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ABSTRACT: This paper review for routing analysis in wireless sensor networks utilizing a fuzzy logic system at each 
node to determine its capability to transfer data based on its relative packet delivery ratio, throughput and delay to 
maximize the lifetime of the sensor networks. The fuzzy logic system helps in the selection of node to forward packets 
to the destination. The use of fuzzy logic in WSNs is shown to be a promising technique since it allows combining and 
evaluating diverse parameters in an efficient manner. Fuzzy logic is a good approach due to the execution requirements 
can be easily supported by sensor nodes, while it is able to improve the overall network performance.  
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I. INTRODUCTION 

 
A wireless sensor network is a collection of sensor nodes with limited power supplyand constrained computational and 
transmission capability. Due to the limited transmission and computational ability, and high density of sensor nodes, 
forwarding of data packets takes place in multi-hop data transmission. Therefore routing in wireless sensor networks 
has been an important area of research in the past few years. 
The sensor nodes run on non-rechargeable batteries, so along with efficient routing the network should be energy 
efficient with efficient utilization of the resources and hence this is an important research concern. Advances in 
wireless technologies and evolution of low cost sensor nodes have led to introduction of low power wireless sensor 
networks. Due to multiple functions and ease of deployment of the sensor nodes it can be used in various applications 
such as target tracking, environment monitoring , health care, forest fire detection, inventory control, energy 
management, surveillance and reconnaissance, and so on [1]. The main responsibility of the sensor nodes in a network 
is to forward the collected information from the source to the sink for further operations, but the resource limitations 
[2], unreliable links between the sensor nodes in combination with the various application demands of different 
applications make it a difficult task to design an efficient routing algorithm in wireless sensor networks [3, 4]. 
Designing suitable routing algorithms for different applications, fulfilling thedifferent performance demands has been 
considered as an important issue in wireless sensor networks. In these context many routing algorithms have been 
proposed to improve the performance demands of various applications through the network layer of the wireless sensor 
networks protocol stack [3, 4], but most of them are based on single-path routing. In single-path routing approach 
basically source selects a single path which satisfies the performance demands of the application for transmitting 
the load towards the sink. Though the single path between the source and sink can be developed with minimum 
computation complexity and resource utilization, the other factors such as the limited capacity of single path reduces 
the available throughput [5]. Secondly, considering the unreliable wireless links single path routing is not flexible to 
link failures, degrading the network performance. Finding an alternate path after the primary path has disrupted to 
continue the data transmission will cause an extra overhead and increase delay in data delivery. Due to these factors 
single path routing cannot be considered effective technique to meet the performance demands of various applications. 
To overcome these performance issues and to cope up with the limitations of the single path routing strategy , multi-
path routing strategy also known as alternate path routing came into existence. As the name suggests there will be 
multiple paths established between the source and the destination through which the data can reach the destination [6]. 
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Now how these links are used are totally based on the individual routing strategy. Some routing algorithms use the best 
path to send the data, keeping the other alternate paths as a backup and use it if the primary path fails, some use all the 
paths concurrently to send data and so on. 
In the past few years multi-path routing approach is extensively used for different network management purposes, such 
as providing a fault tolerant routing, improving transmission reliability, congestion control and Quality of Service(QoS) 
support in the wired and wireless networks, but the unique features of the wireless sensornetworks and the 
characteristics of the short range radio communications introducea new challenges that should be addressed in 
designing the multi-path routing 
protocols. 
 

II. LITERATURE SURVEY 
 

M. Bheemalingaiah et al. [1], since 2000, Mobile Ad Hoc Networks are treated as the emerging filed in the wireless 
communication. They comprise only mobile nodes that use wireless transmission and can be set anywhere and anytime 
because they eliminate complexity of infrastructure and central admission. The Mobile Ad Hoc Networks are 
extensively used in different fields such as emergency situations, military applications and mobile communications. 
The routing is the major issue in the field of MANET due to the mobility nature and lack of infrastructure of the 
network. The different routing protocols have been proposed to address the routing issue. The development of 
multipath routing for mobile ad hoc network by considering the performance metrics with standard simulator is an 
important research area. Hence in this paper, we have chosen Power-aware Node-disjoint Multipath Source Routing 
(PNDMSR) to implement and analyze its performance with respective to Multipath Dynamic Source Routing (MDSR) 
by using various quantitative performance metrics like, routing control overhead, throughput, packet delivery ratio, 
packet loss and energy efficiency by varying various parameters like network's size, mobility of node, pause time, data 
rate and load. The main objective of the PNDMSR is selecting energy aware node-disjoint multipath from source to 
destination by optimizing the overhead using node's cost and it increases the network of lifetime. 
 
Dogan Yildiz et al. [2],intersection of hyperbolic curves defined by the Time Difference of Arrival (TDOA) is often 
used in Wireless Sensor Networks (WSNs) to estimate the location of sensors. This paper proposes a new algorithm of 
this type. The hyperbolic parametric equation and the rotation matrix are used to estimate the location of the target node 
and rotation, translation and intersection operations are applied. MATLAB simulations on Uniform, Beta, Weibull and 
Gamma distributed networks showed the optimum combinations of distribution, constant range and anchor percentage. 
 
Alexandros Ladas et al. [3], this paper presents Multipath-ChaMeLeon (MCML) as an update of the existing 
ChaMeLeon (CML) routing protocol. CML is a hybrid and adaptive protocol designed for Mobile Ad-Hoc Networks 
(MANETs), supporting emergency communications. M-CML adopts the attributes of the proactive Optimized Link 
State Protocol (OLSR) and extends it so as to implement a multipath routing approach based on the Expected 
Transmission Count (ETX). The paper substantiates the efficiency of the protocol through a simulation scenario within 
a MANET using the NS-3 simulator. The acquired results indicate that M-CML routing approach combined with an 
intelligent link metric such as the ETX reduces the effects of link instabilities and enhances the network performance in 
terms of resiliency and scalability. 
 
P. Fazio et al. [4],in last years, wireless networking is becoming very popular because it is able to satisfy user requests 
in terms of Quality of Service (QoS); when mobility is present, perhaps, hand-over issues are relevant when hosts 
change coverage areas during their active sessions. It is very important to mitigate mobility effects, employing an 
appropriate bandwidth management policy. In our work, we propose two integrated schemes: the first one is based on 
Markov theory and is aimed at the prediction of mobile hosts movements (in terms of future cells), while the second 
one is based on statistical theory and is aimed at the minimization of the wasted bandwidth used for passive 
reservations. So, the proposed Pattern Prediction and Passive Bandwidth Management Algorithm (3P-BMA) is the 
result of the integration of the Markov predictor and the statistical bandwidth management scheme. 3P-BMA is 
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completely independent on the considered technology, mobility model and vehicular environment. We do not care if the coverage is 
made by UMTS or WLAN technologies, if hosts are pedestrians or mobile users, etc.  
 
F. De Rango et al. [5], this papers presents a 2D reservation scheme in WLAN environment. A two-dimensional wireless mobility 
model called smooth random mobility model (SRMM) has been considered, because it makes the movement of users smoother and 
more realistic than well-known in literature random mobility models. A general prediction technique based both on the analysis of 
cell stay time and on the direction probabilities of hand-in and hand-out events of mobile nodes from wireless cells is outlined.  
 
F. De Rango et al. [6], this paper presents a novel call admission control (CAC) algorithm based on the statistical multiplexing of 
VBR traffic. The proposed algorithm is called statistical multiplexing based on discrete bandwidth levels of GOP rate (SMDB) 
because the solution is based on the discretisation of the GOP rate in a set of bandwidth levels and on the time characteristics of 
discrete bandwidth levels of MPEG sources. SMDB is compared with another statistical CAC based on the normal/lognormal 
distribution of the GOP rate (SMND).  
 
Park S. Y. et al. [7], Minimum Cost Forwarding Algorithm (MCFA) is another routing protocol for Wireless Sensor Network that 
exploits the fact that the direction of routing is always known and it is towards the fixed external Base Station. The sensor nodes 
need not have a unique ID or they do not need to maintain routing tables. Each sensor node maintains the least cost estimate from 
itself in order to reach the Base Station. Whenever a sensor node has packets to forward to the Base Station, it broadcasts to its 
neighbors. After a node receives the packet, it checks if it is on the least cost route between the source sensor node and the Base 
Station. If it is so, the receiving node rebroadcasts the packet to its neighbors.  

 
Osama Ennasr et al. [8], LEACH is one of the first hierarchical cluster based routing approach for wireless sensor network with 
static sensor nodes and static Base Station. The entire sensor field is logically divided into clusters and approximately 5% of the total 
deployed sensor nodes act as the cluster head. The cluster head nodes are elected with a probability based on the amount of energy 
left in the nodes. The cluster head does data aggregation upon collection of data from its cluster members and removes redundancy 
in the sensed data and finally forwards the aggregated data towards the Base Station. This saves lot of energy by minimizing the 
volume of data to be transmitted.  
 

Table 1: Summary of Literature Review 
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III. MULTIPATH ROUTING IN WIRELESS SENSOR NETWORKS 

 
The restricted capacity and transmission capability of multi hop path and highdynamics of wireless links single path 
approach is not able to provide efficient data 
rate in transmission in Wireless Sensor Networks. To overcome these issues now a days multi-path approach is used 
extensively [8]. As mentioned before multi-path routing has demonstrated its efficiency to improve the performance of 
wireless sensor and ad-hoc networks. In the following,we review the gain in performance,thatcan be achieved by using 
multi-path approach. 
Routing in sensor networks involves finding the optimal transmission path for the energy constrained sensor nodes to 
the destination in order to prolong the network lifetime. From the aforementioned literatures [9-10], we find some 
criterion to lengthen the lifetime of the sensor networks as follows:  
Small multiple hops: As the energy consumed for the transmission is proportional to the square of the distance from 
sender to receiver, multiple short hops is preferable instead of a single large hop [11]. 
Shortest path: Shortest path from the sender to receiver is the straight line connecting the nodes. Forwarding packets 
along this line is more efficient than a detour.  
Traffic load: In case, concentration of events in some particular areas is more than that of other areas, using shortest 
path will cause implosion along the path. Therefore, the traffic load in the nodes will effect the lifetime of the networks 
[12, 13]. 
Energy: Nodes having greater remaining energy participates more than the nodes having small amount of power can 
extent the network lifetime [14]. 
 

IV. PERFORMANCE PARAMETER 
 

Throughput (Kbps) analysis:To measure the protocol performance, throughput servesas the better parameter. The 
throughput is defined as theratio of number of packets received to the number ofpackets transmitted [15] and it is 
indirectly proportional tothe overhead.The throughput is calculated by using the equation 1. 
 
 
(1) 
 
 
Where x is number of bytes received and t is simulation 
time 
 
Analysis of Packet Delivery Ratio (PDR):-To find the efficiency of the protocols, PDR is one of theimportant 
qualitative metrics. It is defined as the ratio ofdata packets received and packet sent, it is calculate as follows 

 
PDR =  ୶

୷
   × 100   (2) 

 
Where x is the total number of packets received and y is 
the total number of packets sent at end of the simulation 
time. 

 
Delay:- 
Delay =  ୭୲ୟ୪ ୢୣ୪ୟ୷ ୭ ୣୟୡ୦ ୢୟ୲ୟ ୮ୟୡ୩ୣ୲

୭୲ୟ୪ ୈୟ୲ୟ ୮ୟୡ୩ୣ୲ ୰ୣୡୣ୧୴ୣୢ
   × 100(3) 
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V. FUZZY SYSTEM 

  
The Fuzzy Logic Algorithm is illuminated by the powerful capability of fuzzy logic system to handle uncertainty and 
ambiguity. Fuzzy logic system is well known as model free. Their membership functions are not based on statistical 
distributions. In this paper, we apply fuzzy logic system to optimize the routing process by some criterion. The main 
goal is designing the algorithm to use Fuzzy Logic Systems to lengthen the lifetime of the sensor networks. 

 
Figure 1. The structure of a fuzzy logic system 

 
VI. CONCLUSION 

In this paper, the studyof an energy efficient multipath routing protocol for WSN. This protocol is designed to decrease 
the routing overhead, improve the latency and packet delivery ratio and through discovering multiple paths from the 
source to the destination. It has a sink initiated Route Discovery process with the location information of the source 
known to the sink. There are two types of nodes whichare used here one is primary and the other is alternate. At the end 
of the route formation one primary path and multiple alternate paths are built and all nodes except the primary paths 
nodes are put to sleep mode which helps us to save energy and generate a collision free environment, the primary path 
is used to transmit the data from source to the sink and if the route disrupts, the next best alternate routeis used for the 
purpose and if no path exists between the source and destination thenthe route discovery algorithm calls. 
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