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Abstract

Free space optical (FSO) communication system has significant advantages over the other
space systems. The use of photonics technology as compared to conventional RF technologies
delivers crucial advantages such as higher data rates, narrow beam size, enhanced security,
reduced mass, volume and power requirements and freedom from regulations on spectrum
range. The major factor which limits FSO communication technology is the atmospheric
channel which is often turbulent and may have haze, fog, clouds, rain, etc which degrade the
link quality. We study the various techniques to mitigate these effects to have a feasible FSO

communication link between an optical ground station (OGS) and a satellite.

This thesis studies the effect of various performance degrading factors such as
weather conditions and atmospheric turbulence on intensity modulated/direct detection FSO
earth-to-satellite uplink and satellite-to-earth downlink. The link performance is evaluated and
compared in terms of bit error rate (BER) for three intensity modulation (IM) schemes viz.,
on-off keying (OOK), M-ary pulse position modulation (M-PPM) and M-ary differential PPM
(M-DPPM) for both uplink and downlink. We obtain the combined channel state probability
density functions and hence the BER expressions using appropriate models such as Kim model
and Beer-Lambert’s Law to incorporate weather conditions and log-normal and gamma-gamma

models for atmospheric turbulence.

Atmospheric effect is more prominent in the uplink than the downlink mainly because
of the additional degradation caused by the beam wander effect. It is observed that, for both
uplink and downlink, the link performance deteriorates as we move from clear air condition
to thin, light and moderate fog conditions and/or with increase in ground level turbulence and
zenith angle. The presence of dense or thick fog and/or clouds owing to their large attenuation
coefficient value may lead to link failure. M-PPM scheme with a larger value of the peak to

v



Abstract vi

average power ratio (and hence a higher value of instantaneous power) gives the least BER
followed by M-DPPM and OOK schemes. The performance further improves with increase in
the order of the pulse modulation schemes. Also, 2M-DPPM scheme shows almost the same

performance level as that of M-PPM scheme.

Further, we investigate the various performance enhancement techniques such as
transmitter spatial diversity for uplink and aperture averaging and receiver spatial diversity for
downlink, respectively. The performance improves for all three schemes and the improvement
is more at higher values of ground level turbulence and/or larger zenith angles. The level of

improvement remains almost constant for different weather conditions.

Finally, using the range equation, we evaluate the minimum transmitter power
requirements for both uplink and downlink in presence of different atmospheric conditions. The
power requirement is higher for the uplink in comparison to the downlink. M-PPM scheme with
transmitter diversity for uplink and aperture averaging and/or receiver diversity for downlink,
respectively minimizes the amount of power that needs to be transmitted to achieve a desired

performance level.
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Amplify and Forward

Adaptive Optics

Avalanche Photo Diode
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Compress and Forward

Differential Amplitude Pulse Position Modulation
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Geostationary Earth Orbit
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Intensity Modulation
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PAPR
pdf
PDM
PFM
PIN
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Low Earth Orbit
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Phase Shift Keying

Pulse Width Modulation

Radio Frequency



List of Abbreviations

Xix

rms
RZ

SC
SIM
SIMO
SISO
SLC
SNR
TPPM
UAV
Uv
VCSEL
VHDL
WOC

root mean square

Return to Zero

Selection Combining

Subcarrier Intensity Modulation

Single Input Multiple Output

Single Input Single Output

Submarine Laser Communication
Signal to Noise Ratio

Truncated Pulse Position Modulation
Unmanned Aerial Vehicles

Ultra Violet

Vertical Cavity Surface Emitting Laser
Very high speed integrated circuit Hardware Description Language

Wireless Optical Communication



Physical Constants

Speed of Light
Boltzmann Constant
Planck Constant
Radius of the Earth

c
kp
h
RE

2.997 924 58 x 108 ms~!

1.380 648 81 x 1072 m?kg s 2K !
6.626 069 57 x 1073* m?kg s~!
6.371 x 10° m

xxi



Symbols

=

Uy
(o]
(9]
io

i

P, outage
1

T
R

o

Optical field

Spatial vector

Time

Wavelength

Wave number

Complex amplitude of monochromatic wave
Noise variance for bit ‘0’
Noise variance for bit ‘1’
Photocurrent for bit ‘0’
Photocurrent for bit ‘1’
Channel state

Channel capacity
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B Molecular scattering coefficient

Ba Aerosol scattering coefficient
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