories Creates the Next Generation Ubiquitous Society Using Visible Light Communication. Available
online: http://www.naka-lab.jp/ (accessed on 4 November 2021).

5. OMEGA Project 2009–2012. Available online: https://www.nasa.gov/centers/ames/research/OMEGA/index.html.# (acce
ssed on 4 November 2021).

6. Chen, C.; Basnayaka, D.A.; Haas, H. Downlink Performance of Optical Attocell Networks. J. Light. Technol. 2016, 34, 1
37–156.

7. Murawwat, S.; Mehroze, R.; Rabbi, K.; Moeen, A.; Sheikh, T. An Overview of LiFi: A 5G candidateTechnology. In Proce
edings of the 2018 International Symposium on Recent Advances in Electrical Engineering (RAEE), Islamabad, Pakista
n, 17–18 October 2018.

[80][77][78][79] [7][79]

[69]

[81][82]

[10][81]

[83]

[69]



8. Hasan, M.K.; Chowdhury, M.Z.; Shahjalal, M.; Jang, Y.M. Fuzzy Based Network Assignment and Link-Switching Analysi
s in Hybrid OCC/LiFi System. Wirel. Commun. Mob. Comput. 2018, 2018, 1–15.

9. Kulkarni, S.; Darekar, A.; Joshi, P. A survey on Li-Fi technology. In Proceedings of the 2016 International Conference on
Wireless Communications, Signal Processing and Networking (WiSPNET), Chennai, India, 23–25 March 2016; pp. 162
4–1625.

10. Chowdhury, M.Z.; Hossan, M.T.; Islam, A.; Jang, Y.M. A Comparative Survey of Optical Wireless Technologies: Architec
tures and Applications. IEEE Access 2018, 6, 9819–9840.

11. Mukherjee, M.; Lloret, J.; Lv, Y. Leveraging light-fidelity for internet of light: State-of-the-art and research challenges. Int
ernet Technol. Lett. 2018, 2, e83.

12. Siddique, I.; Awan, M.Z.; Khan, M.Y.; Mazhar, A. Li-Fi the Next Generation of Wireless Communication through Visible
Light Communication (VLC) Technology. Int. J. Sci. Res. Comput. Sci. Eng. Inf. Technol. 2019, 30–37.

13. Kumar, N.V.R.; Srikanth, A.; Singha, A.; Sam, B.B. Comparison of LIFI and WIFI and study of smart meter-survey. In Pr
oceedings of the 2017 International Conference on Information Communication and Embedded Systems (ICICES), Ch
ennai, India, 23–24 February 2017; pp. 1–8.

14. Shetty, A. A comparative study and analysis on Li-Fi and Wi-Fi. Int. J. Comput. Appl. 2016, 150, 975–8887.

15. Kuppusamy, P.; Muthuraj, S.; Gopinath, S. Survey and challenges of Li-Fi with comparison of Wi-Fi. In Proceedings of t
he 2016 International Conference on Wireless Communications, Signal Processing and Networking (WiSPNET), Chen
nai, India, 23–25 March 2016; pp. 896–899.

16. Leba, M.; Riurean, S.; Lonica, A. LiFi—The path to a new way of communication. In Proceedings of the 2017 12th Iberi
an Conference on Information Systems and Technologies (CISTI), Lisbon, Portugal, 21–24 June 2017.

17. Albraheem, L.I.; Alhudaithy, L.H.; Aljaser, A.A.; Aldhafian, M.R.; Bahliwah, G.M. Toward Designing a Li-Fi-Based Hierar
chical IoT Architecture. IEEE Access 2018, 6, 40811–40825.

18. Wu, X.; Safari, M.; Haas, H. Access point selection for hybrid Li-Fi and Wi-Fi networks. IEEE Trans. Commun. 2017, 6
5, 5375–5385.

19. Albert, G.; Dekel, G.; Kurland, S.; Ran, M.; Malka, D.; Katz, G. Which LiFi’s apps may fit mostly to 5G and beyond-5G T
echnology? In Proceedings of the 2019 Global LIFI Congress (GLC), Paris, France, 12–13 June 2019.

20. Khallaf, H.S.; El-fiqi, A.E.; Elwekeil, M.; Shalaby, H.M.H.; Obayya, S.S.A. Efficiency of Opportunistic Cellular/LiFi Traffic
Offloading. In Proceedings of the 2017 19th International Conference on Transparent Optical Networks (ICTON), Giron
a, Spain, 2–6 July 2017; pp. 31–34.

21. Haas, H. LiFi: Conceptions, misconceptions and opportunities. In Proceedings of the 2016 IEEE Photonics Conference
(IPC), Waikoloa, HI, USA, 2–6 October 2016.

22. Ronen, E.; Shamir, A. Extended functionality attacks on IoT devices: The case of smart lights. In Proceedings of the IE
EE European Symposium on Security and Privacy (EuroS&P), Saarbruecken, Germany, 21–24 March 2016; pp. 3–12.

23. Ahmed, I.; Karvonen, H.; Kumpuniemi, T.; Katz, M. Wireless Communications for the Hospital of the Future: Requireme
nts, Challenges and Solutions. Int. J. Wirel. Inf. Netw. 2020, 27, 4–17.

24. Karunatilaka, D.; Zafar, F.; Kalavally, V.; Parthiban, R. LED based indoor visible light communications: State of the art. I
EEE Commun. Surv. Tutor. 2015, 17, 1649–1678.

25. Habib, B. MIMO hardware simulator design for time-varying 802.15.7 VLC outdoor automotive crossroad V2V and V2I
channels. In Proceedings of the International Wireless Communications and Mobile Computing Conference (IWCMC),
Valencia, Spain, 26–30 June 2017.

26. Assabir, A.; Elmhamdi, J.; Hammouch, A.; Akherraz, A. Application of Li-Fi technology in the transmission of the sound
at the base of the PWM. In Proceedings of the 2016 International Conference on Electrical and Information Technologie
s (ICEIT), Tangiers, Morocco, 4–7 May 2016.

27. Correa, A.; Hamid, A.; Sparks, E. Li-Fi Based Smart Traffic Network. In Proceedings of the 2018 IEEE Transportation El
ectrification Conference and Expo (ITEC), Long Beach, CA, USA, 13–15 June 2018; pp. 217–219.

28. Bhanse, S.P.; Pawar, S.R. Li plus Wi Fi: The Future of Internet of Things. In Proceedings of the 3rd International Confer
ence on Communication and Electronics Systems (ICCES 2018), Coimbatore, India, 15–16 October 2018; pp. 538–54
3.

29. Paraskevopoulos, A.; Schulz, D.; Hilt, J.; Hellwig, P.; Jungnickel, V. Pilot Li-Fi installation in a conference room in Maina
u-Lake constance: Realization and outlook. In Proceedings of the 2018 Global LIFI Congress, Paris, France, 8–9 Febru
ary 2018.



30. Nafchi, A.R.; Estevez, F.S.; Hamke, E.; Jordan, R. Applying the FRFT to an OFDM System for Li-Fi: A Design Experime
nt for Peace Engineering Education. In Proceedings of the 2018 World Engineering Education Forum—Global Enginee
ring Deans Council (WEEF-GEDC), Albuquerque, NM, USA, 12–16 November 2018.

31. Hammouda, M.; Akin, S.; Vegni, A.M.; Haas, H.; Peissig, J. Link Selection in Hybrid RF/VLC Systems under Statistical
Queueing Constraints. IEEE Trans. Wirel. Commun. 2018, 17, 2738–2754.

32. Wang, Y.; Wu, X.; Haas, H. Load Balancing Game with Shadowing Effect for Indoor Hybrid LiFi/RF Networks. IEEE Tra
ns. Wirel. Commun. 2017, 16, 2366–2378.

33. Bialic, E.; Maret, L.; Kténas, D. Specific innovative semi-transparent solar cell for indoor and outdoor LiFi applications.
Appl. Opt. 2015, 54, 8062.

34. Surampudi, A.; Ganti, R.K. Interference Characterization in Downlink Li-Fi Optical Attocell Networks. J. Light. Technol. 2
018, 36, 3211–3228.

35. Chen, C.; Ijaz, M.; Tsonev, D.; Haas, H. Analysis of downlink transmission in DCO-OFDM-based optical attocell networ
ks. In Proceedings of the IEEE Global Communications Conference, Austin, TX, USA, 8–12 December 2014.

36. Mérelle, T.; Bataillou, B. LiFiX: A fully bidirectional CMOS light communication device. In Proceedings of the Global LIFI
Congress (GLC), Paris, France, 8–9 February 2018.

37. Wang, Y.; Basnayaka, D.A.; Wu, X.; Haas, H. Optimisation of Load Balancing in Hybrid LiFi/RF Networks. IEEE Trans.
Wirel. Commun. 2017, 6778, 1–13.

38. Yu, H.K.; Kim, J.G. Smart navigation with AI Engine for Li-Fi based Medical Indoor Environment. In Proceedings of the
2019 International Conference on Artificial Intelligence in Information and Communication (ICAIIC), Okinawa, Japan, 11
–13 February 2019; pp. 195–199.

39. Alshaer, H.; Haas, H. Bidirectional LiFi Attocell Access Point Slicing Scheme. IEEE Trans. Netw. Serv. Manag. 2018, 1
5, 909–922.

40. Soltani, M.D.; Arfaoui, M.A.; Tavakkolnia, I.; Ghrayeb, A.; Safari, M.; Assi, C.M.; Hasna, M.O.; Haas, H. Bidirectional Op
tical Spatial Modulation for Mobile Users: Toward a Practical Design for LiFi Systems. IEEE J. Sel. Areas Commun. 201
9, 37, 2069–2086.

41. Anwar, D.; Srivastava, A. Energy saver VLC using off-the-shelf devices: An experimental study. In Proceedings of the 2
018 IEEE International Conference on Advanced Networks and Telecommunications Systems (ANTS), Indore, India, 16
–19 December 2018.

42. Haas, H. LiFi is a paradigm-shifting 5G technology. Rev. Phys. 2018, 3, 26–31.

43. Haas, H.; Chen, C.; O’Brien, D. A guide to wireless networking by light. Prog. Quantum Electron. 2017, 55, 88–111.

44. Goto, Y.; Takai, I.; Yamazato, T.; Okada, H.; Fujii, T.; Kawahito, S.; Arai, S.; Yendo, T.; Kamakura, K. A New Automotive
VLC System Using Optical Communication Image Sensor. IEEE Photonics J. 2016, 8, 1–17.

45. Ma, W.; Zhang, L.; Jiang, Y. Optimized joint LiFi coordinated multipoint joint transmission clustering and load balancing
for hybrid LiFi and WiFi networks. J. Opt. Commun. Netw. 2020, 12, 227–238.

46. Sewaiwar, A.; Tiwari, S.V.; Chung, Y. Novel user allocation scheme for full duplex multiuser bidirectional Li- Fi network.
Opt. Commun. 2015, 339, 153–156.

47. Wu, X.; Basnayaka, D.; Safari, M.; Haas, H. Two-stage access point selection for hybrid VLC and RF networks. In Proc
eedings of the IEEE 27th Annual International Symposium on Personal, Indoor, and Mobile Radio Communications(PI
MRC), Valencia, Spain, 4–8 September 2016.

48. Shamsudheen, P.; Sureshkumar, E.; Chunkath, J. Performance Analysis of Visible Light Communication System for Fre
e Space Optical Communication Link. Procedia Technol. 2016, 24, 827–833.

49. Wang, Y.; Wu, X.; Haas, H. Distributed load balancing for Internet of Things by using Li-Fi and RF hybrid network. In Pr
oceedings of the 2015 IEEE 26th Annual International Symposium on Personal, Indoor, and Mobile Radio Communicati
ons. (PIMRC), Hong Kong, China, 30 August–2 September 2015.

50. Wang, Y.; Haas, H. Dynamic Load Balancing with Handover in Hybrid Li-Fi and Wi-Fi Networks. J. Light. Technol. 2015,
33, 4671–4682.

51. Wang, Y.; Basnayaka, D.A.; Haas, H. Dynamic load balancing for hybrid Li-Fi and RF indoor networks. In Proceedings
of the 2015 IEEE International Conference Communication Work, New York, NY, USA, 24–26 August 2015.

52. Chen, C.; Member, S.; Basnayaka, D.; Wu, X. Efficient Analytical Calculation of Non-line-of-sight Channel Impulse Res
ponse in Visible Light. J. Lightwave Technol. 2017, 8724, 1–17.



53. Alamir, A.; Esmaiel, H.; Hussein, H.S. Optical MIMO-TDS-OFDM with Generalized LED Index Modulation. In Proceedin
gs of the 2018 International Conference on Computing, Electronics & Communications Engineering (iCCECE), Southen
d, UK, 16–17 August 2018.

54. Purwita, A.A.; Chen, C.; Safari, M.; Haas, H. Cyclic-Prefixed System with PAM using DFE and THP for Uplink Transmis
sion in LiFi. In Proceedings of the ICC 2019—2019 IEEE International Conference on Communications (ICC), Shangha
i, China, 20–24 May 2019.

55. Wu, X.; Haas, H. Handover Skipping for LiFi. IEEE Access 2019, 7, 38369–38378.

56. Huynh, H.D.; Sandrasegaran, K.; Lam, S.C. Modelling and Simulation of Handover in Light Fidelity (Li-Fi) Network. In P
roceedings of the TENCON 2018—2018 IEEE Region 10 Conference, Jeju, South Korea, 28–31 October 2018; pp. 13
07–1312.

57. Zenalden, F.; Hassan, S.; Habbal, A. Vertical handover in wireless heterogeneous networks. J. Telecommun. Electron.
Comput. Eng. 2017, 9, 81–85. Available online: https://journal.utem.edu.my/index.php/jetc/article/view/1661 (accessed
on 12 June 2019).

58. Little, T.; Rahaim, M.; Abdalla, I.; Lam, E.; McAllister, R.; Vegni, A.M. A multi-cell lighting testbed for VLC and VLP. In Pr
oceedings of the 2018 Global LIFI Congresse (GLC), Paris, France, 8–9 February 2018.

59. Bui, T.; Biagi, M. TDMA-Like Infrared Uplink with Multi-Faces Photodiode Access Points. In Proceedings of the 2019 IE
EE International Conference on Communications Workshops (ICC Workshops), Shanghai, China, 20–24 May 2019.

60. Johri, R. Li-Fi, complementary to Wi-Fi. In Proceedings of the 2016 International Conference on Computation of Power,
Energy Information and Commuincation (ICCPEIC), Melmaruvathur, India, 20–21 April 2016; pp. 15–19.

61. Romanov, O.; Dong, T.T.; Nesterenko, M. The possibilities for deployment eco-friendly indoor wireless networks based
on LiFi technology. Proc. Int. Conf. Appl. Innov. IT 2020, 8, 41–48.

62. Lorrière, N.; Chabriel, G.; Barrère, J.; Pasquinelli, M.; Pic, G.; Vannieuwenhuyse, N.; Escoubas, L.; Simon, J.-J. LiFi Re
ception from Organic Photovoltaic Modules Subject to Additional DC Illuminations and Shading Effects. In Proceedings
of the 2019 Global LIFI Congress (GLC), Paris, France, 12–13 June 2019.

63. Hasan, M.K.; Shahjalal, M.; Chowdhury, M.Z.; Hossan, M.T.; Jang, Y.M. Fuzzy Logic Based Network Selection in Hybri
d OCC/Li-Fi Communication System. In Proceedings of the 2018 Tenth International Conference on Ubiquitous and Fut
ure Networks (ICUFN), Prague, Czech Republic, 3–6 July 2018; pp. 95–99.

64. Zhang, R.; Cui, Y.; Claussen, H.; Haas, H.; Hanzo, L. Anticipatory Association for Indoor Visible Light Communications:
Light, Follow Me ! IEEE Trans. Wirel. Commun. 2018, 1276.

65. Lorriere, N.; Bialic, E.; Pasquinelli, M.; Chabriel, G.; Barrere, J.; Escoubas, L.; Simon, J.J. An OFDM testbed for LiFi per
formance characterization of photovoltaic modules. In Proceedings of the 2018 Global LIFI Congresse (GLC), Paris, Fr
ance, 8–9 February 2018.

66. Haas, H.; Cogalan, T. LiFi Opportunities and Challenges. In Proceedings of the 2019 16th International Symposium on
Wireless Communication Systems (ISWCS), Oulu, Finland, 27–30 August 2019; pp. 361–366.

67. Wang, J.; Jiang, C.; Zhang, H.; Zhang, X.; Leung, V.C.M.; Hanzo, L. Learning-aided network association for hybrid indo
or LiFi-WiFi systems. IEEE Trans. Veh. Technol. 2017, 67, 3561–3574.

68. Beyranvand, H.; Emadi, M.J.; Sabouri, S.; Jamshidi, K.; Fitzek, F.H.P. Converged 5G and Fiber-Wireless Access Netwo
rks Enhanced with Visible Light Communications and Steerable Infrared Beam. In Proceedings of the 2019 2nd West A
sian Colloquium on Optical Wireless Communications (WACOWC), Tehran, Iran, 27–28 April 2019; pp. 152–156.

69. Chowdhury, M.Z.; Hasan, M.K.; Shahjalal, M.; Hossan, M.T.; Jang, Y.M. Optical wireless hybrid networks: Trends, oppo
rtunities, challenges, and research directions. IEEE Commun. Surv. Tutor. 2020, 22, 930–966.

70. Begley, D.L. Free-space laser communications: A historical perspective. In Proceedings of the 15th Annual Meeting of t
he IEEE Lasers and Electro-Optics Society, Glasgow, UK, 10–14 November 2002; pp. 391–392.

71. Fath, T.; Schubert, F.; Haas, H. Wireless data transmission using visual codes. Photonics Res. 2014, 2, 150–160.

72. Tsonev, D.; Videv, S.; Haas, H. Towards a 100 Gb/s visible light wireless access network. Opt. Express 2015, 23, 1627
–1637.

73. Ghassemlooy, Z.; Arnon, S.; Uysal, M.; Xu, Z.; Cheng, J. Emerging Optical Wireless Communications-Advances and C
hallenges. IEEE J. Sel. Areas Commun. 2015, 33, 1738–1749.

74. Ghassemlooy, Z.; Luo, P.; Zvanovec, S. Optical camera communications. In Optical Wireless Communications; Springe
r: Berlin/Heidelberg, Germany, 2016; pp. 547–568.

75. Khalighi, M.A.; Uysal, M. Survey on Free Space Optical Communication: A Communication Theory Perspective. IEEE
Commun. Surv. Tutor. 2014, 16, 2231–2258.



76. Rajagopal, N.; Lazik, P.; Rowe, A. Hybrid visible light communication for cameras and low-power embedded devices. In
Proceedings of the 1st ACM MobiCom Workshop on Visible Light Communication Systems, Maui, HI, USA, 7–11 Septe
mber 2014; pp. 33–38.

77. Chen, C.; Soltani, M.D.; Safari, M.; Purwita, A.A.; Wu, X.; Haas, H. An Omnidirectional User Equipment Configuration t
o Support Mobility in LiFi Networks. In Proceedings of the 2019 IEEE International. Conference. Communication. Work,
Shanghai, China, 20–24 May 2019.

78. Islam, R.; Mondal, M.R.H. Hybrid DCO-OFDM, ACO-OFDM and PAM-DMT for dimmable LiFi. Optik 2019, 180, 939–95
2.

79. Marshoud, H.; Sofotasios, P.C.; Muhaidat, S.; Karagiannidis, G.K.; Sharif, B.S. On the performance of visible light com
munication systems with non-orthogonal multiple access. IEEE Trans. Wirel. Commun. 2017, 16, 6350–6364.

80. Swetha, V.; Annadevi, E. Survey on Light-Fidelity. In Proceedings of the 2018 International Conference on Smart Syste
ms and Inventive Technology (ICSSIT), Tirunelveli, India, 13–14 December 2018; pp. 355–358.

81. Ramadhani, E.; Mahardika, G.P. The Technology of LiFi: A Brief Introduction. In Proceedings of the International Confer
ence on Information Technology and Digital Applications (ICITDA 2017), Yogyakarta, Indonesia, 9 November 2017.

82. Pure LIFI. Shedding Light on LiFi PureLiFi . 2017. Available online: https://purelifi.com/wp-content/uploads/2017/06/She
dding-Light-On-LiFi-webv2.pdf (accessed on 4 November 2021).

83. Chowdhury, M.Z.; Hossan, T.; Hasan, M.K.; Jang, Y.M. Integrated RF/Optical Wireless Networks for Improving QoS in I
ndoor and Transportation Applications. Wirel. Pers. Commun. 2018, 107, 1401–1430.

Retrieved from https://encyclopedia.pub/entry/history/show/39428


