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ABSTRACT

Varieties of signal-loss components in transmitting a laser signal beam from one point to another over microwave link are usually encoun-
tered due to absorption and dispersion by airborne molecules and aerosols and distortion of the wave-front due to atmospheric turbulence
resulting from the variation of the refraction index along the direction of the beam. This paper provided information on calculating attenua-
tions generated as a result of these aerosols and hydrometeors effect on laser beams. Effective linking equipment, open-loop power control
and feedback loop power control are suggested as mitigation techniques that significantly reduce attenuations when laser signals are
transmitted.

INTRODUCTION

Communication technology is continuously progressing to higher transmission frequencies, from a few hun-
dred kilohertz to several hundred terahertz, due to the use of lasers in various complex fibre networks [1] [2].
The laser is an optical device that generates an intense beam of coherent monochromatic light by stimulating
radiation emission, its unique characteristics such as coherence, monochromaticity, directionality, and high in-
tensity have, over the years, made it possible for optical fibre communications to transmit information over
long distances with low losses, to be used in underwater communication networks and also in space communi-
cation, radars, and satellites [3].

Hydrometeors’ effects

Lasers were discovered in 1960 and were considered for space communications ever since [4]. However, effect
of Hydrometeors in the atmosphere, such as rain, wind, and others on laser beams are closely observed when
the cross-link is analysed. Loss of coherence, field attenuation, and loss of transmission are some of the losses
caused by the boundaries of the atmosphere [5]. The atmospheric attenuation is wavelength dependent. The
spread of the beam caused by atmospheric dispersion results in a weakening of the power the optical receiver
receives. In bright days the mixing of warm and cold strata of the atmosphere produces turbulence that may
interact with impinging light waves causing the impinging beam to be refocused and reoriented, as seen in Fig-
ure 1. This causes the beam to move off-foresight and create problems with the optical pointing [2]. Likewise,
these hydrometeors also cause loss of beam front coherence, which means that there will no longer be two
points on the beam front in the same process. This affects the optical detection systems for direct and hetero-
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dyne [1].

Aerosol, such as fog, mist, dust, possesses molecular scatter and absorption constants. The aerosol scatter, and
absorption constant can be added to produce the basic attenuation constant, y, for the wavelength of the
beam that is propagated through the atmosphere. Its attenuation can be estimated using Beer's Law. [6,7].

1

T = 1% = exp(—7)
0

Where Ty is the transmitter,

lo, the initial beam intensity from the telescope

Iy, the beam intensity at a distance x from the telescope

y is the specific attenuation expressed as ay + Sy + a4 + By

ay is the Molecular absorption constant

B u, the molecular scattering constant

a,, the aerosol absorption scattering and

B, is the aerosol scattering constant
For the molecular absorption constant, when the impinging wavelength is greater than the size of the mole-
cules and when those molecules are primarily composed of water and Carbon dioxide, the most prevalent ab-
sorbers, the total molecular absorption can be calculated by adding each of the molecular types and their al-
lowed transitions. Second-order differential equation is used to derive the molecular scattering constant; Hugo

Weichel [8] describes the induced dipole under the application of a harmonic field as:

fretay
0 = emeZm2 i At
6megm-c*A

Where f’ is the strength of the oscillator which is the effective number of electrons per molecule oscillating at
the angular frequency wq (natural) e (electron charge), A (wavelength of the laser beam) and A,( wavelength
from the natural frequency wy

Mitigation process

Because hydrometeors and aerosols attenuate laser communications in the atmosphere, attenuations on laser
beams can be significantly reduced through the use of effective linking equipment, though they cannot be
eliminated completely. The initial approach that is used is to get around the weather problem is by trying to
locate optical ground stations in very dry regions.
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I. Open-loop power control: The receiving ground station receives an optical signal from the satellite,
which is used to determine the level of downlink attenuation. The ground station's power controller
then uses the frequency scaling ratios for cloud, gaseous, and tropospheric scintillation attenuation to
estimate the required uplink fade.

ii. Feedback loop power control: A central station monitors the signal levels of all the received carri-
ers and analyses the power adjustment needed for the affected carriers. This control information
and command are subsequently routed to the transmitting ground station to affect the corrective
measure(s). Though uplink power control is affordable and simple, it provides marginal benefit as it
cannot continuously amplify its margin. Most amplifiers exhibit non-linear behaviour, and the out-
put power will be limited despite an increase in power [9].

Conclusion

For both spatial and temporal variations with regard to dry and wet area, atmospheric impact on laser communication is what should
be considered. This paper provided information on the calculation of attenuations and mitigation techniques in order to significantly
reduce attenuations when laser signals are transmitted from a ground-based processing station or the weather observing satellites.
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