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Abstract

Free space optical (FSO) communication with its potential of high bandwidth over

unlicensed optical wavelengths, immunity to electromagnetic interference (EMI), cost

effectiveness, portability, etc. has emerged as a promising technology to meet the ever

growing bandwidth requirement of present and emerging new generation communication

systems. However, in the practical implementation of FSO systems, atmospheric

conditions play an important role to determine quality of the link. The major challenges

faced by a terrestrial FSO link are extinction effects due to absorption and scattering,

atmospheric turbulence and misalignment/pointing errors.

The research work in this thesis is aimed at studying the performance impairments in

a terrestrial FSO link and evaluating the link performance in terms of capacity, bit error

rate (BER) and outage probability. An intensity modulated/direct detection (IM/DD)

link employing on-off keying (OOK) signaling scheme is studied due to its low cost,

simplicity and ease of commercial availability. An operating wavelength of 1550 nm is

chosen because of its eye safety and lower scattering losses in haze/fog conditions. To

describe the effect of weather, turbulence and pointing errors appropriate models (i.e.,

Kim model, gamma-gamma distribution and Rayleigh distribution, respectively) have

been identified based on their mathematical tractability and validity range. Combined

channel models are presented to characterize the effect of turbulence, weather conditions

and pointing errors, simultaneously.

The performance of the link degrades severely as turbulence strength increases

from weak to strong or the weather conditions deteriorate from very clear air to fog

conditions. The presence of pointing errors further degrades the link performance. In
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order to maintain a balance between the pointing errors and beam divergence losses,

optimization of the beam divergence angle/beam waist becomes critically important. The

effect of beam divergence angle/beam waist on the performance parameters has been

investigated for various weather conditions and pointing error jitter. At an optimum

value of beam divergence angle, a balance between the losses is obtained to provide

best performance in terms of maximum capacity, minimum BER and outage probability.

These optimum values remain almost constant for all the weather conditions, but increase

as the normalized pointing error jitter is increased. Also, for beam divergence angles lower

than the optimum values, performance of the FSO system is degraded more severely and

rapidly as compared to values greater than the optimal.

Further, various performance enhancement techniques such as aperture averaging,

spatial diversity (using an array of direct detection receivers and multi-input multi-output

schemes) and low density parity check (LDPC) codes are investigated. The performance

improvement is more pronounced as the turbulence strength is increased from weak to

strong. Also the improvement by spatial diversity schemes in terms of diversity gain

increases with increase in number of transmitters/receivers but remains almost constant

in all weather conditions experiencing the same turbulence strength. A comparison of

the spatial diversity schemes using point receivers with an aperture averaged link shows

that due to constraint on the receiver aperture diameter, aperture averaging technique

fails to give the same kind of performance as provided by the higher order diversity

schemes. Also, LDPC coded links give a significant improvement in performance at

higher signal-to-noise ratios. The improvement in terms of coding gain is seen to increase

as the required BER performance is lowered. Since LDPC codes generated using random

construction give error floors at lower BER, diversity schemes emerge as the preferred

choice for performance enhancement of the link.
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