INTERNATIONAL JOURNAL OF INTEGRATED
ENGINEERING
ISSN: 2229-838X  e-ISSN: 2600-7916 I]IE

Vol. 17 No. 2 (2025) 266-278
https://publisher.uthm.edu.my/ojs/index.php/ijie

Design of RoF-VLC Based DWDM Communication System

M. Vaides1, N. M. Nawawil*, M.S. Anuar?, M. N. Junital, Muhammad Yusof
Mohd Noor3, Aini Syuhada Md Zain?, I. Adam?!, Nuraminah RamliZ, Aymen
Abdalmunam?*

1 Advanced Communication Engineering (ACE) Centre of Excellence,
Faculty Electronic Engineering Technology, Universiti Malaysia Perlis, 02600 Arau, Perlis, MALAYSIA

2 (entre of Excellence for Advanced Computing (ADVCOMP), Faculty Electronic Engineering Technology,
Universiti Malaysia Perlis, Arau, 02600, Perlis, MALAYSIA

3 Department of Communication Engineering, Faculty of Electrical Engineering,
Universiti Teknologi Malaysia, Johor, 81310, MALAYSIA

4 Bilad Al Rafidain University College, 10052, Baghdad, IRAQ

*Corresponding Author: norizan@unimap.edu.my
DOI: https://doi.org/10.30880/ijie.2025.17.02.022

Article Info Abstract

Received: 27 October 2024 Radio over Fiber with Visible Light Communication system (RoF-VLC)
Accepted: 11 June 2025 is a promising technology that integrates the benefits of optical fiber
Available online: 28 July 2025 communication and wireless transmission. This abstract presents a

novel approach to enhance the RoF system by integrating VLC with

millimeter-wave (mm Wave) technology, leveraging the advantages of

both systems. The proposed system utilizes mmWave signals over a

Radio over Fiber, VLC system, MM single optical fiber link through a Wavelength Division Multiplexing

waves, WDM technology (WDM) technology to enable the simultaneous transmission of multiple
VLC system. On the other hand, mm Wave technology leverages the
abundant bandwidth available in the millimeter-wave frequency range,
enabling high-capacity wireless communication. By combining these
technologies, the proposed system achieves high-speed data
transmission and increased network capacity. WDM technology plays a
crucial role in the proposed system by enabling the simultaneous
transmission of VL.C and mm Wave signals over a single optical fiber.
The RoF-VLC system based on WDM technology is built and simulated
using OptiSystem software, with four WDM channels at 450 nm, 450.8
nm, 451.6 nm, and 452.4 nm as an optical source of VLC system and a
photodetector as a receiver. Each channel with a 40 GHz radio signal is
transmitted over a 40 km of fiber link and a 3 m of VLC channel. This
proposed design of RoF-VLC system based on WDM has been analyzed
based on the effect of propagation distance (km), modulation format,
data rate, and input power. The performance analysis show that this
system is achieved by using the values of BER at 2.6355e-009 for
channel 1, 7.54389e-010 for channel 2, 5.39904e-010 for channel 3,
and 2.45532e-010 for channel 4.

Keywords

1. Introduction

In recent years there is growing research in visible light communications (VLC), which is an important branch of
optical wireless communications. The other major reason for the use of visible light communications (Nitish,
2018), is because it uses frequency range between 400 THz to 800 THz of unlicensed secure and radio free media
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for wireless communications which are 1000 times more than that of radio communications (Ndjiongue et al,,
2015) (Sm & Spectrum, 2018). This process of transferring the data through optical communications is relatively
less complicated and also less costly compared to that of the RF communications. The Radio Frequency (RF) band
(3 kHz to 300 GHz) has previously been the most popular band for wireless communications within the
electromagnetic (EM) spectrum. However, the demand for wireless traffic is increasing rapidly, the RF range has
gotten clogged. This limitation will not be addressed by existing approaches for capacity increase, better spatial
reuse, or inter-cell interference coordination. To continuously enhance the capacity, a new communications
medium and an alternative technology are needed. In this sense, VLC using the visible light band emerging as an
alternative to conventional RF communication techniques and may be used to supplement present RF systems,
particularly in indoor settings. When compared to RF, VLC has certain features that allow it to provide secure,
affordable, and speedy communications (Rahman et al., 2020).

The growing large-bandwidth demand applications and users have recently driven the indoor access
networks to deliver various dates through wired and wireless networks in a single and integrated communication
platform (Mandal et al,, 2018). Radio over fiber (RoF) technology combines wireless communication flexibility
with high bandwidth and low optical fiber communication loss effectively. It can provide ubiquitous wireless
access for indoor wireless networks and has received much attention in recent years (Khalid et al., 2011) (Rahman
et al, 2020). A hybrid RoF-VLC communication system is considered a candidate technique for future access
networks for optical single mode fiber based large bandwidth transmission and RF based milimeter wave and
visible light wireless communication (Tang et al., 2020)(Khalid et al., 2011).

The introduction of Wavelength Division Multiplexing (WDM) has revolutionized the field of
telecommunications by enabling the transmission of numerous high-speed data channels over a single fiber. It has
played a crucial role in meeting the increasing demand for higher data rates and increased capacity in
communication networks. By utilizing WDM into RoF (Mohsen et al, 2021), (Ali & Farhood, 2019), (Kumar et al,,
2021), (Panda & Mishra, 2014) or VLC (Verma & Selwal, 2019), (Burton etal,, 2019), leads to a significant increase
in the coverage area and the overall capacity of the current optical wireless network and offers the benefits of high
data rate and increased mobility. Multiple signals can be simultaneously transmitted over a transmission medium,
whether an optical fiber or optical wireless, by assigning each signal to a specific wavelength of light. This allows
for efficient utilization of the available bandwidth and significantly increases the capacity of the system. While
WDM has been effectively used in many communication systems, VLC is still a subject of little research, and there
is still room for advancement.

In terms of radio over fiber and VLC systems based on WDM technology, no research has been done to yet. In
comparison to earlier research, the designed RoF-VLC system provided higher data rates with a high capacity
network. However, as and when the number of users expands, the combination of wireless and optical fibre
connection generates non-linear effects such as signal noise, spurious frequencies, poor signal quality, and longer
delay occur (Kumar et al., 2021). Therefore, in this thesis suggested development of RoF-VLC system based on
WDM using pre-DCF and pre-equalizer techniques to mitigate the non-linear effects.

2. Theoretical Background, Methods and Experimental Setup

2.1 Theoretical Background

RoF is a technology that involves the transmission of radio signals over optical fiber networks (Wang et al,,
2016)(Panda & Mishra, 2014). In traditional RoF systems, the radio signals are modulated onto an optical carrier
using techniques like intensity modulation or direct modulation (Singh & Sharma, 2017). The modulated optical
signal is then transmitted over the fiber, where it can be easily distributed over long distances with low loss and
minimal interference (Htet, 2014).

VLC is a wireless communication technology that utilizes visible light for data transmission (Arredondo et al,,
2013). It utilizes the concept of intensity modulation and direct detection, where the light intensity is modulated
to carry the data (Raza et al., 2015). VLC systems typically operate in the visible light spectrum, leveraging CW
laser as the transmitting devices and photodiodes or image sensors as the receivers.

WDM is a multiplexing technique that enables multiple optical signals to be transmitted simultaneously over
a single VLC system. It assigns different wavelengths (colors) to each signal, allowing them to coexist and be
separated at the receiver end (Ali & Farhood, 2019). WDM technology provides high capacity and scalability to
optical fiber networks by exploiting the wide spectral bandwidth available in VLC system (Nawawi etal., 2015).

The RoF-VLC hybrid system combines RoF and VLC technologies to achieve high-speed wireless
communication using visible light. In this system, the radio signals are converted into optical signals using RoF
techniques and then transmitted over the fiber using WDM technology. At the receiver end, the optical signals are
demultiplexed using WDM, and the individual signals are converted back to radio signals for further processing,

By integrating RoF and VLC, the RoF-VLC system benefits from the advantages of both technologies (Tang et
al,, 2020). RoF enables long-distance transmission and provides immunity to electromagnetic interference, while
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VLC offers high data rates and secure communication in localized areas. WDM technology allows multiple RoF-
VLC channels to be transmitted over a single VLC system, increasing the overall system capacity. Overall, the
theoretical background of RoF-VLC based on WDM technology involves the integration of RoF and VLC techniques
with the use of WDM multiplexing to achieve efficient, high-speed wireless communication using visible light.

2.2 Block Diagram

Input signal »  Modulator »  Transmitter
y

Medium

Output signal [¢+— Demodulator Receiver

Fig. 1 Block diagram of radio over a fiber with a VLC system

The simple block diagram of radio over Fiber - Visible Light Communication system uses CW Laser as the
optical source, optical fiber and optical wireless channels like a medium, and photodetector at the receiver,
modulation NRZ of data to optics, and some analyzing tools for observing the outputs. Several devices or
components are needed at the transmitter and receiver parts to make the RoF-VLC system better and more useful.
So, in RoF -VLC system there are three major portions that are helpful to design a suitable, reliable, and user-
friendly system for many applications.

2.3 Parameter for System Design

All the selected parameters will be introduced and all the specifications will be shown. The table below shows the
model's full specification and system designs based on NRZ encoding techniques. There were 4 channels with 0.8
nm channels spacing as input for VLC system which is 450 nm, 450.8 nm, 451.6 nm, and 452.4 nm with each
carrying 8 Gbps of data rate. The range used for fiber is 40 km and for VLC is 3 m. Here PIN photodetector is used
with 0.9 A/W of responsivity and 10 nA of dark current.

Table 1 Design specification table

Specification Parameter Value
Simulation window Bit rate 8 Gbps
Time window 6.4e-008 s
Sample rate 51200000000 Hz
No of channel 4
Channel spacing 0.8 nm
PIN photodetector Responsivity 0.9A/W
Dark current 10 nA
Sine Generator Frequency 40 GHz
Fiber Range 40 Km
VLC Channel Range 3m
Attenuation 0.2 dB/Km
Modulation Type NRZ
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Table 2 Value of CW laser used
Channel 1 Channel 2 Channel 3 Channel 4

VLC 450 nm 450.8 nm 451.6 nm 452.4 nm

2.4 Simulation Design
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Fig. 2 Radio over fiber-VLC system based on WDM in optisystem

The radio over fiber with VLC system based on WDM for mm-wave was designed by OptiSystem software,
which is shown in Figure 2 and with its parameters of table 1 and table 2. This design has four transmitter and
receiver channels, with each carrying 8 Gbps of data rate placed on the RF signal. At the RoF transmitter (Tx) side,
consists of a message signal generated through a sequence generator (in Gbps), a pseudo-random bit sequence
generator (PRBS). The PRBS signal is passed through the electrical pulse generator, via Non-Return to Zero (NRZ)
which converts the bit sequence in the form of 0 and 1 into an electrical pulse. A sine generator of 40 GHz with 0
degrees of phase for RF signal is used in an electrical multiplier to mix the data. This mixed data and CW laser with
a wavelength of 1550 nm as an input source are modulated using a Mach Zehnder Modulator (MZM). Using a
Mach-Zehnder modulator, this signal is subsequently transformed into an optical signal. Then, MZM is connected
with a single fiber mode with a length of 40 km and attenuation is 0.2 dB per km. The signal is pumped into an
optical fiber. At receiver side, a suitable photodetector is then used to transform the received optical signal into
an electrical signal before being coupled with VLC transmitter. PIN photodetector is the type of photodetector
used here. The signal from PIN goes through MZM that acts as a mixer to connected with CW laser at 450 nm. This
technique was repeated for 4 channels as input for transmitter CW laser wavelengths have been employed by
WDM which was 450 nm, 450.8 nm, 451.6 nm, and 452.4 nm to transport 8 Gbps of information (8 Gbps x 42).
The modulation electric signal could transmit through the VLC channel by employing optical waves when optically
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modulated by MZM. Here distance between VLC transmitter and receiver is 3 m and attenuation are 0.2 dB per
km. The WDM DEMUX is used to demultiplexing the signal and the signal is given to the corresponding
photodiodes. The signal will be sent to optical attenuator to reduce the power level of an optical signal. Next, the
data is converted back into electrical form by the photo detector. The electrical signal is then sent to the low pass
bessel filter which having cut off frequency of 0.75 x bit rate Hz is used to remove the other undesired frequency
components of the transmitted signal. The electrical signal is re-timed, reshaped, and re-amplified using the 3R
regenerator. A BER analyzer is used to evaluate the performance of a received electrical transmission.

3. Results and Discussion

3.1 Simulation Design

Figure 3 shows the output of an oscilloscope visualizer which is connected to NRZ pulse generator. The NRZ Pulse
Generator electrical signal is shown by the oscilloscope visualizer as part of its operation. This system made use
of an oscilloscope visualizer with four channels. Due to almost similar performance for each channel, the following
results are taken from channel 1.
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Fig. 3 The output of an oscilloscope visualiser which is connected to NRZ pulse generator (a) Full spectrum; and (b)
Close-in view

Figure 4 shows the output of the sine generator, which is the mm-wave carrier with data. The generated mm-
wave carrier is at frequency of 40 GHz. Results show that the generated mm-wave carriers have power at
approximately equals —27 dBm. Figure 5 represents the bit sequence of the electrical multiplier which combines
the RF signals at 40 GHz of mmwave with the code sequences.
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Fig. 4 The RF spectrum at the sine generator output showing the 40 GHz of mm-wave modulated data
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Fig. 5 The RF spectrum at the Electrical multiplier output (a) Full spectrum; and (b) Close-in view of the upper
sideband showing the 40 GHz of mm-wave signal mix with 8 Gbps of NRZ

Figure 6 illustrate the RoF transmitter modulated data on the CW laser at a wavelength of 1550 nm using
Mach-Zehnder Modulator (MZM). Continuous-wave (CW) laser beams each having a power level of 0 dBm are fed
to four transmitters, outputs of which are modulated by MZM using a PRBS with NRZ format and RF signal using
sine generator which combined using an electrical multiplier.
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Fig. 6 Output of the MZM which is from CW laser of 1550 nm

The signal spectrum for 1550 nm at fiber after modulated data by Mach Zehnder Modulators with carrier CW
laser is shown in Figure 7. Output of the fiber which is set at 40 km and the result can be seen in the wavelength
dBm unit.
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Fig. 7 Output of the fiber of 1550 nm

Figure 8 shows the output of the optical receiver of RoF, which is the mm-wave carrier with data. The loss of
the signal was determined in the received signal and then once more changed into an electrical signal by means
of the photodetector. When these RF signals are mixed with optical fiber in radio over fiber, the intermodulation
distortion (IMD) effect can occur. This mixing can result in the generation of new frequencies, including spurious
frequencies, which were not present in the original signals. The generated mm-wave carriers’ frequency is 40 GHz
of mm-wave signal and spurious 8 GHz, 16 GHz, and 24 GHz with are generated simultaneously as shown in figure
8.
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Fig. 8 RF spectrum for the RoF signals after photodetector PIN (a) Full spectrum; and (b) Close-in view of the
showing the 40 GHz of Mmwave signal

The optical spectrum was measured at different wavelengths in nm from a VLC transmitter in Figure 9 (i) 450
nm, (ii) 450.8 nm, (iii) 451.6 nm and (iv) 452.4 nm. In this architecture, four signals are transmitted with different
wavelengths. Each wavelength values are 450 nm, 450.8 nm, 451.6 nm, and 452.4. Figure 10 (i), (ii), (iii), and (iv)
illustrate the Mach-Zehnder Modulator output spectrum using Optical Spectrum Analyzer. Continuous-wave (CW)
laser beams each having a power level of 0 dBm are fed to four transmitters.
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Fig. 9 The optical spectrum with CW laser is set at (a) 450 nm; (b) 450.8 nm; (c) 451.6 nm; and (d) 452.4 nm
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Fig. 10 Mach-Zehnder Modulator output spectrum which is from CW laser of (a) 450 nm; (b) 450.8 nm; (c) 451.6
nm; and (d) 452.4 nm

Four signals are then combined by the WDM multiplexer and launched through the VLC link. Optical
spectrums of WDM multiplexer signal transmitted 4 channels with 0.8 nm channel spacing and 8 Gbps bitrate over
Visible Light Communication link is simulated and analyzed. Figure 11 shows the optical spectrum after being
multiplexed by the WDM multiplexer. The spectrum was observed using an optical spectrum analyzer at the
output of the WDM multiplexer. The transmission wavelength spectrums of four WDM channels travelling through
the VLC link for wavelength 450 nm, 450.8 nm, 451.6 nm and 452.4 nm with the power which is about 71.89 dBm,
72.65 dBm, 72.40 dBm, and 72.77 dBm, respectively shown in figure 12. By sampling method 4 channels, A1 =450
nm, A2 = 450.8 nm, A3 =451.6 nm and 44 = 452.4 nm are selected for observation of WDM-Visible Light
Communication system. Then, the signal is demultiplexed by WDM demultiplexer. Optical spectrums of the signals
at the exit of WDM DeMux at the receiver side of the hybrid WDM is shown in figure 13.
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Fig. 11 Optical spectrum multiplexed by WDM
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Fig. 12 Optical spectrum of VLC system
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Fig. 13 Optical spectrum demultiplexed by WDM (a) 450 nm; (b) 450.8 nm; (c) 451.6 nm; and (d) 452.4 nm

At the RoF-VLC receiver, the output optical signal is detected by PIN photodetector to convert into electrical
signals, as shown in Figure 14. The generated mmwave carrier is at frequency of 40 GHz with power is -45.93 dBm
as shown in figure 14.
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Fig. 14 RF spectrum for the RoF-VLC signal after PIN photodetector (a) Full spectrum; and (b) Close-in view of the
showing the 40 GHz of Mmwave signal
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Figure 15 illustrates the RF spectrum of the low-pass Bessel filter. The low pass filter is employed to reject
the other unwanted frequencies signal. As well as both figures show the detected signal that exactly reproduces
the transmitted signal, whereas the blue lines indicate the received signal and green lines indicate the noise. Then
the low noise signal is passed to the 3R regenerator to reproduce the original signal once more and examined the
signal by eye diagram and BER analyzer in the simulation tool.
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Fig. 15 Electrical spectrum for the RoF-VLC signals after Low pass Bessel filter (a) Full spectrum; and (b) Close-in
view of the showing the 40 GHz of Mmwave signal

The analysis of the receiver performance of radio over fiber-VLC system based on WDM for 0.8 nm channel
spacing can be seen in the simulation run of the BER. The results can be seen in Figures 16.
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Fig. 16 The eye diagram for radio over fiber-VLC system based on WDM. (a) Eye diagram at channel 1; (b) Eye
diagram at channel 2; (c) Eye diagram at channel 3; and (d) Eye diagram at channel 4

Table 3 Performance of radio over fiber VLC system based on WDM

Wavelength (nm) Max. Q Factor Min.BER Eye Height Threshold
450 nm 5.78493 2.6355e009 2.70964 1.07626
450.8 nm 5.99431 7.54389¢-010 2.70297 1.05082
451.6 nm 6.05239 5.39904e-010 2.58244 1.02314
452.4 nm 6.17626 2.45532¢010 2.40162 0.93402

Table 3 shows the eye diagram description of designed Radio over fiber-VLC system based on WDM for mm-
Waves for the bit rate of 8 Gbps at 40 Km of fiber length and 3 m of VLC link. The table signifies that the maximum
quality factor, minimum bit error rate, eye height and threshold of eye diagram for the planned with different
wavelengths using WDM structure. The maximum quality factor at 8 Gbps of 40 Km of fiber link and 3 m VLC
distance for the designed Channel 1 using 450 nm for VLC wavelength is 5.78493, minimum bit error rate is
2.6355e009 maximum eye opening is 2.70964 and the threshold of eye diagram is 1.07626. The planned Channel
2 with 450.8 nm for VLC wavelength has a maximum quality factor of 5.99431, a minimum bit error rate of
7.54389e010, 3 maximum eye opening of 2.70297, and an eye diagram threshold of 1.05082. For the proposed
Channel 3 using 451.6 nm for VLC wavelength, the maximum quality factor is 6.05239, the minimum bit error rate
is 5.39904e010, the maximum eye opening is 2.58244, and the eye diagram threshold is 1.02314. The maximum
quality factor for the designed Channel 4 using 452.4 nm for VLC wavelength is 6.17626, minimum bit error rate
is 2.45532e010, maximum eye opening is 2.40162 and the threshold of eye diagram is 0.93402.

4. Conclusion

In conclusion, the integration of Radio over Fiber (RoF) with Visible Light Communication (VLC) system using
Wavelength Division Multiplexing (WDM) offers several advantages and opens up new possibilities for wireless
communication. The combination of RoF and VLC allows for the seamless transmission of radio signals over fiber-
optic networks, leveraging the benefits of both technologies. RoF enables the long-distance and high-capacity
transmission of radio signals, while VLC provides wireless communication through visible light, offering high-
speed data transfer and secure communication. From this project, it can be concluded that a design for a radio
over fiber with VLC system based on WDM technology successfully has been presented with 4 channel of CW Laser
with the fiber wavelengths of 1550 nm, 1550.8 nm, 1551.6 nm, and 1552.4 nm were used for transmitting 8 Gbps
of data per channel and RF signal at 40 GHz over the VLC channel with the wavelengths of 450 nm, 450.8 nm, 451.6
nm, and 452.4 nm at the distances of 3 m with some attenuations. In this study, Optisystem simulation has been
applied to evaluate and present the performance results of WDM system radio over VLC link based on BER.
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