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Abstract - Free Space Optical (FSO) communication is an 
optical communication technology in which optical data 
transmitted from one place to another. Some of its main 
benefit are high security, faster installation, license free 
spectrum. The presentation of the FSO system is affected by the 
atmospheric conditions like haze, fog and snow. To reduce the 
effects of atmospheric disruption Coherent Optical Orthogonal 
Frequency Division Multiplexing (CO-OFDM) with dual 
polarization, is proposed. A novel design for FSO 
communication system is considered. The proposed model is 
designed by hybridizing PDM and OFDM and its Performance 
is analyzed under various atmospheric turbulences such as 
very clear weather, daily weather, and fog and rain weather 
conditions. The proposed design exhibits an improved 
performance with SNR values of 55.64dB and 48.27dB at 3km 
in clear and cloudy skies severally. The number of the system is 
increased by utilizing dual polarization OFDM technique with 
6dB penalty of SNR at 3km.PDM technique is used to boost the 
capacity and also enhances the spectral efficiency. OFDM 
modulation reduces the multi-path fading occurred during the 
FSO transmission. The measured and simulated results 
confirm the benefits of the proposed design. The proposed 
system can also work as a reference for the FSO application 
even in bad atmospheric conditions.  
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1. INTRODUCTION  
 

Free Space Optics (FSO) is an Optical 
communication technology that uses the propagation of light 
in a free space to convey data between two points. Data rates 
comparable to optical fiber transmission can be carried by 
Free Space Optics (FSO) systems with very low error rates, 
while the extremely narrow laser beam widths ensure that 
there is almost no practical limit to the number of separate 
Free Space Optics (FSO) links that can be installed in a given 
location. The various characteristics of these optical wireless 
systems also provide better security against wiretapping 
with the help of point to point communication. The 
transmission losses are very less compared to base band or 
RF technologies. Free Space Optics (FSO) is an Optical 
communication Technology that uses the propagation of 
light in a free space to transmit data between two points. The 

increasing demand for high bandwidth in communication 
networks is persistent. Free-space optics (FSO) technology 
makes it possible to obtain the wireless optical 
communication with high data rate. FSO technology reduces 
the difficulty while laying optical fibres and has the following 
advantages: flexible network, better speed than broadband, 
easy installation, very low initial investment, straight 
forward deployment system, requires no spectrum license or 
frequency coordination between users, secure system and no 
security system upgradation is needed. Its practical 
applications are terrestrial and outer space communications. 
Some of its practical application is Outdoor wireless access, 
Storage Area Network (SAN), Last-mile access, Enterprise 
connectivity, Fiber backup, Metro-network extensions, 
Backhaul, Service acceleration, Bridging WAN Access, Point-
to-point and point-to-multi purpose communication, Military 
access. The energy beams are collimated and are sent 
through clear air or space from the source to the destination, 
rather than guided through an optical fiber. Collimation can 
be done with lenses if the energy source does not produce a 
sufficiently parallel beam to travel the required distance. FSO 
systems can function over Distances of several kilometres. It 
is theoretically possible as long as there is a clear line of 
sight between the source and the destination, 
communication. Strategically positioned mirrors can be used 
to reflect the energy, even if there is no direct line of sight. 
The beams can pass through glass windows with less or no 
attenuation. FSO systems can be a good solution for some 
broadband networking needs, there are some demarcation 
such as physical obstruction, scintillates, geometric losses, 
absorption, atmospheric turbulence, atmospheric 
attenuation, scattering. Most significant demerit of this 
technology is the fact that rain, dust, snow, fog, or smog can 
block. The transmittance way and shut down the network.  

2. PROPOSED METHODOLOGY 
 

The projected system is based on hybridization of 
PDM and OFDM. Actually atmospheric turbulence is one of 
the particular condition in FSO systems, which causes 
amplitude changeable quantity and phase fluctuations 
during the propagation of optical beam. Under these 
situations, optical PDM is a promising technology to change 
the performance.  

 
The basic concept of optical PDM is transmitting the 

modulated optical signals of the same optical wavelength 
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independently over orthogonal polarization states. The 
states of polarization are the steady-going diagnostic of 
propagating optical signal and are determined by the 
structure traced out by the transmitted light’s electric-field 
vector in a fixed plane. As distinct modulated optical signal is 
transmitted through the orthogonal states of Polarization 
(SOP) of the same light beam so it provides the enhanced 
transmission capability.  
 

To overcome this difficulty OFDM can be hybridized 
with PDM which have the ability to beat multi-path channel 
fading of the signal. OFDM divides wide band signal into 
individual orthogonal narrow band sub-carriers and 
transmits it in parallel. Each sub-carrier experiences 
frequency flat-fading caused by multi-path atmospheric 
channel, thus in OFDM, there is no inter symbol interference 
in time domain, and has ability to reduce the effect of fading 
with lower computational complexity. OFDM technique can 
also protect the signal from random fading effects which are 
induced due to atmospheric inclemency.  
 

The block diagram of proposed hybrid PDM/OFDM 
FSO system is shown in Figure 1 where PDM method will 
boost the exploiter capability and raise the spectral 
efficiency and OFDM modulation reduces the multi-path 
fading take place during the FSO transmission. The proposed 
system respect of polarization divider that abstracted the 
optical signal of laser source into its two polarized 
orthogonal signals. This signal is transmitted later 
amplification through with atmospheric channel. At the 
receiver, two orthogonal signals are separated and 
demodulated.  
 

 
Figure 1. Block diagram of PDM-OFDM FSO system 

 

The hybrid PDM/OFDM FSO optical system 
description in Figure 1 has been simulated in Opti-system 
16.0. Main blocks in this system are Polarization Splitter, 
OFDM transmitter, RF to Optical Converter, Polarization 
Combiner, FSO link, Optical to RF converter, OFDM Receiver. 
It demonstrates a coherent 512-subcarrier 4-QAM OFDM 
system. On the transmission side, an inverse fast Fourier 
transform (IFFT) used to accomplish modulation and 
multiplexing digital in nature. The sub-carrier absolute 
frequencies are numerical orthogonal over one OFDM 
symbol period. 
 

CW Laser is used to generate the carrier signal. Two 
Mach-Zehnder Modulators and a power combiner are used 
to up-convert the RF data to the optical environment. After 
converting a signal from Electrical to optical, the optical 
signals of the two users are joint using a polarization 
combiner and then it is transmitted through the free space 
optical connection and becomes degenerate due to fading 
and weather conditions. 
 

At the receiver end, the optical signal is splitted by a 
polarization splitter which is used to split the optical signal 
into two orthogonal polarization states. A coherent receiver 
with a general oscillator, used to down-convert the data to 
the RF domain and finally, demodulate and conveyed the 
resultant signal to the detector. 
 

Coherent receiver consists of a local oscillator, 
photodiode, optical coupler and a polarization controller. 
The incoming optical signal and local oscillator are combined 
in an optical coupler. To match the polarization state 
between the input optical signal and local oscillator, a 
polarization controller is used. This polarization controller 
can be placed either at the local oscillator or at the incoming 
optical signal. 
 

Table 1 Different attenuation constants for different 
weather conditions. 

WEATHER CONDITIONS ATTENUATION CONSTANTS 
Clear weather 0.5dB/km 
Daily weather 5 dB/km 
Fog weather 10 dB/km 
Rain weather 15 dB/km 

 
In the proposed simulation arrangement, the light 

source is a CW laser diode with an emission wavelength of 
around 1550nm and power of 10dBm; a polarization splitter 
is used to splits the optical signal of laser source into its two 
polarized orthogonal signals i.e. (in horizontal and vertical 
states). After combining these two polarization states by 
polarization combiner, the resultant optical signal is allowed 
to pass through an FSO channel with attenuation values 
according to the weather condition in which it has to be 
operated.  
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Different weather conditions are achieved by setting 
different attenuation constants. For clear visibility, the 
attenuation value lies somewhere around 0.2–0.5dB, while 
for Fog the values measured to be 10dB. The Rain being the 
main disaster has values ranging from 15dB to 35dB. Table 1 
shows the corresponding attenuation constants values for 
different weather conditions. 

3. RESULTS AND DISCUSSION 
 

The proposed work is carried out by Optisystem 
software. The results are shown below. 

 

Figure 2 Laser light and orthogonally separated signals 

 

Figure 3 Polarization division multiplexed OFDM signal 
generation of user 1 and user 2. 

 

Figure 4 Propagation of Signals in PDM-OFDM FSO system 
(Visualizer outputs) (a) At transmitter end of user 1 (b) At 
receiver end of user 1 (c) At transmitter end of user 2 (d) 

At receiver end of user2. 

The following figures show the constellation plot at 
various atmospheric conditions for OFDM FSO system. The 
various atmospheric conditions considered in this work are 
Very Clear Weather Condition, Daily Weather Condition, Fog 
Weather Condition and Rain Weather Condition 
 

 
Figure 5 Constellation plot at Very Clear weather 
condition and daily weather condition (OFDM). 

 

 

Figure 6 Constellation plot at Fog and Rain weather 
condition (OFDM). 

From the above figures, it is observed that as 
distances increases, the signal degradation also increases. 
Fading effect is within acceptable limits till 1km and as the 
distance increases it becomes dominant. Using OFDM 
coherent detection in free space optics, we can recover the 
signals at 0.5 km and 1km. These signals are quite good 
compared to the higher distances where fading is high. 

The following figures show the constellation plot at 
various atmospheric conditions for PDM-OFDM FSO system. 

 

Figure 7 Constellation plot at Very clear and Fog weather 
condition (PDM-OFDM). 
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 From the above figures, it is observed that the signal 
degradation increases with distance. Fading effect is within 
acceptable limits till 1.5km and as the distance increases it 
becomes dominant. Using PDM -OFDM coherent detection in 
free space optics, we can recover the signals at 0.5 km, 1 km 
and 1.5 km. The SNR vs. Range graph for OFDM and the SNR 
Vs Range graph for hybrid PDM-OFDM FSO systems is shown 
in figure 8. 

 

 

Figure 8 SNR Vs Link Range for OFDM and PDM-OFDM FSO 
system. 

Table 2 SNR values for various link ranges at different 
weather conditions for OFDM FSO system 

LINK RANGE 2 (km) 3 (km) 4 (km) 5 (km) 
VERY CLEAR 
WEATHER 
CONDITION 

56.03 dB 55.59 dB 55.44 dB 54.53 dB 

DAILY WEATHER 
CONDITION 

55.76 dB 49.26 dB 41.79 dB 34.87 dB 

FOG WEATHER 
CONDITION 

47.76 dB 34.29 dB 21.80 dB 9.87 dB 

 

Table 2 gives the SNR values for various link ranges at 
different weather conditions for OFDM FSO system. 

Table 3 gives the SNR values for various link ranges 
at different weather conditions for PDM-OFDM FSO system. 
The SNR values of the proposed system are 55.64dB and 
48.27dB at 3km in clear and cloudy skies respectively for 
PDM-OFDM FSO system whereas it is 49.26dB and 34.29dB at 
3km in clear and cloudy skies respectively for OFDM FSO 
system. This is because the concentration and size of the fog 
particles are higher as compared to the clear weather but still 
it shows a good performance for hybrid PDM-OFDM FSO 

system. The cardinality of the system is increased by utilizing 
PDM OFDM technique with 6dB penalty of SNR at 3km. 

LINK RANGE 2 (km) 3 (km) 4 (km) 5 (km) 
VERY CLEAR 
WEATHER 
CONDITION 

56.38 dB 56.27 
dB 

56.12 
dB 

55.61 
dB 

DAILY 
WEATHER 
CONDITION 

56.29 dB 55.64 
dB 

55.59 
dB 

48.86 
dB 

FOG WEATHER 
CONDITION 

56.02 dB 48.27 
dB 

3 5.79 
dB 

23.86 
dB 

RAIN WEATHER 
CONDITION 

51.75 dB 33.27 
dB 

15.80 
dB 

0 dB 

 

 

Figure 9 Comparison between OFDM and PDM-OFDM 
technique for FSO systems in terms of Received Optical 

Power Vs Range 

Table 4 gives the Received power values for various 
link ranges at different weather conditions for OFDM FSO 
system. Table 5 gives the Received power values for various 
link ranges at different weather conditions for PDM-OFDM 
FSO system. 

Table 4 Received power values for various link ranges at 
different weather conditions for OFDM FSO system. 

LINK RANGE 0.5 (km) 1 (km) 1.5 
(km) 

2 (km) 

VERY CLEAR 
WEATHER 
CONDITION 

-20.75 
dBm 
 

-26.88 
dBm 
 

-30.51 
dBm 
 

-33.21 
dBm  
 

DAILY WEATHER 
CONDITION 

-22.99 
dBm 

-31.30 
dBm 

-37.28 
dBm 

-42.22 
dBm  

FOG WEATHER 
CONDITION 

-25.50 
dBm 

-36.30 
dBm 

-44.76 
dBm 

-52.22 
dBm  

RAIN WEATHER 
CONDITION 

-27.99 
dBm 

-41.31 
dBm 

-52.27 
dBm 

-62.22 
dBm 

 

Table 5 Received power values for various link ranges at 
different weather conditions for PDM - OFDM FSO system. 

LINK RANGE 0.5 
(km) 

1 (km) 1.5 
(km) 

2 (km) 

VERY CLEAR 
WEATHER 
CONDITION 

-6.74 
dBm 

-12.81 
dBm 

-16.50 
dBm 

-19.22 
dBm 

DAILY WEATHER 
CONDITION 

-8.99 
dBm 

-17.31 
dBm 

-23.26 
dBm 

-28.22 
dBm 
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FOG WEATHER 
CONDITION 

-11.49 
dBm 

-22.30 
dBm 

-30.76 
dBm 

-38.20 
dBm 

RAIN WEATHER 
CONDITION 

-13.98 
dBm 

-27.30 
dBm 

-38.26 
dBm 

-48.22 
dBm 

 

4. CONCLUSION 
 
The proposed work instance the simulation design of hybrid 
PDM/OFDM FSO communication system. The results 
demonstrate that the polarization section complex and 
OFDM conjunct can enhance the system quality and shows 
that the availability of FSO link is reduced that means the 
concentration and size of the fog particles are higher as 
compared to the clear weather which corresponds to SNR 
values of 55.64dB and 48.27dB at 3km in clear and cloudy 
skies respectively. The cardinality of the system is increased 
by utilizing dual polarization OFDM technique with 6dB 
penalty of SNR at 3km. The proposed system can also work 
as a reference for the FSO application even in bad weather 
conditions. 
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