
International Journal of Scientific & Engineering Research, Volume 7, Issue 5, May-2016                                                                                                     69 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org 

  

An Efficient Routing Method for Lifetime Enhancement in 
Wireless Sensor Network using Fuzzy Approach 

 

BASAVRAJ. B 

Assistant Professor 

Dept. Of Mathematics 

Government First Grade College, Naregal 

Email id: b.basavraj123@gmail.com    

 
 Abstract: 
In recent years, many approaches and techniques have been explored for the optimization of energy usage in 
wireless sensor networks. Routing is one of these areas in which attempts for efficient utilization of energy 
have been made. These attempts use fixed (crisp) metrics for making energy-aware routing decisions. In this 
paper, we present a generalized fuzzy logic based approach for energy-aware routing in wireless sensor net-
works. This generalized approach is soft and tunable and hence it can accommodate sensor networks com-
prising of different types of sensor nodes having different energy metrics. 
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1. INTRODUCTION 
Wireless Sensor Networks (WSNs) can be safely 
identified as one of the most important technologies 
of recent times. Developments in the areas of VLSI, 
WSNs storage and power management all have con-
tributed to this exciting area. WSNs have become 
increasingly popular for both military and civil ap-
plications such as target tracking, space exploration, 
environmental control, habitat monitoring and pa-
tient care [5, 11]. A wireless sensor network consists 
of a large 
number of unattended, usually self-organized micro 
sensors, of size of the order of a cubic centimeter, 
scattered in an area for a specific application. Each 
micro sensor is capable of sensing data from the en-
vironment, performing simple computations and 
transmitting this data over wireless medium either 
directly to command centre or through some cluster 
head, commonly known as gateway. WSNs although 
have some similarities with ad-hoc networks but 
they differ from ad-hoc networks mainly due to their 
more severe energy constraints, much larger density 
of sensor nodes, lower cost and usually static nature 
of nodes. Moreover, WSNs are designed for infor-
mation gathering, rather than distributed computing. 
Sensors nodes are battery operated and once de-
ployed are unattended and expected to operate for a 

long period of time, usually from a few months to 
years. Thus, energy is a scarce resource in a wireless 
sensor network and hence its efficient usage is cru-
cial for extending the life of the whole sensor net-
work. A sensor's energy is mainly consumed in the 
three main 

activities: sensing, computing and communicating 
fuzzy approach using the same routing mechanism in 
terms of energy consumption. 

 In wireless Sensor network sensor nodes in 
the large-scale data-gathering networks are generally 
powered by small and inexpensive batteries in ex-
pectation of surviving for a long period [3]. Fig. 1 
shows the schematic diagram of components inside a 
typical sensor node that comprises of sensing, pro-
cessing, transmission, mobilizes, position finding 
system and power units. It also shows the communi-
cation architecture of a WSN. Each sensor node 
makes its decisions based on its mission, the infor-
mation it currently has, knowledge of its computing, 
communication, and energy resources. The node 
must have capability to collect and route data either 
to other nodes or back to an external base station or 
stations that may be a fixed or a mobile node capable 
of connecting the sensor network to an existing 
communication infrastructure or to the internet.  
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Due to limitations in the range in wireless communi-
cation sensor nodes transmit their sensed data 
through multiple hops. Each sensor node acts as a 
routing element for other nodes for transmitting data. 
Energy is therefore of utmost importance in power-
constrained data-gathering sensor networks. Energy 
consumption should be well managed to maximize 
the network lifetime. Unbalanced energy consump-
tion is an inherent problem in WSNs characterized 
by the multi-hop routing and many-to-one traffic 
pattern. The problem with many routing algorithms 
is that they minimize the total energy consumption 
in the network at the expense of non-uniform energy 
drainage in the networks. Such approaches cause 
network partition because some nodes that are part 
of the efficient path are drained from their battery 
energy quicker. In many cases, the lifetime of a sen-
sor network is over as soon as the battery power in 
critical nodes is depleted. Therefore, in this paper, 
the proposed method seeks to investigate the prob-
lems of balancing energy consumption and maximi-
zation of network lifetime for WSNs. In this paper 
we propose combining features Fuzzy logic has been 
successfully applied in various areas including 
communications and has shown promising results [4, 
7]. However, the potentials of fuzzy logic in wireless 
sensor networks still need to be explored for applica-
tions having conflicting requirements. Moreover, in 
WSN, as the energy metrics vary widely with the 
type of sensor node implementation platform, using 
fuzzy logic has the advantage of being easily adapt-
able to such change we therefore, present our fuzzy 
logic based approach for energy-optimized routing 
in WSNs 

2. FUZZY MODEL 

2.1. Overview of Fuzzy Logic 
Fuzzy Logic [3] is used in this work as main imple-
mentation of perceptive reasoning. Fuzzy logic imi-
tates the logic of human thought, which is much less 
rigid than the calculations computers generally per-
form. Fuzzy Logic offers several unique features that 
make it a particularly good alternative for many con-
trol problems. It is inherently robust since it does not 
require precise, noise-free inputs and can be pro-
grammed to fail safely. The output control is a 
smooth control function despite a wide range of in-
put variations. Since the FL controller processes user 
defined rules governing the target control system, it 
can be modified and tweaked easily to improve or 
drastically alter system performance. 

In fuzzy systems, the dynamic behavior of a 

system is characterized by a set of linguistic fuzzy 
rules based on the knowledge of a human expert. 
These rules are of the general form IF antecedent(s) 
THEN consequent(s), where antecedents and conse-
quents are propositions containing linguistic varia-
bles. Antecedents of a fuzzy rule form a combination 
of fuzzy sets through the use of logic operations. 
Thus, fuzzy sets and fuzzy rules together form the 
knowledge base of a rule-based inference system. 
Rules are the heart of a fuzzy system and may be 
provided by experts or can be extracted from numer-
ical data. In either case, the rules that we are inter-
ested in can be expressed as a collection of IF THEN 
statements.  

Fuzzy Logic deals with the analysis of information 
by using fuzzy sets, each of which may represent  
linguistic term like “Warm”, “High” etc. Fuzzy sets 
are described by the range of real values over which 
the set is mapped, called domain, and the member-
ship function. A membership function Assigns a 
truth value between 0 and 1 to each point in the 
fuzzy set’s domain. Depending upon the shape of the 
membership function, various types of fuzzy sets 
can be used such as triangular, beta, PI, Gaussian, 
sigmoid etc. A Fuzzy system basically consists of 
three parts: fuzzifier, inference engine, and defuzzi-
fier. The fuzzifier maps each crisp input value to the 
corresponding fuzzy sets and thus assigns it a truth 
value or degree of membership for each fuzzy set 
The fuzzified values are processed by the inference  
engine, which consists of a rule base and various 
methods for inferring the rules. The rule base is 
simply a series of IF-THEN rules that relate the in-
put fuzzy variables with the output fuzzy variables 
using linguistic variables, each of which is described 
by a fuzzy set, and fuzzy implication operators 
AND, OR etc. The part of a fuzzy rule before THEN 
is called predicate or antecedent, while the part fol-
lowing THEN is referred to as consequent. The 
combined truth of the predicate is determined by im-
plication 
rules such as MIN-MAX (Zadeh) and bounded 
arithmetic sums. All the rules in the rule-base are 
processed in a parallel manner by the fuzzy infer-
ence engine. Any rule that fires contributes to the 
final fuzzy solution space. The inference rules gov-
ern the manner in which the consequent fuzzy sets 
are copied to the final fuzzy solution space. Exam-
ple, techniques are MIN-MAX and fuzzy adaptive 
method. The defuzzifier performs defuzzification on 
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the fuzzy solution space. That is, it finds a single 
crisp output value from the solution fuzzy space. 
Common defuzzification techniques are centroid, 
composite maximum, composite mass, etc. Details 
of the theoretical and practical aspects of fuzzy logic 
can be found in [6, 8].  

 
 

 
 

 
 

 
 

 
 
3: PROPOSED METHOD  

 
The topology of a WSN is design as a directed graph 
G (N, A), where N is the set of nodes, and A is the set 
of direct links between the nodes. A sink node is re-
sponsible for collecting data from all other nodes 
within its transmission range[5].The routing sched-
ule is computed by the base station. It calculates op-
timal routing schedule and broadcasts it. Every node 
follows this schedule. The process of finding the op-
timal path, and broadcasting it in the network and 
sending data from all nodes to the base station by 
following this routing schedule is repeated in every 
round. Computation of routing schedule is done dy-
namically with the consideration of current level of 
some criteria of each node. For this, normally it may 
require the nodes to report their criteria periodically 
to the base station. The base station can then deter-
mine the routing schedule based on this updated in-
formation.  
The proposed method assumes that: 1) all sensor 
nodes are randomly distributed in the area and every 
sensor node is assumed to know its own position as 
well as that of its neighbors and the sink; 2) all sen-
sor nodes have the same maximum transmission 
range and the same amount of initial energy; 3) each 
node has a certain amount of traffic pending in 
node’s queue. The node’s queue includes the appli-
cation traffic and also the traffic that a node has al-
ready committed to forward. One of the important 

measures of WSN is the network lifetime. For the 
proposed model, whenever any sensor node runs out 
of energy, communication links between various 
sensor nodes and the base station will break. This is 
considered as the end of the network lifetime. Since 
the lifetime of each sensor node depends on energy 
consumption, it is important to preserve residual en-
ergy of these nodes in such a way that overall net-
work lifetime is extended. The primary goal of this 
paper is to design a protocol that will prolong the 
lifetime of the WSNs through limiting energy cost as 
well as equal distribution of energy consumption. To 
achieve this, we make use of  the Fuzzy approach.  

 

 

 
 

 
 

 
 

 
4. SIMULATION RESULTS 
We have simulated our fuzzy model using Matlab 
byrandomly deploying sensors in an area of 1000m x 
1000m. The gateway was positioned at the center. 
Initial energy and buffer capacity of each sensor 
node have been taken as 5 joules and 5 packets re-
spectively. Eighty percent of the sensor nodes have 
been taken to be initially in the sensing state. A node 
has been assumed to stop sensing when its energy 
level drops to zero. Simulation was run for 960 
sensed packets, the size of each packet being 10k 
bits. For comparison with the crisp ap proach, the 
same scenario was simulated using non-fuzzy/crisp 
variables. The link cost is again determined on the 
basis of percentage of remaining energy of each 
node. Consequently, the routes are selected so as to 
avoid nodes with low remaining energy, thereby ex-
tending the lifetime of the sensor network. Figures 5, 
6 and 7 show simulation results. We have considered 
a node to 
be in critical state if its remaining energy becomes 
less than 40% of its initial energy. In Figure 5, it can 
be seen that fuzzy performs better than the crisp ap-
proach as the percentage of critical nodes is signifi-
cantly Figure 6 compares the performance of fuzzy 
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vs. crisp approach in terms of the minimum remain-
ing energy at any sensor node against the total pack-
ets sensed by the network. Referring Figure 6, the 
lifetime of an individual node is slightly lesser in the 
fuzzy approach as compared to the crisp one. This 
decrease in an individual node's lifetime has been 
traded off with a much longer network lifetime as 
shown in Figure 5. Packet drop percentage is shown 
in Figure 7. Packets are dropped either due to insuf-
ficient buffer capacity at the receiver or because of 
the lack of energy needed to transmit the packet. 
Percentage of packets dropped is significantly lower 
for our fuzzy approach resulting in greater reliability  

 

 
 

 
 

 
 

 
 

 
Fig 5: Network life-

time. 

 

 
 

  
 

 
 

 
 

 
 

Fig 6. Sensor node lifetime. 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

Fig7: Percentage of packets dropped. 

5. CONCLUSIONS 
We have presented a novel fuzzy model for ener-
gyoptimized routing in wireless sensor networks. 
Our simulation results have demonstrated the relia-
bility and efficiency of this approach. Moreover, as 
fuzzy approach is soft it can be easily tuned for dif-
ferent network and node conditions simply by 
changing shapes of the fuzzy sets. 
 

REFERENCES 
 [1] R.V. Kulkarni, A. Forster, and G.K. Venayaga-
moorth, “Computational intelligence in wireless sen-
sor networks: A survey,” IEEE Commun. Surveys 
Tutorials, vol. 13, no. 1, pp. 68–96, Feb. 2011.  
[2] C. Hua and T. P. Yum,“Optimal routing and data 
aggregation for maximizing lifetime of wireless sen-
sor networks,” IEEE ACM Trans. Netw., vol. 16, no. 
4, pp. 892–903, Aug. 2008.  

[3] H. Zhang and H. Shen, “Balancing energy con-
sumption to maximize network lifetime in data-
gathering sensor networks,” IEEE Trans. Parallel 
Distrib. Syst., vol. 20, no. 10, pp. 1526–1539, Oct. 
2009.  
[4] Ghosh S., Razouqi Q., Schumacher H., and 
Celmins A. “A Survey of Recent Advances in 
Fuzzy Logic in Telecommunications Networks and 
New Challenges,” Computer Journal of 
IEEE Transactions on Fuzzy Systems, vol. 6, no. 3, 
pp. 443-447, 1998. 
[5] Jain N., Madathil D., and Agrawal D., “Energy 
Aware Multi Path Routing for Uniform Resource 
Utilization in Sensor Networks,” in Proceedings of 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 5, May-2016                                                                                                     73 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org  

International Workshop on Information Processing 
in Sensor Networks (IPSN'03)  California, pp. 392-
404, 2003. 
[6] Nguyen H., Sugeno M., Tong R., and Yager R., 
Theoretical Aspects of Fuzzy Control, John 
Wiley, UK, 1995. 

[7] Nikaein N. and Bonnet C., “ALM Adaptive Lo-
cation Management Model Incorporating 

Fuzzy Logic for Mobile Ad Hoc Networks,” in Pro-
ceeding of Med Hoc Net, Italy, pp. 489-1499, 

2002. 
[8] Bonissone P., “A Fuzzy Sets Based Linguistic 
Approach: Theory and Applications,” in 
Proceedings of the 12th Conference on Winter Simu-
lation, California, pp. 275-284, 1980. 
[9] R. Madan and S. Lall, “Distributed algorithms 
for maximum lifetime routing in wireless sensor 
networks,” IEEE Trans. Wireless Commun., vol. 5, 
no. 8, pp. 2185–2193, Aug. 2006.  
[10] Tubaishat M. and Madria S., “Sensor Networks: 
An Overview,” Computer Journal of IEEE Poten-
tials, vol. 22, no. 2, pp. 20-23, 2003. 

[11] Akyildiz F., “A Survey on Sensor Networks,” 
Computer Journal of IEEE Communications Maga-
zine, vol. 40, no. 8, pp. 102-114, 2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IJSER

http://www.ijser.org/



