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Abstract 

Free space optics is a kind of broadband communication technique that transmits the signals, 

in the atmosphere through laser beams. In some cases, the laser beams are replaced with 

infrared and modified beams. Free Space Optics (FSO) is also referred as Free Space 

Photonics that works same as the principle of fiber optic communication where the source 

beams are transferred through air medium. In the traditional fiber optic communication, the 

optical fibers were used for transferring the beam signals. The FSO methodology is widely 

employed in various ubiquitous applications for their cost and deployment effectiveness. The 

motive of the work is to explore the concepts and theories behind the operation of different 

FSO models with their recent progress. 
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 Introduction 1.

Line of sight is a technological concept used in FSO to make a bandwidth 

communication between the source and destination. It transfers the signals through wireless 

medium like air, space and vacuum. The FSO have the ability to transfer GBs of data 

efficiently without a spectrum license or a fiber optic cable. The data sharing speed and 

reliability of an FSO is high when there are no disturbances in their communication space. 

The FSO are also used for transferring the data like numerical values, recorded voices and 

videos. The FSO links are operated with 780 – 1600 nm wavelength of beams that uses laser 

or LEDs for focusing. The data transmission speed of FSO is comparatively high over the 

optical fiber networks as air or vacuum is utilized here for connecting medium. Moreover, the 

transfer speed almost equals to the speed of light as it uses light as a signal for transmission 

[1, 2]. The FSO are designed to overcome the limitations of the radio relay link line of sight 

communication methods. An architectural overview of an FSO system is shown in figure 1. 
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Figure 1. Architecture of FSO system 

The data source on the architecture represents a computer system that is connected 

with a digital converter through an Ethernet cable for converting the raw inputs into digital 

format. The data that are converted into digital form is further forwarded to the transmitter 

unit for accessing the FSO channel. The transmitter unit represents a high power laser 

converter that develops laser pulses with respect to the received digital signal of source data. 

The generated laser beams are forwarded to the destination through a customized lens. The 

receiver lens captures the transmitted beam and converts it into digital data by the help of 

high sensitivity photo detector. Therefore an optical communication is enabled in the FSO 

without a fiber cable [3, 4]. The FSO communications are employed to the following 

applications as they have the possibility to send a wide range of data in meters to certain 

kilometers. 

 Device to device communications 

 Building to building communications 

 Airborne and deep space communications 

 
Figure 2. FSO performance degrading factors 

Figure 2 represents the list of factors that affect the performances of FSO as they use 

atmosphere as their connecting medium. 
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 Related Work 2.

2.1  Security in FSO 

The FSO signals are comparatively better in terms of security than the regular Radio 

Frequency (RF) and other wireless systems as its wireless signals cannot be observed with 

spectrum analyzers and meters. Similarly, the FSO signals are optical in nature and follow its 

own sight path that is not intercepted with any other receiver, since it requires a matching 

transceiver. The FSO laser beam signals cannot be cracked since they are generated as a 

narrow beam. In some cases, the signals are transferred through an encrypted connection [5]. 

2.2  Fog attenuation in FSO 

Fog has the property to reduce the quality of a visible radiation. Therefore, the 

performance of the FSO comes almost same as of the RF signal in this case. In the same way, 

the FSO signal may also get faded to the presence of rainfall in its way. However, the power 

of optical link can be improved to certain range for maintaining its efficiency on 

communication even in the presence of fog. Hence the performances of FSO are 

comparatively better over the RF signals [6]. 

2.3  Physical disruption of FSO 

The physical disruption of FSO can happen when some birds are crossing over the 

invisible FSO beams. In general, the FSO signals are very strong and the presence of a bird 

for a second will not affect the quality of the transmitted signal [7].  

2.4  FSO stability 

The FSO signal is more stabilized when its signal beams are transmitted in a wider 

way. The performances of a narrow beam FSO may not satisfy the user when its path is 

disturbed by the deployment of a new building. In such cases, a re-alignment of transmitter 

and receiver angle is required along with regular verification [8]. 

2.5  FSO and solar interference 

The narrowband and spatial filters are widely employed at the receiving side of the 

FSO transmission that can handle the solar interference by filtering beam wavelength of the 

received signal. An automatic gain control block is also used in some modules for eliminating 

the effects of atmospheric jitter and scintillation [7]. 
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2.6  Reliability 

Automatic Transmit Power Control (ATPC) is a system employed in FSO 

transmission for handling the weather disturbance to the FSO signals. It is used to regulate 

the power requirement of the laser beams on different scenarios. The environmental 

conditions are observed by the ATPC module by the help of sensors, and the control 

architecture placed over the system reduces the beam power when the atmosphere is clear. 

Similarly, the power is increased to a certain limit for making a continuous optical link. A 

temperature monitoring system is also included in the FSO to observe the temperature 

changes in the laser beam diodes for increasing the lifetime and operational quality of the 

module [2].  

 Literature Survey 3.

The following table represents the different types of modulation techniques that are 

widely employed to the transmission of FSO signals. 

Table 1. Survey on FSO modulation methods 

Reference Modulation method Outcome 

[9] On-Off Keying (OOK) 
Better power to noise ratio on 

different thresholds 

[10] OOK with digital pulse modulation 
Consumes 0.2–3 dB lower 

power than the regular OOK 

[11] Amplitude/frequency shift keying modulation 
Good data rate for FSO channel 

length of 10kms 

[12] 
Orthogonal Frequency-Division Multiple 

Access (OFDMA) 

Excellent bit error rate of 

10Gbps/10GHz transmission 

[13] 
Mode-Division Multiplexing (MDM) with 

OFDMA 

Better data transmission of 

20Gb/s at 10 to 50kms 

[14] Quadrature Amplitude Modulation (QAM) Free to atmospheric turbulence 

[15] QAM in turbulent environments 
Observed low error rate with 

high transmission rate 

[16] Sequence Inverse Keying (SIK) 
Performance degrade found 

above 3000m link distance 

[17] Optical domain encoder and SIK 

Outcome is directly 

proportional to the pointing 

error of laser beams 
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[18] Quadrature Phase Shift Keying (QPSK) 
Accepts up to 7 cm of boresight 

displacement 

[19] 
Multi-Level Pulse Amplitude Modulation 

(MPAM) 

Suitable for medium to weak 

turbulence 

[20] Comparison of OOK and PAM 
OOK is more vulnerable and 

PAM gives better error rate 

The literature analysis indicates that the FSO systems are widely operated with OOK, 

OFDMA and QAM modulation techniques where the module consumes low power for long 

range communications. The QAM based methods exhibit a good outcome in handling the 

atmospheric turbulence. The transmission range of OFDM techniques is comparatively high 

along with a good transmission rate. 

 Discussion 4.

The communication systems are moving towards the light -based communication 

techniques for their betterment on interference handling than the regular RF methods. The 

light -based communication systems like FSO, Light Fidelity (LiFi) and Visible Light 

Communication (VLC) are looking better in terms of communication speed and security, 

compared to the RF methods. As the light based techniques are transferring information 

through diodes, it requires only minimum amount of power consumption for the 

communication. The following table explores the primary difference among the available 

light communication techniques on different parameters. 

Table 2. Comparison of various light communication techniques 

Features 

 
FSO LiFi VLC 

Source Laser Diode LED/ Laser Diode LED/ Laser Diode 

Receiver LED/ Laser Diode Photo Detector Photo Detector 

Modulation 

Methods 

OOK, SIK, QAM, 

OFDM 
OOK,CDMA, OFDM OOK,CDMA, OFDM 

Coverage Range Upto 1000kms 10m 20m 

Bit Rate 40Gb/s 100Gb/s 100Gb/s 

Path Loss High Medium Medium 
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Communication 

Topology 
Bidirectional Bidirectional 

Unidirectional and 

bidirectional 

Merits High security 

Application 
Satellite, defense and 

mobile backhaul 

Healthcare and 

consumer electronics 

Underwater and V2V 

communication 

Limitations 

Environmental issue 

affects the 

performance 

Not suitable for long 

range communication 

Comparatively higher 

interference 

 Conclusion 5.

The FSO communication methods are attracting the recent year researchers for their 

betterment on high speed communication with large capacity of data transmission. The FSO 

technique requires a transmitter and receiver unit along with a modulator module for enabling 

a secure transmission between a source and destination. This paper has analysed the outcome 

of different modulation techniques that are used on FSO algorithm and found that there is still 

space for a new modulation scheme for providing a good communication rate with longer 

distance. An analysis among the different kinds of light-based communication techniques has 

also been studied in the article to explore the nature of an FSO method.  
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