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I. INTRODUCTION 
 

Currently, wireless networks, such as the cellular 

telephone network or WiFi networks, communicate to 

almost all the inhabitants of the planet, providing 

services such as conventional telephone calls, Internet 

access, geolocation, etc. The main advantage of this 

type of networks is their mobility, which makes them 

very attractive for users who need a portable network.  

 

However, this fundamental strength of wireless 

connections is overshadowed by the reduction in 

bandwidth when compared to the transmission 

capacity of the wired networks. To increase the 

bandwidth of wireless networks, it is necessary to 

change the static allocation paradigm of the 

electromagnetic spectrum. It is suggested that much 

of the spectrum allocated under current Policies is 

used sporadically, indicating that spectrum is being 

underutilized to a large extent [1].  In this scenario, CR 

concepts are seen as a solution that will allow mobile 

users large bandwidths using heterogeneous wireless 

architectures. Of course, this interaction between 

architectures imposes important challenges, ranging 

from the estimation of frequency bands that are in an  

 

 

Idle state to the development of routing protocols of 

a dynamic allocation of network resources. 

Transparent from the unlicensed user or CR, when it 

transmits opportunistically in licensed regions of the 

spectrum that are not being used.   Responding to 

these design conditions the literature divides a 

successful CR communication into four steps, 

Detection, Decision, Sharing, and Mobility. This paper 

focuses on the Spectrum Detection stage for CR. The 

first part discusses basic concepts of detection and 

gives some examples of the multiple dimensions of 

the electromagnetic spectrum. The main section, 

followed by the conclusions, describes in a 

hierarchical way a considerable number of techniques 

for estimating and detecting primary users with their 

advantages and disadvantages. 

 

II. BASIC CONCEPT OF SPECTRUM 

SENSING 

 
Spectrum Sensing has been briefly defined as the task 

of obtaining a sense of available spectrum, 

determining the existence of licensed users within a 

defined geographical region. This sense is obtained in 
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several ways within which the local detection of the 

spectrum in CR [3-5] is found. A CR user may transmit 

only at frequencies not being used in the surrounding 

spectrum. Therefore, such user must monitor the 

available bands and capture their information to 

finally detect what are known as spectral gaps 

[6].Although spectrum detection is traditionally 

understood as the measure of the energy of radio 

frequencies along the spectrum, when it is CR the 

detection becomes a broader term that involves 

obtaining usage characteristics Spectral in multiple 

dimensions such as time, space, frequency and code 

[7]. The detection comprises a variety of aspects 

associated with determining the type of signal that a 

band occupies; however, this requires more robust 

techniques for the analysis of signals, which are more 

complex from the computational point of view. The 

following are the concepts associated with the 

possible dimensions in which the spectrum can be 

exploited for its opportunistic use by CR systems. 

 

Considering the Multiple Dimensions of the 

Spectrum: The basic dimensions of Figure 1 were the 

initial model to analyze the underutilization of the 

spectrum in early cognitive radio studies [8]. However, 

in subsequent studies new dimensions were 

proposed that make possible an even more efficient 

use of the spectrum, taking into account aspects such 

as coding schemes and the use of intelligent 

antennas. These two aspects can be interpreted as 

two new dimensions for the opportunistic use of the 

spectrum. Thus, in addition to the basic dimensions 

already mentioned, an available spectrum detection is 

proposed where code and angle dimensions [7] are 

included. 

 
Figure 1: Time and frequency dimensions 

 

Below are provided comments that clarify the 

different spectral usage opportunities associated with 

the five dimensions discussed in this section. 

 

Frequency and Time:  In this two-dimensional space 

we look for opportunities in the frequency domain. 

The different bands of available spectrum are divided 

into narrower portions where spectral opportunities 

appear, since not all bands are used simultaneously, 

Figure 1. Each spectral gap in this diagram represents 

a transmission opportunity for CR devices in the 

dimensions of Frequency and time. In [11], for 

example, the idle periods between the burst 

transmissions of the signals are exploited in a WLAN 

(Wireless Local Area Network). 

 

Geographical Space:  Here opportunities are sought 

for location (latitude, longitude, and elevation) and 

distance from primary users. The spectrum may be 

available in certain parts of a geographic area while 

being occupied elsewhere at the same time. This 

dimension takes advantage of the losses by 

propagation in the space. These propagation 

measures can be avoided simply by observing 

interference levels. The fact that there is no 

interference means that there are no transmissions of 

primary users in the local context of the specific area. 

However, in this dimension care must be taken with 

the hidden terminal problem. 

 
Figure 2: Geographic space dimension 

 

Code: In this dimension it is sought to detect the 

sequences of the spread spectrum codes, both of the 

time jumps (TH) and the frequency jumps (FH) that 

are used by the licensed users. Synchronization 

information is also sought for CR users to coordinate 

their transmissions with respect to licensed users. 

Synchronization estimation can be avoided by using 

extensive random codes. However, partial 

interference in this case is inevitable.The spectrum 

over a broadband may be being used in a time given 

by spread spectrum signals or by signals using 

frequency hopping. This does not mean that there is 

no spectral availability in that band. It must be 

possible to carry out simultaneous transmissions 
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without interfering with licensed users if codes that 

are orthogonal to the codes of the corresponding 

licensed users are used. These implementations 

require the proper use of frequency bands in the 

code dimension, and possibly determine the selective 

fading parameters in frequency with the aim of 

minimizing interference [13]. Figure 3 shows a stack 

of possible transmission codes on a single band 

where spread spectrum signals exist. 

 
Figure 3: Representation of spectral use opportunities 

in the code dimension 

 

Angle: In this dimension the directions of the 

electromagnetic radiation lobes (azimuth and 

elevation angle) and the location of the licensed users 

are detected. The knowledge of the position or 

direction of the licensed users is what generates the 

opportunities (gaps) in the angle dimension. Figure 4 

shows different simultaneous transmissions that can 

use the same frequency band within the same range. 

Since the transmissions are directional, the level of 

interference is significantly reduced. 

 
Figure 4: Angle dimension 

 

Taking into account the dimensions mentioned 

above, the radio wave space can be defined as a 

theoretical hyperspace, occupied by radio signals, 

which has dimensions of physical position, angle of 

arrival, frequency, time and possibly other more [9- 

10]. Researchers at CR suggest the development of 

advanced algorithms for spectrum detection that 

include estimation of unlicensed spectral usage 

opportunities in multiple dimensions. 

 

III. DETECTION CHALLENGES 

 
1. Requirements for Physical Devices- It is possible 

to detect the spectrum through two architectures: 

unique radio architecture and dual radio architecture 

[12-13]. In the unique radio architecture, the 

efficiency in the use of the spectrum is not ideal 

because part of the transmission time must be used 

for detection and not for sending the data [14-15]. 

The single radio constantly allocates a time interval to 

monitor the spectrum. Due to this restriction in 

detection time, it is not possible to guarantee high 

levels of accuracy when estimating the absence of 

licensed users. 

 

On the other hand, in the dual radio architecture 

there is a dedicated link for the transmission and 

reception of the data. Another link is responsible for 

the monitoring of the available spectrum [16-17]. The 

disadvantages of this architecture are: the increase in 

energy consumption and the cost of equipment. It is 

pertinent to mention that a single antenna would be 

sufficient for the connection of both links [12]. 

 

2.Hidden Licensed User Problem- This problem is 

similar to the hidden node problem of CSMA (Carrier 

Detection Multiple Access) systems. This situation can 

be caused by several factors, among which are the 

multi-stream fading (or shadowing) experienced by 

CR users when detecting licensed users that are 

transmitting. In Figure 5, the CR device causes 

undesired interference on the licensed user (the 

receiver) because the transmitter signal (licensed 

station) could not be detected given its distance from 

CR users. 

 
Figure 5: Hidden user problem in Cognitive Radio 

 

To overcome this problem, cooperative detection 

schemes have been proposed [18-20]. 

 

3. Detection of Licensed Users of Spread 

Spectrum- Wireless transmission technologies for 

commercial devices can be classified in two ways: 

fixed frequency technologies and spread spectrum 

technologies. In spread spectrum technologies, such 

as FHSS (Frequency Hopping Spread Spectrum), 

devices dynamically change their operating 

frequencies by occupying multiple narrowband 
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channels. These frequency changes are known as 

jumps and are performed according to a sequence 

that must be known by both the transmitter and the 

receiver.  

 

Licensed users using spread spectrum signaling are 

difficult to detect because their transmission power is 

distributed across a wide range of frequencies, even 

though their actual information bandwidth is much 

narrower [21]. This problem can be partially avoided if 

the skip pattern is known and a perfect 

synchronization of the signals is achieved. However, 

designing algorithms that can make an appropriate 

estimate in this code space (dimension) is not easily 

achievable. 

 

4. Duration and Frequency of Detections-  The 

number of times spectrum availability is to be 

detected over a time interval is a design parameter 

that should be carefully considered. The optimal value 

of the time between detections depends on the 

capabilities of the CR device and the temporal 

characteristics of users licensed in a given scenario 

[22]. In [23] the impact of time between detections on 

the performance of unlicensed users has been 

investigated. With a similar approach, in [14], the 

detection time is obtained using numerical 

optimization, in this study the channel efficiency is 

maximized for a given detection probability. Another 

method is proposed in [24] where the guard interval 

between Orthogonal Frequency Division Multiplexing 

(OFDM) symbols is replaced by periods of inactivity 

and the detections are performed in these inactive 

periods. 

 

Detection times can be reduced by detecting only 

those parts of the spectrum that exhibit changes. A 

detection method that adapts spectral scanning 

parameters according to an estimated model of 

channel occupancy is developed in [25]. 

 

A channel occupied by unlicensed users cannot be 

used simultaneously to make detections. This is why 

unlicensed users should disrupt their data 

transmissions to perform spectrum detections [24]. 

These interruptions reduce the spectral efficiency of 

the entire system [22]. To minimize this problem, we 

propose a method called dynamic frequency hopping 

(DFH) [26]. 

 

These challenges have led to the development of 

different techniques and schemes for the detection of 

licensed users, which are increasingly elaborated; 

However, it is important to mention that some of the 

more robust techniques suggest computational 

complexity and energy consumption that would 

involve high costs in constructing the devices or 

would simply be very difficult to put into practice. The 

concepts that support the existing techniques are 

explained below. 

 

IV. SPECTRUM DETECTION TECHNIQUES 

FOR COGNITIVE RADIO 
 

1. Fundamental Techniques- The metrics and 

principals involved in these three models represent 

the fundamental information that subsequently serves 

as a basis for developing more elaborate detection 

algorithms.  

 

2. Evolution of Fundamental Techniques- In most 

cases, the basic principle is the detection of energy, 

followed by the extraction of cyclostationary 

characteristics. In other examples, without using a 

matched filter, what is sought is to have as much 

signal information as possible to perform signal and / 

or vector correlation processes. 

 

3.Waveform Detection (Coherent Detection): The 

use of patterns is usually implemented in wireless 

systems for different purposes, e.g., synchronization. 

Such patterns include the use of preambles, half-weft 

patterns, regularly transmitted pilot patterns, spread 

spectrum sequences, among others. Whenever a 

known pattern occurs, a detection can be made by 

correlating the received signal with a known copy of 

itself [31,36]. With respect to the metric used to 

decide whether or not a licensed user exists when 

receiving the signal from equation (1), a waveform 

detector will calculate the product of the vectors y (n), 

x (n) as it's shown in the following: 

 

 
 

This makes the threshold 𝜆 at which 𝑀 is compared is 

easier to determine than in the case of energy 

detection. This method is only applicable to systems 

involving signals with known patterns. In [31] it is 

shown that this type of detection has better 

performance than the detection of energy in terms of 
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reliability and time of convergence. In [9] the packet 

preambles of the IEEE 802.11b signals [6] are 

exploited to analyze the usage characteristics of a 

WLAN channel. The results of the measurements 

presented in [20] show how the waveform-based 

detection uses very short measurement times. The 

disadvantage of this type of detection is in the 

synchronization errors that may occur. Packet 

preambles are also exploited to detect WiMAX signals 

[6]. 

 

4.Identification Detection of the Radio 

Transmitter: It is possible to obtain a complete 

knowledge of spectrum characteristics by identifying 

the transmission technology being used by licensed 

users. This type of identification allows greater 

accuracy [2]. In addition, CR systems 

couldcommunicate with technologies identified for 

specific applications. In the context of the European 

project called TRUST (Transparent Ubiquitous 

Terminal) [7], classification and extraction techniques 

are used to perform spectrum detections using radio 

identification. 

 

The procedure in these techniques is basically the 

extraction of a significant number of characteristics of 

the signals received, followed by the implementation 

of several classification methods. The characteristics 

obtained from the energy detection are used to 

perform the corresponding classification [12]. Such 

extraction includes the amount of energy detected 

and its spectral distribution. The channel bandwidth 

and its shape are also used as reference 

characteristics [9], in this study the classification was 

done with neural networks. In [2], the operating 

bandwidth and the central frequency of the received 

signal are extracted using methods based on energy 

detection. These two characteristics are processed by 

a Bayesian classifier to determine the active licensed 

users.  

 

The standard deviation of the instantaneous 

frequency and the maximum duration of the signal 

are extracted using time-frequency analysis to later 

use neural networks in the identification of active 

transmissions. In [4], the cycle characteristics of the 

signals are used to obtain the information of the 

vacant channels of GSM technology of a licensed 

user. In [9] the cyclic frequencies of the input signals 

are used for both the detection and the classification 

of the signals, here the identification of the signals is 

affected by the processing of the cyclo-stationary 

characteristics using Hidden Markov Models (HMM). 

Another method based on cyclo-stationary features is 

implemented in [15], where the spectral correlation 

density and the spectral coherence function are used 

as characteristics. In the classification stage, we used 

neural networks in [5] and statistical tests in [2]. 

 

5.Hough Transform-based Detection: The Hough 

Random transform of the received signal is used to 

identify the presence of radar pulses [29] in the IEEE 

802.11 systems' operating channels. This method can 

also be used to detect any type of signal with a 

periodic pattern. It is known that the statistical 

covariance of noise and signal are different. This 

property is used to develop algorithms [20] that 

identify the existence of a communications signal. 

This study shows that the proposed methods are 

effective in the detection of digital television signals. 

 

6. Multitaper Spectral Detection: This type of 

detection is an approximation of the maximum 

likelihood estimator for Spectral Power Density [6]. 

The algorithm is very close to an optimal solution for 

spread spectrum signals. Although the complexity of 

this method is smaller than that of the maximum 

likelihood estimator, this method is still demanding in 

terms of computational load. 

 

7.Detection based on Wavelet Transform- In this 

case, Wavelets are used to detect the edges of the 

power spectral density of a wideband channel [17], 

the frequency spectrum can be characterized as 

occupied or empty (in binary form) using the power 

information found and of the edges. In [16] the 

method proposed in [25] is extended using a 

sampling similar to that of SyQuest.  

 

The analogous implementation of Wavelet transform-

based detection is suggested in [16], to make non 

detailed detections. The detection of Spectrum with 

Multi resolution is achieved by changing the base 

functions without needing to modify the detection 

circuits [16]. The base functions are changed by 

adjusting the pulse width of the Wavelets and the 

carrier frequency. In this way it is possible to perform 

a rapid detection by focusing on frequencies with 

active transmissions after a superficial sweep. In [8] 

the implementation of a test bench for this algorithm 

is explained. This architecture converts the RF signal 

into an intermediate frequency (IF) signal, allowing to 

replace an adjustable RF filter with a low Q factor by a 

less expensive intermediate frequency filter that has a 
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much higher Q factor. To convert the RF signal to the 

intermediate frequency (IF) a Local Oscillator must be 

used, whose power is reflected towards the antenna 

and therefore is radiated. This minimum radiation 

emitted by these local oscillators can be used to 

detect the receivers of the licensed frequencies. 

 

Unlike other detection techniques that focus on the 

search of licensed transmitters, in this case spectrum 

opportunities are detected by looking for licensed 

users who are receiving the signals within the 

communication range of a CR user. In [32] the power 

emitted by the local oscillators is exploited. Although 

this technique allows to identify the licensed 

receivers, the reference power is so low that the 

implementation of a reliable detector is not simple. At 

present, this method has only been implemented to 

detect television receivers. 

 

IV. CONCLUSION 
 

This paper describes the techniques used to detect 

licensed users from CR devices. In addition, the [5] 

concept of multidimensional spectrum was clarified. 

The techniques exposed are being studied to 

guarantee minimal interference on licensed users, 

offering efficient use of channels that support current 

application bandwidths (quality of service for data 

and multimedia). Adequate detection is the starting 

point for correct functioning of the other stages of 

the cognitive cycle in CR (decision, sharing and 

mobility) systems. At present, most studies are using 

energy-based detection [7] and cyclostationary 

features. Many of the challenges associated with 

aspects such as uncertainty regarding noise, fading 

and hidden terminals can be solved [8] using 

cooperative detection schemes.  

 

Cooperative detections greatly reduce [9] the 

probability of false detection and false alarms. In 

addition, the cooperation between CR nodes can 

solve the hidden terminal problem and reduce 

detection times [18-20]. In general, the dimensions of 

the exploited spectrum are mostly limited to space, 

frequency and range. Future studies should focus on 

the analysis of other techniques (or hybrid 

techniques). In this sense, new opportunities for 

efficient spectrum use that involve more actively the 

spectral dimensions associated with the codes of [11] 

the signals and their angles of arrival must be studied. 
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