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this springer brief focuses on the current state of the art research on
spectrum sensing by using energy detection a low complexity and low cost
technique it includes a comprehensive summary of recent research
fundamental theories possible architectures useful performance
measurements of energy detection and applications of energy detection
concise practical chapters explore conventional energy detectors alternative
forms of energy detectors performance measurements diversity techniques
and cooperative networks the careful analysis enables reader to identify the
most efficient techniques for improving energy detection performance
energy detection for spectrum sensing in cognitive radio is a valuable tool
for researchers and practitioners interested in spectrum sensing and
cognitive radio networks advanced level students studying wireless
communication will also benefit from this brief

this comprehensive reference text discusses concepts of cognitive radio and
the advances in the field of spectrum sensing this text discusses the
concept of cognitive radio for next generation wireless communication and
a very critical aspect of cognitive radio that is spectrum sensing in detail it
covers important topics including narrowband spectrum sensing wideband
spectrum sensing cooperative spectrum sensing system and channel
models detection algorithms approximation of decision statistics and
theoretical analysis of detection algorithms in detail separate chapters are
dedicated to discussing the analysis and use of detection algorithms for
narrowband spectrum sensing wideband spectrum sensing and
cooperative wideband spectrum sensing aimed at graduate students and
academic researchers in the fields of electrical engineering and electronics
and communication engineering this text discusses concepts of cognitive
radio and research in spectrum sensing presents mathematical analysis of
algorithms considering practical environment explains novel wideband
spectrum sensing algorithms with detailed analysis provides mathematical
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derivations to help readers discusses basic spectrum sensing algorithms
from narrowband spectrum sensing to the more advanced wideband
spectrum sensing

future services and applications dependent on the internet of things iot
stand to benefit significantly from the use of wireless sensor networks wsns
however wsns operating in unlicensed frequency bands are increasingly
vulnerable to interference due to spectrum congestion cognitive radio
wireless sensor networks cr wsns provide a promising solution by allowing
sensor nodes to opportunistically access licensed spectrum bands yet
equipping energy constrained sensor nodes with cognitive capabilities such
as channel sensing opportunistic access and channel switching poses
significant performance and energy efficiency challenges the integration of
wsns with the cognitive internet of things ciot demands the development of
robust mac and spectrum access architectures that allow coexistence with
legacy wireless systems existing spectrum access paradigms often suffer
from increased energy consumption and higher collision rates due to
interference from competing users moreover limited research has been
conducted on multi channel cr wsns leading to suboptimal spectrum
utilization this paper proposes an energy efficient spectrum access eesa
model tailored for multi channel mobile cr wsns aimed at improving the
overall performance of energy constrained cognitive radio networks
experimental results demonstrate that eesa outperforms conventional
models in terms of throughput and energy efficiency making more effective
use of available spectrum resources to address the issue of dynamic
spectrum access in mobile settings this study introduces the dynamic and
efficient channel access deca method deca integrates both temporal and
spatial information to minimize user interference and improve performance
experimental evaluations show that deca significantly reduces packet
collisions and enhances successful packet transmissions throughput and
energy efficiency compared to existing techniques however deca does not
inherently provide fairness in channel access to overcome this limitation the
research introduces the throughput maximization channel access fairness
tmcaf model which reduces interference by modeling secondary user
behavior patterns tmcaf incorporates both shared and non shared channel
access strategies to enhance network performance results indicate that
tmcaf improves throughput and reduces network collisions compared to
state of the art models however tmcaf still lacks optimal performance
guarantees recent advances in deep learning dl reinforcement learning rl
and game theory gt have been employed for intelligent channel access in cr
wsns however these approaches typically face two key limitations lack of
balance between maximizing secondary user su throughput and
minimizing primary user pu interference in multi channel environments
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inability to ensure fair network access for sus in energy constrained cr wsns
to address these issues this study proposes a novel throughput
maximization channel access fairness using game theory tmcaf gt approach
the tmcaf gt method incorporates both shared and non shared access
techniques leveraging game theoretic modeling to optimize spectrum
usage while ensuring access fairness and energy efficiency

recent research shows that 70 of the available spectrum is not utilized
efficiently the bandwidth gets expensive owing to shortage of frequencies
for efficient utilization of spectrum we need to sniff the spectrum to
determine whether it is used by primary user or not the term cognitive radio
refers to the adoption of radio parameters using the sensed information of
the spectrum there are three major categories of spectrum sensing
techniques transmitter detection receiver detection and interference
temperature detection this book presents a survey of techniques suggested
in the literature for spectrum sensing with a performance analysis of
transmitter based detection techniques a fuzzy logic based technique for
primary user detection has also been proposed in comparison with
transmitter detection techniques purposed technique provides good results
under low snr values

this work presents a method for real time detection of secondary users at
the cognitive wireless technologies base stations cognitive radios may hide
themselves in between the primary users to avoid being charged for
spectrum usage to deal with such scenarios a cyclostationary fast fourier
transform accumulation method fam has been used to develop a new
strategy for recognising channel users under perfect and different noise
environment conditions channel users are tracked according to the
changes in their signal parameters such as modulation techniques matlab
simulation tool was used to run various modulation signals on channels and
the obtained spectral correlation density function shows successful
recognition between secondary and primary signals we are unaware of
previous efforts to use the fam characteristics or other detection methods to
Mmake a distinction between channel users as presented in this thesis a
novel combination of both cognitive radio technology and ultra wideband
technology is interdicted in this thesis looking for an efficient and reliable
spectrum sensing method to detect the presence of primary transmitters
and a number of spectrum sensing techniques implemented in ultra
wideband and cognitive radio component uwb cr under different awgn and
fading settings environments the sensing performance of different
detectors is compared in conditions of probability of detection and miss
detection curves simulation results show that the selection of detectors rely
on the different fading scenarios detector requirements and on a priori
knowledge furthermore result showed that the matched filter detection
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method is suitable for detecting signals through uwb cr system under
various fading channels a general observation is that the matched filter
detector outperforms the other detectors in all scenarios by an average of
snr 20 db in the level of probability of detection pd and the energy detector
slightly outperforms the cyclostationary detector in the level pd at snr 20 db
furthermore the thesis adapts novel detection models of cooperative and
cluster cooperative wideband spectrum sensing in cognitive radio networks
in the proposed schemes wavelet based multi resolution spectrum sensing
and a proposed approach scheme are utilized for improving sensing
performance of both models on the other hand cluster based cooperative
spectrum sensing with soft combination equal gain combination egc
scheme is proposed the proposed detection models could achieve
improvement of transmitter signal detection in terms of higher probability
of detection and lower probability of false alarm in the cooperative
wideband spectrum sensing model using traditional fusion rule existing
worst performance of false alarms by measurement is 78 of the sensing
bands at an average snr 5 db this compares with the proposed model which
is by measurement 19 false alarms of scanning spectrum at the same snr for
cluster cooperative wideband spectrum sensing the proposed combining
methods shows improvements of results with a high probability of
detection pd and low probability of false alarm pf at an average snr 16 db
compared with other traditional fusion methods this is illustrated through
numerical results

doctoral thesis dissertation from the year 2020 in the subject engineering
communication technology grade a language english abstract cooperative
spectrum sensing technique is used to maximize the utilization of unused
licensed spectrum as the cooperation among the secondary users increases
the detection performance increases which increases the average channel
throughput and energy efficiency but it depends on the number of
cooperative secondary users fusion rules channel conditions and detection
threshold in this thesis average channel throughput energy consumption
and energy efficiency are estimated for variable number of secondary users
and detection thresholds using hard fusion rules i e and or and majority
fusion rules from the results it has been observed that the performance of
and fusion rule is better at low detection thresholds and for less number of
secondary users the performance of or fusion rule is better at high detection
thresholds and for large number of secondary users the performance of
majority fusion rule follows the performance of and fusion rule at low
detection thresholds and it follows the performance of or fusion rule at high
detection thresholds however as the number of cooperative secondary
users increases the energy required for spectrum sensing and reporting
sensing results to the fusion center increases which increases the energy
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consumption and reduces the energy efficiency therefore energy efficiency
can be improved by maximizing the average channel throughput or by
minimizing the energy consumption to minimize the energy consumption
in cooperative spectrum sensing optimization technique has been
proposed in this thesis and it is used for further improvement of energy
efficiency with this optimization technique optimal number of cooperative
secondary users are derived by maximizing the energy efficiency using and
and or fusion rules but not with majority fusion rule because it is very
difficult to estimate the optimal number of cooperative secondary users
using majority fusion rule so optimization of final decision threshold was
proposed in the existing methods to maximize the energy efficiency using
majority fusion rule therefore and and or fusion rules are used in this work
to optimize the number of cooperative secondary users

cognitive radio networks crn will be widely deployed in the near future and
this springerbrief covers some important aspects of it as well as highlighting
optimization strategies in resource allocation and spectrum sensing in crns
the cognitive approach in radio access is introduced in the first part of this
springerbrief and then next the benefits of cooperative spectrum sensing
are highlighted and a framework for studying it under realistic channel
conditions is described new exact closed form expressions for average false
alarm probability and average detection probability are derived in this
scenario a novel approximation to alleviate the computational complexity of
the proposed models are also discussed once the spectrum opportunities
are identified efficient and systematic resource allocation ra shall be
performed the second part of this springerbrief describes the taxonomy for
the ra process in crn a comprehensive overview of the optimization
strategies of the crn ra is also provided the device to device d2d
communication scenario is discussed then as a case study and various
optimization strategies for the application of the cr technology in the d2d
realm is studied the application of advanced geometric water filling gwf
approach in crn d2d environment for optimum resource allocation is
presented in detail numerical results provide more insight quantitatively
overall this book is suitable for a wide audience that include students faculty
and researchers in wireless communication area and professionals in the
wireless service industry

the inadequate use of wireless spectrum resources has recently motivated
researchers and practitioners to look for new ways to improve resource
efficiency as a result new cognitive radio technologies have been proposed
as an effective solution sensing techniques for next generation cognitive
radio networks is a pivotal reference source that provides vital research on
the application of spectrum sensing techniques while highlighting topics
such as radio identification compressive sensing and wavelet transform this
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publication explores the standards and the methods of cognitive radio
network architecture this book is ideally designed for it and network
engineers practitioners and researchers seeking current research on radio
scene analysis for cognitive radios and networks

providing an in depth treatment of the core enablers of cognitive radio
technology this unique book places emphasis on critical areas that have not
been sufficiently covered in existing literature you find expert guidance in
the key enablers with respect to commmunications and signal processing the
book presents fundamentals basic solutions detailed discussions of
important enabler issues and advanced algorithms to save you time with
your projects in the field for the first time in any book you find an
adequately detailed treatment of spectrum sensing that covers nearly every
aspect of the subject moreover this valuable resource provides you with
thorough working knowledge of localization and interference mitigation as
enablers of cognitive radio technology the book includes all the necessary
mathematics statistical and probabilistic treatments and performance
analysis to give you a comprehensive understanding of the material

a unique treatment of evolutionary games indirect reciprocity sequential
decision making and application to wireless and social networks

this book includes original peer reviewed articles from the 2nd international
conference on cognitive intelligent computing iccic 2022 held at vasavi
college of engineering hyderabad india it covers the latest trends and
developments in areas of cognitive computing intelligent computing
machine learning smart cities iot artificial intelligence cyber physical
systems cybernetics data science neural network and cognition this book
addresses the comprehensive nature of computational intelligence
cognitive computing ai ml and dl to emphasize its character in modeling
identification optimization prediction forecasting and control of future
intelligent systems submissions are original unpublished and present in
depth fundamental research contributions either from a methodological
application perspective in understanding artificial intelligence and machine
learning approaches and their capabilities in solving diverse range of
problems in industries and its real world applications

cognitive networks assure to tackle spectrum deficiency problems by
accommodating secondary unlicensed users in the spectrum region which
is under utilized cooperative spectrum sensing methodologies are still an
open window of research this work is related to cope up the problem of
spectrum deficiency and associated problems by developing an approach
for establishment of grouping clustering among secondary users in a
cooperative spectral environment this approach ensures that members
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within a group are highly correlated as a result the workload on each
sensing node within a group is reduced the effectiveness of this approach
depends upon the accuracy of fused decision related to the presence or
absence of primary licensed user at a particular band 50mhz to 100mhz this
approach also depends on the factor that time taken in sensing the primary
licensed users should be less enough so that decision in vacating the band
by the cognitive radio secondary users could be taken in fewer time frames
this latter metric is known as agility which eventually comes with the
outcome of minimum interference to primary users via their early
recognition

recent developments in computer communications and networks have
enabled the deployment of exciting new areas such as internet of things
and collaborative big data analysis the design and implementation of
energy efficient future generation communication and networking
technologies also require the clever research and development of mobile
pervasive and large scale computing technologies advances in computer
communications and networks from green mobile pervasive networking to
big data computing studies and presents recent advances in
communication and networking technologies reflecting the state of the art
research achievements in novel communication technology and network
optimization technical topics discussed in the book include data center
networksmobile ad hoc networksmultimedia networksinternet of
thingswireless spectrumnetwork optimization this book is ideal for
personnel in computer communication and networking industries as well
as academic staff and collegial master ph d students in computer science
computer engineering electrical engineering and telecommunication
systems

fueled by ongoing and increasing consumer demand the explosive growth
in spectrum based communications continues to tax the finite resources of
the available spectrum one possible solution cognitive radio network crn
allows unlicensed users opportunistic access to licensed bands without
interfering with existing users although some initial s

cognitive radios promise to be a major shift in wireless communications
based on developing a novel approach which attempt to reduce spectrum
scarcity that growing up in the past and waited to increase in the future
since formulating stages for increasing interest in wireless application
proves to be extremely challenging it is growing rapidly initially this growth
leads to huge demand for the radio spectrum the novelty of this approach
needs to optimize the spectrum utilization and find the efficient way for
sharing the radio frequencies through spectrum sensing process this
research describes the fundamental cognitive radio system aspect based on

8 Energy Detection For Spectrum Sensing In Cognitive Radio



Energy Detection For Spectrum Sensing In Cognitive Radio

design and implementation by connecting between the theoretical and
practical issue efficient method for sensing and detecting are studied and
discussed through two fast methods of computing the spectral correlation
density function the fft accumulation method and the strip spectral
correlation algorithm several simulations have been performed to show the
ability and performance of studied algorithms

cognitive radio cr technology has recently been introduced to
opportunistically exploit the spectrum we present a robust and cost
effective design to ensure the improvement of spectrum efficiency with cr
we first propose probability based spectrum sensing by utilizing the
statistical characteristics of licensed channel occupancy which achieves
nearly optimal performance with relatively low complexity based on the
statistical model we then propose periodic spectrum sensing scheduling to
determine the optimal inter sensing duration and vary the transmit power
at each data sample to enhance throughput and reduce interference we
further develop a probability based scheme for combination of local sensing
information collected from cooperative cr users which enables combination
of both synchronous and asynchronous sensing information to satisfy the
stringent bandwidth constraint for reporting we also propose to
simultaneously send local sensing data to a combining node through the
same narrowband channel with proper preprocessing at individual users
such a design maintains reasonable detection performance while the
bandwidth required for reporting does not change with the number of
cooperative users to better utilize the spectrum and avoid possible
interference we propose spectrum shaping schemes based on spectral
precoding which enable efficient spectrum sharing between cr and licensed
users and exhibit the advantages of both simplicity and flexibility we also
propose a novel resource allocation approach based on the probabilities of
licensed channel availability obtained from spectrum sensing different from
conventional approaches the probabilistic approach exploits the flexibility of
cr to ensure efficient spectrum usage and protect licensed users from
unacceptable interference

document from the year 2022 in the subject physics technical physics grade
a language english abstract cognitive radio offers non interfering use of
spectrum which requires three main tasks spectrum sensing spectrum
analysis and spectrum allocation the aim of this study is to focus on
spectrum sensing in cognitive radio which is a recently introduced
technology in order to increase the spectrum efficiency increasing efficiency
of the spectrum usage is an urgent need as the number of wireless users is
increasing rapidly cognitive radio arises to be a good solution to spectral
crowding problem by introducing the opportunistic usage of frequency
bands that are not heavily occupied by licensed users primary user since
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they cannot be utilized by users other secondary user than the license
owners at the moment cognitive radio can sense the spectrum and detect
the idle frequency bands thus secondary users can be allocated in those
bands when primary users do not use those in order to avoid any
interference to primary user by secondary users several spectrum sensing
methods proposed in the literature are theoretically analyzed and
interpreted in the sense of advantages and drawbacks
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