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Abstract— Sensor area in Wireless Sensor Network (WSN) 

consist of numerous wireless nodes that need to communicate 

with each other in order to send information to base station. 

In many applications these nodes are deployed in hostile 

environment, therefore finding locations of these nodes 

becomes a noteworthy issue. Better localization will enhance 

the life time of wireless sensor networks. The main features 

and drawbacks of the various localization techniques used in 

literature has been discussed in this paper. 
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I. INTRODUCTION 

The advancement in recent  communication   technologies 

have made possible the use of sensor networks of wireless 

sensors for various monitoring and control applications as it 

could measure numerous properties, including temperature, 

acoustics, light, and pollution[1]. The major application 

scenarios include disaster relief applications (i.e. detection of 

wildfire or forest fire) , environment control (i.e. detection of 

chemical pollution earth movement, habitat monitoring), 

intelligent buildings (i.e. HVAC systems control  for energy 

consumption optimization, checking mechanical stress 

levels[13] in structures), facility management (tracking 

people and assets, monitoring leaking chemicals in chemical 

plants), preventive maintenance of machines, medicine and 

health care. 

A sensor node is small and  low battery device with 

limited computational and  communication   capabilities. 

In a localization problem in WSN two groups of 

sensors are there: 

A. Anchors Nodes: 

The nodes of the network with known positions are called 

anchor nodes. 

B. Non-Anchor Nodes: 

The nodes of the network which are to be localized are called 

non anchor nodes. 

The WSNs can be produced at a relatively low-cost 

and can be deployed in a different ways of settings. The 

automatic location detection of sensors, localization is an 

significant issue for WSN applications where the sensors are 

deployed in random manner, or they move  even after 

deployment. The location of sensor will be useful for the 

development of energy efficient routing protocols. 

Information of the position is really essential to many 

location-aware sensor network communication protocols 

commonly as packet routing and sensing coverage [2]. 

  
Fig. 1: Wireless Sensor Networks- Before and After 

Localization 

The localization in WSN is  a  substantial  key 

enabling technology, attracting relatively large research 

interest. With the limited resources of network sensors, as 

well as their high failure rate, many challenges prevails in the 

automatic determination of the sensor’s location. Various 

application requirements such as scalability, energy 

efficiency, cost, consistency, responsiveness and privacy 

affect the research and development of sensor localization 

systems. 

The objective of this paper is  to  summarize   and 

review the literature of localization systems planned 

particularly for localizing sensor nodes in WSN in order to 

provide guidelines for low-level application researchers. We 

describe and make clear the current research issues in this 

field in relation to the real-time indoor tracking applications 

of the WSN localization schemes.  

II. LITERATURE SURVEY 

Werb and Lanzl [8] have designed and developed the 

Pinpoint’s 3D-iD system for positioning of the small devices 

and assets indoors. 

Harter [9] has developed the Active Bat location 

system, which consists of a collection of fixed nodes arranged 

on a grid. 

Hightower et al. have developed the Spot ON tags 

for indoor location sensing, based on signal strength 

measurements. 

Bahl and Padmanabhan [10] have developed and 

tested RADAR system for localization which used a kind of 

fingerprinting algorithm to perform RF signal strength 

measurements offline to design signal strength maps. These 

maps are then used during localization to estimate the 

distance from signal strength measurements. 

Priyantha et al. [11] have designed the Cricket 

localization system for indoor environments, fixed 

beacons, broadcasting local information to 

the listener nodes to increase the accuracy of distance 

estimation from ultrasound signals.  

Bulusu et al. proposed a single-hop, range-free 

scheme that uses the radio connectivity of a node to a 

set of anchor nodes to detect its coordinates [12]. 

The coordinates of non-anchor nodes are received by 

calculating the centroid of all the anchors in the nodes 

radio-range.  
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The Amorphous Positioning algorithm, described in  

uses offline hop-distance estimations, like the DV Hop, 

improving location estimates through a neighbor information  

exchange.                                  

Savides et al. [14] have introduced N-Hop 

multilateration, which uses the bounding box approach for 

distributed position computation for avoiding the error 

accumulation in the sensor network and improving accuracy. 

III. CLASSIFICATION OF WSN LOCALIZATION TECHNIQUES 

There are different kinds of localization techniques for 

accuracy requirements in localization process. Localization 

can be primarily divided into two categories: 

1) Range-based  

2) Range-free 

The comparison between range based and range free 

methods has been discussed in table 1.Range-based approach 

uses fixed distance estimate or angle estimate methods to 

measure the distances from the node to the anchors. In range-

free approach, it is difficult for a node to measure the direct 

distances to the anchors. Node can estimate its regions or 

areas only through connectivity and closeness where it stays. 

 
Range based 

localization 
Range free localization 

1. 

This approach uses 

range information 

(distance or angle 

estimates) for 

calculating location. 

The range-free methods do 

not need exact range 

information for distance 

estimation but they use the 

number of hops between a 

node pair as a distance 

parameter. 

2. 
Accuracy is more 

than the other type. 

Accuracy is less than range 

based but they satisfy the 

requirements needed for 

many applications. 

Table 1:  Comparison between range based and range free 

localization . 

Range-based localization can further be divided into 

another two categories: single-hop and multi-hop shown in 

figure 2. When in a network a node is able to calculate 

distance to anchors directly is known as single hop 

localization. Multi-hop localizations is needed when a node 

in the network can not directly communicate with beacons. 

More generally, localization in WSN is a multi-hop approach 

because a node may not communicate directly with beacons 

to anchors. So node can send or receive messages only 

through multi-hop routing. 

 
Fig. 2: Single hop and multi-hop localization 

 

A direct link between two neighbor nodes is called 

a hop. Localization algorithms that make use of single hop 

are called the one-hop or ‘single hop’. 

Single-hop localization is possible when a 

maximum number of anchor nodes are comprised of one hop 

neighbors of a blind-node (node in the network unaware of 

their position). A GPS system is a good example of single hop 

localization. It uses satellites as anchors and performs 

multilateration to detect position a mobile target on the 

earth’s surface [6].  

Multi hop Localization- When the distance between 

two nodes is greater than the radio range of node, then these 

nodes may able to communicate with each other using other 

intermediate nodes in the network.  This type of path is called 

a multi-hop path. WSNs are used in large area networks  such 

as a forest, there are many node pairs that can only 

communicate over a multi-hop path. The structure of such a 

WSN is called a multi-hop topology. The comparative 

breakdown of single hop and multi-hop localization is shown 

in table 2. 

 
Single Hop 

Algorithms 
Multi Hop Algorithms 

1. 
These algorithms are 

lighter and simpler. 

These are complex and 

lengthy algorithms. 

2. 
They have severe 

scalability problems. 

They are much more 

scalable because of their 

distributed nature. 

3. 
These are less practical 

in nature. 

They are practical in 

nature. So these are widely 

implemented in field of 

localization. 

4. 

Single hop are 

centralized as data is 

gathered and stored in 

one or more servers. 

Multi hop are distributed 

in nature as nodes are able 

to communicate through 

intermediate nodes. 

Table 2: Comparison between Single hop and Multi hop 

A. Range Based Measurement Techniques For Distance 

Estimation: 

Various measurement methods can be employed as shown in 

figure 3 to find the locations of nodes in the network. The four 

common methods of measuring range are angle of arrival, 

time of arrival, time difference of arrival and received signal 

strength indicator. 

 
Fig. 3: Various phases of localization process [16] 

1) Distance Estimation Techniques:  

The distance estimation phase involves measurement 

techniques to estimate the relative distance between the 

nodes. This method highly influences the accuracy and 
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position of the unknown nodes .The common methods used 

to estimate distance are as follows: 

a) Angle-Of-Arrival (Aoa):  

The Angle of Arrival (AoA) methods allows every sensor to 

evaluate the relative position of angles between received 

radio[4]. The angle of arrival in shown in figure 4. The 

advantage of this method is the high accuracy, and the main 

disadvantage is the additional hardware used to implement it. 

 
Fig. 4: Angle of arrival of the signal [16] 

b) Time Based Methods (Toa , Tdoa):  

The Time of Arrival (ToA) and Time Difference of Arrival 

(TDoA) methods try to estimate distances between two nodes 

using time based measures. The distance between two nodes 

is directly proportional to the time taken by the signal to 

propagate from one point to another. 

c) The Received Signal Strength Indicator (RSSI): 

This technique  is used to translate signal strength into 

distance. The RSSI technique is the simplest and cheapest 

method amongst the various measurement techniques 

because it does not require additional, dedicated hardware. 

But, in real-world environments, this indicator is highly 

affected by noises, obstacles, and the type of antenna, which 

makes it hard to model mathematically [5]. 

2) Position Computation Techniques: 

When a node has enough information about distances and/or 

angles and positions, it can compute its own position using 

one of the methods studied in this section. 

The most common techniques used to compute 

position are lateration, multilateration and angulation. 

Lateration is a technique of computing the location 

of  node which is blind, based on the  precise measurements 

to three non collinear anchors. Lateration, which is performed 

using the three anchors, is called trilateration as shown in 

figure.5. 

 
Fig. 5: Trilateration[16] 

If the lateration is performed for  more than three 

anchors is called multilateration  as  shown in figure 6. As 

when larger numbers of nodes are deployed randomly, 

multilateration is used to compute node’s position. 

 

  

 
Fig. 6: Multilateration[16] 

As described in figure 7. Angulations or 

triangulation is based on the information about angles instead 

of distance.    The unknown node estimates its angle to each 

of the three reference nodes and, based on these angles and 

the positions of the reference nodes (which form a triangle), 

computes its own position using simple trigonometrically 

relationships. 

 
Fig. 7: Triangulation[16] 

B. Other Localization Algorithms: 

1) Centralized Vs. Distributed Localization:  

In different types of WSNs, the architecture used is already 

centralized due to the nature of the problem the network is 

relating with. Most of the networks which are designed for 

monitoring and control  purposes  are centralized because of  

the data gathered which is stored in one or more servers. 

 
Centralized 

localization 
Distributed localization 

1. 

In this method, 

data is gathered 

which is stored in 

one or more 

servers. 

 

In distributed algorithms 

procedure is to execute the 

localization algorithm on 

every node so that they can 

locate themselves with respect 

to their neighbors. 

2. 

The advantage of 

centralized 

approach is the 

accuracy that it 

provides. 

Distributed solutions tend to 

distribute and increase the 

error due to the multi-hop 

execution. 

 

Table 3: Comparison between Centralized and Distributed 

localization. 

2) Anchor-Based Vs. Anchor-Free Localization Algorithms.  

In respect of the existence of anchor nodes, localization 

algorithms can be further classified into two groups:  anchor-
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free and anchor-based algorithms as described in table 4. 

Priyantha et al. have proposed a decentralized  anchor-free 

localization algorithm [7]. 

 Anchor-based algorithms 
Anchor-free 

algorithms 

1. 

These are based on anchor 

nodes and assume that a 

certain minimum number or 

small number of the nodes 

know their position e.g., by 

manual configuration or 

using some other location 

mechanism (i.e. GPS). 

Anchor-free 

algorithms uses local 

distance information 

to determine node 

coordinates when no 

nodes have pre-

configured positions. 

2. 

The final coordinate 

assignment of individual 

nodes will therefore be valid 

possibly global, coordinate 

system. 

Any such coordinate 

system will not be 

unique and can be 

embedded into 

another global 

coordinate. 

Table 4: Comparison between Anchor based and Anchor 

free algorithms. 

3) Parameters for Localization: 

1) Cost of computation-Cost is a very challenging issue in 

the localization of wireless sensor network. There are 

very few algorithms which give low cost but those 

algorithms don’t give the high rate of accuracy. 

2) Error of localization – Localization error is a error that 

comes in determining the exact locations of sensor 

nodes. 

3) Cost of hardware used – This is also demanding factor as 

the minimum hardware cost should be employed by 

minimum anchor nodes employed. 

4) Power: Power is necessary for computation purpose. 

Power play a major role in wireless sensor network as 

each sensor device has limited power. Power is supplied 

by battery. 

IV. CONCLUSION 

Wireless sensor network localization has attracted significant 

research interest. This paper has provided a review of the 

localization techniques used in WSN. The localization 

algorithms are classified according to the measurement, 

computation, optimization and communication mechanisms 

they use. There are various main techniques  such as  range 

based and range free, anchor based and anchor free, 

centralized and distributed, lateration ,  multilateration,  

trilateration and angulation. For the    applications in hostile 

environment, mutilateration technique is more practical 

which has been broadly discussed.               

V. FUTURE SCOPE 

Besides significant research developments in this area, there 

are still many unsolved problems in wireless sensor network  

localization. The    current   research  in   this  area   generally 

focuses on modelling the collaborative behaviour of WSNs . 

However more deeper research and focus on the WSN 

localization algorithms and corresponding measurement 

techniques is necessary for developing applications in 3-D 

collaborative environments. Furthermore noise ,obstacles are 

to be tackled so more work can be done on stationary 

networks by the use of received signal strength technique. 
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