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Abstract—A novel approach for the detection of cross
phase modulation (XPM) in Radio over fiber (RoF) systems
has been proposed. The cross phase modulation is the
nonlinear effect observed in the optical fiber and is
analyzed for the distance of 50kms. The Bit-error-rate
(BER) degradation due to the effect of XPM is analyzed at
dispersion value of 20ps/nm/km for different power level.
The comparison of XPM effect with and without Radio
Frequency (RF) signal has been analyzed.
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I. INTRODUCTION

The raising demand by the users in increase of
video calls and vast data transmission had led to the
emergence of wireless data transmission [1][2]. The
advantages of larger bandwidth, low attenuation loss,
ease of maintenance and installation made Radio over
fiber the flexible medium for the optical and wireless
systems [3][4]. The effect of XPM on Wave-length
Division Multiplexed systems (WDM), in two
different lengths with non-zero dispersion value
without RF signal is analyzed and observed that the
lesser distance have better BER than longer distance
[5]. The research had been done by varying the
dispersion value from -4 to 4ps/nm/km in order to
reduce the effect of cross phase modulation which
resulted in the nonlinear curve of the Q-factor [6]. The
intermodulation3 (IM3) nonlinear effect for producing
the optical dual-side bands (ODSB) by introducing
fiber dispersion for the RoF systems is analyzed [7].

In our present work, the effect of cross phase
modulation has been studied. The BER varies for
various power levels, with a fixed dispersion value of
20ps/nm/km. Analysis has been done with and
without RF signal with modulation techniques.

Il. CROSS PHASE MODULATION

The intensity dependent characteristics give the
non-linearity in the optics. The non-linearities arise in
the fiber due to the change in the refractive index of
the medium. The main non-linear effects due to this
reason are self-phase modulation (SPM), cross phase
modulation (CPM) and four way mixing (FWM). The
other reason for the non-linearity is due to scattering
characteristics which causes stimulated effects like
stimulated brillouin-scattering (SBS) and stimulated
raman-scattering (SRS). In WDM channel, intensity
of one beam change the phase of the other beam due
to Kerr effect.

The cross phase modulation is caused due to the
interaction of the two signals passing through the
same medium which results in the occurrence of the
error or distortion in the output signal. The cross phase
modulation is bit similar to the self-phase modulation.
Which means the refractive index of pulse not only
depend on its own refractive index but also on the
pulse travelling simultaneously. Cross phase
modulation introduces cross talk in the system,
produces amplitude and time jittering and causes pulse
broadening. The effect of the cross phase modulation
in WDM system is analyzed.

I1l. METHODOLOGY

Fig. 1 shows the block diagram to analyze the
cross phase modulation without RF signal and Fig. 2
shows the block diagram of analyze the XPM with RF
signal.
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Fig. 1 Multiband WDM system.
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Fig. 2 Multiband Radio-over-Fiber system.

The Mach-Zender Modulator (MZM) is used to
modulate the signals given to it. Continuous Wave
(CW) at 1552.52nm with line width of 10MHz is
given to the MZM as the light source and the pseudo
random generator gives the data source in the form of
NRZ pulses to the MZM as shown in Fig.1. For the
normal WDM systems the change in refractive index
occurs due to the Kerr effect for which the RF signal
is not given. Whereas to the RoF systems the RF
signal acts as carrier wave and it is responsible for the
change in the refractive index in the system which
causes the cross phase modulation. The sinusoidal RF
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signal with 28GHz along with bias circuit is given to
the MZM as shown in Fig.2. The modulated and
multiplexed data is transmitted through the optical
fiber of a length 50kms to the Remote Access Unit
(RAU). Near the RAU the obtained optical signal will
be converted to the electrical signal with the help of
photo-detector and filtered with help of a Bessel filter
and then transmitted to the end users.

Pulse Shift Keying (PSK) and Offset Quadrature
Pulse Shift Keying (OQPSK) are the two modulation
techniques used in-order to have better performance of
the system. Here the pseudo random generated data
will be given as the PSK and OQPSK modulated data
to the MZM.

I\VV. PERFORMANCE EVALUATION

Let us now see the performance of the system
with different power levels.

A. NRZ pulse train:

The data source from the pseudo random generator
is given to the NRZ generator in order to get the NRZ
pulse train to give as input data source to the MZM.
The effect of cross phase modulation observed is more
as the power level increases. The power range is
varied between 0dBm to 30dBm. The eye-diagram
shows the obtained output without RF signal in Fig.3
and with RF signal in Fig.4 as given below.
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Fig.3 BER for power level 0dBm for a dispersion of 20ps/nm/km
without RF signal
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Fig.4 BER for power level 0dBm for a dispersion of 20ps/nm/km
with RF signal

The performance analysis for different power levels is
tabulated as shown below.

Tablel. System performance without RF signal at

20ps/nm/km
Power in BER (1km) BER (50km)
dBm
0 9.32542e- 5.88694e-027
031
10 5.79514e- 4.51911e-026
031
20 5.66968e- 2.13878e-015
031
30 5.67416e- 0.0193283
031

Table2. System performance with RF signal at

20ps/nm/km
Power in BER (1km) BER (50km)
dBm

0 2.47298e- 1.47736e-026
027

10 2.9248e-028 1.03057e-016

20 2.50715e- 1.12825e-016
028

30 2.4857e-028 0.000227906

The observation from the Tables 1& 2 says that as the
power increases the effect of cross phase modulation
which results in the increase in number of error bits.

B. PSK pulse train

The data source from the pseudo random generator
is given to the PSK modulator in order to get the PSK
pulse train to give as input data source to the MZM.
The effect of cross phase modulation observed is more
as the power level increases. The power range is
varied between 0dBm to 30dBm. The eye-diagram
shows the obtained output without RF signal in Fig.5
and with RF signal in Fig.6 as given below.
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Fig.5 BER for power level 0dBm for a dispersion of 20ps/nm/km
without RF signal
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Fig.6 BER for power level 0dBm for a dispersion of 20ps/nm/km

with RF signal

The performance analysis for different power levels is
tabulated as shown below.

Table3. System performance without RF signal at

20ps/nm/km
Power in BER (1km) BER (50km)
dBm
0 1.28424e-65 9.15057e-
54
10 1.01804e-65 3.66651e-
42
20 1.46822e-65 8.40922¢-
27
30 1.66932e-65 Infinite

Table4. System performance with RF signal at

20ps/nm/km
Power in BER (1km) BER (50km)
dBm
0 1.1128e-63 3.06897e-51
10 3.2778e-64 3.32482¢-33
20 4.6636e-64 1.50793e-12
30 5.26794e-64 infinite

shows the obtained output without RF signal in Fig.7
and with RF signal in Fig.8 as given below.
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Fig.7 BER for power level 0dBm for a dispersion of 20ps/nm/km
without RF signal
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Fig.8 BER for power level 0dBm for a dispersion of 20ps/nm/km
with RF signal

The performance analysis for different power levels is
tabulated as shown below.

Table5. System performance without RF signal at

The observation from the Tables 3&4 says that as the
power increases the effect of cross phase modulation
which results in the increase in number of error bits.
When compared to the normal NRZ pulse train the
number error bits were less in the input side in PSK
modulation but as the power increases the number of
error bits in the output became infinite.

C. OQPSK pulse train

The data source from the pseudo random generator
is given to the OQPSK modulator in order to get the
OQPSK pulse train to give as input data source to the
MZM. The effect of cross phase modulation observed
is more as the power level increases. The power range
is varied between 0dBm to 30dBm. The eye-diagram
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20ps/nm/km
Power in BER (1km) BER (50km)
dBm
0 6.53253e-67 2.19104e-57
10 9.32554e-67 8.67873e-40
20 1.25701e-66 3.54783e-18
30 1.37164e-66 0.00539969

Table6. System performance with RF signal at

20ps/nm/km
Power in BER (1km) BER(50km)
dBm
0 1.1128e-63 3.06897e-51
10 3.2778e-64 3.32482e-33
20 4.6636e-64 1.50793e-12
30 5.26794e-64 infinite
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The observation from the Tables 5&6 says that as the
power increases the effect of cross phase modulation
which results in the increase in number of error bits.
When compared to the normal NRZ pulse train the
number error bits were less in the input side in
OQPSK modulation but as the power increases the
number of error bits in the output became infinite for
the system containing RF signal. When compared to
the PSK modulation OQPSK modulation have every
little difference in the input BER and output remains
the same.

CONCLUSION

Thus the study of effect of cross phase modulation
has been done and performance difference between
the normal NRZ pulse train and the PSK, OQPSK
pulse train has also been observed. The Offset QPSK
gives better performance than the other two pulse
trains even though it has infinite error at the maximum
power level. The application for the microwave signal
range is taken for the RoF systems for which it gives
the better performance than the normal system.
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