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During the last two decades, free-space optical links got considerable importance due to their benefits of
higher data rates, license free-spectrum, easy and rapid deployment and mobility. Free-space optical links use
carrier frequency in the range of 20 THz to 375 THz (in near infrared (IR) region and visible band in wavelengths)
to establish a communication link for terrestrial communication, inter-satellite links, deep space links, ground-to-
satellite and satellite-to-ground links. Free-space optical links are also useful for different military applications,
disaster recovery and last mile access. However, despite of having all these advantages the performance of free-
space optical links depends upon the atmospheric conditions and parameters of system design. Geometrical losses
of free-space optical links are directly related to parameters of system design or internal parameters. In this paper
we analyzed different parameters of system design to minimize the geometrical losses. We presented the analysis of
internal design parameters like divergence angle, diameter of receiver aperture, diameter of transmitter aperture,
link distance and suggested the suitable parameters of system design.
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1. Introduction
In the recent years tremendous developments have

been observed in telecommunication technologies. Mod-
ern communication applications like high speed internet,
video-conferencing, live streaming etc. have increased
the demands of higher data rates and requires mobility
and flexibility in the telecommunication networks. The
demands in higher data rates of different telecommuni-
cation and multimedia services have led to congestion in
spectrum of conventional radio frequency (RF) commu-
nication links and have raised the needs to shift the spec-
trum from RF to optical carrier. Optical carrier are free
from spectrum licensing and therefore, became a natural
and attractive alternative to RF links for capacity hungry
communication applications. FSO links offers the advan-
tages of license free communication, easy installation, im-
munity to electromagnetic interference and higher data
rates [1, 2].

FSO links use optical signals to carry information from
one point to another point passing through the atmo-
sphere. The transmitted light signal experiences envi-
ronmental effects like rain snow, smoke, fog, ambient
temperature (scintillation effects) and aerosol particles
suspended in the air [3–5].
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The performance of FSO links depend upon various
factors like local weather conditions or environmental
factors (channel conditions) and system design param-
eters. Local weather conditions or environmental factors
are called as external parameters whereas the parame-
ters of system design are called as internal parameters.
Internal parameters are transmitted optical power, re-
ceived optical power, selection of wavelength, divergence
angle, diameter of transmitter and receiver aperture, link
distance and receiver field of view (FoV).

In this paper, internal design parameters (divergence
angle θ, diameter of transmitter dt, receiver aperture dr
and link distance L) are analyzed to minimize the geo-
metrical losses (GL).

Optical transmitter transmits the collimated beam of
light. The width of transmitted beam increases with the
link distance. The higher beam width causes to reduce
the link margin at the receiver side which results in sig-
nal loss, reduction in signal-to-noise ratio (SNR) and in-
crease in bit error rate (BER). On receiver side diameter
of receiver aperture should be larger in size to receive all
the information transmitted through optical carrier but
on the same time larger receiver aperture results in noise
from the ambient light. The geometrical losses for FSO
links are given below in Eq. (1) [6]:

geometrical loss = 10 log

[
d2r

(dt+(Lθ))
2

]
. (1)
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Here dt represents diameter of the transmitter (in mm),
dr is the diameter of receiver (in mm), θ is divergence
angle of beam in mrad and L is the length of the com-
munication link in m. Geometrical losses are considered
as constant losses because all internal design parameters
remain constant. The total attenuation is a combination
of atmospheric attenuation and geometric loss. Total at-
tenuation is given in Eq. (2) [7]:

Attenuation
[
dB/km

]
=

d2r

(dt + (Lθ))
2 τ, (2)

whereas is total atmospheric attenuation. The total at-
tenuation of link path L can be calculated using Beer’s
law equation as given below in Eq. (3):

τ = exp (βL) dB/km, (3)
where β is attenuation coefficient for both absorption and
scattering and is expressed by Eq. (4):

β = βabsorption+βscattering. (4)

2. Simulations for geometric loss

The value of geometric losses are calculated to deter-
mine its effects on the performance of FSO link. We
selected four different designs for comparison at the link
range of 5000 m. The particular design specifications are
shown in Table I. The implementation of the link was
done with the help of components and devices available
in the local market.

TABLE IIllustration of design models with variation limits.

Parameters Design model 1 Design model 2 Design model 3 Design model 4
diameter of transmitter aperture dt 0.08 m 0.05 m 0.010 m 0.012 m
diameter of receiver aperture dr 0.10 m 0.08 m 0.012 m 0.015 m
divergence angle θ 0.025 mrad 0.025 mrad 0.025mrad 0.025mrad
link distance L 5000 m 5000 m 5000 m 5000 m

Fig. 1. Effect of link path and divergence angle on ge-
ometrical loss.

Figure 1a shows the relationship between geometric
losses and link distance. Figure 1a clearly distinguishes
that geometric loss (dB) increases as the link path in-
creases. Model 4 is observed to be a better option for
design considerations due to minimum geometrical losses
as compared to all other design model for a link dis-
tance of 5 km but it is not a good option where a link
distance increases to 5 km or above because as the opti-
cal beam travelled through long turbulence channel, the
beam footprint at the receiver spread requires larger di-
ameter of receiver aperture.

Fig. 2. Effect of diameter of transmitter aperture and
receiver aperture on geometrical losses.

Figure 1b shows the effect divergence angle on GL.
Greater the divergence angle greater will be the beam
front at the receiver side results in higher GL. Fig-
ure 2a illustrates the relationship between GL against
diameter of transmitter aperture. GL has proportion-
ate relationship with diameter of transmitter’s aperture.
The GL increases with increase in diameter of receiver
aperture and increases for all design models (while keep-
ing the other parameters constant e.g. link path L, diver-
gence angle θ, diameter of receiver aperture). Figure 2b
illustrates the relation between GL versus diameter
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of receiver’s aperture dr. Model design 4 is the most
suitable model for selected design parameters.

3. Conclusions

Geometrical losses contribute towards signal losses and
vary along with the link distance. These losses could be
minimized by selecting small size of the diameter of the
transmitter’s aperture, appropriate size of the lens, and
very small beam divergence angle at the receiver side.
The diameter of the receiver aperture should be large in
size as compared to the diameter of transmitter aperture
but should not be large enough that ambient light may
lump in the original signal and produce noise signals.
The results are concluded here with the suggestion that
for a FSO communication link of 5 km the diameter of
transmitter aperture should be less than 5 cm with suit-
able large size diameter of receiver aperture (15 cm) and
small divergence angle (less than 0.025 mrad). On the
optical receiver side FoV is another important parameter
which should be according to the size of beam while the
greater FoV also produces the noise in the original signal.

Over all model design 4 observed to be the most suitable
model under defined design parameters.
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