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Abstract: Nowadays, Visible Light Communication (VLC) is an attractive
alternative technology for wireless communication because it can use some
simple Light Emitting Diodes (LEDs) instead of antennas. Typically, indoor
VLC is designed to transmit only one dataset throughmultipleLEDbeams at a
time.As a result, the number of users per unit of time (throughput) is relatively
low. Therefore, this paper proposes the design of an indoor VLC system using
switched-beam technique through computer simulation. The LED lamps are
designed to be arranged in a circular array and the signal can be transmitted
through the beamof each LED lampwith themethodof separating the dataset
to increase the number of simultaneous users for enhancing the indoor VLC.
The coverage area is determined from the area where the communication can
be performed at a location on the receiving plane with a Bit Error Rate less
than or equal to the specified value based on coverage illuminance according
to International Commission on Illumination (CIE) standards. In this paper,
Genetic Algorithm is used to find the suitable solution for designing param-
eters to achieve maximum coverage area. The results show that a Genetic
Algorithmcan be used to find a suitable solution and reduce the computational
time approximately 382 min in proposed scenarios.

Keywords: Visible light communication; genetic algorithm; optimization;
light emitting diode

1 Introduction

Visible Light Communication (VLC) is an interesting alternative technology because the cur-
rent radio frequency communication system has limitations in data rate, insufficient bandwidth to
increase the number of users, and interference among electromagnetic wave sources. So far, VLC
technology demonstrates the next level of potential wireless communication in the near future
because light can be easily used instead of using radio frequencies [1].

The VLC is one type of communication in which the data is transmitted by the modulation
of light waves from the visible light spectrum with the wavelengths in the range of 380 nm–780
nm using LEDs. The reason for using LED to transmit data is because the LED is an electronic
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device that provides brightness, saves energy, and has a lifespan longer than traditional bulbs.
This plays a significant role in smart lighting being able to provide both illuminations and also
communication at the same time [2]. Not only VLC has increased capacity and low latency but
also has the key property of LEDs that allows the VLC to be modulated at high frequencies
enough to achieve higher data rates. It’s a great opportunity to enhance the current wireless
infrastructure, which can be applied in a wide range of applications such as scientific, industrial,
commercial, and communication fields. These applications include indoor positioning, underwater
communication and intelligent transportation system [3,4].

The structure of VLC consists of 3 main parts: transmitter, channel, and receiver, as shown in
Fig. 1 [5]. On the transmitting side, the data is conveyed to the system and then modulated to the
LED, which is the transmitting device to convert the electrical signal into a light signal. The data
is transmitted by the flashing of light through the channel. While transmitting, the transmitter
and receiver must be in the Line Of Sight (LOS). In fact, there is a loss of signal quality due to
the interference caused by other ambient lights during transmission. This can be corrected by an
optical bandpass filter to reduce the interference. On the receiving side, the device used to receive
signal is a photodiode which detects light signal and converts to electrical signal. Afterward, the
signal is demodulated back to be data [6].

Figure 1: VLC structure

Light has been used for communication from the past to the present. For example, a photo-
phone was invented in the late 19th century by Alexander Graham Bell. The photophone has been
considered as the beginning era of optical communication. The work started from sunlight reflec-
tion on the glass surface of the transmission sector, in which the light waves vibrate according to
the user’s voice. After that, light is sent to the lens which is a reflective curved glass installed in
the receiver [7]. A novel method of establishing a secure and reliable communication link using
optical wireless communication is achieved by separating signal transmission with two optical
transmitters [8]. In 2000, LEDs gained a lot of attention in which they can be utilized in VLC
with the use of white LED for indoor communication [9]. Moreover, in 2011, the introduction
of Light Fidelity (Li-Fi) was introduced as technology similar to Wi-Fi. However, it transmits a
signal with light by changing the brightness or amplitude of LEDs. This can transmit only one
dataset through the LED beam per user at a time. Li-Fi has been considered the first application
of VLC [10].

The VLC can be categorized as indoor VLC, such as communication in the office room, on
the plane, or even in the hospital, etc., and outdoor VLC such as Vehicle-to-Vehicle communi-
cations (V2V) or Vehicle-to-Infrastructure communication (V2I) [1]. Nowadays, many kinds of
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researches have been designed to arrange LED arrays in various forms for performance enhance-
ment, usually arranged in a square and circular shapes. The performance of square and circular
arrangements was analyzed, and it was found that circular-array LED arrangement provides better
uniformity of illumination in terms of light distribution [11].

The optimal circular-array LED arrangement was presented to improve the uniformity of
Illumination for the VLC system [12]. The design has 16 white LEDs used in a room size of
5× 5× 3 m3, with 4 LEDs in the corner and 1 LED in the middle of the room, surrounded
by 11 LEDs arranged in a circular form. In the simulation, the radius of the circular array was
changed from 1.5 to 2.3 m in increments of 0.2 m. The results have shown that at a radius of 2.1
m, the VLC system has the highest uniformity of illumination but still transmits only one dataset
through the LED beam per user at a time.

In addition, the optical beamforming technique can be used for enhancing the VLC system.
The Spatial Light Modulator (SLM) uses optical beamforming to control the LED beam to be
directly focused on the desired target device at the receiver [13]. This prevents energy-wasting
in unnecessary directions and can enhance the quality of the received signal. The SLM is an
amplitude or phase-modulated device in which liquid crystal molecules are arranged inside [14].
It can be controlled by a computer to adjust the voltage. When the voltage increases, the liquid
crystal molecules change, causing the phase to change. As a result, the direction of the beam
can be focused on the desired target device at the receiver. In the experiment, the communication
signal was generated using a function generator and modulated from input data to LED. Then,
the LED light was passed through a beam expander to control the beam size in the experiment
and entered into the SLM. The SLM is controlled by a computer for giving the direction of the
beam to focus on the desired target device at the receiver. The results have shown that before
using optical beamforming, the received signal cannot be normally demodulated because the signal
strength is too weak. However, the signal strength as the same as Signal to Noise Ratio (SNR)
increases compared to the original ones after using optical beamforming.

The optical beamforming can be applied to multiple access techniques such as Space Division
Multiple Access (SDMA) or Time Division Multiple Access (TDMA) to support multiple users in
real situations [15]. The SDMA optical beamforming is the division of beams into different areas.
It uses the SLM for controlling the LED beam to be focused on the target device. The use of the
SDMA optical beamforming technique can support a larger number of users in which multiple
users can communicate with each other at the same time. However, the received signal strength
decreases with the number of users. Moreover, for the TDMA optical beamforming, the beam is
focused on each target device at different times. This technique allows transmission signal at full
potential, but the data rate decreases with the number of users.

Apparently, the use of optical beamforming techniques using SLM can significantly enhance
communication performance. This can improve the quality of the received signal, but SLM devices
are quite expensive, which is a limitation in terms of cost.

From the literatures, most of the traditional indoor VLC system transmit only one dataset
through the LED beam per user at a time. As a result, the number of users per unit of time
(throughput) is low. Therefore, this paper proposes the design of an indoor VLC system using
switched-beam technique through MATLAB programing. The LED lamps are designed to be
arranged in a circular array. The signal can be transmitted through the beam of each LED lamp
with the method of separating the dataset to increase the number of simultaneous users enhancing
the indoor VLC as shown in Fig 2. Fig. 2a shows a traditional indoor VLC system and Fig. 2b
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shows the proposed design. The coverage area is determined from the area where communication
can be performed at a location on the receiving plane with a Bit Error Rate less than or equal to
10−3 based on coverage illuminance that must cover greater than or equal to 300 lux according
to International Commission on Illumination (CIE) standards.

Figure 2: The proposed design of an indoor VLC system using switched-beams. (a) The traditional
indoor VLC system transmits only one dataset; (b) The proposed design separates dataset to
increase the number of simultaneous users

The most popular method to optimize the uniform illuminance distribution in VLC system
is based on specific location orientation of LED or the power allocation [16,17]. In these con-
ventional optimizations, some parameter values are selected for calculation. It can be inferred
that optimization will have better performance when all parameter values in the possible data
range are selected. In order to find the optimal values in the large search space, intelligent
optimization algorithms, such as convex optimization algorithm, evolutionary algorithm and fish
swarm algorithm are preferred to reduce the computational process [18–20].

The calculation in this paper is considerably complex because the system has multiobjective
optimization adjusting the designing parameters depending on both coverage area and condition
of coverage illuminance. Therefore, heuristic optimization technique is applied to reduce complex
calculation for finding the optimal path. Two types of optimization techniques are proposed;
exhaustive search method and heuristic method. The exhaustive search examines every search
point within the search space in order to get accurate optimal results but it takes a long time
to calculate. So far, Genetic Algorithm is the most popular heuristic method. It is adopted to
find the suitable solution for designing parameters to achieve maximum coverage area as it can
effectively solve problems in large and complex data sets. Also, it can be used in VLC optimization
problem [21–24]. The performance of Genetic Algorithm is analyzed comparing to the results
obtained from an exhaustive search.

The remainder of this paper is as follows. Firstly, the section of materials and methods
discusses an array LED design, a proposed algorithm, and the simulation setup. The following
section is results and discussion. Finally, the conclusion is given.
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2 Materials and Methods

2.1 System Model
In this subsection, the calculation of the horizontal illuminance, the received optical power

of directed light, Signal to Interference plus Noise Ratio (SINR), Bit Error Rate (BER), and the
proposed LED-array design are discussed.

The horizontal illuminance: The illuminance expresses the distribution of an illuminated
surface. A horizontal illuminance Ehor is given as [25]:

Ehor=
I(∅)

D2
d

· cos(�) (1)

where Dd is distance between a transmitter and a receiver, ∅ is the angle of irradiance, � is
the angle of incidence, and I(∅) is the luminous intensity according to the Lambertian radiation
properties of LED. This can be calculated as:

I(∅)= I(0)cosm(∅) (2)

where I(0) is the center luminous intensity of an LED and m is the order of Lambertian. This
can be calculated as:

m= −ln(2)
ln(cos(∅1/2)) (3)

where ∅1/2 is the semi-angle at the half power of LED.

The received optical power: In this paper, the only effect of directed light is considered,
excluding the reflective light by walls. The received optical power Pr can be calculated as:

Pr =H(0) ·Pt (4)

where Pt is the transmitted optical power and H(0) is the channel DC gain. This is given as [25]:

H(0)=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

(m+ 1)A

2πD2
d

cosm(φ)Ts(�)g(�) cos(�),

0≤� ≤�c,
0,

� > �c,

(5)

where A is the physical area of photodiode, m is the order of Lambertian, Dd is distance between
a transmitter and a receiver, ∅ is the angle of irradiance, � is the angle of incidence, Ts is the
gain of optical filter, �c is the field of view of the receiver, and g(�) is the gain of an optical
connector. This is given as:

g(�)=
⎧⎨
⎩

n2

sin2�c
, 0≤� ≤�c,

0, 0≥�c,
(6)

where n is the refractive index.
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Signal to Interference Plus Noise Ratio: We design an array of LEDs to transmit different
data for increasing the number of simultaneous users who can access the system at the same time.
It results in interference among LED beams. The SINR can be calculated as [26,27]:

SINR= (RPr,x)2

(RΣi �=xPr,i)2+ σ 2
total

(7)

where R is the photodiode responsivity, Pr is the received optical power, and σ 2
total is the total

noise variance. This can be calculated as:

σ 2
total = σ 2

shot+ σ 2
amplifier (8)

where σ 2
shot is the shot noise variance and σ 2

amplifier is the amplifier noise variance, which are

given by:

σ 2
shot= 2qR(Pr+Pn)Bn (9)

σ 2
amplifier= i2amplifierBa (10)

where Pn is the noise power of ambient light, q is the electron mass as 1.602× 10−19 C, i is the
amplifier noise density, Ba is the amplifier bandwidth and Bn is the noise-bandwidth. This can be
calculated as:

Bn= I2Rb (11)

where I2 is noise bandwidth factor and Rb is data rate.

Finally, The Bit Error Rate: BER can be calculated as [27]:

BER=Q
(√

SINR
)

(12)

where Q(x) is the probability that a standard normal random variable takes a value larger than x

The function Q(x)= 1√
2π

∞
∫
x
e
−y2
2 dy.

The accurate BER performance for wireless optical communication and indoor VLC system
requires a BER of 10−3 [28]. In this paper, we consider the coverage area by determining from
the area where communication can be performed at BER less than or equal to 10−3.

LED-Array design: In the design of the LED installation, it is necessary to consider for
the sufficient illumination, which must have the illuminance at least 300–2000 lux according to
CIE [29]. Typically, single LED installation is not popular because of insufficient illumination
according to the CIE standard. Therefore, multiple LEDs must be installed in an array arrange-
ment. This paper proposes the design of an indoor VLC system using switched-beam technique
through MATLAB programing by designing the circular array LED arrangements with white
LEDs. One LED in the center of the room is surrounded by remaining LEDs that tilt out from
the center. The signal can be transmitted through the beam of each LED lamp with the method of
separating the dataset to increase the number of users who can simultaneously access the system
for enhancing the indoor VLC.
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The center LED: One LED is designed to be placed in the center of the area, as shown in
Fig. 3a. The angle of irradiance can be calculated as:

∅= cos−1
(
h
D

)
(13)

where ∅ is the angle of irradiance, h is height between source and receiver plane, and D is distance
between LED and user at a receiver plane.

Figure 3: An LED-array design. (a) The design of center LED; (b) The design of surrounding
LED I; (c) The design of surrounding LED II

The surrounding LED: The remaining LEDs are designed to be tilted out from the center
LED and arranged in a circular LED array. As a result, the angle of irradiance is changed as
shown in Fig. 3b. The new angle of irradiance can be calculated as:

cos α =
(
D2 +Y2−B2

2DY

)
(14)

where α is the new angle of irradiance, D is distance between LED and user at a receiver plane,
Y is distance between LED and the beam coordinate, and B is distance between the user at a
receiver plane and the beam coordinate.

The beam coordinate is the coordinate in which the center beam of the LED falls on the
receiving plane, as shown in Fig. 3c. This can be calculated as:

Beam= r+L (15)

where r is the radius of circular array LED, and L is the distance between the beam coordinate
and the coordinate on the receiving plane, which is perpendicular to the LED. This can be
calculated as:

L= tan θ · h (16)

where θ is the inclination angle (z-angle), and h is height between source and receiver plane.
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Fig. 3a shows a design of center LED, Fig. 3b shows a design of surrounding LED I, and
Fig. 3c shows a design of surrounding LED II.

After designing the LED array, it is necessary to find the solution of designing parameters
to achieve maximum possible communication area, also known as maximum coverage area. This
paper adopts Genetic Algorithm to find the suitable solution for designing parameters with
various simulation scenarios.

The simulation parameters in MATLAB programming are shown in Tab. 1. The height
between source and receiver plane is approximately 2.15 m [12]. The area sizes are the commonly
used standard size. A single LED is generally power used at 7 and 10 watts. As a result, the
number of LEDs array should be used at 8, 9 and 12 LEDs for the sufficient illumination.
Moreover, the designed parameters for the Genetic Algorithm to find the suitable solution are as
follows: 1. z-angle is the inclination angle in which the surrounding LED are inclined from the
center LED, 2. Semi-angle at half power is the angle of a diffusing lens covering an LED, and
3. Radius of LED array.

Table 1: The simulation parameters

Parameters Values

The number of LED array 8, 9, 12
Single LED power (Watt) 7, 10
Area size (m3) 5× 5× 3, 4× 5×3, 6× 6× 3
Height between source and receiver plane (m) 2.15
Photodiode area (cm2) 1
Refractive index at PD 1.5
Photodiode responsivity (R) 0.55
Field of view (FOV) (degree) 60

2.2 Algorithm
This paper adopts a Genetic Algorithm to find the suitable solution for designing parameters

mentioned above of each simulation scenario to achieve maximum coverage area. This is deter-
mined from the area where communication can be performed at BER less than or equal to 10−3

based on coverage illuminance that must cover greater than or equal 300 lux according to CIE
standards. Moreover, Genetic Algorithm performance is analyzed by comparing the results with
an exhaustive search.

2.2.1 Exhaustive Search
The exhaustive search is an algorithm that examines every search point inside the search

region. However, a large amount of computation is required. As a result, the algorithm has low
efficiency because of a very large search space [30]. Therefore, several fast algorithms have been
proposed to save computation and enhance performance.

2.2.2 Genetic Algorithm
A Genetic Algorithm (GA) is a method for solving optimization problems based on a natural

selection process that mimics biological evolution. GA was developed by John Holland and his
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assistant in 1975 [31]. The advantage of this algorithm is the tolerance of errors in finding answers
from complex sources which is difficult to be modelled using mathematical equations. For this
reason, GA has become one of the most widely used optimization algorithms [32,33].

2.2.3 Genetic Algorithm Design
The GA can be divided into five processes as follows: 1. Initiation 2. Fitness Function 3.

Selection 4. Crossover and 5. Mutation. Fig. 4 starts from:

(1) Initiation: The process begins with determining search space for the solution of designed
parameters, which consists of

1. z-angle is the inclination angle in which the surrounding LEDs are inclined from
the center LED. It is in the range of 1–70 degrees in the increments of 1 degree.

2. semi-angle at half power is the angle of a diffusing lens covering an LED. It is
in the range of 10–90 degrees in the increments of 5 degrees.

3. radius of LED array. It is in the range of 0.1–1 meters in the increments of 0.1
meters.

The range of z-angle and radius of LED array are determined to be appropriate for the size
of the room. It is considered that the LED beam can cover the entire area of the room. For semi-
angle at half power range, the possible value of this angle is described in many scenarios [34–36].
Moreover, this angle can reach up to 90 degrees due to the limitation of LED.

Then, GA performs an individual element randomization which is called a population from
the search space. Each individual element (chromosome) contains the solution of designed
parameters (genes) as shown in Fig. 5.

2. Fitness Function: This process begins with determining the ability of an individual element
to compete with other individual elements. Each individual element (chromosome) is randomized
by GA which is substituted in the Fitness Function to find the coverage area based on coverage
illuminance according to CIE standards.

3. Selection: This process begins with selecting the fittest individual elements and passing
their genes to the next generation. Individual elements with high fitness have more chances to be
selected for reproduction. This step selects the individual element with the maximum coverage area
to match, and prepare for crossover by determining the heavy weight for an individual element
with a large coverage area to increase the chances of finding a better coverage area. Then, two
pairs of individual elements (parents) are randomized based on weight for crossover to find the
next generation.

4. Crossover: When each pair of parents is matched, a crossover point is randomized within
the Genes by determining the crossover point in point 1 or 2. For example, at crossover point 1,
two offspring appeared by the exchange of their parent genes becomes the next generation. The
population has a fixed size. When the new generations are formed, individual elements with the
least fitness are eliminated, providing space for a new generation.

5. Mutation: Some of genes can be subjected to a mutation with a low random probability in
certain new offspring. This increases the chances of finding new and better values by randomizing
the chance of mutation at every gene. If any gene has a chance of mutation, the values in that
range of parameters will be randomized again. Moreover, each new generation is better than the
previous generation, as shown in Fig. 6.



1556 CMC, 2022, vol.71, no.1

The final process of GA brings a new generation back to Fitness Function for calculating
the coverage area. Then, it checks if the maximum of duplicated coverage area is greater than
or equal to five times. Also, if the accuracy is greater than or equal to 30%, the algorithm will
terminate. The result is the suitable solution of designed parameters.

NO

YESES If maximum duplicated 
coverage area ≥ 5 times && accuracy 

≥ 30%

Start

Initiation

Fitness Function

Selection

Crossover

Mutation

End

Figure 4: The flow chart of genetic algorithm processes

Figure 5: The initiation process of genetic algorithm design

2.3 Simulation Setup
The simulation is designed for four scenarios as shown in Tab. 2, where the commonly used

standard area sizes, the number and power of the LEDs are different. The results are divided into
two cases:

(1) The results from the adopted Genetic Algorithm which is used to find the solution for
designing parameters mentioned above to achieve maximum coverage area. This is deter-
mined from the area where communication can be performed with a BER less than or
equal to 10−3 based on coverage illuminance which must cover greater than or equal to
300 lux according to CIE standards.
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(2) Comparison of the results between the Genetic Algorithm and an exhaustive search, which
are used to find every search point inside the search space.

Figure 6: The crossover and mutation process of genetic algorithm design

Table 2: The simulation setup

Scenario Area size (m3) The number of LEDs Power per LED (Watt)

1 5× 5× 3 9 10
2 5× 5× 3 12 7
3 4× 5× 3 8 7
4 6× 6× 3 12 10

3 Results and Discussion

3.1 Genetic Algorithm Result
In this subsection, we run a number of simulation using the Genetic Algorithm and select

the best solution after five-time running for each scenario as follows:

3.1.1 Scenario 1: Area Size of 5× 5× 3 m3, 9 LEDs and 10 W per LED
Fig. 7 shows the Genetic Algorithm performance after eleven iterations. Fig. 7a shows the

iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
semi-angle at half power, and radius which are equal to 35 degrees, 15 degrees, and 0.8 m,
respectively. Also, Fig. 7b shows the maximum coverage area which is equal to 83.922%.

3.1.2 Scenario 2: Area Size of 5× 5× 3 m3, 12 LEDs and 7 W per LED
Fig. 8 shows the Genetic Algorithm performance after ten iterations. Fig. 8a shows the itera-

tion of designed parameters. The suitable solutions of designed parameters are z-angle, semi-angle
at half power, and radius which are equal to 32 degrees, 15 degrees, and 1 m respectively. Also,
Fig. 8b shows the maximum coverage area which is equal to 73.622%.
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Figure 7: Genetic Algorithm Performance of scenario 1. (a) The iteration of designed parameters
is as follows z-angle = 35 degrees, semi-angle at half power 15 degrees and radius = 0.8 m. (b)
The maximum coverage area = 83.922%

Figure 8: Genetic Algorithm Performance of scenario 2. (a) The iteration of designed parameters
is as follows z-angle = 32 degrees, semi-angle at half power 15 degrees and radius = 1 m. (b)
The maximum coverage area = 73.622%

3.1.3 Scenario 3: Area Size of 4× 5× 3 m3, 8 LEDs and 7 W per LED
Fig. 9 shows the Genetic Algorithm performance after eight iterations. Fig. 9a shows the

iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
semi-angle at half power, and radius which are equal to 41 degrees, 20 degrees, and 1 m
respectively. Also, Fig. 9b shows the maximum coverage area which is equal to 78.181%.
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3.1.4 Scenario 4: Area Size of 6× 6× 3 m3, 12 LEDs and 10 W per LED
Fig. 10 shows the Genetic Algorithm performance after seven iterations. Fig. 10a shows

the iteration of designed parameters. The suitable solutions of designed parameters are z-angle,
semi-angle at half power, and radius which are equal to 44 degrees, 15 degrees, and 0.6 m
respectively. Also, Fig. 10b shows the maximum coverage area which is equal to 73.677%.

Figure 9: Genetic Algorithm Performance of scenario 3. (a) The iteration of designed parameters
is as follows z-angle = 41 degrees, semi-angle at half power 20 degrees and radius = 1 m. (b)
The maximum coverage area = 78.181%

Figure 10: Genetic Algorithm Performance of scenario 4. (a) The iteration of designed parameters
is as follows z-angle = 44 degrees, semi-angle at half power 15 degrees and radius = 0.6 m. (b)
The maximum coverage area = 73.677%
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From 4 scenarios, for GA cases, each parameter in the figure is adjusted because GA is
trying to adapt itself to the suitable solution of designed parameters, which achieves the maximum
coverage area. Also, we can see that ever-increasing coverage area is obtained in each iteration
until reaching the highest value. So, GA can find a suitable solution of designed parameters to
achieve maximum coverage area.

3.2 Comparison Between an Exhaustive Search and Genetic Algorithm
Tabs. 3–6 show the comparison between both algorithms, and they produce the same best

results. The exhaustive search finds the solution from the search space. It takes up to 480 min to
select a suitable solution which achieves the maximum coverage in each scenario, but the Genetic
Algorithm finds the suitable solution by reducing the computational time which takes less time
than an exhaustive search approximately 382 min in the proposed scenarios.

3.2.1 Scenario 1

Table 3: Comparison between an exhaustive search and a Genetic Algorithm in scenario 1

Solution Algorithm

Exhaustive search Genetic Algorithm

z-angle (◦) 35 35
Semi-angle (◦) 15 15
Radius (m) 0.8 0.8
Coverage area (%) 83.922 83.922
Time (minute) 480 87

3.2.2 Scenario 2

Table 4: Comparison between an exhaustive search and a Genetic Algorithm in scenario 2

Solution Algorithm

Exhaustive search Genetic Algorithm

z-angle (◦) 32 32
Semi-angle (◦) 15 15
Radius (m) 1 1
Coverage area (%) 73.622 73.622
Time (minute) 480 87
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3.2.3 Scenario 3

Table 5: Comparison between an exhaustive search and a Genetic Algorithm in scenario 3

Solution Algorithm

Exhaustive search Genetic Algorithm

z-angle (◦) 41 41
Semi-angle (◦) 20 20
Radius (m) 1 1
Coverage area (%) 78.181 78.181
Time (minute) 480 61

3.2.4 Scenario 4

Table 6: Comparison between an exhaustive search and a Genetic Algorithm in scenario 4

Solution Algorithm

Exhaustive search Genetic Algorithm

z-angle (◦) 44 44
Semi-angle (◦) 15 15
Radius (m) 0.6 0.6
Coverage area (%) 73.677 73.677
Time (minute) 480 157

Also, both algorithms provide coverage illuminance equal to 100%, which has the distribution
of illuminance greater than or equal to 300 lux according to the CIE standards in every scenario,
as shown in Fig. 11.

Figs. 11a–11d show the distribution of illuminance for scenarios 1, 2, 3 and 4, respectively.

The coverage area is determined from the area where the communication can be performed
on the receiving plane with a BER less than or equal to 10−3 as shown in Fig. 12. After using
GA to find the suitable solution, the coverage area is equal to 83.922%, 73.622%, 78.181%, and
73.677% in which the system can support up to 9, 12, 8, and 12 simultaneous users, as shown
in Figs. 12a–12drespectively. However, the interference among the light of LED beams is found
in some areas, which is the position on the receiving plane with a BER greater than 10−3. As a
result, users are unable to communicate in this interference area.
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Figs. 12a–12d show the distribution of BER for scenarios 1, 2, 3 and 4, respectively.

Therefore, this paper proposes a method to increase the coverage area and reduce interference
using the switched-beam technique. For example, Scenario 1 can support up to 9 simultaneous
users, as shown in Fig. 13a. The position on the receiving plane with a BER greater than 10−3 is
the interference area. If users want to communicate in the interference area. This can be solved
by incorporating an LED beam from the closest LED beam to send data to users, as shown in
Figs. 13b and 13c. Not only the switched-beam technique can provide performance enhancement
of communication with an increased coverage area, but they also can effectively communicate in
the interference area. However, this result indicates the loss of one user when combining the LED
beams at a time.

Figure 11: The distribution of illuminance, which provide coverage illuminance equal to 100%. (a)
The distribution of illuminance for scenarios 1; (b) The distribution of illuminance for scenarios
2; (c) The distribution of illuminance for scenarios 3; (d) The distribution of illuminance for
scenarios 4

Fig. 13a shows a regular switched-beam, Fig. 13b shows the incorporating of an LED beam
in two positions, and Fig. 13c shows the incorporating of an LED beam in three positions.
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The coverage area increases from 83.922% to 86.496% and 88.027%, as shown in Fig. 13a–
13c, respectively. This switched-beam technique provides a good performance for all scenarios.

Figure 12: The distribution of Bit Error Rate, which represent the coverage area. (a) The coverage
area = 83.922% in scenarios 1; (b) The coverage area = 73.622% in scenarios 2; (c) The coverage
area = 78.181% in scenarios 3; (d) The coverage area = 73.677% in scenarios 4
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Figure 13: Example of the proposed method to increase the coverage area in scenario 1. (a) The
regular switched-beam technique (b) The incorporating of an LED beam in two positions (c) The
incorporating of an LED beam in three positions

4 Conclusions

This paper has presented the design of an indoor VLC system using the switched-beam
technique through MATLAB programing, which has designed the LEDs to be arranged in a
circular array. The communication is performed through the beam of each LED. The Genetic
Algorithm is adopted to find the suitable solution for designing parameters. From the simulation
results, a Genetic Algorithm can be used to find the suitable solution for designing parameters of
each simulation scenario with less computational time than an exhaustive search approximately
382 min in proposed scenarios. Also, the maximum coverage area based on coverage illuminance
according to the CIE standards can be achieved. Moreover, the switched-beam technique can
enhance indoor VLC by increasing the number of simultaneous users and the coverage area.
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