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Abstract

Free space optical (FSO) communication proves to be an effective alternative to the existing

radio frequency (RF) communication and optic fibre communication. FSO systems are power

efficient, require cheap installation and operational cost with easy deployment, use license-free

spectrum, provide immunity to interference, and large bandwidth capacity (FSO systems sup-

porting 10 Gbps are already in the market). These advantages make them appealing for various

applications in terrestrial and satellite communications, for example, campus connectivity, last

mile access, back-hauling, high definition transmission, security, disaster recovery, video surveil-

lance etc. However, the performance of the FSO systems is highly dependent on the atmospheric

conditions, atmospheric turbulence, and misalignment errors.

To reduce the effect of turbulence and pointing errors, various solutions have been proposed.

Spatial diversity efficiently exploits multipath fading by using multiple apertures in order to

increase the data rate, to reduce the fading effect on the signal, and to provide diversity gain.

On the other hand, using the concepts of relaying technology in FSO systems increases the

coverage are, improves the performance, and enhances the capacity. FSO systems can be used

for "last mile access" and "back-hauling" as there exists a connectivity gap between the backbone

iv



network and the last mile access network. Thus the main backbone could be considered as the

FSO network and the RF links can be used for connection to end users. In FSO systems - as

the fading variance is distance dependent - the serial relaying scheme not only increases the

coverage area but also brings out great performance improvements against the degrading effects

of fading. Thus a detailed study on serial FSO cooperative systems finds applications towards

many real-time problems.

In the dissertation, we have performed a detailed performance analysis of various symmetric

and asymmetric FSO cooperative systems, i.e., dual-hop asymmetric RF-FSO communication

systems, dual-hop symmetric FSO communication systems, dual-hop asymmetric RF-FSO com-

munication systems with a direct RF link, and distributed Alamouti based FSO communication

system. The relays used in these systems employ either decode-and-forward relaying protocol or

amplify-and-forward relaying protocol. The RF links are characterized by Nakagami-m fading

and the FSO links are characterized by path loss, Gamma-Gamma atmospheric turbulence, and

pointing errors. The FSO transmitter employs subcarrier intensity modulation technique to trans-

mit the optical signal and the FSO receiver uses direct detection technique to recover back the

transmitted signal. For the 2 × 1 distributed Alamouti scheme based FSO system, it is assumed

that the two sources are able to exchange their data without any error and then forward it to

the destination. In the dual branch asymmetric RF-FSO communication system, the destination

uses selection combining technique to combine multiple signals received from the source and the

relay.

Using novel derived mathematical expressions of statistical characteristics of the received

signal-to-noise ratio, new analytical expressions are obtained for outage probability, average bit
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error rate or symbol error rate of different modulation techniques, and the ergodic channel ca-

pacity under different adaptive transmission schemes, i.e., optimal rate adaptation with constant

transmit power (ORA), simultaneous optimal power and rate adaptation (OPRA), and truncated

channel inversion with fixed rate (TCIFR). The effects of fading, turbulence, and errors are ob-

served on the performance metrics of these systems under different scenarios with some unique

observations: (i) the performance of these systems is more severely impaired in lower modula-

tion schemes than higher-order modulation schemes under the unified effect of turbulence and

pointing errors, (ii) the performance of cooperative system with direct RF link is way better than

the performance of the cooperative system without direct link due to the additional introduced

diversity gain, (iii) the degradation caused by pointing errors in the performance of these systems

is more prominent for weak fading and turbulence scenarios rather than for moderate or strong

fading and turbulence scenarios, and (iv) the pointing errors significantly degrade the diversity

of the Alamouti based FSO system.
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