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Abstract: This paper aims to simulate performance effi-
ciency of carrier suppressed non return to zero line coding
based FSO transceiver systems under light rain conditions
with amplification units at 40 Gbps. The max. Q, BER and
total optical power are simulated and demonstrated after
FSO channel and PIN Photodetector Receiver under light
rain weather conditions at maximum reach of 1.2 km at
10 Gbps. Aswell as themax.Q Factor variations versusmax
reach variations are clarified after PIN photodetector
receiver under light rain weather conditions at 10, 40 Gbps
with/without amplification units. Besides the total optical

power variations versus max reach variations are assured
after FSO channel under light rain weather conditions at
10, 40 Gbps with/without amplification units.

Keywords: amplification units; carrier suppressed; light
rain; NRZ line coding.

1 Introduction

The free space optics communication systems represents
new trend in various current applications which based
on optical media as well as air media to have improvement
of transmission characteristics like high transmission se-
curity high speed accessing in addition to shrinking the
system cost [1–18]. Furthermore the most important spec-
ification of free space optics communication system is the
establishment of this communication without spectrum
license requirements, in addition to their transmission
has no electromagnetic interference [19–37]. However the
drawback of free space optics transmission through the
atmosphere layer of air media circumstance has directly
effectiveness on transmission characteristics of free space
optical link but also the surrounding environment. How-
ever the dominant challenge of free space optical link is the
attenuation [38–56]. Hence the weather conditions play an
important role in degradation of system performance and
increasing attenuation. There aremany essential resources
causes attenuation like snows, fogs and rains [57–73]. Free
space optical transmission extended for large distances at
high power levels in addition to low power utilization
[74–89]. Other challenges face the free space optics is
aerosol scattering generated from rains, fogs and snows. In
addition to free space optic links exposed to atmospheric
turbulence resulting scintillation [90–118].

This work has been simulated the performance effi-
ciency of carrier suppressed non return to zero line coding
based FSO transceiver systems under light rain conditions
with amplification units at 40 Gbps. We have studied the
max. Q Factor variations versus max reach variations are
clarified after the photodetector under light rain weather
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conditions at 10, 40 Gbpswith/without amplification units.
Also we have studied the total optical power variations
versus max reach variations are assured after FSO channel
under light rain weather conditions at 10, 40 Gbps with/
without amplification units. The max. Q, BER and total
optical power are simulated and demonstrated after FSO
channel and PIN Photodetector Receiver under light rain
weather conditions atmaximum reach of 1.2 km at 10 Gbps.

2 Simulation setup

Figures 1 and 2 show the simplified block diagram of FSO
transceiver system and FSO transceiver simulation model
description. The input electrical signal is modulated
through the electro optic modulators. The source converts
the signal to the optical signal. The free space medium has
two lenses to concentrate the light to be in high intensity.
The light signal is modulated through the free space optics
medium. The light detector detects the electrical signal.
The electrical form is demodulatedwith the demodulator to
get the output electrical form.

The data source generator generates stream bits
sequence within the line coding of return to zero code. Fork
unit distribute the signals into directions. First direction to
electrical gain and second direction to LiNb Mach–Zehnder
modulator. On the other hand, the electrical bit coded signal
is modulated through laser measured which transforms
from the light signal to optical signal form. The twoelectrical
signals and the light carrier signal are injected together
through electro optic modulators (LiNb Mach–Zehnder
modulator). The sine generators generate the electrical
signal with a frequency of 100 GHz and phase shift of −10°.
The generated signal is directed to the fork unit.

The fork unit distributes the signals to the electrical
gain and electro optic modulators (LiNb MZM). The
modulated signal is forward to the amplification units.
Amplifiers are used to reduce the attenuation and
compensate the losses in the FSO channel. The free space
optics channel has light rain with signal attenuation of
10 dB/km. The light signal is passed to PIN photodetector
in order to be converted to the electrical. The signal is
filtered from the ripples with LPBFs. The signal is resha-
ped, retimed and regeneration through 3R regenerator. Q

Figure 1: Simplified block diagram of FSO
transceiver system.

Figure 2: FSO transceiver simulation model description.
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value and min BER values are tested with eye analyzers.
The optical signal intensity levels with spectral time and
frequency variations through FSO channel are measured
by using optical time domain visualizers/optical spec-
trum analyzer/optical power meter under light rain
weather conditions.

3 Results with discussions

We have been simulated max. Q and min. BER after PIN
photodetector receiver under light rain weather condi-
tions at maximum reach of 1.2 km at 10, 40 Gbps. The

total optical power is simulated also after FSO channel
under light rain weather conditions at maximum reach of
1.2 km at 10, 40 Gbps. The max signal power level is
clarified versus time duration and spectral wavelength
after FSO channel under light rain weather conditions at
maximum reach of 1.2 km at 10, 40 Gbps. The max. Q
factor variations versus max reach variations are
demonstrated after PIN photodetector receiver under
light rain weather conditions at 10, 40 Gbpswith/without
amplification units. Moreover the total optical power
variations versus max reach variations are demonstrated
after FSO channel under light rain weather conditions at
10, 40 Gbps with/without amplification units. The results
are clarified depends upon the parameter in Table 1.

Figure 3 shows max. Q and min. BER after PIN photo-
detector receiver under light rain weather conditions at
maximum reach of 1.2 km at 10 Gbps without amplification
unit. Where max Q factor, min BER are 9.31, 5.76 × 10−21,
respectively.

Figure 4 demonstrates max. Q and min. BER after PIN
photodetector receiver under light rain weather conditions
at maximum reach of 1.2 km at 40 Gbps without amplifi-
cation unit. Where max Q Factor, min BER are 5.88,
1.95 × 10−9, respectively. The study emphasized that the
higher the data rate can be achieved the lower Q factor can
be measured.

Figure 5 shows the total optical power after FSO
channel under light rain weather conditions at maximum
reach of 1.2 km at 10 Gbps without amplification unit. The
total optical power is 2.457 μW in this case.

Table : Variables for the proposed article.

Parameters Values/units

Optical transmitter
Laser frequency  nm
Laser power  mW
Threshold current  mA
Maximum current  mA

FSO channel
Attenuation (light rain)  dB/km []
Reach .– km
Tx./Rx. aperture diameter ,  cm
Beam divergence  mrad
Tx./Rx. loss  dB

PIN photodetector
Gain 

Insertion loss  dB

Figure 3: Max. Q and min. BER after PIN photodetector under light rain weather conditions at 1.2 km at 10 Gbps.
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Figure 6 clarifies the total optical power after FSO
channel under light rain weather conditions at maximum
reach of 1.2 km at 40 Gbps without amplification unit. The
total optical power is 1.552 μW in this case.

Figure 7 demonstrates the max power with time
duration after FSO channel under light rain weather
conditions at maximum reach of 1.2 km at 10 Gbps
without amplification unit. Where the max signal power
(MSP), noise power (NP) are 21.044 μW, −1.002 μW,
respectively.

Figure 8 assures the max power versus time duration
after FSO channel under light rain weather conditions at
maximum reach of 1.2 km at 40 Gbps without amplifica-
tion unit. Where MSP, NP are 13.29 μW, −0.6329 μW,
respectively.

Figure 9 illustrates the max signal power level versus
spectral wavelength after FSO channel under light rain
weather conditions atmaximum reach of 1.2 km at 10 Gbps.
Where the MSP, NP are −32.6119 dBm, −103.209 dBm
respectively.

Figure 10 clarifies the max signal power level versus
spectral wavelength after FSO channel under light rain
weather conditions at maximum reach of 1.2 km at 40 Gbps.
WhereMSP,NPare−34.7075dBm,−103.109dBmrespectively.

Figure 11 clarifies the max. Q Factor variations versus
max reach variations after PIN Photodetector Receiver
under light rain weather conditions at 10 Gbps with/
without amplification units. The max Q factor is 17.65 with
the amplification unit, 9.31 without the amplification unit
at reach of 1.2 km. As well as the max Q is 15 with the
amplification unit, 7.54 without the amplification unit at
reach of 2.4 km. Also the max Q is 12 with the amplification
unit, 5.32 without the amplification unit at reach of 3.6 km.
Besides the max Q is 10 with the amplification unit, 3.65
without the amplification unit at reach of 4.8 km. Moreover
the max Q is 9 with the amplification unit, 2.54 without the
amplification unit at reach of 6 km.

Figure 4: Max. Q and min. BER after PIN photodetector under light rain weather conditions at 1.2 km at 40 Gbps.

Figure 5: Total optical power after FSO channel under light rain
weather conditions at maximum reach of 1.2 km at 10 Gbps.

Figure 6: Total optical power after FSO channel under light rain
weather conditions at maximum reach of 1.2 km at 40 Gbps.
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Figure 12 clarifies the max. Q variations versus max
reach variations after PIN photodetector receiver under
light rain weather conditions at 40 Gbps with/without
amplification units. The max Q is 12 with the amplification
unit, 5.32 without the amplification unit at reach of 1.2 km.
As well as the max Q is 10 with the amplification unit, 3.65
without the amplification unit at reach of 2.4 km. Also the
max Q is 9 with the amplification unit, 2.54 without the

amplification unit at reach of 3.6 km. Besides themaxQ is 6
with the amplification unit, 1.8 without the amplification
unit at reach of 4.8 km. Moreover themaxQ is 3.87 with the
amplification unit, 1.21 without the amplification unit at
reach of 6 km. The study assured that the max Q is
degraded with the FSO channel reach increases.

Figure 13 demonstrates the total optical power varia-
tions versus max reach variations after FSO channel under

Figure 8: Max signal power level versus time duration after FSO channel under light rain weather conditions at maximum reach of 1.2 km at
40 Gbps.

Figure 7: Max signal power level versus time duration after FSO channel under light rain weather conditions at maximum reach of 1.2 km at
10 Gbps.

A.N.Z. Rashed et al.: Non return to zero line coding with suppressed 5



Figure 10: Max signal power level versus
spectral wavelength after FSO channel
under light rain weather conditions at
maximum reach of 1.2 km at 40 Gbps.

Figure 9: Max signal power level versus
spectral wavelength after FSO channel
under light rain weather conditions at
maximum reach of 1.2 km at 10 Gbps.

Figure 11: Max. Q factor variations versus
max reach variations after PIN
photodetector receiver under light rain
weather conditions at 10 Gbps with/
without amplification units.
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Figure 12: Max. Q factor variations versus
max reach variations after PIN
photodetector receiver under light rain
weather conditions at 40 Gbps with/
without amplification units.
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light rain weather conditions at 10 Gbps with/without
amplification units. The total optical power is 95.87 μWwith
the amplification unit, 10.9 μW without the amplification
unit at reach of 1.2 km. As well as the total optical power is
88 μW with the amplification unit, 6.2 μW without the
amplification unit at reach of 2.4 km. Also the total optical
power is 65 μWwith the amplification unit, 4.3 μWwithout
the amplification unit at reach of 3.6 km. Besides the total
optical power is 33 μW with the amplification unit, 1.6 μW
without the amplification unit at reach of 4.8 km. Moreover
the total optical power is 15 μWwith the amplification unit,
1 μW without the amplification unit at reach of 6 km.

Figure 14 assures the total optical power variations
versusmax reach variations after FSO channel under light
rain weather conditions at 40 Gbps with/without ampli-
fication units. The total optical power is 65 μW with the
amplification unit, 3.65 μWwithout the amplification unit
at reach of 1.2 km. As well as the total optical power is
33 μW with the amplification unit, 2.54 μW without the
amplification unit at reach of 2.4 km. Also the total optical
power is 15 μW with the amplification unit, 1.987 μW
without the amplification unit at reach of 3.6 km. Besides

the total optical power is 12 μW with the amplification
unit, 1.1 μW without the amplification unit at reach of
4.8 km. Moreover the total optical power is 9 μWwith the
amplification unit, 0.5 μW without the amplification unit
at reach of 6 km.

4 Conclusions

We have deeply simulated performance efficiency of car-
rier suppressed non return to zero line coding based FSO
transceiver systems under light rain conditions with/
without amplification units. The obtained results assured
that the higher the FSO channel reach the lower the total
optical power and Q factor in the FSO transceiver system.
The amplification unit has presented better performance in
FSO channel reach andmax Q factor can be enhanced. The
FSO transceiver is tested to measure total optical power,
maxQ andmin BER in the systemwith 10 and 40 Gbps. The
study emphasized that the obtained FSOReach is 6 kmwith
amplification unit and 1.2 km without amplification unit
under light rain weather conditions.

Figure 13: Total optical power variations
versus max reach variations after FSO
channel under light rainweather conditions
at 10 Gbps with/without amplification
units.

Figure 14: Total optical power variations
versus max reach variations after FSO
channel under light rainweather conditions
at 40 Gbps with/without amplification
units.
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