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Abstract  

The major problem of using light fidelity (Li-Fi) technology is still limited to the line of sight (LOS) conditions, which poses a 
challenge to perform bandwidth efficiency to support increased bit rates, especially for indoor use. In addition, the distance 
between the lamp driver (transmitter) and the receiver becomes a critical discussion to determine the characteristics of 
propagation losses. One solution to overcome this problem is a multiplexing system on the Li-Fi technology. Therefore, this 

study focuses on analyzing the performance of an indoor Li-Fi multiplexing system using a movable LED panel (LP) based on 
parameters of bit rate and distance variation on multiple-input multiple-output (MIMO) 2x2 and 4x4. The bit rate variations 
tested ranged from 10 Mbps to 40 Mbps at a distance of 3 m to 4 m. The parameter analysis of signal quality included optical 
and electrical signal spectrum characteristics, signal-to-noise ratio (SNR), bit error rate (BER), and Q-factor parameters. 
Based on the results, the increase in bit rate and distance significantly increases the BER value and decreases the Q-factor 
value. Both the 2x2 and 4x4 mux systems can meet standards up to a bit rate of 30 Mbps at a LOS distance of 3 meters, while 
at a bit rate of 40 Mbps, there are no channels that meet the ITU-T standard. In addition, the quality of the signal received at 
a distance of 4 meters, the 2x2 mux system can only reach the standard at a bit rate of 20 Mbps for all channels. However, 

channel 3 and channel 4 on the 4x4 mux system model still have the BER and Q-factor values that meet the standard in the bit 
rate of 30 Mbps. However, the decrease in the SNR value affected by the bit rate increase and distance is insignificant. 
Therefore, it becomes an opportunity for further observation of the proposed multiplexing system, detection scheme, or 
responsivity, and signal processing on the receiver side to be reliable on the higher bit rate. 
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1. Introduction  

The increasing use of wireless communication 

technology, especially the use of radio frequency (RF) 

spectrum, such as wireless fidelity (Wi-Fi), is getting 

higher [1]. Even statistical data traffic shows that the 

utilization of smartphones will generate more than 86% 

of the total mobile communication data traffic in 2021 
[2]. However, along with the development of wireless 

communication, this RF spectrum technology faces 

challenges in terms of efficiency, capacity, availability, 

security, and the adverse effects of electromagnetic 

waves on human health and the environment [1]. 

Therefore, communication by utilizing the light 

spectrum is present as a solution to the limitations of RF 

spectrum technology, one of which is light fidelity (Li-

Fi) technology [1–3].  

Li-Fi is a high-speed two-way wireless communication 

that transfers data through the light spectrum on the 

downlink and the infrared spectrum on the uplink [2] 

and is resistant to interference and safe for human health 

[4]. Li-Fi works based on the principle of visible light 

communication (VLC), in which data transmission is 

processed by modulating light waves from the visible 

light spectrum with a frequency 10,000 times higher 

than the radio frequency spectrum [5]. VLC uses visible 

light frequencies between 400 THz (780 nm) to 800 
THz (375 nm), which can work at much higher speed 

data transmissions compared to the use of radio 

frequencies which have a frequency value below 10 

GHz [6].  

Li-Fi technology uses a light-emitting diode (LED) 

light source that is used for lighting [7] while 

transmitting data by creating binary codes 1 and 0 when 

the LED blinks, which is invisible to the human eye [8]. 

The utilization of LEDs as an optical source in Li-Fi 

technology is launched by LED panel (LP) lamp drivers 

using fixed, movable, and hybrid LP scenarios where 

each scenario provides different network coverage and 
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propagation systems [4]. Besides that, the most 

commonly used commercial LED bulbs are white LEDs 

and RGB (red, green, blue) LEDs that produce white 

light. The white LED type allows control over the color 

emitted and is cheaper and more efficient than the RGB 

method [9]. However, in VLC communication, RGB 

LEDs tend to be more valuable because they can control 

the color emitted by the light, and based on the IEEE 

standard for VLC describes a modulation method based 

on the intensity of the RGB LEDs [9]. 

In practical use, Li-Fi is better for indoor 

communication because the propagation characteristics 

of Li-Fi systems are still limited to line of sight (LOS) 

conditions [2], [8], [10]. So that if there is an external 

light source and the optical detector is blocked, then the 

signal will be disturbed even if the signal cannot be 

determined. Because light intensity decreases with 

distance from the source, the LED distance needs to be 

determined, and Li-Fi requires that the source and 

destination be in direct LOS condition [8]. Research 

[11] describes Li-Fi technology as the future of wireless 
optical communication technology, which is being 

widely explored. Limitations Li-Fi can only work in the 

LOS area so other light sources can distort the signal. 

However, this technology is safe for radio wave-

sensitive locations such as hospitals and airplanes and 

prevents traffic accidents through vehicle-to-vehicle 

communication [12]. Therefore, multiplexing systems 

are used to increase the transmission range and achieve 

high-speed data transmission with limited modulation 

bandwidth [7], [13], [14]. However, in using WDM in 

a VLC system with several LEDs as transmitters and 

several photodiodes as receivers, the crosstalk between 
colors becomes severe as the number of wavelength 

divisions increases [15]. The receiver in the Li-Fi 

system that is commonly used is the photodiode which 

is a component that converts light into an electric 

current [14]. The photodiode involves several receiver 

parameters, such as the physical area of the photodiode, 

the field of view (FOV), and detector sensitivity. At the 

receiver end, a large area is used for reception using an 

optical concentrator to increase the effective signal 

reception area, provide efficient and noise-free 

reception amplification, and avoid using a large 

photodiode surface area [16].  

Various models related to Li-Fi communication 

systems have been carried out [17]. In which indoor Li-

Fi design and functionality have been developed, the 

use of Chebyshev filters is the best and most effective 

choice to increase indoor wireless connectivity because 

it produces high-quality and low bit error rate (BER) 

using the NRZ modulation scheme. The Gaussian shape 

of the optical pulse gives the result of a long distance 

and the lowest BER. At a transmission angle of 15°, the 

highest Q-Factor is at a low data rate of 10 Mbps, and 

the lower BER variations follow the lower data rate 
changes. In addition, various multiplexing techniques in 

Li-Fi communications [14], [18] have shown that 

implementing a spatial multiplexing (SMX) scheme can 

transmit different data from each transmitter 

simultaneously, achieving the advantages of 

multiplexing but causing interference between channels 

(ICI) which reduces performance. Spatial modulation 

(SM) schemes avoid ICI, improve spectral and power 

efficiency, and have attracted much research [14]. 

Therefore, this study proposes the design of the 

multiplexing system on Li-Fi technology based on 
variations in the number of channels that are useful for 

bandwidth efficiency, support bit rate increases, and 

determine propagation losses. This study analyzes the 

quality of the transmission signal on two-channel and 

four-channel multiplexing systems with a channel 

spacing of 25 nm and a bit rate variation from 10 to 40 

Mbps. This study also tested system performance at a 

distance of 3 to 4 meters (indoor use) using a movable 

LED panel scheme with an LED wavelength of 430 nm 

to 505 nm. The parameters for analyzing the quality of 

the received signal include signal spectrum 
characteristics, signal-to-noise ratio (SNR), bit error 

rate (BER), and Q-factor parameters. 

2. Research Methods 

This research proposes a model of an indoor optical 

wireless link multiplexing system on Li-Fi technology 

using movable LED panels. The system modeling is 

designed based on previous research models [2], [17], 

[19] and development on the sender and receiver sides. 

The indoor Li-Fi multiplexing system block generally 

consists of three basic blocks: the transmitter block, the 

indoor Li-Fi channel transmission media, and the 

receiver block. Modeling is devoted to implementing 
variations in the number of channels, namely 2 and 4 

channels with multiple input multiple output (MIMO) 

schemes, and variations in bit rate for each channel from 

10 Mbps to 40 Mbps. The overall system block is shown 

in Figure 1 and Figure 2.  

The transmitter system block consists of a pseudo-

random bit sequence generator (PRBS), which 

generates bit sequences according to the bit rate of the 

data sent, and then it is sent to the line coding process 

using a non-return to zero (NRZ) generator, where the 

results will be electrical data input which will be 
forwarded to the up-conversion electrical to optical 

(E/O) system on the transmitter side. The up-conversion 

mechanism in indoor Li-Fi communication is direct 

modulation (DM) using an optical source or optical 

carrier derived from an LED lamp driver. The binary 

bits passed through the NRZ encoding are converted by 

the LEDs into analog data, then are modulated into 

visible light.  The emitted LED operates on a 

wavelength division multiplexing (WDM) system-

ranging from a wavelength of 430 nm to 505 nm with a 

bandwidth of 48.64 GHz.  
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Figure 1.  Diagram Block of Multiplexing 2x2 Indoor Li-Fi System 

 
Figure 2.  Diagram Block of Multiplexing 4x4 Indoor Li-Fi System 

The current conversion to optical power is related to the 

LED's responsiveness or slope efficiency. The LED 

responsiveness for a single channel can be calculated 

based on Equation 1 [21]: 

𝑃 = 𝜂. ℎ. 𝑓.
𝑖(𝑡)

𝑞
                (1) 

where η is the quantum efficiency, h is the plank 

constant (6.626x10-34 Js), f is the frequency, i(t) is the 

modulation current signal, and q is the electron charge 

(1.602x10-19 Coulombs).  

In this study, the value of the quantum efficiency for 

each LED used is 0.65. The characteristics of this 

optical modulation depend on the- electron lifetime and 

the selected diode device, where the transfer function 

on the current can be formulated as Equation 2 [21]: 

𝐻(𝑓)𝐿𝐸𝐷 =
1

1+𝑗2𝜋𝑓(𝜏𝑛+𝜏𝑟𝑐)
              (2) 

where 𝜏𝑛 is an electron lifetime and 𝜏𝑟𝑐is RC constant. 

As for the multiplexing system modeled for 2 and 4 

channels with both the 2x2 and 4x4 mux schemes which 

will increase bandwidth, where the formulation of total 

bandwidth is obtained from Equation 3 [21]: 

𝐵𝑡𝑜𝑡(𝑛𝑚) = 𝐵1 + 𝐵2 + 𝐵3 + 𝐵4             (3) 

So that the percentage value of the quantum efficiency 

value is shown in Equation 4  [21]: 

𝜂𝑠(%) = (
𝐵𝑡𝑜𝑡

𝛥𝑣⁄ ) 𝑥100%             (4) 

where Δv is the value of the channel spacing range (nm). 

This has an impact on the multiplexing power emitted 

by the LED lamp driver which refers to Equations (1) 

and (2), so that the power and current transfer can be 
formulated as Equation 5, 6, 7 and 8. 



 Fauza Khair, I Wayan Mustika, Anggun Fitrian Isnawati, Nur Azizah 

Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol. 7 No. 2 (2023)  

DOI: https://doi.org/10.29207/resti.v7i2.4753 

Creative Commons Attribution 4.0 International License (CC BY 4.0) 

249 

 

 

𝑃𝑚𝑢𝑥 = 𝜂𝑠 . ℎ. 𝑓𝑡𝑜𝑡 .
𝑖(𝑡)𝑡𝑜𝑡

𝑞𝑡𝑜𝑡
              (5) 

𝐻(𝑓)𝑚𝑢𝑥(2𝑐ℎ) = 𝐻(𝑓1) + 𝐻(𝑓2)             (6) 

 

=
1

1 + 𝑗2𝜋. 𝑓1(𝜏𝑛 + 𝜏𝑅𝐶)
+

1

1 + 𝑗2𝜋. 𝑓2(𝜏𝑛 + 𝜏𝑅𝐶)
 

𝐻(𝑓)𝑚𝑢𝑥(2𝑐ℎ) 

=
1+𝑗2𝜋.𝑓1(𝜏𝑛+𝜏𝑅𝐶)+1+𝑗2𝜋.𝑓2(𝜏𝑛+𝜏𝑅𝐶)

(1+𝑗2𝜋.𝑓1(𝜏𝑛+𝜏𝑅𝐶)).(1+𝑗2𝜋.𝑓2(𝜏𝑛+𝜏𝑅𝐶))
             (7) 

=
2 + 𝑗2𝜋(𝑓1 + 𝑓2)(𝜏𝑛 + 𝜏𝑅𝐶 )

1 + 𝑗2𝜋(𝑓1 + 𝑓2)(𝜏𝑛 + 𝜏𝑅𝐶) − 4𝜋2𝑓1
2𝑓2

2(𝜏𝑛 + 𝜏𝑅𝐶 )2

=
2 + 𝑗2𝜋(𝑓1 + 𝑓2)(𝜏𝑛 + 𝜏𝑅𝐶)

1 + 𝑗2𝜋(𝑓1 + 𝑓2)(𝜏𝑛 + 𝜏𝑅𝐶) − (2𝜋𝑓1𝑓2)2. (𝜏𝑛 + 𝜏𝑅𝐶)2
 

𝐻(𝑓)𝑚𝑢𝑥(4𝑐ℎ) = 𝐻(𝑓1) + 𝐻(𝑓2) + 𝐻(𝑓1) + 𝐻(𝑓2)          (8)

  =
1

1+𝑗2𝜋.𝑓1(𝜏𝑛+𝜏𝑅𝐶)
+

1

1+𝑗2𝜋.𝑓2(𝜏𝑛+𝜏𝑅𝐶)
+ 

1

1 + 𝑗2𝜋. 𝑓3(𝜏𝑛 + 𝜏𝑅𝐶)
+

1

1 + 𝑗2𝜋. 𝑓4(𝜏𝑛 + 𝜏𝑅𝐶)
 

Furthermore, the light emitted from a multiplexed LED 

is assumed to be Lambertian radiation according to the 

Lambertian cosine law [17]. Lambertian radian 

intensity is the emitted or reflected flux, which is 

received by per unit solid angle to per unit area [17], 

where the Lambertian flux intensity is obtained from the 

following formulation [2], [13], [17]: 

𝑅0 = (
𝑚+1

2𝜋
) 𝑐𝑜𝑠𝑚 𝜃              (9) 

𝑚 = − (
𝑙𝑛 2

𝑙𝑛(𝑐𝑜𝑠 𝜃1
2⁄

)
)            (10) 

where θ is the radiation angle and m is the Lambertian 

order obtained from Equation (10) where the variable 

θ1/2 is the value of the transmitter semi-angle at half 

power.  Suppose it is assumed that the emission pattern 

of the LED lamp driver is emitting symmetrical 

radiation. In that case, the amount of radiation is the 

LED emission power multiplied by the Lambertian flux 

intensity. The photodetector will receive the emitted 

radiation with a certain acceptance angle, where the 
value of the power per received area W/cm2 can refer to 

Equation (9) so that it can be formulated [2], [17]: 

𝐼𝑠[𝑑, 𝜃] =
𝑃𝑡𝑥𝑅0(𝜃)

𝑑2             (11) 

where d is the distance between the LED and the 

receiver. So that the amount of power received can be 

calculated using the value of Equation 12 [2], [17]: 

𝑃𝑟 = 𝐼𝑠[𝑑, 𝜃] × 𝐴𝑒𝑓𝑓(𝜓)            (12) 

where 𝐴𝑒𝑓𝑓 is related to the receiving structure which 

consists of a filter and an amplified lens, so that the area 

of the detector can be calculated by [17]: 

𝐴𝑒𝑓𝑓(𝜓) = {
𝐴𝑑𝑒𝑡𝑇𝑠(𝜓)𝑔(𝜓)𝑐𝑜𝑠(𝜓) 0 ≤ 𝜓 ≤ 𝜓𝑐

0 𝜓 > 𝜓𝑐
       (13) 

Where 𝐴𝑑𝑒𝑡is the detector area, 𝑇𝑠is the filter 

transmission gain, g is the lens gain, 𝜓𝑐is the FOV of 

the receiver, and ψ is the angle of incidence concerning 

the receiver axis. The lens gain is calculated by 

Equation (14) where n is the refractive index of the 

concentrator [17], [20]: 

𝑔(𝜓) = {
𝑛2

𝑠𝑖𝑛2 𝜓𝑐
0 ≤ 𝜓 ≤ 𝜓𝑐

0 otherwise
           (14) 

By using the same considerations, the DC channel gain 

in the first reflection can be formulated in Equation (15) 

[17]. So that the value of receiving power can be found 

by substituting in Equation (12), and it is formulated 

into Equation (16) [17]: 

𝐻(0)𝐿𝑂𝑆                                                                   (15) 
=

{
(𝑚+1)𝐴𝑒𝑓𝑓

2𝜋𝑑2 𝑐𝑜𝑠𝑚(𝜃) 𝑇𝑠(𝜓)𝑔(𝜓) 𝑐𝑜𝑠(𝜓) 0 ≤ 𝜓 ≤ 𝜓𝑐

0 𝜓 > 𝜓𝑐

   

𝑃𝑟 

= {
𝑃𝑡(𝑚+1)𝐴𝑑𝑒𝑡

2𝜋𝑑2 𝑠𝑖𝑛2 𝜓𝑐 𝑐𝑜𝑠𝑚(𝜃)𝑠(𝜓)2 𝑐𝑜𝑠(𝜓)
0 ≤ 𝜓 ≤ 𝜓𝑐

0 𝜓 > 𝜓𝑐

     (16) 

The optical signal spectrum received by the 

photodetector is the result of filtering by an optical 

rectangle filter in anticipation of the widening of the 

pulse due to the emission angle, the expansion of the 

linewidth of the LED source, and the difference in the 

area of reception of the light sensor due to the increase 

in FOV. The system model developed from this 

research utilizes the DC lock placement and trans-

impedance amplifier (TIA) amplification, then the 
amplified signal is forwarded to an electrical low pass 

filter (LPF). The transfer function of the filter can be 

formulated by [21]: 

𝐻(𝑓)𝐿𝑃𝐹 = {𝛼, (𝑓𝑐 − 𝐵
2⁄ < 𝑓 < 𝑓𝑐 + 𝐵

2⁄ )

𝑑
          (17) 

where α is the insertion loss parameter, d is the depth 
parameter, fc is the filter center frequency, B is the 

bandwidth parameter, and f is the frequency. 

This study examines and analyzes the performance of 

the proposed Li-Fi indoor multiplexing system by 

considering the transmitting parameters on the 

transmitter side with a transmitter half angle limit of 600 

with a value of m = 1. In addition, tests were carried out 

for various LOS distances ranging from 3 m to 4 m, 

where the FOV value at the receiver end was 450.  

The general parameters of the proposed system model 

are shown in Table 1. Observation and performance 
analysis of the multiplexing system on indoor Li-Fi uses 

two scenarios of 2x2 and 4x4 mux system. LED signal 

emission using a movable LP scheme, then analyzed the 

characteristics of the transmitted optical signal 

spectrum. While on the receiver end, it uses a 0.2 A/W 
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responsive PIN photodetector, where the optical to-

electrical down-conversion mechanism uses a direct 

detection (DD) scheme. The test results were analyzed 

based on the effect of variations in bit rate and distance 

parameters on the characteristics of the optical signal 

sent to the optical channel and the electrical signal after 

amplification and after filtering at the receiver end. 

System reliability is known from the quality of the 

received signal based on SNR, BER, and Q-factor 

parameters. 

Table  1. General Parameter 

Parameter Mux 2 Channel Mux 4 Channel 

Wavelength 
430 nm, 455 nm 430 nm, 455nm, 

480 nm, 505 nm 

Bit rate 10 up to 40 Mbps 10 up to 40 Mbps 

Bandwidth per channel 48.64 GHz 48.64 GHz 

Distance 3 up to 4 m 3 up to 4 m 

Transmitter half angle 600 600 

Index- Concentrator 1.5 1.5 

FOV 450 450 

Detector Area 1.5 cm² 1.5 cm² 

Irradiance Angle 20° 20° 

Incidence Angle 20° 20° 

3. Results and Discussions 

3.1 Spectral Characteristics of Optical and Electrical 

Signals 

The optical signal spectrum from the LED output is 

displayed in the wavelength domain as seen from the 

signal peak amplitude values of each channel variation 

and based on the average spectrum power (dBm) of 

each channel using an optical spectrum analyzer (OSA). 

Based on the observations, an increase in the 
wavelength value of each transmitted channel results in 

a higher peak amplitude spectrum signal, as shown in 

Figure 3.  

Furthermore, the increase of the wavelength also 

impacts the signal spectrum's average value, where the 

channel with a wavelength of 505 nm has an average 

power of 3.986 dBm. However, the power spectral 

density is narrower from the lower sideband to the 

upper sideband, as shown in Figure 3 (d). 

On the other hand, the 430 nm channel has an average 

power of 1.603 dBm but has a broader power spectral, 
although the peak amplitude is smaller than the other 

channel variations, as shown in Figure 3 (a). The power 

spectral, which is not significantly far from the gradient 

values from the lower, upper and central wavelength, 

are shown by the 455 nm and 480 nm channels, as 

shown in Figures 3 (b) and 3 (c).  

This result is consistent with the characteristics of the 

VLC signal. The different signal characteristic is caused 

by the modulation process but also caused by the 

intensity and spectral response of each channel [5]. 

Furthermore, the observation is focused on the 

electrical signal resulting from de-multiplexing and the- 

 

(a)   (b)

 

(c)   (d) 

Figure 3. Optical Source Spectrum  

(a) 430 nm, (b) 455 nm, (c) 480nm, and (d) 505 nm 

 
(a)   (b) 

 

(c) 

Figure 4 Electrical spectrum a) ambient short noise spectrum,  

         b) after TIA-DC block, and c) after filtering (LPF) 

O/E detection on the receiver side, where the output 

signal is observed on the ambient noise signal output as 

a representation of the noise in the demodulator device.  
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Based on Figure 4 (a), it can be seen that there is a noise 

that has a peak-to-peak power in the range of -100 nano- 

amplitude unit (a.u) to 100 (a.u). So to increase the 

power of the received signal, amplification by TIA, and 

bias by a DC block are required.  

Figure 4 (b) shows that the signal output is still affected 

by noise (green signal spectrum) in the power range of 

-100 a.u to 100 a.u. So the gain and DC bias still need 

to be able to select the existing noise. This study places 

the LPF with a cut-off frequency of 0.75-bit rate to 
minimize noise power. The placement of the LPF has 

been able to reduce the noise power to within the range 

of 0 a.u, although the signal power has decreased from 

peak to peak -400µ to 400µ a.u to peak to peak -200µ 

to 200µ a.u as shown in Figure 4 (c). 

3.2 Performance of Multiplexing 2x2 on Indoor Li-Fi 

System  

Observation of the performance of this 2x2 mux system 

is based on the parameters Min. BER, Max Q-factor, 

and SNR are obtained due to the influence of bit rate 

variations and LOS distance for each channel.  

Figure 5 shows that the increase in bit rate and distance 

has a significant effect on increasing the BER value. 

Suppose we refer to the ITU-T standard for threshold 

Min. BER optical communication 10-12, the 2x2 mux 

system can meet the standard for operating bit rates of 

10 Mbps to 30 Mbps per channel at a distance of 3 

meters but is already below the standard at a bit rate of 

40 Mbps. At a distance of 3 meters, the increase in BER 

values starts from 1.45x10-45 (channel 1) and 5.15x10-47 

(channel 2) in the bit rate range of 10 Mbps up to 

2.45x10-8 (channel 1) and 1.74x10-8 (channel 2) in the 

bit rate range of 40 Mbps.  

Based on statistical data at a distance of 3 meters for all 

bit rate variations, the standard deviation of the graph of 

increasing the BER value for channel 1 (430 nm) is 

1.225x10-8, while for channel 2 (455 nm), it is 8.7x10-9. 

However, with up to 4 meters of LOS distance, a 2x2 

mux system can meet standards limited to a bit rate of 

20 Mbps. The increase in the BER value at that distance 

has a standard deviation value of 2.589x10-7 for channel 

1 and 2.101x10-7 for channel 2. Therefore, it can be 

analyzed that the value of Min. BER of channel 2 

obtained is lower than that of channel 1. 

Observations on the Max Q-factor values for channel 1 

and channel 2 show that the increase in bit rate and 

distance also significantly affects the decrease in the Q-

factor value, as shown in Figure 6.  

As with the BER parameter, the 2x2 mux system can 

meet the standard for operating bit rates of 10 Mbps to 

30 Mbps per channel at a distance of 3 meters but is 

already below the standard bit rate of 40 Mbps 

(threshold Q = 7).  

 
Figure 5 Min. BER for Mux 2x2 

 
Figure 6 Max. Q-factor for Mux 2x2 

 
Figure 7 SNR for Mux 2x2 

Meanwhile, for a distance of 4 meters, the mux 2x2 

system only meets the standard of up to 20 Mbps. 

Besides that, the Q-factor value of channel 2 is higher 

than channel 1 for all variations of bit rate and distance. 

So, it can be analyzed from the Q-factor reduction curve 

from the bit rate range of 10 to 40 Mbps, which has a 

standard deviation of 3.482 for channel 1 and 3.824 for 

channel 2 at a distance of 3 meters. Meanwhile, the 
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standard deviation obtained at a distance of 4 meters is 

1.675 for channel 1 and 1.814 for channel 2. 

On the other hand, the decrease in SNR values for 

channel 1 and channel 2 as the LOS distance increases 

from 3 to 4 meters is 4.1 dB to 4.4 dB, as shown in 

Figure 7. However, the increase in bit rate from 10 

Mbps to 40 Mbps is relatively minimal. So, it can be 

analyzed that the increase in bit rate has no significant 

effect on the SNR value, but it does affect the BER and 

Q-factor values. Therefore, there is an opportunity to 
develop this multiplexing model by increasing the 

quality of signal processing at the receiver so that it is 

reliable for a higher bit rate. 

3.3 Performance of Multiplexing 4x4 on Indoor Li-Fi 

System  

As is the case for the 2x2 mux system, the observation 

of the performance of the 4x4 mux system is analyzed 

based on the test results due to the influence of bit rate 

variations and LOS distance for four channels with 

channel spacing of 25 nm.  

Based on Figure 8 shows that the increase in bit rate and 
distance has a significant effect on the increase in the 

BER value for all channels. Similar to the 2x2 mux 

system, the 4x4 mux system can meet the standard for 

all channels at an operating bit rate of 10 Mbps to 30 

Mbps per channel at a distance of 3 meters but is below 

the ITU-T standard at a bit rate of 40 Mbps. Based on 

Figure 8, the curve for increasing the BER value at a 

distance of 3 meters obtained values ranging from 

4.4x10-61 (channel 4), 1.07x10-52 (channel 3), 6.27x10-

44 (channel 2), and 3.93x10-47 (channel 1) in the range 

of 10 Mbps bit rate. Based on these results indicate that 

the use of a longer wavelength (lower frequency) results 
in lower BER values, especially for channel 3 (480 nm) 

and channel 4 (505 nm). Even the increase in the curve 

for channel 4 can reach a standard deviation of 

2.485x10-9. 

 
Figure 8 Min. BER for Mux 4x4 

On the LOS distance of 4 meters, all channels can 

achieve a BER value above the standard up to a bit rate 

of 20 Mbps. The BER value of all channels appears 

from 1x10-28 to 1x10-17 (10 Mbps), a between 1x10-24 up 

to 1x10-13 (20 Mbps). At a bit rate of 30 Mbps and a 

distance of 4 meters, channels 3 and 4 comply with the 

BER value range of 10-10. These results can be the 

reference for the wavelength utilization a 2x2 mux 

system, which can reach the standard by using channels 

3 and 4. While modeling, the 4x4 mux system has yet 
to be able to meet the standard with an increase in the 

bit rate of 40 Mbps and a distance of 4 meters. 

 
Figure 9 Max. Q-factor for Mux 4x4 

 
Figure 10 SNR for Mux 4x4 

Observation on the Max Q-factor values for 4x4 mux 

system are also linear with BER results. The increase in 

bit rate and distance also significantly affects the 
decrease in Q-factor value, as shown in Figure 9. The 

4x4 mux system can meet standards of up to 30 Mbps 

bit rate at a distance of 3 meters, whereas at a bit rate of 

40 Mbps, no channel has a Q-factor value of more than 

7. Furthermore, at a distance of 4 meters, the results 

obtained are that all channels are capable of 

above the standard up to a bit rate of 20 Mbps, but only 
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channel 3 and channel 4 meet the standard at a bit rate 

of 30 Mbps. On the other hand, the decrease in SNR 

values for channel 1 to channel 4 as the LOS distance 

increases from 3 to 4 meters is 4.3 dB to 4.5 dB, as 

shown in Figure 10. However, the increase in bit rate 

from 10 to 40 Mbps is relatively minimal. Therefore, 

the increase in the bit rate does not significantly affect 

the decrease in the value of SNR, so it is necessary to 

develop a multiplexing model or observation of 

responsivity and signal processing at the receiver so that 

it is reliable for a higher bit rate. 

4.  Conclusion 

Based on the results, the increase in bit rate and distance 

significantly increases the BER value and decreases the 

Q-factor value. Both the 2x2 and 4x4 mux systems can 

meet standards up to a bit rate of 30 Mbps at a LOS 

distance of 3 meters, while at a bit rate of 40 Mbps, there 

are no channels that meet the ITU-T standard. In 

addition, the quality of the signal received at a distance 

of 4 meters, the 2x2 mux system can only reach the 

standard at a bit rate of 20 Mbps for all channels. 
However, channel 3 and channel 4 on the mux 4x4 

system model still have a BER and Q-factor that meet 

the standard in the bit rate of 30 Mbps. However, the 

decrease in the SNR value affected by the bit rate 

increase and distance is insignificant. Therefore, it 

becomes an opportunity for further observation of the 

proposed multiplexing system, detection scheme, or 

responsivity, and signal processing on the receiver side 

to reliable on the higher bit rate. 
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