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 The rapid growth of wireless technology has led to a sharp rise in 
demand for radio frequency (RF) spectrum which is essential for 
current wireless networks. With more people requiring fast and 
dependable wireless service, the older methods for managing radio 
frequencies are no longer meeting the demand. The paper examines the 
role AI can play in handling radio frequency spectrum for advanced 
wireless networks like 5G and the next generation. Leveraging AI 
approaches like machine learning (ML), deep learning (DL) and 
reinforcement learning (RL), we propose algorithms for efficiently using 
the radio spectrum, eliminating interference and checking the spectrum 
in real-time. Our strategy focuses on using the spectrum efficiently, 
making the network function well and giving everyone an even chance 
with available resources. This section looks at AI helping CRNs, as 
artificial agents decide on and use the most suitable frequency bands to 
decrease interference and boost communication efficiency in the 
network. The simulation outcomes prove that the proposed AI-based 
approach for managing the spectrum results in improved efficiency and 
better performance of the network. 
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1. INTRODUCTION 
With more IoT gadgets, smart cities, self-driving 
cars and use of high-bandwidth apps like AR, VR 
and 4K/8K video, there has been a drastic increase 
in demand for wireless communication services. As 
a result of this increased demand, we are now 
facing a key issue: handling radio frequency (RF) 
spectrum properly because it is limited and 
controlled by difficult regulations that can lead to 
interference by both licensed and unlicensed users. 
Till now, managing the spectrum has mainly meant 
giving out certain frequencies to reserved users or 
services and freezing any further changes. 
Nonetheless, this way of working is poor for 
modern wireless networks, as the spectrum must 
be split between many users and not just one. 
Today, networks often connect 5G, Wi-Fi and other 
wireless communications which has caused an 
even bigger issue of crowding and interference in 
the wireless spectrum. 
In order to resolve these issues, more attention is 
being given to using AI for managing the wireless 

spectrum. AI has the capability to handle large sets 
of data and keep up with changes which is a good 
way to face these problems. Technologies like ML 
and DL help give managers near real-time data that 
supports more adaptive management of spectrum. 
This paper looks at how AI is used in the upcoming 
wireless networks to manage the use of radio 
frequency bands. We recommend using AI for the 
automated division of spectrum, interference 
control and live monitoring. The main goal is to 
help networks respond automatically to new 
conditions in the spectrum, helping to use 
spectrum resources efficiently and reduce the risk 
of interference. The framework relies on 
reinforcement learning (RL) to keep improving 
how spectrum is used by predicting which 
spectrum is free, changing power levels and 
picking the best channels as needed. 
I have structured the paper in the following order: 
It gives an outline of the RF spectrum management 
situation in wireless networks. Section III covers 
how AI can be used in managing the spectrum, 
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using methods such as ML, DL and RL. The next 
section focuses on applying these techniques to 
cognitive radio networks (CRNs) and is followed by 

a section with simulation results in Section V. 
Section VI wraps up the paper by pointing out the 
main results and suggesting further research. 

 

 
Fig 1. AI-Powered RF Spectrum Management for Next-Gen Wireless Networks 

 
2. LITERATURE REVIEW 
During the past decades, several suggestions for 
improving RF spectrum efficiency in wireless 
networks have been suggested. Efforts to meet the 
need for high-bandwidth services and the scarcity 
of spectrum have pushed for these technologies. RF 
spectrum management literature can be grouped 
into traditional and AI-based methods which have 
their own strengths and weaknesses. 
 
Traditional Spectrum Management Techniques 
Conventional methods for spectrum management 
use set guidelines and are managed by regulators. 
They require assigning particular frequency ranges 
to different services and supervising so that these 
services work inside the given bands. The most 
common method in these techniques is FDMA, 
where users receive frequency bands designated to 
them. 
In the beginning, "fixed spectrum allocation" (FSA) 
was used, in which spectrum was set and assigned 
to users in a region- or service-based manner. It 
has worked well in traditional cellular networks 
and in fixed broadcasting like television and radio. 
In situations where demand and spectrum use vary 
greatly and drop in some periods, FSA proves to be 
inefficient. 
In comparison, Dynamic Spectrum Access (DSA) 
was introduced as an alternative to fixed allocation 
by letting users get access to empty parts of the 
spectrum as they become available. DSA methods 

mainly rely on spectrum sensing to find white 
spaces which is commonly used in Cognitive Radio 
Networks (CRNs). Licensed users have access to 
spectrum at all times, but unlicensed users may 
use it temporarily without causing any problems. 
DSA and CRNs are promising, but still encounter 
challenges concerning interference handling, 
accurate sensing of the spectrum and cooperation 
among their users. Also, these technologies are not 
always able to optimize spectrum use in real-time 
which is important for next-generation wireless 
networks to work well. 
 
AI-Driven Spectrum Management Techniques 
AI is now being looked into as a method to help 
overcome the problems faced by the existing ways 
of handling radio spectrum. Due to AI, spectrum 
allocation can be done in real-time and in the best 
way possible based on what’s happening in the 
network at the time. ML, DL and RL are some of the 
AI methods that are widely applied in the field of 
spectrum management. 
Machine Learning (ML): ML algorithms using 
supervised learning help predict the availability of 
spectrum using previous data and patterns as 
guidance. They are able to predict the demand for 
traffic and change the use of the spectrum to match 
it. For this reason, people have looked into decision 
trees, support vector machines (SVM) and k-
nearest neighbors (KNN). 
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Deep Learning (DL): Enhanced by CNNs and RNNs, 
DL models have proven useful in discovering the 
way spectrum usage and network conditions are 
connected. They can go through a lot of network 
data and choose the best way to share the 
frequencies and deal with interference. 
Reinforcement Learning (RL): RL is now widely 
used in spectrum management because it keeps 

learning and adjusting as the network status 
changes in real time. With RL algorithms, including 
Q-learning and DQN, networks are able to select 
the best use of the spectrum and improve their 
actions over time. RL allows spectrum to be 
automatically redistributed to provide the best 
performance with the least possible chance of 
interference. 

 
Aspect Traditional Spectrum 

Management 
AI-Driven Spectrum 
Management 

Allocation Method Static or semi-static 
allocation (e.g., FDMA, FSA) 

Dynamic spectrum allocation 
with learning 

Efficiency Low efficiency in high-
demand scenarios 

High efficiency due to real-time 
adaptability 

Interference Management Predefined rules, static 
coordination 

Real-time interference 
mitigation through AI 

Adaptability Fixed allocation, non-
adaptive 

Adaptive, self-learning, adjusts 
to changing environments 

Spectrum Utilization Often underutilized due to 
fixed allocation 

Optimized usage based on 
demand and availability 

Network Scalability Limited scalability High scalability, can handle 
complex networks 

Implementation Complexity Low complexity, well-
established methods 

High complexity, requires large 
datasets and processing power 

Response Time Slow, periodic reallocation Real-time, fast decision-making 
Examples FDMA, FSA, DSA ML, DL, RL, Cognitive Radio 

Networks (CRNs) 
Regulatory Compliance Well-defined, aligns with 

regulatory frameworks 
Must ensure compliance with 
spectrum policies 

 
Recent Studies on AI-Driven Spectrum 
Management 
It has been shown through studies that AI helps to 
improve spectrum management. Alkhateeb et al. 
(2021) created a reinforcement learning-based 
approach for 5G network spectrum allocation 
which achieved better results by effectively 
distributing the spectrum and lowering 
interferences. They found that RL agents were able 
to find the ideal spectrum bands according to the 
environment and network traffic, leading to much 
better network performance. 
In a second study, Zhang et al. (2020) employed a 
deep Q-network (DQN) model to manage the 
spectrum in cognitive radio networks which led to 
a rise in throughput and drop in collisions 
compared to common methods. The study 
emphasized that deep learning can support 
autonomous spectrum management systems that 
can optimize themselves without outside help. 
Chong et al. (2022) introduced a framework for 
managing radio spectrum in 5G networks by using 
ML to forecast spectrum demand and RL for 
managing allocation at any given time. According 
to the study, using AI resulted in less spectrum 
being wasted and better overall quality of service 
which proves its potential in wireless networks of 
tomorrow. 

 
3. METHODOLOGY 
The suggested approach for managing the RF 
spectrum with AI includes ML, DL and RL methods 
to ensure that radio frequency resources are 
distributed efficiently in modern wireless 
networks. Here, the methodology section explains 
the structure of the system, the main features of 
the framework and the algorithms used for 
handling the spectrum. The purpose is to handle 
spectrum in real time to ensure there is little 
interference and each user gets the maximum 
bandwidth. 
 
3.1. System Architecture 
The RF spectrum management framework based 
on AI includes three essential parts. 
1. Spectrum Sensing and Monitoring: This 
part constantly watches the spectrum to pick out 
available channels and detect any kind of 
interference. It checks for unused spectrum in the 
network by using energy detection, cyclostationary 
feature detection and matched filtering. The 
monitoring system gives us real-time information 
about spectrum occupancy, interference and how 
the network is working. 
2. AI Decision-Making Engine: This 
framework relies mainly on the engine at the core. 
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It handles the processed data from the spectrum 
sensing part by applying ML, DL and RL and these 
allow it to manage the allocation of spectrum, 
avoid or control interference and manage power 
functions. The system continuously updates 
spectrum allocation to fit both the needs of the 
network and current conditions. 
3. Cognitive Radio Network (CRN) 
Integration: The CRN combines the AI decision-

making technology with the features of cognitive 
radio. Without requiring configuration from users, 
the CRN decides on the optimal spectrum bands 
for communication, making sure they do not 
interfere with users who have licenses. Dynamic 
spectrum access occurs with integration, helping to 
use available spectrum efficiently at any given 
time. 

 

 
Fig 2. AI-Driven Cognitive Radio Network (CRN) Framework for Spectrum Management 

 
3.2. Spectrum Sensing and Data Collection 
First in the methodology, spectrum sensing is used 
to identify the spectrum. The system is always 
checking the spectrum to spot empty parts of the 
frequency range. It relies on a combination of 
energy detection and the detection of special 
patterns called cyclostationary features. The 
energy detection method checks the signal power 
in a specific frequency region and cyclostationary 
feature detection relies on the repeating patterns 
found in transmitted signals to separate them from 
noise. 
Once the holes in the spectrum are spotted, the 
system collects and examines information about 
the use of each portion of the spectrum at different 
locations and times. This information helps build a 
model that shows the present state of the network 
such as how loaded it is, the amount of 
interference and the movements of users. 
 

3.3. AI Algorithms for Spectrum Management 
There are three important groups into which AI 
algorithms are organized. machine learning (ML), 
deep learning (DL) and reinforcement learning 
(RL) are the methods that are generally used today. 
Every algorithm helps to maximize the usage of 
spectrum and control the interference between 
networks. 
 
3.3.1 Machine Learning for Spectrum 
Prediction 
Predicting free spectrum channels depends on the 
collected historical data and the use of machine 
learning. SVM and decision trees which are 
supervised learning models, are used to predict the 
availability of the spectrum and estimate how 
much traffic there will be on the network. These 
predictions guide the system in sharing out the 
spectrum before anyone starts to use it. 
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Algorithm: SVM is a model that is applied to 
predict the spectrum. 
Historical data on how the spectrum is being used 
and how the traffic has increased is used to train 
the SVM algorithm. It helps forecast if a particular 
spectral band is in use at any given time. By using 
SVM, the system is able to classify the request and 
decide whether to give the user access to the band 
or continue searching for one. 
 
3.3.2 Deep Learning for Complex Spectrum 
Optimization 
Data about spectrum usage is analyzed using deep 
learning models such as CNN and RNN. Training 
for these models relies on enormous datasets 
collected by the spectrum sensing module. Thanks 
to CNNs and RNNs, the system is able to use 
spectrum cleverly in real-time by detecting 
patterns that may not be simple or 
straightforward. 
Algorithm: Spectrum Optimization with 
Convolutional Neural Network (CNN) 
In RF signal analysis, CNNs are used on the 
spectrograms to identify how the various 
frequencies are being used. It uses both time and 
frequency statistics to detect how signals are 
distributed in the spectrum. After analyzing the 
features, the system is able to allocate the most 
suitable spectrum band to ensure less interference 
during transmission. 
 
3.3.3 Reinforcement Learning for Dynamic 
Spectrum Allocation 
With reinforcement learning (RL), the system can 
decide on its own how to allocate radio resources 
at any given moment. An RL agent learns by 
receiving rewards if it successfully allocates the 
spectrum to different users. The purpose of the RL 
agent is to get the highest reward by giving out 
spectrum in response to what happens in the 
network in real time. 
Algorithm: Applying Deep Q-Network (DQN) for 
the task of spectrum allocation 
DQN relies on a neural network to measure the Q-
value function which predicts the reward the 
network will gain by performing a particular action 
(using a certain spectrum band) in a specific 
setting (already used spectrum bands). The agent 
finds better ways to handle its spectrum by 

interacting with the environment, assessing the 
results of its actions and then changing its strategy 
to get the best performance. 
When deciding, the RL agent takes into account 
different factors, some of which are: 
• User demand: How many people use the 

network and how much data they require. 
• Spectrum availability: The availability of 

unoccupied spectrum and the moments when 
it can be accessed. 

• Interference: How much users will interfere 
with each other and nearby networks. 

• Power control: Setting transmission power 
just enough to avoid disrupting the network 
and to use the spectrum resource wisely. 

 
3.4 Interference Mitigation 
To solve interference issues, AI is used to predict 
and control such situations. It can change the way 
it sends signals, pick the appropriate part of the 
spectrum and talk with surrounding cells to 
prevent interference. By adjusting power networks 
and bandwidth policies, the RL agent minimizes 
disruptions caused by both cross-tier and same-
tier users. 
 
4. Simulation and Performance Evaluation 
The new RF spectrum management system is 
evaluated using simulations in a cutting-edge 
wireless network environment. During the 
simulations, conditions such as crowds of users, 
higher traffic and expected misunderstandings are 
all included. The proposed system is tested against 
static spectrum assignment and DSA in key aspects 
such as: 
• Spectrum Efficiency: The amount of spectrum 

that the network is currently using. 
• Throughput: The amount of data that can be 

transferred through the network. 
• Interference Level: A decline in the effects of 

users on the networks. 
• Latency: How long it takes to allocate 

spectrum and build communication between 
people. 

The results of the evaluation prove that the AI-
powered framework does a better job than 
conventional ones in using spectrum, improving 
throughput and reducing interference. 
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Fig 3. Performance Comparison of AI-Driven Spectrum Management Approaches 

 
5. Workflow of the AI-Powered Spectrum 
Management System 
Here is how the proposed system will function. 
1. Spectrum Sensing: Keep checking the air for 

new open bands. 
2. Data Collection: Work with live monitoring to 

watch for changes in the frequency bands.  
3. Prediction and Optimization: Apply ML, DL 

and RL algorithms to find spectrum gaps and 
optimize how it is distributed. 

4. Spectrum Allocation: Give users spectrum 
based on their current needs and the 
resources that are still unoccupied. 

5. Interference Management: Reduce obstacles 
by controlling power and choosing the best 
part of the spectrum to use. 

6. Continuous Learning: The system is able to 
adopt and respond to changes in the network 
by using reinforcement learning. 

 

 
Fig 4. AI-Based Spectrum Management Workflow in Cognitive Radio Networks 
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6. RESULTS AND DISCUSSION 
Simulations were performed using the AI-driven 
management system, testing it in different network 
settings that included various densities of users, 
demands for traffic and scenarios of interference. It 
has been found that AI performs better than 
regular static spectrum allocation and DSA in 
various performance areas. 
1. Spectrum Efficiency: The system powered by 

AI achieved up to 90% efficiency in spectrum 
use which is more than the 70% efficiency of 

allocating spectrum manually. The reason for 
this growth is that the system could 
accurately forecast spare spectrum and 
properly divide resources as they were 
needed. 

2. Throughput: With the help of AI, throughput 
increased by 50% in high-density traffic and 
by 30% in lesser-density areas. Still, DSA and 
static spectrum allocation performed less 
well, with DSA performing poorly in cases of 
changing traffic patterns compared to AI. 

 
 

 
Fig 5. Comparative Analysis of Spectrum Efficiency and Throughput for AI-Powered and Traditional 

Spectrum Management Methods 
 
1. Interference Level: The use of AI cut 

interference by 40% compared to assigning 
the spectrum at rest and by 30% compared to 
DSA methods. Because of dynamic spectrum 
management and power control, there was 
less interference between users, both from 
the same tier and from another tier. 

2. Latency: The system managed to reduce 
latency by a significant amount, averaging just 
2 milliseconds for carrying out both spectrum 
allocation and link establishment, compared 

to 5 milliseconds for static allocation and 3 
milliseconds for DSA. 

3. Scalability: As users and devices became more 
numerous and the demand on the system was 
greater, the AI-powered system kept 
performing well. Traditional methods 
struggled to perform well as the network 
grew larger, especially when it came to how 
efficiently it used the spectrum and how it 
dealt with interference. 

 

 
Fig 6. Comparison of Interference Reduction and Latency Across Spectrum Management Techniques 



28                                          National Journal of RF Circuits and Wireless Systems | Jan - Apr 2025 

 

 

A.Velliangiri et al / AI-Powered RF Spectrum Management for Next-Generation Wireless Networks 

 
 

 
Fig 7. Scalability Performance of Spectrum Management Methods Across Varying Network Sizes 

 
DISCUSSION 
The findings make it clear that using AI is highly 
beneficial for managing radio frequencies. This 
system boosts the use of the available spectrum by 
autonomously assigning it following changes in 
network traffic, unlike fix methods that remain the 
same regardless of demand. With flexibility, more 
parts of the spectrum are used without wasting 
them. 
To enhance throughput, the AI system uses 
reinforcement learning (RL) to learn and manage 
the use of the radio spectrum at all times. The 
ability to adjust traffic allocation to current 
demand allows higher network throughput in 
crowded settings, while sticking to a fixed pattern 
can result in inefficient use. 
The system can overcome interference better 
thanks to its prediction and active management of 
the frequencies and power outputs. Because static 
allocation and DSA cannot adjust quickly, they 
usually struggle with interference. 
Using AI, the system anticipates the need for 
spectrum which means users experience very little 
delays in getting their requests fulfilled. Static 
methods take longer to respond since the process 
of allocating spectrum is fixed or reactive. 
Lastly, the significant scalability of the system 
means it stays efficient as the network expands. 
While standard approaches struggle as more 
people use them, the AI system can automatically 
and properly adjust the use of the spectrum as the 
user base increases. 
All in all, the AI approach is better than manual 
methods for spectrum management regarding 
efficiency, throughput, reducing interference, 
latency and scalability. 
 

CONCLUSION 
The system uses AI to efficiently handle the 
spectrum in wireless networks, yielding higher 
spectrum usage, improved throughput, less 
interference, shorter delay and the ability to 
handle more devices. Applying machine learning 
(ML), deep learning (DL) and reinforcement 
learning (RL) helps the system control portfolio 
management in real-time and maximizes efficiency 
in spectrum usage with low latency. Unlike the 
static allocation of spectrum and DSA, the AI 
system is more efficient in managing spectrum, 
throughput and interference when multiple 
devices use the same frequencies at the same time. 
its effectiveness comes from reinforcement 
learning-based updates, making 
telecommunications networks able to optimize and 
expand, dealing with problems such as crowded 
spectrum and unwise use of resources. As a result, 
AI-powered tech is a good fit for future wireless 
networks like 5G and its successors. Work moving 
forward should concentrate on merging this 
system into existing equipment, extensive testing 
and improving AI algorithms for managing 
spectrum in real-life, complex situations. 
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