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ABSTRACT 
Relay selection in cooperative communication environment has gained a lot of attention to improve the 

spatial diversity with the mitigation of channel impairments. To improve the capacity of network in an 

available scarcity of resource environment, this paper proposes a fuzzy based game solution for relay 

selection. The paper is intended to formulate and solve the problem of finding an optimal relay at every 

local environment. The proposed FIG algorithm depicts that higher throughput is accomplished based 

on fuzzy rule and with reduced amount of delay in relay selection. Moreover, the pro-posed distributed 

relay selection algorithm can achieve comparable performance than centralized and existing game 

theoretical schemes. Most probably, this approach can prove to be more energy efficient and reliable in 

Wireless Area Network. 
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INTRODUCTION 

 
 Cooperative communication provides spatial diversity and larger coverage through Multiple Input Multiple 
Output (MIMO) systems which replaces single antenna systems because due to hardware limitation, supporting 
multiple physical antennas in wireless environment is most difficult. Figure 1 shows the cooperative 
communication. When source node S transmits data to destination node D, the relay node R also receives data 
simultaneously. Therefore, the destination receives multiple copies of data. The performance of entire 
cooperative communication for the next generation wireless networks depends on careful relay selection. 
 Recent studies describe relay based communication improves capacity and reduces channel impairments 
with the use of multiple channels. Many efforts are being undertaken by recent researchers in cooperative 
communication for relay selection, resource allocation, optimal power allocation, capacity analysis etc. To 
guarantee full coverage diversity, relay selection forms virtual antenna array and helps to forward from source 
to destination [5]. In general, the relay selection algorithms categorized in single relay selection where single 
relay is selected to forward from the multiple relaying candidates but even when easy to realize due to limited 
processing capability, that is unable to satisfy QoS requirements and multiple relay selection where multiple 
relays are selected from the group of relaying candidates which improves multiplexing gain with the increase in 
complexity of signal detection [1]. Since with high density of nodes for future cooperative communication, to 
provide an efficient cooperation, optimal relay selection is still be an open problem. It has been shown in the 
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literature [2] about relay selection approaches in various domains to alleviate the effects of approaches However 
even different conventional relay selection approaches are existing, the combined use of game theory and 
machine learning techniques pro-vide an efficient usage of network resources in relaying candidate selection. 
But with the joint use of two major concerns provides system fairness with high complexity of design[5].When 
more than one relay node existing between source and destination, the source selects the relay based on 
transmission rate , battery power, distance etc .But for relay selection in the existing game theoretical solutions, 
the source considers all the relay nodes as players and selects best relay according to strategies followed in game 
theory[3]. In the proposed fuzzy based game theoretical algorithm, the enhanced fuzzy selects eligible nodes, 
which satisfies QoS criteria at maximum point, from the group of relay nodes between source and destination, 
and eliminates non eligible nodes based on QoS parameters and the gaming strategy uses the eligible nodes as 
players to select the best relay node which can serve for multiple source nodes. This approach guarantees that 
increase in throughput and reduces the delay in spending time with the non eligible nodes. This paper carried 
out extensive studies to evaluate the performance of proposed solution. The rest of the paper is organized as 
follows: Section II reviews the system model and problem formulation of the proposed method. Section III 
evaluates the performance of proposed algorithm and the work is ended with conclusion in Section IV. 
 

 
Fig. 1: Cooperative Communication. 
 
II. System Model and Problem Description: 
 Our discussions focused on network scenario with single relay network in distributed environment which 
can transmit data for multiple source nodes. Two network objectives which could be achieved through this are 
throughput and delay. We begin by considering system model as in Fig.2 where there are several relay nodes 
Ri/ri where i={1,2..., N} indicates no of nodes, that can be reachable in coverage between the single source-
destination pairs P s,d. 
 

 
 
Fig. 2: System Model for Relay Selection. 
 
 We assume that nodes are connected via mesh topology and transmission of data occurs in non overlapping 
frequency band. Therefore while broadcasting, they do not interfere with each other and also we assume that 
noise level without loss of generality is same in all links. With this case data (D) received from source s to 
destination d can be given as 
sDd=sDri+riDrj+rjDd   , where i ≤ j            (1) 
sDri=D+δ,              (2) 
riDrj=sDri+ δ              (3) 
rjDd=riDrj+ δ              (4) 
 Substituting (2) and (3) in (4), we can rewrite the signal as 
sDd=(((D+ δ)+ δ)+ δ)+…. 
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 In equation (4), received signal at destination combines noise at every link but consecutively constant noise 
is added with every transmission which can be reduced with noise filter. In our work, noise factor is ignored. A. 
Transmission preliminaries To initiate communication, source receives the QoS parameters of relays in the 
coverage area simply through transmitting handshake message hm periodically. Source receives α and β from ri , 
. Then it calculates threshold t for all the QoS parameters as mentioned in the following equation. 
n 
αt= ∑αi/n 
i 1 
 where αt is defined as threshold value for the parameter distance. Similarly for βt calculated. 
 
B.  Range allocation: 
 To rate the parameters α and β, we use h, m and l to represent the high, medium and low value for defining 
the range to write fuzzy rule. 

h(i) = αi> αt, ∀I              (5) 
 Similarly for m(i) can be defined  

when αi= αt, ∀I                   (6) 

l(i) = αi> αt, ∀I                (7) 
 Where for parameter βi , the values of h, m and l are defined respectively using the equations (5), (6) and 
(7). 
 C. Eligible node from fuzzy rule. The number of levels with the ranges can be given as 
l = K*2n-n                   (8) 
 Moreover, K means the number of parameters considered. With the above mentioned (8) level rate, non 
eligible nodes from the set of relay nodes can be selected using the fuzzy rule 

Φ=αiⅤβi  = l iff K=2 

 
Table 1:  Relay Parameters. 

Random Relays Distance (α) Bandwidth (β) 

R1 h h 
R2 l h 
R3 h m 
R4 m l 

 
 Table 1 summarizes random relays with its parameters. From the above analysis, Eligible nodes can be 
calculated from the table 1 as follows 
∆=Ri- Φ i.e) {R1, R2,R3,R4}- {R 2, R4,}={R 1,R3} 
 Henceforth, from the random relays ∆ results in R1 and R3 are the players for coalitional game approach. 
 D. Fuzzy based Coalitional game model. Since economic issues such as congestion control, re-source 
allocation, etc. becomes increasingly important in networking research, QoS offered to users should be 
enhanced with new protocols and technologies. Game theory is a discipline which is used primarily in 
economics to solve such problems in a competitive environment [6][7]. 
 
Algorithm: 
Input: relay nodes Ri/ri  between Ps,d. 
Output : Rb, Best relay 
� Transmit hm from source to get parameters α,β for ri. 
� Calculate αt and βt. 
� For each Ri , get the parameter values h,m,l from α and β. 
� Estimate Φ  for each K. 
� From Φ, Eligible node selected using ∆. 
� Players from ∆ and direct link involved for transmission. 
 Since static games often lead to equilibrium problem, cooperative game is considered for the proposed 
approach through which eligible players can form canonical coalition with each other to get the maximum 
benefit. Existence of direct link and selection of an optimal relay guarantees the successful transmission of 
message. 
 
Discussions and Results: 
 A Cooperative communication modeled in this approach consists with single source and single destination 
with several relay nodes in the intermediate environment. The motivation of the proposed approach is to make 
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participation of relay nodes which can give higher utility in terms of throughput. To provide better service in the 
Body Area net-work, better located relay node is selected in the gaming model. Eligible node selection can be 
executed to adapt to the dynamic wireless node mobility. In our gaming strategy, eligible nodes are the only 
players for high appealing of next level. 
 

 
 
Fig. 3: FIG based relay selection. 
 
 Figure 3 shows our proposed network having 100 nodes. Node 97 and Node 85 are source and destination 
respectively. As we see in the coverage area of source node 15 nodes are broadcasting with the source data. 
Through the proposed algorithm, only 3 nodes are selected as relays for the trans-mission which can be an 
effective transmission to improve the throughput. 
 
3.1. Centralized vs Distributed Relay selection: 
 In a centralized scheme, source node is responsible for relay selection. Source selects relay based on 
Channel State Information (CSI). To perform relay selection, centralized approach often needs to exchange 
additional signaling messages which leads to overhead and also scalability is also limited. But distributed 
approach is well scalable method, so no additional overhead in exchanging messages.  
 
3.2. Non cooperative vs Cooperative Gaming Approaches: 
 Since fixed relay cannot adapt to the dynamic environment such as change in topology, variations in link 
quality etc., dynamic relay selection is often preferred. The extensive observation from recent researches shows 
that cooperative gaming theory accomplishes higher throughput. 
 
IV. Conclusion: 
 In this paper, we propose new fuzzy integrated game theory based relay node selection in the distributed 
environment. We have modeled a cooperative wireless networks which is most crucial in most of the application 
such as Wireless Body Area Networks (WBAN). It is observed that the approach maximize the benefits by 
selecting the relay node in the proposed manner so that i) it can be able to eliminate duplicate copies from 
multiple relays at receiver side ii) it helps to achieve expected throughput iii) it selects immediate relay from the 
queue if selected relay node fails due to unexpected condition. Analysis shows that the pro-posed algorithm 
outperforms other centralized and existing game theoretical approaches in the above mentioned factors. 

 
REFERENCES 

 
1. Kun, X., F. Meng-ying, 2012. A Coalitional Game Based Relay Selection Algorithm for Cooperative 

Communication. International Journal of Advancements in Computing Technology, 4(11). 
2. Adeleke, O.A., M.F. Salleh, 2013. Relay selection mechanism for user cooperation networks using a game-

theoretic approach. Journal of Electrical and Electronic Engineering Research, 5(3): 50-56. 
3. Wang, B., Z. Han, K.J. Liu, 2009. Distributed relay selection and power control for multiuser cooperative 

communication networks using stackelberg game. Mobile Computing, IEEE Transactions on, 8(7): 975-
990. 

4. Ma, K., X.P. Guan, J. Wang, X.M. Wei, 2011. Multi-user symmetric cooperation based on nash bargaining 
solution in cooperative relay networks.International Journal of Automation and Computing, 8(4): 452-458. 



49          S.K.B. Sangeetha and Dr.R.Dhaya, 2016/ Journal of Applied Sciences Research. 12(3) March 2016, Pages: 45-49 

                                           

5. Zhai, L.J., J.I. Hong, L.I. Xi, Y.W. Tang, 2012. Optimal resource allocation scheme for cognitive radio 
networks with relay selection based on game theory. The Journal of China Universities of Posts and 
Telecommunications, 19(6): 25-62. 

6. Sangeetha S.K.B. and R. Dhaya, 2015.” Relay Selection Methods in Coopera-tive Communication”,IJAER, 
10-22. 

7. Zhi Ren, Shuang Peng, Jianwei Suo, Jun Fang and Qianbin Chen, 2014. “Efficient Routing for 
Opportunistic Networks Based on Game Theory and Cooperative Relays”, Journal of Compuatational 
Information Systems, 10(3): 951-958. 

 
 


