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Abstract— Localization is essential process in Wireless 

Sensor Networks (WSNs) to identify the current location of 

the event. Manual configuration of location of each sensor 

node is not possible in inaccessible area. On the hand 

installing GPS to every sensor is not feasible due to high 

cost. One way is to equip some node with GPS called 

anchor node. Based on the location information given by 

anchor node, other nodes measure their location. Most of the 

technique use anchor concept. This paper give an overview 

of node localization component and method used in wireless 

sensor networks covering its problems. Classification of 

localization method and several algorithm using genetic 

algorithm is also discussed. 
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I. INTRODUCTION 

A wireless sensor network comprises a number of sensors 

which do sensing, communication, computation and control 

task. Sensors are able to take physical measurements such as 

humidity, temperature, sound pressure, gas leak, light and to 

detect land mines. The task of each sensor node is to 

identify the changes that happen in its particular area. These 

changes are periodically notified at the central server. Now 

the task of central server is to identify that area with the help 

of the location information given by the sensor node. The 

position of sensor node is important in many aspects such as 

routing, monitoring, surveillance and military. 

Initially at the time of deployment each sensor 

nodes are provided with their location references. Sensor 

node do this either automatically with the help of GPS [3] 

devices attached to it or it is done manually. Manually 

determining the location may not be feasible in the context 

of large network and inaccessible areas. To equip each 

sensor node with GPS is very costly so the alternative is to 

use the concept of anchor node, some node with GPS and 

other node identify location identify with the help of nearby 

nodes. This paper presents an overview of localization 

process used by the sensor nodes.  Research is going on in 

the field of localization to reduce error in localization 

process and research now focus at 3D localization to further 

reduce errors.   

There are many issues [1] with the node 

localization in WSN, such as node deployment without any 

infrastructural support in the 3D space. And when sensors 

are deployed randomly for example by the use of aircraft, 

then it is difficult to calculate exact location of the event. In 

another case, difficulty arises when nodes are mobile then 

due to mobility location is to be calculated each time an 

event occur. Another issue is that when new nodes join or 

old nodes are removed from the present deployment. 

General indicators of localization are location accuracy and 

anchor node density. In this paper several localization 

methods with their advantage and disadvantage is discussed. 

It highlights the future research areas of localization in 

wireless sensor network.  

Organization of the paper: Section 2 covers the 

component of localization. Section 3 cover example of 

localization techniques. Section 4 and 5 presents the 

performance, discussion and future events. Section 6 

concludes the paper.  

II. THE COMPONENTS OF LOCALIZATION SYSTEMS 

Node localization is the process [2] of calculating coordinate 

of sensor node with respect to given coordinate system. 

Localization play an important role in navigation, tracking, 

real time location and optimized routing. Localization is 

basically of two types. First is node localization and other is 

target localization. Target localization means process of 

finding local coordinates of a moving target with respect to 

sensor deployed for target tracking. Localization system has 

three components.  

1) Distance/angle estimation:  

The responsibility of this component is to estimate distance 

and/or angles between two nodes.  

2) Position computation:  

This component utilizes information given by distance 

and/or angle estimation component and measure coordinates 

of a node.  

3) Localization algorithm:  

The task of this component is to determine the way to 

process available information in order that almost all of the 

nodes estimate their positions.  

A. Distance/Angle Estimation: 

Method for distance/angle estimation are received signal 

strength indication (RSSI), time of arrival/time difference of 

arrival (TOA/TDOA), and angle of arrival (AOA). 

1) RSSI: 

It is used to calculate the distance between two nodes based 

on the power present in the signal received by the node. A 

radio [3] propagation model or path loss model can be used 

to transform the signal power into distance. 

2) Time of Arrival: 

Here the distance between two nodes is calculated by using 

simple formula. Distance is equal to multiplication of speed 

and time. Here  d = sr (t2 – t1) , d is the [4] distance between 

sender and receiver, sr is the propagation speed of the radio 

signal i.e Speed of light, t1 is time at which signal was sent 

and t2 is time at which signal is received as shown in Fig 1. 

 
Fig. 1: TOA. 
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3) TDOA:  

There are two ways to calculate distance. First takes the 

difference [2, 4] in the times at which a signal from a single 

node reach at the three or more nodes. Second takes the 

difference in the times at which multiple signals from a 

single node reach at another node. The equation is D= (S1-

S2)*(T2-Td-T1) as shown in Fig 2. 

 
Fig. 2: TDOA. 

4) AOA:  

Distance is calculated with the help of angles [5] and the 

estimation of the AOA is done using directive antennas. 

AOA can be in relative to the node itself, or to a second 

signal capture by the node as shown in Fig 3. 

 
Fig. 3: AOA 

B. Position Computation: 

Position computation is done with the help of trilateration, 

multilateration, triangulation, probabilistic approaches, 

bounding box and several other methods. 

1) Trilateration: 

In order to find coordinates of a node, three reference node 

are required. Node must know its distance from each 

reference node and also coordinates of three reference node. 

Now coordinates of unknown node is computed by using the 

concept of intersection of three circles.  The equation of 

three circles [6] is represented as (x^ – xi)2 + (y^ – yi)2 = 

di2, here x^, y^ represent unknown node and xi, yi represent 

ith reference node and di is the distance between the ith 

reference node and the unknown node. Now three equations 

with two unknowns can be solve easily as shown below. 

 
Fig. 4: Trilateration 

2) Multilateration: 

When number of reference node are greater than three then 

multilateration is used to compute [2, 6] the position of 

node. Here distance is represented by equation di = d^i – e, e 

represent the error. Now equations of circle is represented 

by (x^ – xi)2 + (y ^ – yi)2 = di2 – e    where e error is 

assumed to be random variable. This technique is more 

accurate than trilateration as shown in Fig 5. 

 
Fig. 5: Multilateration 

3) Bounding Box: 

This method uses squares in the place of circles as used in 

trilateration to find the positions [2] of unknown node. One 

bounding box is made for each reference node. The equation 

of square which take its center (xi, yi) the position of ith 

reference node and its sides are represented as 2di, here d is 

the estimated Distance and with coordinates (xi – di, yi – di) 

and (xi + di, yi + di). 

4) Triangulation: 

This method use information about [2] angles instead of 

distances. Here at least three reference nodes are required to 

find coordinates. Angle is estimated between each unknown 

node and reference node. It forms a triangle and unknown 

node calculates its own position using simple 

trigonometrically equations as shown below. 

 
Fig. 6: Triangulation 

5) Probabilistic Approach: 

This method is used to convert distance into coordinates 

when there is uncertainty in estimated distance. Unknown 

node gets one packet [7] from a reference node and another 

packet from another reference node, it helps unknown node 

to calculate its probable position.  

6) Fingerprinting: 

This method collect the characteristics of signal [7] obtained 

from a set of locations and then compare current signal 

characteristics with those collected previously. After then 

compute the coordinate of unknown node. 

7) Semi Definite Programming (SDP): 

This algorithm represents geometric constraint between 

nodes as linear matrix inequalities [8] (LMIs). The 

constraints which expressed in the LMIs can be combined to 

form a single semi definite program. It provide approximate 

solution which reduce computation effort. 

8) Multidimensional scaling (MDS-MAP): 

In multidimensional scaling [1] every node calculate the 

local map of network topology and these local map 
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combines together to form global network topology. It is 

iterative algorithm. 

9) Approximate Point in Triangle (APIT): 

In this method nodes listen to a large number of anchor and 

node forms [9] anchor triangles. Where an anchor triangle is 

made by three arbitrary anchors.  Now node decides that 

whether it is inside or outside of a given triangle by 

matching signal power with its nearby non anchor neighbors 

and the node discovers the intersection of the anchor 

triangles that contains it. The required estimated position is 

the centroid of this intersection region. 

C. Localization Algorithm: 

Localization algorithm can be categorize as distributed or 

centralized position computation, Anchor-free v/s Anchor 

based, and Range-free v/s Range based, with or without an 

infrastructure, designed for indoor or outdoor scenarios and 

one hop or multi hop. 

1) Centralized v/s Distributed: 

This classification is given on the basis of computation done 

at node. In centralized algorithm, it is the responsibility of a 

central unit to compute the distance of other node. It 

increases [2, 12] communication overhead. In distributed 

algorithm each node gather information from its nearby 

node and compute its location locally. It introduces 

computation overhead.  

2) Anchor free v/s Anchor Based: 

GPS is used with some nodes called Anchor nodes. Nodes 

with no GPS [1, 14] are called Non-anchor node. Here non 

anchor nodes compute their positions in the system by 

utilizing anchor node position estimations. 

3) Range Based Localization: 

The most important techniques used in range based 

localization are received signal strength indication (RSSI), 

time difference of arrival (TDOA) and time of arrival 

(TOA), angle of arrival (AOA). Ranging techniques can be 

categorized based on their accuracy as below. 

 Coarse-grained ranging techniques have high error at 

meter level because radio signal faces interference 

from other signals. This category covers the RSSI-

based methods.  

 Fine-grained ranging techniques have error in cm. 

This category include TOA. 

4) Range Free Localization: 

There is no hypothesis about exact point-to-point distance 

estimates between sensors nodes. It includes methods such 

as DV hop, centroid system APIT, and gradient algorithm.  

 Centroid Techniques: In this method each non anchor 

calculates [13] its position by measuring the center of 

the locations of all anchor messages it gets. Centroid 

techniques depend on a high density of message so 

that every node can hear several message. This 

algorithm is improved as weighted algorithm which 

increases the location accuracy. 

 Gradient: If an obstacle is present and if the error 

occurs in hop count distances matrices then error is 

called gradient. 

 APS: In APS a reduced number of beacon nodes 

(e.g., three or more) is deployed with the unknown 

nodes. Then each node estimates its distance to the 

beacon nodes in a multi hop way. Once these 

distances are estimated, the nodes can compute their 

positions using trilateration. 

5) Hybrid Localization Algorithm:  

Hybrid localization schemes implement two different Kinds 

of localization techniques such as: multidimensional scaling 

(MDS) and Ad-hoc Positioning System (APS). This 

decreases communication and computation cost. 

6) Two Dimensional Measurement: 

It takes two coordinate system for distance calculation.  In 

localization algorithm mostly works on 2-dimensional plane, 

i.e. x and y plane. In a 2D system, the process of estimation 

is less complicated requires less energy and less time. It 

provides good accuracy on flat terrains and is difficult to 

estimate in harsh terrains. It provides correct estimation 

when more anchor node is present. 

7) Three Dimensional Measurement: 

It takes three coordinates system for distance calculation. In 

3-dimensional, one extra plane called as height i.e. z plane is 

added. It provides [15] more accurate result using height. It 

can be used in harsh and hilly terrains where it provide good 

accuracy. In 2-dimensional algorithms the position estimate 

by using point in the plane i.e. x and y plane. When mapping 

these estimated positions to the real world an error can 

occur, because it consists of two planes.  

III. EXAMPLE OF LOCALIZATION ALGORITHMS 

Example of these algorithms is the Ad Hoc Positioning 

System (APS), Recursive Position Estimation (RPE), and 

Localization with a Mobile Beacon (LMB) and several 

algorithms with optimization. 

1) APS: 

This algorithm [10] uses the concept of anchor node. Non 

anchor node estimates its distance from the anchor nodes in 

a multi hop way. Then distances are converted to 

coordinates using trilateration. There are several methods of 

hop-by-hop distance propagation such as DV-Distance, DV-

Hop and Euclidean. 

2) Localization using Mobile Anchor: 

Here only one node is equipped with GPS, it is called as 

mobile anchor node. Mobile anchor node travels [11] 

through the sensor field based on some trajectory pattern 

and broadcast its current position. When a node gets more 

than three messages it computes its position. It used a 

probabilistic approach and RSSI distance estimations. 

3) Localization with Evolutionary Algorithm: 

Optimization mean maximum or minimum. Optimization 

algorithm may focus on both hardware and software to make 

efficient localization in WSN. Optimization can handle 

issues like achieving high quality QOS, high accuracy, 

limited processing and storage in every node. Example of 

optimization techniques [18] are Evolutionary 

Programming, Genetic Programming, Simulated Annealing 

(SA), Evolutionary Strategies (ES), and Genetic Algorithm 

(GA).  

4) Localization with Genetic Algorithm: 

MGA [19] algorithm proposed by Vincent Tam et al which 

is a post optimizer and can be integrated in other 

localization algorithm. GAL algorithm [20] proposed by 

Quinguo Zhang et al in which sigma proportional 

transformation is performed to avoid premature convergence 

and communication is restricted to immediate neighbors. SG 

[21] is given by Lei Zhang et al, it used a sampling and 
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refinement method to obtain initial position. MAGA [22] is 

proposed by Xia Huanxiang et al which use one mobile 

anchor node to find location of non-anchor node. AGA [23] 

given by Tin Yin Yu et al, use concept of predefined 

patterns after position computation by anchor node. GANL 

[24] given by Wenwen Li et al, it include fitness based 

selection method to increase accuracy. MCLP [25] is 

proposed by Angelo et al, this algorithm give color scheme 

to anchor and non-anchor node, when unknown node get 

their position they becomes anchor node. LRS [26] is 

proposed by Xinyu Wang et al, use reliability scheme to 

differentiate close nodes in anchor’s range. GAL [27] is 

proposed by N Jiang et al, it classify unknown nodes based 

upon number of anchor in its range. GALT [28] given by 

Kapil et al, consider 3D coordinates for distance calculation. 

 
Table 1: Localization using genetic Algorithm, # represent 

number of anchor node, D represent dimension, C represent 

category, R(range based), RF(range free), C(centralized), 

D(distributed), WC(weighted centroid). 

IV. PERFORMANCE OF LOCALIZATION METHOD 

Table 2 and 3 shows the performance comparison of 

different localization method. As number of anchor node 

increases, the error in position estimation also reduces. And 

also in an environment where more obstructions are present, 

the position estimation error [16, 17] tends to increase. 

Parameters for localization process.  

A. Accuracy:  

Accuracy is how much the estimated position is deviated 

from the true position.  

B. Scalability:  

It is how well localization algorithm perform when node 

density increases. 

C. Self-organization:  

It means system may or may not require the central server to 

monitor activities. 

D. Cost:  

It can be evaluated in terms of time spend for installation, 

money, computational effort or energy. 

 
Table 2: Distance or angle estimation 

 
Table 3: position computation 

V. DISCUSSION AND FUTURE EVENTS 

The localization process discussed first find out the distance 

between two nodes using RSSI, TOA, etc. Then this 

distance or angle information is converted into the location 

co-ordinates using triangulation or trilateration or 

multilateration technique. Among these techniques, RSSI 

and trilateration is in general preferred. In the current 

scenario there is a trade-off between accuracy and algorithm 

runtime performance. The localization method discussed 

here consider network with static node. Localization can be 

easily carried out for static nodes. There exist a terrible fall 

in position accuracy, for mobile nodes. 

Research may focus in area like accuracy, 

complexity, scalability, dependability, security, mobility and 

energy conservation. Planning an energy efficient and 

accurate localization algorithm is an important concern for 

wireless sensor network. Node localization in WSN gain 
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attention of several. There is a need to further reduce error 

in position estimation. As most of the localization method 

use neighboring nodes to identify their localization, there 

must be a confidence that position of nearby node is valid. 

There is necessity to study the consequence of varying 

anchor node density and study the localization error. Best 

algorithm will give high accuracy with minimum number of 

anchor node. 2-D algorithm is generally used for node 

localization and there will be a necessity for new 

localization algorithm in 3-D plane. Research now focus on 

optimization technique with 2D and 3-D localization to 

further reduce the error. 

VI. CONCLUSION 

WSN has great number of application and there is a 

significant growth in the use of wireless sensor network as 

their cost and size is reduced. In WSN some location 

estimation method requires special hardware which makes a 

node costly in terms hardware and power consumption. 

There are several techniques which exclude it can be used. 

Both these type of technique have been discussed in this 

paper along with their key advantage and limitation. The 

localization methods discussed in this paper, help in 

selecting method according to requirement of application 

and it reduce the deployment cost. There is a need in 

designing more accurate, scalable localization approach in 

both 2D and 3D scenario.  
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