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1. INTRODUCTION  

The combination of spectral detection with evolution optimization in the cognitive network and 

trying to increase the output rate and increase the efficiency of the problem is very interesting and 

important. Spectral radiography is very useful in wireless sensor networks and cognitive radio 

networks, especially in non-stationary networks, and helps in early detection of interferences. 

Energy is usually a scarce commodity in wireless ad hoc networks, as users typically operate on 

batteries, which in many cases are difficult to replace or recharge. In general, cognitive wireless 

radio network is capable of adapting to the outside existing time varying environment. To avoid 

harmful interference between different networks to affect users, most spectrum bands are allocated 

to certain services but worldwide spectrum occupancy measurements show that only portions of the 

spectrum band are fully used. Moreover, there are large temporal and spatial variations in the 

spectrum occupancy. When using spectrum sensing, the hidden terminal problem might cause 

problems when there is an obstacle between the secondary system and the primary transmitter [1,2]. 

In this condition the secondary user might have good connection to primary receiver but it can not 

necessarily detect the primary transmitter and its transmission. To overcome this problem, we can 

use longer sensing period to increase the measurement accuracy but this reduce the available time 

for transmission, also another method to overcome the problem is to use cooperation. Spectrum 
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sensing determines the presence or absence of the primary user, based on a specific detection model. 

Because of dynamic feature of the environment the transmit power control requires a precise study 

by employing an intelligent algorithm [3]. While, the population adaptation for genetic algorithm 

based cognitive radio and bio-inspired algorithm for dynamic resource allocation and parameter 

adaptation have been studied, in [4,5]. In this paper, we proposed an intelligent method to encounter 

the challenges of the secondary radio network. We formulate an optimization problem, considering 

the strict requirement of the protection of licensed users from the interference caused by the 

unlicensed or secondary users. A challenge with implementing beamforming in ad hoc networks is 

that the geometry of the network may change dynamically [6,7]. Due to the variation of radio 

channel characteristics secondary radio networks need to support time varying quality of service 

requirements. The basic goals of our work are focused on dynamic constrained power allocation, 

maximizing the transmission capacity by pre and post beamforming technique when primary users 

are active and secondary users work in an underlay mode or when primary users are idle and 

secondary users work in an overlay mode. To achieve these goals we employ the algorithm based on 

particle swarm optimization.  

2. NETWORK MODELING 

We consider a system model where the primary network consists of N  primary users (PUs) each 

having a transceiver system. There is no active communication or cooperative behavior between 

primary and secondary users. The secondary network has an ad hoc scenario and work in the same 

frequency band as the primary system. With deployment of K  antennas at each secondary transmitter, 

an efficient transmit beamforming technique is proposed to maximize the sum throughput. The 

transmit powers of secondary users are limited to a maximum value prescribed by primary users. The 

system model of our scenario is illustrated in figure 1. The secondary network included M  secondary 

users so it has an ad hoc scenario. The secondary user network structure is based on beamforming at 

both the transmitter ( K  antennas) and the receiver ( K  antennas) for each secondary user link. The 

transmission scheme is characterized by the power allocation, eigenvalues and eigenvectors of the 

transmit covariance matrix. 

 

Fig1.  Conceptual diagram of the system model 

3. PROBLEM FORMULATION AND SOLUTION 

3.1. Power Control in Underlying Mode 

The objective here is considered as to maximize the transmission capacity of the secondary users 
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subject to minimum interference and maximum quality of service of the primary users with minimum 

transmission power for secondary users by beamforming approach. According to [8] the nth primary 

user’s received signal is obtained as follow:                  
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Where  pux  and jx are the transmitted signals of the primary base station and secondary users, 

respectively. The power of associated signals for j=1,2,3……m are as: 
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 are  vectors in size of k ×1 and k× k,the fading path gains from primary base station to 

the nth primary users and channel gains between secondary users, respectively. mn
denotes zero mean 

additive with Gaussian noise with variance 
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primary base station and secondary users, respectively. Also power sup
is constrained by a maximum 

transmit power limit maxp
. We design the transmit and receive beamvectors as we mentioned in [8] 

then we can express the mth secondary user received signal as: 
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The transmit vector of size K×1 is mmm x.bs  , Where mb  is the pre-beamforming vector and mx  is 

the transmit sample for m between 1 and M . Where ma is the post-beamforming vector at the receive 

secondary users. The signal to interference noise ratio at the mth secondary user is as follow 

according to [8]. 
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The per-user sum capacity is: 
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The maximum eigenvalue of 
mmmm susu

H

su HΦH .. 1
 is defined as )(max m   and must be chosen to 

maximize the capacity of secondary users so:  
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For beamforming, the transmitted power through all the secondary users for the mth secondary user is 

proportional to
2|| || mb . We can convert the constrained optimization process into an unconstrained 

one to meet problem constraints simultaneously. The behavior of cost function is dynamic due to non-

stationary environment specifications. The Lagrangian cost function becomes as below we should 

minimize it as fitness function: 
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Where intQ is the maximum tolerable received power at the primary receiver and },,{ 321  i  is 

the Lagrangian multiplier. To achieve the optimal performance, Lagrangian multipliers, pre and post 

beam forming vectors are adjusted to let the transmit power satisfy all constraints by PSO[10].  

3.2. Spectrum Sensing in Overlay Mode 

 Energy detector based approach, also known as radiometry or periodogram is the most common way 

of spectrum sensing because of its low computational and implementation complexities. Also, 

receivers do not need any knowledge on the primary user’s signal. The method has also been analyzed 

in the presence of signals with random amplitude and channel fading. For a low pass signal having 

bandwidth W , the energy in a sample record of duration T is approximated by TW2  where the 

received waveform is sampled at the rate W2 . The energy is expressed as follow: 
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Where )(tn is Gaussian noise process and i is the ith noise sample the results are the same for a 

band pass processes provided that W is interpreted as the positive frequency bandwidth. For zero 

mean Gaussian distributed noise only ( 0H ), the energy E  follows central chi-square (
2 ) 

distribution with TW2  degrees of freedom. In the case that the primary user/ signal is present ( 1H ), 

E  follows a non-central chi-square (
2 ) distribution with TW2  degrees freedom and a non-

centrality parameter 2 , where is the detected signal- to- noise-ratio (SNR) . 
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The probability of false alarm fp  and the probability of correct detection dp  are described as: 
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The joint probability for detection dQ  and false alarm fQ  can therefore be given as: 

n

dd PQ )1(1                                                                                                                          (11) 
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Where n denotes number of secondary users and dp  and fp  denote probability of detection and false 

alarm. Where is the decision threshold,  is the gamma function, both complete and incomplete 

types are used, and TWb   is the time bandwidth and 
b

Q is the Marcum Q -function [9]. When 

spectrum holes have been detected the transmission power of secondary users can be maximized for 

maximum capacity so the inequality equation can convert to equality as follow: 
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4. NUMERICAL RESULTS 

In simulation model, the problem of resource allocation in the context of secondary radio networks 

has been simulated. The combination of spectral detection with evolution optimization in the 

cognitive network and trying to increase the system output rate has been used.With the deployment of 

K  antennas at the secondary transceivers, an efficient transmit beamforming technique is proposed. 

In our PSO algorithm the three Lagrange multipliers will be set during each iteration to their best 

values. Path noises are independent zero-mean complex Gaussian random variable with variance1. 

The maximum transmit power for secondary users are assumed to be 5mW. Interference from primary 

users to base station is ignored. Interference constraint of all primary users is 10
-4

 .  Sensing time of 2 

micro second is considered. We use T =40 and the number of users is 4, 8 and 15 and making four 

decision thresholds in simulations. It was found that the more repetition of the algorithm in each 

iteration has the much accuracy. In figure 2 the probability of detection and false detection are shown. 

It can be seen from the figure 2-(a) that by increasing the number of cooperative users, the probability 

of false alarm is reduced. From figure 2-(b), it can be seen that with increasing the number of users 

the probability of detection arises. 
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(a)  

 

 (b) 

Fig.2. (a) Probability of false detection, (b) Probability of detection 

By making average global information of the best particles, the accuracy of the best particles has been 

raised. We can see the behavior of the cost function and its convergence attributes of PSO, it is clear 

that the all constraints are fulfilled. From figure 3-(a), it can be seen that the transmission capacity 

arises with increasing the amount of transmission power; however the power will be limited by our 

simulations constraints and primary user interference. Figure 3-(b) shows allocated transmission 

power of secondary users. The fitness functions steer the evolution of the PSO in the correct direction 

to optimize the given multi-objective functions for the secondary users with the defined constraints.  

 

 (a) 
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(b) 

Fig3.  (a) Transmission capacity of the secondary users, (b) Convergence of transmission power for secondary 

users 

With this combination of sensor system and spectrum detection and concurrency detection, the 

efficiency of the higher model went up and improved. 

5. CONCLUSION 

We have proposed a PSO assisted scheme to design of distributed power control by beam forming in 

secondary radio networks. In addition, spectrum sensing or awareness has been investigated. The 

minimum transmission power of each secondary or secondary user is considered, when primary users 

are in active mode and frequency spectrum has been occupied. Proposed scheme shows the 

performance of a heuristic improvement in secondary radio performance. Reliable detection of the 

presence of primary users is of uttermost importance since the secondary radio operating, as a 

secondary system is not allowed to cause harmful interference to the primary user. We have evaluated 

the performance of radiometry in terms of the probabilities of detection and false alarm. Due to the 

limited awareness of a single secondary radio node, cooperative sensing will be important in practical 

secondary systems. This would lead to a tradeoff between reliable sensing information and the costs 

causes by more extensive cooperation, such as complexity and increased signaling. Spectral 

radiography in our system, especially in non-stationary model, has been played a great role in early 

detection of interferences. 
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