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ABSTRACT: In  spectrum sharing cognitive radio systems ,the coverage area of the secondary users can be extended 
by using cooperative relaying schemes. In this paper, we consider multi-hop AF cooperative relaying to increase the 
system performance. Power allocation is a major issue in a cooperative wireless system. Particle Swarm 
Optimization(PSO) power allocation scheme is exploited for communication by considering perfect Channel State 
Information. By using Extreme Value Theory, the limiting distribution functions of the lower and upper bounds on the 
end to end signal to noise ratio can be derived. With PSO algorithm, we can minimize the outage probability as a 
constraint compared to water filling power allocation algorithm. In PSO, the swarm of particles are present, each 
particle represents a possible solution. By using fitness function, the optimal solution can be obtained. Hence, the 
system performance can be enhanced by using PSO algorithm for multi-hop cooperative AF relaying. 
 
KEYWORDS: Cooperative communications, AF relaying Scheme, Power Allocation, Extreme value Theory, Particle 
Swarm Optimization  
 

I.INTRODUCTION 
 

   COGNITIVE radio (CR) is a promising wireless technology to resolve the growing scarcity of the indispensable 
electromagnetic spectrum resources. By use of CR, secondary users (SUs) without explicitly assigned spectrum 
resources can co-exist with primary users (PUs) licensed with particular spectrum.  Major communications regulators 
like the FCC in US and OFCOM in UK have allowed secondary access for unlicensed devices to the terrestrial TV 
broadcast bands. Relayed transmission is a promising technique for improving the quality of wireless communications. 
   Cooperative communication is a new class of diversity; it is used for efficient wireless communication. The basic 
idea behind the user-cooperation is that of information sharing with multiple nodes in a wireless communication 
network. The reason beyond is sharing of user cooperation is that desire to share power and data processing with 
neighbouring nodes for effective case of resources. In cooperation the single antenna users share their antennas. So that 
it improves communication capacity, speed and performance.     
   In this work, multi relay cooperative network using AF relaying is considered. AF relaying gives better performance 
compare to DF when the relay located away from source (when the relay unable to decode the received data perfectly) 
and has low complexity. PSO based power allocation is applied for multi relay cooperative network and outage 
performance is compared for both PSO and water filling power allocation ALGORITHMS Cooperative communication 
provides various advantages over MIMO system. The major concern for the realization of cooperative communication 
is power allocation (PA). Power allocation is a useful solution to save transmits power and improves the performance 
of the system. Basically in cooperative communication, the power is allocated to source as well as relay. The problem 
is how to allocate the power to source node and relay based on link condition and channel state information availability. 
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II.RELATED WORK 
 

    Related work has been presented in [4], where authors derive expression for symbol error rate when selected relays 
with high contribution are allowed to participate in communication. An amplify and forward relay network has been 
studied in [5], where a source communicates with the user having best channel conditions through an intermediate relay 
that serves to multiple users. Probability density function and cumulative density functions of the received SNR at the 
best user in Rayleigh fading channels have also been derived.Here, closed form expressions for outage probability, 
cumulative density function and the probability density function of received SNR have been presented. In [8], authors 
propose a network coding approach to cooperative diversity featuring the algebraic superposition of channel codes over 
a finite field. Communication over interference limited wireless networks with the help of network coding has been 
analysed in [10].  
   In wireless environment numbers of relays are present, multi-relay cooperative communication efforts the better 
diversity gain. Whenever cooperation is carried out it is necessary to allocate power to multi-relay system . Luo, 
Jianghong, et al [20] are illustrate cooperative relaying using DF in a N-node distributed network, the power allocated 
among the source and relay for minimizing outage probability, however the SER performance also important issue in 
multi-relay cooperative communication for enhance the system performance and it is need to allocate optimum power 
allocation for each relay. 

III.COOPERATIVE MULTI-HOP SYSTEM MODEL 
 

   To extend the coverage area of secondary transmitters and to reduce their interference region and its negative impact 
on primary users, multi-hop AF RELAYING can be implemented. 
 

A. Multi-hop Cooperative Relaying System Model: 
 

 
Fig 1.Spectrum Sharing Based secondary multi-hop Relaying network 

   In the secondary multi-hop AF relaying link, all SUs work in a time-division multiple access (TDMA) fashion and 
equal time slots of a transmission frame are allocated to each SU along the multi-hop path. Also, only one SU transmits 
to its next node along the multi-hop relaying path during each time slot. With these assumptions in mind, based on [10], 
[13], the end-to-end (e2e) received SNR at the final destination SUK, can be expressed as  

                            (1) 
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where γk   denotes the received SNR at the kth secondary node (k = 1, · · · ,K), defined as 

                                                                     (2) 
where dk and fk denote the distance and the channel fast-fading coefficient between consecutive secondary nodes SUK-1 
and  SUK ,	∈ refers to the path-loss exponent (generally,  ∈	≥ 2 in free space and ∈= 4	in most practical scenarios), Pk-1 
indicates the transmit power at SUK-1, and ߪ௞ଶstands for the additive white Gaussian noise (AWGN) variance at SUK. 
For notational convenience, the secondary source node in Fig. 1 is denoted by SUO .The actual power values will 
greatly affect the end-to-end SNR at the destination node. To overcome this we establish optimal power allocation at 
the source and destination nodes. 
 
B. Optimal Power Allocation: 
   The Optimal Power Allocation at the secondary nodes along the multi-hop link can be established and then based on 
that the value of optimal transmit power during each transmission slot at each secondary node can be 
determined.Assume that the average tolerable interference power at the primary receiver is W dB with respect to the 
noise power. Also, the distances corresponding to the desired link and the interference link at each hop are assumed to 
remain fixed during a communication between the secondary source and its destination Thus, to maximize the 
achievable data rate at the kth hop, we need to optimize the transmit power at SUK-1 with respect to W and the 
instantaneous fast-fading fluctuations of the corresponding desired channel and interference channel. By  Applying the 
well-known Lagrangian multiplier method, we optimize the power by using power allocation parameter ߣk-1  by setting 
average interference power constraint. 
   With the help of water-filling power allocation algorithm, the power allocation can be determined by so-called water 
level. If the gain of the desired channel is smaller than the lower bound, then transmit power is zero, otherwise no data 
will be transmitted.  
 
 C. Statistics of the end-to-end SNR: 
   To find the statistics of end-to-end SNR at the secondary destination, first we need to derive the exact distribution 
functions and MGF of the end-to-end SNR. For further processing while gaining insight into system performance, a 
pair of lower and upper bounds on the SNR are proposed and their limiting distribution functions as the number of hops 
K →∞ are developed, by using extreme value theory. The exact distribution functions and MGF of the end-to-end SNR 
can be derived with the help of higher level statistics such as Tricomi confluent hyper geometric and Gaussian hyper 
geometric functions[14]. 
   Although the exact CDF and MGF of the end-to-end SNR were developed as above, they are a bit on the complex 
side for further processing. In order to proceed and in particular to gain illuminating insights into system performance, 
in the next subsection we propose a pair of lower and upper bounds on the end-to-end SNR and study its limiting 
distribution functions, by using the extreme value theory. The limiting distribution functions of the lower and upper 
bounds on the end-to-end SNR can be derived to reduce the complexity of higher hops. 
   Assuming that the received SNRs at K consecutive hops are i.i.d, the limiting CDF and PDF of the upper bound are 
given by 

(3) 
 

      (4) 
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The limiting distribution functions CDF and PDF of the lower bound are  given by 

(5) 

  (6) 
 

   By using the limiting CDF and PDF of the lower and upper bounds, we can evaluate the system performance by 
calculating outage probability and achievable data rate. By increasing the number of hops, we can estimate the 
performance exploiting extreme value theory for mathematical tractability. 

IV.PROPOSED POWER ALLOCATION SCHEME 
 

A. Particle Swarm Optimization: 
    Particle Swarm Optimization is optimizing technique; it gives the best optimum value for a given problem by using 
objective function. PSO contains a swarm of particles, each particles in this swarm gives a possible solution. This 
optimizing technique is working based on the population search, and gives a best solution by iteration method [11]. In 
PSO algorithm, all particles are move towards its optimum value. For each iteration all the particles in this swarm are 
updated by its position and velocity for optimization ability. In PSO each particle maintains its position evaluated 
fitness and velocity. Let pm (t) denote the position of particle m in the nx -dimensional search space at time t . The 
position of the particle is changed by adding velocity vm (t+1)to the current position as 

           (7) 
    For the global best PSO (called “Gbest PSO” hereafter), the neighbourhood for each particle is the entire swarm. The 

social component of the particle velocity update reflects information obtained from all the particles in the swarm. In 
this case, the social information is the best position found by the swarm, referred to as yˆ . The velocity of particle m 

 is updated as 

(8) 
where vm (t) is the velocity of particle m at time step t ,c1 and c2 are positive acceleration constants used to scale the 
contribution of the cognitive and social components, respectively, and r1 (t)  and r2 (t)   are nx -dimensional vectors 
whose elements are uniformly distributed in the range [0,1]. The personal best position ym(t) associated with particle m 
at time step t is the best position that the particle has visited since the first step. Then the fitness function measures how 
close the corresponding solution is to the optimum. 
 
B. Description of the  Proposed Algorithm: 
    Aim of the proposed algorithm is to.optimize the power allocation along the secondary multi-hop AF cooperative 
relaying. The proposed algorithm is consists of four main steps. 
(i)Obtaining Partial CSI: 
   During the CSI collection slot, the system collects the CSI at those symbol times in the slot. Based on this partial CSI, 
the system calculates the power allocation using the proposed scheme. Then, during the data transmission slots, actual 
data are transmitted with the power allocated in the CSI collection slot. Hence, the proposed scheme significantly 
reduces overhead required for the CSI collection and calculation 
(ii) Deriving Instantaneous optimum Value: 
  We considered 20 particles and 5 iterations to obtain the optimal point. The optimum point axes are (0,0). The 
particles were randomly distributed in the grid. In each iteration, the particles have inferred each other about their 
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position and velocity. Thus, they have flown around the grid, making a swarm. If the iteration is finished, the PSO 
algorithm finds the optimum point that is closest. 
(iii) Evaluating a fitness Function of the PSO: 
   The fitness function of the PSO algorithm is the outage probability function. Outage probability is defined as the 
probability that the instantaneous end-to-end SNR falls below a prescribed threshold value γth. 

(9) 
(iv) Allocating Power using the gbest of the PSO: 
   After finding the optimal solution among all the possible solution by calculating fitness function followed by  
iterations. In this way  the power allocation can be optimized along multi-hop cooperative relaying along secondary 
transmission.         
                                      
C. Pseudo code for PSO Algorithm: 

    Step 1: Generate initial random particles 
Step 2:  Calculate the velocity of each particle by using eq. (8). 
Step 3:  Obtaining the Personal best position by calculating the fitness function. 
                if (Pbestcurrent <  Pbestprev)   
                         set the personal best position. 
               else 
             update the personal best position 
               end 
Step 4:  Obtaining the Global best position by calculating the fitness function. 
                if (Gbestcurrent <  Gbestprev)   
                         set the Global best position. 
               else 
             update the Global best position 
               end 
Step 5: Allocating power using the Gbest of the PSO 
Step 6: Optimization of the power between the source and destination can be done 
Step 7: go to step 3. 
Step 8: End.     
 

V.SIMULATION RESULTS AND DISCUSSIONS 
 

    To evaluate the performance of the proposed PSO algorithm, the simulation is implemented with MATLAB.  For 
ease of mathematical tractability of the above theorems, it is assumed that the variances of AWGNs at all nodes are 
identical. In general, however, AWGNs at different nodes may have different variances and different channels may 
have different average power gain values. Actually, for ease of theoretical analysis, the variance of AWGN and the 
average value of channel power gain can be absorbed without loss of generality into a single parameter, namely, 
average SNR.  In the simulation experiments, the number of hops is set to an even integer (k=2,4,8)and all secondary 
nodes are deployed sequentially along a straight line. In the ensuing Monte-Carlo simulations, the gain of channel fast-
fading is subject to Rayleigh distribution with unit mean, and the variance of AWGNs at all nodes is set to unity. 
Furthermore, the energy of each transmitted symbol is set to unity but is scaled before transmission by a constant 
corresponding to the average SNR. The power allocation can be done by using PSO algorithm.  
 
  The performance metric outage probability is defined as the probability that the instantaneous end-to-end SNR falls 
below a prescribed threshold value ߛ௧௛. Furthermore, since outage probability is a monotonically decreasing function of 
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the end-to-end SNR eq(9). In order to confirm the effectiveness of the preceding analysis, extensive simulation 
experiments are performed to compare the simulation results of outage probability with the numerical results of the 
above lower and upper bounds. 
 
 
 

 
                                 Fig. 2.Outage Probability versus tolerable interference power for different number of relaying hops  

   
    The performance of the system  can be evaluating by calculating outage probability versus tolerable interference 
power at primary users.Fig.2  shows the effect of number of hops on the outage probability, by increasing the number 
of hops i.e, the value of K increases from 2 to 8,outage probability becomes more and more tight with the lower bound 
especially in the medium to high tolerable-inference-power regions. These observations demonstrate the effectiveness 
of the previous limiting performance analysis even when the number of relaying hops is small. The outage probability 
is minimised by using PSO algorithm which outperforms the water-filling algorithm. By this, we can enhance the 
system performance effectively. 
 

   Fig.3. below shows the outage probability versus tolerable interference power at PUs (dB) graph in which the lower 
bound is tighter with the simulation results than the upper bound. This is because when the received SNRs at 
consecutive hops are i.i.d., the end-to-end SNR approaches its upper bound. In other words, the outage probability of 
multi-hop AF relaying under spectrum-sharing constraint is dominated by the tolerable interference power at the 
primary receiver and it is highly predictable by the lower bound. The PSO simulation is more approximate to the lower 
bound when compared to Water-filling simulation. By this, we can infer that PSO power allocation scheme 
outperforms the water-filling algorithm. 
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                                     Fig. 3.Outage Probability of multi-hop Spectrum Sharing with lower and upper bounds 

VI. CONCLUSION AND FUTURE SCOPE 
 

   The performance AF protocol has been analysed for multi-hop relaying in Rayleigh fading channel. From the 
simulation results, it is observed that he system performance is improves, whenever the number of relays increases. By 
this way the problems of wireless communication system like fading, shadowing and path-loss are reduced by using 
relay as a third station. Minimizing Outage Probability is defines as optimization problem with source and relay power 
as constraints.  The simulation results showed that the proposed PSO algorithm performs better compared to existing 
water-filling algorithm. By this, the coverage area of  secondary users can be extended. 
  The work can be extended for relay selection and diversity combining techniques in adaptive modulation environment 
By selecting the relay, we can allocate power to the required relay in which multiple relays are present from source to 
destination.  

 
REFERENCES 

  
             
[1] Minghua xia,member IEEE and SONIA AISSA,senior member,IEEE,”Spectrum sharing multi-hop cooperative relaying-performance analysis 

using extreme value theory.”,IEEE Transactions on wireless communications,vol.13,No.1.January 2014. 
[2] V. Asghari and S. A¨ıssa, “Cooperative Relay Communication Performance under spectrum-sharing resource requirements,” in Proc. 2010 IEEE 

ICC, pp. 1–6. 
[3] Y.Zhao, R. Adve, and T.J. Lim. “ Symbol error rate of selection amplify-and-forward relay systems:”, IEEE Communication letters, Vol.10, 

No.11. pp. 757-9, Nov. 2006.     
[4] J.B.  Kim  and  D.  Kim.  “ Comparison  of two SNR-based  feedback  schemes  in  multiuser dual-hop amplify-and-forward  relaying    

networks.”, Communications letters, IEEE, Vol. 12, No. 8., pp. 557-9, Aug. 2008.    
[5] A. Augustin and J. Vidal. “ Amplify-and forward cooperation under interference limited spatial reuse of the relay slot”, IEEE Transactions on  

Wireless Communications, Vol. 7, No,5, pp. 1952-62, May. 2008.   
[6] A.T. Theodoros, G.K. Karagiannidis, P.T. Mathiopoulos and S.A. Kotsopoulos. “ Nonregenerative dual hop cooperative links with  selection      

diversity”, EURASIP journal on Wireless communications and networking, Vol.2006, No. 17862, pp. 1-8, 2006.  
[7]  L. Xiao, T.E. Fuja, J. Kliewer and D.J. Costello. “ A network coding approach to cooperative diversity”, IEEE Transactions on Information 

Theory, Vol. 53, No. 10, pp. 3714-22, Oct. 2007. 
[8] B. Nazer and M. Gastpar, “ Reliable physical layer network coding”, Proc. Of the IEEE, Vol. 99, No. 3, pp. 438-60, Mar. 2011.  
[9] S. Zhang, and S.C Liew, “ Channel coding and decoding in a relay system operated with physical-layer network coding”, IEEE Journal on 

selected areas in communications, Vol. 27, No. 5, pp.788-96, Jun. 2009. 
[10] G. K. Karagiannidis, T. A. Tsiftsis, and R. K. Mallik, “Bounds for multihop relayed communications in Nakagami-m fading,” IEEE Trans 

http://www.ijircce.com


 

                     ISSN(Online):  2320-9801 
              ISSN (Print) :  2320-9798                                                                                                                         

International Journal of Innovative Research in Computer 
and Communication Engineering 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Website: www.ijircce.com 
Vol. 6, Issue 3, March 2018 

 

Copyright to IJIRCCE                                                           DOI: 10.15680/IJIRCCE.2018.0603069                                          2170                  

 

Commun., vol. 54, no. 1, pp. 18–22, Jan. 2006. 
[11] Kennedy,James., “Particle Swarm Optimization.” Encyclopedia of Machine Learning.Springer US, 2010. 760- 766. 
[12] Zhihang Yi, MinChulJu, Hyoung-Kyu Song, and Il-Min Kim, “Analysis of Particle Swarm Optimization algorithm”, Computer and 

information Science 3.1 (2010):P180. 
[13] M. O. Hasna and M.-S. Alouini, “Outage probability of multi-hop transmission over Nakagami fading channels,” IEEE Commun. Lett., vol. 7,   

no. 5, pp. 216–218, May 2003.  
[14] I.S.Gradshteyn and I.M.Ryzhik,”Table of integrals,series and products”,7th ed,Academic press,2007. 
[15] Kwangyul Kim,Yoan Shin “An improved power allocation scheme using particle swarm optimization in cooperative wireless communication 

systems, 17th Asia-Pacific Conference on Communication,2011. 
[16] Kaya, Onur, and Sennur Ulukus. "Power Allocation for Cooperative Communications." Cooperative Communications for Improved Wireless 

Network Transmission: Framework for Virtual Antenna Array Applications (2010): 62.  
[17] Bai, Qinghai. "Analysis of Particle Swarm Optimization Algorithm." Computer & Information Science 3.1 (2010). 
[18] Rappaport, Theodore S.” Wireless communications: principles and practice” ,Vol. 2. New Jersey: Prentice Hall PTR, 1996.  
[19] LIN, Fei, et al. "Optimal power allocation to minimize SER for multinode amplify-and-forward cooperative communication systems." the 

Journal of China Universities of posts and Telecommunications 15.4 (2008): 14-23. 
[20] Luo, Jianghong, et al. “Decode-and-forward cooperative diversity with power allocation in wireless networks,” wireless communications,IEEE 

transactions on 36.3 (2007): 793-799. 
 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ijircce.com

