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Abstract- Due to increasing usage of RF frequencies over a wide range of applications, the available bandwidth for data 
transmission is decreasing. In this paper we describe a comparatively better technique that will overcome the limitations of 
data transmission using RF communication. The paper describes the wide range of applications where the communication 
link using FSO (Free space optics) can be utilized. Free space optics is an extremely emerging field due to the high data rates 
it can support. This paper will discuss the basic concept and the working of a link established between two buildings and the 
results obtained by using it during practical implementation. The system proposed here will make it extremely easy to 
establish communication links between any two places having line of sight (using LASER) or via repeaters, and also lead to 
extremely high data rates.  
 
Index Terms- Free space optics, Optical Communication, Visible light standard, LOS  
 
 
I. INTRODUCTION 
  
The usage of communication in large number of 
applications is increasing nowadays. RF is the most 
recent and widely used mode of communication 
between devices. As a wide range of bandwidths are 
already utilized, it poses limitations in bandwidth and 
issues in license. In such a scenario it is necessary to 
shift to a better means of communication that is easy 
to set up and also overcomes the draw backs of RF at 
a certain scale.  
 
Free space optics is much similar to Fiber optic 
communication, the only difference is the fiber optic 
cable being replaced by air as the transmission 
medium in case of free space optics. It is a Line of 
Sight communication. It is extremely useful as an 
alternative to Fiber Optic Communication where it is 
not possible to establish fiber optic link or the 
connection will require too many arrangements. This 
is where FSO comes to rescue as it maintains the high 
data rate of Fiber Optic Communication and also 
doesn’t require too many arrangements like that of 
setting up of Fiber Optic cable. FSO offers an 
excellent security, huge unregulated license free 
spectrum, free from electromagnetic interference, and 
compatibility with existing networks. The issue of 
eye safety may arise in case of LASERs having 
wavelength in visible range. For LASERs with 
wavelength around 1550nm, the eye retina is less 
sensitive to the optical power and hence easy to 
operate. This paper focuses on establishing a 
communication link between two buildings such that 
the initial installation doesn’t require any heavy setup 
and the system is capable of overcoming the data rate 
limitations of other similar systems.  
 
II. CONCEPT 
  
Free space optics involves a controlling system that 
converts the commands or data to be transmitted into 

a digital form. The digital data is then passed on to 
the LASER through a LASER driver serially. At the 
receiver end after proper filtration of the signal 
received by the PIN diode, this data is converted to 
useful information and thus a communication link is 
established. The switching speed of the LASER and 
PIN diode determines the data rate. Moreover the 
changes in the atmosphere may also affect the error 
rates and the data rate of the system.  
 
III. WHY FSO? 
 

 
Table 1: Comparison – FSO, Fiber Cable, RF link 

 
As it can be observed from the above table that in 
terms of data rates, FSO and fiber optic links are 
much ahead of RF link but when we also take other 
factors like cost, setup time and security, FSO has 
much larger benefits as compared to Fiber optic link. 
The table shown here makes it quite obvious to move 
to FSO optics for communication rather than Fiber 
optic cable or RF link.  
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IV. THE PROPOSED SYSTEM  
 
The proposed communication link will consist of 
transceivers as well as repeaters. As we are using 
LASER for FSO communication link, we require 
accurate line of sight alignment. In order to establish 
links between buildings where the LOS is possible, 
only 2 transceivers will be required. But in order to 
establish a similar link between buildings where LOS 
is not possible, one or more repeaters can be 
arranged.  
 
By proper arrangement of transceivers and repeaters, 
and by proper routing entire metropolitan area can be 
developed based on FSO. Thus we can have a region 
or several such regions where the intercom is 
available through high data rate links which enable 
new doors of data exchange. 

 

 
Figure 1 : MAN using FSO 

 
V. WORKING OF FSO LINKS 

 

 
Figure 2 : Basic Block diagram of Transmitter 

 
Figure 3: Basic Block diagram of receiver 

 
On the transmitter end, as shown in figure 2, the 
commands or any form of raw data is first converted 
into binary data. When multiple data is to be sent, 
these data segments can be combined, separated by 
some recognition bytes and a frame can be formed. 
The frame passes through encoding schemes if 
required. The binary signals corresponding to each bit 
of the frame is given serially to the LASER driver. 
Depending on this binary data, the LASER diode is 
switched at high frequencies by the LASER driver. 
The frequency at which the LASER diode is switched 
determines the data rate of the communication link.  
On the receiver end, as shown in Figure 3, the PIN 
diode undergoes switching as per the laser light 
incident on it. For the large distances, the laser light 
may spread out and hence it is first incident on a 
convex lens and then focused in the surface of the 
PIN diode. The signal resulting from the PIN diode 
may not be a perfect square wave oscillating between 
ground and Vcc and hence a threshold level is set 
such that we get a proper square wave as the output. 
Moreover the Current to Voltage convertor can also 
be used in order to change the swings in the current 
through the PIN diode into desired voltage swings. 
The serial binary data coming from this diode is 
accumulated to form a data frame and then converted 
back to useful information signal.  
 
The extraction of the information signal from the data 
frame is exactly opposite to what is done at the 
transmitter end to generate a frame. Now when the 
system is extended to a MAN network, it is not 
possible to have a LOS communication between all 
the nodes. In such case, each node can be assigned a 
definite address. Whenever data is to be exchanged 
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between buildings that do not have a LOS available 
in between them, the nodes present between them act 
as repeaters and hence by proper routing, entire 
network can be established where any building can 
communicate with any other building directly or via 
repeaters.  
 
VI. TEST PROTOTYPE 
  
In order to test the feasibility of the proposed system, 
a single communication link was developed. We used 
ARM 1769 micro-controllers from NXP 
semiconductors for the transceiver module. This 
micro-controller operates at 120MHz and hence it is 
capable of providing high frequency switching signal 
to switch the LASER and achieve high data rates up 
to a certain extent. The data rate can be increased up 
to desired rates by replacing the central controlling 
unit with a processor rather than a micro-controller.  
As a part of initial testing of the communication link, 
few data bytes were sent over the link. Any data that 
is to sent over this link will be converted to binary 
frames that will be consisting of a number of bytes. 
Hence the link was tested with a burst of bytes. IC 
LM324 was used for the tasks of comparator and 
Current to Voltage convertor. The PIN diode used 
was BPW34.  
 
Convex lens was used at the receiving end to focus 
the LASER on the surface of the PIN diode at large 
distances. Hence the spreading of LASER beam with 
increase in the distance can be overcome. 

 

 
(a) Transmitter 

 

 
(b) Receiver 

Figure 4: Initial primary level testing of FSO link 

VII. RESULTS  
 
We used a normal LASER pointer diode for reducing 
the cost of the final system and hence we observed 
certain limitations in the data rate as well as the 
distance between the transmitter and receiver.  
 
We tested the system up a distance of 20 meters 
without using the convex lens. Beyond this distance 
the usage of convex lens was found to be essential. 
Due to the lower intensity of LASER diode at large 
distances, some limitations were observed as the 
intensity of LASER was not enough to generate a 
desired voltage swing at the receive end at higher 
data rates.  
 
The most of the limitations observed using these test 
results can be overcome by using a good quality 
LASER having higher intensity as well as supporting 
high switching speed. But these limitations don’t pose 
an issue for the system of MAN connection proposed 
in this paper. Thus a simple MAN network can easily 
be established at much cheaper cost using the 
communication link developed in this paper.  
 
It was also observed the changes in atmosphere and 
environment may affect the bit error rate due to 
external interferences. The interference due to 
ambient light may also affect the link. Increasing the 
intensity of the LASER diode can overcome several 
of the problems even in this case. Morever as a sense 
of safety for not missing any data the concept of 
acknowledge signals from the receiver end can also 
be implemented in order to make sure that entire data 
from the transmitter reaches the receiver end even in 
case of interference.  
 
VIII. APPLICATIONS 
  
Free Space Optics is an extremely emerging field of 
research. We already showed its advantages over RF 
and Fiber optic links. Research in replacing the 
existing technologies by FSO links is in progress. 
FSO links can be implemented in applications where 
we extremely high data rates and need secure data 
transmission. Moreover it is necessary that LOS is 
maintained either by synchronization or by proper 
arrangement of repeaters. The major benefit of this 
system is that in order to implement it between any 2 
stationary bodies, we just need to setup transceivers 
at these places and then align their positions.  
 
By proper synchronization, this system can also be 
used for communication between moving objects. 
Example : NASA is establishing such links among its 
satellites and also between the satellites and the earth 
station.  
 
The concept of Li-FI is also based on Free Space 
Optics where a LED is used rather than LASER. A 



 International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-5, May-2014 

 Data Transmission Using Free Space Optics 

86 

Wi-FI network over a large region can also be 
established by combination of RF and FSO links.  
 
CONCLUSION  
 
Thus FSO links have the potential to improve the 
standard of communication in a large number of 
applications due to benefits such as high data rate, 
security, easy installation and many more. There is a 
great scope of further research in this field that will 
surely overcome a large number of issues faced in 
today’s communication links.  
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