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Abstract  Sand, dust, gaseous and other atmospheric properties have a distorting effect on signal fidelityof Ku and Ka 
bands. Such distributions result in signal transmission error commensuration with different weather attenuations. These 
attenuations severely affect quality of service (QoS) as well as service level agreement (SLA). The main focus of this paper 
is to propose a new model for atmospheric impairments affecting satellite communicat ion networks that operate at high 
frequencies. These operations are heavily dependent on the propagation characteristics in desert areas, due to the often 
occurring of dust and sand storms as well as gaseous attenuations. Furthermore, gaseous attenuation (GA) can be estimated 
by using predicted signal-weather correlated database in collaboration with ITU‒R propagation models combinedwith 
interpolation methods, gateway, and ground terminal characteristics. A three dimensional relationship is then proposed for 
these attenuations with visibility, dust particular size, frequency, and propagation angle to provide decision and control 
system (DACS) with an enhanced view of satellite performance. This system is controlled by a skilful atmospheric aware 
model (SAAM) that can enable mitigation planning by adaptively selecting satellite parameters to improve network 
performance and monitor receiv ing signal to maintain the predefined threshold level under different weather conditions. 
Simulation results are presented to show the effectiveness of the proposed scheme. 

Keywords  Decision and Control System, Dust and Sand Storms, Gaseous Attenuation, International 
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1. Introduction 
The rapid growth of wireless and satellite networks for 

communicat ion on Ku and Ka bands have been widely 
employed. However, propagation impairments due to 
atmospheric attenuations can cause uncontrolled variations 
in signal level, phase, polarizat ion, and angle of arrival. This 
will result in excessive digital transmission errors. These 
propagation impairments differ from one location to another 
on earth and are presented by dust, sand and gaseous 
attenuations in areas like Saudi Arabia. These attenuations 
become particu larly severe at frequencies higher than 10 
GHz, especially for very s mall aperture terminal (VSAT) 
[1]-[3]. 

Dust and sand attenuations (DASA) are considered a 
dominant impairment for satellite signals in the desert area. 
Fig. 1 shows an extreme sand and dust storm form-at ion[4].   
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Thus quality of service (QoS) in satellite networks are 
severely affected while facing these kinds of atmospheric 
conditions. 

 

Figure 1.  Sand and dust storms formation in WesternRegion 

Knowing the atmospheric characteristics are important 
factors for system reliability  and QoS provisioning in 
satellite networks. International Telecommunicat ion Union 
Radio Communications (ITU‒R) maintains a database for 
atmospheric characteristics around the world that is used to 
estimate weather attenuations and other parameters. This 
attenuation is based on the concept of deriv ing the effective 
length of path through different weather conditions. The 
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effective path in this paper takes into account the spatial 
non-uniformity of dust, sand, gaseous, and other atmospheric 
conditions, both horizontally and vertically [5],[6]. 

Although some work has been done to study the impact of 
weather characteristics in satellite networks, most of the 
existing work considers uniform dust particular size 
distribution within the storm and/or low elevation angle 
cases only. In[7], the authors presented the prediction models 
and the analytical techniques for a range of operational 
parameters involv ing low-marg in, low elevation angle, 
inclined geosynchronous, and low earth orbit systems that 
are applied to the areas of VSAT systems, tradit ional 
communicat ions, mobile, and personal communications 
applications[8]. 

A number o f papers[9]-[20] have presented this 
phenomenon. Thebehavioural and composit ionalcharacteris
tics of dust and sand storms from d ifferent areas of world are 
uncorrelated due to variant regions and weather specific 
factors. The impacts of dust storms become more significant 
for signals having shorter wavelengths which observe more 
attenuation and scattering from part icles of sand and dust in 
the radio path. In[16] the phenomenon of vertical variation of 
visibility was discussed. In[20], another approach for adding 
a vertical path adjustment factor to measure attenuation is 
presented. This paper generalizes the concepts of[11],[16], 
[20]-[24], and present a three dimensional relationship for 
average dust particle size variations with respect to different 
reference v isibilit ies, dust particular size, and heights. Thus, 
the method to get enhanced attenuation and signal to noise 
ratio (SNR) measures have been presented based on the 
mentioned parameters. Th is scheme fo r modelling, 
estimating and proposing, would be helpful in optimizing the 
radio resources and implementing the cost effective link 
budgets for satellite links while maintaining the end-to-end 
QoS requirements. 

This paper introduces a novel method to enhance ITU‒R 

models by improving its computational efficiency and 
prediction accuracy for different atmospheric parameters 
based on weather database at different sites and frequencies. 
In addition, a three dimensional relationship is proposed for 
atmospheric attenuations with visibility, particle size, 
frequency and propagation angle. These results will supply 
the proposed skilful atmospheric aware model (SAAM) with 
a mechanism to better estimate satellite networking 
parameters such as link and queuing characteristics. These 
derived parameters will then enable the adaptive SAAM to 
maintain QoS and service level agreements (SLAs) by 
adaptively adjusting signal power, channel rate, location, 
propagation angle, frequency, coding, and modulation 
schemes under fierce weather conditions. Moreover, this 
proposed method can be used to build up a flexible system 
based on optimized algorithm and core computing skillful 
model which  takes into account challenging propagation 
environments and the need to extend deterministic models to 
predict parameters relevant to the communication system 
simulation. Consequently, it will promptly ad just to new 
signal fluctuations through the inter-connected network 
entities before storm weather effect  actually  manifest 
themselves to maintain end-to-end bit error rate (BER) 
requirements[6]-[8],[25]. Simulation results for SNR with 
both the estimated attenuations and the transmit power, are 
presented to show the performance improvements. The 
remain ing sections of this paper are as follows: 

Section 2 introduces the atmospheric attenuations impact 
on satellite communications. Section 3 presents QoS in 
weather impacted satellite networks fo llowed by a 
simulation and analysis of atmospheric attenuations. In 
Section 4, skilful atmospheric aware model (SAAM) for 
satellite systems are presented. Section 5 presents simulation 
results and discussions. Finally, the conclusion is presented 
in Section 6. 

 
Figure 2.  Visibility variation of dust storm according to different height 
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2. Atmospheric Attenuations Impact on 
Satellite Communications 

This section introduces dust, sand, and gaseous 
attenuations and their impact on satellite communications. 

2.1. Dust and Sand Storms Presentation 

Dust and sand storms are very common meteoro logical 
phenomenon being observed in desert and dry areas such as 
Saudi Arabia, Arizona, Sudan, Iraq, Libya, etc. Usually, 
these storms arise due to strong winds causing the dust 
particles to get suspended in the atmosphere. These storms 
have varying maximum altitude depending upon specific 
regional characteristics and wind blow speeds. 

Severity of dust storms depends upon the visibility, or in  
other words the intensity of dust storms increases as the 
visibility decreases. Dust storms can attain altitudes of 5 km 
or more in the atmosphere[19]. An approach to model these 
storms and methods to get enhanced attenuation 
measurements is presented in this paper based on the 
knowledge of two dimensional (side and top view) models of 
dust storms as discussed in[20]-[22].  

2.1.1. Concept of Dust Storm Layers 

The intensity of dust storm is not uniformly distributed 
and it varies both horizontally and vertically with the highest 
in the middle and lowering around the horizontal start, end 
and vertical edges. It  contains several layers while moving 
from the base, in vertical d irection, to the top. These layers 
represent different levels of visibility based on non-uniform 
particle size and intensity distributions within the DASA as 
shown in Fig. 2. Th is figure d isplays the dust storm for 
different height layers and visib ilities. Thus, the visibility 
increases to its maximum at the highest level of dust storm. 
The results were acquired  for up to 2 km in  dust storms’ 
altitude along with different estimated v isibilit ies. Such as, 
for 1.8 km of v isibility, the height will be equal to 1.2 km. 
The physical representation of dust storm according to 
visibility variations with different levels shall lead to an 
improved estimation of weather attenuation. The results are 
of significant achievement. 

Therefore, the particle size distribution is similar to  an 
exponentially decaying function, where the base layer 
contains heavier and denser particles leading to more 
attenuation. However, by moving in lateral d irection, the size 
and density of the particles shall reduce, which constitute 
lesser attenuation. Note that, the line at  the center of the 
figure d ivides the dust storm into two similar phases. 
Therefore, accurate estimation of dust storm height leads to 
better estimat ion of the channel attenuation which in turn, 
saves extra transmission power and improves QoS. These 
storms present the major cause of attenuation on satellite 
communicat ion channels. DASA analysis and results will be 
presented in section 3.1. 

Thus, wireless channels are susceptible to several 
impairments simultaneously, includ ing several weather 
anomalies. The following section covers gaseous 

presentation. 

2.2. Gaseous Presentation 

As signal passes through the troposphere, they undergo 
interactions with the gas molecules that are present in the 
atmosphere. The atmosphere composition being at sea level 
includes:Nitrogen (N2) = 78%, oxygen (O2) = 21%, and the 
remain ing of around 1% are represented by argon (Ar), 
carbon dioxide (CO2) which varies with location, neon, 
helium, krypton and water vapour (H2O) which varies in 
concentration from 0 to 2%, with trace quantities of: methane 
(CH4), sulphur dioxide (SO2), ozone (O3), n itrogen oxide 
(NO), and nitrogen dioxide (NO2)[26],[27]. 

Each of these gas molecules interact with the propagated 
signal. The interactions may or may not cause loss of energy 
and hence attenuation. Losses are especially high near 
theresonances of the molecules as presented in the 
followingsections. Such as, when an asymmetric molecu le 
(e.g., H2O) is placed in  an electric field, it will try to align 
itself to min imum potential with respect to the electric  field. 
Some of the important factors to remember are that 
absorption depends mainly on: 

i. The resonant frequency of gas molecules 
ii. The concentration of that gas in the atmosphere 
iii. The path length. 
Besides that, the atmospheric pressure is important. The 

resonance modes of the molecules are d iscrete. Since the 
molecules are constantly in  collision with each other and 
moving at  random, the resonance lines become broadened. 
Notice that, below 10 GHz, gaseous attenuation (GA) can 
beignored for most purposes. 

The important resonances for gaseous absorption up to 
300GHz are those from atmospheric oxygen and water 
vapour. 

The quantities and effects of resonant gases (CO, NO, NO2, 
N2O, SO2,O3) are neglig ible compared to water vapour at 
typical microwave link frequencies. 

Oxygen has strong bands of resonances around 57 ‒ 60 
GHz and 119 GHz. At sea level, the losses can mount up to 
15 dB/km at between 57 GHz  and 63 GHz. Satellite network 
designers should be aware of transmission signal with carrier 
frequencies around 22 GHz, 183 GHz, and 324 GHz because 
water vapour has resonance which increases the gaseous 
attenuation effect to the maximum. The attenuation changes 
with the amount of water vapour in the atmosphere. GA 
analysis and results will be d iscussed in section 3.2[3], 
[26]-[27]. 

3. QoS in Weather Impacted Satellite 
Networks 

Weather conditions have little to no effect upon low 
operational frequencies. However, QoS of a satellite  network 
is hardly affected by atmospheric attenuations at reasonably 
high transmission frequency. This section proposes a new 
method for calculating dust and sand attenuations based on 
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different layers that contain various visibility and dust storm 
particular size d istributions. The gaseous attenuation model 
is achieved by implementing an  updated adaptive software 
that uses ITU‒R data for this attenuation combined with 
bi-linear interpolation[29] at any location on earth, for a wide 
range of satellite parameters as per[1]-[3],[23]. 

3.1. Analysis and Simulation for Dust and Sand 
Attenuations in 3‒D 

The proposed dust storm format ion will be chopped off 
into multiple layers based on the concept of doubling 
visibility from the starting point of each layer[23]. To 
achieve more precision, the visibility window should be 
narrower, but this precision might affect the computational 
cost while consuming additional layers. Expression (1) can 
be used in a recursive manner to obtain the visibility based 
layers in dust storm: 

𝒉𝒉𝒍𝒍 = 𝒉𝒉(𝒍𝒍−𝟏𝟏) �
𝑽𝑽𝒍𝒍

𝑽𝑽(𝒍𝒍−𝟏𝟏)
�
−𝟎𝟎.𝟐𝟐𝟐𝟐

,               (1) 

where h(l-1) and V(l-1) are the reference height and visibility 
respectively, and the suffix (l) indicates differentdust layers. 
Equation (1) can be modified to find variouslevels of 
visibility depending upon different heights: 

𝑽𝑽𝒍𝒍 = 𝑽𝑽𝟎𝟎 �
𝒉𝒉𝒍𝒍

𝒉𝒉(𝒍𝒍−𝟏𝟏)
�
𝟎𝟎.𝟐𝟐𝟐𝟐

.             (2) 

Similarly, by generalizing the concept of[20],[23] the total 
slant path (L) traversed by microwave signal in the dust 
storm is broken  into s maller patches based on different levels 
of visibility at each layer, as fo llows: 

𝐿𝐿(𝜃𝜃) =  𝐿𝐿1 +  𝐿𝐿2 + ⋯ + 𝐿𝐿𝑁𝑁 = � ℎ𝑙𝑙
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑁𝑁

𝑙𝑙
    (3) 

3.1.1. Non-Uniform Dust Distribution 

Dust particle size distribution assessment is very 
important for predicting effects of dust storms. Each dust 
storm may have totally  uncorrelated dust distributions. 
Moreover, this distribution is also dependent on height. As 
the height decreases, the particles average diameter increases 
because the heavier dust particles have greater fall velocities 
as compared to the particles with smaller sizes that remain 
suspended in the air for longer intervals of time. For all the 
samples, the relation between average diameter Dav (μm) and 
height h (m) can be represented by[20]: 

𝐷𝐷𝑎𝑎𝑎𝑎 =  𝐷𝐷0ℎ−𝛼𝛼 ,                 (4) 
where, α= 0.155 by combin ing (1) and (4). 

To assume an approximate circu lar geometry for the dust 
particles, the equivalent or average dust particles sizes are 
computed as: 

𝑅𝑅𝑒𝑒𝑒𝑒  =  𝐷𝐷𝑎𝑎𝑎𝑎  / 2.                (5) 
After mathematical manipulation another expression is 

presented for computing the values of average diameter of 
dust particles at several reference heights and visibilities[23]: 

𝐷𝐷𝑎𝑎𝑎𝑎 (ℎ ,𝑉𝑉𝑙𝑙 ) = �𝐷𝐷0
ℎ0
∝� �

𝑉𝑉𝑙𝑙
𝑉𝑉0
�

0.0403
,          (6) 

where the visibility Vl is in km at level l, while D0, h0 and V0 
are reference diameter, height, and visibility, respectively. 

For this computation, Freeman’s chain code algorithm was 
incorporated for averaging the dustparticle in many sizes for 
better estimates. This estimation provides an enhanced result 
under light andmedium dust storms, where the dust particle 
size is assumed to be uniformly distributed. Therefore, in 
caseof heavy dust storm scenario other assumptions should 
be presented to achieve reasonable outcome. 

3.1.2. Dust Attenuation Modeling 

Each layer constitutes its specific point of attenuation at 
the microwave signal depending on the measureof visibility 
as well as the equivalent dust particle radii. These individual 
layered attenuations are then summed up to reach the end of 
dust storm which can be discovered by attaining certain 
lower bound ofvisibility when compared to v isibility in  free 
space[9],[17],[22],[23]. The point attenuation is presented as 
follows: 

 
( )

''
3

2 2' ''2
567

2
pi i ii

eq
A Pr

VR
ε

λ ε ε

     =     + +   

∑   (7) 

Where 3
i ii Pr∑  

represents the summation for different  
probabilit ies of part icle sizes mult iplied by the cubicof the 
dust particle size. The outcome of (7) is shown in  Fig. 3. A lso, 
listing values of dielectric constants at various frequencies is 
measured by[15],[23],[31]. 

 
Figure 3.  Point attenuation with particles radius and visibility 

By combining (1) through (7), the total dust and sand 
attenuation along the path as a function of frequency and 
propagation angle with different particu lar sizes can be 
presented as follows: 

𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝜃𝜃,𝑓𝑓) = ∑ �� 567×𝑓𝑓
𝑉𝑉(𝜃𝜃)𝑅𝑅𝑙𝑙

2𝑐𝑐
�� 𝜀𝜀′′

(𝜀𝜀′+2)2+𝜀𝜀′′ 2� ∑ 𝑃𝑃𝑖𝑖𝑛𝑛
𝑖𝑖 𝑟𝑟𝑖𝑖3�𝑁𝑁

𝑙𝑙 .(8) 

Thus, the dust particular rad ius (Rl) decreases 
monotonically  while moving up across the dust layers. 
Theproposed model takes into account the range of 
visibilities with several sizes fo rboth dust and sand 
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particlesalong with altitude dependent distributions, to 
compute their respective attenuations for a wide range 
offrequencies and propagation angles as shown in Fig. 4. 

3.2. Analysis and Simulation for Gaseous Attenuation 
(GA) 

In this section, analytical solution for GA is presented. 
Thus, predicting GA requires a model that allowsus to 
represent the specific attenuation mathematically. It  can be 
calculated by summing the effects of all ofthe significant 
resonance lines given in[26]as: 

1- Specific Attenuation: 
A− For dry air, the attenuation γ0(f) (dB/km) for the 

frequency (f  ≤ 54 GHz) is: 

𝛾𝛾0(𝑓𝑓) = �

7.2𝑟𝑟𝑡𝑡2 .8

𝑓𝑓2+0.34𝑟𝑟𝑝𝑝ℎ
2 𝑟𝑟𝑡𝑡1.6 +⋯

… + 0.62𝜉𝜉3
(54−𝑓𝑓)1.16𝜉𝜉1+0.83𝜉𝜉2

� . 𝑓𝑓2.𝑟𝑟𝑝𝑝ℎ2 . 10−3  (9) 

with  
ξ1 =  φ�rph , rt , 0.0717 ,−1.8132, 0.0156, −1.6515� ,(10)  

ξ2 =  φ�rph , rt ,0.5146,−4.6368 ,−0.1921,−5.7416�(11) 

and 
ξ3 φ�rph ,rt , 0.3414 ,−6.5851, 0.2130,−8.5854�   (12) 

φ�rph , rt , a, b, c, d� =  rph
a . rt

b . exp�c�1− rph �� +  d(1− rt) (13) 

B− For water vapor, the attenuation γw(f) (dB/km) for 
different frequency ranges is expressed by:  

γw (f) =

⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎪
⎪
⎪
⎧

3.98η1exp [2.23(1−rt)]
(f−22.235)2+9.42η1

2 g(f, 22) + ⋯

… + 11.96η1exp [0.7(1−rt)]
(f−183.31)2+11.14η1

2 +⋯

… + 0.081η1exp [6.44(1−rt)]
(f−321.226)2+6.29η1

2 +⋯

…+ 3.66η1exp [1.6(1−rt)]
(f−325.153)2+9.22η1

2 +⋯

… + 25.37η1exp [1.09(1−rt)]
(f−380)2 + ⋯

… + 17.4η1exp [1.46(1−rt)]
(f−448)2 +⋯

… + 844.6η1exp [0.17(1−rt)]
(f−557)2 g(f, 557) + ⋯

… + 290η1exp [0.41(1−rt)]
(f−752)2 g(f, 752) ⎭

⎪
⎪
⎪
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎪
⎪
⎪
⎫

 (14) 

With 
η1 = 0.955.rph  . rt

0 .68 + 0.006. ρ, 

 η2 = 0.735. rph  . rt
0 .5 + 0.0353. rt

4  ρ     (15) 
and 

𝑔𝑔(𝑓𝑓 , 𝑓𝑓𝑖𝑖 )𝐴𝐴 = 1 + �𝑓𝑓−𝑓𝑓𝑖𝑖
𝑓𝑓+𝑓𝑓𝑖𝑖

�
2
,          (16) 

where ph: pressure (hPa), rph= ph/1013, rt= 288=(273 + t),ρ: 
water-vapor density (g/m3), f: frequency(GHz), and t: mean 
temperature values (˚C), can be obtained from[26]for most 
cases. 

2- Slant Path Equivalent Height: 
The slant path attenuation depends on the distribution 

along the path of meteorological parameters such 

astemperature, pressure, and humidity. Thus, it varies with 
location, month of the year, height of the stationabove sea 
level, and propagation angle. 

 
Figure 4.  Dust attenuation with frequency and propagation angle 

A- For dry air, the equivalent height is given by: 

ℎ0(𝑓𝑓) =  6 .1
1 +0.17𝑟𝑟𝑝𝑝ℎ

−1.1 [1 + 𝑡𝑡1(𝑓𝑓) + 𝑡𝑡2(𝑓𝑓) + 𝑡𝑡3(𝑓𝑓)](17) 

Where 
   𝑡𝑡1(𝑓𝑓)   

= 4.64
1+0.066𝑟𝑟𝑝𝑝ℎ

−2.3 .𝑒𝑒𝑒𝑒𝑒𝑒 �−� 𝑓𝑓−59.7
2.87+12.4𝑒𝑒𝑒𝑒𝑒𝑒 �−7.9𝑟𝑟𝑝𝑝ℎ�

�
2
�(18) 

𝑡𝑡2(𝑓𝑓) =  0.14.𝑒𝑒𝑒𝑒𝑒𝑒�2.12𝑟𝑟𝑝𝑝ℎ �
(1−118.75)2+0.031+2.2 𝑟𝑟𝑝𝑝ℎ

      (19) 

And  
𝑡𝑡3 (𝑓𝑓) =  0.0114

1+0.14 𝑟𝑟𝑝𝑝ℎ
−2.6 ∙

−0.0247+10−4.𝑓𝑓+1.61.10−6.𝑓𝑓2

1−0.0169.𝑓𝑓+4.1.10−5.𝑓𝑓2+3.2 .10−7.𝑓𝑓3 (20) 

With the constraint that: h0 ≤ 10.7. 𝑟𝑟𝑝𝑝ℎ0.3forf< 70 GHz. 
B- For water vapor, the equivalent height for f ≤ 350 GHz 

is: 

ℎ𝑤𝑤 (𝑓𝑓) = 1.66.

⎩
⎪
⎨

⎪
⎧1 + 1.39.𝜎𝜎𝑤𝑤

(𝑓𝑓−22.235)2+2.56 𝜎𝜎𝑤𝑤
+ 

3.37.𝜎𝜎𝑤𝑤
(𝑓𝑓−183.31)2+4.69 𝜎𝜎𝑤𝑤

+
1.58.𝜎𝜎𝑤𝑤

(𝑓𝑓−325.1)2+2.89 𝜎𝜎𝑤𝑤 ⎭
⎪
⎬

⎪
⎫

 𝑘𝑘𝑘𝑘   (21) 

Where 
𝜎𝜎𝑤𝑤 = 1.013

1+𝑒𝑒𝑒𝑒𝑒𝑒 �−8.6�𝑟𝑟𝑝𝑝ℎ−0.57��
          (22) 

Notice that water vapor has resonance of 22.235 GHz, 
183.31 GHz, and 325.1 GHz, respectively.Attenuation also 
changes with the amount of water vapor in the atmosphere. 

3- Path Attenuation for Earth-Space propagation angles 
between 5 and 70 degrees: 

The above method calculates slant path attenuation for 
water vapor that relies on the knowledge of theprofile of 
water-vapor pressure (or density) along the attenuation path. 
It provides useful general tool forscaling gas according to 
these parameters. Thus, the approximate gaseous values can 
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be computed at anydesired location, for all range of angles 
and frequencies as shown in Fig. 5. 

Consequently, to obtain the path attenuation based on 
surface meteorological data using the cosecantlaw for a 
given propagation angle and frequency can be obtained as 
follows: 

𝐴𝐴𝐺𝐺 (𝜃𝜃, 𝑓𝑓) =
𝐴𝐴0(𝑓𝑓) + 𝐴𝐴𝑤𝑤 (𝑓𝑓)

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
 𝑑𝑑𝑑𝑑 , 

where 𝐴𝐴0 (𝑓𝑓) =  ℎ0(𝑓𝑓) . 𝛾𝛾0(𝑓𝑓)𝑑𝑑𝑑𝑑, 
and 

𝐴𝐴𝑤𝑤 (𝑓𝑓) =  ℎ𝑤𝑤 (𝑓𝑓) . 𝛾𝛾𝑤𝑤(𝑓𝑓) 𝑑𝑑𝑑𝑑 .         (23) 
The gaseous attenuation was initially presented by ITU‒R,  

and is expanded in this paper to displayits variations with 
both frequencies and propagation angles. Note that, the 
elevation angle above 25˚ hasrelatively s mall effect on GA.  

Also, Fig. 5 provides designers with a clear view of 
estimated attenuationfor different frequencies that states the 
maximum level around 22 GHz  with low elevation angles. 

 
Figure 5.  Gaseous attenuation at KFUPM, Dhahran, Saudi Arabia 

3.3. Analysis and Simulation for Atmospheric 
Attenuations 

The aim of this section is to estimate d ifferent atmospheric 
attenuations such as sand, dust, and gaseoususing predicted 
signal-weather correlated database in collaboration with 
ITU‒R propagation modelscombined with interpolation 
methods, gateway, and ground terminal characteristics. 

A three dimensionalrelat ionship for these attenuations 
with respect to propagation angle and frequency is presented 
in Fig. 6[1]-[3],[5]. These attenuations, for systems 
operating at frequencies above 10 GHz‒ especially 
thoseoperating with low propagation angles and/or margins, 
must be considered along with the effect of multip lesources 
of simultaneous occurring[32]. 

This method provides a useful general tool for scaling 
atmospheric attenuations according to these parameters. 
Also,it helps to provide designers with a perceptib le view of 
approximated different attenuationvalues that can be 
computed at any desired location, for d ifferent propagation 
angles, for any probability ofprecip itation, and for any 

specific uplink or downlink frequency. 

 
Figure 6.  Atmospheric attenuations at KFUPM Station, Dhahran, Saudi 
Arabia 

The outcome becomes a key  factor in d iagnosing, 
adjusting and improving satellite signal power, modulation 
and coding schemes, monitored and controlled altogether by 
a powerfu l and efficient skillfu l – based attenuation 
countermeasure system. The required input parameters for 
the above attenuations are: 

ADASA(θ, f): Dust and sand attenuation due to different 
visibilities, as estimated in (8). 

AG(θ, f): Gaseous attenuation due to water vapor and 
oxygen, as estimated in (23). 

A general method for calculat ing atmospheric attenuations 
AW (θ, f), is given by: 

𝐴𝐴𝑤𝑤 (𝜃𝜃, 𝑓𝑓) =  𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝜃𝜃 ,𝑓𝑓) + 𝐴𝐴𝐺𝐺(𝜃𝜃, 𝑓𝑓)      (24) 
The results were found to be in good agreement with the 

available measured data for all latitudes for theprediction of 
visibilities, dust size, p ropagation angle, and frequency range 
as shown in Figs. 4, 5, and 6. 

However, due to the dominance of different effects and the 
inconsistent availability oftest data, somevariations of errors 
occur across the distribution of different probabilities. 

Thus, knowing this data will bean immense asset to 
support various analyses for budgeting the operational 
satellite parameters around the world under severe weather 
conditions. 

4. Skilful Atmospheric Aware Model 
(SAAM) for Satellite Systems 

This section describes different computational techniques 
to provide decision and control system(DACS) with an 
enhanced view formodeling  satellite  propagation 
environments, and procedures for improving accuracy for 
the atmosphericattenuations with SNR calculations using 
different methods. 

4.1. Role of Skilful Atmos pheric Aware Model (SAAM) 
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A SAAM has to perceive its environment, to act rationally 
toward its assigned tasks, and to interact withother agents. 
The assigned tasks for this system are used to improve SNR 
according to weather’s variat ion. These capabilities 
arecovered by topics such as power, visibility, dust storm 
intensity, modulation, coding,and data rate, etc.  

The system relies on satellite parameter variations, 
training knowledge, various problemssolving, and search 
engines. 

By implementing the core skillful optimizat ion model as 
shown in Fig.7, designers are able to predict individual 
components of satellite  networks in a cohesive manner for an 
enhanced DACS which will be exp lained in section 4.3. 

 
Figure 7.  Network optimization decision and control system (DACS) 

This high level architecture for SAAM is based on 
weather attenuation, dust size, power, modulation, and 
coding information along with other parameters. It is used to 
estimate the optimal decision forsatellite communication 
systems. Such system will proficiently search for different 
combinations of inputcontrol variables to min imize 
estimated attenuation effect and maximize channel 
robustness and efficiency by improving SNR. 

Moreover, SAAMs provide a set of efficient tools for 
solving problems such as wireless propagationsthat are 
impractical o r difficult to solve by using traditional methods 
[3]. This include heuristic searchand planning algorithms, 
formalis ms for knowledge representation, reasoning 
mechanis ms, machine learn ingtechniques, and methods 
applicable to sensing and action problems.Such methods are 
presented in the as variation of signal level, modulation, and 
coding with unpredicted weather conditions[33],[34]. 

4.2. Signal to Noise Ratio (SNR) Calculation 
By definit ion, SNR is a measure of signal strength for 

satellite signal relat ive to attenuations and backgroundnoise. 
A better estimation for SNR values calculated under 

different weather attenuations are proposed asfollows: 
Thermal noise power spectral density is:  

N0 = K . T                 (25) 
K =-228.6 dBWs/K, T (effective noise temperature) = Ta + 

Tr, where Ta noise temperature of the antenna as represented 
in Table 1, and 

𝑇𝑇𝑟𝑟(Receiver′s Noise temperature) = �10
𝑁𝑁𝑟𝑟
10 − 1� .  290. (26) 

Table 1.  Noise Temperature in Antenna Ta (Kelvin)[35] 

Antenna Noise temperature Ta (Kelvin) 

Directional 
satellite  
antenna 

Earth from space 290 K 

Directional 
terminal  
antenna 

Space from earth at 90˚elev. 
Space from earth at 10˚elev. 

Sun (1…10 GHz) 

3 – 10 K 
≈ 80 K 

105….104K 

Hemisphericalte
rminal 
antenna 

At night 
Cloudy sky 

Clear sky with sunshine 

290 K 
360 K 
400 K 

Where noise figure of low-noise amplifier, Nr ≈ 0.7‒2 dB. 
Thus, the ratio between signal and noise powerspectral 
density is: 

𝐶𝐶
𝑁𝑁0

= 𝐶𝐶
𝐾𝐾 .𝑇𝑇

= 𝑃𝑃𝑟𝑟
𝐾𝐾 .𝑇𝑇

= 𝑃𝑃𝑡𝑡 .𝐺𝐺𝑡𝑡
𝐴𝐴𝑡𝑡

. 𝐺𝐺
𝐾𝐾 .𝑇𝑇

= 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝐴𝐴𝑡𝑡

. 𝐺𝐺𝑟𝑟
𝐾𝐾 .𝑇𝑇

 𝑑𝑑𝑑𝑑 ,   (27) 
𝐶𝐶
𝑁𝑁0

=  𝑃𝑃𝑡𝑡 + 𝐺𝐺𝑡𝑡 −  𝐴𝐴𝑡𝑡 + 𝐺𝐺𝑡𝑡 −  𝐾𝐾 − 𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 .   (28) 

Where Pt and Pr are transmitted and received power.Gt 
and Gr are antenna gain at  transmitter andreceiver sides 
respectively. At (total attenuation) = AW  (atmospheric 
attenuation) + A0(free spaceloss). Note that, AW  is presented 
in (24) and A0 will be presented in (29). 

The main specification for free space attenuation is 
summarized by:  

a. Contain no electrical charge,  
b. Uniformeverywhere,  
c. Carries no current, d- infin ite extent in all direct ions 

[35],[36]. Free space loss as afunction of frequency is 
presented as: 

𝐴𝐴0(𝑓𝑓) =  (4. 𝜋𝜋 . 𝑑𝑑/𝜆𝜆)2.         (29) 
Where the wavelength λ = c / f and the distance between 

transmitter and receiver d is a  function of thepropagation 
angle for the line path connected between ground earth 
station and geosynchronous (GEO) satellite. 

By considering a receive filter with noise of equivalent 
bandwidth Br, the noise power N will be: 

N0 . Br = K.T.Br,            (30) 
and therefore, 

𝑆𝑆𝑆𝑆𝑆𝑆 =  𝐶𝐶
𝑁𝑁

 =   𝐶𝐶
𝑁𝑁0

 ∙  1
𝐵𝐵𝑟𝑟

   𝑑𝑑𝑑𝑑 .        (31) 

The SNR results, as function of frequency and 
propagation angle based on dust and gas attenuations, 
areshown in Figs. 8 and 9. 
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Figure 8.  SNR vs. frequency and angle at KFUPM Station, Dhahran, 
Saudi Arabia 

 
Figure 9.  Output SNR at KFUPM, Dhahran station, Saudi Arabia 

4.3. Decision and Control System (DACS) 

The derived parameter values, being fed through SAAM 
toimprove estimated SNR, will enable the DACSto maintain 
QoS and SLAs by controlling satellite signal power, 
frequency, modulation, coding, and datarate under 
unpredictable weather conditions. 

The proposed method builds up a flexib le SAAM based on 
core computing of the adaptive model that would  be 
controlled by the predicted weather database. 

Such system will proficiently searchfor d ifferent 
combinations of controlled input variables such as transmit 
power level, modulation schemes,channel coding rates, etc. 
to minimize estimated attenuation effect and maximize 
channel robustnessand efficiency while improving SNR as 
shown in Fig. 10. SLA improves QoS by providing 
enhancedresults for weather attenuations in lieu of a wide 
range of frequencies, visibilit ies, dust particular size,and 
propagation angles combined together. Th is periodically- 
computed attenuation will keep updating ourknowledge 

input to the SAAM through the gate of DACS b locks. 
Real-time channel measurements such as SNR and BER 

can also serve as feedback tuning control toour DACS by 
adaptively modify ing the input control variables for clear 
channel optimization. 

4.4. Signal to Noise Ratio (SNR) Adjustment 

Several factors can play an immense role in  improving 
SNR and maximizingsystem throughput and availability of 
the link. In this section, a newproposed SAAM is introduced, 
asshown in Fig. 10, to overcome d ifferent weather conditions. 
Thus, by controlling the above mentionedfactors that supply 
SAAM, a path is given to allow an efficient mechanis m to 
better estimate satellite’snetworking parameters such as link 
and queuing characteristics. These derived parameters would 
enable SAAM to maintain SNR by adaptively adjusting 
signal power, transmission rate, coding, and 
modulationunder unpredictable weather conditions. 

By definit ion, Es (symbol energy) = C .Ts = C /  Rs, where 
transmission rate Rs(symbol/sec) isinversely equivalent to 
symbol duration Ts and energy-to-noise power density per 
symbol as: 

𝐸𝐸𝑠𝑠
𝑁𝑁0

= 𝐶𝐶
𝑁𝑁0

 ∙ 𝑇𝑇𝑠𝑠 = 𝐶𝐶
𝑁𝑁0

 ∙  1
𝑅𝑅𝑠𝑠

  ,         (32) 
𝐸𝐸𝑠𝑠
𝑁𝑁0

(𝐴𝐴𝑡𝑡 ,𝑃𝑃𝑡𝑡 ) =  𝑃𝑃𝑡𝑡 + 𝐺𝐺𝑡𝑡 −  𝐴𝐴𝑡𝑡+ 𝐺𝐺𝑟𝑟 − 𝑇𝑇 −  𝐾𝐾 − 𝑅𝑅𝑠𝑠 𝑑𝑑𝑑𝑑 .(33) 

This equation is used to determine bit error rate of a digital 
transmission system, or vice versa. Fig. 10 illustrates a 
manner for changing parameters of the communication 
system in order to overcome the deterioratingeffect of 
atmospheric impairments, and to increase reliability of the 
data transmitted throughout thechannel. 

In the first panel, the system held  signal input parameters 
that were compared against SNR threshold level in a single 
database. The resultshould be greater than or at least equal to 
this level. 

In the second panel, based on SNR values, either SAAM 
will decide to increase transmit power up to amaximum limit 
of -30 dB (0 dBm) in order to reach the desired level and stop 
the simulat ion or skip tothe next panel. 

Next, SNR values will be checked against modulation and 
coding values recorded in the system. If thisvalue can be 
reached by using any of the mentioned table combinations, 
then the system will go to the laststep. 

In the last step, the system will compromise among 
different SNR ach ieved outputs and make a decisionbased on 
the skilfu l controller according to available parameters and 
requirements. The given feedbackwill keep looping until a 
satisfactory value is reached. 

Thus, the system has capabilit ies to change data rate, 
frame size and frequency in order to adjust SNRin cases such 
as unpredicted storm weather condition, by using refresh 
duration that is located in the firstpanel. However, the system 
has a limit of increasing the power up to -30 dB.  
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Figure 10.  Skilful atmospheric aware model (SAAM) for satellite systems 

Figs. 9 and 11 show a comparison for the outputs of SNR 
ranges before and after modificat ion respectively.Thus, 
before modificat ion, SNR fell between -102 dB  and -64 dB, 
for power transmits from -135 dB  to -115 dB, and was 
transformed after intelligent decision mechanis m to fall 
within modulationand coding boundaries of allowable used 
database. The adjusted output for SNR ranges from -22 dB 
to30 dB and -69 dB to -30 dB for transmitted power, and 197 
dB to 235 dB for total attenuations in bothresults.  

5. Simulation Results and Discussions 
The predicted atmospheric attenuations were estimated, in  

the previous sections, at any location on earth fordifferent 
operational frequency values, and for a wide range of 
propagation angles. These schemes provideappropriate 
results up to high frequency of operations as shown in  Figs. 4 
and 5. Moreover, these resultsare key factors in 
implementing an accurate skillful engine that would act to 
improve end-to-end wirelesscommunications for different 
weather conditions. 

This simulat ion pilots an enhanced back propagation - 
learning algorithm that is used to iteratively tunethe skillful 
controller technique with returned SNR values for activating 
the weighted modulation/codepointto its optimal value, 
depending on actual or predicted weather conditions, 

configuration settings and toleranceor safety margins for 
SLAs commitment as shown in Fig. 10. 

 

Figure 11.  Output Adjusted SNR at KFUPM, Dhahran station, Saudi 
Arabia 

Thus, the simulated SAAM checks out various 
combinations for different input variables based on 
giventhreshold signal level at each section and convey 
intelligently the ultimate value fo r SNR. Therefore, 
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theimplemented skillfu l engine will p roficiently search for 
the blend of available signal parameters in thepresence of 
unpredicted channel attenuations. It will then provide us with 
reasonable signal recovery thatsatisfies at least the minimum 
threshold level as shown in Fig. 11. 

The results are done by using MATLAB simulations, 
where different programs were written to collectdatabase 
informat ion from d ifferent sources such as ITU ‒ R, to 
implement the three dimensional resultsfor atmospheric 
attenuations, and to run the skillful engine in order to present 
the desired output for thecommunicat ion satellite systems. 

6. Conclusions 
Sand, dust, gaseous, and other atmospheric properties can 

have a distorting effect on the QoS in satellitenetworks. 
Predicting  channel attenuation due to atmospheric conditions 
can enable mitigation planning byadaptively selecting 
appropriate propagation parameters such as modulation and 
coding etc. This paperpresented a method to estimate dust, 
sand, and gaseous attenuations using the signal-weather 
database from ITU‒R propagation models combined with 
bi-linear interpolation, gateway, and ground terminal 
characteristics. 

A three dimensional relat ionship was presented for these 
attenuations with both frequency andpropagation angle to 
provide DACS with a mechanism to have an accurate view 
of satellite’s parameters.The proposed SAAM can provide 
designers with a perceptible view of approximated 
atmosphericattenuation values by giving them the flexib ility 
at any location to apply various combinations of modulation, 
coding, transmission power, and transmission rate, for all 
propagation angles, and for any frequency, inorder to 
maximize satellite system’s throughput and QoS for variant 
weather conditions. Simulat ion resultswere presented to 
show the effectiveness of the proposed methods. 
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