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Abstract

Communication in the world is developing very rapidly, not only limited to voice but data
communication. Many techniques have been used to support multimedia services. Radio
over Fiber is expected to support communication for long distances. Therefore, a
Comparison of Performance Analysis was carried out using optisystem. Radio over Fiber
Is simulated by radio frequency signals of 10 GHz and 15 GHz. Radio over Fiber
technology for long-distance communication is very vulnerable to high BER and
attenuation values, so it requires a mature system design and adequate equipment
specifications.
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1. Introduction
The need for wireless communication services continues to increase from year to

year. This increase was caused by two things, namely the increasing number of subscribers
and the increasing demand for bandwidth from subscribers. The increase in customer
bandwidth requirements is caused by the presence of smartphones and tablets that enable
multimedia services. Macro cells owned by telecommunications operators currently have
relatively long wireless channels, so they cannot support very high bit rates. The longer the
distance between the wireless transmitter and receiver, the bit rate that can be supported by
the channel will decrease (Zheng, 2008). One way that can be used to shorten the wireless
channel is to increase the number of radio access points (Fuada, 2017).

Radio access points are usually connected using point-to-point microwave
channels. If there are too many radio access points, connecting radio access points using
microwave channels becomes ineffective. Radio over Fiber (RoF) technology can be used
as a substitute for point-to-point microwave channels (Kong et al., 2020).

RoF is a technique by which radio frequency (RF) signals are transmitted over
optical fiber to provide wireless communication services. The RoF system is realized by
modulating the optical signal with the RF signal from the wireless network. A simple RoF
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system architecture is shown in Figure 1 (Kong et al., 2020), where the RF signal from the
central office (CO) first propagates through the fiber optic radio access point (RAP) and
then reaches the user via the wireless channel.
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Figure 1. Simple RoF system architecture

Modulation is the process of laying an information signal with a lower frequency
to a carrier signal with a higher frequency (Khairunisa et al., 2017). Demodulation is a
technique of converting a digital signal into an analog signal (Halomoan et al., 2018). An
optical modulator is a component that is used to convert the information signal into a
carrier signal in the form of a light beam so that it can be transmitted to the destination. In
general, there are two types of optical modulators, namely internal modulators (direct
modulators) and external modulators (indirect modulators) (Alwie et al., 2020). The IM-
DD system is the most widely used system for fiber optic lines because it is very simple
and easy to implement.

The internal modulator modulates the light within the light source device. The
working principle of the internal modulator is that light is emitted from a semiconductor
laser source only when the signal-sending sign represents the value “1”. Indirectly it can
be ensured that light will not be emitted when the value obtained is "0" (Aini et al., 2021).

In external modulation, the voltage from the modulating signal is used to control
the parameters of the laser output light by adding an external modulator device (Khair et
al., 2016).

The following are several types of multiplex on RoF systems including:
1. Frequency-Division Multiplexing (FDM)

Frequency Division Multiplexing is an analog technique in which the available
bandwidth of a single transmission medium is divided into multiple channels. The main
goal of FDM is to divide the available bandwidth into different frequency channels and
allocate them to different devices. FDM is primarily used in radio broadcasting and TV
networks. The advantages of the FDM technique are: FDM is used for analog signals, the
FDM process is very simple and easy to modulate, most signals can be sent via FDM
simultaneously, and FDM does not require synchronization between sender and receiver.
The weakness of the FDM technique is that the FDM technique is only used when low-
speed channels are needed, requires a lot of modulators, and requires high bandwidth
channels (Zhang et al., 2019).

2. Wavelength Division Multiplexing (WDM)

Wavelength Division Multiplexing (WDM) is almost the same as FDM, the
difference is that the optical signal is transmitted over a fiber optic cable. WDM is used in
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fiber optics to increase the capacity of a single fiber. This technique is used to take
advantage of the high data rate capabilities of fiber optic cables. WDM is an analog
multiplexing technique. Optical signals from different sources are combined to form a
wider optical band with the help of a multiplexer. At the receiving end, the demultiplexer
separates the signals to send them to their respective destinations (Feng et al., 2020).
Multiplexing and Demultiplexing can be achieved using a prism. The prism can perform
the role of a multiplexer by combining various optical signals to form a composite signal,
and the composite signal is transmitted through the fiber optic cable. The prism also
performs the inverse operation, i.e., signal demultiplexing. So in this study, we compared
the performance of RoF systems using RF-level multiplexing with those using optical-level
multiplexing. The optical modulation technique used is direct modulation (Lim, D. S.,
Morse, E. A., Mitchell, R. K., & Seawright, K. K. Ins 34(3), 2010).

2. Method
a. Two Types Of Multiplex In ROF Systems
Multiplexing is a technigue of combining several information signals to be sent
simultaneously on one transmission channel. The device that performs multiplexing is
called a multiplexer or also known as a transceiver/mux. At the receiving end, the
combined signals are again separated according to their respective destinations, this
process is called Demultiplexing. The receiver or device that performs Demultiplexing
is called a Demultiplexer or also known as a Demux.
In RoF systems, multiplexing can be done at the RF level or the optical level.
1. Multiplexing at RF Level
A. multiplexing system by dividing the bandwidth or carrier frequency range into
several sub-carrier frequencies. Each frequency is modulated with a different
frequency of the modulating signal (information signal). Each modulated sub-
carrier frequency is added together to form multiple signals. The advantage of
this system is that it can transmit multiple audio signals using only one carrier
signal frequency. While the disadvantage of this system is that it requires a wide
bandwidth and the information frequency range is limited by the presence of LPF
at the input of the system.
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Figure 2. RF Multiplexing
B. Multiplexing at the Optical Level

A transmission technique that utilizes light of different wavelengths as
information channels, so that after multiplexing, all of these wavelengths can be
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transmitted through an optical fiber. DWDM technology is a technology that
utilizes the SDH (Synchronous Digital Hierarchy) system by multiplexing

existing signal sources.
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Figure 3. Optical Level Multiplexing

2. Simulation

A comparison of performance in this study was carried out by simulation using the
OptiSystem software. The components used in the simulation consist of optical
sources, modulators, and transmission media in the form of optical fiber. The
modulator used is the Direct Laser Measured Modulator. The simulations are
carried out with different specifications, the first is the RF Multiplexing circuit and
the second is the Optical Multiplexing circuit. The simulation results will come out
in the form of the BER and Q Factor. Analysis of the results of the simulations
carried out is then adjusted to the parameters that have been determined, including
the maximum value of BER 10-9, and minimum Q-Factor 6 dB.

The simulation circuit is assembled using several components, RF Multiplexing is
formed from the components of a Pseudo-Random Bit Sequence Generator, Pulse
Generator, Electrical AM, 2x1 Combiner, Direct Modulator, Optical Fiber, 1x2 Power
Splitter, Photodetector, and 3R Regenerator. In Optical Multiplexing, the components used
are the same as in RF Multiplexing with the addition of several other components such as
WDM Mux and WDM Demux.

Table 1: Parameters Of Rf Multiplexing Circuit Components

Component Parameter
AM frequency 10GHz & 15GHz
Fi'(:‘lﬁ:zy 193.1 THz
Power 10dBm
Fiber Length 1-10 kilometers
Cutoff Frequency 1.5GHz
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Table 2: Components Of Multiplexing Optical Components Parameters

Component Parameter

AM frequency 10GHz & 15GHz

Directly 1 frequency 193.1 THz
Directly 2 frequency 193.3 THz
power 10dBm
Fiber Length 1-10 kilometers
Cutoff Frequency 1.5GHz
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Figure 4. RF Multiplexing Modeling

Cpicd Fa 1
WOt et

WO Der A'IAZ

\—"’_‘;‘— [t [l e
st s ME----M

vty 338 Regprecty § BER Aaiyzg 3

Ls— =

PondPosthen B SR PGy 3 Docicd At b 3
[ - Fomianu= 1672540

Figure 5. Multiplexing Optical Modeling

3. Result and Discussion

The analysis obtained from the RF Multiplexing series can be seen in Table 1, it is
proven that the farther the fiber optic cable is, the lower the performance value. On the Q
Factor, the best value is 18.5849 at a distance of 1 km where the minimum value of the Q
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Factor is 6 dB. At BER, the best value is when the optical fiber is given a distance of 1 km
which is equal to 2.12594e-077 where the maximum value of BER is 10-9 or 1e-09.

Table 3: Q-Factor And Ber Values For Rf Multiplexing

Di(Sl:?nf;CE BER Q Factor
. 213?34*" 18.5849
5 7-233363' 18,765
2 1-23573?46' 18.6107
) 5-73229“" 17.3708
g 9-022259' 15,092
5 8-9‘32;66' 15.0931
. 9-88234‘3' 14.7804
g 2932?“‘ 14,3913
o 12323%‘ 13.6355
10 2-822‘7‘76' 12.7017

Based on the best results from the RF Multiplexing circuit, the following is a BER image
with a value of 2.12594e-077 with a Q Factor of 18.5849.
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Figure 6. BER results for RF Multiplexing

The results of the RF Multipexing circuit are compared with the results of the Optical
Multiplexing circuit. The analysis obtained from the Optical Multiplexing circuit can be
seen in Table 2. On the Q Factor, the best value is 76.7349 at a distance of 1 km. In this
Optical Multiplexing circuit, the BER value in all-optical fiber distance ranges has the same
value, namely 0.

Table 4: Q-Factor And Ber Calculation Results For Optical Multiplexing

Di(sl:fnr;ce BER  Q Factor
1 0 76.7349
2 0 75.0062
3 0 715146
4 0 66.0693
5 0 61.3875
6 0 56.1431
7 0 51.4836
8 0 47.2154
9 0 43.4505
10 0 40.6853
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Based on the best results from the RF Multiplexing circuit, the following is a BER
image with a value of 0 with a Q Factor of 76.7349.

= BER Analyzer_2

Dkl Click On Objects to open properties. Mowe Objects with Mouse Drag
Tirme (bit period)

m
Amplitude (2.0,

o o.= 1
Tirme {(bit pericd)
O Factor Min BER Threshold Height BER. Fatternm

Figure 7. BER results for Multiplexed Optics

4. Conclusion
The conclusion of this study are as follows:

1. The performance of Optical Fiber in both circuits that meet eligibility is at a distance
of 1 kilometer. BER value on RF Multiplexing 2.12594e-077 and Q-Factor 18.5849.
In Optical Multiplexing, the BER value is 0, and the Q-Factor value is 76.7349.

2. The best performance between RF Multiplexing and Optical Multiplexing is the
Optical Multiplexing circuit with a BER value of 0 and Q-Factor 76.7349.
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