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Abstract
VLC is a short-range wireless data transmission technology with high transfer rates 

and security. However, it faces challenges such as restricted signal transmission due to its 
line-of-sight principle. Strategies include higher optical methods and using VLC and radio 
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frequency to improve coverage. Fluctuations in light conditions affect performance, and 
integrating VLC with other infrastructure is difficult. The study recommends using flexible 
LED technology for easy integration. Security is another issue, with line-of-sight security 
and strict encryption and authentication. Regulatory and standardization issues also hinder 
VLC implementation. Researchers, engineers, and policymakers should develop techniques 
to overcome technical, integration, and regulatory obstacles in VLC system extension.

Subject Classification:  94D99.

Keywords: Visible light communication (VLC), Data transmission, Line-of-sight communication, 
Ambient lighting conditions, Range and coverage, Integration with infrastructure, Security and pri-
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1.  Introduction

VLC can be considered as a novel approach, suitable for RF 
communication and its benefits include high data throughputs and 
increased security [1]. With the help of visible light spectrum, VLC can 
deliver speed up to gigabit per second which is good enough to handle 
high bandwidth applications such as HDTV and AR. Moreover, VLC is a 
line-of-sight technology which hinders transmission distance, thus 
offering high security for data transmission in military operations, 
financial organizations and corporations, and in sealed areas such as 
offices and hospitals [2] as shown in figure 1.

Figure 1
Visible Light Communication Enabling Networked Collaboration  

in the Workplace



OVERCOMING THE IMPLEMENTATION AND TECHNICAL CHALLENGES IN VISIBLE LIGHT COMMUNICATION� 181

Visible light communication (VLC) is a wireless technology that 
allows for distant interaction and linked operation within an organization. 
It backs different application scenarios, for instance, video telephony [3] 
and connection synchronization of nomadic devices. But even in this case, 
there are several restrictions for VLC, including low market coverage, 
signal attenuation when passing through walls or other obstacles, and 
problems connected with the line of sight. Variations in the background 
light are a challenge since signal auxiliaries of outdoor light and indoor 
light are also sources of light [4]. Another challenge is retrofitting of VLC 
into existing built infrastructure since this action entails alteration of 
existing installations [5].

2.  Technical challenges

Table 1
Summary of the technical challenges in VLC systems, along with their 

subcategories, issues, and potential solutions

Aspect Category Challenge Description Impact Proposed 
Solution

Signal At-
tenuation 
and Loss

Distance 
Limita-
tions

Signal At-
tenuation

The light sig-
nal weakens 
as distance 
from the 
transmitter 
increases.

Lower signal-
to-noise ratio, 
reduced data 
throughput.

Use focusing 
lenses, relay 
nodes, or 
repeaters to 
extend cover-
age.

Band-
width and 
Data Rate 
Limita-
tions

Modula-
tion Band-
width

Limited 
Modulation 
Bandwidth

The range of 
frequencies 
available for 
modulat-
ing the light 
signal is 
restricted by 
LED charac-
teristics.

Constrained 
data rates 
compared to 
RF systems.

Use ad-
vanced 
modulation 
schemes 
like OFDM, 
hybrid VLC 
systems.

Ambient 
Light In-
terference

Sunlight Sunlight 
Interference

Sunlight can 
overpower 
the VLC 
signal, reduc-
ing SNR and 
increasing 
error rates.

Degraded 
communica-
tion qual-
ity, possible 
signal loss.

Use narrow-
band optical 
filters, adap-
tive modu-
lation, and 
polarization.
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The main characteristics of Visible Light Communication (VLC) 
systems are high data rate, secure transmission; and resistance to 
electromagnetic interference [6]. However, they also incur the following 
technical challenges that require solution to enhance the reliability and 
efficiency of the communication. This section discusses the primary 
technical challenges associated with VLC systems: reaches signal 
attenuation and loss, bandwidth and data rate constraints, and light 
interference. The following technical challenges pertaining to VLC systems 
are discussed in Table 1 below, where different technical challenges are 
also pointed out along with their effects and possible solutions. Even each 
row describes some aspect or subcategory of the challenges and relates to all 
the types of VLC systems and ways how those challenges can be solved [6].

Signal attenuation and loss in VLC systems are critical challenges that 
affect the reliability and performance of communication. These challenges 
are primarily influenced by distance limitations and the need for an 
unobstructed line of sight (LOS) between the transmitter and receiver. 
Distance limitations can lead to signal loss, as the intensity reduces with 
the square of the distance from the source. Solutions to address this 
include lenses or reflectors, rotation and alignment of transmitter and 
receiver, and relay nodes or repeaters.

Interference and line of sight [7] issues are another great area of 
vulnerability to VLC systems. VLC employs visible light and cannot 
penetrate walls; there is a significant difference from RF signals. Hindrances 
to light signal and communication include barriers, for instance walls or 
any physical structures erected to block the passage of the signal. To 
counter LOS requirements such VLC systems should employ co-operative 
communication techniques such as multiple transmitters/receivers, beam-
forming, and adaptive modulation.

There are also the problems [8] of bandwidth and data rate which 
influence the performance of VLC systems mainly the modulation 
bandwidth and capacity. Depending on the modulation bandwidth it is 
possible to use a certain number of frequencies for modulation of the light. 
Still, these are restricted by the features of light-emitting diodes and 
photodetectors employed on the senders’ and receivers’ sides, respectively. 
To overcome these limitations, the VLC systems can incorporate adopted 
modulations as OFDM; multi levels PAM. VLC system that incorporate 
radio frequency communication or Infra-red communication can limit the 
bandwidth of VLC while at the same time offering overall greater data 
rates [9].
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3.  Environmental and physical challenges

Although the VLC systems are faster, more secure, and immune to 
interference than wireless system, many environmental and physical 
issues hinder their performance. These are due to characteristics of light as 
a communication medium, and installation locations of VLC systems. In 
this section, issues associated with indoor and outdoor structures, 
performance of reflective surfaces and multipath faded, impact of 
temperature and humidity on the VLC system of communication are 
discussed [10]. 

Due to this, VLC systems can be designed to operate in different 
scenarios with each environment imposes some certain conditions that 
may affect the performance and reliability of VLC systems. Indoor 
environment itself is suitable since VLC systems have a clear and confined 
space, but challenges include walls and furniture and multiple sources 
comprising of lamps, overhead lights and other display devices. These 
features can degrade and disrupt the VLC signal resulting into low data 
rates and high error rates [11]. In order to handle these difficulties, the 
positions of transmitters and receivers should be well arranged, aperture 
scanning can keep the connection unceasing and adaptive modulation 
techniques may be implemented to conform to indoor circumstances.

In order to minimize impacts of those obstacles, considerations with 
VLC systems can employ error correction coding as well as the combination 
of VLC with radio frequency (RF) or infrared (IR) communication and 
schemes of dynamic beam pointing and adaptive modulation. Problems 
which occur in environment are multipath effects where reflective surfaces 
may cause constructive or destructive interference. Some of these 
procedures include equalization, the use of directional antennas, and 
spatial diversity to reduce multipath.

4.  Implementation and deployment issues

VLC is one of the new technologies that significantly the following 
benefits: high amount of data transfer rate, high security and data 
protection against electromagnetic interruption. However, the practical, 
deployable nature of this sort of approach has associated difficulties. This 
section focuses on what has been attempted and done in the past in terms 
of integrating VLC with other current structures, the cost curves of VLC 
solutions and questions of standardization and conformity of VLC systems 
[12]. 
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4.1 Integration with existing infrastructure

When implementing VLC systems, there is need to consider how the 
VLC systems will fit in the current infrastructure. This integration can be 
approached in two primary ways: between retrofitting an existing 
installation or installation of a new one. 

Retrofitting means adaptation of existing lighting structures for VLC, 
and this method can reduce limitations of new installations. Often, this is 
done by replacing the traditional light bulbs with the VLC integrated LED 
systems which could be less complex and costly. However, a problem 
exists with regards to compatibility with existing electrical networks and 
inappropriately installed lights may not yield the desired efficiency.

With new installations, the best solution for installation of VLC is 
obtained because of better positions for light fixtures, electrical supply 
and networking. But unlike the case with newly established ones, new 
installations usually cost more than they require more time because of 
planning, construction and sometimes disturbance to the environment.

5.  Conclusion

VLC is a high-speed data transfer method that uses LEDs to transmit 
data and photodiodes to receive data. Its performance is improved by 
OOK, PWM, and OFDM. However, VLC faces challenges in line of sight, 
interference, and standardization. Future work should focus on improving 
modulation methods, developing LED and photodiode materials, and 
integrating VLC with 5G and IoT. Overcoming these challenges will enable 
VLC to reach its full potential as a robust communication technology.

6.  Future research opportunities

VLC technology’s future research focuses on improving functions 
and versatility through modulation, new materials, and technology 
inclusion. High-order hybrid modulation schemes can enhance data 
transfer rates and suppress interferences. Advances in solid-state lighting, 
5G, and IoT can enhance VLC capabilities. Addressing issues like operating 
resilience and global norms is crucial for optimal VLC use in various 
applications. Future research should focus on enhancing VLC’s 
environmental resilience and establishing global norms.
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