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Abstract: Cognitive radio has emerged as one of the Next 

Generation(xG) wireless communication systems and dynamic 

spectrum access utilization in next generation cellular networks. 

In this paper, a literature survey of many spectrum sensing 

techniques  are studied and the comparative results are analyzed. 

Also the challenges and techniques that are involved in spectrum 

sensing is discussed in detail. Cooperative Sensing based Artificial 

Intelligence(AI) technique provides preferable stability and 

scalability because of its low complexity under dynamic Primary 

Users(PUs) activity. Cooperation between Secondary users to 

avoid interference, reduce the average time to sense the primary 

users and to solve the hidden node problem.   

 

Index Terms: Internet of Things; Architecture.  

I. INTRODUCTION 

A wireless mesh network is offered with a high speed 

Internet connection. However, with the increased 

network density, the network needs more capability to 

meet the applications[1]. Cognitive Radio (CR) 

technology supports more software flexibility and 

affordability features than other radio classes. CR is a 

radio with intelligence for spectrum sensing, spectrum 

sharing, and spectrum management with self-aware 

capability[2]. The NeXt Generation(xG) cognitive 

radio architecture can be classified as primary network 

and secondary network. The incapable existing 

spectrum usage can enhance the opportunity to access 

the authorized license bands without interfering the 

main users[3]. The primary network component is 

Primary Users(PUs) and primary base station. Similarly 

the secondary network component is CR users and CR base 

station. 

Transition of better spectrum of the xG network is 

maintained by the seamless communication 

requirements[4].The main network can support cooperative 

leased communication network with a third party to access 

licensed radio spectrum without any interferences[5].The 

process of dynamically accessing the unused spectral 

bands(spectrum holes/white spaces) is known as Dynamic 

Spectrum Access (DSA)[6]. The xG network can access the 

existing spectrum by keeping priority communication and 

response time without requiring the infrastructure[7].In 
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conventional radio, there is no ability to change the 

parameters dynamically and spectrum band in response to the 

environment interferences. Spectral efficiency in the CR 

networks, cooperative features incorporated with spectrum 

sensing and spectrum sharing to each other[8]. In this paper 

we study and evaluate the various narrowband, wideband, 

cooperative and interference based optimized sensing 

techniques. This paper is structured as follows: Section 2 

presents the different schemes of cooperative spectrum 

sensing techniques. Section 3 concludes open research issues 

and challenges in this paper.  

 

II.REVIEW OF LITERATURE 

In the survey, literature review for narrowband, 

wideband, cooperative and interference based sensing 

techniques has been presented. Different schemes of spectrum 

sensing techniques can be classified in Figure 1. 

 

A.   Cooperative Sensing Techniques  

In cooperative spectrum sensing selective CR users cooperate 

to detect unused spectrum bands with non cognitive users. It 

has centralized coordinated, distributed coordinated and 

uncoordinated schemes.. 

 
Figure.1. Different Schemes of Cooperative Spectrum 

Sensing Techniques 

 

 

B.Survey on Centralized Coordinated Sensing 

Techniques  

Jasim and Al-Anbagi (2017) proposed spectrum 

scarcity, dynamic accessing the cog- nitive radio networks are 

comprehensively investigated in this study. The Dynamic 

Spectrum Access (DSA) technology access the better 

spectrum communication of the NeXt Generation (xG) 

network and is maintained without spectrum space, by 

allowing CR to operate any one of the best available spectrum 

band. The performance of spectrum utilization is affected by 

the received interference power constraint. The limited 

natural resource is available from electromagnetic radio 

spectrum and as the number   of wireless devices dramatically 

increase, the problem of the spectrum scarcity will be more 

complicated. 

          Nhan Nguyen-Thanh 

and Insoo Koo (2013) 

developed selective CR users 

cooperate to detect unused 
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spectrum bands with non cognitive users. Cooperative 

spectrum sensing schemes optimize the cooperation 

overhead, reporting sensing time, energy consumption and 

minimizing bandwidth requirements. Optimum number of 

users to cooperate in a hard combinations like OR, AND, and 

M out of K rules. The fusion      rules such as OR, AND, K out 

of N is the decision rule. Each cluster in the cluster head is not 

fixed but randomly selected for each time interval over 

dynamic spectrum access and optimally makes the final 

decision. Fusion Centre (FC) collects all local sensing 

information to make the final decision where non cognitive 

users present or absent in the spectrum band. 

 Shinde and Jadhav (2016) proposed data Fusion Centre 

(FC) is used to collect the common available channel 

information from CR user independently. Then the FC  

determines the presense of PUs sensing information and then 

decides cooperative CR  user to coordinate sensing 

information. In this approach, CR users collects the 

information about the channel usage and update its spectrum 

information. After a particular time interval it transmits the 

information to the centralized controller. The centralized unit 

facility initiated to multiple CR users performing at different 

time measurements. Thus the performance will increase 

heavy data transmission burden and provide final decision 

about the presence of licensed user with a more time delay.     

        Tulika Mehta et al., (2013) discussed on cooperative 

sensing case, where all cognitive users  tries to check the 

availability of unused primary channel. After the detection, 

that is reported back to Fusion Centre (FC). The main 

problem of report phase affects the PUs  interference when 

CR users transmit results to FC. To avoid this problem, relay 

based  selective cooperative approach exist in all CR users on 

the detection of performance. 

 

C.Survey on Distributed Coordinated Sensing 

Techniques 

 Zhiqiang Li et al., (2010) designed that each cooperative 

users will dependently detect the channel and share the 

information in a distributed manner by improving the channel  

efficiency with either decrease the bandwidth or increase the 

data rate. The CR user doesn’t have any centralized controller 

unit. Each CR user collects local sensing information and 

distribute to other users. Multiple CR users are cooperative to 

check the availability of unused primary channel. Thus the 

performance will reduce heavy data transmission burden and 

provide final decision about the presence of licensed user but 

with less time delay.  Synchronization between each node is 

cooperative to detect the vacant channel essentially. 

Cooperative spectrum sensing is used to reduce the false 

alarm probability by both licensed and unlicensed users. 

Akyildiz et al., (2006) designed unlicensed band 

architecture by the xG network.  Here there is no authorized 

users, all xG users have equal rights to use the spectrum 

bands. Multiple CR user appears in the same portion area and 

communicate using   same spectrum band efficiently to 

improve the spectrum usage and suited high QoS by sharing 

intelligent spectrum algorithm. xG networks can operate the 

personnel military applications to perform secure spectrum 

handoff. xG user is cooperated to detect the available 

spectrum and improving spectrum utilization among the 

users. 

Helen Tang et al., (2012) designed cognitive users 

and are able to shift the frequency of operation from one mode 

to another mode. When non cognitive users present in the 

particular spectral band, cognitive users would vacate newly 

available vacant spectrum band immediately. The Random 

Walk Mobility Model (RWMM) is used to provide movement 

pattern creation among the particular users and reduction of 

energy detection. Most of the mobility model includes 

information about velocity, location, speed and direction that 

can range from 0 to 360 degrees, acceleration change over 

time. Thus the cooperative performance is achieved high 

throughput with a low control overhead. The sensitivity of 

Cooperation within nodes extremely decrease approximately 

to -25 dBm. 

Haijun Zhang et al., (2016) proposed all Femtocell 

Users (FUs) to increase  the network capacity under resource 

allocation and mitigate co-tier/cross-tier interference 

constraints. Based on the QoS requirements, allocate the 

channel selection to users either maximum or minimum 

number. Both spectrum sensing and resource allocation 

improve the minimum user data rate requirements. Cognitive 

femtocell networks cooperate between primary macrocell 

users and secondary femtocell users. The Femtocell 

architecture has the ability to access spectrum through 

cognitive Femtocell Base Stations (FBS) and improve cellular 

coverage and mitigate the interference. 

Owayed et al., (2010) proposed cooperative decision 

of logical ‘AND’ and ‘OR’ rule with multiple CR users. 

Distributed Cooperative spectrum sensing is used to reduce   

the noise, fading and shadowing effects. The detection 

performance  of  a  spectrum sensing techniques can be 

evaluated using the Probability of False Alarm (PFA) and 

Probability of Detection (PD). The Receiver Operating 

Characteristics (ROC) curves of logical OR is better than the 

logical AND rule. The sensing technique achieved the high 

detection probability and a low false alarm probability among 

CR users. 

Hillenbrand (2005) proposed the probability that a 

CR correctly decides that the spectrum is busy, when primary 

transmission is taking place. Thus, sensing performance can 

be improved by probability of detection higher is better. A 

specific value      of average SNR, gives low probability of 

false alarm results in a high probability of detection. It 

performance is best in lower SNR value. 

Arora et al., (2015) discussed the probability that a 

CR user falsely decides that a PU is present in the available 

spectrum band when the spectrum is actually free. The 

performance of detector under various values of probability 

of false alarm is low for SNR values. Thus the simulation 

performance is to achieve a low false alarm probability. 

Shanmugavel et al., (2017) proposed energy 

detection to detect the unknown PU (Primary User) signal 

based on energy of the received signal. If the noise power is 

known, the unknown signal is optimally detecting the 

performance. CR users check     the availability of PUs. Since 

the performance of received SNR signal is susceptible to 

noise power uncertainty.  If the noise power is uncertain, the 

energy detector will not   be able to detect the signal reliably 

as the SNR is less than a certain threshold, called an SNR 

wall. In addition, the energy detector can only determine the 

presence of the signal but cannot differentiate signal types 

thereby, the energy detector 

often results in false detection 

triggered by the unintended 

CR signals. 
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Suliman et al., (2015) proposed the probability of 

false alarm rate increases, prob- ability of missed detection 

rate is very low and achieved low spectrum utilization. On  the 

other hand, interference to the primary users by  the 

probability of false alarm is   low and missed detection 

probability is high. In order to achieve a constant false alarm 

level by set the threshold. During the detection of the 

threshold level is adjusted from lower to higher and maintain 

a constant false alarm probability. This methodology is called 

as constant false alarm rate (CFAR) detection. 

 

D.Survey on Distributed Coordinated  AI Techniques 

 

 Xu   Dong   et   al., (2010) discussed each neuron is 

responsible to produce a single output value by accumulating 

inputs from different neurons through a activation function. 

The number of input nodes depends upon parameters we 

considered for training and the output depends upon the 

classes we want to classify. The hidden nodes are random 

which are still in research .Each link connection is specified 

with particular weight. The weights are updated during 

training by Back propagation algorithm. Neural networks 

provide signal detection, modulation identification and 

classification in cognitive radio networks. The classifications 

of signal processing perform simple multi operations on the 

data module. A cognitive radio is a reconfiguration network 

where it accepts any type of modulation in the signal received 

and reconfigures itself accordingly. There are different types 

of network topology used in ANN called feed forward and 

feed backward. 

Ramiyar Heydari et al., (2014) presents the concept 

of Hidden Markov Models(HMM) arises from the 

well-known Markov chain and emit physically observable 

symbols. Only the input and output states are observable 

directly where the intermediate states are hidden (observed in 

Bayesian sense) that is why the name is HMM. HMM is 

significantly having more applications in speech processing 

and in machine vision compared to observable Markov 

models. In cognitive radio networks, information is processed 

and the channel condition statistics are studied to yield 

whether channel  is occupied by primary or secondary user. It 

is capable to improve classification of modules and measure 

the particular distance between different states. 

Le and Ly (2008) discussed that Fuzzy Logic(FL) is 

based on mathematical theory   of fuzzy sets, which is a 

classical set theory. Instead of binary classification, fuzzy 

logic introduces degree of closeness to output which is a more 

human behavior classification than binary. The fuzzy 

classification is based on reasoning flexibility which accounts 

uncertainties and inaccuracies. For context aware reasoning  

Fuzzy  logic  is  the  best choice. Fuzzy logic is used for 

spectrum sensing techniques, where compromise decision 

making is required. Fuzzy operators NOT, AND and OR 

enables to combine different conditions to make a decision. 

FL takes input from different types of information to make a 

model which is simple and human understandable way. 

Morabit et al., (2015) presents Evolutionary 

Algorithms(EA) and are more random  in nature, that’s why 

they are very close  to  understand  the  spectrum  situations  to 

classify primary or secondary in an efficient way compared to 

HMM. Genetic Algorithm(GA) approach begins by defining 

structure  of  a  chromosome  with  important genes. Genes are 

considered for CR frequency, modulation, power and BER. 

Each gene is contributing for the decision making process. 

Assumption has been made that fitness function is equally 

dependent on all the four parameters. The fitness function 

uses weighted sum approach in GA. All the four parameters 

set as an equal weight to each other. The input is given by 

Secondary User (SU) or application for QoS requirement are 

compared against the population of chromosomes. GA has the 

capability of multi objective optimization, so that overall 

fitness is computed as the cumulative sum of the individual 

fitness of each parameter (gene). 

Zhao and Lai (2012) discussed decision based on 

past learning used for Case Based Reasoning (CBR) method. 

It is one of the artificial intelligence methods proposed. In 

case based reasoning, giving solution to a problem is 

generated by choosing the past cases which is most relevant to 

the current problem. Just like optimization adapting to a 

particular case consumes less time when compared to solving 

each and every problem that arises. Sometimes case based 

reasoning may fail if searching of a relevant problem takes 

long time. In such cases combination of artificial intelligence 

methods may be imparted. Since Cognitive radio works in the 

principle of context reasoning,  i.e., the environment 

awareness applications mostly depends upon the past 

situations  of climatical conditions sensed. If the condition is 

new it will be stored as a database for the future cases. 

Huazi Zhang et al., (2012) proposed energy efficient 

clustering for cognitive radio networks. If any of SUs node 

position altered or PUs are dynamic to the CR network, then 

the whole network associated with re-clustering processes 

becomes less stable and involves more control overhead. At 

the time of re-clustering, the rest of nodes positions and 

clustering structure remains the same. When anyone of the 

PUs change, only 2 of 50 SUs nodes can’t control the node 

position and it also gets affected. In this case, the network 

once again converge stability by the two merges. 

Syed Ali Fathima and Sumitha et.al., (2014) utilizes 

the best energy efficient protocol on LEACH to diminish the 

energy consumption and it can develop the lifetime of 

Wireless Sensor Networks(WSN). Clustering procedures can 

be used to talk with cluster head and base station. In the event 

that sink station is distant from the CH, energy consumption 

will be raised and it can diminish the lifetime of WSN. To 

overcome these, Particle Swarm Optimization(PSO) 

strategies is actualized with this protocol in serial  to achieve 

most astounding lifetime of WSN. PSO is used to augment the 

adaptable   and energy efficiency. It is definitely not hard to 

complete and the change estimation rate to a great degree 

rapidly. PSO technique to improves lifetime performance of 

the network. Using optimization technique we first create 

clusters and cluster head selection based on energy. After this 

whole process data transfer begins for this node on shortest 

path. 

Vipul Vyas and Anurag Monda (2016) presented 

that heuristic PSO is efficient, effective and, essay 

optimization algorithm. It is used to investigate the discover 

position. It is essentially actualized and it can be associated 

for both investigative research and designing use.  In PSO, a 

global fitness capacity is utilized by every one  of the particles 

in the swarm. It possess the greater optimization capacity and 

finish effortlessly. The energy 

consumption and unwavering 

quality are checked with 

topology control which is the 
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issue in LEACH protocol. The double PSO technique is to 

determine the Disjoint Set Cover (DSC) issues in the WSN. 

The DSC issues is to isolate the sensor nodes into different 

disjoint gatherings and timetable them to work one through 

one in serial to keep energy while at the equivalent time meets 

the surveillance need, e.g., the complete scope target of DSC 

is to maximal the quantity of disjoint. PSO rely on upon 

algorithm that is used to put the optimal sink spot to the nodes 

to make the network with more efficient energy. 

Xingjuan Cai et al., (2008) proposed on dispersed 

PSO oversee calculation try to decrease radio force while 

ensuring availability of the network. It reduces the amount of 

hidden nodes and asymmetric associations on the amount of 

hidden nodes and upside down joins at the season of rising the 

exchange force of a subset of the nodes may, actually, rise the 

benefit of the sensor network. Creator produces topologies 

with less hidden nodes and asymmetric associations than a 

practically comparable calculation.   

Kiran Kumar Anumandla et al., (2013) proposed 

Firefly Algorithm(FA) with the optimization tool to perform 

current space along self-improving process from previous 

stages. Brightness has direct proportionality with 

attractiveness and considers two fireflies; one of them with 

less brightness which will be attracted to the greater 

brightness. If no brighter firefly is found than the given one, 

the motion will be random. The objective function has 

associated with brighter. The light intensity is inversely 

proportional to the squared distance and directly proportional 

to the source intensity brightness. After that Fireflies are 

ranked and obtain the current best cost function. The Base 

Station(BS) is recognized set of optimal CHs and 

corresponding to cluster members. The BS transmits CH-ID 

information to each nodes in the network. 

Senthilnath et al., (2011) discussed that the 

clustering using firefly technique can be categorized into two 

types: hierarchical and partitioned clustering. Hierarchical ap- 

proach is the large number of hierarchy cluster into small 

number of cluster with nearby centroid. It has two methods: 

(i) the agglomerative method, two or more smaller clus- ters 

merged into a large cluster; (ii) the divisive method, divides a 

longer cluster into two or more smaller clusters. The 

partitional clustering tries to divide a set of disjoint clusters 

from the data set without forming hierarchical structure. The 

prototype based partitional clustering is creating cluster 

centers and advance classify into the data set.     

Manshahia (2015) presents compared to PSO, the 

main differences are the lack of search velocities and the use 

of an inverse-square law to guide interactions between all 

search processes. It can’t be parallized all the portions of 

firefly can determine the next movement of a firefly. FA can 

deal with multi-modal optimization problems naturally and 

sensitive to scaling of design variables. It is a highly non 

linear attraction mechanism. 

Pal et al., (2012) discussed PSO in the search space 

that whole population is not automatically subdivided into 

sub-swarms. For each iteration, each search process up date 

its velocity so that its path turns slightly towards the best 

solutions seen by a subset of the search processes. It doesn’t 

require the light intensity using the objective function. PSO is 

slow convergence in refined search space and weak local 

search ability. It has the less flexibility of integration with 

other optimization techniques. It is simply linear mechanism. 

Sarma and Gopi (2014) discussed on Jumper Firefly 

Algorithm(JFA) at the base station instead of Firefly 

algorithm. Every population of creatures live with quality and 

fitness among the members with diversity function. In general 

low quality members are not able to reach high quality 

achievements. Each population quality is estimated with 

respective members and qualifies the probability situation to 

obtaining the eligibility.  In order to avoid that problem the 

author developed JFA to improve  appropriate solutions by  

making the changes to eligible situation and find the optimal 

solution      by status table. From the status table  it  is  

observed  that  all  the  current  situation records help to 

change the new suitable situation by the jumping process. 

This process executes on search agents(fireflies) to jump the 

option to make the decision process. In the status table each 

and every firefly location is situated particular search space at 

ith stage and fitness maintain solution quality at ith stage by 

the fireflies. Every firefly worst solutions attain by searching 

phases. After the search process the cost of each firefly 

qualification is investigated from the status table. 

 

E. Survey on Distributed Uncoordinated Sensing 

Techniques 

 

Akyildiz et al., (2011) proposed each cooperative 

users will independently detect the channel and 

uncoordinated to share the information by distributed manner. 

In distributive approach, there is no centralized unit instead 

shared detecting information among multi nodes. The CR user 

doesn’t have any centralized controller unit. If any of PUs 

appear in the spectrum environment, CR user should vacate 

the vacant  location   to occupy the channel and doesn’t inform 

to other users. Moreover, all these sensing information is 

essential to be linked with receive node through multi hops. 

Thus, the performance will increase heavy data transmission 

burden and provide final decision about the presence of 

licensed user with less time delay. 

Xuefei Zhang et al., (2015) stated that multi CR 

users experience with invalid channel detection by 

uncoordinated distributive scheme. Uncoordinated sensor 

node activity is not directed for proper mobility to reach 

sensing observation. Each CR user doesn’t require perfect 

synchronization to detect the channel selection and increased 

time delay interference. Both forwarding probability function 

and back off function are independent of node location. By 

improving uncoordinated resource allocation the forwarding 

probability determines number of nodes (or equivalently 

transmissions) involved in   the cooperative forwarding 

process and transmission success probability performing the 

packet eventually arrives at its destination within a designated 

amount of time. Every node makes forwarding decision 

independently without prior coordination with its neighbors 

and even without being aware of their existence. The greedy 

forwarding algorithm, which is labeled as GF: it chooses the 

node, which has received a copy of the packet and would like 

to forward, closest to the destination in each hop as the 

forwarding node. Greedy forwarding algorithm is 

comparatively easy to implement. However it relies on 

coordination between nodes to determine the set of nodes 

which have received packet 

and would like to forward and 

to determine which node 

among them is closest to the 
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destination. Proposed uncoordinated scheme has a similar 

performance as  the  coordinated  Greedy  Forwarding  (GF)  

and  Sparse  Permanent  (SP)  algorithm but saving a large 

amount of coordination overhead. 

AyshaEbrahim et al., (2016) proposed distributive 

uncoordinated resource allocation to eliminate the signaling 

overhead caused by message broadcasting. However, 

distributed resource allocation introduces a new challenge 

that arises independent resource allocation that can maximize 

the throughput of individual cells but does not    lead to better 

network wide performance. Since femtocells do not receive 

Channel State Information (CSI) reports from their 

neighboring users, and hence are unable to detect their 

presence, femtocells need to extract additional information 

from the environment to estimate the quantity of User  

Equipment’s  (UEs)  located  within  their  coverage range by 

monitoring the Up Link (UL) interference originated by those 

UEs. Uncoordinated resource allocation proposed a 

low-complexity algorithm named F-ALOHA, which is 

considered an enhanced version of ALOHA. F-ALOHA 

allocates the shared spectrum between femtocells in a 

distributed manner by randomizing the interference 

avoidance. However, this technique leads to inefficient 

allocation of resources due to   the randomly generated 

patterns and lack of planning. The uncoordinated algorithm is 

presented with a conflict graph and is created based on 

random graph theory to model the probability of interference 

between femtocells in order to achieve the optimum resource 

allocation. Game theoretic approaches were presented where 

non cooperative to achieve the optimal resource allocation. 

The distributed interference mitigation scheme is based on the 

machine learning strategies. The proposed method requires an 

iterative process to analyze the spectrum and quantify the 

detected interfered users. Therefore, the complexity becomes 

higher as the number of iterations increase. The algorithm 

assumes that no information exchange between femtocells is 

possible and that each femtocell learns by taking a set of 

actions and forms its own allocation strategies to reduce 

interference accordingly. 

 

III.CONCLUSION 

The literature survey on the various Spectrum 

sensing methods, their advantages and drawbacks are 

explained by different authors. From the above proposed 

Distributed Coordinated AI techniques of PSO, FA, JFA is 

used to avoid the interference further between licensed and 

unlicensed users, reduce the sensing average converge time 

and save minimum node power consumption. Finally, we 

present several open  research issues for implementing 

spectrum sensing.  
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