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Free space optics (FSO) has emerged as one of the most promising technologies for 
high data-rate communication. At the same time, the FSO technology faces challenges 
due to the atmospheric channel through which the laser beam propagates. In this 
thesis, we overcome these challenges by applying spatial diversity techniques. In 
particular, we utilize a two-way relay (TWR) to establish bi-directional 
communication link between two distant nodes. The TWR helps to increase the 
coverage area of the FSO transmission and also mitigates the distance-dependent 
fading effects. In our analysis, we explore various applications of TWR assisted FSO 
communication and present a mathematical framework for the physical layer 
performance metrics, such as signal-to-noise ratio (SNR), outage probability, average 
error probability, and achievable capacity. In the first application, we address a basic 
TWR assisted FSO link between two users. Considering that a direct link is not 
present between the two users, a common TWR is used to establish a bi-directional 
communication link between them. We present a performance analysis of the 
considered system to demonstrate the effectiveness of TWR assisted FSO 
communication. In the second application, we extend the concept of TWR protocols to 
a multiuser scenario, in which multiple user-pairs need to exchange data among them. 
We use a single TWR that serves the multiple user-pairs by employing a scheduler. 



We compare the performance of three types of schedulers based on absolute SNR, 
normalized SNR, and selective multiuser diversity. Furthermore, we address parallel 
relayed FSO systems, which consist of two terminal nodes and multiple TWRs. The 
parallel relayed FSO systems help to create a virtual multiple input multiple output 
(MIMO) system that provides spatial diversity gain. For such systems, we present 
various relay selection protocols to select single or dual relays that participate in the 
communication process. 
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