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Abstract— Cognitive Radio (CR) Technology is the main 

area of research in wireless communication since it provides 

dynamic spectrum access (DSA), hence reduces spectrum 

scarcity problem.  Spectrum sensing in CR technology is 

very challenging topic as it is the first step towards exploiting 

abilities of a cognitive radio for efficient spectrum usage.  

This review paper presents a survey on spectrum sensing 

techniques.  Signal processing techniques and Cooperative 

sensing techniques along with their pros and cons have been 

reviewed.  Advanced sensing techniques are also considered 

which are the extension of conventional sensing techniques 

for the mitigation of multipath fading effects and 

minimization of  the time taken for sensing, hence achieving 

high throughputs. These include distributed spectrum 

sensing, sequential spectrum sensing and the quickest 

detection. 
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I. INTRODUCTION 

With the advent of 4G,Wimax and other high speed wireless 

technologies, the demand for the electromagnetic spectrum 

is increasing. Spectrum thus, is called as “Lifeline of radio 

communications” [1]. Recent studies by Federal 

Communications Commission (FCC) have reported vital 

time-based and geographical changes in the utilization of 

alloted spectrum in the range of 15 to 85% [2], as shown in 

Fig. 1. In this figure, some parts of spectrum are occupied 

heavily over some frequency band; others are partially 

occupied, while some bands are largely unoccupied for a 

particular period of time. FCC also declares that usage of 

spectrum in densely populated urban areas, very frequently 

crosses 35%  at any particular time[3]. 

 
Fig. 1: Spectrum utilization 

In order to cope up with spectrum scarcity [4], FCC 

and the National Telecommunications and Information 

Administration (NTIA) in the United States, as well as 

regulatory bodies of  other countries ,started working on the 

concept of unlicensed users ‘borrowing’ spectrum from the 

licensed users called as DSA “Dynamic spectrum 

access”[5]. With recent developments in Cognitive radio 

technology, DSA can be employed in which, within the 

same geographical area, Primary users (PUs) and Secondary 

users (SUs) are present. SUs wish to share the spectrum with 

the PUs.  Cognitive radio sense the  spectrum holes called 

white spaces and assign them to SUs for the transmission of 

data, causing no interference to PUs.[5]-[8]. 

CR technology has become main area of research 

in future wireless technology[9] and find its applications in 

commercial domain, military, health care ,public safety 

domain and vehicular networks[6].  This technology has 

many research challenges[10] such as: 

 Spectrum policy alternatives and system models 

 Spectrum sensing 

 Cognitive radio architecture, software abstraction 

 Cooperative communications and networking 

 DSA technology and algorithms 

 Protocol architectures for cognitive networks 

 Cognitive algorithms for adaptation, resource 

management 

 Network security for cognitive networks 

 Cognitive networks and the Internet  

In this paper, Spectrum sensing is reviewed as it is 

the most important step of cognitive radio technology for 

proper utilization of RF spectrum. 

II. COGNITIVE RADIO NETWORK 

Cognitive radio term was given first by Mitola and Maguire 

[7] as “A smart radio that understands its surrounding 

environment and processes the information according to that 

understanding to tailor the communication process”. 

Cognitive radio technology allow the primary and 

secondary users to share the same spectrum (DSA) [11] by 

either Overlay technique, i.e., when white space is sensed, 

SU starts its transmission in that white space, or Underlay 

technique, i.e., SU share the spectrum by transmitting at the 

same time as the PU but at low power so as not to interfere 

with the PU.  Fig.2 shows Overlay and Underlay techniques 

[8]. 

 
Fig. 2: Overlay and Underlay DSA techniques. 

Cognitive radios have the following general model 

known as cognitive cycle shown in Fig.3 wherein it has the 

ability to sense spectrum with smart technology.  Basic tasks 

[12], [13] that CR performs are as follows: 

 
Fig. 3: Cognitive Cycle 
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 Observe: In this phase, CR understands the 

surrounding environment, communication 

requirements of user(s) and its own capabilities, i.e., it 

senses the spectrum from all prospective. 

 Decide: In this phase, CR processes the information it 

received from the sensing phase and make decisions so 

as to configure itself and the communication process 

running.  It learns from its actions. 

 Act: The hardware and software components in CR 

carry on variety of configurations needed for 

communication. 

 Other complex functions such as orient and plan 

stages, makes cognitive radio functionality superior to 

any adaptive communication process [7]. 

III. TECHNIQUES FOR SENSING SPECTRUM 

Spectrum Sensing is generally categorized in three ways (a) 

Signal Processing Method (b) Cooperative Sensing Method 

(c) Advanced sensing techniques. Signal processing 

techniques are basic techniques on which further 

Cooperative techniques and advanced sensing can be 

applied so as to increase the system performance.  Fig.4 

shows the flow chart of these techniques. 

 
Fig. 4: Spectrum Sensing Techniques 

A. Signal Processing Techniques 

These are basic sensing techniques in which single cognitive 

radio is used for sensing the spectrum.  These techniques 

thus are simpler than the cooperative and advanced sensing 

methods due to less overhead involved. 

1) Energy Detection(ED) 

In this approach, the energy of the incoming signal is 

compared with a threshold based on which decision about 

presence of PU is made [14] as shown in Fig.5.  As this 

technique is concerned with only the energy of the signal, 

hence doesn’t require any prior information of PU signal, 

making it simple and faster than other spectrum sensing 

methods[15],[16],[18],[19],[20].  Moreover, using ED as the 

first stage in many hybrid spectrum sensing methods make it 

superior to use[21],[22]. 

But there are few disadvantages of this method.  It 

cannot distinguish between signal and noise in low SNR 

regions, cannot detect spread spectrum signals [23] as they 

are noise like signals. 

 
Fig. 5: Energy detection block diagram 

2) Matched Filter Detection 

In this detection process, complete knowledge of received 

signal is known beforehand. Sensing is achieved by 

correlating the received signal with the matched filter 

having conjugated impulse response as that of received 

signal as shown in Fig.6. This technique requires less 

observation time and few received signal’s samples. The 

demerit of this technique is that it need pre-knowledge of 

signal whereas in cognitive spectrum sensing scenarios, 

nothing is known about PU signals.  Moreover, this method 

is complex and requires high power [6]. 

 
Fig. 6: Matched Filter Detection 

3) Cyclostationary Feature Detection (CFD) 

This approach exploits the cyclostationary property of 

signals, i.e., having one or more periodic parameters (eg., 

mean, autocorrelation, spectral correlation function etc). 

Such properties are embedded in signals due to modulation, 

PN sequence codes, pulse train, cyclic prefixes etc.  So, with 

this method noise can be differentiated from signal on 

grounds of spectral correlation function [24],[25],[26],[27]. 

Fig.7 shows the implementation of a cyclostationary feature 

detector.  Hence this technique performs well at low SNR. 

But this technique requires large observation time and 

computationally very complex [6]. 

 
Fig. 7: Cyclostationary feature detection 

B. Cooperative Spectrum Sensing Techniques 

Signal processing techniques can be further extended to 

form cooperative sensing techniques in which there are 

more no of cognitive radios to sense the spectrum and share 

their information about spectrum sensing with each other to 

improve performance.  Thus same information is sensed via 

different channels, hence MIMO system can be achieved 

which is robust against multipath fading and shadowing 

effects. [28], [29]  

1) Centralized Sensing 

 
Fig. 8: Centralized sensing 

In this approach, all cooperative CR users perform local 

sensing on frequency band selected by the fusion centre 

(FC). Then they report their sensing results to the FC on a 

control channel as shown in Fig.8.  FC receives the sensing 

information from all CRs using fusion rules (hard and soft 

fusion), combines this information, determines the presence 

of PUs and feedback this decision back to all CR nodes as 
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shown in Fig.8. Drawback of this technique is that it 

requires more channel capacity. 

2) Decentralized Sensing 

This approach doesn’t depend wholly on FC to make 

decision about PU presence. Here, CR users performs 

sensing on their own, send their information to all other 

nodes, and then each CR node combines its own information 

with the received results from all other nodes and conclude 

about the presence of PU and then finally transmit the 

results to the FC as shown in Fig.9. This is an iterative 

process as CR nodes keep sharing their information until 

convergence is met. This approach is advantageous over 

centralized as here, no extra infrastructure is required and 

hence cost is reduced. But it requires large computation and 

memory as it needs continuous update of iterations.  Hence, 

this approach is both time and energy consuming. 

 
Fig. 9: Decentralized sensing 

3) Relay-Assisted Cooperative Sensing 

Some CR nodes may have strong sensing channel but a 

weak reporting channel, other nearby CR users who have a 

strong reporting channel, may act as relays to forward the 

sensing information of such CR nodes to the FC as shown in 

Fig. 10. This approach can be used with both centralized and 

distributed techniques. 

 
Fig. 10: Relay-Assisted cooperative sensing 

C. Advanced Sensing Techniques 

Recent research findings have explored some advanced 

techniques for optimum spectrum sensing in CR technology 

[30].  These are as follows: 

1) Distributed Sensing 

This technique for spectrum sensing creates awareness about 

the state of the spectrum for managing interference, 

scheduling and resource allocation.  It mitigates multipath 

fading, shadowing, etc. by providing diversity gain.  This 

technique can be applied both to centralized and 

decentralized sensing. Distributed decentralized sensing is 

preferred over centralized sensing since channel capacity 

requirements are less in decentralized sensing. 

Recent advances in distributed decentralized 

sensing are as follows: 

References [31],[32] show work to optimize the 

number of sensing nodes in distributed decentralized 

sensing, beyond which, if used, would lead to overhead and 

system cost increases. 

References [33],[34] present work for achieving 

robustness against failure of nodes by using consensus 

algorithm as a result of which delays can be reduced in 

making decisions. In this algorithm, nodes exchange their 

data iteratively to reach a global decision about spectrum 

hole. 

Reference [35] describes optimum detector to 

achieve controlled levels of Probability of false alarm (pfa) 

and probability of miss detection (pmd) at the FC. 

References [36],[37]describe censoring as a 

technique where only important information about decision, 

i.e.,  a test statistics above a censoring threshold only is send 

to the FC so as to reduce power consumption levels in CR 

nodes. 

2) Sequential Sensing 

These techniques are employed to detect certain changes in 

the spectrum’s state which includes vacating a frequency 

band as soon as PU is active and to fastly identify new 

opportunities in spectrum. It also mainly focused on 

reducing sensing time so as to increase the transmission 

time. In this technique, sample size is not fixed as in 

conventional methods and varies according to data.  It can 

be used with single-user as well as with cooperative 

distributed sensing. Reference [38] describes some 

approaches to accomplish this. 

3) Quickest Detection 

In cognitive radio scenarios, assuming exact information 

about distributions under hypothesis H0, H1 is quite 

unrealistic.  The quickest detection technique gives optimum 

results with uncertainty in these distribution parameters. The 

aim is to track the activity of PUs, whenever any change is 

found in distribution CR nodes addresses it to the FC and 

hence best frequency band can be chosen for sensing. 

[39][40]. 

IV. CONCLUSION 

In this paper, brief introduction to CR technology and its 

spectrum sensing techniques is reviewed.  Spectrum sensing 

techniques considered are signal processing techniques, 

cooperative sensing techniques and advanced sensing 

methods. Signal processing techniques are Energy detection, 

Matched filter detection and Cyclostationary feature 

detection. Cooperative sensing techniques include 

Centralized sensing, decentralized sensing and Relay-

assisted sensing.  Signal processing techniques ranges from 

simple, i.e., ED that performs weak at low SNR values, to 

complex CFD that performs well at even very low SNR 

values.  Advantages of both can be combined to form hybrid 

sensing techniques. Cooperative sensing is an extension of 

signal processing techniques, having more no of CR users so 

as to increase the system throughput by providing diversity 

gains and mitigates multipath effects. Towards the end, 

some light is shed on advanced sensing techniques including 

distributed spectrum sensing, sequential sensing and 

quickest detection. Distributed decentralized is preferred 

over distributed centralized as former requires less channel 

capacity. Sequential and Quickest sensing techniques 

minimizes the observation time for sensing so as to have 

more transmissions. Lastly, future research challenges in 

spectrum sensing are presented. From the conducted survey, 

it is concluded that every sensing technique has its own pros 

and cons. All can be utilized according to circumstances. 
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Moreover improvement in these sensing techniques is 

making spectrum sensing to be used in real-time 

applications and open the gates to explore it further. 

V. FUTURE DIRECTIONS 

Although there has been a lot of research done in spectrum 

sensing domain, but still there is a further scope of exploring 

it more so as to achieve the goal of efficient spectrum 

exploitation. The following points can be considered for 

future research: 

 Choice of proper test statistics and threshold to further 

improve the detection probability. 

 Hybrid sensing approach can be extended to achieve 

more efficient spectrum sensing. 

 Hardware complexity of cyclostationary feature 

detection can be reduced to use it in real-time 

applications. 

 SNR wall and Hidden node problems. 

 Modeling of a dynamically real multiuser spectrum 

sensing since RF is time-varying. 

 Error checking in observations made by CRs to 

develop real-time systems. 

 Emphasis on efficient knowledge of the state of 

spectrum at different locations in the space-time-

frequency varying CR networks. 

 Efficient algorithms to reduce observation time and to 

reduce power consumption in distributed sensing. 
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