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Abstract 

Visible light communication technology is an organic combination of communication 
and lighting, where information is transmitted using the high-speed light and dark flash 
signals emitted by fluorescent lamps or light emitting diodes (LED). With far higher 
frequency spectrum than current radio communication, it is able to provide more secure 
and more energy saving network communication with greater bandwidth and higher 
speed. This paper introduces the basic principle of visible light communication, 
discusses the research advances in the aspect of technical characteristics and analyzes 
the application scenarios of visible light communication. 
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1. Introduction 

Since being initially proposed in 2000, visible light communication (VLC) has witnessed huge 
potential and development prospect due to its merits such as large information capacity, 
flexible deployment, easy maintenance, high security and confidentiality. In recent 10 years, 
more countries, enterprises, schools and scientific research institutions have engaged in 
research of VLC technology. In 2018, the first commercial ultra-wide band VLC chipset was 
unveiled in Smart China Expo, marking that human have achieved the dream of communication 
with light. This paper will expound VLC technology from four aspects: the basic principle, 
advantageous characteristics, standardization and application.[1]  

2. Basic principle of VLC 

The principle of VLC system is shown in Figure 1. Its difference from traditional radio frequency 
communication is that the visible light signal receiving and sending ends substitute the radio 
frequency signal receiving and sending ends. The physical layer of VOL system consists of 
digital emitter and receiver, as well as visible light emitter and receiver. The digital emitter, 
which includes data source, baseband modem and digital analog converter, mainly functions to 
process the baseband and convert it into analog electrical signals. The digital receiver, which 
includes data sink, baseband modem and analog-digital converter, has a main function that is 
contrary to digital emitter. The emitter of visible light signals includes LED drive circuit and 
LED visible light source. In LED drive circuit, the analog electric signals are linearly amplified 
and converted into current which is loaded on the LED DC bias circuit, thus achieving emission 
of light signals in addition to basic lighting. The receiver of visible light signals includes 
photoelectric detector and photoelectric converter. The visible light signals are captured by 
photoelectric detector and converted into photocurrent, after which it is further converted into 
analog electric signals.  
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In VLC system, the uplink and downlink have basically the same structure but with different 
parameters and the mounted equipment is quite the contrary. The receiving and sending 
system is configured to not only the lighting equipment but also users’ terminal. [2] 

 
Figure1:The principle of VLC system  

3. Technical characteristics of VLC technology 

Visible light is electromagnetic wave with a wavelength of 380nm~780nm which is perceptible 
by human ‘s eyes. Compared with widely applied radio communication technology where  the 
frequency range is 3kHz~300GHz, VLC technology has the following characteristics. [3] 

3.1. Rich frequency spectrum resources which make up the shortage of radio 
frequency spectrum resources 

Compared with radio frequency communication whose frequency spectrum is subject to strict 
control, VLC is free from the problem of frequency spectrum allocation and needs not to apply 
for frequency use license as it utilizes light frequency for communication; furthermore, there is 
large bandwidth. Figure 1 shows the comparison between the frequency spectrum of VLC and 
traditional radio frequency communication. It can be seen that VLC has quite rich available 
frequency resources, with a bandwidth which is 10000 times that of radio frequency 
communication. [4]To a large extent, it relieves the scarce frequency spectrum of radio 
frequency communication. It requires no frequency use license and has large bandwidth. Figure 
1 shows the comparison between the frequency spectrum of VLC and traditional radio 
frequency communication. It can be seen that VLC has quite rich available frequency resources, 
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with a bandwidth which is 10000 times that of radio frequency communication. To a large 
extent, it relieves the scarce frequency spectrum of radio frequency communication. 

 
Figure 2:Wireless resource spectrum division 

3.2. Green and energy-saving solution  

VLC adopts LED as light source, with the merits of low power consumption, long service life and 
small size, etc. It not only provides lighting but also has the function of communication, thus 
reducing consumption of power by communication system to a large extent. Therefore, VLC is 
an important means to achieve green and energy-saving communication and conform to 
Chinese sustainable development strategy.  

3.3. High transmission speed which conforms to wireless communication 
development in the future 

Currently, in addition to promotion of industrialization of the 4th generation mobile 
communication, all countries around the world have embarked the research of the 5th 
generation communication system, endeavoring to bring a leap forward in performance and 
industrial scale of mobile communication system. In existing experimental system, VLC has 
reached a transmission speed of several gigabits per second. Therefore, VLC is able to achieve 
high-speed data transmission. The development of VLC not only relieves the pressure of radio 
frequency spectrum, but also conforms to the demand for high-speed transmission of wireless 
communication in the future.  

3.4. Applicability to special communication scenarios due to absence of 
electromagnetic interference 

In VLC, it’s easy to control the transmission range of visible light signals. Therefore, the 
interference of optical signals to other communication systems can be also easily controlled. 
Furthermore, complex electromagnetic environment does not have significant influence to the 
transmission of visible light signals. As VLC is free from electromagnetic interference and 
radiation, it is one of the most effective solutions to unavailability of traditional radio 
communication in places where radio frequency communication is strictly banned (such as 
airports, hospitals, gas stations and mines) or where there is strong electromagnetic 
environment (such as transformer substation and battlefields where modern high-technology 
is involved).  

3.5. No harm to human health due to absence of electromagnetic radiation 

A great deal of researches suggest that human body may be harmed to some extent in one 
aspect or another in case of long-term exposure to strong electromagnetic radiation. VLC 
generally adopts LED white light as light source. Differing from the light source with wave 
bands, the white light emitted by LED, which is available for lighting, is visible light that is totally 
identical to natural light. Therefore, it is safe and causes no harm to human body.  
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Table 1: Comparison of characteristics between VLC technology and radio communication 
technology 

Characteristics VLC Radio communication 

Wavelength 380nm~780nm 1mm~100km 

Frequency spectrum 
bandwidth 

About 400THz About 300GHz 

Transmission speed High Low 

Confidentiality Strong Weak 

Security High Low 

Power consumption Low High 

Resistance to 
electromagnetic interference 

Strong Weak 

To sum up, VLC has unmatched advantages over traditional radio communication. In recent 
years, it has become a new research hot spot in wireless communication and been considered 
as a means for indoor access to the 6th generation mobile communication system, possessing 
broad application prospect. [5] 

4. Analysis of application scenarios of VLC technology 

4.1. Indoor positioning 

As VLC is free from electromagnetic interference, the indoor fixed light source may be used to 
achieve fast and accurate positioning and navigation. In the future, VLC-based intelligent 
pedestrian automatic support system may be adopted for target positioning and guidance in 
places like large shopping mall and underground shopping center, so as to reduce the losses 
caused by customers’ failure to find the specific location of commodities. The similar 
application may be expanded to airports, museums and other digital positioning broadcasting. 
The positioning accuracy of VLC indoor positioning system varies with different demand. For 
positioning relating to navigation for indoor pedestrians or people who are visually impaired, 
medium accuracy is acceptable. For robots, however, higher positioning accuracy is required.  

Visible Light Positioning (VLP) technology is based on VLC, which uses the position of LEDs and 
the information carried by their light signals to position the target receiver. VLP is based on 
VLC, which uses the position of LEDs and the information carried by their light signals to 
position the target receiver. The LED luminaire with additional communication LED beacons 
can be converted into LED beacons for both signal transmission and illumination.IEEE 802.15.7 
is the first international standard developed by IEEE working group for VLC. In this standard, 
it is pointed out that VLC should satisfy the functions of both lighting and communication. The 
most intuitive application scenario of VLC is that it allows broadcasting of information in indoor 
environment but also satisfies the demand for lighting, as shown in Figure 4. Furthermore, VLC 
may achieve accurate indoor positioning by transmitting users’ positioning information 
through lighting facilities. Compared with traditional indoor positioning methods, the VLC-
based indoor positioning is mare accurate; what’s more, it does not require input of a great deal 
of positioning infrastructure, saving the cost of positioning system. [6] 
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Figure 3:Visible Light Positioning (VLP) technology 

4.2. Intelligent traffic 

The intelligent traffic system (ITS) helps reduce traffic accidents, traffic jam and fuel 
consumption through timely acquisition and transmission of information about traffic. Image 
processing may be used to help drivers identify traffic lights, detect obstacles and capture the 
information between vehicles as well as vehicles and road facilities, being a key technology of 
ITS. The combination of high-speed data image sensor with VLC has great application prospect 
in ITS. Researches in the laboratory of optical radio communication technology of Ozyegin 
University have started the research of LiFi-based ITS, where visible light is adopted to 
substitute traditional radio protocol in vehicle-to-vehicle (V2V), vehicle-to-infrastructure and 
vehicle-to-internet (V2I) communication connection.  

With development and maturity of LED technologies, more and more vehicle manufacturers 
have started to equip new vehicles with LEDs. What’s more, traffic control and municipal 
construction units are also using LEDs in lieu of traffic signal lights and lamps. In this regard, 
the LED-based intelligent traffic technology is an important application of VLC. It not only 
effectively prevents collision between vehicles and running of red lights, but also help drivers 
avoid jammed roads, achieving intelligent traffic. [7] 

 
Figure 4:The intelligent traffic system 

In Figure 4, (1)The positioning between the infrastructure and the vehicle, the traffic 
infrastructure as the transmitting end, such as LED traffic lights, street lights, electronic 
displays, etc., to the front of the vehicle fixed in the photodetector to send real-time positioning 
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information, so as to determine the real-time location of the vehicle information. At the same 
time, it is convenient for the traffic management center to obtain the information of vehicles in 
real time and enhance the traffic management capability. (2) The positioning between the car 
and the car, the car LED light as the transmitter, photoelectric detector installed in a fixed 
position of the vehicle, the vehicle can receive information sent from the front and rear and side 
vehicles, real-time access to the surrounding vehicles, such as steering, speed information, 
reduce the traffic accidents caused by improper operation of the driver, improve transportation 
efficiency, increase travel safety. 

4.3. Underwater communication 

Underwater communication technology is also needed for high-speed non-contact data 
communication between various types of equipment in ocean and data link between surface 
equipment and underwater equipment, as shown in Figure 4. At present, the main means of 
underground wireless communication include sound wave and radio frequency wave. Sound 
wave is the most common method for underwater communication. Due to less attenuation in 
seawater, sound wave is able to achieve long-distance underwater wireless data transmission; 
however, owing to narrow bandwidth, low carrier frequency and poor directivity, it also has 
drawbacks such as low speed, long delay and poor security. Although radio wave achieves 
higher transmission speed than that of sound wave in water, due to skin effect of seawater as a 
conductor, the attenuation of radio wave is enormous in seawater, resulting in quite limited 
transmission distance and high demand for transmitting power. It can be seen that both means 
cannot satisfy the demand for underwater communication. The attenuation of blue visible light 
with a wavelength of 450～550 nm, however, is much less than that light with other wave bands, 
laying a natural foundation for development of underwater VLC. Compared with foregoing two 
methods, the underwater VLC has the merits such as low cost, high speed, strong resistance to 
interference and high security, thus being a key competition area in underwater wireless 
communication around the globe. Furthermore, the LED-based VLC also achieves fast 
development. In 2019, LI J. H. et al. in Fudan University used 2×2 PIN array to expand the 
reception scope in LED-based VLC, where the single blue LED was used to achieve 
communication at a speed of 1.8 Gbit/s at a depth of 1.2m under water. [8] 
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