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Abstract: Fiber nonlinearities deteriorate the system performance substantially since they compromise fast,
robust, and error-free characteristics of an optical network. Some nonlinear features- SBM, SRS, XPM, SPM,
and FWM- influence the overall network performance of a wavelength division multiplex (WDM) radio over
fiber (RoF) system. Among the nonlinearities, FWM can cause severe performance degradation of the RoF
wavelength division multiplex system. In this research article, we analyzed the performance of the WDM RoF
system that uses a Hybrid modulator, Dispersion Compensating fiber, and Optical rectangular filters. The
method with 50-200 Km fiber span comprises eight channels, each carrying NRZ modulated data with a channel
capacity of 5 Gbps, and the first channel operates at 193.0 THz center frequency. The proposed model can cut
down FWM effect considerably.
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I.  Introduction

Nowadays, the demand for wireless network is increasing day by day because of its ability to provide
connection seamlessly- move anywhere within the coverage area. But a wireless network can’t offer higher data
rate over a long distance because at high-frequency electromagnetic wave experiences high attenuation. Radio
over fiber (RoF), which is an integration of wireless and optical networks, can be implemented to overcome this
issue.RoF uses highly linear optical fiber- has enormous bandwidth and supports high data rates- links to
transmit and distribute radio frequency (RF) signals to remote antenna units (RAUS) from a central base station
and allows the RAUs to be extremely simple since they only need to contain optoelectronic conversion devices
and amplifiers. In a WDM system, optical fiber suffers from some undesirable effects- nonlinearities. The
nonlinear effects occur either due to inelastic-scattering phenomenon or intensity dependence of the refractive
index of the medium [1, 2]. Nonlinear effects waste the energy of the information carrying channels [2, 3] by
distorting the output signal. Four wave mixing (FWM) causes sharp crosstalk and spill power from one channel
to another that leads to increase bit error rate (BER) and thus degrade the system performance [4]. Various
factors- channel spacing, channel power, dispersion, number of channels, and distance of the link- contribute to
FWM. Several methods applied to minimize FWM effects. In this paper, we used combined techniques- hybrid
modulator, dispersion compensating fiber, and optical rectangular filters to minimize FWM effects of WDM
RoF system. The performance of the proposed system is measured in terms of (BER) and Quality (Q) factor
while the length of the link varied from 50 to 200 km.

Il. System Design

In this analysis Optisystem 7.0 simulation software is used. The system setup comprising eight
channels each with a data rate of 5 Gbps shown in figure 1 consists of WDM transmitter, WDM multiplexer,
Single Mode Fiber (SMF), Optical Amplifier, WDM demultiplexer, Optical power splitter and power combiner,
Optical rectangular filters, Optical receiver and BER analyzer, and Optical spectrum analyzer. The transmitter
(Tx) consists of a pseudo-random sequence generator, a pulse generator (NRZ), CW laser source and hybrid
modulators. The bits are converted into pulses by pulse generator using Non-return-to zero modulation format.
The hybrid modulator consists of optical PM modulator followed by dual drive Mach-Zehnder and AM
modulator [5, 6]. The input power of the CW laser source is 5 dBm. The channel consists of single mode fiber,
erbium doped fiber amplifier (EDFAS) and dispersion compensation fiber. EDFAs are used to boost the optical
signal as signal strength decreases with distance. Dispersion compensation fiber is used to avoid the chromatic
dispersion. DCF has negative dispersion. At the receiving end, an optical receiver is used. The optical receiver
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consists of a PIN photodiode, Low pass Bessel filter and 3-R generator. A BER analyzer is used to observe the
bit-error-rate, Quality factor, and eye pattern [8]. The input signals with a bandwidth of 5 GHz are passed
through the WDM multiplexer and de-multiplexer. The centre frequency of the channel starts at 193.0 THz with
a channel spacing of 100 GHz among them. The optical rectangular filter is a sinc function that eliminates all
frequencies above the cut-off frequency. Optical filters have a bandwidth of 10 GHz. The power splitter split the
power equally among all the filters through which individual signal pass to the rectangular filter having a
specific cut-off frequency. Power combiner combines individual signals [7].

T Hybrid > R
1 > Modulator Ed D 1
M R
X
o Optical > E > 2
X Hybrid Fiber i
=>| > -~ Power Optical Power ’
[ Modulator > ad [ Splitter > Filter > Combiner M
u EDFA —>
U Rx
8
Tx Hybrid X
8 > Modulator > X

Figure 1: Block Diagram of a 5 Gbps WDM system

Table 1: The following table contains the system parameters.

Parameters Values Units
Data rate 5 Gbps
Attenuation 0.2 dB/km
Amplifier gain 15 dB
Amplifier noise figure 4 dB
No. of channels 8
Filter bandwidth 10 GHz
Dispersion 16.75 Ps/nm.km

I11. Result and Discussion

BER and Q factor are two crucial parameters to evaluate the performance of a system. A widely used
experimental technique to determine the goodness of the received signal is the eye diagram [4]. In eye diagram
analyzer, the morefull the eye, the better the performance and BER of the signal. BER is the rate at which
transmitted bits are received in errors and calculated in comparison of erroneously received bits to the number of
transmitted bits. Figure 2 shows the spectrum of the signal at the transmitting end. Figure 3, represents the
spectrum of the received signal that is distorted substantially due to the adverse effect of FWM, while figure 4,
correspond to the spectrum of the received signal in which the effect of FWM has been reduced considerably by
the proposed system.
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Figure 2: Spectrum at the transmitting end Figure 3: Spectrum with FWM effect
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Figure 4: Spectrum after reduction of FWM effect
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Fiber length 50 km (49 km SMF+1 km DCF):
For49 km fiber length, we used 1 km DCF with -820.75 ps/nm.km. The figure 5 shows the eye diagram
forchannel 1 and figure 6 shows the eye diagram for channel 8.
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Figure 5: Eye diagram for channel 1 Figure 6: Eye diagram for channel 8

Table 2: The values of Q factor and BER for channel 1 through 8 for 50 km is shown.

Channels Q factor BER
Channel 1 18.07 1072
Channel 2 21.93 107107
Channel 3 17.86 10772
Channel 4 18.21 10774
Channel 5 18.59 10777
Channel 6 16.48 10761
Channel 7 18.95 10780
Channel 8 19.22 10~81

Here the maximum Q factor is 21.93 and minimum BER is1071%7.

Fiber length 150 km (146 km SMF+4 km DCF):
For 146 km fiber length, we used 4 km DCF with -600 ps/nm.km. The figure 7 shows the eye diagram
for channel 1 and figure 8 shows the eye diagram for channel 8.
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Figure 7: Eye diagram forchannel 1 Figure 8: Eye diagram forchannel 8

Table 3: The values of Q factor and BER for channel 1 through 8 for 150 km is shown

Channels Q factor BER
Channel 1 13.81 10~
Channel 2 16.73 10793
Channel 3 16.0 10758
Channel 4 13.83 10~**
Channel 5 16.23 107>
Channel 6 15.76 1075¢
Channel 7 15.94 10757
Channel 8 14.91 10~%

Here maximum Q factor is 16.73 and minimum BER is 10793

Fiber length 200 km (195 km SMF+5 km DCF):
For195 km fiber length, we used 5 km DCF with -653.25 PS/nm.km. The figure 9 shows eye diagram

for channel 1 and figure 10 shows the eye diagram for channel 8.
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Figure 9: Eye diagram forchannel 1 Figure 10: Eye diagram for channels 8

Table 4: The values of Q factor and BER for channel 1 through 8 for 200 km is shown
Channels Q factor BER
Channel 1 8.81 10718
Channel 2 8.44 107"
Channel 3 7.77 10715
Channel 4 6.97 10713
Channel 5 8.17 107"
Channel 6 8.61 107"
Channel 7 7.95 10710
Channel 8 8.57 10V
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Here the maximum Q factor is 8.81 and minimum BER is 10718

The above results show that with an increase in the transmission length, the value of the Q factor decreases, but
BER value increases. This phenomenon occurs because the adverse effects of FWM become more pronounced
at longer distance.

IV. Conclusion

In this research work, we investigated the combined effect of a Hybrid modulator, DCF, and optical
rectangular filter in minimizing the adverse effects of FWM in a WDM RoF system. Our simulation was carried
out considering the distance of the transmission link. The maximum achievableQ factor and minimum BER for
50 km transmissionlength is 21.93 and 10~1%7, while for 100 km,they are 16.73 and 107%3. For 200 km fiber
length, the Q factor and BER decreasesto 8.81 and 1078, Output of spectrum analyzer shows the reduction of
four-wave mixing at the receiver end. It can be concluded that by using theproposed model the detrimental
effects of FWM can be reduced substantially,and transmission is possible within the distance of 50-200 km with
usable Q factor and BER value. So, the proposed system may be handy for engineers in designing RoF network.
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