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Abstract: Cognitive radio offers an answer for spectrum shortage by cleverly identifying unutilized authorized spectrum. This requires 

dependable detection of occupant primary users at sufficiently low SNR. Anyway, detecting OFDM signs is especially difficult as any 

characteristic cyclostationarity is obliterated because of orthogonality of sub-carriers. Incited cyclostationarity can be utilized to present 

a controlled connection in the message signal and produce cyclostationary features that can help spectrum detecting. This paper infers 

an optimal most extreme probability test measurement from first standards for detection of a cyclic prefixed OFDM (CP-OFDM) signal 

with incited cyclostationarity. It embraces a vector matrix model for the CP-OFDM signal in the AWGN situation and exactly assesses 

the probability of detection through a Neyman-Pearson test. Simulation results demonstrate that a maximum detection of probability 

can be accomplished by utilizing the proposed optimal detection for incited cyclostationarity when contrasted with energy detection and 

straight forward cyclic prefix detection. Additionally, the execution scales with number of subcarriers are affected correlation. 
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1. Introduction 
 

A Cognitive Radio may be defined as a sense wireless 

communications system that is mindful of the outside world 

and can adjust its working Parameters to enhance the 

spectrum usage and unwavering quality of Communication 

[1]. Cognitive radios must have the capacity to sense the 

vicinity of a primary user, which may be an exceptionally 

feeble signal, and keep obstruction at least level [1], [2]. To 

accomplish this Objective, spectrum sensing must be 

performed dependably. Energy detection is the easiest 

spectrum detecting strategy as far as usage complicated 

nature and is ideal if both the noise and signal are 

uncorrelated noise power and white sequences is known. In 

any case, literature demonstrates that an energy detectors 

implementation is badly degraded by vulnerability in noise 

fluctuation [4]. 

 

OFDM is a multicarrier technique lends itself normally to 

cognitive radio situations because of flexibility of adaptively 

change certain subcarriers. Most modulated signals, for 

example, BPSK, QAM and so on show cyclostationary 

property which gives an efficient system to signal 

identification utilizing the peaks produced as a part of their 

relationship spectra [5]. Be that as it may, orthogonality of 

subcarriers in OFDM signal demolishes for intrinsic 

cyclostationarity and hence spectrum sensing in OFDM is a 

testing undertaking [7]. The expansion of cyclic prefix (CP) 

to an OFDM symbol gives a helpful cyclostationary feature 

[8]. However, CP lengths are chosen taking into account 

seriousness of ISI in the channel and can't be fluctuated to 

recognize primary and secondary users. 

 

Incited cyclostationary feature gives a system to infuse 

exceptional cyclostationary marks at desired cyclic 

frequencies [9] in an OFDM symbol that can help 

dependable spectrum sensing. Likewise, such incited features 

can be utilized to distinguish other cognitive gadgets and 

help spectrum sharing without significantly adjusting the 

present signal waveforms. An optimal system for recognizing 

incited cyclostationary features has not been examined in 

literature. 

 

This paper shows a CP-OFDM signal with incited 

cyclostationarity, as a vector matrix model. It adds to a 

maximum probability test measurement for signal recognition 

that endavers the cyclostationary property by scientifically 

measuring the relationship presents to incited 

cyclostationarity. As the test measurement complies with no 

shut structure likelihood appropriation, various SNR 

situations are simulated. It is found that the probability of 

detection accomplished by the proposed optimal detector for 

a Neyman-Pearson situation is finer to anything energy 

detection and basic cyclic prefix indicator. Likewise, the 

detection of likelihood increments with higher incited 

connection for a nominal tradeoff in bitrate. Subsequently, it 

offers a finer and flexible way to deal with spectrum sensing 

in cognitive radio. 

 

2. OFDM System Model 
 

In this model, the proposed method present the cyclic 

prefixed OFDM signal model used to recreate the primary 

signal. The base band transmitted signal is a cyclic prefixed 

OFDM signal s(𝑡) having orthogonal subcarriers. The 

span of the OFDM signal approaches 

 

, 

 
 Where, the length of time of information message is 

transmitted in one OFDM signal and 

  is the length of cyclic prefix.  
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The signal s(𝑡) may be spoken to as an entirety of 

factually independent sub-channel quadrature amplitude 

modulation (QAM) signals. 

 

 
Where is the independent and indistinguishably 

dispersed (i.i.d.) info message arrangement and g(𝑡) is the 

pulse square waveform of span 𝑇. It ought to be noticed that 

here 𝑛 indicates the subcarrier number and 𝑘 indicates the 

OFDM signal number. The samples (𝑚) got by inspecting 

the 𝑘-th transmitted symbol at a recurrence = / can 

be written as 

 

 
 

Here, = and the total length of the digital OFDM 

symbol is 

 
 

3. Spectrum Sensing Techniques 
 

For any cognitive radio, spectrum sensing is a main activity 

through which a radio identifies unused spectrum assets in 

many areas like time, frequency, code and so onward. This 

movement shields the primary users from any unkind 

obstruction from secondary devices and is an essential to 

economical operation of an cognitive radio. For ex. IEEE 

802.22 standard [11] for getting to unused TV white spaces 

has delineated extensive spectrum sensing limitations. 

 

Huge numbers of the present and future advancements for 

wireless communications use OFDM as their adjustment 

technique, for example, Wi-MAX, LTE, DVB-T and so on 

[8]. In such a case, it is legitimate to expect that a cognitive 

radio must have the capacity to sense primary user utilizing 

OFDM signaling. In the accompanying area, the proposed 

method examines the two major strategies for spectrum 

sensing, in particular energy detection and cyclostationary 

detection and how they apply specifically to OFDM. 

 

A. Energy Detection 

An energy detector utilizes surrounding noise power estimate 

to choose an energy threshold limit in light of which it 

chooses the presence or absence of signal. Consider a 

complex arrangement y(𝑛) of 𝐾 baseband CP-OFDM signal 

received at the yield of an AWGN channel whose data was 

the grouping 𝑥(𝑛). Let the added noise samples be signified 

by w(𝑛). For energy identification, the test signal decision for 

 
The likelihood appropriation of E can be determined utilizing 

central limit theorem [2]. Considering P to be the force of 

signal x(𝑛) which is equivalent to its variance, the expression 

for the detection and false alarm probabilities is given by 

 
 

 
 
Energy detection is one of the least complex systems for 

spectrum detecting. In any case, is has been indicated to be 

non-optimal when connection exists in the transmitted signal, 

for instance in CP-OFDM [8]. Also it is extremely influenced 

by even little errors in noise power estimation [4].  

 

B. Cyclostationary Detection  

Cyclostationarity is a property showed by most adjusted 

signals where in the show periodicity in their second or 

higher request minutes rather than noise which is stationary 

in nature. For such signals, a discrete close estimation of the 

cyclic autocorrelation function (CAF) is given by [5]. 

 
 

While BPSK and QAM display significantly peaks in their 

CAF that guides signal location, subcarrier orthogonality 

obliterates any intrinsic cyclostationarity in OFDM [7]. As 

shown in the below Fig. 1.This renders cyclostationary 

detection unsuccessful for OFDM. Expansion of cyclic prefix 

toward the start of the OFDM signal produces extra 

cyclostationary features which may be utilized for detection 

[6]. 

 
Figure 1: Illustration of the correlation properties   incited  

by the OFDM cyclic prefix 

 
 Cyclostationary detector is based on the spectral redundancy 

present in almost every manmade signal. It is called a cyclic 

feature detector. The second order cyclostationary is used to 

extract sine-wave from the signal is introduced by Gardner 

in. The mathematical functions used to characterize 

cyclostationary signals are Cyclic Autocorrelation Function 

(CAF) [14].  Yet, the size of cyclic peaks created by cyclic 

prefix is low and is not sufficient for dependable detection 

[13]. 
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4. Optimal Detection for CP-OFDM and 

Incited Cyclostationarity 
 

A. incited Cyclostationarity in OFDM  

Incited Cyclostationarity is a feature that can be expectation 

partner installed in the signal which may be effortlessly 

identified and produced [9]. Such features can be presented 

in an OFDM signal, offering ascent to extra cyclostationary 

marks that can help dependable signal procurement and 

detection. These are more valuable than intrinsic 

cyclostationary features, for example, cyclic prefix in light of 

the fact that they can be presented at any sought cyclic 

frequency and effectively controlled to recognize the Signal 

of Interest (SOI) from other meddling users. So as to incited 

cyclostationarity, we make relationship in the OFDM symbol 

of Eq. 1 as indicated in Eq. 6  

 

                                     (6)  

  

 
It can be seen that all the subcarriers from   

are mapped to another subset 𝑝 subcarriers apart as shown in 

Fig. 2. This foreword of statistical dependence between 

certain subcarriers results in cyclostationary performance of 

the OFDM signal [9]. 

 
Figure 2: Mapping of subcarrier in OFDM 

The following section discusses the vector matrix model for 

CP-OFDM signal is used to derive an optimal detector for 

incited cyclostationarity through an testing investigation of 

the OFDM waveform and add to a maximum probability 

based test measurement.  

 

B. Vector Matrix Model for Cyclic Prefix OFDM with 

Incited Cyclostationarity  

Consider an aggregate of K OFDM symbol blocks got at the 

receiver. The aggregate number of received samples is 

equivalent to 𝐿 = 𝐾 × (𝑁𝑐 + 𝑁𝑐𝑝). The 𝐿 received tests 

(𝑚) of the transmitted OFDM signal (see Eq. 2) can be 

linked to shape the 𝐿×1 input vector s. The 𝐿×1 measurement 

received signal r contains the vector s added to the 𝐿×1 

measurement noise vector w. 

r = s + w                                (7) 
We accept that symmetric QAM is utilized as a part of 

OFDM sub-carrier modulation and henceforth the vector s is 

zero mean. Likewise the received grouping length 𝐿 is 

sufficiently expansive to permit the utilization of central limit 

theorem. The AWGN is zero mean and with variance . 

 

Two hypothesis can be planned; viz. 

 

: y [n] = w[n] signal absent 

: y [n] = x[n] +w[n] signal present 

 

 n = 1,…, N; where N is observation interval  

  

The likelihood conveyance of the unpredictable vector r 

under both the hypothesis is given by [8] 

 

 

 

 

Where  is the 𝐿 × 𝐿 co-difference matrix of r under 

with a specific end goal to determine the components of 

the matrix , first, the determination is exhibited for a more 

straightforward instance of 𝐾 =1 using a vector matrix model. 

Let indicate a length ×1 OFDM symbol before 

including cyclic prefix and  signify the comparing cyclic 

prefixed OFDM symbol of length ( ) ×1. At that 

point  

=  

Where the ( ) ×  network U is given by Eq. 10 

where I and 0 signify the personality and zero matrix 

individually.  

 

(10) 

Let q signify the K  length info message grouping  

  
At that point the 𝐿 × 1 length vector of transmitted cyclic 

prefixed OFDM symbols can be composed as s = Tq where 

the matrix T is defined as,  

 
From Eq. 11, the co-variance matrix of the transmitted signal 

s can be composed as 

 
 

Where, ( indicates the Hermitian vector and {∙} signifies 

desire vector. Let the covariance matrix of q be . At that 

point the covariance network of the got vector r can be 

written as  

 (13) 

 
Case 1: When no incited Cyclostationarity is present  

For this situation, there exists no relationship structure in the 

message arrangement q and its covariance matrix is an 

identity matrix. Subsequently the covariance matrix of the 

received vector can be basically written as 

 

 
 
Case 2: When Incited Cyclostationarity is present  

When incited cyclostationarity is embedded into the OFDM 

signal, the components of vector q are no more independent 

and hence covariance matrix is no longer an identity matrix 
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and the matrix  must be determined from the first 

principle. 

 

C. Determination of Covariance Matrix Σ𝑞 for the incited 

Cyclostationary Case 

Consider a solitary OFDM block term with standardized 

samples before the expansion of Cyclic Prefix in Eq. 2.  

 

 
The block d(𝑛) are independent and indistinguishably 

distributed (i.i.d.) with a power of . Let the vector  be 

the  vector 

[  (1) .......... (  

Assume that the incited cyclostationary feature in  by 

mapping the last M subcarriers to the first M subcarriers (put 

𝑛1 =0, 𝑝= −𝑀 in Eq. (6) i.e. d(𝑛)=𝑑( −𝑀 +𝑛), 𝑛=0 to 

𝑀−1.,. At that point, we can division  (𝑚) as,  

[  (16) 

Where, 

 

 

 
The vector can then be written as 

 (17)  

Let the component at 𝑡ℎ row and 𝑡ℎ column and section 

of the covariance matrix of be meant by. 

At that point ( ) can be written as  

 

 
This term is comprised of nine product terms. The terms in 

and are associated with one another in view of the 

incited correlation structure, however none of them is 

corresponded with  attributable to the independent of 

zero mean source symbols. This leaves just five product 

terms. Test calculation of two of the terms has been 

demonstrated here.  

 

where, 

 

 

 

 

 
 

 
Every one of the three self product terms is taken care of 

likewise. Both the cross product terms are taken care of as 

takes after  

 

 

 

 

 (21) 

Since, ,  and 

 =0, For n  hence, 

 

 
Including all the five product terms we get Σ the general 

term of as  

 

 
 

 
For the situation  when, the inclining term  

can be found as  

 

  (24) 

 

For the case of , Eq. 23 can be simplified to 

 

 
Substituting  = 1 and 𝑊 = we get 
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Subsequent to connecting to this general term  to acquire 

the matrix , the covariance matrix can be found by 

utilizing Eq. 27 as individual blocks of OFDM symbols are 

free and uncorrelated and have the same covariance matrix. 

The matrix can then be embedded into Eq. 13 to acquire 

the covariance matrix for a CP-OFDM signal with 

incited cyclostationarity.  

 

 
 

D. The CP-OFDM with optimal Detector  

To detect the CP-OFDM signal optimal, a greatest 

probability test measurement can be developed by defining 

the probability proportion and finding its optimal value that 

satisfies the requirement of given probability of false alarm. 

The test measurement is demonstrated in Eq. 28. The optimal 

time domain test measurement for incited cyclostationarity in 

OFDM can be found by substituting the estimation of from 

 Eq. 13 into Eq. 28.  

(28) 

  

 

Likewise when incited cyclostationarity is absent the 

operation optimal finder is found by joining Eq. 14 and Eq. 

28. For the instance of CP-OFDM without incited 

cyclostationarity and state that there is no shut structure 

expression for the distribution of this test measurement. Thus 

the threshold limit  for the test measurement must be 

figured experimentally. It ought to be noticed that the test 

measurement in Eq. 28 is additionally applicable when no 

cyclic prefix is available in the signal. For this situation 

 become a  inclining matrix 

and the optimal Neyman-Pearson test decreases to a energy 

detector as given in Eq. 29.  

 
This demonstrates that energy detection is optimal just when 

cyclic prefix is not present. 

 

5. Simulation Results 
 

To demonstrate the change in signal identification with the 

proposed detector for incited cyclostationarity, an OFDM 

signal with number of subcarriers 32 and cyclic prefix 

length =8 is Cyclostationarity is affected by mapping the 

first 𝑀 subcarriers on to the last 𝑀 subcarriers. Two 

estimations of 𝑀 = 3 and 𝑀 = 5 are picked. Then it was 

repeated the same process for M = 5 and M = 7 subcarriers. 

4-QAM modulation is utilized and signal frequency is 

changed somewhere around 1 and 0.01 and noise change  

is picked as solidarity giving a SNR range from 0𝑑𝐵 to 

−20𝑑𝐵. The probability of false alarm is fixed to 0.05. 

 

The simulation is done for 10 complete OFDM block lengths 

of time i.e. 𝐿 = 10(  +  tests and the outcomes are found 

the middle value of more than 1000 Monte Carlo runs. The 

entire analysis is rehashed for 𝑁𝑐 = 48 and = 12. To 

simulate the execution of the proposed detector for CP-

OFDM with incited cyclostationarity, Eq. 28 in conjunction 

with Eq. 13 and Eq. 26 is utilized. To reproduce the 

execution of the optimal detector for cyclic prefix, which is 

non-optimal in the presence of incited cyclostationarity, Eq. 

14 in conjunction with Eq. 28 is utilized. Eq. 3 is utilized as a 

test measurement for energy detection and both probability of 

detection and false alarm dispersions are discovered 

observationally. In Fig.3 and Fig.4 Comparison of 

probability of detection curves for k =10 and it demonstrates 

the examination for detection of probabilities for first 

subcarriers M=3. First subplot is for =32 and second 

subplot is for  = 48. 

 
Figure 3: Probability of detection curves for K=10 and first 

subcarriers M =3.Number of subcarriers 32 

 
Figure 4: Probability of detection curves for K=10 and first 

subcarriers M = 3.Number of subcarriers 48 

 

In Fig.5 and Fig.6. Comparison of probability of detection 

curves for 𝐾 = 10 and it demonstrates the same results for 

last subcarriers M=5. In both figures, the first subplot is for 

=32 and second subplot is for = 48. 
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Figure 5: Probability of detection curves for K=10 and last 

subcarriers M =5. Number of subcarriers 32 

 
Figure 6: Probability of detection curves for  and last 

subcarriers M = 5. Number of subcarriers . 

 

 It can be seen that the proposed ideal test measurement gives 

preferred likelihood of location over different methods. 

While the change is low for 𝑀 =3, and it enhances 𝑀 =5 for 

high probability of detection with low SNR. Comparison of 

efficiency with the mapped subcarriers Table I: 

 

Table 1: Efficiency Comparision with the Mapped 

Subcarriers 
M Number of Subcarriers  Efficiency (%) 

 

3 

32 0.89 

48 0.92 

 

5 

32 0.94 

48 0.97 

 

This is at an expense of a nominal tradeoff in bitrate as 

demonstrated in Table II: 

 

Table 2: Fractional Loss of Bitrate for Various Values of 𝑀 

for =48 

M Fractional loss of bitrate 

3 0.0789 

5 0.149 

 

 That can be countered by expanding the estimation of . 

Expanding the quantity of subcarriers scales the execution of 

every strategy just as while lessening bitrate is loss. The 

additive enhancement for cyclostationarity but remains 

similar in both cases and independent of . 

6. Conclusion 
 

In this paper introduces the execution of the optimal detector 

for cyclic prefixed OFDM with incited cyclostationarity in 

the connection of spectrum sensing in cognitive radio. 

Through a vector matrix demonstrating approach for CP-

OFDM, the covariance matrix for a CP-OFDM signal with 

incited cyclostationarity is received from first standard and 

the 0.97 of maximum probability of detection is increased 

with -20 dB SNR . The resultant likelihood of identification 

for a Neyman Pearson test is contrasted and energy detection 

and cyclostationary detection identification strategies. 

Simulation results demonstrate that the proposed detectors 

better than the other detection techniques. The change 

increments with M alongside an nominal tradeoff in bitrate. 

This tradeoff can be lessened by expanding the quantity of 

subcarriers. As the quantity of subcarriers 𝑁𝑐 builds the 

identification execution enhances and further change can be 

received by expanding the mapped subcarrier subset M. 

Along these lines, the proposed optimal detector utilizing 

incited cyclostationarity gives a improved and more 

adaptable spectrum detecting approach in OFDM as thought 

about to energy detection and simple cyclic prefix detection 

techniques. 
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