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Abstract - The advantage of being Ad-hoc and Infrastructure less in nature, wireless sensor networks gained its attention of 
many researchers. Sensor nodes are low power and low energy devices. The most prominent task of sensor nodes is 
gathering data, processing it and finally relay it to the destination. Relaying data can be Single hop in case of Source and 
Sink node direct connection and Multi-hop if the information passes through intermediate nodes from the source to sink. For 
sending information to the target , need to identify the position of Sensors. In wireless Sensor Networks location of nodes 
can be identified using localization techniques. Concept of Localization is used for position determination and Routing. GPS 
is accurate in location estimation but expensive and not accurate in indoor environments. There are many other Localization 
algorithms proposed for Wireless Sensor Networks. 
 
Index Terms - Wireless Sensor Networks, Sensor Nodes, Classification of Localization Techniques. 
 
I. INTRODUCTION 
 
Wireless Sensor Network (WSNs) has become a vital 
technology in the current world.  The WSN is made 
up of several minute sensor nodes that are 
inexpensive, less power consuming as well as multi- 
functional. These sensor nodes are placed randomly 
inthe network which later on moves within the 
network to fulfill   the network requirements. The 
minute sensor nodes consist of embedded 
microprocessors, radio transceivers, etc. The nodes in 
WSN have data processing and communication 
ability along with the   sensing   ability.   Hence,   
WSN   can be employed in consumer applications 
such as emergency rescue, disaster relief, smart 
homes, and patient monitoring, as well as industrial 
applications[1]. 
Sensor nodes utilize multi-hop transmission for trans- 
mitting their data towards the Access Point (AP) or 
sink. Location awareness is essential for many sensor 
applications like environment monitoring, vehicle 
traverse, forest monitoring which mainly depends on 
node locations. Without knowing the position 
information of sensor node, the data measured by 
them become worthless. Hence localization is   an 
essential task in multi-hop WSN. Localization 
technique is used for estimating the location of sensor 
nodes by themselves measuring the spatial 
relationships between some objects[2]. 
In Heterogeneous WSNs, nodes have various 
measurement mechanisms which raise various issues 
in accurate location estimation. Since there is 
coexistence of various techniques for measurement, it 
made it difficult to measure distances or angles 
between the nodes. Also due to random deployment 

of nodes, it is challenging to come out with the 
requirements of some localization algorithms [3] [4]. 
The Received Signal Strength Indicator (RSSI) is 
vital in localization. To improve accuracy in 
localization Time-Of-Flight (TOF) techniques are 
proposed. However, they require a minimum of three 
sets of range measurements from the nodes[5][6]. 
This paper presents an extensive survey of 
localization techniques on Homogeneous and 
Heterogeneous WSN. 
 
II. EXISTING SURVEY WORKS ON 
LOCALIZATION 
 
In this section, some existing survey works on 
localization in WSN were analyzed. 
Santar Pal Singh et.al. [6] Reviewed some range free 
localization techniques in WSN in detail. Under this 
survey, few techniques like APIT, DV-Hop, Multi-
Hop, Centroid  and Gradient have been discussed. At 
the end, some issues of localization technique are also 
presented. 
Asma Mesmoudiet. Al., [7] made a comprehensive 
sur- vey of localization algorithms in WSN. They 
have classified the localization techniques as range-
based and range-free schemes. They further divide 
these two types into anchor based and anchor free 
approaches. In Anchor-free schemes there is no 
existence of any anchor nodes whereas the anchor-
based schemes deployed anchor nodes which knows 
its position information. 
Amitangshu Pal et.al., [8] briefed different 
localization approaches in WSN. They have 
categorized localization techniques into centralized 
and distributed. The distributed approaches have been 
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further divided into many sub-categories. 
Naziret.al.[9] explained the categories and made  a 
comparative study of some localization algorithms in 
WSN.  Classification of localization algorithms have 

been done as Range based and range Free, anchor 
based and anchor free, centralized and distributed. 
The detailed study of these algorithms has been made 
in terms of accuracy and cost. 

 
III. CLASSIFICATION OF LOCALIZATION TECHNIQUES 
 

 
Figure 1: Classification of Localization techniques 

 
According  to  Figure  1,  the  localization  algorithms 
are categorized as homogenous and heterogeneous in 
nature. The homogeneous localization algorithms in 
turn can categorized into range-based and range-free 
localization schemes. 
Both of these algorithms are grouped in terms of 
cluster based, anchor based and mobile beacon based 
approaches. 
 
III. SURVEY OF LOCALIZATION 
ALGORITHMS 
 
4.1 Homogeneous WSN 
4.1.1 Range based Techniques 
Range-based algorithms works on the hypothesis that 
sensors are able to measure the distance between 
nodes according to the received signals and the 
direction of the links between nodes. To compute 
these parameters, several popular methods have been 

used, including Time of Arrival (TOA), Received 
Signal Strength Indicator (RSSI), Time Difference of 
Arrival (TDOA), and Angle of Arrival (AOA).  All 
the above mentioned methods introduce added cost 
and equipment needs for sensor networks. Although 
range-based methods administer relatively high 
exactness of localization, these methods are not very 
accurate in practical implementations, especially in 
highly dynamic network topologies. 
The Range based localization techniques classified as 
follows: 

 Anchor Based localization 
 Cluster Based localization 
 Mobile Beacon Based localization 

 
4.1.1.1 Anchor Based localization 
Anchor-based localization techniques make use of an- 
chor nodes which are aware of their location co-
ordinates. These anchor nodes are deployed randomly 
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over the net-works. With the help of these anchor 
nodes, non-anchor nodes try to determine their 
locations. 
Some of the range based anchor localization 
techniques are  presented below: 
Aarti Singh et.al., [10] explained hybrid localization 
algorithm based on AOA and RSSI measurements. It 
is named as Minimum AOA Error with Minimum 
RSSI Error (MAE with MRE).It handles the errors 
that occur during the measurement of these two 
metrics. While  utilizing AOA, the sensors with 
lowest ratio of signal arrival angles are selected. 
Similarly, while utilizing RSSI, three sensors with 
lowest total error are selected. 
EnginMasazadeet.al., [11] illustrated an energy 
efficient iterative source localization algorithm. It 
makes use of the location estimates measured from 
anchor nodes. Then during each monotony, posterior 
probability density function (PDF) of the position of 
source is approximated using Monte Carlo based 
sampling technique. At each monotony, limited count 
of non-anchor nodes are triggered which enhance the 
accuracy of source location. The measured data from 
the non-anchor sensors are compressed and then 
transmitted to a fusion centre. Thus it achieves 
reduced energy consumption with increased delay. 
Prasan Kumar Sahooet.al., [12] briefed Distributed 
Localization (DIL) Algorithm for WSN. It combines 
both range-free and range based techniques for 
localization by using few beacon nodes. The spread 
out nodes are categorized into normal, beacon and 
anchor nodes. Both beacon and anchor nodes have 
knowledge of their location information but more 
beacon nodes are deployed than anchor nodes. At 
most three unique beacon nodes are taken to estimate 
the position of a normal node. Various methods are 
available to reduce the localization errors. 
 
4.1.2 Cluster Based Localization 
In cluster based localization techniques, the network 
is divides into several clusters. Then localization is 

applied for the cluster members of each cluster. 
Some of the range based and cluster based 
localization techniques are presented below: 
BiljanaStojkoskaet.al., [13] illustrated a cluster based 
Multidimensional Scaling (MDS) algorithm for 
WSN. This algorithm doesn’t use anchor nodes for 
position estimation. Instead, local maps are generated 
per clusters which are combined into a global map for 
estimating the location of nodes. 
Simone Sergiet. al., [14] stated a cluster based 
ranging technique for localization in UWB WSN. It is 
applied in an indoor environment of UWB where 
RSS of cluster members are used. Here the space 
separating the anchor node and the cluster member is 
approximated by measuring the power levels of their 
corresponding RSS. The ranging accuracy is 
measured in terms of the mean ranging error(MRE). 
HaitaoBaoet.al., [15] evaluated three cluster based 
localization algorithms namely Decentralized 
Extended Kalman Filter (DEKF), Cluster based 
Semi-Definite Pro- gramming (CSDP) and Cluster 
Based Multidimensional Scaling (CMDS). The 
algorithms are evaluated in both static and low 
mobility environments. 
 
4.1.3 Mobile Beacon Based localization 
Localization using this method has many advantages. 
This method reduces the cost of sensor deployment. 
A mobile beacon navigates the entire area of network 
and broadcasts beacon signals. On receiving these 
beacon signals sensor nodes estimate their positions. 
Some of the range based and mobile beacon based 
localization techniques are presented below: 
Yifeng Zhou et.al., [17] showed a mobile beacon 
based localization approach for WSN applications. 
Beacon moves towards the area where sensors are 
deployed and broadcast beacon signal to sensor node. 
Sensor node after receiving the signal, estimates it 
distance between Sensor node and mobile beacon 
during transmission.  Mobile beacons are 

used to measure inter node distance. All sensor nodes 
then uses MAP registration algorithm for localization. 
Xihai Zhang et.al., [18] stated an adequate path 
planning approach for mobile beacon localization in 
WSN. A weight function based on distance and 
multilateration algorithms are derived for localization 
accuracy. The network area is divided into many grid 
cells. When a mobile beacon is approaching a cell 
grid, virtual beacon nodes are deployed. Then based 
on the grid scan, path planning algorithm is applied to 
cover the entire sensor area. 
Chin-WeiFanet.al.,[19]reported a RSSI-based 
geometric localization scheme for WSN. The sensor 
nodes are located precisly taking the RSSI values 
received from a mobile beacon. The mobile beacon 
node uses the random way point mobility model for 
traversing through the entire network. The system 
function is lowpower listening state in order to 
conserve the power. 

 
4.2 Range Free Techniques 
Range free algorithms are cost-effective[6] 
localization methods with no means to measure the 
distance between sensor nodes for location 
estimation. Instead, range-free methods usually use 
the topology and node distribution as their only 
information to evaluate  the  positions  of sensors in  
the network. 
Range free localization techniques classified as 
follows: 

 Anchor Based localization 
 Cluster Based localization 
 Mobile Beacon Based localization 

 
4.2.1 Anchor Based localization 
Some of the range-free anchor based localization 
tech- niques  are  presented below: 
Chi-Chang Chen et.al., [20] [22] reported a zone-
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based localization method (ZBLM) for WSN. It 
deployed anchor nodes two underlying at the lowest 
left and right corners of monitoring region. Then the 
monitoring region is divided into zones such that each 
sensor node should have same pair of minimum hop-
count values for the twoanchor nodes. The evaluated 
sensor position is modified according to its relative 
position in thezone. 
YounesAhmadiet. al., [21] suggested a range free 
local- izationalgorithm for sensor arrangement. In this 
distributed network model, distance between sensors 
and anchors 
aremeasuredandsensorscoverageradiusisconsideredfor 
localization. For localization, the best coefficient for 
each hop count is estimated using MMSE technique. 
The main features of this algorithm include high 
precision, low traffic load and goodperformance. 
4.2.2 Cluster Basedlocalization 
Some of the range-free cluster based localization 
tech- niques are discussed below: 
Manisekaranet. al., [23] briefed cluster based 
architec- ture for range-free localization in WSN. The 
network is divided into clusters and cluster heads are 
selected based on link quality, residual energy 
coverage. In each cluster, a straight line scanning is 
performed which helps to localize the unknown 
sensor nodes with implication to the locationof 
anchornodes.Ifthisstraightlinescanningisfailed,distanc
e based localization technique isapplied. 
Carlos Moreno-Escobar et. al., [24] presented a dis- 
tributed localization technique. In the first stage, the 
net- work is divided into clusters with leaders. Each 
cluster leader estimates the distance between a pair of 
members. In the next stage, each leader solves the 
Multi-Dimensional Scaling (MDS) problem. In the 
final stage, collection of beacons from each cluster is 
taken to localize the unknown sensor nodes. 
4.2.3 Mobile Beacon Basedlocalization 
Some of the range-free mobile beacon based 
localization techniques  are  presented below: 
Wei Zhou et. al., [25] stated a distributed RSS-
assisted range-free localization algorithm using 
mobile beacons. It uses three beacons to evaluate the 
location of each sensor node. Out of these three, two 
beacons are used to estimate the locations of the 
sensor node and the third 
beaconisusedtodeterminetheactualpositionofthesensor 
node. To improve the location accuracy, the 
algorithm uses geometric conjecture and Received 

Signal Strength (RSS) constraints. 
Chunhui Zhao et.al., [26] specified a Localization 
with    a Mobile beacon based on Compressive 
Sensing (LMCS) technique. It applies compressive 
sensing (CS) to compute the related degree of sensor 
nodes and mobilebeacons. Based on the related 
degree, it determines the weightvalue of each beacon 
from which the position of sensor node is measured. 
Munesh Singh et.al., [27] suggested a mobile beacon 
based range free localization method for WSN. In this 
method, the location of the sensor node is evaluated 
using perpendicular bisectors of the chords. By 
considering the communication range of a sensor 
node as a circle, if any two chords on the circle are 
known, then the location to which sensor node 
belongs can be easily determined. The method 
involves reduced localization error. 
 
4.3 Heterogeneous WSN (HWSN) 
Some of the localization techniques on HWSN are 
pre- sented below: 
Mehdi Golestanianet.al., [1] developed a joint 
localiza- tion and route discovery protocol for 
HWSN. It consists of   
ahybridlocalizationtechniquewhichmergethefeatures 
of range-free and range-based algorithms. Using the 
multi- range route discovery method, distance 
between pairs of sensors are determined. It is energy 
efficient and provides highaccuracy. 
Ahmad El Assafet.al., [2] examined a low-cost 
localiza- tion algorithm for multi-hop HWSNs. The 
expected hop progress (EHP) metric is calculated 
using two different 
algorithms.UsingthisEHPmetric,thisalgorithmaccurat
ely 
estimatesthelocationofsensornodeswithreducedcost.T
o improve the localization accuracy, a correction 
mechanism was also implemented. 
Zimu Yuan et.al., [3] specified a hybrid localization 
scheme for HWSN. It defines a universal 
measurement metric called Direct Proportion 
Distance (DPD), which was better than the other 
existing localization metrics. It wasshown that the 
DPD is directly proportional to the distance between 
two sensor nodes. Then a localization algorithm was 
proposed using this derived  DPD. 
Mehdi Golestanianet.al., [4] suggested a range-free 
lo- calization  approach  applying  elliptical  ranges  
in  HWSN. 

The range-free localization scheme utilizes two 
anchor nodes for localization. Then the elliptical 
paths betweenthe anchor nodes and sensor nodes are 
estimated from which the elliptical range 
isdetermined. 
Yazhou Yuan et.al., [5] developed an energy efficient 
underground localization scheme for HWSN. It 
utilizes a combined localization technique applying 
step counting and TOF methods. Finally, an adaptive 
packets scheduling scheme using TDMA algorithm is  

introduced. 
Chen Zhonget.al., [16] examined a cluster-based 
local- ization method using RSSI for HWSN. It is 
mainly applied  in monitoring of fire fighters in 
hazardous working environments. In this Min-Max 
algorithm is applied in which     a bounding square 
region is constructed for each anchor. If three anchors 
are deployed, then three corresponding boxes and 
their intersection can be obtained. Their approach is 
tested in interconnected body area networks. 
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CONCLUSION 
 
In homogenous wireless sensor networks all nodes 
energy and processing capabilities are identical. 
These type of networks uses single network topology 
and is not applicable for heterogeneous network. The 
Cluster heads are overloaded and will expire soon in 
Homogenous WSN. In heterogeneous network 
different topologies are used. This is mainly used for 
complex network. Heterogeneous sensor networks 
uses various nodes of different functional capabilities 
and battery life. The reason behind using 
heterogeneous network is having extra battery energy 
and complex hardware embedded in cluster heads, 
hence this reducing the overall cost of hardware for 
the remaining sensor network[28].In this survey, a 
detailed study about different localization techniques 
available in heterogeneous sensor networks is done. 
Each localization technique has Anchor based, cluster 
based and Mobile beacon based localization 
techniques. A detailed study of these techniques 
along with the corresponding proposed algorithms is 
done. In future research to find optimal method for 
localization technique needs to bedone. 
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