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Abstract- In this paper we hawve analyzed the 2x2
configuration of 16 channel WDM FSO system for
differentbit rate of communication under the influence
of differentatmosphericconditions like haze, moderate
rain and fog. Link range, attenuation and pointing
error are kept differentin each case. From this analysis
value of maximum acceptable bit rate is determined for
which Q-factor and BER are considered as 6 and 10-9
respectively. Now this bit rate is compared with the
previous result.

Index Terms- Pointing error, Attenuation, Bit rate,
WDM, Free Space Optical System.

1. INTRODUCTION

Free-space optical (FSO) communication offers
the potential to send large amounts of data
securely through free space without the expense
of laying fiber-optic cable. The primary limitation
of FSO system is atmospheric attenuations that may
lead to high bit error rate (BER) of the system and
makes the  communication link  impractical.
Commonly in optical access networks, multiple
users’ information is transported together in a single
physical medium such as a single mode fibre or a
direct atmospheric link.

Free space optical (FSO) communication utilizes
visible or infrared (IR) wavelengths to transmit high-
speed data wirelessly along the atmospheric channel.
The performance of FSO communications is
primarily ~ dependent on the unpredictable
atmospheric conditions such as fog, smoke and
temperature dependent turbulence. Although, as the
real outdoor atmosphere (ROA) is time fluctuating
and heterogeneous in nature as well as depends on
the magnitude and intensity of different weather
patterns, carrying out an appropriate link connection
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under specific weather situations becomes a
challenging task.

To meet the increasing demand of bandwidth and
speed, Free Space Optics (FSO) has been emerged as
a promising wireless communication technique
leading behind the conventional copper wire and
fiber optic communications. The capacity of this
cost-effective and rapidly deployable FSO system
can be increased using Wavelength Division
Multiplexing  (WDM)  technique.  Atmospheric
turbulence and pointing error are two constant
phenomena in FSO that affect transmitted signal
strength.

A hybrid fibre and FSO (HFFSO) communication
link offers several advantages to the optical access
network compared to an all fibre link, including
easier penetration (e.g. the FSO part of the link could
be used for connections between buildings and to
bypass difficult barriers), easier deployment (no
trenching required for the FSO part of the link) and
reduced deployment cost (as fewer fibre installations
would be required). Compared to an FSO only link, a
hybrid offers longer reach and thus the potential for
greater centralization of the OLT. Both optical fibre
and FSO systems are highly compatible, with very
similar  properties, and use similar device
technologies. Therefore a hybrid fibre and FSO
(HFFSO) optical access network would benefit
immensely from the already mature optical fibre
technology, and both systems could seamlessly
combine to provide higher bandwidth to users in the
optical access network, with excellent quality of
service (QoS).

2. WDM-FSO SYSTEM
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The block diagram of WDM FSO communication
systemis shown in Fig. 3.6.

PRBS NRZ
i 1
APD | | LPF
1 7]}
m
oK MZM
Laser > L
T S X 2 Regen
WDM ¢ Fs0 | WDM s
MUX DE 1
Pre power | MUK
oW wplifier booster
MZM o or
Laser 16 il D 1';
15 | 16 > 6 16
PRBS NRZ Regen
16 16 nator
16
Transmatter Receiver

Fig. 1 Block diagram of WDM-FSO system

This system can be in the form of 4 channel (4
transmitter and 4 receiver), 8 channel, 16 channel or
32 channel. In this system different patterns of data
signal are transmitted on different channels (having
different wavelengths). Each transmitter section
contains pseudo random bit sequence generator
which generates pattern of bit sequence, NRZ pulse
generator which converts bit pattern to a pulse
waveform, Mach-Zehnder ~ modulator  which
modulates the pulse according to a laser signal. Now
all the signals are passed into WDM multiplexer
which generates any one signal and transmitted it into
FSO channel.
At the receiver stage transmitted signal is received
and amplified through EDFA and passed it into
WDM demultiplexer. WDM demux generates signal
for each wavelength. These signals are passed
through  receiver  section  which  contains
photodetectorwho is responsible for changing optical
signal into electrical signal, low pass filter to
eliminate the noise, 3R regenerator to reshape, retime
and regenerate signals, BER analyzer to compute
performance parameters like Q-factor, bit error rate,
eye height etc. by analyzing eye diagram.

3. LITERATURE REVIEW

In 2017, Sujon Kumar Biswas, Pankaj Biswas,
Jobaida Akhtar and Mohammad Istiaque Reja
presented a paper entitled, “Estimation of Link Range
and Bit Rate for 16 Channel WDM-FSO Considering
Atmospheric Turbulence and Pointing Error Under
Various Weather Conditions”, IEEE. In this paper
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authors have analyzed WDM-FSO systemin terms of
bit rate. They have measured maximum acceptable
bit rate maintaining the acceptable value of Bit Error
Rate (BER) of 10-9 and Quality factor of 6 in an
atmospheric turbulent channel with pointing error
under various weather conditions like haze, moderate
rain and foggy weather. It is found that using
maximum allowable pointing error, the maximum
attainable bit rate is 9 Gbps, 6.5 Gbps and 2.5 Gbps
for haze, moderate rain and foggy weather
respectively at a constant link range of 2.2 km for
haze and moderate rain and 11 km for fog.

Simulation results of this paper are as follows:
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Fig-2: Literature result
4. PROPOSED WORK

In this work MIMO (multiple input multiple output)
structure of 16 channel WDM-FSO system in which
there are 2 FSO channels i.e. 22 configuration, 2
transmitters and 2 receivers is used. This structure is
analyzed for the different values bit rate under
various climate conditions such as haze (attenuation
is 4.3 dB/Km), moderate rain (attenuation is 9.64
dB/Km) and fog (attenuation is 43 dB/Km). Specific
value of beam divergence is also considered for
climatic conditions such as 13 mrad for haze climate,
12.4 mrad for moderate rain climate and 4 mrad for
fog climate. The maximum acceptable bit rate is
measured maintaining the acceptable value of Bit
Error Rate (BER) of 10-9 and Quality factor of 6 and
compared with the results of previous literature. This
is how the performance of WDM FSO system can be
improved.
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Fig-3: Proposed WDM-FSO system

In this 16 channel WDM-FSO system (2x) 16
subsystems (Subsystem to Subsystem_15) are added
at transmitter side with WDM mux. Each subsystem
contains pseudo random bit sequence generator, NRZ
pulse generator, CW laser and Mach Zehnder
modulator. This circuit uses two FSO channels with
the same configuration to increase the efficiency of
the system. At receiver side WDM demux is
connected to 16 subsystems (Subsystem 16 to
Subsystem 31). Each subsystem contains avalanche
photodetector (APD), low pass Bessel filter, 3R
regenerator and BER analyzer

5. EXPERIMENTAL RESULTS

Proposed 16 channel WDM FSO system is simulated
to determine the Q-factor and BER when link range
is constant at different atmospheric conditions and
different bit rate of communication.

Table 1 Simulation results for constant link range at
haze climate

5 35.29 Neglect
55 26.03 -55.75
6 20.64 -35.85
6.5 15.46 -25.46
7 12.69 -15.63
7.5 10.20 -10.38
8 8.69 -7.19
85 7.43 -5.17

9 6.37 -4.11
9.5 5.61 -3.16

Link range = 2.2 Km, Attenuation = 4.3 dB/Km,
Pointing error = 13 mrad

Bit rate (Gbps) | Q-factor Log(BER)
4 71.69 Neglect
45 47.41 Nealect
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Bit range is calculated to obtain standard values of Q
factor and BER. That bit rate is 9.2 Gbps.

Table 2 Simulation results for constant link range at
moderate rain climate

Link range = 2.2 Km, Attenuation = 9.64 dB/Km,
Pointing error = 12.4 mrad

Bit rate (Gbps) | Q-factor Log(BER)

25 44.67 Neglect

3 36.78 Neglect

35 3345 -76.61

4 28.67 -67.33

45 24.46 -57.99
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5 2157 4371
55 18.35 -30.33
6 15.74 -18.79
65 1352 -17.26
7 11.38 -10.89
75 9.43 -8.35
8 7.94 -6.27
85 6.75 -5.68
9 6.13 419
95 5.72 325

Bit range is calculated to obtain standard values of Q
factor and BER. That bit rate is 9 Gbps.
Table 3 Simulation results for constant link range at

fog climate
Link range = 1.1 Km, Attenuation = 43 dB/Km,
Pointing error = 4 mrad
Bit rate (Gbps) Q-factor Log(BER)
1 17.36 -21.25
15 15.14 -18.47
2 12.59 -15.55
25 10.85 -15.06
3 9.87 -14.76
35 9.14 -12.85
4 8.76 -11.33
45 8.13 -10.28
5 7.81 -8.39
55 7.38 -6.94
6 6.82 -5.84
6.5 6.18 -4.76
7 5.69 -3.88

Bit range is calculated to obtain standard values of Q
factor and BER. That bit rate is 6.6 Gbps.
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Table 4: Comparison with previous result

. Maximum Acceptable Bit Rate

Climate -
Sujon et al. Proposed

Haze 9 9.2
Moderate Rain 6.5 9
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Fig-5: Comparison graph
6. CONCLUSIONS

In this work three attenuation factors are considered
such as 4.3 dB/Km for haze climate, 9.64 dB/Km for
moderate rain climate and 43 dB/Km for fog climate.
Proposed design of WDM FSO is simulated at all
attenuation factors for different bit rate when link
range is constant. The maximum attainable bit rate (at
a link range of 2.2 km for haze and moderate rain and
1.1 km for fog) is 9.2 Gbps, 9 Gbps and 6.6 Gbps for
the haze, moderate rain and foggy weather
respectively.
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