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ABSTRACT 
A wireless sensor network (WSN) is a self organizing wireless network system consists of number of energy limited battery 
powered or embedded form of energy harvesting sensor nodes deployed. A deployed sensor node may vary in size from small to 
big size, although functioning motes of sensor nodes deployed are unique. Initially sensors deployed to transmit sensing data 
from one end transmitter to destination or intermediate other end receiver node effectively, planned to design a route selection 
based on energy independent energy efficient routing protocol designed for WSNs. The wireless sensor nodes with increased 
nodes signal strength have more connections of communication links and result in increased energy consumption as an entire 
network cannot always work under the same increased energy consumption topology structured network. A cooperative 
communication of rearranged or restructured topology reconnecting mechanism of the cluster head selection algorithm is 
modified based on our newly developed sensor networks.  Our effective research in this paper produce a game theoretical 
approach between decision making with cooperative communication between sensor nodes and Energy efficient Enhanced 
Forward Aware Factor -Energy Balanced Routing Method (EEFAF-EBRM) based on the selection of cluster heads to enhance 
the energy of network to improve the energy conservation effectively. In this method of energy conservation the sensor node 
may guarantee to select cluster head that makes the energy consumption less for whole networks. Our enhanced sensor network 
cluster head formation strategy decreases the low energy consumption, Enhance the improved energy balance factor (EEBF), 
lower communication overhead, enhance the life time of wireless sensor network and improve the networks packet delivery 
ratio. Our proposed method developed this enhanced technique to overcome the problem in the existing routing protocols 
method FAF-EBRM when local topology restructured is needed to make topology rearrangement or reconstruction. This 
rearranged topology enhanced method produce optimal solution for cluster head selection is developed accordingly. The 
wireless sensor nodes in the proposed cluster head changing algorithm pick out their appropriate cluster heads rather than the 
nearest for the sake of efficiency in energy conservation. The newly proposed cluster head selection formation strategy reduces 
the delay even for the long distance link without considering the nearby shorter links. Results analysis also make prove our 
proposed cluster head selection formation strategy is better performance compared with existing method FAF-EBRM.. 
Keywords: FAF, Life time, EBRM, Energy, EEFAF, cooperative, Game Theory 

1. INTRODUCTION 
Wireless Sensor Networks is an emerging technology which plays a vital role in most of the important applications. 
The mode of operation in sensor network consists of a large number of sense nodes for communication. These sensor 
nodes are able to sense the information from one end transmitter side and process it and send it to the selected 
destinations. Wireless sensors have characteristics behaviors such as macro dimension, very low cost, highly reliable, 
flexibility to install anywhere and low energy consumption. Because of these energy saving behaviors, they could be 
deployed in various fields such as oil fields, military, defense, agricultural, industrial, and biomedical and many more 
real and non real time application domains [1]. The sensor they could easily be used in different environments such as 
unmanned and critical regions. So the cost of network is less, complicated configuration and installation for these 
sensors in the network connects each other, we could use them with lesser cost in comparison with traditional or 
commercial networks. Our research efforts focused on establishing efficient routing paths for transmitting packets from 
a sensor node to a sensor destination [2]. Routes to find the best and well selected profitable way for data transmission 
from source node to the destination node in the network by considering different parameters (e.g. flexibility, reliability, 
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overhead, throughput, stability, consumed and wasted power, data speed, etc). Our proposed sensor parameters to 
increase the wireless sensor networks Lifetime. Life time is one of the most important factors of deployed wireless 
sensor networks. Finding the best shortest route length to reduce the transmission overhead and reduced delay time. To 
increase the ratio of packets in packet delivery fraction, these wireless sensor networks must be designed and used in an 
efficient way to optimize the sensor to reduced power consumption and increased life time of the sensor network player. 
Our idea to proposed work, using probability selection Game Theory approach for WSN, optimal discovery of route in 
WSN is discovered. Our approach towards this proposed project, we developed network to select route based on routing 
and sensor nodes the same things are assumed to be the game and players of the networks respectively. Each and every 
node in the network we considered wants to increase their benefit in the present network. So we use a different mixed 
strategy model as well as network profit and loss calculation for each player that alive in the networks. In this proposed 
method, the destination node player node pays a recognition to the source player node for each data packet successfully 
reception from the source player to destination player. Moreover, the source player pays attention of this credit to each 
intermediate player node or relay player node that participates in sending data packet transaction. Yet to decide, each 
node sustains a transmission cost for each data packet transaction to other intermediate or destination receiving node. 
The cost is called networks Transmission Cost or path loss and related to different type of parameters. Each player 
transmits the received data packet to the next or intermediate hop with the selected player game probability, calculated 
by the reliability of the multiple player that playing in the network. Our enhanced parameter checked on player 
characteristics or behavior, e.g. link error checking, probability, duty cycle, etc. 
2. COOPERATIVE GAME THEORY 
Game theory provides a mathematical basis for the analysis of interactive decision-making processes. It provides tools 
for predicting what might happen and possibly what should happen when agents with conflicting interests interact. It is 
not a single monolithic technique, but a collection of modeling tools that aid in the understanding of interactive 
decision problems. 
A cooperative game is a game in which the players have complete freedom of preplay communication to make joint 
binding agreements. These agreements may be of two kinds to coordinate strategies or to share payoffs. 
In non-cooperative game theory, we focus on the individual player’s strategies and their influence on payoffs and try to 
predict what strategies players will choose (equilibrium concept). 
In cooperative game theory, we abstract from individual player’s strategies and instead focus on the coalition players 
may form. We assume each coalition may attain some payoffs, and there we try to predict which coalitions will form 
(and hence the payoffs agents obtain). 
So far we have been concerned with non cooperative models, where the main focus is on the strategic aspects of the 
interaction among the players. The approach in cooperative game theory is different. Now, it is assumed that players 
can commit to behave in a way that is socially optimal. The main issue is how to share the benefits arising from 
cooperation. Important elements in this approach are the different subgroups of players, referred to as coalitions, and 
the set of outcomes that each coalition can get regardless of what the players outside the coalition do. 
When discussing the different equilibrium concepts for non cooperative games, we were concerned about whether a 
given strategy profile was self-enforcing or not, in the sense that no player had incentives to deviate. We now assume 
that players can make binding agreements and, hence, instead of being worried about issues like self-enforceability, we 
care about notions like fairness and equity. 
In this chapter, as customary, the set of players is denoted by  nI ,....2,1 . As opposed to non cooperative games, 
where most of the analysis was done at the individual level, coalitions are very important in cooperative model. 
For IS  , we refer to S as a coalition with S  denoting the number of players in S . Coalition I  is often referred 

to as the grand coalition.  
We start this chapter by briefly describing the most general class of cooperative games, the so called non-transferable 
utility games. Then we discuss two important subclasses: Bargaining problems and transferable utility games. 
Definition 2.1 
For an n- person game we shall take  nI ,....2,1  be the set of all players. Any nonempty subset of I is called 
coalition. 
For each of these two classes we present the most important solution concepts and some axiomatic characterizations. 
Finally, we conclude this chapter by presenting some applications of cooperative game theory to the study of operations 
research problems. 
2.1 Non transferable utility games 
In this section we present a brief introduction to the most general class of cooperative games: non transferable utility 
games of NTU-games.  
The main source of generality comes from the fact that, although binding agreements between the players are implicitly 
assumed to be possible, utility is not transferable across players. Below, we present the format definition and then we 
illustrate it with an example. 
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Given IS  and a set A S , we say that A is comprehensive if, for each pair Syx ,  such that Ax  
and xy  , we have that Ay . Moreover, the comprehensive hull of a set A is the smallest comprehensive set 
containing A . 
Definition 2.2: An n-player nontransferable utility game (NTU-game) is a pair ),( VI where I  is the set of players 

and V is a function that assigns, to each coalition IS  , a set   SSV  . By convention,    0V . Moreover, 
for each IS  , S : 

(i)  SV  is a nonempty and closed subset of S . 

(ii)  SV  is comprehensive. Moreover, for each ,Ii    iV (i.e) there is iv  such that  

         ].,( iviV   

(iii) The set  SV  { :Sy  for each ,Si  ii vy  } is bounded. 
Definition 2.3 
Let ),( VI be an NTU-game. Then, the vector in I  are called allocations. An allocation Ix   is feasible if there 

is a partition  KSSS ,...., 21  of I satisfying that, for each  Kl .......2,1 there is  lSVy  such that, for each 

lSi , ii xy  . 
 The main objective of the theoretical analysis in this field is to find appropriate rules for choosing feasible allocations 
for the general class of NTU-games. These rules are referred to as solution and aim to select allocations that have 
desirable properties according to different criteria such as equity, fairness, and stability. If a solution selects a single 
allocation for each game, then it commonly referred to as an allocation rule. 
The definition of NTU-game allows us to model a wide variety of situations and yet, at the same time, because of its 
generality, the study of NTU-games quickly becomes mathematically involved. Thus, because of this, the literature has 
focused more on studying some special cases than on studying the general frame work.  
Now we discuss the two most relevant subclasses of NTU-games: Bargaining games with transferable utility (TU-
games). 
2.3 Bargaining 
In this section we study a special class of NTU-games, referred to as bargaining problems, originally studied in Nash 
(1950 a). In a bargaining problem, there is a set of possible allocations, the feasible set F, and one of them has to be 
chosen by the players. Importantly, all the players have to agree on the chosen allocation; otherwise, the realized 
allocation is d , the disagreement point. 
Definition 2.4 
An n- player bargaining problem with set of players I is a pair (F, d) whose elements are the following: 
Feasible set: F is the comprehensive hull of a compact and convex subset of I . 
Disagreement point: d is an allocation in F. It is assumed that there is Fx such that dx  . 
We denote the set of n-player bargaining problems by IB . Moreover, given a bargaining problem (F,d)  IB , we 
define the compact set }:{ dxFxFd  . 

Definition 2.5: An allocation rule for n-player bargaining problems is a map IIB  :  such that, for each 
(F,d) IB ,   dFdF , . 
2.4 Transferable Utility Games 
 We now move to the most widely studied class of cooperative games: those with transferable utility, in short, TU-game. 
The different coalitions that can be formed among the players in I can enforce certain allocations (possibly through 
binding agreements); the problem is to decide how the benefits generated by the cooperation of the players (formation 
of coalitions) have to be shared among them. However, there is one important departure from the general NTU-games 
framework.  
In a TU-game, given a coalition S and an allocation   ISVx  that the players in S can enforce, all the 

allocations that can be obtained from x by transfers of utility among the players in S also belong to  SV . Hence, 

 SV  can be characterized by a single number given by 
  Si

iSVx
xmax . We denote the last number by  Sv , the worth 

of coalition S . 
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The transferable utility assumption has important implications, both conceptually and mathematically. From the 
conceptual point of view, it implicitly assumes that there is a enumerative good such that the utilities of all the players 
are linear with respect to it and that this good can be freely point of view, since the description of a game consists of a 
number for each coalition of players, TU-games are much more tractable than general NTU-games. 
Definition 2.6: A TU-game is a pair  vI , , where I is the set of players of I2:  is the characteristic 

function of the game. By convention,   0 . 

In general, we interpret  S , the worth of coalition S ,as the benefit that S can generate when no confusion arises, 

we denote the game  vI ,  by v . Also, we denote  i  and   ji,  by  i and  ji,  respectively. Let IG be 
the class of TU-games with n-players. 
Remark: A TU-game  vI ,  can be seen as an NTU-game  VI , by defining, for each nonempty coalition IS  , 
   }:{ SyySV

Si
i

S  


. 

Definition 2.7 : Let    IGvI ,  and let IS  . The restriction of  vI ,  to the coalition S  is the TU- game 

 SS , , where, for each ST  ,    TTS   . 
In n-person non-cooperative game theory, we can consider a cooperative game as presented in extensive or normal 
forms. The practical problem of either of these is obvious; to present a finite n-person game in normal form requires an 
n-dimensional matrix. Moreover, in cooperative game new considerations arise. We are especially interested in which 
coalitions are likely to form. Since payoffs are assumed to be in monetary form we can take it that coalitions will by and 
large act, by coordinating strategies, to maximize their joint payoff. Because agreements are binding we assume that 
coalitions once formed, by whatever bargaining process, remain stable for the duration of the game. 
Although the information concerning which coalitions are likely to form can be recovered from the extensive or normal 
form, it is obviously more desirable to have it available explicitly. The stage is now set for us to move to the next level 
of abstraction, in game theory: the characteristic function form of a game. 

Let be an n-person game with a set of players  nI ,....2,1 . Any subset IS  will be called a coalition. The 

characteristic function  of the game  is a function   I : such that  S  represents the largest joint payoff 
which the coalition S  is guaranteed to obtain if the members coordinate their strategies by preplay agreement.  We 
define   0 . 
Theorem 2.1 
For any finite cooperative game  ,      TSTS    for ITS , and TS ----(1). 
Proof: 
We know that  

SXx
S


 max  

SIXy \

min


 yxPi ,  where SIS XX \,  respectively, and  yxPi ,  denotes the expected payoff 

to player  i when the mixed strategies SXx , SIXy \  are employed. 
 TS  = 

TSXx 
max  

 TSIXy  \

min   
 TSi

i yxP , , 

Where TSX   denotes the set of coordinated mixed strategies for the coalition TS  etc. If we restrict our attention to 

independent mixed strategies SX , TX the range of maximization will decrease and so the value of the 
maximum above can only decrease. Hence 

  TS  
SX

max  
TX

min   
 TSIXy  \

min   
 TSi

i yP ,, ,. 

Hence for each SX , TX  
 TS

 TSIXy  \

min  
 TSi

i yP ,,  


 TSIXy  \

min    







 

 Si Ti
ji yPyP ,,,,   

Since TS . Hence 
  TS

TX
min

 TSIXy  \

min  



Si

i yP ,,
SX

min
 TSIXy  \

min  
Ti

i yP ,,  
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In the first term on the right the minimum is taken with respect to mixed strategies TX ,  TSIXy  \ . 

The pair    TSIT XXy  \,  defines a mixed strategy in SIX \ . Since  

         SISITSITTSIT XSSSXX \\\\   . If instead we minimize with respect to an arbitrary mixed 

strategy in SIX \ , the range of minimization will increase and so the value of this minimum can only decrease. A 
similar remark applies to the second term on the right if the minimum is taken with respect to an arbitrary mixed 
strategy in TIX \ . Thus 

 TS  
SIX \

min
    ,

Si
iP + 

Tix \

min


 
Ti

i SP ,  

For all SX , TX . Hence 
 TS

SX
max

SIX \

min


  ,
Si

iP + 
TX

max
Tix \

min


 
Ti

i SP ,  

Whence from (1), as required. 
Definition 2.8: A cooperative game with an additive characteristic function is called inessential. Other cooperative 
games are called essential. 
Theorem 2.2: A finite n-person cooperative game  is inessential if and only if    




Ii

Ii    ---(2) 

Theorem 2.3: For any finite constant sum cooperative game       ISIS   \  for each IS   
 
3. COOPERATIVE GAME THEORY IN WIRELESS SENSOR NETWORKS 
To reduce the whole WSN’s energy consumption and prolong its lifetime, some nodes will cooperate and form a 
coalition, Coalitional Game theory is one of the most important cooperative game theory, and thus, cooperative game 
theory is sometimes denoted as coalitional game theory. For a WSN obeying the cooperative game theory, cooperating 
groups are formed and players choose strategies to maximize their own group’s utility. Coalitional game theory allows 
a reduction of power consumption in WSN by forming coalitions. The value of the utility function for every possible 
permutation of nodes and finds groups with the best utility value. Here, grouping is treated as a basic method to 
organize sensor nodes for cooperation between nodes. In this formation, the nodes know nothing about the grouping. 
On the other hand, a group leader is assigned as a special which processes the information of the newly entered sensor 
nodes and decides who will be their possible group member in a group. 
We can group the nodes in two ways for different applications. 
(i)  All the sensor nodes have similar sensed data could be placed in the same group, for example, sensing application. 
(ii) The sensor nodes with shorter distances between them are allocated in the same group. For example, sending data 

from a source node to the sink.  

Cooperative game theory can be further categorized into two branches:  
Transferable-utility game (TU) and Non-transferable-utility game (NTU). In TU game the payoff of the measurement 
allocation game is transferable. In NTU game the payoff for each agent in a coalition depends only on the actions 
selected by the agents in the coalition. 
Shapley value is derived from the solution concept in cooperative game theory which was defined by Shapley. It is one 
of the most important solution concepts in cooperative game theory and a representative single-valued solution concept 
in the theory of cooperative games. An agent’s Shapley value gives an indication of its prospects of playing the game in 
cooperative game theory. It is useful when there is a need to allocate the worth that a set of players can achieve if they 
agree to cooperate. The Shapley value was defined for TU games and NTU games in regard to conflicts among players.  
Cooperative game theory as a tool to devise a distributed dynamic coalition formation algorithm in which nodes 
autonomously decide which coalition to join while maximizing their feasible sleep times. The sleep time allocation 
problem is formulated as a non-convex cooperative game and the concept of the core is exploited to solve their problem. 
4. RELATED WORKS 
Energy conservation is the one of the major issue in wireless sensor networks. Various power control mechanism 
reduce the energy consumption of wireless sensor network less. Here we construct the distributed power reduction 
algorithm that decrease the energy consumption and control the overhead of the whole wireless sensor networks [7]. 
Sensor networks has excellent role in defense related application like monitoring, collecting data’s related to anti social 
activities that occurring in day to day life. Because of these important role sensors play in a network security for 
transferring data from one end to another is compulsory. In this we check the intrusion detection mechanism that 
combined with game theory to detect malicious activities in the network. The security mechanism that proposed here is 
based on acknowledgement of the wireless sensor network [8]. The spectrum access of secondary user without knowing 
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the traffic of primary user statistics, in this without the centralized control we need to identify the idle channel that is 
really idle or busy. Here we consider the performance of sensing the channel of primary or secondary user by 
constructing right communication structure [9]. Distributed convergence problem in a game theory the player’s action 
based on generating the cost functions. The motion of players can be modified as velocity-actuated, motion-actuated, 
force-actuated and kinetic-actuated. These makes the application areas like connectivity control, coverage control, link 
failure control solved in a distributed way [10]. In a distributed channel to avoid accessing the same vacant primary 
channel, the multi channel access sensing that makes game theory to take decisions based on game. The multi channel 
sensing problem decision, that makes Bayesian interface to design cooperative learning between the different channels 
[11]. Cooperative communication that makes attractive communication between devices without the need of additional 
antennas, this makes reduced power consumption and less resource allocation. Method to find k minimal-weight node-
disjoint paths from source to destination according to the weight of the links joined [12]. 
5. PROPOSED DESIGN 
EEFAF-EBRM is used for the large scale WSN for static data collection and detects events. The proposed cluster 
formation strategy in EEFAF-EBRM is independent to the selection of cluster heads based on our proposed modified 
condition. Cluster nodes with greater signal strength will have more communication link and result in faster energy 
consumption. A topology reconstruction method applies the mechanism of the cluster head rotation algorithm is 
developed. The few alive nodes to detect the event the network choose.  

 
Fig1: Shows EFAF between sink and nodes FTA selection. 

Stage 1: At First the communication radius of all set of nodes to determine the edges in a network. The node closer to 
the sink determines the set of all possible next hop nodes. If there is no node closer to the sink the nodes directly 
compare EFAF and communicate with next hop nodes. If sink is its EFAF it directly forwards its transmission to the 
sink. At each various stage of  new round begins in the network and a cluster head selection algorithm runs the elected 
cluster head broad cast their advertisement with information about the position to the base station, their aggregation 
ability and residual energy. 
Stage 2: The available non-cluster node head node in the network collects all received advertisement and calculates the 
total energy dissipation according to the equation. 
Stage 3: The node that selected as Cluster head that makes least and the sensor node belong to the cluster. As long as 
the alive nodes to helps improve the energy efficiency. 
6. SIMULATION RESULTS AND DISCUSSION 
The proposed game theory based probability selection algorithm has been experimented and proved through simulation. 
In our network sensor nodes  are deployed randomly in a 670x670 meters square and sink node deploy at the point of 
(200, 200)m2, the maximum transmitting radius of each node is 50m, other simulation parameters are displayed in 
Table 1. In this experimental setup discussion, we first discuss utility life time of sensor and energy factor’s influences 
on transmitting power, then evaluate the algorithm of EEFAF-EBRM algorithm and compare it with other existing 
algorithm already tested.      

Table1: Simulation Parameters 
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Figure 2: Wireless sensor Network Lifetime 
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The network lifetime for each simulation is showed in Figure2.  These curves are showing that lifetime of network for 
various routing protocols after 300 rounds, about 42% of nodes in the network are alive in the proposed EEFAF-EBF 
routing protocol, but 5%,10% and 17% of nodes are alive in existing protocols LEACH, EEUC, FAF-EBF and EEFAF-
EBF respectively. So the network lifetime is increasing about with using of our proposed algorithm. 

 

 
Figure3: Delivery Delay Rate with various 

 
Figure 3 shows the average delivery delay with increasing transmission packets. 
The delivery delay means the average time delay between the instant the source sends a packet and moment the 
destination receives this packet that sends by the source. When the transmission rate is a packet per second, we can find 
the average delivery delay of LEACH and EEUC is lower than the proposed protocol FAF-EBF and EEFAF-EBF. This 
is because LEACH is always tries to discover a high speed path for forwarding transmitted packets. So the transmission 
rate increases the average delivery delay of LEACH make increasing in order. This happen because congestions occur 
at the intermediate nodes in LEACH. In the proposed protocol, when the packets reaches at destination, the relay or 
intermediate nodes have a lower forwarding probability than normal nodes by using Forward transmission area 
probability selection. In the forwarding node based on game theory selection of forwarding nodes, the node probability 
that an increase number of packets are forwarded by the same node is relatively low. Thus, the average delivery delay of 
our protocol does not significantly increase with an increase in transmission rate. 

 
Figure 4 Consumption of Energy with various Transmissions. 
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Energy consumption is one of the major parameter to be considered in case of wireless sensor networks as the sensors 
sense information throughout the day the energy saving is very important, retransmission of each and every sensor 
should be reduced to make the power consumption will be low which is not fair in case of tiny sensor nodes. Remote 
application sensors are to charge through environment, like solar cells. 
Packet Delivery Ratio with various transmissions Rate is a very important metric for evaluating the network 
performance of the reliability mechanism of routing protocols. This makes the ratio of the total number of packets 
received by each subscriber node, up to the total number of packets generated by all nodes of the events to which the 
transmitter node has transmitted. It won’t consider duplicated or repeatedly transmitted packets received by transmitter 
nodes. 
 

 
Figure 5: Energy balance factor 

 
EBF of FAF-EBRM increase slowly with light variation at first and keep a stability, then increase a little time, and 
return to 0 as the energy of the entire network is using up. In this network first death of node occur at the stage of 300 
rounds. 
EBF is defined as the average of all nodes standard deviation based on residual energy. It’s the average value of the 
residual energy of all of the nodes. 
7. CONCLUSION 
In this paper, we introduce a game theory probability along with enhanced protocol for extending sensor network 
lifetime and energy minimization. In this network installation, we make nodes to ensure the connectivity checking that 
all the sensor nodes can be forward any packets to its neighbor nodes. This makes sensor nodes to select the probability 
that all the paths with the best selected path with low congestion or less usage path that improves the transmission 
success rate and decreases the transmission delays of packets. Our EEFAF-EBRM algorithm was extensively compared 
to other known routing algorithms, such as LEACH, regarding its scalability, communication costs, flexibility, delivery 
efficiency, aggregation rate, energy consumption. Maximizing the data aggregation points and offering to improve 
delivery rate, the obtained results clearly show that EEFAF-EBRM outperformed LEACH algorithms for all evaluated 
scenarios. Also, we prove that our proposed and enhanced algorithm has some key aspects required by WSNs 
aggregation aware routing algorithms such as a reduced number of messages for setting up a routing By using 
cooperative game theory with our enhanced routing the network lifetime is extended, that is after 300 rounds 42% of 
node are alive where as 5%, 10% and 17% of nodes are alive in existing protocols LEACH, EEUC, FAF-EBF 
respectively. So the network lifetime is increasing about with using of our model and algorithm. 
In our future work, we plan to implement our work in real time to check the efficiency of our work on test bed. Also, in 
this paper, we form the sensor network that are fixed wireless sensor network. So in our future work we plan to 
investigate mobility along with life time in wireless sensor network. 
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