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Abstract: Cognitive radio is a promising technique for efficient utilization of idle authorized spectrum since it is able 

to sense the spectrum and reuse the frequency when the primary user is absent. Spectrum Sensing is the inherent 

ability of Cognitive Radio to autonomously perform required calculations and detect unused spectrum which can be 

used for a multitude of purposes. 

This paper investigates what cognitive radio systems that require focusing on the spectrum sensing device. Taking 

two voice applications which running under different Orthogonal Frequency Division Multiplexing (OFDM) schemes. 

These devices are Wi-Fi and Wireless Microphone. Then, a Cyclo-stationary Spectrum Sensing technique is studied 

and applied to define a device capable of detecting OFDM signals in a noisy environment. Is the most interesting 

methodologies in terms of complexity and computational requirements known as FAM is developed. 

Keywords – Cognitive Radio, Cyclo-stationary Spectrum Sensing, OFDM and  FAM. 

I. INTRODUCTION

Cognitive radio systems have to reliably detect the existence of a primary user in the given frequency band 

[1].In the future, many wireless communication systems will use OFDM [2]. That is why detecting  OFDM 

signals is very important. Many of the proposed and described detectors of OFDM signals are the 

cyclostationary detectors. They have a great advantage of robustness against noise uncertainty. 

Feature detectors detect cyclostationarity caused by cyclic prefix [3] or cyclostationarity artificially embedded in 

OFDM signal [4]. The basic theory of cyclostationary detectors is given in [5]. There are the two main tools of 

cyclostationary OFDM detectors: spectral correlation function (SCF) and cyclic autocorrelation function (CAF). 

This paper is focused on detectors based on the cyclic autocorrelation function. 

In [6] the authors compare the advantages and deficiencies of energy detection and cyclostationary detection, 

and then put forward an improved solution. A cyclostationary statistical test based on the spectrum sensing 

algorithm (CST method) is proposed in [7]. Simulations are carried out in the AWGN channel. Part of the 

theory is cognate with that in [8]. An effort to improve performance of cyclostationary detectors led to the 

research into more sophisticated and complex algorithms. Cyclostationarity detectors utilizing multiple cyclic 

frequencies of OFDM signals are introduced and analyzed in [9] and [10]. The paper [11] is devoted to the 

detection of weak signals if multiple signals with different received-power levels are captured simultaneously. 

The proposed detection method suppresses the effects of previously-detected signals in the cyclic 

autocorrelation domain, and so increases the detection probability of weak signals. Paper [12] is focused on 

cyclostationary classifying different OFDM signals. In this paper, an attempt is made to analyze and describe 

important properties of the detector published in [8].The detector uses cyclostationarity established by the cyclic 

prefix. It will be shown that an optimal detector function requires a certain relation to hold between the OFDM 

signal parameters and the detector parameters. A significant violation of this relation can lead to the failure of 

the detection. 

This paper is organized as follows. The fundamental description of the chosen detector is given in section II. 

Applying cyclostationry detector for OFDM signals in section .  FAM performance analysis at different frame 

size .Cyclostationary detection on real applications and FAM performing, a voice application is described in 

section V. The conclusion is given in section VI. 

II. CYCLOSTATIONARY DETECTOR 

Many of the communications signals in use today may be modeled as cyclostationary signals due to the presence 

of one or more underlying periodicities which arise due to the coupling of stationary message signals with 
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periodic sinusoidal carriers, pulse trains or repeating codes. These underlying periodicities may also occur as a 

result of other processes used in the generation of the signal including sampling and 

multiplexing. 

A signal x(t) is defined to be second order cyclostationary (in the wide sense) if its autocorrelation function, 

Rx
0( )=[x(t- ) x(t+ )]                                          (1) 

This way from now on the statement (4.3) be re named as cyclic autocorrelation function[14] 

Rx  = x(t- ) x (t- ) e-j2 t                                                    (2)

for cyclic frequency 

Second order cyclostationarity gives rise to specific correlation patterns which occur in the spectrum of the 

signal. These patterns may be used equivalently to examine the cyclostationarity of the signal and may be 

analyzed using the spectral correlation function (SCF). Then the following expressions are proved to be true 

Sx(f)=  Rx ( ) e-j2 ftd                Fourier Transform of autocorrelation 

Sx (f)=  Rx  ( ) e-j2 ftd             Fourier Transform of cyclic autocorrelation 

Much of the initial work demonstrating the power of cyclostationary signal analysis when applied to wireless 

communications was carried out by Gardner and his colleagues [16]–[17]. Additionally, cyclostationary analysis 

has been extensively examined as a technique for achieving a wide range of tasks including signal detection 

[15], classification [18], synchronization [19], [20] and equalization [21]. In [22], Gardner identifies a number 

of advantages provided by cyclostationary signal analysis over alternative radiometric approaches. Among these 

are a reduced sensitivity to noise and interfering signals as well as the ability to extract key signal parameters 

including carrier frequencies and symbol rates. Cyclostationary signal analysis provides a number of additional 

advantages in the context of coordination for dynamic spectrum access. Coherent approaches such as matched 

filtering typically require close synchronization with the signal of interest. However, cyclostationary analysis 

does not require frequency or phase synchronization, making it an attractive approach for detection of signals 

whose carrier frequencies and symbol timing are unknown. 

Well recognized limitations of cyclostationary signal analysis are the computationally complex receiver 

designs required  for SCF estimation over a wide range of cyclic frequencies and the typically long observation 

times required for reliable signal analysis. In [23], Gardner shows that the reliability of an SCF estimate is 

dependent upon the spectral resolution f and the temporal resolution t. Particularly, in order to 
obtain a substantial reduction in random effects in estimates calculated using a spectrally or temporally 
smoothed approach, the temporal-spectral resolution product must greatly exceed unity t f >>1 Thus a greater 
observation time is needed to obtain a reliable SCF estimate where a smaller spectral resolution f is required to 
resolve the individual features of that SCF. Cyclostationary signatures provide an effective mechanism for 
overcoming these drawbacks while allowing the key advantages of cyclostationary signal analysis to be realized. 
Among these algorithms, some apparent classifications could be made. References [13], [14] discuss in detail 
different approaches for the estimation and underline these under time-smoothed and frequency-smoothed 
algorithms. There are two methods become the most efficient in terms of calculation, the Strip Spectral 
Correlation Analyzer (SSCA) and FFT accumulation (FAM), both under the time-smoothing classification. 

Rx (k)= -j2 (n+k)][x(n)e-j2 n]*   (3) 

The band pass filter is implemented as a data tapering window in the time domain of a length T = N'Ts with 
sample rate  f =1/T . The way complex demodulators are calculating: 

XT(n,f)= -j2 f(n-r)Ts                                      (4) 

.APPLYING CYCLOSTATIONRY DETECTOR FOR OFDM SIGNALS 

Cyclo-stationary detection presents a valuable and viable tool when energy detection algorithms are not 

sufficient to detect users over the scanned bandwidth. There is no doubt that in terms of the computational 

complexity, cyclo-stationary detections is more demanding when compared with energy detection; the resolve 

time could very well meet many applications real time requirements. 

Such applications could consist of signal identification or merely signal presence. It has to be considered data 

transfer, video, video and voice, video and voice on real time, voice alone, etc. 
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Fixed distance between pilots

Probably the most complex scenario consists of voice alone running on a Cognitive Radio System that requires 

continuous awareness of possible primary users ready to claim bandwidth, rapid allocation of new spectral holes 

and rapid switching of secondary user communication without losing the link. 

These types of scenarios remain under study and require more complex assistance than local capabilities as in 

the case of central-base-station-based strategies. Other applications could be as simple as recognizing empty 

channels and stepping into as a co-existence rule. It is also true that the spectrum sensing device could be 

working as out-of-band, independent of the receiver and transmitter duties. 

OFDM signals become nowadays a good choice to follow for many communication systems. Wi-Fi, Wi-Max, 

DVB-T are among of the most recognized. The truth is that OFDM offers higher data rates and reliability even 

for mobile devices, of course under certain constraints. 

The structure of OFDM is almost common between the different applications. There is a preamble, a cyclic 

header, framed data packages of variable or even fixed length, and inserted pilot signal to help synchronization 

at the receiver. Modulation of several carriers under BPSK, QPSK or N-QAM is also part of OFDM design. 

Usually pilots and preambles are modulated in BPSK or QPSK. 

This OFDM structure and the modulation involved contain cyclo-stationary features that would allow detecting 

and even recognizing signals in the spectrum. 

Data is of random character but the presence of pilots is almost fixed although different strategies are used 

among different OFDM schemes. Pilots are fixed in the sense of its presence in the signal spectrum and the 

power used on them. For example, Wi-Fi uses one scheme to place its pilots and they are present on every data 

frame that forms a variable packet size although their value is pseudo-random. Wi-Max has two different 

schemes to place the pilots according of the operation mode, others applications vary the location between data 

frames although it is also cyclic. 

Cyclo-stationary detection search for these repetitive patterns and according the application the target could be 

any of them requiring more or less efforts. For example reference [45] uses the pilots of OFDM to perform 

signal identification between Wi-Fi and different Wi-Max modes. Since pilots are fixed in the spectrum and 

contain more power, they should highly protrude on the final SCF over data and noise. But, the existence of 

preamble, whatever its values or modulation are, could overcome the pilot energy shown on the final SCF, 

burying them with data. So, this work extracts the preamble and cyclic extension before applying cyclo-

stationary detection, process that requires finding the beginning of the frame and some synchronization. It uses a 

correlation with a local version of the preambles for Wi-Fi and Wi-Max. But some other applications look for 

signal presence and not signal identification as a first target. 

Correlation in time domain will tell about the signal with no need to proceed to perform cyclo-stationary 

detection, assuming the application can afford correlation and the positive results already show signal presence. 

Another scenario is when one that doesn’t know which kind of signal is around, although some assumptions has 

to be made, using the fewer possible required to run the spectrum sensing device, search the spectrum and find 

signal presence. 

Again the reliability and the performance of the spectrum sensing device seem to be framed around the 

application. The application set the requirement of signal detection or signal identification, computation on band 

or out of band, real-time or empty band detection on access time (co-existence rules). Real time definition set 

basic boundaries to meet on top of above detailed. Audio with video applications could afford delays on arrival 

time as long as they arrived together. An audio alone application that is more exigent in terms of real time is a 

wireless microphone in front of an audience. 

There is now a clear interest to use 802.11 Wi-Fi to transmit voice WVOIP (Wireless Voice Over IP) and the 

respective committee for standards even releases the new standard 802.11r that set a maximum of 100ms to deal 

with hand-off between access points that route voice. Real time voice over 802.11 could be one of these 

applications that require adjustment of layers as transportation, MAC and the physical one (ISO tower model). 

The current size of data packets, made of a number of data frames, defined for Wi-Fi 802.11g is variable with a 

maximum of 4096. Larger packets mean higher payload data rate but if errors are detected the whole packet has 

to be retransmitted. Real time voice cannot afford such retransmissions and would make use of smaller packets. 

These could be even of a fixed size according rate of digital conversion (voice quality) and SNR. 

This paper shows how the cyclostationary spectrum sensing device could target the preamble existence avoiding 

the correlation needed to work with just data and pilots.

Variable distance between preambles + cyclic extension 

OPFDM stander allow from 0 to 4096 data frames
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Figure1. OFDM 802.11

Fig.1  shows the structure of an 802.11g packet. The standard defines two preambles, a variable number of data 

frames but each of them holding the 4 pilots defined. The estimation of SCF averages the presence of random 

data, fixed pilots and preamble appearance. Pilot presence should protrude over data, preambles present some 

random character due to the fact of a variable number of data frames (0-4096). The random character of the 

preamble appearance would make them appear or not appear in the block oriented FFTs and so in the average of 

the SCF calculation of the incoming signal. This means that preamble cyclic frequency is moving around the 

cyclic spectrum, and in so, messing the average calculation all over the range.

The test performed with FAM implementation show the strong presence of preambles on the final SCF, even 

over the pilots with no doubt. It is the random characteristic that works against its use on the SCF as a first 

glance. If this randomness could be reduced then preamble should become the best signature of signal presence.  

IV. FAM PERFORMANCE ANALYSIS  

FAM performance could be analyzed by defining a spectrum sensing device capable of outputting a value that 

indicates the presence of a particular signal like 802.11. The output has to be a ratio metric defined since 

wireless signals does not assure fixed signal energy levels. 

A good choice for the device output could be the summation of the peaks where preambles should appear and 

also include the pilot’s peaks 

Fig. 2 is the FAM output for an 802.11 signal made of 50 packets that include variable number of data frames (0 

to 4096). It is a big file and the average-size is the length of the file. 

The graphics shows that even under -10dB SNR, FAM is able to help and establish difference between signal 

and noise. For a useful, viable implementation average-size has to be reduced (trade-off). So the next test results 

focus on average-size and also on the variability, randomness of the number of data frames, or even for a fixed

size. 

Figure 2. FAM  output 
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Figure 3.  FAM output reducing average size 

A. Average size, number of data frames vs. SNR- 

Fig. 3 shows device performance for a variable number of data frames (0-4096) run for different average-size. 

As it was expected performance increases with the Estimation- time. The depicted noise allow us to set a 

threshold that for average-size above 300 could make the device go as far as -8dB of SNR into the signal

detection purpose. 
Estimation–time for average-size 300 is 3.84ms, for average-size equal 400 is 5.12ms and 6.4msfor 500.For the 

next test, the variability of the number of data frames is added. A maximum number of frames is set and 

randomly generate packets with different number of data frames as before. This time the test runs for an 

average-size of 100 to 400. Fig. 4. shows the results of the proposed test for a maximum number of data frames 

equal to 200.It is possible to observe that compared with Fig. 4., curves seems to be more smooth. It shows that 

for average-size the device could go even close to -10dB.  
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Figure 4. WiFi maximum frame size 200 

Figure 5.. WiFi maximum frame size 50 

For Fig. 5 the maximum number of data frames is now set to 50. It is clear how the device output becomes even 

more smooth, allowing to set a threshold that go further than -10dB SNR. From this graphic 

we could pick up an average-size of 100 with Estimation-time of 1.28ms and be able to detect signal presence 

below -10dB SNR. 

There exist applications that could even use fixed number of data frames that are around 20.There is also no 

need to go maybe down below -5dB. These two reasons allow us at this point to think that such cyclostationary 

detector is achievable and not really expensive in terms of computation and Estimation-time 
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Figure 6. Average size comparison 

The results for the Single FAM at average-size from 100 to 400 for a variability or randomness from 0 to 

4096 data frames are really poor. 

It is expected that if the maximum number of data frames is reduced, the performance will be enhanced. 

Fig. 6 shows how the single FAM performs in the test. It looks better for an average size of 200and 300 and 

for the cases of maximum number of data frames of 50 and 200.The threshold is still really good and could give 

us signal detection over noise for -5dBin one case and more than -9dB in the other. 

B. Performance on a Voice application 

To have a better idea of the viability of using cyclo-stationary detection on real applications and FAM 

performing, a voice application is described. A wireless microphone would normally require the best latency 

achievable since for a live performance the audience has to find congruence between the moving mouth and the 

hearing on the speakers. The quality of the voice application as voice alone or with musical instruments set bit 

rate requirements for the digital modulated versions Some microphones run under FM, QPSK, and AFSK. There 

is also in the wireless inter communicators market system running in 802.11 under different versions (a,b,g) for 

voice applications, requiring normally less quality and maybe with less exigent latency than real-time event 

microphone. 

Many of the digital modulated microphones are forced to work in a fixed size framing scheme and even 

further usually work for a fixed bit rate. The reason is that to perform bit rate adaptation according  SNR, both 

size of the communications have to agree on this. A microphone is by definition a transmitter with no receiver 

capabilities communicating with a receiver base station. Pre-setting profiles are allowed if bit rate has to be 

reduced or increase as well as the sample rate for the quantization resolution. 

     The chosen example is a wireless microphone that use OFDM with some N-QAM (no need to reveal) fixed 

for the communication time. It works on UHF around 640Mhz, spends some BW and requires a fixed number of 

data frame of 20. The OFDM has its proprietary definitions for FFT length, number of carriers, guard intervals, 

preamble values and modulation as well its own pilot scheme. The FAM modifications correspond to change of 

sample rate, and target peaks to perform the device output. Fig.7 shows the results for a whole spectrum FAM 

under different average-size from 350 to 700. Results seem to be promising even below -8dB SNR. 
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Figure7. FAM of microphone 

Figure 8. Single FAM microphone 
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Fig.8 shows the application of the properly adjusted   Single FAM. It shows that with an average size of 430 the 

device make difference between noise and signal above -6db.Fig. 9 & 10 show the results of applying the  

F

Figure 9.Average size 

Figure10.FAM of microphone 
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device making use of the FAM based on the cyclic frequency alpha centered at 257. With a fixed frame size of 

20 for both the 802.11 and the Wireless Microphone, the FAM is performed. The test runs along SNR and 

different average sizes. It is possible to observe that the device output is clearly defined for both at even lower 

average size, although the WiFi signal shows lower range. Recall the pilot schemes are different and also the 

preambles, some differences are expected. The pilot amplitude relative to the data carriers is also a key factor to 

have in mind, since it would tend to protrude on the SCF. 

V. CONCLUSIONS 

From the entire test performed some conclusions could be detailed. The FAM would contain relevant peaks 

that could be formed by the frequent appearance of the preamble, pilots, and of course the cyclic extension 

would add to it too. The fixed pilot scheme like the one used in 802.11 will have more presence than a hopping 

pilot scheme. But the preamble design could have a strong autocorrelation and under variable random frame 

size, it will spread over the cyclic frequency. Power increase on pilots help the FAM detection even over 

preambles, this may be considering fixed frame size. 
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