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ABSTRACT: 
Real-time spectrum sensing with precise accuracy is the most important step to establish cognitive radio networks 
(CRNs). Detecting the presence of primary users (PUs) that use DS-CDMA (Direct sequence code division multiple 
access) technique is a challenge for the secondary users (SUs) in CRNs. DS-CDMA transmissions with very low 
signal to noise ratio (SNR) results in a signal hidden below the noise level, therefore, the existing classic detection 
methods are not effective enough to sense the signals. In this paper, a method is proposed to resolve this challenge. 
The proposed method based on fluctuation of correlation estimators searches on a specific frequency band and detects 
primary user's signals. Simulation results show that the sensing performance of the method is better than other 
conventional schemes for dealing with DS-CDMA users. 
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1.  INTRODUCTION 

Frequency spectrum as the scarcest resource for 
next generation wireless communications systems has 
attracted the attention of many researchers. In 
allocating frequency spectrum in traditional system it 
has been observed that some frequency bands are 
heavily used in some positions but other bands are 
lightly utilized elsewhere. Thus spectrum opportunities 
are generated, which can be used by intelligent and 
adaptive cognitive radio (CR) transceivers. Cognitive 
radio is a new concept of designing systems which aim 
to enhance the utilization of spectrum opportunities [1]. 
The definition of cognitive radio adopted by Federal 
Communications Commission (FCC) is: "A radio or 
system that senses its operational electromagnetic 
environment and can dynamically and autonomously 
adjust its radio operating parameters to modify system 
operation." [2]. 

 One of the most important features of the CR 
systems is the ability to sense spectrum and parameters 
related to the radio's operating environment. So 
secondary users (SUs) sense frequency bands and use 
spectrum holes when primary users (Pus) are not 
active. Cognitive users exploit spectrum in such a way 
that they do not cause interference to licensed PUs [3]-
[4]. In a cognitive radio for using the licensed spectrum 
by SUs, PUs have no obligation to change their 
operating parameters and SUs can independently detect 

spectral opportunities without any assistance from PUs. 
This task can in two ways, narrow band spectrum 
sensing and wideband spectrum sensing [5], be 
investigated. Many narrow band spectrum sensing 
algorithms have been studied in the literature but 
generally all available methods are divided in three 
categories: match filtering (MF)-based methods [6], 
energy detection (ED)-based methods [7], and 
cyclostationary futures detectors (CSD) [8], [9]. Other 
important methods are; likelihood ratio test (LRT) [10], 
and periodogram-based methods [11]. 

Each of the methods need special requirements and 
information, such as; MF-based methods require 
knowledge of the channel responses from PU, LRT-
based methods have great performance, but they need 
the distribution of sources of signals and noise and 
CSD needs to know the cyclic frequencies of the PUs. 
The three methods depend on perfect knowledge of the 
channel response, the user information, and other 
characteristics, but ED-based methods unlike the others 
do not require any information. ED method for 
detecting correlated signals is not optimal but for 
independent and identically distributed (i.i.d.) signals is 
optimal [12].   

The DS-CDMA signals have been widely used in 
civil and military communication. These signals are 
well-known for their low probability of interception,
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Fig. 1. Cognitive Radio Network with DS-CDMA primary Users.  
 
because DS-CDMA signals are generated by 
multiplying data sequence in spreading code so power 
level of DS-CDMA spreading signals are below the 
noise level. In other words, DS-CDMA signals are 
transmitted at very low signal to noise ratios (SNR) in 
communication systems and their statistics behavior are 
similar to noise.  

In the context of spectrum sensing in CRN with 
primary users that use DS-CDMA technique, the prior 
information of the DS-CDMA signal is unknown to the 
secondary users; parameters such as length of the 
pseudo noise sequence, symbol frequency, chip 
duration, etc. [13]. So detection of the DS-CDMA 
signals becomes very difficult and the existing classical 
detection methods are not effective enough to sense the 
presence of the signals. In this paper, we propose a 
blind spectrum sensing method for DS-CDMA signals 
in cognitive radio networks that do not need any 
information about the resource signals. The proposed 
method is based on fluctuation of correlation estimators 
[14].   

The rest of this paper is organized as follow. The 
system model and problem formulation, are presented 
in Section 2. The proposed scheme is presented in 
Section 3. Simulation results, performance evaluation 
and comparisons are presented in section 4, and finally, 
our conclusions are drawn in section 5. 
2.  SYSTEM MODEL AND PROBLEM 
FORMULATION 

Let us consider the general case of DS-CDMA 
system in a cognitive radio network with other primary 
and secondary users as shown in Fig. 1. In a DS-
CDMA transmission, the baseband information 
symbols are multiplied by a pseudo random sequence,   

 
which spreads the signal bandwidth. The pseudo 
random sequence or spreading code, the symbol and 
carrier frequencies and other required parameters are 
known by the desired receiver, so that receiver 
multiplies the received signal with the pseudo random 
sequence in order to access the information symbols. 
Nevertheless in CRN, when secondary users want to 
use existing non-occupied channels, they first must 
search over frequency channels and sense white spaces 
(“which are free, no one sends information on this 
band, but it is occupied by natural and artificial forms 
of noise.” [15].), but for the secondary users that do not 
have any prior information, even detect the presence of 
a DS-CDMA signal, it is difficult, because it is usually 
under the noise level.  

 
2.1.  Signal model 

Suppose the received signal with BPSK modulation 
is expressed as: 

)()cos()()()()()( 0 tnttctAdtntsty c ++=+= ϕω         (1) 
Where y(t) is the received signal, 

)cos()()()( 0ϕt+ωtct=Adts c  is transmit signal of PU,  
A denotes the signal amplitude, ωc is the carrier 
frequency, ϕ0 is the initial phase on the interval (0, 2π) 
with a uniform distribution and n(t) is additive white 
Gaussian noise (AWGN) with power spectral density 
N0/2 w//Hz. Also d(t) denotes information data that is 
generated in primary user’s transmitter and is defined 
as:  

∑
∞

=0

)()(
n

dn    t-nT ga=td                    (2)                                  
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where  an }1,1{ +−∈ denotes the binary data sequence, 
Td is the symbol period. c(t) is the pseudo random noise 
(PN) code that is defined as: 

∑
∞

=0
)()(

n
cn    t-nT gc=tc                       (3) 

 
 where  cn }1,1{ +−∈ is the spread spectrum sequence, 
and Tc is the chip period. With the spreading gain of N 
(or length of PN code), then Td=NTc. It is assumed that 
s(t) and n(t) statistically independent with strong 
autocorrelation and weak cross-correlation, therefore, 
the data symbols are centered and uncorrelated. 
 
2.2.  The conventional autocorrelation method  

The spectrum behavior of PN sequence is similar to 
the noise, so when primary users use DS-CDMA 
transmission, they have high security and low 
probability of intercept. PN sequence is not really 
random and its characteristics such as the syclo-
stationary features and periodic autocorrelation can be 
used to detect the DS-CDMA signal. The conventional 
autocorrelation function of received signal y(t) can be 
computed as: 
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(4) 
     The noise and signal are independent, so (4) can be 
simplified as: 

  )(cos)()(
2

)( 0

2

τϕτττ nccdy R)t(ωRRAR ++=   (5) 

where in (5) )}()({)( ττ += tctcERc  is the 
autocorrelation function of the spread code, 

)}()({)( ττ += tdtdERd  is the autocorrelation 
function of the baseband data signal and 

)}()({)( ττ += tntnERn is the autocorrelation function 
of the noise, that its values is 0 if τ≠0. Where SNR is 
not very low, one can use (5) to estimate presence of 
DS-CDMA signals. The autocorrelation peaks are 
obvious but when the SNR is low, the autocorrelation 
function peaks curves are submerged in the noise level 
and difficult to distinguish [13]. 
     Autocorrelation function in low SNRs is not 
effective, because it is very sensitive to SNR. So in this 
article another method is proposed for sensing DS-
CDMA primary users’ signal in CRN. This method 
works well in very low SNRs (such as -20 dB).  
 

3.  PROPOSED SCHEME 
Based on the system model it is determined whether 

there is an opportunity in frequency domain for 
secondary users. Proposed method is a non-cooperative 
scheme that each SU independently senses the 
spectrum bands. An AWGN channel between the 
primary transmitter and the secondary user’s receiver is 
assumed. The observed baseband signal in cognitive 
radio receiver is y(t). SU is to decide between two 
hypothesis testing problems: 

)()()(:
)()(:

1

0

tntstyH
tntyH
+=

=                                          (6) 

     The performance of spectrum sensing method used 
in SU can be characteristic by the probability of 
detection Pd or probability of false alarm Pf. With 
robust selected method SUs can achieve true decision 
between hypothesis and based on this result decide 
whether to send signals on the channel considered or 
not. 
     In the proposed method, the baseband samples of 
received signals are divided in to W sets of windows 
each with duration of T, as shown in Fig. 2. Value of T 
is arbitrary, although it is better not to be too small. An 
estimation of the autocorrelation function over each 
window has been calculated instead of computing (5), 
according to: 
  

∫ −=
T

w
y dttyty

T
R

0
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Second order moment of the estimated W 
autocorrelation functions is as follows: 

2

1
)( |)(ˆ|1)( ∑ =

=
W

w
w

yR
W

ττρ                           (8) 

where w is an index for each window. First, equation 
(7) is computed for each window and then )(τρ  is 
obtained over all W windows. The fluctuations of the 
autocorrelation )(τρ  are illustrated in Fig. 3. As 
shown in the figure, )(τρ has a series of periodic 
peaks, caused by cycle-stationary future of DS-CDMA 
signals. 
     While only noise is present or SNR is very low as is 
the case for which results are presented, there is no 
systematic relationship between volatility plotted. Due 
to these results, SU decides on one of the two 
hypotheses as the current situation, to identify whether 
the frequency band is busy is or not.  
     This detector works even at very low SNRs. The 
signal to noise ratio in dB at the detector output is [14]: 
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where mρs is the mean value of the peaks created by 
DS-CDMA signal, σρn is the standard deviation of the 
estimator fluctuation due to received signal without 
information or noise only, and σs

2 is the variance of the 
signal s(t). For the flat frequency response filter in 
receiver with [-ω,+ω] bandwidth, equation (9) is equal 
to: 

    )(
(W))ωT(SNRSNR dinout

2log10
log102log204

−
++=

 (12) 

this means that by increasing the number of windows W 
the detector performance can be increased without 
limits and it depends on the available computation 
power and time allocated for detection. 

 
 

4.  SIMULATION RESULTS 
      In this section, we present simulation results to 
illustrate the effectiveness of the proposed method. The 
performance of the proposed scheme is verified by 
simulation. A Monte Carlo simulation is conducted. 
The parameters of simulation are summarized in Table 
1. Given pseudo random sequence has length N; values 
of 32, 64 and 512 have been considered.  It is assumed 
that SNR is in the range of -20 dB to 20 dB and the 
DSSS signal with common BPSK modulation. Number 
of total windows W used to the result are 2000 and in 
some results 1000. 
     We use the algorithm to estimate of PU presence 
and select one of the two hypotheses H0 or H1 from 
equation (6) in output of detector as final result. The 
results in Fig. 3 show the output of proposed method in 
SNR = -5 dB, and for these simulation parameters: 
length of PN code N = 64, W = 2000, T = 640, also 
Channel is AWGN and BPSK modulation is used. As 
you can see in this figure the curve has a series of 
alternating and regular peaks in deviations noise level. 
If the detector output fluctuations have these regular 
peaks we can say that the DS-CDMA primary user is 
present in radio environment and select H1. 
     The distance between two consecutive peaks is 
equal to the multiples of the symbol frequency Ts, that 
is Ts = NTc, and for result in Fig. 3, Tc = 1, so Ts = 64, 
that is equal to PN code length. In other words this 
proposed method estimate PN code length in addition 
to the detection DS-CDMA signals.

 
Fig. 2. The principle scheme of the proposed method, a) Detection block diagram 

 in SU receiver. b) Computing equation (6).
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Table 1. Parameters of simulations 
Parameter value  
channel AWGN 

modulation BPSK 
Code type PN  
Receiver 

filter RC 

N 16,32,64,512 
W 2000,1000 
Tc 1 ms 
T 640 

      
     Figure 4 compares output of proposed detector for 
two values of SNR = -15 and -5 dB, it show that when 
SNR is lower, the performance is reduced and peaks 
will be drowned in deviations noise level so was not 
detectable, with increasing SNR the method gives 
better results and fluctuation of curve have more 
regular peaks. Under the same SNR, performance 
improves with increasing N and W, although with 
increasing the more throughputs and more time is 
needed (as shown in Fig. 5, in SNR= -5 dB for N=16 
and N=64 estimated of autocorrelation function is 
plotted and the curve for N=16 has more irregular 
deviations). 
     Figure 6 and 7 show the impact of changes W, in 
detector output. According (12), by increasing the 
number of windows W the detector performance can be 
increased without limits. These figures are plotted for 
W = 100 and 1000. In these for W = 1000 noise power 
level is lower and irregular fluctuation is less than the 
other. Continuing the work, we used Raised Cosine 
(RC) pulse shaping with Roll-off factor 0.5 with 0.5 
MHz bandwidth in inputs of SU receiver. 
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Fig. 3. Output of proposed method for PN code with N = 64, 

W = 2000, T = 640 in SNR = -5 dB. 
     
     For the proposed method performance review, we 
obtain probability of detection (Pd) curve (ROC) to be 
comparable with performance of other methods as can 

be understood from Fig. 8 (negative values of SNR is 
more important because the DS-CDMA signal is sent 
below the noise level.). The proposed method 
performance is plotted for Pf = 10-3, 10-2, 10-1, N = 64, 
W = 2000, T = 640 and for DS-CDMA PUs. 
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Fig. 4. Output of Proposed method for different SNR = -15 

dB and -5 dB with N = 64, W = 1000, T = 640. 
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Fig. 5. Output of Proposed method for different N = 64 and 

16, with SNR = -5 dB, W = 2000, T = 640. 
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5.  CONCLUSIONS 

In this paper, the blind spectrum sensing for DS-
CDMA transmission in cognitive radio network was 
developed. According to results the method can work 
perfectly in very low SNR compared to other existing 
methods such as energy detection based methods or 
conventional autocorrelation based methods. The 
presented simulation results show that the proposed 
algorithm is effective for detecting presence of DS-
CDMA primary users. This blind method does not 
require any prior information, and it has relatively low 
complexity architecture. 
 
REFERENCES 
[1] E. Hossain, D. Niyato, and Z. Han, Dynamic Spectrum 

Access and Management in Cognitive Radio Networks, 
New York, Cambridge university press, 2009. 

[2] Federal Communications Commission, “Notice of 
proposed rulemaking and order: Facilitating 
opportunities for flexible, efficient, and reliable 
spectrum use employing cognitive radio technologies,” 

ET Docket No. 03-108, Feb 2005. 
[3] T. Yucek, and H. Arsalan, “A Survey of Spectrum 

Sensing Algorithms for Cognitive Radio 
Applications,” IEEE Communication Tutorials, vol. 
11, no. 1, First Quarter 2009.  

[4] A. De Domenico, E. C. Strinati, M. Di Benedetto, “A 
Survey on MAC Strategies for Cognitive Radio 
Networks,” Communications Surveys & Tutorials, 
IEEE, vol. 14, no. 1, pp.21-44, First Quarter 2012. 

[5] Hongjian Sun; Nallanathan, A.; Cheng-Xiang Wang; 
Yunfei Chen, “Wideband spectrum sensing for 
cognitive radio networks: a survey,” IEEE Wireless 
Communications, vol. 20, no. 2, pp.74-81, April 2013. 

[6] H.-S. Chen, W. Gao, and D. G. Daut, “Signature based 
spectrum sensing algorithms for IEEE 802.22 WRAN, 
” in Proc IEEE Int. Conf. communications (ICC), Jun. 
2007. 

[7] A. Sonnenschein and P. M. Fishman, “Radiometric 
detectin of spread spectrum signals in noise of 
uncertainty power, ” IEEE Trans. Aerosp. Electron. 
Syst., vol. 28, no. 3, pp. 654-660. Jul. 1992. 

[8] W. A. Gardner, “Exploitation of spectral redundancy 
in cyclostationary signals, ” IEEE Signal Process. 
Mag., vol. 8, no. 2, pp. 14-36, Apr. 1991. 

[9] N. Han, S. H. Shon, J. O. Joo, and J. M. Kim, 
“Spectral correlation based signal detection method for 
spectrum sensing in IEEE 802.22 WRAN systems, ” 
in Proc. Int. Conf. Advanced Communication 
Technology, Korea, Fed. 2006. 

[10] S. M. Kay, Fundamentals of Statistical Signal 
Processing: Detection Theory. Englewood Cliffs, NJ: 
Prentice-Hall, vol. 2. 1998. 

[11] Y. Zhang, B. Baggeroer, and J.G. Bellingham, “The 
total variance of a periodogram-based spectral 
estimate of a stochastic process with spectral 
uncertainty and its application to classifier design, ” 
IEEE Trans. Signal Process., vol. 53, no. 12, pp. 4556-
4567, Dec. 2005. 

[12] Yonghong Zeng, Ying-Chang Liang and Rui Zhang, 
"Blindly Combined Energy Detection for Spectrum 
Sensing in Cognitive Radio," IEEE, Signal Processing 
Letters, vol.15, no., pp.649-652, 2008. 

[13] Zhipeng Deng, Lianfeng Shen, Nan Bao, Bailong Su, 
Jintao Lin and Dayang Wang, “Autocorrelation based 
detection of DSSS signal for cognitive radio system,” 
2011 International Conference on  Wireless 
Communications and Signal Processing (WCSP), Nov. 
2011. 

[14] G. Burel, “Detection of Spread Spectrum 
Transmissions Using Fluctuation of Correlation 
Estimators,” in Proc. IEEE-ISPACS, Honolulu, 
Hawai’i, USA, Nov. 5-8, 2000. 

[15] Zayen, B., Hayar, A.M. and Nussbaum, D., “Blind 
Spectrum Sensing for Cognitive Radio Based on 
Model Selection,” in Proc. 3rd International 
Conference on Cognitive Radio Oriented Wireless 
Networks and Communications (CrownCom), May 
2008. 

269 
 


	1.   Introduction
	2.   System Model and problem formulation
	2.1.   Signal model
	2.2.   The conventional autocorrelation method

	3.   proposed scheme
	4.   simulation results
	5.   conclusions

