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Abstract— The rapid growth of wireless communication
and the increasing demand for efficient spectrum utilization
have necessitated advancements in spectrum management
techniques. Traditional static spectrum allocation methods
often result in underutilization and inefficiencies, creating
spectrum scarcity challenges. Cognitive Radio (CR)
technology offers a solution by enabling dynamic spectrum
access (DSA), allowing secondary users to utilize unused
spectrum bands opportunistically. However, effective spectrum
sensing remains a critical challenge. This article reviews hybrid
spectrum sensing techniques that integrate energy detection
and cyclostationary feature detection to enhance spectrum
utilization while minimizing interference. On the other hand,
cyclostationary feature detection provides improved accuracy
and noise resilience but demands significant computational
resources. The hybrid spectrum sensing approach combines
these two methods, leveraging the strengths of both while
mitigating their respective weaknesses. This article further
explores the cognitive cycle, spectrum management functions,
and the role of machine learning in improving spectrum
sensing performance. Additionally, key challenges such as
increased computational complexity, real- time responsiveness,
and hardware constraints are discussed. Future research
directions emphasize the integration of Al-driven adaptive
sensing techniques, cooperative sensing strategies, and
hardware-efficient implementations to optimize cognitive radio
systems.
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I. INTRODUCTION

The hybrid approach shows promising applications in
dynamic spectrum access, public safety communications,
0T, 5G networks, and satellite communications. By
improving detection accuracy, reducing false alarms, and
enhancing overall efficiency, hybrid cognitive radio
spectrum sensing presents a viable solution for modern
wireless communication networks. Future advancements in
Al and deep learning will further refine spectrum sensing
capabilities, ensuring reliable and efficient wireless
communication. To determine more objective spectrum
utilization, additional and more sophisticated methods will
have to be employed and other locations will have to be
analysed[8].

Spectrum Sensing Techniques in Cognitive Radio
Spectrum sensing is a critical function within cognitive radio

networks. Accurate detection of vacant channels is essential
to maintain the integrity of the primary user's transmissions
and to minimize interference. Among the various spectrum
sensing techniques, energy detection and cyclostationary
feature detection have received considerable attention.

1.Energy Detection: Energy detection is one of the most
commonly used spectrum sensing techniques due to its
simplicity and low computational requirements. In energy
detection, the CR device measures the energy of a signal
within a particular frequency band and compares it to a
predefined threshold. If the measured energy is below the
threshold, the band is assumed to be idle. However, energy
detection has notable limitations, such as its sensitivity to
noise uncertainty, which can lead to incorrect decisions
about the presence or absence of a primary user.
Additionally, energy detection cannot distinguish between
noise and signals, which may reduce its accuracy in
environments with low signal-to-noise ratios (SNR).
2.Cyclostationary  Feature Detection:  Cyclostationary
detection exploits the unique cyclostationary properties of
modulated signals, which exhibit periodicities in their
statistical properties. Unlike  energy  detection,
cyclostationary detection can differentiate between noise
and primary user signals, making it more robust against
noise uncertainty and capable of providing higher
detection  accuracy. However, this technique is
computationally demanding, as it requires complex signal
processing to identify and analyze these cyclostationary
features, which may limit its practicality in real-time
applications or low- power devices. Proposed Hybrid
Spectrum Sensing Approach: To mitigate the limitations of
energy detection and cyclostationary detection while
maximizing their strengths, this project proposes a
hybrid spectrum sensing technique that combines both
approaches. The hybrid model aims to leverage the
simplicity and low computational cost of energy detection
with the robustness and noise resilience of
cyclostationary detection, creating @ more reliable and
accurate spectrum sensing solution. The inefficient usage
of the existing spectrum can be improved through
opportunistic access to the licensed bands without
interfering with the existing users. XxG networks,
however, impose several research challenges due to the
broad range of available spectrum as well as diverse
Quality-of-Service (QoS) requirements of
applications[9].Cognitive radios should act in a reasonable
way in a wide range of circumstances. On the other hand,
radio is not a single micro-world[13].
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Il. BACKGROUND

The exponential growth of wireless communication,
fueled by technologies like 10T and 5G, has led to increased
spectrum demand. Static spectrum allocation methodologies,
where bands are permanently assigned to licensed users,
result in inefficient utilization. Dynamic Spectrum Access
(DSA) and Cognitive Radio (CR) have been
introduced to address these inefficiencies by allowing
unlicensed users to access idle spectrum dynamically.

Cognitive Radio and Spectrum Sensing

The most successful knowledge representations related to
cognitive radio have been very application-specific.
Representation of knowledge about the beat structure of
music, for example, required a music-signal-structure
ontology[13]. Cognitive Radio networks employ intelligent
sensing mechanisms to detect vacant frequency bands and
facilitate efficient spectrum utilization. The primary
spectrum sensing techniques include:

e Energy Detection: Measures the energy of a
signal within a frequency band to determine its
availability. It is simple and computationally
efficient but suffers from noise uncertainty and
inability to distinguish between signals and
noise.

e Cyclostationary Feature Detection: Exploits
periodicities in modulated signals, providing
better noise resilience and accuracy at the cost of
high computational complexity.

e Hybrid Spectrum Sensing: Combines energy
detection and cyclostationary detection to
leverage their strengths while mitigating their
weaknesses.

The increasing demand for wireless communication has
necessitated efficient spectrum utilization strategies.
Traditional static spectrum allocation methods result in
underutilization and inefficiencies, leading to spectrum
scarcity. Cognitive Radio (CR) has emerged as a promising
technology that enables dynamic spectrum access (DSA),
allowing secondary users to utilize unused spectrum bands
opportunistically. This paper reviews hybrid spectrum
sensing techniques that integrate energy detection and
cyclostationary feature detection to improve spectrum
utilization efficiency while reducing interference. We
explore the challenges, advancements, and future directions
of hybrid spectrum sensing in cognitive radio networks.

I1l.  OBJECTIVES

1. To develop a hybrid spectrum sensing technique that
integrates cyclo-stationary feature detection and energy
detection for cognitive radio networks.

2. To analyse the performance of the proposed hybrid
technique under different signal conditions, including
varying SNR levels and noise uncertainty, and compare it
with traditional spectrum sensing methods.
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3. To design and implement spectrum allocation
mechanisms that utilize the detected spectrum
opportunities to achieve efficient spectrum utilization.

4. To validate the proposed hybrid spectrum sensing and
allocation approach through simulations and evaluate key
performance metrics such as detection probability, false
alarm rate, and spectrum utilization efficiency.

IVV. LITERATURE REVIEW

The concept of cognitive radio (CR) was introduced in
response to inefficiencies in traditional spectrum allocation,
where static assignments lead to underutilization despite
increasing demands on wireless networks. With the rapid
growth in devices and applications, it became evident that
fixed spectrum allocations could no longer accommodate
evolving needs, driving the development of dynamic
spectrum access (DSA) and cognitive radio technologies.
Haykin (2005) framed cognitive radio as a "brain
empowered” wireless communication system that could
sense, learn, and adapt to its environment, optimizing
spectrum usage without interfering with primary (licensed)
users.

Cognitive radio operates through a “cognitive cycle,”
which includes spectrum sensing, decision- making,
spectrum sharing, and mobility. The sensing stage is
foundational, as it enables CR to identify vacant channels,
or ""spectrum holes,” where it can operate. Studies, including
that of Akyildiz et al. (2006), emphasize the role of
spectrum sensing in detecting primary users and assessing
channel availability, which are essential for ensuring
interference-free coexistence with licensed users. Effective
sensing, however, remains challenging due to environmental
noise, interference, and power constraints, all of which can
hinder detection accuracy.

Various spectrum sensing techniques have been
explored to improve the efficiency and reliability of
spectrum usage. Energy detection is widely used due to its
simplicity, but it suffers from poor performance in low
signal-to-noise ratio (SNR) conditions and is susceptible to
noise uncertainty. Cabric, Mishra, and Brodersen (2004)
discuss the limitations of energy detection, noting that while
it requires less computational complexity, it struggles to
differentiate between noise and primary signals, especially
in challenging conditions. To address these limitations, other
techniques, such as matched filtering and cyclostationary
feature detection, have been developed.

Need for Advancing Cognitive Radio Systems

1. Increasing Spectrum Demand: The explosive growth in
wireless devices and applications has intensified the need
for efficient spectrum usage, leading to a pressing need for
dynamic access solutions like cognitive radio (CR).

2. Inefficiency of Static Allocation: Traditional, static
spectrum allocation methods result in significant
underutilization, with large portions of allocated spectrum
left idle, despite high demand for available frequencies.

3. Spectrum Scarcity: As new wireless applications
emerge, there is an apparent scarcity of accessible
spectrum, necessitating innovative techniques to maximize
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available resources.

4. Need for Dynamic Spectrum Access: CR enables
secondary (unlicensed) users to access unused spectrum
bands opportunistically, improving overall utilization and
alleviating the spectrum shortage.

5. Limitations of Existing Sensing Techniques: Current

spectrum sensing methods, such as energy and

cyclostationary detection, have drawbacks like noise

susceptibility and high computational requirements,

highlighting the need for more reliable sensing solutions.

6. Enhanced Spectrum Utilization: This project’s hybrid

sensing approach seeks to optimize detection accuracy and

efficiency, supporting the growth of next-generation

networks by facilitating better spectrum allocation and

resource management.

V. RESULTS AND DISCUSSION

A) Software Requirements

MATLAB: MATLAB: MATLAB
(matrix laboratory) is anumerical
Mf‘TLAB computing environment and fourth
I(T)a ”f[( generation programming
aboratory) language.
Operating Windows 8 or Above
System
Server Windows Server 2022

B) Hardware Requirements

Processor Any Intel or AMD x86-64

processor with two or more
Cores

Minimum: 8 GB
Recommended: 16 GB

RAM

Harddisk 4GB to 6 GB Harddisk
An SSD is

recommended

strongly

VI. ALGORITHM

1. Start
2. Initialize cognitive radio.

3. Calculate Periodogram,
levels.

4. Compare calculated parameters with pre- defined
template.

5. If all parameters are correlated the go for step 6, else

go
for step 7

cyclic properties, energy
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6. Spectrum Allocation
7. Seterror flag.
8. Wait for 5 second and go for step 3.
9. End
VII. FLOW CHART
INITIALIZE
COGNITIVE RADIO
WAIT 5 SECOND FOR IS SIGNAL
THE SIGNAL RECEIVED
2
CALCULATE PERIODOGRAM
(CYCLIC AND ENERGY PROPERTIES)
SET ERROR CORRELATIO PRE DEFINED
zuccsssun TEMPLATE
NO
DISPLAY AUTORISED SIGNAL SPECTRUM
| ALLOCATION USING
AND RULE
YES
END
VIII.BLOCK DIGRAM
Received Calculate Cyclic properties
N point FFT Periodogram identification

Signal parameters

Energy calculation over
Peak amplitudes at
cyclic properties

Authorised
Apply AND Rule signal

Cyclo-energy Feature

Correlation

Allocate

Spectrum
UN authorised
signal
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IX. RESULT AND DISCUSSION
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Fig. 1.7 Unauthorized signal indication
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Fig. 1.8 Generating AWGN ROC

Fig. 1.9 graph of Probability of detection Vs No. of Users.
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Fig. 1.10 Graph Probability of miss detection Vs No. of users
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Fig. 1.11 Graph of Bit Error Rate Vs Signal to Noise Ratio (dB)
Fig. 1.12 Graph of Symbol Error Rate Vs Symbol Noise ratio

Fig. 1.13 Graph of Symbol Error Rate Vs Bit Error Rate

X.

XI. CONCLUSION

In conclusion, the literature survey reveals that cognitive
radio systems and hybrid detection methods, specifically
those combining cyclostationary and energy detection,
represent  significant ~ advancements  in  wireless
communication technologies. Cognitive radios excel in
dynamic spectrum management, offering enhanced spectrum
utilization and adaptability, particularly in crowded
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frequency environments and critical communication
scenarios such as public safety and 10T applications. On the
other hand, hybrid systems leverage the strengths of both
detection techniques, providing improved detection
performance, robustness against noise, and lower false alarm
rates, which are essential for maintaining reliable
communication links.
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