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Introduction 

Although intensive research is for cognitive radio 
network technology that is revolutionary. In the 
cognitive network there are two types of users 
primary and secondary users are authorized primary 
users used to use the spectrum at a given frequency 
band while secondary users use the space available 
for primary users always Hey does not cause 
interference in the process, But there are some 
unused spaces are called white holes so the main 
task of the radio network is to effectively use spaces 
that have not been. Cognitive radio network aims to 
provide an optimal solution. It aims to improve 
spectrum utilization and maintains a high quality 
service. Its efficiency can be improved by minimizing 
interference. Unused user frequencies can not be 
taken by authorized users (secondary users) so 
efficiently using unused frequency spectrum. Which 
can actively allocate change parameters without 
degrading (QOS) unused ASIGNA band parameters 
[2]. 

Although the main CR challenge is that secondary 
users must detect the presence of primary users. 
Since CR's main objective is to efficiently use the 
spectrum, so the detection spectrum is used to 
detect the empty spectrum. Detecting a primary user 
is how to detect a blank spectrum. Broadband 
Spectrum, Nullerspced CR, Detector Transmitter. In 
transmission tracking, the existing user is difficult to 
predict. If you look at the type of energy technology 

used, the implementation of the cognitive radio 
system is a broad spectrum. Detecting the 
transmitter is divided into detection filter, 
cyclostationary energy detection. 
Spectrum detection techniques are generally divided 
into 
Two types: rapid detection and fine detection [1] [4]. 
Quick Detection uses an energy detection 
mechanism that only provides information if the 
signal exists or does not measure the amount of 
energy received. Therefore, it is possible to run 
within a very short period of several dozen 
microseconds. Fine detection uses a developed 
detection technique can be administered as a filter or 
cyclostationary adapted, so you can identify the type 
of system appears but takes a long time of several 
tens of milliseconds. To complete the shortcomings 
of each detection technique, the WRAN IEEE 802.22 
system provides a two-step detection mechanism, a 
new hybrid method by combining the two detection 
techniques [5]. During the transmission interval 
between each quick frame detection, it is performed. 
If any power is detected between several quick 
detection tests, detection frames between the frames 
are executed while the data transmission is 
suspended. If the power of the received signal 
exceeds the predetermined power Energy threshold 
detection determines that a particular primary signal. 
The IEEE 802.22 standard specifies the detection 
threshold for some primary systems as follows: -116 
dBm for ATSC, -94 dBm -107 dBm for NTSC and 
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wireless microphone [6]. However, energy detection 
performance is highly susceptible to unknown or 
varied noise levels for these threshold values are very 
low. Therefore, the possibility of exchanging energy 
detector noise for an uncertain event of the primary 
system is high Detection performance is 
characterized by the likelihood of spectral detection 
(or probability of failure detection) and the 
probability of false alarm. The probability of failure 
detection is the probability that the secondary will 
not detect a signal, even if the primary primer is 
present in that slot. In this case, the secondary to the 
primary cause of serious interference due to the 
presence of both signals simultaneously. The 
probability of false alarms, the probability that they 
evaluate the secondary a primary signal is detected 
even if the primary is not present. In this case, the 
use of radio resources worsens because the 
secondary change the channel currently used on 
another channel is unnecessarily available. One can 
say that there is a compromise between the 
probability of failure detection and probability of 
false alarm, according to the detection threshold [1] 
[7][9]. 

If we increase the detection threshold it also 
increases the probability of missed detection, but the 
probability of false alarm decreases. Therefore, the 
determination of the threshold value detection is 
very important, taking into account various factors in 
the cognitive radio environment, such as primary 
parameters, detector capacity, and channel 
characteristics. A good choice of threshold value 
detection can improve detection performance so 
that an efficient exchange of possible spectrum 
cognitive system. 

Here we focus on how to calculate the detection 
threshold that is appropriate for the cognitive radio 
network of the environment. Suppose secondary 
users (SU) adjust their transmission power based on 
the distance between two points of communication 
in the network, data. The SU transmits power is 
greater the interference of its main user (PU) is 
higher. Therefore, if the SU transmit power, then you 
should increase detection sensitivity for the presence 
of PU cures has increased to not cause PU 
interference. Additionally, the detection threshold 
should decrease as it increases the transmission 
power of SU. If the SU transmission power is smaller 
then the interference of its processing unit is also 
lower. Therefore, if the SU decreases its transmission 
power, it may decrease detection sensitivity because 
the influence of interference is less PU. In this case, 
you need to increase the detection threshold to 
reduce the probability of false detector alarms. From 
the foregoing it is seen that the detection threshold 

is closely related to the SU transmit power and can 
therefore control the adaptive threshold based on SU 
transmit power.Various research have dealt with 
issues of transmission power control (TPC) for the 
spectrum sharing in the cognitive. radio system[1], 
[10]-[14]. It is common that the SU(secondary user) 
first    senses the power level of PU(primary user) and  
according to that it controls its own  transmission 
power within the range that the SU does not 
interfere with the PU(primary user). However, it is 
impossible for SU to lower its transmission power 
below a certain power level to ensure the 
transmission speed required for Quality of Service 
(QoS) [1]. In this case, the SU must jump from the 
channel a 'Other currently used so that it can avoid 
PU interference. There is another approach, the SU 
first monitors its transmission power according to 
the QoS requirement and then detects the PU signal. 
To ensure that the SU transmission has no influence 
on the PU, the SU must decide on a predetermined 
transmission power-based threshold and perform 
spectral detection using the threshold detection. 
Since primary and secondary systems use the same 
transmission channel, the SU signals interfere with 
PU. SU interference is acceptable for the primary 
system if only SINR (noise interference) received in 
the PR is greater than the minimum SINR required to 
decode the PT signal. To understand the above 
concept, consider the worst scenario where the 
processing unit has the lowest SINR when it is 
possible to coexist primary and secondary. Normally, 
the worst case means that PR is present at the limit 
of the primary coverage area and the closest possible 
position with SU.We define some parameters as 
follows.Rp: radius of PU coverage. 

Rs: radius of SU coverage. 

d: distance between SU and PR in the worst case. 

Qp: transmission power of PT. 

Qs: transmission power of SU. (Two SUs under 
communication use the same strength of 
transmission power.) 

Tn: thermal noise power. 

γp: SINR received at PR. 

γmin: minimum decodable SINR for PR. 

λ: sensing threshold of SU for the energy detection. 

Then, Rpis defined as[1], 

(1) 
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wheref(·) is a function of path loss and  n  is the SU 
pairs number  that can possiblely interfere with the 
PR at the same time. We assume that there is   
shadow fading and path loss channel between any 
two terminals  [10]. The path loss function is given  
by[2],  

                (2) 

Where d represents the physical distance and p 
denotes the power loss exponent which is usually a 
constant in the range 2∼4. Moreover, the thermal 
noise power is given by[1] 

              (3) 

Where nfis noise figure and bwis channel bandwidth. 
The target U disk detection spectrum is to detect 
unused frequency spectrum and sharing without 
major interference with the PU signal. It is essential 
to ensure that the primary receiver has SINR greater 
than the minimum SINR required to decode the 
signal from the primary spectrum allocation 
transmitter between primary and secondary in the 
same frequency band. 

The condition Rp>γmin must be satisfied for the 
coexistence of PU and SU in the same frequency 
channel. Therefore, the following inequality is 
characterized by(1)[1]. 

    (4) 

As the SU  have some  information regarding  the PU 
that it wants to sense, it can calculate  the values of 
Qp, Rpand γmin. If we assume that the SU 
calcalculate the path loss function and also know 
other SUs using the same channel, d is the only 
unknown parameter in (4). From (2) and (4), the 
minimum d is obtained by 

   (5) 

which indicates the minimum distance  between the 
SU and the PR for coexisting in the same channel 
while the SU’s transmission does not hamper  the 
PU’s communication. It can be noted that the value 
of dminis associated with the transmission power of 
SU, Qs. That and ,dminis increased as Qs is increased.  
Qr is the signal power that the SU receives from the 
PU when the spectrum sharing is possible. Then, Qr 
is given by 

 

 

    (6) 

If the SU detects the power of the received signal 
greater than Qr, we can say that PR may be closer to 
SU Dmin, so at this time it is not possible to share 
the spectrum. However, if the power of the detected 
signal is lower than Qr, it can be said that the 
distance between the SU and the PU is greater than 
dmin, so that the spectrum allocation is possible 
without much interference with the other. Therefore, 
the power received Qr power can be used as a 
criterion to judge whether the PU or not, and finally 
the threshold detection λ, is determined by Qr. 
The global process to detect SU spectrum can be 
expressed as follows: 

1) The SU determines the transmission power from 
the TPC considering the distance to the other SU. 
2)The SU determines the detection threshold using 
(7) and (8). 
3) The SU continues the rapid detection (ie energy 
detection) process using predetermined threshold 
detection. 
4) If the detected power is greater than the detection 
threshold, 
SU makes good detection (ie, adapted or 
cyclostation filter). If PU is detected in the end 
detection process, the SU immediately changes the 
current channel to avoid interference. 
5) If the detected power is below the detection 
threshold, 
SU continues to use the same channel and quickly 
finds it later. 
6) The SU recalculates the detection threshold When 
the SU changes its transmission power [1]. 
The following algorithm is used to detect the 
spectrum 
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TABLE IParameter setup  

 

    Parameter                          Value 

 

Qp                                       30 dBm (=1W) 

NF                                      10 dB 

Rp                                       100 m 

Γmin                                   20 dB 

K                                         1 

Qp                                       30 dBm (=1W) 

BW                                      200khz 

σ                                          4dB 

Qs                                    0∼30 dB 
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Fig. 1: Probability of false alarm vs. transmission 
power of secondary 

Figure. 1 shows the probability of false alarm to the 
SU transmission power. The probability of false alarm 
decreases with increasing SU transmission power. 
The results show that there is a compromise between 
false alarm and lost detection. In the same adaptive 
condition method, the probability of false alarm is 
slightly greater than the probability of failure 
detection. This is due to the fading effect is 
prominent in the case of probability of false alarm 
that the probability of detection loosing. 

Figure 2 shows the probability of detection ON 
transmission power. The higher the SU transmission 
power, the greater the interference, the fixed 
threshold can not detect whether the processing unit 

receives interference from the SU and lost the 
detection. The proposed method modifies the 
adaptive detection threshold according to the SU 
transmission power variation. 
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Fig. 2: Probability of missed detection vs. 
transmission power of secondary 
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Fig. 3:Probability of errors vs. transmission power of 
secondary 

In this work, the energy-detection detection 
spectrum performance parameters are altered by 
means of optimum detection technique optimal 
threshold. The optimal rule when the probability of 
failure detection (Pm) and the probability of false 
alarm (Pf) are in the same rule as the average merger 
vote rating has been proposed. The main goal is to 
concentrate on getting a closed expression form of 
the local optimum threshold detection to minimize 
the probability of total error and to work to meet the 
needs of different applicable situations. The half-vote 
rule [21] indicates that the optimal cooperative 
detection threshold is above the local optimum when 
the signal-to-noise ratio (SNR) is low, while the 
optimal local threshold becomes almost optimal 
optimum. First CR can access the frequency bands of 
the spectrum must ensure that it does not interfere 
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with another user, energy detection can be 
performed by comparing the observed k energy of 
the signal with a predetermined threshold 1 to 
present the test signal problem binary hypothesis is 
[2] so 

Pf =P(k>1/z0)                                                       (7) 

Pd=P(k<1/z1)                                                        (8) 

Where z0 indicates that the main user is absent and 
Pf is the probability of false alarm states that the 
main user is present when in fact. This is a measure 
of missing opportunities and is thought to be as low 
as possible. Z1 denotes that the main user is present 
and Pd is the probability of detection by supporting 
the main user and should be sufficient to avoid high 
interference. Following the two scenarios, the 
cognitive I observed radio signal is indicated by 

(9) 

Where a1(t) is the additive white Gaussian noise 
(AWGN), and a2 is the complex channel gain of the 
sensing channel. The collected energy Y1(t) taken as a 
decision statistic which has the following distribution 

   (10)              

Where (α2u) indicates a central square distribution of 
2u degrees of freedom equal to twice the 2TW time 
band product. While (α2 (2γ)) indicates a distribution 
of non-central square with the same degrees of 
freedom [2]. 

For cognitive-radio, the mean false false probability, 
the average probability of detection and the average 
probability of failure detection on the AWGN 
channels are given respectively by [2] [22] 

                                      (11) 

(12) 

(13) 

Where λᵢ the energy threshold in the cognitive radio, 
for example,  (a, x) is the incomplete gamma 
function,  (a) is the range and Qᵤ (a, b) is the 
generalized Marcum Q function. 

In our model, we consider the sensing time of every 
cognitive radio is long enough. The probability of  
and  are supposed to be and which satisfy 
the following expression 

                     (14) 

In this algorithm optimum threshold is calculated by 
the following formula 

(15)                          

Where N is the  bandwidth product 

This shows the flowchart for the optimal detection 
algorithm 

 

Results 

The parameter setups for the algorithm are: 

N = 2TW = 4000 

SNR = -15 dB to 30 dB 

With above setup algorithm was implemented in 
Matlab and following results are obtained: 

 

Fig.4: Missed detection probability Pm versus SNR 
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We get the number of Pm and Pf against SNR vs. 
SNR. Higo. 4 shows that Pm decreases the threshold 
decreases and Figure 5 shows Pf increases the 
threshold will be Dies This is because it is inclined to 
declare this signal when the threshold is low and vice 
versa. We are able to adjust the threshold according 
to the different needs of the cognitive radio 
environment. When Pm is low, the threshold should 
be chosen above the optimal threshold value. When 
Pf is low, the threshold should be passed non-
optimal. 

 

Fig5.  probability of detection Pd versus SNR 

Conclusion 

We are able to adjust the threshold according to the 
different situations. When Pm should be low, the 
threshold should be chosen above the optimum. 
When asked for Pf is low, the threshold should be 
less than optimal. When it comes to minimizing the 
probability of Pe error, the optimal threshold in our 
work is a good trade-off. Optimal threshold, the 
probability of total local detection error can be 
minimized as compensation. Finally, the rule of the 
half result voting number showed that the 
probability of total system error can be minimized 
with a higher threshold when the good SNR locale is 
low. Following the same procedure as in the previous 
paragraph, the results are slightly different when P 
H0 and H1 P change. The constant observation is 
that the threshold calculated by our expression (13) 
will always be the optimal, but almost optimal, 
cooperating with half-rate rule union when the SNR 
is a bit low-sensing. Or exact closed form for the 
optimum expression detection threshold cooperation 
will be studied in the future. 
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