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Abstract

Efficient data transmission in satellite networks is crucial for ensuring seamless communication, high-speed
connectivity, and minimal latency. However, conventional satellite communication systems often suffer from
issues such as signal degradation, interference, and limited bandwidth efficiency. This research focuses on
improving data transmission in satellite networks using an intelligent-based beam forming technique. The
proposed approach leverages artificial intelligence (AI) and machine learning (ML) algorithms to dynamically
optimize beam forming patterns, enhance signal strength, and reduce interference in real time. By intelligently
directing satellite beams towards intended receivers while mitigating signal loss, the system significantly
improves data throughput and network reliability. The study further explores the integration of deep learning
models to predict and adapt to changing network conditions, ensuring optimal performance under various
atmospheric and operational challenges. Simulation results demonstrate that the intelligent-based beam
forming technique outperforms traditional methods in terms of spectral efficiency, reduced bit error rate (BER),
and enhanced overall network performance. This research contributes to the advancement of satellite
communication technology, enabling more robust and efficient data transmission for applications in
telecommunications, remote sensing, and global connectivity.
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Introduction

Satellite communication plays a crucial role in global connectivity, supporting various applications such as
remote sensing, weather forecasting, global positioning systems (GPS), and broadband internet access (Prasad,
2020). As the demand for high-speed and reliable data transmission increases, conventional satellite networks
face challenges such as signal attenuation, interference, and limited bandwidth (Zheng et al., 2021). Traditional
beam forming techniques often struggle to optimize signal quality and maintain seamless communication,
particularly in dynamic and congested environments (Huang et al., 2022). Intelligent-based beam forming
techniques, leveraging artificial intelligence (AI) and machine learning (ML), offer a promising solution to
enhance data transmission in satellite networks. These techniques adaptively adjust beam patterns, optimize
power allocation, and mitigate interference, leading to improved spectral efficiency and network performance
(Shi et al., 2023). Recent advancements in deep learning and neural networks have further enhanced the
capabilities of beam forming systems, enabling real-time optimization and adaptive resource management
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(Wang & Zhang, 2022). The integration of AI-driven beam forming in satellite networks aligns with the
growing trend of intelligent communication systems aimed at improving reliability and efficiency (Li et al.,
2021). By dynamically adjusting beam directions and mitigating signal degradation, intelligent-based beam
forming techniques contribute to enhanced data transmission rates, reduced latency, and better overall network
performance. Therefore, this study aims to explore the impact of intelligent-based beam forming on satellite
network efficiency and its potential in addressing current communication challenges.

Problem Statement

Satellite networks play a critical role in global communication, providing connectivity for remote areas, military
operations, disaster management, and broadband internet services. However, traditional satellite communication
systems face significant challenges in ensuring high-speed and reliable data transmission due to factors such as
signal degradation, interference, and limited bandwidth availability (Zheng et al., 2021). Conventional beam
forming techniques often struggle to dynamically adapt to changing channel conditions, leading to inefficiencies
in signal quality, increased latency, and reduced spectral efficiency (Huang et al., 2022). The increasing demand
for high-data-rate applications, such as video streaming, cloud computing, and Internet of Things (IOT) services,
further exacerbates these challenges, necessitating more efficient solutions for satellite communication (Li et al.,
2021). Traditional beam forming approaches rely on static or semi-adaptive algorithms that lack the capability
to optimize transmission in real time. As a result, users experience degraded performance, particularly in
congested or dynamic network environments (Shi et al., 2023). Intelligent-based beam forming, driven by
artificial intelligence (AI) and machine learning (ML), has emerged as a promising solution to enhance data
transmission in satellite networks. By leveraging AI-driven algorithms, beam forming techniques can
dynamically adjust beam patterns, optimize power allocation, and mitigate interference more effectively (Wang
& Zhang, 2022). Despite these advancements, there is still a gap in research on the optimal integration of AI-
based beam forming techniques in satellite networks to maximize data transmission efficiency while ensuring
low latency and high reliability. Therefore, this study seeks to investigate the impact of intelligent-based beam
forming on satellite network performance, addressing the limitations of conventional methods. The research
aims to develop and evaluate AI-driven beam forming techniques that enhance data transmission efficiency,
reduce latency, and improve overall communication reliability in satellite networks.

Aim

The aim of this study is to improve data transmission efficiency in satellite networks by developing and
implementing intelligent-based beam forming techniques. This research seeks to enhance signal quality,
optimize bandwidth utilization, and reduce latency by leveraging artificial intelligence (AI) and machine
learning (ML) for adaptive beam forming. The study aims to address the limitations of traditional beam forming
approaches by introducing AI-driven solutions that dynamically adjust beam patterns, mitigate interference, and
enhance spectral efficiency. Ultimately, this research aims to contribute to the advancement of satellite
communication systems, ensuring reliable, high-speed, and seamless data transmission across diverse network
environments.

Research objectives

The objectives of this study are as follows:

1. To characterize and establish the causes of poor data transmission like low throughput, low signal to
noise ratio, interference, high bit error rate, low band width in satellite network

2. To design a conventional SIMULINK model for data transmission in satellite network
3. To develop beam forming rule base that will improve throughput, signal to noise ratio, band width and

reduce bit error rate, interference and congestion thereby improving data transmission in satellite
network.
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4. To train ANN in these developed beam forming rule base for effective improvement of data

transmission in satellite network.
5. To develop an algorithm that will implement the process.
6. To design a SIMULINK model for improving data transmission in satellite network using intelligent

based beam forming technique
7. To validate and justify percentage improvement in the reduction of poor causes of data transmission

Key Components of the Conceptual Framework

1. Independent Variables (Challenges in Traditional Satellite Communication)

Satellite networks face several challenges that impact data transmission quality, including:

 Fixed Beam Allocation – Traditional beamforming techniques rely on static configurations that fail to
adapt to dynamic network conditions (Wang et al., 2021).

 Interference and Signal Degradation – Atmospheric conditions, congestion, and cross-beam interference
reduce signal quality (Zheng, 2020).

 Limited Spectrum Utilization – Inefficient frequency allocation leads to bandwidth wastage and network
congestion (Gupta & Singh, 2019).

 High Latency Issues – The time delay in signal transmission affects real-time applications, such as video
conferencing and remote sensing (Sharma et al., 2022).

2. Mediating Process (Intelligent-Based Beamforming as a Solution)

To address these challenges, intelligent-based beamforming techniques leverage AI and ML to dynamically
adjust beam patterns and optimize data transmission. The mediating processes include:

 AI-Driven Beamforming Adaptation – AI algorithms, such as reinforcement learning and deep neural
networks, enable real-time beam adjustments (Chen & Liu, 2021).

 Interference Mitigation Techniques – Machine learning models predict and counteract interference
sources, ensuring stronger signal transmission (Lee et al., 2020).

 Optimized Bandwidth Allocation – Intelligent systems analyze network conditions and redistribute
bandwidth efficiently, reducing congestion (Huang & Zhao, 2019).

 Autonomous Network Optimization – AI-driven automation enhances decision-making for seamless
satellite communication (García et al., 2021).

3. Dependent Variables (Expected Outcomes of AI-Based Beam forming)

The implementation of intelligent-based beam forming techniques is expected to yield the following outcomes:

 Improved Data Transmission Efficiency – Higher throughput and faster data rates enhance
communication performance (Patel & Kumar, 2020).

 Enhanced Spectrum Utilization – AI-driven approaches optimize frequency allocation, leading to more
effective bandwidth usage (Alam et al., 2022).

 Reduced Latency and Network Delays – AI algorithms facilitate real-time decision-making, minimizing
delays in data transmission (Wang & Chen, 2021).

 Increased Network Reliability and Stability – AI-based predictive modeling ensures robust connectivity
and minimizes signal disruptions (Zhang et al., 2020).
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Conceptual Framework Model

This conceptual framework establishes a direct link between the limitations of conventional beamforming
techniques and the potential improvements achieved through AI-based solutions. It serves as a foundation for
evaluating the role of intelligent beamforming in enhancing satellite communication.

Theoretical Framework Model

A structured representation of the theoretical framework:

Theory Key Contribution to the
Study

Application in Intelligent
Beamforming

Shannon’s Information Theory
(Shannon, 1948)

Defines data transmission
capacity

AI-based beamforming optimizes
SNR and bandwidth allocation

Beamforming Theory (Van
Trees, 2002)

Explains directional signal
transmission

AI optimizes beam patterns to
minimize interference

Adaptive Signal Processing
Theory (Haykin, 2013)

Enables real-time signal
adjustment

ML-driven adaptation improves
signal clarity and reduces noise

Artificial Intelligence Theories
(Goodfellow et al., 2016)

Machine learning enables
predictive optimization

AI algorithms dynamically adjust
beamforming for better efficiency

Optimization Theory (Boyd &
Vandenberghe, 2004)

Provides resource
allocation techniques

AI optimizes beam allocation for
enhanced spectrum efficiency

The theoretical framework integrates key theories from communication, artificial intelligence, and optimization
to provide a solid foundation for studying AI-based beamforming in satellite networks. By leveraging AI and
ML, beamforming techniques can dynamically adapt to real-time conditions, improving data transmission
efficiency and network reliability.

Non-terrestrial networks (NTNs) are increasingly vital in extending 5G services to underserved regions. A study
by Araniti et al. (2021) introduced a grant-free access scheme termed Resource Sharing Beamforming Access
(RSBA) for low Earth orbit (LEO) satellite communications equipped with massive multiple-input multiple-
output (MIMO) systems. This approach utilizes spatial diversity to decode overlapping signals without
requiring channel state information, effectively reducing collision probability and enhancing the number of
accessible terminals. The proposed RSBA scheme demonstrated potential in improving uplink communications
for massive IoT deployments via LEO satellites.

2. Robust Beamforming Based on Graph Attention Networks for IRS-Assisted LEO Satellite Communication

The integration of intelligent reflecting surfaces (IRS) in LEO satellite networks has been explored to bolster
signal strength and reliability. Zhang et al. (2022) proposed a robust beamforming design employing graph
attention networks (GAT) to jointly optimize the satellite's precoding matrix and IRS's phase shifts. This
method addresses challenges associated with dynamic network topologies and the passive nature of IRS
elements. Simulation results indicated that the GAT-based approach could achieve over 95% of the upper bound
performance with reduced computational complexity, making it suitable for dynamic LEO satellite
communication environments.

3. Harnessing Supervised Learning for Adaptive Beamforming in Multibeam Satellite Systems

Ortiz et al. (2023) introduced a supervised learning-based framework to derive beamforming matrices in
multibeam satellite systems. This approach enables real-time adaptation of beam patterns to meet fluctuating
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traffic demands by adjusting beamwidth, sidelobe levels, and effective isotropic radiated power. The supervised
learning model significantly reduces computation time, facilitating agile and responsive satellite communication
systems capable of maintaining optimal performance amidst dynamic conditions.

4. Enhancement of Direct LEO Satellite-to-Smartphone Communications by Distributed Beamforming

Xu et al. (2023) explored distributed beamforming techniques to enhance direct communications between LEO
satellites and standard smartphones. By leveraging the superposition of electromagnetic waves from multiple
satellites, the proposed method enhances the received signal strength, thereby improving the link budget.
Numerical simulations demonstrated that this technique could achieve up to a 12 dB increase in received power
using four satellites, paving the way for reliable direct satellite-to-smartphone communications without the need
for large ground terminals.

5. Supervised Learning-Based Real-Time Adaptive Beamforming On-Board Multibeam Satellites

Addressing the need for efficient resource management in geostationary orbit (GEO) satellites, Ortiz et al.
(2023) proposed an on-board real-time adaptive beamforming system utilizing supervised learning algorithms.
The system employs a Direct Radiating Array (DRA) operating in the 17.7–20.2 GHz band to dynamically
adjust beam patterns, beamwidth, and sidelobe levels in response to changing traffic demands. This adaptive
approach ensures precise beam projection and optimal performance, enhancing the satellite's ability to provide
consistent and high-quality service. These studies collectively underscore the pivotal role of intelligent-based
beamforming techniques in advancing satellite communication. By integrating AI and ML, these approaches
offer dynamic, efficient, and reliable solutions to the challenges inherent in satellite data transmission.

The reviewed literature underscores the potential of AI-driven beamforming techniques to enhance satellite
network performance by improving data transmission efficiency, reducing latency, and increasing network
reliability. While these studies demonstrate promising results using innovative methods—ranging from RSBA
and GAT to supervised learning frameworks—the following challenges remain:

 Implementation Complexity: Many approaches require advanced hardware and intricate calibration,
making real-world deployment challenging.

 Data Dependency: AI-based methods often depend on high-quality training data, and their effectiveness
can vary in diverse environmental conditions.

 Scalability and Integration: There is a gap in research regarding the scalability of these techniques across
different satellite systems (LEO, MEO, GEO) and their integration with legacy systems.

Addressing these gaps is crucial for transitioning from theoretical and simulation-based studies to practical,
real-world applications in satellite communications. These studies collectively underscore the potential of
integrating AI and ML into beamforming techniques to enhance data transmission in satellite networks. While
significant progress has been made, further research is needed to address practical implementation challenges,
such as hardware constraints, synchronization issues, and adaptability to diverse environmental conditions.

Materials and Method

To improve data transmission in satellite networks using an intelligent-based beamforming technique, various
materials and tools are required for system modeling, simulation, and implementation. These materials can be
categorized into hardware components, software tools, algorithms, and datasets as outlined below:
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1. Hardware Components
These are essential for real-world implementation, testing, and validation of beamforming techniques.

Material Purpose
Satellite Transceiver Facilitates uplink and downlink communication between the

satellite and ground station.
Phased Array Antennas Used for adaptive beam forming, enabling precise signal steering

toward target users.
Low-Noise Amplifiers
(LNAs)

Enhances signal reception by reducing noise in weak signals.

Digital Signal Processor
(DSP)

Processes beam forming algorithms in real-time for optimal
signal directionality.

FPGA or GPU-Based
Processing Unit

Accelerates AI-driven beam forming computations for fast real-
time adaptation.

Radio Frequency (RF)
Front-End

Converts signals between RF and baseband frequencies for
communication.

Ground Station Equipment Includes satellite modems, signal analyzers, and monitoring
systems for performance evaluation.

2. Software Tools
Simulation and analysis require specialized software for modeling and optimization.

Software Purpose
MATLAB/Simulink Simulates beam forming algorithms and evaluates signal

performance.
HFSS (High-Frequency Structure
Simulator)

Models and simulates antenna arrays and RF
components.

ANSYS Electronics Suite Analyzes electromagnetic wave propagation and antenna
beam forming effects.

Python (NumPy, SciPy,
TensorFlow, PyTorch)

Develops AI models for intelligent beam steering and
optimization.

NS-3 (Network Simulator) Simulates satellite communication networks and
evaluates transmission efficiency.

MATLAB Phased Array Toolbox Designs and optimizes smart beam forming techniques
for satellite communication.

3. Intelligent Algorithms and Techniques
These are AI-based methods for beam forming optimization and interference mitigation.

Algorithm/Technique Purpose
Artificial Neural Networks (ANNs) Predicts optimal beam direction and adjusts antenna

arrays dynamically.
Deep Reinforcement Learning (DRL) Optimizes beam forming decisions in dynamic

satellite environments.
Fuzzy Logic Controller (FLC) Enhances adaptive beam steering for uncertain

communication conditions.
Particle Swarm Optimization (PSO) Finds the best beam forming parameters by

minimizing interference.
Genetic Algorithm (GA) Evolves optimal antenna configurations for

maximizing signal strength.
Support Vector Machines (SVMs) Classifies beam direction for improved user

connectivity.
Hybrid AI Techniques (ANN + PSO,
Fuzzy + GA)

Combines multiple AI techniques for enhanced beam
forming performance.
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4. Datasets for Training AI Models

AI-driven beam forming requires high-quality datasets for model training and validation.

Dataset Purpose
Satellite Signal Strength Data Used to train models for predicting optimal beam directions.
Electromagnetic Spectrum
Usage Data

Helps AI algorithms avoid interference in frequency bands.

Geospatial User Distribution
Data

Provides real-time information on mobile user locations for
adaptive beamforming.

Atmospheric Interference Data Assists in adjusting beams to mitigate effects of rain, clouds,
and other disruptions.

5. Performance Metrics for Evaluation

The effectiveness of the beamforming technique is measured using various quality of service (QoS) metrics.

Metric Purpose
Bit Error Rate (BER) Evaluates the accuracy of received data over the satellite link.
Signal-to-Noise Ratio
(SNR)

Measures the strength of the transmitted signal relative to noise.

Throughput (Mbps/Gbps) Determines the data transmission rate of the satellite link.
Latency (ms) Measures delay in communication between the satellite and ground

station.
Spectral Efficiency
(bps/Hz)

Assesses the effective use of available bandwidth for data
transmission.

1. To characterize and establish the causes of poor data transmission like low throughput, low signal to
noise ratio, interference, CONGESTION, high bit error rate, low band width in satellite network

2. To design a conventional SIMULINK model for data transmission in satellite network
3. To develop beam forming rule base that will improve throughput, signal to noise ratio, band width and

reduce bit error rate, interference and congestion thereby improving data transmission in satellite
network.

4. To train ANN in these developed beam forming rule base for effective improvement of data
transmission in satellite network.

5. Design a SIMULINK model for beam forming

6. To develop an algorithm that will implement the process.
7. To design a SIMULINK model for improving data transmission in satellite network using intelligent

based beam forming technique
8. To validate and justify percentage improvement in the reduction of poor causes of data transmission

To characterize and establish the causes of poor data transmission like low throughput, low signal to noise
ratio, interference, congestion, high bit error rate, low band width in satellite network
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Here's a table characterizing and establishing the causes of poor data transmission in a satellite network, with
values in SI units where applicable:

Issue Definition Possible Causes Typical Values (SI Units)
Low
Throughput

Reduced data
transfer rate over
the network

Network congestion,
high latency,
interference, poor
bandwidth allocation

Measured in bits per
second (bps), typically
Kbps to Mbps

Low Signal-to-
Noise Ratio
(SNR)

Ratio of signal
power to noise
power

Atmospheric conditions,
electromagnetic
interference, hardware
degradation

Expressed in decibels
(dB), typically <10 dB
(poor quality)

Interference Unwanted signals
affecting
transmission

Weather conditions,
adjacent satellite
interference, terrestrial
interference

Measured in decibels
(dB), > -20 dB (severe
interference)

Congestion Overloading of
network resources

High user demand,
limited bandwidth,
inefficient network
management

Data queue delay >100
ms, Packet loss >5%

High Bit Error
Rate (BER)

Ratio of errored bits
to total transmitted
bits

Weak signal,
interference, noise,
hardware failure

Expressed as a fraction or
percentage, typically >10⁻⁶
(poor quality)

Low
Bandwidth

Limited capacity of
the communication
channel

Poor frequency
allocation, outdated
technology, congestion

Measured in Hertz (Hz)
or bits per second (bps),
typically <1 Mbps in
constrained networks

Here’s a table showing the threshold ranges of different factors that contribute to poor data transmission in a
satellite network, with values in SI units:

Issue Threshold for Poor
Data Transmission (SI

Units)

Remarks

Low Throughput < 1 Mbps (Megabits per
second)

Anything below 1 Mbps is considered poor
for most satellite communications, leading to
slow data transfer.

Low Signal-to-
Noise Ratio (SNR)

< 10 dB (Decibels) A low SNR means the signal is weak
compared to noise, leading to higher error
rates and reduced data quality.

Interference > -20 dB (Decibels) Severe interference occurs when unwanted
signals overpower useful signals, disrupting
communication.

Congestion Packet loss > 5% or
Queue delay > 100 ms

Congestion leads to increased delays and lost
data packets, causing poor network
performance.

High Bit Error
Rate (BER)

> 10⁻⁶ (Error bits per total
bits sent)

High BER means more errors occur in data
transmission, requiring retransmissions and
reducing efficiency.
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Low Bandwidth < 1 MHz (Megahertz) or

< 1 Mbps (bps)
Insufficient bandwidth limits the data
capacity of the satellite link, causing slow
speeds and congestion.

3.4 Designing a conventional SIMULINK model for data transmission in satellite network

In1 Out1

signal to noise ratio,.

In1 Out1

interference.

In1 Out1

hroughput

In1Out1

congestion

In1Out1

bit error rate.

In1 Out1

band width

Scope1

Scope

Rician

Rician Noise
Generator 5

Display5

0.0001

Display4

-20

Display3

1

Display2

10

Display1

1

Display
1

CONVENTIONAL

In1

In2

Out1

Out2

CONTROLLER

In1

In2
Out1

CHANNEL MONITOR2

In1

In2
Out1

CHANNEL MONITOR

AWGN

AWGN
Channel2

AWGN AWGN
Channel1

AWGN

AWGN
Channel

developing beam forming rule base that will improve throughput, signal to noise ratio, band width and
reduce bit error rate, interference and congestion thereby improving
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1 if
Throughput
is low
increase

And SNR
is low
increase

And
Interference
is much
reduce

And
Congestion
is
much
reduce

And
Bit Error
Rate is
high
reduce

And
Bandwidth
is low
increase

Then result is
unimproved
data
transmission
in satellite
network n

2 if
Throughput
is partly low
increase

And SNR
is partly
low
increase

And
Interference
ispartly
much
reduce

And
Congestion
is partly
much
reduce

And
Bit Error
Rate is
partly
high
reduce

And
Bandwidth
is partly
low
increase

Then result is
unimproved
data
transmission
in satellite
network n

3 if
Throughput
is high
retain

And SNR
is high
retain

And
Interference
is low retain

And
Congestion
is
Low retain

And
Bit Error
Rate is
low
retain

And
Bandwidth
is high
retain

Then result is
improved
data
transmission
in satellite
network
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1

Out1

Input MF

iSNR

Input MF

iBandwidt

Demux

Demux

Demux

>

Zero Firing Strength?

0
Total Firing

Strength

Input MF

Throughput

Switch

Rule

Rule3

Rule

Rule2

Rule

Rule1

Output MF

Result

-C-

MidRange

Input MF

Interference
Demux

COA

Defuzzification1

Input MF

Congestion

Input MF

BitErrorRate

max

AggMethod11
In1

Training ANN in these developed beam forming rule base for effective improvement of data transmission in
satellite network.
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0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.2

0.3

0.4

0.5

0.6

0.7

W(i,1)

W
(i
,2

)

 IMPROVING DATA TRANSMISSION IN SATELLITE NETWORK USING INTELLIGENT BASED BEAM FORMING TECHNIQUE 

y{1}

Input 1 

x{1}

x{1} y {1}

Neural Network

1.2

Display

Design a SIMULINK model for beam forming
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In1 Out1

monitor

In1 Out1

beam controller

Windowed
Integrator

Windowed
Integrator

Rayleigh

Rayleigh Noise
Generator

0.4831

Display1

To develop an algorithm that will implement the process.

1. Characterize and establish the causes of poor data transmission in satellite network
2. Identify low throughput,
3. Identify low signal to noise ratio,.
4. Identify interference.
5. Identify high bit error rate,.
6. Identify low band width.
7. Identify congestion.
8. Design a conventional SIMULINK model for data transmission in satellite network and integrate

2 through 7.
9. Develop beam forming rule base that will improve throughput, signal to noise ratio, band width

and reduce bit error rate, interference and congestion thereby improving data transmission in
satellite network.

10. Train ANN in these developed beam forming rule base for effective improvement of data
transmission in satellite network.

11. Design a SIMULINK model for beam forming
12. Integrate 9 through 10
13. Integrate 12 into 8
14. Did low throughput, low signal to noise ratio and low band width increase when 12 was

integrated into 8?
15. IF NO go to 13
16. IF YES go to 20
17. Did interference. high bit error rate and congestion reduce when 12 was integrated into 8?
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18. IF NO go to 13
19. IF YES go to 20
20. Improved data transmission in satellite network
21. Stop
22. End

To design a SIMULINK model for improving data transmission in satellite network using intelligent based
beam forming technique

y{1}

Input 1 

x{1}

In1 Out1

signal to noise ratio,.

In1 Out1

monitor

In1 Out1

interference.

In1 Out1

hroughput

In1Out1

congestion

In1Out1

bit error rate.

In1 Out1

beam controller

In1 Out1

band width

Windowed
Integrator

Windowed
Integrator

Scope1

Scope

Rician

Rician Noise
Generator

Rayleigh

Rayleigh Noise
Generator

x{1} y {1}

Neural Network

Fuzzy Logic 
Controller

0.4831

Display7

1.2

Display6

3.713

Display5

7.427e-005

Display4

-14.85

Display3

1.813

Display2

18.13

Display1

1.813

Display

In1

In2

Out1

Out2

CONTROLLER

In1

In2
Out1

CHANNEL MONITOR2

In1

In2
Out1

CHANNEL MONITOR

AWGN

AWGN
Channel2

AWGN AWGN
Channel1

AWGN

AWGN
Channel

1
In1

To validate and justify percentage improvement in the reduction of poor causes of data transmission in
satellite network with and without intelligent based beam forming technique

To find percentage improvement in low throughput cause of poor causes of data transmission in satellite
network with intelligent based beam forming technique

Conventional throughput =1 Mbps
intelligent based beam forming technique throughput =1.8Mbps
%improvement in low throughput cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=

intelligent based beam forming technique throughput - Conventional throughput x100%

Conventional throughput 1

%improvement in low throughput cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=

1.8 -1 x 100%
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1 1

%improvement in low throughput cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=80%

To find percentage improvement in low SNR t cause of poor causes of data transmission in satellite
network with intelligent based beam forming technique

Conventional SNR =10 dB
intelligent based beam forming technique SNR =18.13dB
%improvement in low SNR cause of poor causes of data transmission in satellite network with
intelligent based beam forming technique=

intelligent based beam forming technique SNR - Conventional SNR t x100%

Conventional SNR 1

%improvement in low SNR cause of poor causes of data transmission in satellite network with
intelligent based beam forming technique=

18.13 -10 x 100%

10 1

%improvement in low SNR cause of poor causes of data transmission in satellite network with
intelligent based beam forming technique=81.3%

To find percentage improvement in the reduction of interference. cause of poor causes of data transmission
in satellite network with intelligent based beam forming technique

Conventional interference =-20 dB
Intelligent based beam forming technique interference =-14.85dB
%improvement in the reduction of interference cause of poor causes of data transmission in
satellite network with intelligent based beam forming technique=

Conventional interference-intelligent based beam forming technique interference - x100%

Conventional interference 1

%improvement in the reduction of interference cause of poor causes of data transmission in
satellite network with intelligent based beam forming technique=

-20dB- -14.85dB x 100%

- 20dB 1

%improvement in the reduction of interference cause of poor causes of data transmission in
satellite network with intelligent based beam forming technique=25%

To find percentage improvement in the reduction of High Bit Error Rate. cause of poor causes of data
transmission in satellite network with intelligent based beam forming technique
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Conventional High Bit Error Rate =-0.0001
Intelligent based beam forming technique High Bit Error Rate =0.0000743
%improvement in the reduction of High Bit Error Rate cause of poor causes of data transmission
in satellite network with intelligent based beam forming technique=

Conventional High Bit Error Rate-intelligent based beam forming technique BER - x100%

Conventional High Bit Error Rate 1

%improvement in the reduction of High Bit Error Rate cause of poor causes of data transmission
in satellite network with intelligent based beam forming technique=

0.0001- 0.0000743 x 100%

0.0001 1

%improvement in the reduction of High Bit Error Rate cause of poor causes of data transmission
in satellite network with intelligent based beam forming technique=25.7%

To find percentage improvement in low band width cause of poor causes of data transmission in satellite
network with intelligent based beam forming technique

Conventional band width =1 MHz
intelligent based beam forming technique band width =1.8MHz

%improvement in low band width cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=

intelligent based beam forming technique band width - Conventional band width t x100%

Conventional band width 1

%improvement in low band width cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=

1.8-1 x 100%

1 1

%improvement in low band width cause of poor causes of data transmission in satellite network
with intelligent based beam forming technique=80%

Results and Discussion

Table 4.1 comparison of conventional and intelligent based beam forming technique throughput that cause
of poor data transmission in satellite network

Time(s) Conventional throughput that
cause of poor data
transmission in satellite
network (Mbps)

Intelligent based beam
forming technique
throughput that cause of poor
data transmission in satellite
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network (Mbps

1 1 1.8
2 1 1.8
3 1 1.8
4 1 1.8
10 1 1.8
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Conventional throughput that cause of poor data transmission in satellite network (Mbps
Intelligent based beam forming technique throughput that cause of poor data transmission in satellite network (Mbps

Fig 4.1 comparison of conventional and intelligent based beam forming technique throughput that cause
poor data transmission in satellite network

The conventional throughput that cause poor data transmission in satellite network was1 Mbps. On the other
hand, when an intelligent based beam forming technique was integrated in the system, it automatically
increased to1.8 Mbps.

Table 4.2 comparison of conventional and intelligent based beam forming technique SNR that cause of poor
data transmission in satellite network

Time(s) Conventional SNR that cause
of poor data transmission in
satellite network (dB)

intelligent based beam
forming technique SNR that
cause of poor data
transmission in satellite
network (dB)

1 10 18.13
2 10 18.13
3 10 18.13
4 10 18.13
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Fig 4.2 comparison of conventional and intelligent based beam forming technique SNR that cause of poor
data transmission in satellite network

The conventional SNR that cause poor data transmission in satellite network was 10dB. Meanwhile, when an
intelligent based beam forming technique was introduced in the system, it simultaneously increased to 18.13dB.

Table 4.3 comparison of conventional and intelligent based beam forming technique interference that cause
of poor data transmission in satellite network

Time(s) Conventional interference
that cause of poor data
transmission in satellite
network (dB)

Intelligent based beam
forming technique
interference that cause poor
data transmission in satellite
network (dB)

1 -20 -14.83

2 -20 -14.83

3 -20 -14.83
4 -20 -14.83

http://caritasuniversityjournals.org


Caritas Journal of Engineering Technology (CJET 4(2), 2025)

CARITAS UNIVERSITY JOURNALS www.caritasuniversityjournals.org

135
10 -20 -14.83

1 2 3 4 5 6 7 8 9 10
-20

-19

-18

-17

-16

-15

-14

in
te

rf
e
re

n
c
e
 t

h
a
t 

c
a
u
s
e
 o

f 
p
o
o
r 

d
a
ta

 t
ra

n
s
m

is
s
io

n
 i
n
 s

a
te

lli
te

 n
e
tw

o
rk

 (
d
B

) 

Time(s)

 

 

Conventional interference that cause of poor data transmission in satellite network (dB
Intelligent based beam forming technique interference that cause of poor data transmission in satellite network (dB)

Table 4.4 comparison of conventional and intelligent based beam forming technique Bit Error Rate that
cause of poor data transmission in satellite network

Time(s) Conventional Bit Error Rate
that cause of poor data
transmission in satellite
network (dB)

Intelligent based beam
forming technique Bit Error
Rate that cause poor data
transmission in satellite
network (dB)

1 0.0001 0.0000743
2 0.0001 0.0000743
3 0.0001 0.0000743
4 0.0001 0.0000743
10 0.0001 0.0000743
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Table 4.5 comparison of conventional and intelligent based beam forming technique low band width that
cause of poor data transmission in satellite network

Time(s) Conventional low band
width that cause poor data
transmission in satellite
network (MHz))

Intelligent based beam
forming technique low band
width that cause poor data
transmission in satellite
network (MHz)

1 1 1.8
2 1 1.8
3 1 1.8
4 1 1.8
10 1 1.8
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Conclusion

The study on Improving Data Transmission in Satellite Network Using Intelligent-Based Beam Forming
Technique demonstrates that the integration of intelligent algorithms in beam forming significantly enhances
the efficiency and reliability of satellite communication. The findings highlight improvements in signal quality,
bandwidth utilization, reduced latency, network coverage, and power efficiency. By dynamically adjusting
beam directions and optimizing power allocation, this technique minimizes interference, maximizes data
throughput, and ensures seamless connectivity even in challenging environments. Furthermore, the adaptability
of intelligent beam forming makes it a scalable and future-proof solution, capable of supporting emerging
technologies such as 5G satellite communication and next-generation space networks. The study confirms that
applying AI-driven beam forming techniques not only enhances real-time data transmission but also improves
the overall resilience and sustainability of satellite networks. hus, intelligent-based beam forming stands as a
transformative advancement in satellite communication, offering a robust framework for high-performance,
adaptive, and efficient data transmission in modern and future satellite systems.

This research significantly advances the field of satellite network optimization by demonstrating that intelligent-
based beam forming can revolutionize data transmission efficiency, power management, and network
adaptability. The findings contribute to the development of more intelligent, scalable, and energy-efficient
satellite communication systems, setting a new standard for future innovations in global connectivity.

Recommendations

Based on the findings of the study on Improving Data Transmission in Satellite Network Using Intelligent-
Based Beam Forming Technique, the following recommendations are proposed:

1. Adoption of AI-Driven Beam Forming in Modern Satellite Networks
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o Satellite communication providers should integrate artificial intelligence (AI) and machine

learning (ML) algorithms into beam forming systems to enhance signal strength, optimize
bandwidth, and reduce interference.

2. Implementation of Real-Time Adaptive Beam Forming
o Future satellite networks should implement real-time adaptive beam forming to dynamically

adjust beam directions based on user demand and environmental conditions, ensuring continuous
and efficient data transmission.

3. Optimization of Power Efficiency in Satellite Transmissions
o To reduce power consumption and extend satellite lifespan, intelligent energy-efficient beam

forming techniques should be applied to optimize power distribution and minimize energy
wastage.

4. Enhancing Satellite Resilience Against Environmental Factors
o Satellite operators should develop weather-adaptive beam forming models that can

automatically compensate for signal degradation caused by atmospheric conditions such as rain,
storms, and solar interference.

5. Expansion of AI-Enabled Satellite Networks for 5G and Beyond
o Governments and private sector stakeholders should invest in the deployment of AI-enabled

satellite systems that can support next-generation technologies, including 5G, 6G, and IoT-
based satellite communications.

6. Integration with Ground-Based Intelligent Systems
o To maximize the efficiency of beam forming techniques, satellite networks should be integrated

with intelligent ground stations that can process and analyze real-time data, enabling seamless
communication between space and terrestrial networks.

7. Development of Standardized Protocols for AI-Based Beam Forming
o International organizations, regulatory bodies, and satellite manufacturers should establish

global standards and protocols for the deployment of intelligent beam forming, ensuring
interoperability across different satellite systems.

8. Further Research on AI and Deep Learning for Satellite Optimization
o Continuous research should be conducted on deep learning-based beam forming models to

further enhance satellite communication performance, with a focus on improving data accuracy,
security, and real-time decision-making.

9. Collaboration Between Academia, Industry, and Government
o Research institutions, space agencies, and telecommunication industries should collaborate to

accelerate the adoption and implementation of intelligent-based beam forming technologies
in both commercial and military satellite applications.

10. Investment in Future Space-Based Internet Services

 Space technology companies should invest in intelligent beam forming for global broadband
coverage, ensuring reliable internet access in rural, remote, and underserved regions.
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