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    Abstract—Node localization is decisive issue in wireless sensor network. The sensor nodes are placed without observing their exact 
positions. The method of searching the nodes physical location after their deployment is known as the localization problem. Using GPS 
is very expensive, improbable and not suitable for WSN operating environment that’s why sensor nodes are self prearranged in 
Wireless sensor network. In this paper we provide the fuzzy logic and proposed a different nomenclature. Fuzzy logic works with 
estimated values rather than fixed and accurate values. This technique has been applied to make the node localization efficient and 
accurate. 

Index Terms—Node localization, wireless sensor network, GPS, Fuzzy logic technique 

I. INTRODUCTION  

In today scenario, Wireless sensor network is very much in use containing small senor nodes that are interrelated and have 
sensing, dispensation and communiqué ability. Ad-hoc network is the network under which WSN comes and gives the wireless 
environment for communication throughout the WSN network. WSN may be applied to different areas that are species monitoring, 
tracking devices and also used by military for protection purposes [4]. If there is lack in proper localization then the nodes can 
transmit or receive the correct data that can be insignificant due to which node localization is decisive issue for routing efficiency. 
The consequence of localization occurs from a variety of reasons. The factors due to which localization is necessary include 
addressing of sensor nodes, interconnection of gathered data; determine collective information, determining the node concreteness 
and range. Special methods are applied in wireless sensor network to make its localization more efficient. One method to analyze 
the position or location of the device is manual configuration which is not possible in large scale areas or mobile system.  Another 
possibility is Global positioning system that is not compatible for indoor environment and suffers from huge hardware cost. In 
general, according to economic consideration only few sensor nodes positions are detected using global positioning system or 
manual configuration. The nodes whose position is known in advance are anchor node or beacon node. While node localization in 
wireless sensor network faces different challenges i.e cost, time, security, design and deployment, sensor fusion, energy aware 
routing, scheduling, quality of service these factors have to be taken care of to improve the performance of coordinate system.  

WSN node localization approaches can be characterized either as range-free or range-based. Range based techniques relies on 
distance measurements between nodes. There are many techniques that can be used for the estimation of distance between the 
unknown sensor nodes. Some general techniques are - (1) Received Signal Strength (RSS) (2) Time of Arrival (TOA) and (3) Time 
Difference of Arrival (TDOA) (4) Frequency difference of arrival (FDOA) (5) Angle of Arrival (AOA) is required to estimate the 
position of node.  The localization system is alienated into three category- distance, position and angle estimation. Range free 
techniques do not need distance information; rather they estimate the location depending on the information of corresponding nodes 
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or reference nodes. The range-free techniques can also be classified into two main classes: Hop-count-based methods area-based 
methods. 

Due to hardware limitation, range-based localization being pursued is more efficient than the range free localization.  
 
 

 
 

 
 
 

 Fig1. Wireless Sensor Network 
 

II.  CHALLENGES AND MOTIVATION 

Wireless Sensor Networks have different issues and challenges that affect the recital of wireless sensor network: 
1) Design and deployment 
2) Localization 
3) Harmonization 
4) Security 
5) Quality of service management  

A. Design and deployment 

Nodes can be arrange by inserting sensor nodes one after other. Incorrect deployment may result into node bereavement due to 
power exhaustion moreover by short circuit or battery emancipation. This issue arises due to incorrect sensor appraisal. That result 
in least facts mislaid. Congestion also occurs owing to various immediate diffusion attempts by a variety of nodes. 

B. Localization 

       Node localization is influential issue both in networking and appliance domains of wireless sensor network. The sensor nodes 
are placed randomly without obtaining their correct positions. There is no scheme to establish and administer them once they are 
positioned. Obtaining the physical position of the sensors after they have been placed to determine the exact location is known as 
the problem of localization. 

C. Harmonization 

       Harmonization aims in determining a general time measuring for home clock of sensor nodes. A universal clock in a wireless 
sensor network helps to examine the data correctly. Applications of harmonization are environment monitoring, routing guidance, 
vehicle tracking etc. 

D. Security 

      Security is very imperative factor in wireless sensor network that is very exigent to pull off. The basic prerequisite for security 
in wireless sensor network: 

1) Confidentiality is required to protect the sensitive information from unauthorized third party. 
2) Authentication technique is required to verify the identity of user in network to protect the private information. 
3) Lack of veracity outcome in erroneousness of private information. 

E.  Quality of service 

       The performance of the network depends on the accurate deployment of the sensor node. That will improve the QOS of the 
network. QOS is very thorny to sustain in WSN owing to unremitting alteration in system topology. The obligatory amount of 
bandwidth is indispensable to pull off the nominal QOS. 
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III.  RELATED WORK 

      WSN localization is an active area of study with numerous surveys [2] [3] [4] [5] [6] [7] [8] [9] [10]. But some vital 
techniques are not discussed in them. In the paper [2] propose and investigate a localization technique for WSNs using NN. They 
considered the NN for building a flexible mapping between RSS and position of the sensor nodes. In this technique, the NN is 
trained using the RSS values of the grid sensors. Author [6] discussed a framework to detect external object in an UWB sensor 
network and showed that neural network can be used to detect single objects in such a network and compare the performance of 
their algorithm with cramer-Rao bound and least square estimator. The NN performance is comparable with the least squares 
estimator. As more sensor nodes are used the performance approaches to the Cramer-Rao bound.  Author [7]; the TDOA model 
for source localization in WSN is considered. The Total Least Square (TLS) algorithm is developed for location uncertainty. 
Simulation results show the good performance of the proposed work. As noise variance increasing, localization performance 
degrades in both LS and TLS algorithms. The TLS algorithm is outperform the LS algorithm significantly with high level noise 
variance. Author [8] presented a novel method for TDOA based source localization. This method utilizes the MCIS technique to 
find the approximately global solution to the ML problem, where an importance function is needed. This method can be applied 
only to the LOS environments. As work done by the author [3] to compare different techniques RSS, TOA, TDOA, Hop Count 
and TWR; TDOA method of distance measurement has high LOS and NLOS accuracy than RSSI, TOA and hop count but its 
hardware overload is more than three others. Its computational overhead is comparable with others.  We considered TDOA 
approach of distance measurement in our work. As per the findings of author [4] Neural Networks and Genetic Algorithms are the 
best suited techniques for node localization. Author of [5] use three neural network models: the artificial synaptic network, a 
multilayer perceptron network and a generalized radial basis network functions were applied to the TOA localization problem. 
The performance of the models shows that the proposed artificial synaptic network has the lowest RMS error and highest 
efficiency when TOA data is used for training.  

IV.  NEED FOR LOCALIZING 

       In the application context, GPS have not well suited into WSN due to its price, infrastructure and power exploitation.  
        Firstly GPS does not work under water, indoor, in a subway. It does not work for outdoor designing because of the line of 
sight condition. Secondly GPS is very expensive due to which it is considerable that these sensors are deployed due to low cost 
and non-refundable. Thirdly, GPS is highly power-consuming while sensors are self designed due to low power consumption. 

V. TECHNIQUE FOR LOCALIZING 

       In general, elements needed for localizing sensors are the distance estimation that estimate the comparative distance between 
the two sensors nodes, position computation estimates the coordinates of the unknown node with respect to the known anchor 
nodes or other neighboring nodes or angle between the unknown nodes. The techniques available for each of them are  

1) Received signal strength indication 
2) Time of arrival 
3) Time difference of arrival 
4) Triangulation 
5) Trilateration 
6) Multilateration 
 
A. Received signal strength indication : 

         During radio propagation, Radio signal weakens as the distance between the sensors increases. The radio signal depends on 
the increasing distance. Through RSSI the distance between transmitter and receiver is determined. RSSI measures the signal 
strength at the receiver. This method is mainly used for RF signal. 
       In [76], radio transmission models are studied and are used to determine the RSSI based on given distance. In this ideal radio 
propagation method, RSSI will be estimated on the bases of the distance between the transmitter and receiver. 
     In [83], the distance is estimated using RSSI with the help of WINS sensor nodes [3]. In the different strategies had studied 
such as the different power levels and deployment and works to estimate the interrelation between the distance and RSSI. And 
they concluded that RSSI is exponential proportionate to the given distance as the distance between the sensors increases the 
signal becomes weaken.   
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      Fig 5A: RSSI weakens exponentially as the distance between the transmitter and receiver increases. 
  

B. Time of arrival 
Distances between sensors are determined on the bases of the time taken by the signal to travel between the two nodes. 

      In [10], Multipath algorithm is used with the TOA to estimate the performance. Its results show that MP can accurately 
estimate TOA and has superior performance over the Fourier transform technique. 
      In [9], the performance is estimated in sensor network using the TOA estimator in terms of positioning error and CRLB with 
k TOA observation. 

Global positioning system uses the time of arrival technique for estimating the distance [97]. In [13], the mathematical formula 
used for TOA based Source Localization Algorithm is given as: 

                        v   = P(a)+ N                                         (2) 
       Where a is the source position needs to estimated, v the measurement or positioning vector, ‘N’ is an noise vector and P(a) is a 
recognized as a nonlinear function in a. 
 

C. Time of difference arrival 
       Time of difference arrival is the difference between the time measurements at different speeds. TDOA is based on different 
modalities of communiqué, sound and wave propagation in sensor nodes. The radio signal is used for harmonization between the 
transmitter and the receiver and the ultrasound signal is used to estimate the distance. In [13], the survey proposed TDOA method 
for object localizing based on intersecting coordinates of hyperbolas. In this experiments it works on the three or more hyperbolas 
and then calculate their TODA. TDoA technique is determined in surveys Active Bat [92], AHLoS [83], Cricket [74], and Cricket 
Compass [75]. 

 
D. Angle of arrival 
Angle of arrival method allows each sensor node to evaluate the relative angles between received radio signals. It estimates the 

angle at which the signal is received. AOA can be used with the distances to estimate the correct position of the sensors. 
      In [13], survey defines angle of arrival (AOA) is one method that is based on the angles between the known anchor nodes and 
unknown object nodes [16]. The AOA method is different from other technique through determining the senor distance, rather 
than their relative distance.  AOA is classified into two types. The first method deploys an array of sensors, and signal processing 
methods to determine the angle between the sensors and the object. The second method is the amalgamation of RSSI and AOA to 
better evaluate the distance and angle of the object with respect to the corresponding sensors. As AOA is not adequate to estimate 
the point, this technique is naturally used in amalgamation with RSSI or TOA methods for object localization. It suffers from the 
restriction of requiring multiple antennas and object nodes, thus rising its cost that is not affordable for all [17]. 

There are two disadvantages of the AOA techniques which make it unrelated. First, the cost of the complex antenna array is 
high as the implementation of AOA requires the smart antennas which are basically the arrays of antenna elements connected to a 
digital signal processor. Second, the AOA techniques will not scale well for systems with a large number of such nodes. 

 
E. Triangulation 

       Triangulation uses the AOA for location estimation. AOA that gives the angle information of each anchor sensor, with 
respect to the unknown sensor node and unknown node location is calculated using trigonometry laws of sins and cosines. 
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Fig 5e: Estimation of triangulation [80] 

 
         In [13], delaunay triangulation is used to estimate the distance an efficient coverage scheme for wireless sensor network. 
Delaunay triangulation uses 2D. Distance between two sensors is calculated by distance Formula Sqrt(x2-x1) ^2+ (y2-y1) ^2. If 
distance is <=R, where R is range of the network. The sensor nodes senses data incessantly and send the information constantly to 
the subsequently node towards the beginning. 

 
 
 

F. Trilateration 
       Trilateration is a technique that uses three anchor node with the unknown nodes and estimates the distances of the sensors. 
Trilateration is determined in 2D and will work on at least three anchor nodes. 
 

 
Fig 5f: Trilateration 

 
 

G. Multilateration 
Multilateration involves more than three anchor nodes for lateration. Author [9] studied the localization of wireless mobile     

sensors in the harsh, uncertain, and noisy conditions of manufacturing environments. Two algorithms based on artificial neural 
network (multilayer perception with single hidden layer and multilayer perception with two hidden layer) are accessible, and the 
consequences obtained are made in comparison with trilateration based technique. TOA data is used to train the neural networks. 

 

VI.  FUZZY LOGIC TECHNIQUE 

        The word fuzzy means not clear, distinct and blurred. Fuzzy logic is a multi-valued logic that deals with approximate values 
rather than fixed and exact values. Fuzzy logic values ranges between 0 and 1. The fuzzy logic provides the efficient and 
imaginative way to control system for correct localization.. It has following application such as temperature controller, anti-lock 
brake system (ABS). Fuzzy sets can be described using a membership function. Fuzzy logic is based on the theory of fuzzy set. In 
fuzzy logic a proposition may be true or false which takes the value between [0, 1].  Fuzzy logic is the computer logic that is 
divergent from Boolean logic. 
        Fuzzy logic will apportion the value to be more liberal than true (0) or false (1). Fuzzy logic provides 0 and 1 as excessive 
cases of truth but also determine the assorted states of truth among them. For example, the declaration is, today is sunny, may be 
100% true if there are no clouds, 80% true if there are a few clouds, 50% true if it's cloudy and 0% true if it rains hole day. 
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        Fuzzy Rules are frequently articulated in the structure: 
IF variable IS property THEN action or it may also include the example without action. 

IF temperature IS cold THEN turn off fan. 

IF temperature IS OK THEN sustain level. 

IF temperature IS hot THEN increase fan. 
 
       Fuzzy logic is a system in which a proclamation can be 0 (true), 1 (false) or values between them. Fuzzy logic is the technique 
in which the observations can’t be fully true or false. 
 

 
Fuzzy logic technique gives the efficient result in node localization as it will take any value between 0 and 1 and make the 

system more accurate. 
A.  Fuzzy membership function 
     Membership functions deals with truth value in classic sets. 
The graph describe the Fuzzy member function is that consider X is high and high means more than 6. 

 
Fig 6a: Crips Membership function 

       A next similar graph is the graph of membership function of fuzzy case. Graph describe the Fuzzy member function is that 
consider X is high and someone more than 6 is high. 
 

 
Fig 6a: Fuzzy membership function 

 
B. Fuzzy Control 

Membership function is very helpful and integral part in fuzzy logic. Let us consider a control function and have applied a 
fuzzy membership function. Let us take a previous example of fuzzy logic. Membership function measures the truth value of the 
statement. 

IF temperature IS cold  

IF temperature IS normal  

IF temperature IS hot 

      The rule is applied to these statements; it is the set of rules applied for controls. 
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IF temperature IS cold THEN control effort is high. 

IF temperature IS normal THEN control effort is medium. 

IF temperature IS hot THEN control effort is low. 
 

Fig 6b: fuzzy control graph with low, medium and high conditions. 
 

VII.  CONCLUSION  
Node localization is very crucial in wireless sensor network to perform accurate routing in the network. A lot of techniques 

have being applied on node localization but we are here studying fuzzy technique that will work on the approximate value to make 
Fuzzy network for sensors so that the result become more appropriate.  
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