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Abstract— FSO is a communication process that uses light 

containing information to travel in free space to exchange 

data between two or more points. Use of Multiple TX/RX in 

the FSO system increases the performance of FSO system 

under different atmospheric disturbances. This paper 

analyzed the performance of TX/RX FSO system using Q 

factor, Bit Error Rate (BER) etc. The Free Space Optical link 

is designed and simulated using OptiSystem. Free space 

optical (FSO) communication has emerged as a viable 

technology for broadband wireless applications which offers 

the potential of high bandwidth capacity over unlicensed 

optical wavelengths. This research considering the first step 

to create a scientific base for optical and electro-optical 

designs operating in communication field. In this research 

paper FSO link is optimized for operation under different 

wavelength and simulated on different parameters like Q-

factor, eye diagram. Simulation results provide proposed FSO 

link for a long range communication link more than 1000 

meter with increased data rate of up to Gbps. Also the 

performance of proposed link can be improved for 

sustainability of communication channel in normal and 

critical weather condition, which can be evaluated on the 

basis of parameters like Q factor, BER, eye diagram and eye 

height. 
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I. INTRODUCTION 

Optical Communication is a communication technique in 

which light is used for the transmission of data. FSO (Free 

Space Optics) is a version of optical communication which 

uses free space as channel. High capacity, low power 

consumption, light weight, small sizes, high data rates and 

low costs for satellite cross links are other advantages of FSO 

technology which makes it advantageous over others. The 

information transmission process is very similar to that in 

optical fiber communication in that information is transmitted 

using externally modulated laser light (low data rate 

transmission over the short range is feasible using LED) [1] 

In addition to this, two advanced practical designs of FSO 

systems are presented for dealing with two key issues in FSO 

communications: atmospheric turbulence on long-range links 

and multi-connectedness for short-range links. On long-range 

links, atmospheric turbulence causes intensity fluctuations, 

which increase bit errors in FSO links. The performance of 

an optical link can be improved by the use of a time delayed 

diversity technique. For short-range links, omni directionality 

can be satisfied using large angle beam divergence 

transmitters to provide broadcasting capability. FSO 

technology is useful in cases where fiber optic cables are 

difficult due to high costs[2]. It is very much efficient in 

indoor or obstacle less place where line of sight 

communication can be possible. But in outdoor 

communication there are environmental effects like fog, haze, 

rain and dust which effect the performance of FSO link. So, 

it is important to take several FSO system parameters into 

consideration such as internal and external parameters. Most 

significant external parameters are rain, dust, snow, fog, or 

smog which are the main reasons for deterioration of the 

transmission path and shut down the network. 

A. Block Diagram 

 
Fig. 1: Block diagram of a simple FSO system. 

B. Components Required 

1) CW Laser 

A continuous wave or continuous waveform (CW) is an 

electromagnetic wave of constant amplitude and frequency; a 

sine wave. Continuous wave is also the name given to an early 

method of radio transmission, in which a sinusoidal carrier 

wave is switched on and off. Information is carried in the 

varying duration of the on and off periods of the signal. 

In laser physics and engineering, "CW" refers to a 

laser that produces a continuous output beam, sometimes 

referred to as "free-running," as opposed to a q-switched, 

gain-switched or mode locked laser, which has a pulsed 

output beam. [3] 

2) Mach Zehnder Modulator 

The Mach–Zehnder interferometer is a device used to 

determine the relative phase shift variations between two 

collimated beams derived by splitting light from a single 

source.[4]The interferometer has been used, among other 

things, to measure phase shifts between the two beams caused 

by a sample or a change in length of one of the paths. 

3) Optical Amplifiers 

An optical amplifier is a device that amplifies an optical 

signal directly, without the need to first convert it to an 

electrical signal. An optical amplifier may be thought of as a 

laser without an optical cavity, or one in which feedback from 

the cavity is suppressed.  

4) NRZ Pulse Generator 

The NRZ code also can be classified as a polar or non-polar, 

where polar refers to a mapping to voltages of +V and -V, and 

non-polar refers to a voltage mapping of +V and 0, for the 

corresponding binary values of '0' and '1'.[5] 
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5) PRBS Generator 

A pseudorandom binary sequence (PRBS) is a binary 

sequence that, while generated with a deterministic 

algorithm, is difficult to predict and exhibits statistical 

behavior similar to a truly random sequence. PRBS are used 

in telecommunication, encryption, simulation, and 

correlation technique and time-of-flight spectroscopy. 

II. SYSTEM   DESIGN 

The fundamental elements that form a FSO system are the 

FSO transmitter, a FSO channel and the FSO receiver [6]. It 

is shown in Figure 1. Transmitter includes the PRBS (Pseudo 

Random Bit Sequence) generator, NRZ pulse generator, a 

laser source and MZM (Mach Zehnder Modulator). Typical 

attenuation values of three conditions clear, haze and fog are 

0.43 dB/km, 4.3 dB/km and 43 dB/km respectively [7]. 

Initially, the attenuation value is set as 0.43 dB/km (clear). 

The optical signals from the FSO channel is received by 

photodetector APD. A low pass Bessel filter is used to filter 

the signal from noise [8]. 

A. Simulation Set Up for Single TX/RX 

 
Fig. 2: Simulation set up for 1TX/1RX 

In this data generated by the PRBS generator at a 

data rate of 20Gbps is encoded and is modulated using MZM 

where laser source acts as the carrier source with wavelength 

1550 nm. 

B. Simulation Set Up for Multiple Tx/Rx 

 
Fig. 3: Simulation set up for 5TX/5RX 

Instead of one FSO channel, five channels are used. Fork is 

used for duplicating the input beam to all the channels. Output 

port of fork is set as 5, since five channels are considered. At 

the receiver end, the optical signals from the four channels 

are combined with the help of a power combiner having 4 

input ports and the output is further combined with the 

channel 5, using power combiner having 2 input ports. 

III. ANALYSIS OF SIMULATION 

The receiver side of the FSO system contain forks which 

provide the diversity. After propagation through the channel, 

beams get attenuated due to the atmospheric disturbances. 

The attenuation faced by each path will be different and all 

the multiple copies of the transmitted signals are then 

received at the receiver side [9] 

Simulations of both 1 TX/1 RX and 5 TX/5 RX FSO 

systems with a power of 20 dBm, range of 40 km and bit rate 

of 10 Gbps are analysed under three conditions clear, haze 

and fog.. 5 TX/5 RX show a better performance with high Q 

factor and low BER. 

A. Eye Diagram 

Clear eye diagrams of all the three atmospheric conditions are 

obtained and optimized for minimal losses as shown in 

Figure-4. 

 

 
Fig. 4: Eye diagram of (a) single TX/RX and (b) 5 TX/5RX 

FSO system under clear condition at frequency 850nm 

B. BER Diagram 

The model was investigated by simulation and analysis of the 

system metrics such as Bit Error Rate and transmission 

distance was carried out for three different atmospheric 

conditions, namely, light haze, heavy fog and moderate fog. 

It was observed that the BER value increased with the 

transmission distance.[10] The range of visibility i.e. 

transmission distance decreased with increase in specific 

attenuation as modelled in three different scenarios. 
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Fig. 5: BER Analyzer diagram of (a) single TX/RX and (b) 

5TX/5RX FSO system under clear condition at frequency 

850nm. 

IV. OBSERVATION OF FSO COMMUNICATION SYSTEM AT 

DIFFERENT WAVELENGTH 

From the experiment we concluded that, the aim of this work 

is setup and investigate a multiple TX/RX FSO link and 

benchmark it against the theoretical and simulation model. 

Analysis of system performance is based on two parameters 

which are the received power and the BER.[11]The variation 

according to the experimental setup shows a slight deviation 

as compared to the theoretical and simulation setup due to 

losses from close neighboring installations.[12] This 

qualitative analysis would help in designing longer FSO links 

over longer distances and enhance the usage of this 

technology beyond the last mile solution in the future. 

 
Table 1: Analysis 

V. CONCLUSION 

Free Space Optics is a promising communication technology 

in the near future. Due to the atmospheric disturbances, there 

is distortion of signals at the receiver. But by using new 

techniques it is possible to reduce the atmospheric effects on 

the optical signal. Incorporation of spatial diversity in the 

FSO system increased the efficiency of systems under 

different disturbances[13]. With the current needs of this 

technology for longer distance communication, the 

qualitative analysis of the system has become essential. In 

this work, the received power level (PR) and bit error rate 

(BER) are considered to influence the FSO link performance. 

The relationship between the two parameters are investigated 

and analysed. Furthermore, the received power for various 

numbers of TXs and RXs are experimentally measured and 

compared with the values obtained from theoretical 

calculations. Eventhough Q factor of FSO system decreases 

on increasing attenuation, the 5 TX/5RX shows a higher Q 

factor so better performances. 
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