Spectrum Sensing Method Based On The
Likelihood Ratio Goodness of Fit test

D. Teqguig, V. Le Nir and B. Scheers

In this letter, a blind spectrum sensing method based onrgessdof-fit
(GoF) test using likelihood ratio (LLR) is studied. In th@posed method,
a chi-square distribution is used for GoF testing. The parémce of the
method is evaluated through Monte Carlo simulations. Ithiews that
the proposed spectrum sensing method outperforms the Goligig
Anderson Darling (AD) and the conventional energy detec{ieD) in

case of a low signal to noise ratio (SNR).

test, based on likelihood ratio. The authors in [9] formexdkthe hypothesis
test as follows:

Ho: Ho(t): Fn(t)=Fo(t) forallte (—oo,00)

Hy: Hi(t): Fn(t) # Fo(t) for somet € (—oo,00) ©)

meaning that testingf, versusH; is equivalent to testingi,(t) versus
H, (t) for everyt € (—oo, 00).
Two types of statistic for testinglp versusH; were proposed :

I

Z= Zy dw(t), and 4)

Introduction: The main function of spectrum sensing is to detect the

presence of other users within a frequency band, in orderctess
the channel without causing interference [1]. Spectrunsisgnmethods
are classified into two categories, coherent spectrum rsgnsiethods
and blind sensing methods. In coherent spectrum sensinigodgtsuch
as Cyclostationarity , matched filtering and waveform-Haspectrum
sensing [2] [3], the CR node uses a priori knowledge of theef@wm of
the considered signal. In case of blind spectrum sensinpadst the CR
node does not require any prior knowledge of the transmist@eeform.
Some examples are Energy Detection (ED) [4] and Goodness @ &F)
tests [5]. Due to its low complexity, the ED is the most commmegthod
for spectrum sensing in CR. Nevertheless, the performahtieecED is
deeply affected by noise uncertainty at low signal to nog® (SNR)[7].
The GoF test is a blind nonparametric hypothesis test pnobidnich
can be used to detect the presence of signals in noise bynieieg
whether the received samples are (are not) drawn from axdisom with a

Cumulative Distribution Function (CDH)y, representing the noise CDF.

The hypothesis to be tested can be formulated as follows:

Hy : Fp(z) = Fo(z)

H;i : Fp(x) # Fo(z), @

{Zew(®)} ®)

sup
t€(—o00,00)

Zmaz =

with Z; a statistic for testing7,(t) versusH; (¢) andw(t) some weight
function. Large values of or Z,... Wwill reject a null hypothesisy.

In [9], authors present two natural candidates Zgr the Pearson? test
statistic and the likelihood ratio (LLR) test statistic.elbLR test statistic
is given by:

Fn(t)
Fo(t)

1— Fu(t)

G? = 2n[Fy(t) log{ 1— Fo(t)

(6)

b4 (1= Fu(t)) log{ H-
whereF;, (¢) is the empirical distribution function of the received sé@sp
Taking in (4) Z; asG? and choosing an appropriate weight functioft),
produces a powerful goodness of fit tests statigtic comparing to the
traditional tests.
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For the proposed spectrum sensing method in this paper, esegithe

where F, (z) is the empirical CDF of the received sample and can hest statisticz4 as LLR-GoF test. Once the tesY is computed, it will be

calculated by:

Fo(z)=|{i:z; <z,1<i<n}/n|, 2

where| e | indicates cardinalityy; < z2 < .... <z, are the samples under

test andn represents the total number of samples.

There are many goodness of fit test based spectrum sensipgspin
literature. The most important ones are the Kolmogorov-rB8owi test [6],
the Cramer-Von Mises test [8] and the Anderson-Darling[tsiAll these
tests are based on the hypothesis test as formulated inutLyifeer in
the way the distance between the empirical cumulativeidigton of the
observations made locally at the CR user and the noise Efik) is
calculated. The calculated distance is compared with ahiotd to decide
whether the signal is present or not, given a certain prdibaloif false
alarm.

The GoF test based spectrum sensing was first presented Ihigshased
on the Anderson-Darling GoF test to decide whether the vedesamples

compared to a predefined threshalgvith:

Ho:Z4 <A

Hi:Za4 >\, ®)
Goodness of Fit testing for spectrum sensije have proposed in [10]
to start from the more general model:

H():Xi
Hy:X;

W;

Si + Wi, ©

where S; are the received complex samples of the transmitted sigmhl a
W; is the complex Gaussian noise. We now consider the randoisbl@r

Y; = | X;|? which corresponds to the received energy. It is known that,
if the real and the imaginary part of; are normally distributed, which

is the case undeH, hypothesis, the variabl®; = |X;|? is chi-squared
distributed with 2 degree of freedom.

are drawn from the noise CDFU (Gaussian CDF) or an alternative CDFThe Spectrum Sensing prob|em can now be reformulated asmnh'qsis

Authors in [5], show by simulations that AD-sensing outpenis the ED-
sensing at low SNR. All above mentioned methods take as ici¥e a

represented in (1) where we will test whether the receivestggny; =
| X;|? are drawn from a chi-square distribution with 2 degree oéd@n

normal distribution/y for the GoF test. Meaning that they all assume thasr not [10]. ), the CDF of the chi-square distribution is given by:

the samples of the received signal are real valued. As degridio is

based on the SDR technology, the received baseband samghesdigital

domain are complex in nature. In this case, the most praajmaroach

to apply the GoF test for spectrum sensing is to considetiegstjuared
magnitude of the complex samples (i.e energy of the sampiek)est their
empirical distribution against the hypothetical noise rggpedistribution

[10].

In this letter, we will evaluate the performance of a moreerécGoF

test, i.e. the likelihood ratio (LLR) test, in the applicatiof GoF based
spectrum sensing for CR. The simulation results illustita&the proposed
LLR-GoF sensing method is performing better than the onedas AD-

GoF [10] and ED spectrum sensing methods.

-1
—y/202 RS 1 Yy k
Foly)=1—e 27 3 =(55)"9>0, (10)
k=0 T TT7m

with m is the degree of freedom (in our case m=2) afdis the noise
power.

One of the nice features of GoF based spectrum sensing istthat
needs fewer samples than ED to achieve the same sensinghpenfe as
presented in figure 1. It can be seen that the AD based sengipgriorms
ED sensing under a limited number of samples and that the Eedba
sensing yields the same performance as GoF based sensiagmis of
detection probability if the sample size is approximately times the

Likelihood based Goodness of fit testt [9], the authors propose a new, number of samples used for GoF based sensing.

more general approach of parametrization to construct arge@oF test.
With this approach, they could generate the traditional @sE including
KS, CM and AD. Moreover, they provided also a new, more powéesboF

The proposed spectrum sensing (LLR-GoFjie proposed spectrum
sensing method can be summarised in the following steps:
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Stepl from the complex received samplés calculate the energy samples
Y = |X;|?

Step2 Sort the sequené®; } inincreasing order such 8§ <Y> <---<Y,

Step3 Calculate the tegty according to (7), withFy given in (10).

Step4 Find the thresholsi for a given probability of false alarm such that:
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Pfa=P{Z4 >\ Ho}. (11)

Step5 Accept the null hypothesi, if Z, <\ . Otherwise, rejecty in
favour of the presence of the primary user signal.

Detection probability
o o
= o
T T

o
™
T

To find ), it is worth to mention that the distribution of 4 under Hg

is independent of théy(y) [5],[11]. The value ofX is determined for a

specific value ofP,. A table listing values ok corresponding to different oy
false alarm probabilitie®;, is given in [9]. Otherwise, these values can 0 ; ; ; ; ;
be computed in advance by Monte Carlo approach. SNR (08)

—4—The proposed LLR based sensing ||
g E'B + AD based sensing
a T - -ED based sensing

0.2

Simulation ResultsFigure 2 presents the detection probability as a. . - . _
function of the false alarm probability (ROC curves) of thegosed LLR- E'gsir?;:]e:;gg;nrqop?:g””y versus N R over AWGN channels witf® fa =

GoF based spectrum sensing method compared to the AD-Gafel bas
sensing and the energy detection (ED). The results arenalotdiy 10000
Monte-Carlo simulations. For the AD-GoF method, the saméepssas
for the LLR-GoF are followed, except for step 3 in which wekas a
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