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Abstract:The rapid development in the area of 

cognitive radio technology leads the society to 

higher standards of spectrum sensing performance, 

particularly in low signal-to-noise ratio (SNR) 

environment. This paper proposes an adaptive 

double-threshold spectrum sensing in cognitive 

radio network.When using the double-threshold 

spectrum sensing method, the detection 

performance is very poor and does not make the 

decision under low SNR region. Furthermore, in 

order to overcome this problem, the findings of this 

paper introduce an adaptive double-threshold 

spectrum sensing method that adjusts its thresholds 

according to the achievable maximal detection 

probability. Numerical simulations show that the 

proposed adaptive double threshold spectrum 

sensing method, achieves better detection 

performance than the conventional double-

threshold energy sensing schemes, especially in 

very low SNR region. 

 

I – INTRODUCTION 

 

 In a present day, wireless communication has 

become very much popular communication. This 

wireless network is categorized by a static spectrum 

allocation policy, means fixed frequency spectrums 

have been assigned to license holders on a long 

term basis for very large geographical area by 

government. Due to this fixed frequency spectrum 

assignment this strategy faces the spectrum scarcity 

in some part of spectrum bands. Similarly large 

portion of frequency bands in the spectrum are 

unutilized or unoccupied most of time, some other 

frequency bands are incompletely occupied and 

some frequency bands are heavily occupied. 

However lots of licensed spectrum bands are 

resulting in spectrum wastage. It has become 

necessary to bring in new licensing policies and 

organized infrastructure to facilitate dynamic and 

efficient spectrum utilization to meet the need of 

wireless users. In order to solve the disparity 

between lack of spectrum and spectrum 

underutilization a modern spectrum access strategy 

called cognitive radio which is promising solution 

to such problem. In this paper, we have mainly 

analyzed the detection performance and to improve 

the probability of detection under low SNR. 

 

II - SPECTRUM SENSING MODEL 

A.CONVENTIONAL SPECTRUM SENSING 

       This method is used for deciding the absence 

or presence of primary user with the help of 

secondary user by sensing the received signal 

power from the primary user. To do the 

measurement one energy detector is used. Based 

on the signal strength of primary user’s signal it 

decides that whether the channel is available for 

the secondary users or not. This energy detector is 

referred as a radio meter. For this process 

secondary user doesn’t require the prior 

information regarding primary user such type of 

signal, modulation scheme etc. so spectrum 

sensing using energy detection method is called as 

a non-coherent detection. This method is optimal 

when the secondary user doesn’t have any 

information about the primary user. Following 

figure 1 shows how the vacant channel is detected 

by secondary user based on PU signal energy 

level. 

                  H0 :                  u(n) 

Y(n)=           

                 H1 :                h*s(n)+u(n) 
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   Fig: Block diagram of Energy detector  

 

First of all input signal y(t) is filtered by band pass 

filter. Here the function of Band pass filter (BPF) 

is in order to reduce the noise and choose the 

significance bandwidth. It also selects the center 

frequency. The output of band pass filter is given 

as an input to the squaring device. In this stage 

measurement of received signal is take place. The 

output of squaring device is followed by the input 

to integrator device which can decide the 

observation interval. At final stage the output of 

the integrator is compared with a threshold to 

determine the availability of primary user. Now 

the threshold value can be set either fix or variable 

depending upon the condition of channel. In this 

method, it does not identify the formation of the 

signal and determine the presence of user by only 

comparing the known threshold value with 

received energy of primary signal. 

 

 

 

FLOW CHART 

  The energy detection method is very to 

implement and it does require any prior 

information about the primary signal. It calculates 

the energy of received signal over L samples using 

montecarlo simulation. If the energy of signal 

founds more than energy level of threshold value 

then primary user is absent. Where the energy of 

signal founds less than the energy level of 

threshold value then the primary user is present. 

   

  Let τ be the available sensing time and N the 

number of samples (N is the maximum integer not 

greater than τfs, and for notation simplicity, we 

assume N = τfs). The test statistic for energy 

detector is given by, 

 

  
 

Where E(z) is a random variable with guassian 

distribution. 

 
Fig: Flow Chart for Energy Detection method 

 

    Under Hypothesis H1, the probability of 

detection is given by, 

           

Pd = Pr(E(z) > τ|H1) 

Where τ is detection threshold.  

 

Similarly, under Hypothesis H0, the probability of 

false alarm is given by, 

         

Pf = Pr(E(z) > τ|H0) 

  

The detection threshold for guassian noise with 

variance 1. 

Is 

 
where Q(x) is a complementary function i.e., 
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The equations for Pd and Pf are obtained using 

central limit theorem [9]. As stated the theoretical 

value of Pd is, 

 

 
Using this energy over k simulations, the test 

statistic for energy detection is derived. Next by 

assuming suitable range for Pf , the detection 

threshold is computed. Finally the test statistic is 

compared with the threshold to evaluate the 

detection rate. At the end of simulation, the Pd is 

evaluated as, 

 

 

                 Numberofdetections  

   Pd(m) = 

                Numberofsimulations 

 

B. DOUBLE THRESHOLD SPECTRUM 

SENSING 

 

Generally it is assumed that noise power in 

the receiver attains a certain level. Practically, noise 

is not only limited to Gaussian White Noise, in fact, 

it is a sum of various other factors as well.Thus, 

noise power changes within limits with passage of 

time and relative location, this phenomenon is 

referred to as `noise uncertainty'. It is often the case 

that the received signal cannot be distinguished due 

to dynamically changing noise power. As a result, 

detection performance degrades i.e., the probability 

of detection decreases and probability of false 

alarm increases, particularly when the range of 

noise uncertainty increases. Thus, double-threshold 

energy sensing method is being proposed which 

makes the detection result more reliable and 

minimizes the influence of so called noise 

uncertainty. 

 

Fig: Double threshold 

Therefore, noise uncertainty defines the lower 

threshold Vth1 and the upper threshold Vth2: 

 

Conventionally, the state of a specific sub-channel 

is classified by two random variables(RVs), i.e., 

`band occupied' (signal present) and `band free' 

(signal absent). However, sometimes the sub-

channel state can be referred to as `confused'. The 

two thresholds Vth1 and Vth2classify the test 

statistic R in a sub-channel into primary signal 

(represented as `1'), noise (represented as `0'), or 

confused (represented as `x') state: 

 

where Rc  is a occupancy state of a sub-channel. 

Fig illustrates the three states of a sub channel 

,where confused region is bounded by the area 

between Vth2 and Vth1. In this region ,the detection 

between the noise and PU signal cannot be 

optimally obtained using single threshold. 

 

Fig: Energy distribution of noise and  primary user 

signals 
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Fig : Flowchart for double threshold 

 

 

C. ADAPTIVE DOUBLE THRESHOLD 

SPECTRUM SENSING 

 

In cognitive radio networks, spectrum sensing is 

used to sense the unused spectrum in an 

opportunistic manner. In this paper, we propose an 

energy detector utilizing adaptive double threshold 

(ED_ADT) for spectrum sensing, which improves 

detection performance as well as overcomes 

sensing failure problem. In this paper, we present a 

novel ED scheme with adaptive double 

threshold(ED_ADT) where each CR user makes 

final decisions individually to overcome sensing 

failure problem. In proposed scheme, confused 

region is divided into four equal levels. If detected 

energy values fall in confused region, it will 

generate its respective decimal  values. If values lie  

outside the confused region, it will generate 0 or 1 

depending upon signal existence. The method is 

used to resolve the confused channel state and it 

will improve the detection performance. 

 

Fig: Adaptive double threshold 

Adaptive double threshold method steps: 

Step 1: calculate received signal,and Eth1and Eth2 

Step 2: for first time progress,go to step 

3,otherwise go to step 4 

Step 3: set detection threshold (Eth1+Eth2)/2, and 

then start the single           threshold ,after 

judgement, go to step 5. 

Step 4: case 1: if last sensing result is that the 

channel is unoccupied by the PU,the channel is 

considered to  be available for the SU only if 

E<Eth2.otherwise,the channel is unavailable,then 

go to step 5. 

              case 2: if last sensing result is that the 

channel is occupied by the PU,the channel is 

considered to be available for the SU only if 

E<Eth1.otherwise,the channel is unavailable,then 

go to step 5. 

Step 5: if channel is available,SU starts 

transmission.if not ,execute another spectrum 

sensing. 

State diagram: 

 Fig : State diagram for adaptive double threshold 
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Fig: Flowchart of adaptive threshold model 

 

 

III-RESULTS AND DISCUSSION 

All Simulation was done on MATLAB version 

R2016a. We use complementary receiver operating 

characteristic (ROC) for analysis the sensing 

performance of  CR  spectrum sensing technique. 

The simulation results are shown in this section to 

compare the  adaptive double threshold with the 

double threshold based spectrum sensing scheme. 

This is used to find the relationship between 

Signals to Noise Ratio and Probability of False 

Alarm PFA for energy detection algorithm. we 

have assumed total number of samples (N) as 1000, 

SNR range from –10 dB to 15 dB, probability of 

false alarm is fixed at Pf = 0.05, and Quadrature 

Phase-Shift Keying (QPSK) modulation is 

considered in Rayleigh fading channel. 

 

 
      

Fig: Simulation result for double threshold 

spectrum sensing 

This figure shows that the ROC curve for signal to 

noise ratio (snr_dB) versus probability of 

detection(Pd) under fixed Pfa for double threshold 

method. Finally the detection probability is 

calculated by comparing the test statistics with the 

threshold vth1and vth2 from detection threshold.  

  From this curve, we can observed that  increasing 

SNR values there is a linear increase in the 

probability of detection. For low values of SNR, 

the detection probability is poor that is almost 0.so 

that  the detection performance suffer greatly at low 

SNR region is due to the fact that the energy 

detector is highly susceptible to the noise 

uncertainty at the low SNR. And also it cannot take 

the decision in the confused region. 

 

  Fig: Simulation result for adaptive double 

threshold spectrum sensing 
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   This figure shows that the ROC curve for signal 

to noise ratio (snr_dB) versus probability of 

detection(Pd) under fixed Pfa for  adaptive double 

threshold method. 

 From this curve, we can observed that,  increasing 

SNR values there is a linear increase in the 

probability of detection. The Probability of 

detection is  0.385 ie.,high even for low values of 

SNR compared to double threshold method. Also it 

gives the advantage is to take the decision in the 

confused region. 

PERFORMANCE ANALYSIS OF DOUBLE 

THRESHOLD AND   ADAPTIVE DOUBLE 

THRESHOLD SPECTRUM SENSING 

METHOD 

TABLE 4.3.1: PROBABILITY OF 

DETECTION 

 

 

Fig 4.4: ROC curve for SNR(dB) vs Pd 

        The table and graph represents a comparative 

analysis of two spectrum sensing Method viz. 

double threshold spectrum sensing and adaptive 

double threshold spectrum sensing . From this we 

observed that the proposed spectrum sensing 

scheme achieve high detection probability under 

low SNR. It further shows that 50% improvement 

in detection as compared to double threshold 

spectrum sensing scheme Therefore from the 

analysis it will conclude that detection performance 

is improved Under proposed system. 

IV-CONCLUSION 

In this paper we proposed an adaptive double-

threshold spectrum sensing method that adjusts its 

thresholds according to the achievable maximal 

detection probability. This simulation result shows 

that the proposed system improves detection 

performance around  50% compared to the double-

threshold energy sensing schemes. The results 

shows that it performs very well, even in the low 

SNR conditions starting from as low as -10 dB and 

also resolve the confused region .This simulation is 

done using MATLAB Software. 
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