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Abstract

According to the technical specifications of the future generations of telecommunication, which
should provide new services, the use of hybrid networks space-air-ground is essential. It should be
noted that the management of this type of hybrid satellite networks have major challenges in providing
new services. Meanwhile, the intelligent management of resources in hybrid satellite networks will
lead to increased capacity and improved service quality. In this paper, a comprehensive review of the
use of artificial intelligence in the field of satellite communications will be discussed. Finally, in the
field of service quality improvement, such as how to model and intelligently predict traffic and how to
deal with harmful environmental conditions will be presented.
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1. Introduction

Today, terrestrial networks are facing an exponential increase in
traffic, generated by various objects connected to this type of
communication networks [1]. Due to the advances in the space
industry, such as mega satellite constellation and the new
generation of high throughput satellites in geostationary orbit
(GEO-HTS), results into a significant reduction of
communication costs and increase in the capacity, it won' take
long, when the earth will be surrounded by a large amount of
satellites that provide new and diverse services. In this kind of
satellite communication networks, due to the limited access of
resources, achieving high energy efficiency for satellite
communication is more challenging than terrestrial networks
[2-3]. Therefore, the designers of space missions demand the
use of automation for various reasons, including reducing the
amount of delay in the round trip in satellite communications.
Therefore, the increase use of intelligence and the
implementation of automation in the management of equipment
in the satellite systems (both in the terrestrial and in the space
parts) is the key element in this type of communication systems,
which requires expert and intelligent systems [3-4]. The general
classification of artificial intelligence functions in the field of
satellite communications is presented in Figure 1. As it is clear

in this figure, artificial intelligence and its various algorithms
can be used in various fields in Space-air-ground integrated

network (SAGIN).

Figure 1. Different applications of artificial intelligence in
satellite communications [5]

2. Results and Discussion

In this paper, at first, by using scientometrics, Artificial
intelligence and algorithms that can be used in improving
SAGIN resource management are introduced, and later, the
factors that can increase the capacity of SAGIN network and
have an impact on increasing the quality of the services
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provided by them, has been examined and evaluated
according to artificial intelligence and algorithms related to
it, relying on the current and valid references available in this
field. The findings of science, technology and innovation
measurement and evaluation studies are one of the most
important policy tools for the development of science,
technology and innovation in every country [6]. This
measurement should be done in such a way that based on its
results, a more realistic picture of the state of artificial
intelligence applications in satellite communications in the
world can be drawn [7]. As shown in Figure 2, the largest
amount of research since 2017 has been in two major areas,
including satellite positioning and navigation systems
(GNSS) and remote sensing, respectively, in the amount of
1959 And 1442 documents are in the relevant software.
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Figure 2. The frequency of research on the use of artificial
intelligence in the field of satellite applications (From 2017 to
15 October 2022)

Figure 3, also shows the frequency of using artificial
intelligence methods in satellite communications. As it is
clear from Figure 2, in the field of satellite communications,
Deep learning (DL) and machine learning (ML) methods are
the most used in this field with 44.23 percentage and 39.27
percentage, respectively.
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Figure 3. The percentage of using artificial intelligence methods
in satellite communications (From 2017 to 15 October 2022)

Finally, according to the available information and statistics in
the field of the artificial intelligence in satellite
communications, the following factors, according to Figure 1,
have been further investigated and analyzed based on the
available sources, which include:

e Smart configure know how

Pedram Hajipour , Roghieh Karimzaeh Baee , Houman
Zarrabi , Roghayeh Doost and Leila Mohammadi

o Intelligent management of resources including power,
frequency and energy

o Intelligent interference management

e Routing and traffic prediction know how

o How to intelligently deal with destructive environmental
conditions

3. Conclusions
According to the investigations carried out in different
departments of SAGIN, it has been seen that by using
artificial intelligence and its various algorithms, it is possible
to use this type of combined communication networks to
provide better services in its fifth generation (5G) and
beyond. It is predicted that in the near future, the necessary
standards and suitable platforms for the use of artificial
intelligence in satellite communications will be developed.
Of course, according to the investigations carried out in the
article, the challenges ahead in the implementation of this
type of communication network, based on artificial
intelligence, include the following:

e Increasing Capacity

o Intelligent modeling of the satellite communication channel

e Increasing the quality of service

o Smart dealing with jamming

e How to securely exchange data in the structure of

satellite systems
e Designing and building an efficient space shield
according to the existing space radiation database
e Designing smart satellite antennas
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1. Remote sensing
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5. Deep reinforcement learning
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2. Spectrum prediction
3. Spectrum management unit
4. All-day seamless coverage
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1. Reinforcement learning
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1. Deep neural network
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5. Back propagation neural networks

6. Support vector machines

7. Overfitting

8. Genetic algorithm

9. Premature convergence

10. Least squares SVM
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13. Artificial neura network
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1. Al-based self-learning (ASL) network framework
2. Unsupervised satellite selection

3. Antenna adjustment scheme

4. Routing
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1. Quality of service

2. Extreme learning machine
3. Mobile agents

4. Scintillation
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