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Abstract—In this paper, a transmit power-saving scheme 

incorporated with multiple relay-selection for performance 

enhancement of underlay relay-assisted cognitive radio 

networks (RCRNs) is proposed.  For this purpose, a secondary 

source assisted by a set of Amplify-and-Forward (AF) cognitive 

relays to communicate with its intended destination, is 

considered. The relays operate in half duplex mode below the 

interference threshold of a primary user (PU). In contrast to the 

previous relay selection schemes in this context, our proposed 

technique is focused on the difference of signal-to-noise ratio 

(SNR) of source-relay and corresponding relay-destination link 

for each candidate relay and decisions regarding power-saving 

and SNR maximization are solely based on this factor.  

However, for the sake of interference-mitigation, multiple relay 

selection is performed and assigns a selection priority factor for 

each relay based on SNR of its corresponding relay-destination 

link. Finally, ease of implementation and quick convergence 

along with strong exploration and exploitation techniques of 

Artificial Bee Colony (ABC) algorithm convinced us to employ 

this global optimizer to achieve the optimum results of our 

multi-constrained problem. Performance of the proposed 

scheme is shown through computer simulations.  

 
Index Terms—Cognitive  radio   network,   underlay   spectrum 

sharing,   amplify-and-forward,   relay  networks,   artificial  bee 

colony 

I. INTRODUCTION 

Cognitive Radio (CR) with cooperative relaying stand 

as a well-established and a fascinating combination to 

combat deep path loss, heavy fading and improve other 

system’s performance parameters using spatial diversity 

combining [1]-[2]. Thus, relay-assisted cognitive radio 

networks (RCRNs) have gained remarkable attention in 

recent years to extend the coverage area of a secondary 

network in an underlay spectrum sharing approach. 

However, the major challenge faced by a bunch of 

potential cognitive relays sharing the licensed spectrum 

with the licensed or Primary  User (PU) is in the form of 

interference constraint [2]. This limitation places a 

significant negative impact on the transmit power of the 

relays which in turn drops end-to-end SNR of the 

secondary network, and can even cease the secondary 

communication in the worst scenario. In this context, a 

variety of solutions have been proposed and accepted by 
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the research community and relay selection lies among 

the acknowledged methodologies [3].  

In underlay RCRNs, relay selection aims to optimize 

the secondary system’s performance while keeping an 

eye on the peak interference level tolerable to the 

neighboring PU(s) [4]. Both best and multiple relay 

selection schemes have been proposed for different 

selection criterion employing Amplify-and-Forward (AF) 

[5], Decode-and-Forward (DF) [6] and combination of 

AF-DF [7] relays. AF relaying is widely used among all 

relaying protocols due to its comparatively easy 

implementation and less delay as just amplification is 

done at the relay network with no decoding [8]. Generally 

speaking, the existing relay selection schemes can be 

broadly divided into two categories. First, Opportunistic 

Relay Selection [9], which takes into account the SNR of 

both source-relay and relay-destination links and requires 

perfect knowledge of channel state information (CSI) to 

select the best relay. Second, Partial Relay Selection [10], 

which considers SNR of either of the source-relay or 

relay-destination link for relay-selection and employ 

fixed-gain relays which simplifies relaying operation 

without compromising significantly on the performance. 

Relay selection problems, either opportunistic or 

partial, have been formulated for different underlay 

system models. We have cited only those contributions 

which considered two-hop RCRNS with all single-

antenna terminals in a Rayleigh flat-fade scenario. Under 

this assumption, the authors considered a single 

secondary source-destination pair assisted by a set of 

cognitive relays.  

[11]-[14] present best relay selection schemes 

proposed in the absence of line-of-sight (LoS) path 

between end nodes in secondary network. The network 

performance is optimized taking into consideration the 

interference from the secondary network towards the PU. 

Similar scenario has been considered by Xu. et al [15] to 

carry out multiple relay selection. However, there are 

relatively limited contributions in the area of multiple 

relay selection. [3] performed multiple relay selection 

while assuming the secondary source being away from 

PU and its destination. In [16], ElShaarany et al. 

proposed multiple relay selection technique when 

secondary destination and PU are both assumed to lie 

under the coverage area of source. 

Social insects (wasps, ants, bees etc.) can adapt 

themselves to the changing environment and build 
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flexible colonies, which make them capable of 

maintaining robustness in their life despite unfavorable 

conditions. This interaction of social insects with each 

other and their adaptive behavior towards variable 

environmental conditions has given birth to may 

Evolutionary Algorithms (EAs) [17]. Bio-inspired EAs 

such as, Ant Colony Optimization (ACO), Particle 

Swarm Optimization (PSO), simulated Annealing (SA), 

Bee Colony Optimization (ABC) and Invasive Weed 

Optimization (IWO) have emerged as a fascinating field 

for mathematical modelling and optimization of multi-

objective and multi-constrained engineering problems 

using their derivative-free approach. Karaboga’s ABC is 

comparably new population-based global optimizer 

developed on the foraging behavior of honey bees. The 

key winning characteristics of ABC are ease of 

implementation, good balance between exploration and 

exploitation, fewer control parameters, and fast 

convergence. ABC has already gained remarkable 

attention to solve diverse real-world problems in 

engineering and science [18]-[21]. Different optimization 

domains of CRNs also employed ABC to solve problems 

involving interference mitigation [22], spectrum sensing 

and allocation [23]-[24], and relay selection [25]-[26]. 

In this proposal, we focused on an underlay RCRN and 

applied the concept of opportunistic relay selection to 

select multiple relays aiming to maximize end-to-end 

SNR. In underlay scenario, the existing relay selection 

problems are generally formulated based on the end-to-

end SNR’s bounds of a relay network. Our proposed 

technique is different from such prior schemes in its 

unique way to perform transmit-power saving at the relay 

network before and after relay selection. For this purpose, 

we take interest in the difference of SNR of each relay’s 

source-relay and corresponding relay-destination link 

which is the prime novelty of our approach as compared 

to previous contributions in this context. We suggested a 

three-phase optimization strategy, first the power-saving 

phase followed by a relay selection phase and finally 

SNR maximization phase. Power-saving phase is based on 

SNR upper bound and aims to achieve maximum 

cooperative diversity while transmitting only useful 

power at the relay network, which is a positive step 

towards interference mitigation as well.  Followed by 

power-saving phase is the relay-selection phase, in which 

we set precedence of each relay to participate in 

communication on the basis of its corresponding SNR at 

relay-destination link. Finally, in SNR maximization 

phase, we aim to approach SNR upper bound for the 

selected relays.    

The structure of the remaining paper is as follows. In 

Section II, the system model is described and 

mathematical problem for multiple relay selection is built. 

Section III explains the proposed algorithm in detail 

followed by section IV in which simulation results are 

provided. Finally, the whole work is concluded in section 

V.  

II. SYSTEM MODEL AND PROBLEM FORMULATION 

We focus on a dual-hop Cognitive Radio Network 

(CRN) comprising a secondary source S  dependent on 

 I

iiR
1IN 

  AF relays to communicate with its 

destination D . The potential relay set is allowed to 

transmit below the interference threshold of the licensed 

user Q  following the principles of underlay spectrum 

sharing. The system model is illustrated in Fig.1. Without 

loss of generality, we make some assumptions in our 

system model to simplify the analysis. First, LoS path 

between source-destination pair undergoes deep fading so 

end-to-end communication solely depends on the 

intermediate relays. Second, all source-relay, relay-

destination and relay-PU links with channel 

coefficient     DQ,,,,S iiab RbRaf  are subject 

to independent and identically distributed (i.i.d.) Rayleigh 

flat fading. Third, perfect knowledge about CSI is 

available. Finally, the PU does not experience 

interference from the source being physically far apart 

from each other. The relay network operates in half-

duplex mode and end-to-end transmission is completed in 

two time-slots according to time-division multiple access 

(TDMA) [27]. In first time slot, the relay network silently 

listens to the message broadcast by the source with fixed 

transmit power SP . In second time-slot, the best subset of 

relays INS  is selected to amplify and forward the 

received message to the destination. We declare a subset 

to be the “best” candidate for selection if it maximizes the 

end-to-end SNR while strictly obeying the peak 

interference threshold  .  

 
Fig. 1. The system model 

The instantaneous end-to-end SNR i  of an 
thi relay-

link of a dual-hop AF based relay network has been 

derived multiple times in literature and is given by [28], 
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where,
iR  denotes the transmit power of the 

thi  relay 

calculated according to AF protocol by adjusting the 

corresponding gain iA using the 

relation, ,P 0

2

S

2





  NfA

ii SRiR
 0N  denotes the 

variance of the Additive White Gaussian nose (AWGN), 

which we will normalize for our simulations.  

At the destination of our multi-relay network, 

maximum ratio combining (MRC) is assumed, and total 

end-to-end SNR D  received at the destination due to 

IN  relays is given by 



INi

iD  .However, IN  

might not be able to satisfy  , thus, we modify D for 

our relay selection problem as:  

                            



Sj

jD             (3) 

where, S denotes the selected subset of IJ  relays 

such that 



  
2

S

S

j

QRR jj
f . 

Final consideration towards mathematical formulation 

of our relay selection problem is the maximum allowed 

transmit power at each relay, which is limited not only by 

the interference constraint, but also by the power 

regulations imposed on the battery capacity of each 

transmitting node. Thus, our multiple relay selection 

problem takes the following mathematical form: 














 

 S

max
j

jD   





  
2

1

S

S
:..

j

QRR jj
fCts  

       
jRC 0:2               (4) 

1C  denotes the peak interference constraint and 2C is the 

peak transmit power constraint for each relay with 

maximum allowed transmit power denoted by  . 

III. PROPOSED ALGORITHM 

A. Proposed Relay Selection Scheme 

Eq. (2) clearly shows that i is a function of
iR only 

with all other parameters deterministic in our case. In 

research literature, i has a more tractable relation in the 

form of lower and upper bounds, given 

by
UB

ii

LB

i   , where,  DRSR

LB

i ii
 ,min

2

1
  

and  DRSR

UB

i ii
 ,min [29]. Since the difference of 

0.5 in 
LB

i and 
UB

i does not affect our relay selection 

technique, so we will make our decisions based on
UB

i  , 

however, all the three phases can be equally applied 

using
LB

i .  

We initialize transmit powers of the set of 

relays  I

iiR
1IN 

 . With reference to (2) above, 

  0, DRSR ii
 . First, we start with power-saving phase 

and target those relays for which i  is upper bounded 

by
iSR , thus, resulting in

iSRi   . Hence, for all such 

relays in S  we reduce 
jR to the point 

where
jj SRDR   is satisfied. This novel idea serves a 

big purpose, i.e., to achieve full cooperative diversity 

while saving the transmit power which in turn has a 

positive impact towards the interference control. Next, we 

enter into relay-selection phase for interference 

mitigation in which we follow a greedy approach and 

deselect the relays in the ascending order of DR j
 as we 

consider a relay with  DR j
min  as the least beneficial 

for secondary communication. Finally, while satisfying 

peak interference limit  , our goal is to achieve SNR 

upper bound at each selected relay-link. For this purpose, 

we set the precedence for the selected relays in the 

ascending order of  DRSR jj
  . We set this criterion 

because a relay with  DRSR jj
 min   requires least 

power amplification to approach its SNR upper bound 

provided favorable channel conditions, thus, standing as a 

preferred option from the perspective of transmit power 

saving, interference control and SNR maximization. The 

proposed algorithm is provided below. 

 

  ifffNInputs QRDRSR iii
  ,,,,P,,: 0S  

  IlengthJR
I

ii 


)(, S1INS
 

  ,
1SIN

I

iRRR i 



            i  
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The Greedy Search based optimization approach of 

ABC is accomplished by three types of agents after 

random generation of initial population of candidate 

solutions where each candidate solution is a food source 

in bees’ language. First, dedicated search agents called 

Employed Bees (EBs) which are placed one per candidate 

solution to explore better options in the vicinity, i.e. to 

carry out local search. Second, selector agents called 

Onlooker Bees (OBs) selectively update the solutions 

based on their fitness in the whole population. Roulette 

wheel stands as one of the most commonly employed 

fitness calculator. Finally, the replace agents called scout 

bees (SBs) perform global search to find new 

replacements of the exhausted solutions.  

B. ABC Optimization 

The Greedy Search based optimization approach of 

ABC is accomplished by three types of agents after 

random generation of initial population of candidate 

solutions where each candidate solution is a food source 

in bees’ language. First, dedicated search agents called 

Employed Bees (EBs) which are placed one per candidate 

solution to explore better options in the vicinity, i.e. to 

carry out local search. Second, selector agents called 

Onlooker Bees (OBs) selectively update the solutions 

based on their fitness in the whole population. Roulette 

wheel stands as one of the most commonly employed 

fitness calculator. Finally, the replace agents called scout 

bees (SBs) perform global search to find new 

replacements of the exhausted solutions. The pseudo code 

for ABC’s optimization is provided below with tasks 

performed by its agents corresponding to our proposed 

algorithm. 

 

solutionscandidateMinitialize  

iterationsCfor :11   

tEnhancemen Full-Bees(EBs) Employed :1 //Level

        Mmfor ,,2,12    

          mtsegergeneraterandomly  ...,int         

    ;*  i

m

i

m

i

m

i

m

iemp PPPP       i    

10  m

i  

  solutionmofmemberiisPwhere ththm

iemp .,  

 m
iempPonorithmaproposedapply lg               

   
 

  ;
1


 


F jj
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F j
m

new
DRSR

m
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DRSR

j

m

newi

m

newD



  

               m

D

m

newD

m

D ifreplace            

          SearchGreedy//  

      2forend      

tEnhancemen Selective-Bees(OBs)Onlooker  :2 //Level   

  ;

1





M

m

m

D

m

Dmp




             Mm1       
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solutionsoffitnesscheckMmfor //,,2,13 

tenhancemenselectiveforWheelRouletteApply     

3forend    

Replacers-Bees(SBs)Scout  :3 //Level     

  02, Cremif  

        Mmfor ,,2,14   

                  solutionsexhaustedgenerateRe  

        
4forend  

ifend  

1forend  

IV. SIMULATION RESULTS 

We define the following parameters for our system 

model and for ABC optimization s given in Table I below. 

In Fig. 2, we set the stopping criteria for ABC to be 

100 iterations, however, ABC proved its quick 

convergence by achieving the best solutions for both 

cases in less than 30 iterations. We truncated the graph at 

50 iterations for better illustration. The fast convergence 

is another winning characteristic of ABC to be a preferred 

choice for solving multi-constrained optimization 

problems, as it involves less computational time and 

resources. 

TABLE I: PARAMETER SETTINGS 

Parameters  Values  

ParametersSystem  

0N  1  

,PS
 dB10  

ParametersABC  

M  20  

iterations  100  
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Fig. 2. Convergence behavior of ABC 
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Fig. 3. (a) D  vs  against different sizes of potential relay network, (b) 

corresponding number of selected relays 

Fig. 3 illustrates the performance in terms of D  

achieved by the proposed multiple relay selection 

algorithm. We define   over a broad range given 

by dBdB 1010   . As shown in Fig. 3(a), it is an 

expected behavior of D to rise when   is relaxed. 

However, in addition to a relaxed interference upper-limit, 

D is also enhanced by increasing the size of relay 

network, since it gives more choices to pick the best 

possible combination of relays. This result is supported 

by Fig. 3(b) also which shows the corresponding number 

of selected relays. At certain points, 

i.e.  dBdB 0,10 , the algorithm selects equal 

number of relays for all available sets, however, the 

greater the number of available relays, the more enhanced 

is the achieved SNR. Second, if  is made too tight, 

i.e. dB10 , multiple relay selection takes the form 

of single best relay selection. If  is further reduced, 

secondary communication will cease. On the opposite 

end, we move towards achieving full cooperative 

diversity. 

In Fig. 4, we do not perform relay selection and force 

all relays to forward source’s message under same 

constraints. For this purpose, first we applied transmit 

power saving phase in the same way as proposed multiple 

relay selection. After that, rather than performing relay 

selection, we set the precedence of the relays based 

on

QR

DR

i

i

f

f
 . The lower the , the more suppressed is the 

transmit power for that relay. This power suppression has 

a clear negative impact on D  for low ranges of  . 

Finally, Fig. 5 depicts the total power transmitted by 

the relay network. As in the relay selection phase, we 

deselect the relays which offer low SNR at their 

corresponding relay-destination link, this criterion 
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automatically gives priority to the relays with high 

channel gains, which in turn makes them capable to 

contribute significantly towards D . This feature is 

further enhanced by increasing the number of potential 

relays due to better choices available. 
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Fig. 4. Multiple relay selection vs all relays participation 

-10 -6 -2 2 6 10
0

4

8

12

16

18

I
T
(dB)

P T(d
B

)

 

 
Multiple Relay Selection, I = 5 relays		

Multiple Relay Selection, I = 10 relays

Full Cooperative Diversity, I = 10 relays

 

Fig. 5. Total power  transmitted at the relay network 

V. CONCLUSIONS 

In this paper, a transmit-power saving scheme 

incorporated with multiple relay selection for underlay 

relay-assisted cognitive radio networks is proposed. For 

this purpose, our decisions are based on the SNR upper 

bound of end-to-end SNR of each relay-link. Our 

proposed scheme outsmarts full cooperative diversity in 

an underlay scenario and achieves high SNR under strict 

interference and transmit power constraints For 

optimization, we preferred Artificial Bee Colony due to 

its ease of implementation, quick convergence and fewer 

control parameters.  
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