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Abstract- In this paper a new blind energy detection spectrum- sensing method based on Discreet Wavelet
Transform (DWT) is proposed. The method utilizes the DWT sub-band to collect the received energy. The proposed
method recognizes the Primary User (PU) signal from noise only signal by using the differences in the collected
energy in first and last sub-bands of one DWT level. The simulation results show that in the AWGN channel, the
proposed method improves detection probability by a factor of 40% at Signal to Noise Ratio (SNR) equals -13
dB compared to Conventional Energy Detector (CED). Furthermore, the proposed method reduces the number of
sensed samples to 50% on what in the traditional method. Thus, the proposed method achieves shorter sensing time
and consumes lower Energy which makes it suitable for Cognitive Radio ( CR) applications where only limited
energy like device battery is available.
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I. INTRODUCTION

The massive demands on wireless communication equipment lead to a shortage in available spectrum resources. By using

Cognitive Radio (CR) technology, spectrum resource can be optimized in usage based on Dynamic Spectrum Allocation

(DSA) . Simply, CR is the radio system that can award its operating environment with regards to operation frequency, coding

type, polarity and so on. In CR the unlicensed user or Secondary users (SU) can utilize the resources that allocated for the

licensed user or Primary Users (PU). The most sensitive phase in CR life cycle is the spectrum sensing. Spectrum sensing

(SS) is the process which detect the presence of PU achieved by SU transceiver in order to utilize PU allocated spectrum.

This allocated spectrum is called "hole" or "white space" The SS most be enough accurate to avoid PU interference

[1],[2]. In literature the basic SS approaches are: Matched Filter (MF) , Cyclostationary and Energy Detection (ED). In

MF the SS method, the SU receiver detects PU signal based on its specification by designing a filter compatible with the

received signal type that gives maximum crosscorrelation. This method assumes that SU know the PU signal specification.

In Cyclostationary SS method, the SU detects the PU signal based on finding semi- periodic feature that is related to

modulated signal type. In the last approach, i. e. ED, the PU signal is detected based on the received signal power using

comparison with pre- defined threshold value. ED is also called blind SS method. It gives fast SS response but suffers

from reduced accuracy (i. e. detection probability) in distinction between PU and noise signals at low SNR values [3],[5]

In this paper a new ED based on Discreet Wavelet Transform (DWT) is proposed to improve the detection probability of

the energy detector.

II. RELATED WORK

There are many efforts dealt with developing spectrum sensing of cognitive radio system. These works are divided into

two groups. The first group used DWT to achieve spectrum sensing mechanism. For example, in [6] the authors used DWT
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for identification of spectrum holes in wide band frequency via whole edge detection. In [7] , the authors proposed novel

edge detection method for wide band spectrum sensing using both Continuous Wavelet Transform (CET) and DWT. In [8]

, the authors proposed sensing method based on extracting spectrum features using DWT. The second group utilized other

features to detect spectrum holes by recognition of the PU signal from the noise signal. For example in [9] the authors

introduced a sensing method using statistical parameter which represents the ratio between variance and mean values of

energy as an indicator whether the received signal is an PU or noise alone. In [10] , the authors proposed a spectrum sensing

method based on using noise uncertainty factor to update the threshold value of the energy detector. In [11], the authors

proposed an adaptive spectrum sensing method based on higher order moment and compare it with multilevel threshold

for decision stage. There are other efforts to develop CED by utilizing another transformation approaches. For example, in

[12] the authors designed a new energy based spectrum sensing using Discrete Cosine Transform (DCT) instead of Discrete

Fourier Transform (DFT). However, this method does not take into account the noise extraction using DCT coefficient’s

relationship. In this paper, a new energy detection spectrum sensing method based on DWT is proposed. This method is

designed to recognize the PU embedded in noise using the variation of collected energy in first and last sub- bands of

one level DWT decomposition. This variation is related to the nature of first sub- band in DWT which contain the most

signal energy (information) on the contrary to noise signal that has no information. Thus all sub- band is approximately

collecting the same amount of energy. The detection mechanism of this method will be explained in the later sections.

III. CONVENTIONAL ENERGY DETECTOR ( CED)

Conventional Energy Detector (CED) is the simple context of ED method in which SU accumulates the received energy

with respect to a certain number of samples Ns. The binary hypothesis used in the detection criteria is as follows [13] :

y(n) =

8
<

:
w(n) ;H0

s(n) + w(n) ;H1

(1)

Where y(n) is the received sample, w(n) is the Additive White Gaussian Noise AWGN sample collected from the

transmission channel, s(n) is the PU signal sample, H0 and H1 are null and power hypothesis respectively. The CED test

statistics of received sample is defined as follows:

T =
1

Ns

⇤
NsX

n=1

|y(n)|2 (2)

Where Ns is the total number of received samples. The distribution of T is chi- squared with 2Ns degrees of freedom

[14]. The received samples are compared with predefined threshold computed based on Constant False Alarm probability

(CFA) [15]- [17] . The performance of the detection in energy detector schemes is evaluated based on Receiver Operation

Characteristics (ROC) that showing the detection probability (PD) , False Alarm Probability (PFA) , Signal to Noise Ratio

(SNR) , and threshold �. ROC parameters are computed in AWGN as follows [14].

PD = P [T > �|H1 ]Q

 
��Ns (1 + SNR)p

2Ns (1 + SNR)

!
(3)
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PFA = P [T > �|H0]Q
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Where Q(·) is complementary Q- function (Marcum) , PD represents the correct detection when PU is present, PFA

represents false detection alarm that indicates the presence of PU but actually it is not there. PD and PFA in Equation 3

and Equation 4 are calculated in case of unity noise variance. From Equation 4, � is calculated as follows:

� =
p

2NsQ
�1 (PFA) +Ns (5)

Where Q
�1 is inverse Q- function. The system model block diagram of CED depicted in Fig. 1 [13].

Figure 1: CED method block diagram

IV. THE PROPOSED METHOD

The method proposed method utilizes the variation in collected energy at first and last sub- bands of one level decom-

position DWT. Fig. 2 shows the block diagram of the proposed method. The detection mechanism in this method can

be explained as follows: the received signal is first digitized, and then the signal is DWT transformed using Daubechies

wavelet [18]. The energies in first sub-band ELL and last sub-band EHH of the transformed signal as well as the Average

Ratio (AR) of them are calculated using Equation 6, Equation 7, and Equation 8 respectively.

ELL =
1

LL

LLX

k=1

��Y LL(k)2
�� (6)

EHH =
1

HH

HHX

k=1

��Y HH(k)2
�� (7)

AR =
ELL

EHH
(8)

Finally, AR is compared with a certain threshold to decide whether the received signal is PU (H1) or frequency hole (H0)

. Based on AR the received signal can be recognized either noise signal or PU signal. The reason behind showing this

comparison, is to provide the required decision that can be explained as follows: in noise case (absence of PU signal) all

DWT sub-bands will collect approximately the same amount of energy, so AR value will be around 1. On the contrary, a

case when PU is present, most of the energy will be collected in LL sub- band which gives AR value much greater than 1.

Fig. 3 reveals the proposed method full flowchart. The evaluation of AR parameter for both cases when PU is present or

absent is achieved at SNR= 8 dB and -8dB, as shown in Fig. 4 and Fig. 5 respectively. From these figures, it can be seen

that AR is approximately unity in case of PU is absent (noise only signal) and is highly above 1 in case of PU is present

depending on SNR value. So, a new threshold value slightly greater than 1 can be used to recognize PU from noise signal

successfully.
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Figure 2: Block diagram of the proposed method

Figure 3: Flowchart of proposed method
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Figure 4: AR parameter testing at SNR= 8 dB

Figure 5: AR parameter testing at SNR= -8 dB

V. RESULTS

The proposed method is simulated using MALTAB package. The evaluation has been tested for Local Sensing (LS) non-

cooperative scenario showing the ROC with different values of NS, PFA and channels types. The simulation parameters

used are given in Table I.
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TABLE I
SIMULATION PARAMETERS

Parameter Value
PU signal type QPSK
Channel type AWGN and rayleigh fading

PFA 10�3
Number of samples Ns 1500, 1000 and 500

SNR range -20 to 0 dB

Fig. 6 shows the comparison between proposed method and CED in AWGN when Ns= 1500 and PFA= 0.001. From this

figure it can be seen that the proposed method outperforms CED method in detection probability especially at low SNR.

For instance, detection probability increased from 0.5 to 0.9 with improvement factor of 40% at SNR= -10dB and from

0.1 to 0.6 with improvement factor of 50% at SNR=-13dB. The other advantage can be gained in proposed method is that

the detection probability reached unity 3 dBs earlier than CED. For instance, in proposed method PD= 1 is achieved at

SNR= -8 dB while in CED it is achieved at SNR= -5dB. Fig. 7 shows the evaluation of proposed method against CED in

Rayleigh fading channel with NS= 1500 and PFA= 0.001. It can be noticed in this figure it the immunity of the proposed

method to fading impact which leads to enhance detection probability compared to CED. For example, at SNR= -15dB

and -8 dB the detection probability is enhanced by improvement factor of 35% and by 20% respectively. Another test

performed is the performance of the proposed method in terms of detection probability versus SNR with Ns as a parameter

as shown in Fig. 8. The selected numbers of received sample in the simulations are Ns=1500, 1000, and 500. Fig. 8

depicts that proposed method has acceptable flexibility in selecting the number of received samples with somewhat closed

performance especially at SNR values greater than -6 dB. This feature is very interesting for applications that require short

sensing time with saving in energy consumption. The other objective of our simulations is to evaluate the performance of

proposed system from Energy Consumption (EC) point of view. This evaluation is useful for nominating the SS method

that is suited for applications that has restrictions on the allowable amounts of consumed energy, for example sensor nodes

in remote area where it is not practical to use battery continually. EC depends on detection probability, sensing energy per

sample, transmission energy, and the number of sensed samples. The mathematical formula given in Equation 9 is used

to compute EC [19] :

EC = Ns ⇤ Ess + (1� PD) ⇤ Et (9)

Where Ns is number of received (sensed) samples, Ess is sensing energy per sample, PD is the detection probability and

Et is the transmission energy. Fig. 9 shows comparison of EC between the proposed and CED methods. It can be seen in

this figure that the proposed method has an efficient EC performance compared to CED. For instance, EC is improved by

155% and 135% at SNR= -14 dB and -12 dB respectively. The reason for this EC improvement is that the proposed method

uses only 50% of sensed samples because of using the energy of two- sub bands of the transformed signal out of four,

while in CED the entire available spectrum with all sensed samples is used. The performance evaluation of sensing time

of the proposed system is also investigated. Sensing time very important parameter in design of spectrum sensing method.

It must be short as much as possible to increase the throughput of resources utilization. Sensing time mainly depending
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on Ns and the time required to process each sample. Sensing Time (ST) is calculated using Equation 10.

Ts = Ns ⇤ SPT (10)

where Ns is number of received samples, and SPT is the time required to process each sample (time of operation) .

Fig. 10 shows TS evaluation of proposed and CED methods when Ns =100 and SST = 1µs. from this figure there is

a noticeable difference in sensing time of proposed method compared with CED method. In the proposed method Ts is

much shorter than in CED. This is related to a smaller number of Ns used proposed method as well as the improvement

in detection probability. Finally, Fig. 11 shows the comparison between the proposed method and method presented in [7].

This comparison reveals the detection probability performance versus SNR with the same simulation parameters. Form this

figure, the proposed method outperforms the of method in [7]. For example at SNR= -12dB proposed detection probability

increased from 0.2 to 0.9 with improvement factor of 70%. Also, at SNR= -10dB the detection probability is enhanced by

factor of 50%. Another improvement that can be noticed from this figure is that the proposed method detection probability

reaches unity value 6 dB earlier than CED.

Figure 6: Proposed method performance evaluation in AWGN channel
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Figure 7: Proposed method performance evaluation in rayleigh fading channel

Figure 8: Proposed method performance evaluation in AWGN channel with different samples number
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Figure 9: EC Performance of the proposed and CED methods

Figure 10: Sensing time performance of the proposed method and CED

https://ijict.edu.iq 9



Iraqi Journal of Information and Communications Technology(IJICT)
Vol. 3, Issue 3, June 2020

ISSN:2222-758X

Figure 11: EC performance of the proposed method and method in [7]

VI. CONCLUSIONS

In this paper, a blind energy detection based on DWT for spectrum sensing in CR proposed. The sensing mechanism of

this method is achieved by taking the ratio between the collected energy at first and last sub-bands of one level decomposition

DWT. The result shows that the ratio has variation in case of PU presence and absence. So, it has ability to recognize

the PU from noise only signal. The justification for this behavior can be seen clearly in PU where the most of energy is

collected in a lower sub-band (low frequency or energy) on the contrary for noise signals where all sub-band collect same

amount of energy. Moreover, the results show that the proposed method enhances the detection probability especially at

low SNR that make it possible for sensing spread spectrum signals. Furthermore, it improves energy consumptions and

sensing time which makes it suitable for power limited applications.
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