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Abstract: Over space optical communications are consid-
ered as the critical technology for high-bandwidth, high-
speed, and large-capacity communications. Indeed, the
laser wavelength’s narrow beam divergence requires a
precise beam pointing at both ends of the optical link.
The precise beam pointing makes the laser beam pointing
to or from a moving object is one of the most challenging
processes for optical space communications. In this work,
the effect of the pointing error due to satellite platform
vibration over the performance of the laser communica-
tion link of the optical inter satellite network (OISN)
system in terms of the quality factor is investigated. Indeed,
an optical communication system has been built using the
OptiSystem program to simulate the link between satellites
in space for the OISN system. In addition, the proposed
system shows by simulation the optimal parameters’
values required for the design of the optical communica-
tion link between satellites of theOISN system.Moreover,
the effect of pointing error due to the platform vibration
on the performance of the OISN system is investigated for
different scenarios of the pointing error (i.e., no pointing
error; one side of the link with pointing error, and two
sides of the link with pointing error). The simulation
shows that, first, the optimal parameters that can be
used for the optical communication link between satel-
lites of the OISN system in terms of the laser wavelength;
laser power; optical modulation scheme; optical tele-
scope aperture diameter; and telescope optical effi-
ciency. In addition, the simulation shows that existing
pointing error due to vibration at one side of the optical
link leads to degradation of the performance of the OISN

system in terms of the quality factor for different laser
beam power; distances between satellites; telescope
diameters; and telescope efficiencies. Moreover, existing
pointing errors at the two sides of the optical link lead to
rapid degradation of the considered OISN system perfor-
mance even with the increase of the laser power or tele-
scope diameter, which tend to compensate for its effect
initially and then quit.

Keywords: optical communication, satellite vibration,
pointing error, optisystem

1 Introduction

Communication between individuals and/or communities
has been an essential life requirement from the beginning
of history. Humans succeeded in sending an electromag-
netic signal (i.e., wireless signal) for the first time at the
end of the 19th century; from that date, such type of
communication gained attention. In the last decades,
communication technologies have been developed, and
the Internet has been invented and separated over all con-
tinents, where the rapidly growing use of such services
creates congestion in the communications networks [1–3].
That is, there is an exponential growth in telecommunica-
tion traffic [4,5]. In a consequence, there is a great demand
for large communication bandwidth, as the numbers of new
data and multimedia services and applications are over-
growing [6–8]. In fact, the communication networks (i.e.,
Internet, mobile, information, and multimedia services,
etc.) required to cover large parts of the earth majorly
used ground-to-satellite and satellite-to-satellite networks.
Actually, wireless communication over a space has some
limitations, such as wireless beams spread by a squared
factor as the distance between the transmitter and the
receiver is increased [9].

On the other hand, over a space, optical communica-
tions are considered as the key technology for high-speed
and large-capacity (i.e., multi-gigabit-per-second) com-
munications. Indeed, laser, as a part of the electromag-
netic spectrum, has been invested in communication
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since the sixties of the last century, whereas laser light
can be used as a signal that carries information and data
with a line-of-sight, high-bandwidth between remote
sites. In fact, optical communication networks have pro-
vided a reasonable solution for such requirements due to
the high-speed and data rate transmission for longer dis-
tances. Such kind of communication was done using
optical fiber or free space optical communication [10].
Due to the landscape difficulties come across the laying
of the fiber cable and the huge installation cost of such a
network using optical fiber to cover large and rural areas
of the earth. An optical inter satellite network (OISN)
system provides a good solution for such an issue.
Actually, the OISN system has many advantages such
as colossal bandwidth, low power consumption, no need
for licensing or tariffs requirements for such utilization,
lightweight, high level of security [11], overcoming the
security issue of wireless communication, compact size,
considerably low priced, and radiation-free effects, where
such features made it a substitute to the existing micro-
wave satellite system [12]. So then, OISN provides a fasci-
nating alternative to microwave links between satellites
for many applications. On the other hand, the OISN system
has some disadvantages such as precise alignment is
required, a narrow point of view, and sensitivity to vibra-
tion of the satellite platform.

In fact, the laser wavelength’s narrow beam diver-
gence requires a precise beam pointing at both ends of
the optical link. The precise beam pointing makes the
laser beam pointing to or from a moving object (e.g., a
satellite moving in orbit) is one of the most challenging
processes for optical space communications. That is, one
of the crucial points is to have an accurate alignment
between transmitter and receiver for the free-space optical
communication system. Indeed, the laser beam has a
narrow beam width than the microwave one. In other
words, in comparison to the microwave link, the OISN
has a divergence angle, and the receiver field of view is
very narrow. Working with such a narrow beamwidth
coupled with a significant communication distance
between satellites for the OISN system, the line-of-sight
alignment is necessary, and transmitter-receiver alignment
error (i.e., pointing error)may have a severe impact on the
performance of the OISN system. A significant pointing
error can ultimately reduce the power level of the received
signal at the receiver and result in a significant bit of error.
There are many sources of the pointing error, mainly the
frictional and bearing noise, attitude uncertainty, satellite
base frame mechanical vibration, and rotational distur-
bances of the satellite platform inherited by the satellite
structure. In addition, the uncertainty in laser beam pointing

between satellites depends on the tracking sensor noise,
signal timing errors, and computational errors.

The performance of laser satellite communication
systems has been studied in many literature, for instance,
refs [13–21]. Ref. [13] studied the effect of pointing errors
on the average bit error probability of inter-satellite laser
communications. In ref. [14], evaluated the performance
of inter-satellite optical wireless communication consid-
ering multiple wavelengths and diverse modulation for-
mats. Ref. [15] studied the spectral-efficient large-speed
single-channel IsOWC system using a polarization divi-
sion multiplexed quadrature phase shift keying scheme.
Ref. [16] studied the performance of two independent
channels, each having a unique mode to carry nonreturn
zero encoded data of 10 Gbps each on inter satellite optical
wireless communication network. Ref. [17] presented the
performance enhancement of the system by usingmultiple
antennas and advanced modulation techniques. Ref. [18]
studied the influence of satellite vibration on the radio
over an inter-satellite optical wireless communication
system with an optical booster amplifier and an optical
pre-amplifier. Ref. [19] presented a mathematical model to
minimize transmitter power and optimize transmitter gain
as a function of the building-sway statistics, the commu-
nication system parameters, and the required bit-error
probability. Ref. [21] stated the connection between the
main parameters of the tracking and pointing and com-
munication subsystems. Ref. [20], a high-speed commu-
nication system considered a hybrid wavelength-division
multiplexing and polarization interleaving schemes under
the influence of pointing error was analyzed. Indeed, due
to the space limitation, more literature is eliminated.

In contrast to the existing literature, in this article,
the pointing error effect on the quality of optical commu-
nication between satellites in the OISN system has been
investigated using the most recent parsers, which is an
OptiSystem program. This work contributes in many folds
by providing a simulation study using the most recent
programming (i.e., OptiSystem) to realize the effect of
satellite mechanical vibration on the optical communica-
tion between satellites in the OISN system. That is, the
effect of the pointing error due to satellite platform vibra-
tion over the performance of the laser communication
link of the OISN system in terms of the quality factor is
investigated. Indeed, an optical communication system
has been built using the OptiSystem program to simulate
the link between satellites in space for the OISN system.
In addition, the proposed system shows by simulation
the optimal parameters’ values required for the design
of the optical communication link between satellites of
the OISN system. Moreover, the effect of pointing error
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due to the platform vibration on the performance of the
OISN system is investigated for different scenarios of
the pointing error (i.e., no pointing error; one side of
the link with pointing error, and two sides of the link
with pointing error).

This article is organized as follows. Section 2 expresses
the model of the considered system. Section 3 demon-
strates the simulation results and their comments. Conclu-
sions are listed in Section 4.

2 Model configuration

2.1 Transmitter model

The transmitter part of the OISN system has the rule of
preparing the information to be transmitted optically
using a laser beam. Mainly the optical transmitter in
the OISN system includes a laser source, for example, a
laser diode. Then, the information to be transmitted is
modulated on the laser beam using a Mach-Zehnder
modulator, which is an electro-optic device that invests
the electric fields in changing the laser path lengths and
creates a phase modulation to the emitted laser signal.
Finally, the OISN transmitter telescope collimates and aligns
the laser beam that carries the transmitted information.

As shown in Figure 1, the whole electro-optical com-
ponents hold by mechanical joints. That is, the electro-
optical components, such as the telescope optical
components, sun shutter, tracking unit, optical inter-
face unit between transmitter and receiver, and steering
mirrors all are contained in the two-axis gimbals’ struc-
ture (azimuth and elevation), while other electronic
units are located off-gimbals. Consequently, due to the

angular movement of the satellite (i.e., spinning around
its body center and orbiting in its orbit), the slight vibra-
tion will be amplified by the small joints, and it has a
considerable effect on the transmitted laser beam. More-
over, combined with the long communication distance
the laser propagates between satellites, the resultant
pointing error of the transmitted laser beam will be
amplified. Mathematically, the pointing error due to
the mechanical vibration presents as two-axis errors
(i.e., elevation and azimuth errors angles). Indeed, the
angle of the elevation pointing error is assumed to have
a Gaussian distribution, such as refs [9,23,24]:
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where θelevation is angle of the elevation pointing error;
Γelevation its mean; and ϱelevation

2 is its variance.
Similarly, the angle of the azimuth pointing error

distribution [9,23,24]:

p( )

⎡

⎣
⎢

⎛

⎝
⎜

⎞

⎠
⎟

⎤

⎦
⎥

=

× −

−

θ
π

θ

1
2 ϱ

exp Γ
2ϱ

.

azimuth
azimuth

azimuth azimuth

azimuth
2

(2)

It is worth mentioning that the aforementioned distribu-
tions do not have a biased term since the calibration of
the transmitted laser beam optical axis will be done con-
tinuously over time. So then, considering the Cartesian
geometry transformation, the angle of the radial pointing
error will be:

= +θ θ θ .r azimuth elevation (3)
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The majority of the literature assumes the independency
and identicality of the elevation and azimuth distribu-
tions. Therefore, the radial pointing error angle has the
following distribution function:
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where all the aforementioned parameters are the same as
the ones listed earlier but related to radial pointing error
angle; subscript { }∈i T R,x x indicates the identity either to
be transmitter or receiver; Tx denotes transmitter; and Rx
denotes receiver.

Figure 1: Transceiver diagram of the optical and mechanical struc-
ture [22].
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2.2 OISN channel

The OISN system uses the laser beam as an optical signal
to carry information between satellites over space as a
communication medium, whereas space is considered a
vacuum medium. Therefore, the environmental processes,
such as absorption, scattering, shimmering, fading, and
multi-path, affect the received signal’s quality will be
dominated by the effect of uncertainty or error in the line
of sight (i.e., error in pointing angle). Specifically, the
space losses (i.e., the loss in signal strength as it travels
through free space) can be given as refs [9,23–27]:

⎜ ⎟
⎛

⎝

⎞

⎠
= ℧ × ℧ ×

λ
πL

losses
4

,R Tfree spsce
TR

2
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where λ is the laser beam wavelength; LTR is the distance
between the transmitter and receiver telescopes; and
℧Rx and ℧Tx are the receiver and transmitter directivity,
respectively, that measures the degree to which the radia-
tion emitted is concentrated in a single direction (i.e.,
directivity measures the power density the antenna radi-
ates in the direction of its strongest emission, versus the
power density radiated uniformly in all directions). The
directivity is given as ref. [28]:

℧ =

π4
Φ

,i
i

(7)

where { }∈i T R,x x ;Tx denotes transmitter; Rx denotes receiver;
and Φi is the solid angle of the transmitter or the receiver,
which is given by ref. [28]:

=

λ
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where { }∈i T R,x x and ωo is the laser beam waist radius.
Indeed, data are send over the light speed to a long dis-
tance using a narrower laser beam width than the radio
frequency (RF) system. The RF system wavelength is much
longer than lasers; hence, it requires a highly accurate align-
ment to ensure satellites’ connection with the line of sight.
Consequently, working with a narrow beam-width laser
between satellites over thousands of kilometers becomes
more sensitive, especially in the presence of relative motion
and satellite vibration, where such noise sources may be
optical sensor noise, friction, and bearing noise, and/or
satellite base-frame vibration noise.

2.3 Receiver model

The receiver of the OISN system gets the signal traveled
over the distance of the optical link from the transmitter,
where the effect of vibration at the transmitter has a sig-
nificant contribution to the received signal pointing error.

Therefore, the optical signal gain at the receiver (Rx) is
given by:
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where PTx denotes the transmitted power; ΨTx and ΨRx

denote the telescope gain at the transmitter and receiver
satellites, respectively; ηTx

and ηRx
are the efficiency of the

optical system at the transmitter and receiver satellites,
respectively; ϒTx and ϒRx are the laser beam pointing error
losses of the transmitter and the receiver, respectively;
and other parameters are defined in equation (6). The
satellite telescope optics efficiency is given by ref. [29]:

A

�
=η ,i
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(10)

where { }∈i Tx Rx, ; �i denotes the light acquisition time;
and Ai is the telescope availability, which are given by,
respectively, [29]:
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where τcalib is the calibration time; τacquir is the acquiring
time; τschedul is the scheduling observation time; τreconf is
the telescope system reconfiguration time; τconti is the time
that space contamination prevent observations; and τfail
is the telescope fault/inability time. The transmitter and
receiver telescope gain are given by ref. [9,23,24]:

⎜ ⎟
⎛

⎝

⎞

⎠
=

πd
λ

Ψ ,T
T

2

x
x (13)

⎜ ⎟
⎛

⎝

⎞

⎠
=

πd
λ

Ψ ,R
R

2

x
x (14)

receptively, where dTx and dRx are the satellite telescope
diameter. Note that the telescope gain at the transmitter
and receiver may be the same or not, depending on the
manufacturer of the satellite. The laser beam pointing
error losses for transmitter and receiver, respectively,
are given as follows:

( )
=

− ×ϒ exp ,T
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x
Tx rTx (15)
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( )
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where θrTx and θrRx are defined in equation (3); and all
parameters have been defined earlier. Plugging equations
(13)–(16) into equation (9) result in:
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where PTx denotes the transmitted power; �Tx and �Rx

denote the light acquisition of the transmitter and receiver,
respectively; ATx and ARx denote the telescope availability
of the transmitter and receiver, respectively; dTx and dRx

denote the satellite telescope diameter of the transmitter
and receiver, respectively;ωo denotes the laser beam waist
radius; λ denotes the laser wavelength; LTR denotes the
distance between satellites; and θrTx and θrRx denote the
angle of the radial pointing error. There are two possible
signal levels for the optical signal, which lead to two
signal-to-noise ratios (SNRs). Considering that there can
be two power levels at the receiver, then there is a prob-
ability of making an erroneous decision in the receiver.
The quality factor gives ameasure of overall system quality
by combining both SNRs. That is, the quality factor is a

measure of how the optical signal is noisy for optical com-
munication, and it facilitates the system performance ana-
lysis. The quality factor can be given by ref. [30]:

=

−

−

Q
P P

σ σ
,HR LR

H L
factor

x x (18)

where PHRx and PLRx are the optical power at the high and
low levels, respectively; σH and σL are the standard devia-
tions of the noise at the high and low levels, respectively.
For more details of equation (18); see ref. [30] and the
references therein. According to equation (18), the per-
formance of the OISN system in terms of the quality factor
has been affected by the received optical power and the
level of the noise. In the same manner, considering equa-
tion (17), the transmitted power; light acquisition time at
the transmitter and the receiver; the laser beam waist
radius; and the satellite telescope diameter at the trans-
mitter and the receiver are proportionally related to the
received power (i.e., proportionally related to the OISN
system performance in terms of the quality factor). On the
other hand, the distance between satellites, telescope
availability; wavelength; and the angle of the radial
pointing error are inversely related.

3 Simulation results and comments
on simulation

The simulation results presented in this section demon-
strate the effect of pointing error due to vibration on the
optical communication quality between satellites for the
OISN system. Indeed, the simulation presented three sce-
narios: first, a simulation study the relation between
OISN system parameters with zero pointing error; second,
the transmitter only pointing error is considered; finally,
both transmitter and receiver pointing errors are consid-
ered in the simulation. Note that simulation results are
created using MATLAB R2019 and OptiSystem with a com-
puter equipped with an Intel Core i7 2.6 GHz Processor and
16 GB RAM. The system that was implemented by the
OptiSystem is shown in Figure 2. The considered numer-
ical parameter values represent a state of art for such sys-
tems used in many published literature; see, for example,
refs [13–18] and the references therein.

Figure 3 shows the quality factor (Qfactor) as a func-
tion of the transmitted power ( ( )P Win ) for different wave-
lengths with zero pointing error. The parameters’ values
used in the simulation of this figure are presented in
Table 1. It can be seen that the quality factor increases
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linearly with transmitted power. Indeed, this result matched
with the existing literature, such as refs [31,32]. In addition,
the quality factor degraded with increasing the wave-
lengths. That is, using the wavelength 850 nm leads to
better results than the other considered wavelengths. Actu-
ally, this result agrees with the result listed in refs [14,33].

Figure 4 expresses the quality factor (Qfactor) as a
function of the transmitted power ( ( )P Win ) for different dis-
tances ( ( )L kmTR ) between satellites of the OISN system with
zero pointing error. The parameters’ values used in the simu-
lation of this figure are listed in Table 1. It is clear that the
quality factor increases linearly with transmitted power. In
addition, the quality factor degraded with increasing the
communication distance between satellites. Obviously, the
best communication distance is the shortest for the consid-
ered conditionsmentioned earlier, where 5,000 gives reason-
able results. It should be noted that this result matched with
the ones listed in the literature, such as refs [14,31,32,34].

Figure 5 presents the quality factor (Qfactor) as a func-
tion of the laser wavelength ( ( )λ nm ) for different optical
modulation schemes with zero pointing error. The para-
meters’ values used in the simulation of the figure are

presented in Table 1. It can be seen that the quality factor
decreases linearly with increasing the wavelength for the
considered wavelengths. In addition, the quality factor has
reasonable results for the nonreturn to zero (NRZ) optical
modulation scheme. Actually, this result agrees with the
result listed in refs [14,16].

Figure 6 shows the quality factor (Qfactor) as a func-
tion of the transmitted power ( ( )P Win ) for different optical
telescope optics diameters ( ( )d cmTx ) with zero pointing
error. The parameters values used in simulation of the
figure are listed in Table 1.

It can be seen that the quality factor increases line-
arly with transmitted power. In addition, the quality
factor has been enhanced by increasing the telescope
diameter, which agrees with the existing literature, for
instance, refs [14,31,33,34]. Figure 7 presents the quality
factor (Qfactor) as a function of the transmitted power
( ( )P Win ) for different telescope efficiency (i.e., both ηTx

and ηRx
) with zero pointing error. The parameters values

used in simulation of the figure are listed in Table 1.
It can be seen that the quality factor increases line-

arly with transmitted power. In addition, the quality

Figure 2: The OISN system was implemented by the OptiSystem.
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Figure 3: Quality factor (Qfactor) as a function of the transmitted laser power (P Win( )) for a different laser wavelengths W/zero pointing error.
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factor has been improved by increasing the telescope
efficiency, while the worst behavior has been shown at
20% efficiency. Overall, the quality factor is enhanced by
increasing the transmitted power combined with increasing

the telescope diameter and efficiency and decreasing the
communication ranges with a suitable wavelength and
optical modulation scheme. That is, the aforementioned
results show that the values of the following parameters

Table 1: Parameters used in OptiSystem for the simulation of Figure 3

Pin (W) λ (nm) LTR (km) dTx (cm) dRx (cm) Modulation Line width (kHz) Bit
rate (Gpbs)

Extinction
ratio (dB)

x x 5,000 15 15 NRZ 100 10 30

ηTx (%) ηRx (%) θ μradTx ( ) θ μradRx ( ) Cutoff
frequency (Hz)

Additional
losses (dB)

Propagation delay
(ps/km)

Responsivity
(A/W)

Dark
current (nA)

97 97 0 0 7.5 0 0 1 10
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Figure 4: Quality factor (Qfactor) as a function of the transmitted laser power (P Win( )) for different distances (km) between satellites W/zero
pointing error.
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Figure 5: Quality factor (Qfactor) as a function of the transmitted laser wavelength (λ nm( )) for different optical modulation schemes W/zero
pointing error.
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give reasonable results, and they will be used for the rest of
the simulation: 850 nm as a laser wavelength, NRZ optical
modulation scheme; 15 cm optical telescope diameter;
5,000 km communication range; 97% optical telescope
efficiency, where the pointing error due to vibration is
considered to be zero. Therefore, those parameter values
will be used for the rest of the simulations. The existing
literature, for instance, refs [14,16,31,33,34], validate this
work results. That is, table 1 in ref. [34] shows the key design
parameters used for inter satellites link. It expresses that the
telescope diameter is 12.5 cm, and the link distance is
5,100 km, which validates the parameters’ values found in
this work. In addition, ref. [31] states that the telescope
diameter was chosen to be 15 cm, and the relation between
the transmitted power and the quality factor is proportional,

which are supporting the data used in this work. Moreover,
table 1 in ref. [33] listed 850 nm wavelength and 15 cm
telescope diameter as design parameters values, which
match the data used in this work.

Figure 8 shows the quality factor (Qfactor) as a func-
tion of the transmitted power ( ( )P Win ) considering only
the transmitter with different pointing errors, where the
other parameters are listed in Table 1. The interpretations
of this figure are many. As the transmitted power of the
laser increased, the quality factor improved. In addition,
as the pointing error increased, the quality factor degraded.
Indeed, this result matched with the existing literature,
such as ref. [31].

Figure 9 shows the quality factor (Qfactor) as a func-
tion of the distance between satellites within the OISN
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Figure 6: Quality factor (Qfactor) as a function of the transmitted laser power (Pin) for a different telescope diameters (cm) W/zero pointing
error.
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Figure 7: Quality factor (Qfactor) as a function of the transmitted laser power (Pin) for a different telescope efficiency W/zero pointing error.
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system considering only the transmitter with different
pointing errors, where the other parameters are listed in
Table 1. Furthermore, it is shown that the quality factor
degraded with increasing the transmitter pointing error
and increasing the distance between satellites of the
OISN system.

Figure 10 shows the quality factor (Qfactor) as a func-
tion of both transmitter and receiver optical telescope
diameters ( ( )d cmT R&x x ) considering only the different trans-
mitter pointing errors, where the other parameters are listed
in Table 1. This figure has an interesting interpretation. The
quality factor degraded with increasing the transmitter
pointing error. It is partially increasing with increasing the
optical telescope diameter for the low transmitter pointing
error. Specifically, by increasing the pointing error, initially,

the quality is linearly increasing with the diameter, and
then the relation is vice-versa with increasing the telescope
diameter. That is, the 15 cm telescope diameter gives the
optimal quality factor value. The interpretation is that, as
the optical telescope diameter increases up to 15 cm, the
optical signal power received increases, leading to improving
the quality factor considering small values of pointing error.
In contrast, for large values of pointing error, increasing the
telescope diameter by more than 15 cm led to an increase in
the level of the error captured by the telescope, which
degraded the quality factor.

Figure 11 shows the quality factor (Qfactor) as a func-
tion of the telescope efficiency with only transmitter dif-
ferent pointing error, where the other parameters are
listed in Table 1. It can be seen that the quality factor
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Figure 8: Quality factor (Qfactor) as a function of the transmitted laser power (P Win( )) for a different transmitter only pointing error.
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Figure 9: Quality factor (Qfactor) as a function of distances between satellites for a different transmitter only pointing error.
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has been enhanced by increasing the telescope efficiency,
while the quality factor degraded by increasing the pointing
error. That is, increasing the pointing error leads to an
increase in the error in the received signal, and increasing
the efficiency tends to compensate partially for the effect of
the pointing error.

Figure 12 shows the quality factor (Qfactor) as a func-
tion of the transmitted power ( ( )P Win ) considering dif-
ferent pointing errors for both transmitter and receiver,
where the other parameters are same used for Figure 8,
which is listed in Table 1. In addition to the interpreta-
tions that have been listed in Figure 8, Figure 12 shows that
having a pointing error in both transmitter and receiver
deteriorates the quality factor significantly. Moreover, the
maximum pointing error that the system can handle is

(2 μrad), where more than this pointing error, no power
can be caught by the receiver. In the same manner, ref.
[33] expresses the same results.

Figure 13 shows the quality factor (Qfactor) as a func-
tion of the distance between satellites within the OISN
system considering the transmitter and the receiver with
different pointing errors, where the other parameters are
the same used for Figure 9, which is listed in Table 1. In
addition to the interpretations of Figure 9, it can be seen that
considering pointing error in both transmitter and receiver
lead to faster degradation of the quality factor with the dis-
tance between satellites considering different scenarios of
the pointing errors for the transmitter and receiver. Having
more pointing errors at the receiver than that of the trans-
mitter leads to more quality factor degradation.
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Figure 10: Quality factor (Qfactor) as a function of telescope diameters (cm) for a different transmitter only pointing error.
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Figure 11: Quality factor (Qfactor) as a function of the telescope efficiency with only transmitter different pointing error.
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Figure 12: Quality factor (Qfactor) as a function of the transmitted laser power (P Win( )) for different transmitter and receiver pointing errors.
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Figure 13: Quality factor (Qfactor) as a function of distances between satellites for different transmitter and receiver pointing errors.
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Figure 14 shows the quality factor (Qfactor) as a func-
tion of both transmitter and receiver optical telescope
diameters (dT R&x x (cm)) considering only the transmitter
different pointing errors, where the same parameters have
been used for Figure 10, and they are listed in Table 1. In
addition to the interpretations of Figure 10, Figure 14 shows
faster degradation of the quality factor with telescope effi-
ciency considering different scenarios of the pointing errors
for the transmitter and receiver. Moreover, the max-
imum pointing error that the system can handle is
(1.5 μrad), where more than this pointing error, no power
can be caught by the receiver. Overall, in the same manner,
results have been presented for only transmitter pointing
error scenarios, considering the pointing error at both trans-
mitter and receiver leads to more degradation of the quality
factor, and receiver side pointing error has more effect on
the quality factor, where the 15 cm telescope diameter gives
near-optimal quality factor value (Figure 15).

Next, the main point that can be concluded will be
presented.

4 Conclusion

Over space optical communications are considered the cri-
tical technology for high-speed and large-capacity commu-
nications. The laser light can be used as a signal that carries
information and data with a line-of-sight, high-bandwidth,
and communication link between remote sites. Indeed, the
laser beam pointing to or from a moving object, such as a
satellite, is one of the most challenging processes for
optical space communications. In this work, the effect of

the pointing error over the performance of the laser com-
munication link of the OISN system in terms of the quality
factor is investigated using the most current parser (i.e.,
OptiSystem simulator). The simulation results validate the
mathematical model that has been stated in terms of
the relation between the OISN system parameters and the
system performance. As a result, it is found that the para-
meters that can be used for the optical communication link
between satellites of the OISN system. In addition, the
existence of pointing error due to vibration at one side of
the optical-link leads to degradation of the performance of
the OISN system in terms of the quality factor for different
laser beam power, distances between satellites, telescope
diameters, and telescope efficiencies. Moreover, existing
pointing errors at the two sides of the optical link lead to
rapid degradation of the considered OISN system perfor-
mance even with the increase of the laser power or tele-
scope diameter, which tend to compensate for its effect
initially and then quit (i.e., for the considered system para-
meters, 15 cm telescope diameter gives near-optimal quality
factor). Implementing the considered system practically is
one of the points of a future job.
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