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Abstract

The growing demand for bandwidth in conventional wireless communication systems and
access networks has kindled the need for research on wireless optical communication, most
popularly known as Free Space Optical (FSO) communication. FSO links offer very high
bandwidth which is several orders of magnitude higher than that offered by Radio Frequency
(RF) links and also provide several other advantages such as unlicensed wavelengths, immunity
to electromagnetic interference, etc. The RF satellite communication systems have grown
steadily over the years and today they must compete with optical fibers in carrying voice,
data and video signals. The geostationary satellites are preferred for such high capacity links
since they appear to be fixed at a point in space and can establish links with one-third of the
Earth’s surface. By shifting the frequency of operation in satellite systems to the optical range,
several challenges faced by conventional RF systems such as frequency reuse and bandwidth
limitations can be overcome. In spite of several advantages, presence of the atmospheric
turbulence can lead to severe degradation in the link performance which may render the
link infeasible even in clear atmospheric conditions. Therefore, techniques to mitigate the

turbulence effect on the FSO satellite downlink and uplink need to be explored.

The research work reported in this thesis aims at studying the effect of atmospheric
turbulence on the performance of FSO satellite links between the Earth and a geostationary
satellite. The power spectral analysis of various Intensity Modulation (IM) schemes is carried
out from which we can draw inference on the metrics used to compare the different schemes.
The Bit Error Rate (BER) performance of both the downlink and uplink is evaluated and
compared for all IM schemes. It is observed that the effect of turbulence is less severe on
the downlink as compared to the uplink. The performance enhancement of the downlink using

aperture averaging and receiver spatial diversity is evaluated. It is found that aperture averaging

v



Abstract vi

is more effective than receiver spatial diversity in an FSO satellite downlink. Using either of the
above techniques, the performance of the downlink in the presence of turbulence can be made
comparable to its performance in the absence of turbulence. The performance improvement
of FSO satellite uplink using transmitter spatial diversity and adaptive modulation technique
is studied. In the first technique, arrangement of transmitters to minimize correlation between
received beams is considered. The second technique is based on the pre-channel estimation at
the transmitter. Further, the effect of these performance enhancement techniques on the channel

capacity is evaluated for both uplink and downlink.
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