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Abstract: SC allows for uninterrupted service in both exposed and under-covered locations, as well as 

network universality and adaptability. Nevertheless, various problems have to be overcome before 

realizing these benefits, since managing resources, communication control, safety of the network, 

frequency organization, and energy utilization in satellite internet systems are additional difficult than in 

global networks. Artificial Intelligence (AI) has grown into an essential component of many sectors, and 

SC does not constitute a different. The use of AI in SC can lead to more efficient and effective 

communication systems. This analysis paper provides an overview of the present advanced in AI for 

satellite communication. The present work thus presents a comprehensive review of AI, its various 

subdivisions, and cutting-edge algorithms. Several issues confronting various parts of SC via satellite are 

then examined, with proposed and prospective AI-based solutions offered. The paper concludes by 

highlighting the importance of AI in satellite communication and its potential to revolutionize the way we 

communicate via satellite. 

 

Keywords: SC AI, machine learning; deep learning, wireless communication 

 

1. Introduction 

Satellite communication has revolutionized global connectivity, allowing people to communicate and share 

information across vast distances. However, the effective operation of satellite communication systems requires a 

high degree of precision and efficiency. SC instances of use can be divided into three types:  

(1) Network consistency, to give internet linkage over unprotected or under-covered locations. 

(2) Network accessibility, to improve connectivity in times of temporary outages or damage of a terrestrial network 

due to catastrophes. 

(3) Network scaling, offloading bandwidth from underground networks.  

 

SC might additionally span a diversity of trades, including logistics, energy, farming, enterprise, and 

safety for the public. While SC provides better worldwide reach and communication excellence, it has various 

limitations. Satellites, particularly LEO satellites, have restricted within capabilities and move swiftly, resulting 

in highly dynamic network connectivity. Models for land-based networks can be computationally expensive; 

because on-board cable computational capabilities are restricted, grounded replicas are not appropriate for 

orbiting. The fundamental differences among space categories, as well as their considerable flexibility such as the 

satellite layers, the aerial layers and the ground layer make network control, network security, and spectrum 

management challenging. The high mobility results in frequent handoffs. Hence many researchers have thus 

focused on handoff management for satellite communication. Furthermore, frequently occurring the transfer 

renders secure routing a challenge to implement, making it more susceptible to jamming. In addition, obtaining 

excellent competence of energy in SC is more difficult than in terrestrial links. Here, AI can play a crucial role. 

NAI can be used to optimize satellite communication systems, improving their reliability and efficiency. For 

example, AI algorithms can be second hand to display satellite presentation and classify possible problems earlier 

they develop critical. Additionally, AI can be used to predict changes in weather patterns and adjust 

communication systems accordingly, ensuring uninterrupted communication. One of the most significant 

advantages of AI in SC is its capacity to learn and adapt. By analysing massive quantities of data, AI systems may 

detect designs and trends that persons cannot see.  Figure 1 depicts the utilization of several SC components in 

AI. 
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FIGURE 1. Submissions of AI for different SC features 

 

This allows for more informed decision making and ultimately results in more efficient and effective 

communication. The integration of AI into satellite communication systems represents a significant opportunity 

to enhance global connectivity. As advances in technology occur, we may expect SC networks to become even 

more reliable and efficient. 

 

2. Challenges associated with satellite communication 

SC dramas a crucial role in numerous industries, including telecommunication, navigation, and remote 

sensing. However, satellite communication systems face several challenges that can limit their performance, 

including resource allocation, interference management, and signal processing. Traditional methods for 

addressing these challenges have limitations and may not be sufficient to cope with the growing demand for more 

efficient and effective communication systems. Therefore, the problem statement of this research is to explore the 

potential of AI techniques to overcome the challenges associated with satellite communication. Although AI has 

demonstrated potential in various fields, its application in SC is still in its early phases, requiring additional 

research to fully realize its capabilities. The research aims to identify the potential applications of AI in satellite 

communication and the challenges associated with its implementation. Additionally, the study will explore 

ongoing research efforts to overcome these encounters and the possible benefits of AI in satellite communication, 

such as increased efficiency, improved data transmission rates, and enhanced coverage. The study will help us 

comprehend the possibilities of artificial intelligence in SC, as well as design improved and more successful 

communication networks. 

 

3.  AI for SC 

3.1 Beam Hopping (BH) 

 

Satellite facilities are prohibitively priced necessitating effective arrangements including optimization 

and resource sharing. In typical satellite constellations, supplies are set in stone and evenly allocated among 

wavelengths [1]. As a consequence, traditional huge multi-beam satellite constellations have demonstrated an 

insufficient match between their presented and demanded funds; certain specific beams have demand that is 

greater than the provided capacity, departing demand for it waiting (i.e., hot-spots), whereas others have fewer 

requests than the installed volume, leaving the obtainable the ability unexploited (i.e., cold-spots, as summed up 

in Figure 2). To enhance multi-beam SC, on-board variable distribution of commercial capabilities across the 

network's area of operation is required to enable improved.   
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FIGURE 2. Demand-capacity imbalance among lasers 

 

BH has become known as a viable strategy for improving adaptability to handle irregular and variable 

communication requirements during the satellite's day, year, and lifespan across the area being covered region [2]. 

BH entails continuously lighting each cell with just a handful of active beams, as illustrated in Figure 3, thereby 

utilizing every one of the on-board satellite capabilities to provide service to only a subset of lights. This subset 

is selected time-variantly based on transport demand, which is determined by the time-space sensitive BH lighting 

pattern. The lit photons are only active for as long as necessary to fulfil the request for each. Thus, the difficult 

task in BH equipment is determining which lights must remain active and for how long, i.e., the BH lighting 

pattern; this obligation is delegated to the resource manager, who subsequently transmits the chosen design to the 

spacecraft via monitoring, surveillance and control [3]. Alegre et al. [4] developed two strategies for allocating 

capacity supplies based on traffic demands per ray, and then examined extended and immediate traffic changes 

and proposed strategies to arrangement with both [5]. Liu et al. [6] investigated approaches for managing the rate 

of incoming circulation in BH schemes. The QoS latency unfairness optimum has also been investigated in BH 

observatories [7]. 

 
FIGURE 3. Simplified architecture of BH 

 

      AI-based Solutions: To address these constraints and improve the effectiveness of BH, certain investigators 

have suggested AI-based alternatives. A few of these methods are entirely based on the process of learning 

strategy, i.e., complete knowledge, in which the BH mechanism is a learning algorithm. Others have attempted to 

enhance optimization algorithms by incorporating a learning layer, essentially merging with optimization. Hu et 

al. [8] developed a problem with optimization and modelled it as a Markov chain of decisions to maximize 

transmission delay and system capacity in multibeam cable systems. The BH lighting design is then solved using 

DRL, and the modelled MDP's long-term cumulative incentives are optimized. In comparison to earlier methods, 
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the suggested DRL-based BH algorithm can minimize transmission delay by as much as 52.2% while increasing 

system efficiency by approximately 11.4%. 

 

3.2 Anti-Jamming (AJ) 

SC must be capable of covering a large region while also providing fast speeds data transfer capability. 

In the case of tactical messaging systems using satellites, dependability and security are paramount; thus, an AJ 

competence is required. Jamming attacks could be performed against key locations and critical devices in a SC to 

limit or even disable throughput. Most previous AJ methods are not learning-based, hence they cannot deal with 

intelligent jamming strategies capable of constantly altering the jamming technique through collaboration and 

education. Building AI algorithms provides sophisticated instruments for performing various and clever jamming 

assaults based on learning methodologies, posing a severe danger to SC dependability. In two such cases, a smart 

jamming preparation dynamically modified the jamming station [9,10], while a smart jammer optimized the 

jamming impact by altering both the jamming influence and the jamming network [11]. Furthermore, attacks 

might occur when many jammers deploy intelligent jamming attacks using learning methodologies at the same 

time. Although this seems implausible, it has not been properly explored. Furthermore, most investigators have 

concentrated on fighting in contradiction of AJ occurrences in the rate area, somewhat than space-based AJ 

strategies like channelling AJ. 

 

AI-based solutions:  
Mobile devices can use RL to create a successful approach to communication in a dynamic game 

framework without significant the jamming and wireless frequency models. Han et al. [12] presented a learning 

strategy for AJ to block smart overcrowding in the Internet of Satellites (IoS), utilizing a space-based AJ technique, 

AJ direction-finding, as shown in Figure 4. Han et al. [12] showed in what way to use DL for coping with the 

massive option interplanetary caused by the high movement of the IoS and RL to transaction with the dynamic 

relationship between orbiting satellites and the highly sophisticated dancing surroundings through incorporating 

game theory modelling with RL and demonstrating the relationships between jamming devices and satellite 

internet users as a Stackelberg AJ routing method game. DRL, specific the actor-critic algorithm, with the starting 

node as a state and the critic network evaluating the anticipated reward for designated activities, made it feasible 

to address the sending assortment problem for the different IoS while conserving a readily accessible routing 

component to streamline the choice space for the Stackelberg AJ direction-finding game. In accordance with this 

road direction-finding subset, a well-known RL process, Q-Learning, was employed for responding rapidly to 

clever meddling and regulate AJ tactics. 

 

 
FIGURE 4. Space-based AJ routing 

3.3 Network traffic forecasting 

Network traffic predicting is an anticipatory strategy aimed at ensuring accurate and excellent interaction, 

as traffic predictability is critical in many satellite applications, including traffic control, routing optimization, 

dynamic transmit allocation, network organizing, and network safety. SC traffic is self-similar and exhibits Long-

Range Dependence (LRD) [13]. To accomplish effective prediction, it is vital to examine the self-identity. Yet, 

models for earthly systems based on self-similarity are computationally complicated; because cable computing 

resources are restricted, worldly models are unsuitable for satellites. An effective circulation prediction 

architecture for cable links is consequently necessary. 

 

AI-based solutions: Pan et al. [14] coupled variation with NNs to anticipate traffic through the network. 

Owing to the excessive level of complexity in traditional NNs, a least-square SVM, which is an improved variant 

of an SVM, was originally employed for predicting [15]. Na et al. [16] used circulation prediction as portion of 

their decentralized forwarding method for the LEO cable links. 
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3.4 Channel Modelling 

A channel model is an algebraic illustration of the impact of a communiqué channel used to transport 

wireless communications; it is expressed as the channel's immediate reaction in the spectrum or time domain. 

Precise network models are necessary to evaluate the presentation of portable message systems and thereby 

improve availability for present implementations. Channel models may also be valuable for forecasting 

transmission in defined disposition defines, allowing for pre-deployment evaluation and maximizing the 

geographic reach as well as ability of existing systems. For only a handful of transmitting places, an external 

comprehensive surroundings study might be performed to determine channel parameters [17, 18]. As more modern 

technologies were employed in wireless communication, sophisticated channel modelling became necessary. As 

a result, random systems are highly computationally effective despite yet producing adequate outcomes [19]. A 

model is suggested for the urban setting that includes features such as roadway widths, street alignment angles, 

and structure heights [20]. Fernandes and Soares [21] provided a streamlined framework that just requires the 

percentage of the structure occupied between the recipient and sender, which might be calculated manually or 

automatically from segmented pictures [22]. 

 

AI-based solutions: Ates et al. [23] used deep CNN to approximate channel characteristics from satellite 

photos, counting the standard deviation of surveillance and the trail loss proponent, as shown in Figure 5. No other 

input parameters were used. 

 
 

FIGURE 5. Channel parameters prediction 

 

In a similar way Ahmadien et al. [24] employed deep learning on satellite pictures to forecast route loss, 

but they only used satellite photos with no extra features and worked with more generic data. Despite the simplicity 

of this method, which simply requires satellite photos to anticipate the path loss shipping, 2D images may not 

always be sufficient for describing the 3D construction. In these circumstances, additional elements (such as 

building heights) are needed included to the model. 

 

3.5 Remote Sensing (RS) 

RS is the technique of obtaining knowledge regarding a location, item, or phenomena by analysing its 

refracted and produced energy from a distance, typically via cable or airplane. RS has numerous uses in a variety 

of domains, include mapping, geography, the field of geology ecology, weather, oceanographic, armed forces, and 

telecommunication. RS is a prominent and active field of study because it allows for the surveillance of risky, 

difficult, or impossible-to-access places such as terrain, forests, water bodies and volcanoes. 

 

AI-based solutions: The advancement in AI abilities triggered by DL has resulted in higher levels of RS 

by applying cutting-edge DL techniques to satellite images. Image recognition for RS has grown into a particularly 

common work in processer vision. Kussul et al. [25] employed DL to categorize terrestrial covering and crop 

kinds utilizing Landsat-8 and Sentinel-1A photos across a Ukrainian test location. Zhang et al. [26] integrated 

DNNs with a gradient-boosting accidental CNN for division categorization. In the meantime, Li et al. [27] 

suggested employing kNN and CNN for mapping coral reef ecosystems globally using RS imagery. RS and AI 

have both been employed in theories of communiqué issues. 

 

3.6 Space-Air-Ground Integrating (SAGI) 

Ground networks have evolved significantly, allowing users to access the internet with improved quality. 

However, due to network bandwidth and coverage limitations, such services are not always available, particularly 

for consumers in rural or devastated regions. A number of aspects to keep in mind when developing strategies for 

optimization have therefore been discovered. For example, the multiple dispersion methods, the pooling of 

occurrence bands by multiple transmission types, the high movement of the interplanetary and inflight sections, 

and the intrinsic heterogeneousness amongst the three sections all complicate SAGIN system control and 

bandwidth management. The increased mobility causes frequent transfers, making safe signaling harder to achieve 

and rendering SAGINs more vulnerable to jamming. Furthermore, because optimizing resource efficiency is more 

difficult than in traditional grounded networks, power control techniques are needed. 
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AI-based solutions: Owing of the enormous number of spacecrafts in orbit and the time-dependent 

structure of networks, maximizing the from beginning to end data rate of source-satellite-UAV-destination 

connection is problematic. To solve this issue, Lee et al. [28] enhanced the source-satellite-UAV relationship and 

UAV position using DRL. In the lack of UAVs and satellites, their suggested method obtained a median data 

throughput up to 5.74 times greater than the initial foundation. By formulating the joint resources assignment 

problem as a joint optimization problem and using a DRL approach, Qiu et al. [29] suggested a software-defined 

satellite-terrestrial system that manages caching, socializing, and resources for computing. 

 

3.7 Energy managing 

Recent improvements in the interconnection of ground, high, and satellite-based systems, such as 

SAGINs, have raised the need for on SC networks. This growing interest in satellites has resulted in higher 

electricity demands. Satellite power management is thus an important research topic for the future growth of SC. 

Furthermore, because of its tiny size, a LEO satellite has a restricted power reserve [30]. With trillions of endpoints 

to serve everywhere the world [31], current satellite reserve capabilities can no longer meet demand. To solve the 

lack of SC resources, a successful preparation method that makes the best use of the available incomes must be 

developed. Existing reserve distribution algorithms, which were primarily created for GEO satellites, do not take 

into account several LEO-specific constraints, such as limited energy, mobility attributes, or connectivity and 

transmitting dynamics. 

 

AI-based solutions: To solve the lack of SCKothari et al. [32] proposed using DNN reduction preceding 

data transfer to increase latencies and power efficiency. In a dearth of astral light, satellites rely on battery power, 

which puts a strain on the spacecraft's battery and can reduce their lifespan, resulting in higher expenses for 

SC internet connections. Tsuchida et al. [33] used RL to share the task of overburdened stations with nearby 

satellites with subordinate load, hence optimizing influence distribution in satellite-to-ground communiqué and 

extending cordless life. Similarly, using DRL for power-efficient route distribution in Satlot resulted in a 67.86% 

discount in ingesting of energy when juxtaposed with the prior replicas [34]. 

 

4.  Conclusion 

In conclusion, AI has the possible to transform satellite communication by addressing the challenges 

associated with resource allocation, interference management, and signal processing. The applications of AI in 

SC are diverse and promising, including the use of machine learning algorithms for predicting and managing 

interference, optimizing satellite networks, and enhancing the quality of service for end-users. To solve the lack 

of SC Yet, implementing AI in SC presents a number of challenges, including data security and confidentiality 

issues, regulatory issues, and technological limitations. Ongoing research efforts are aimed at establishing new 

methods to solve these difficulties and fully realize the potential of AI in SC. This review provides an introduction 

of AI and its dissimilar sub-fields, namely ML, DL, and RL. Several constraints to SC were then discussed and 

their suggested and prospective AI-based remedies were addressed. Future work ought to attempt to use AI to 

create more effective, secure, dependable, and excellent networks of communication. 
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