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Abstract- The technique of finding physical co-ordinates of a node is known as localization Importance of localization 
arises from the need to tag the sensed data and associate events with their location of occurrence. Location information of a 
sensor node can be obtained by using GPS. But, installing GPS in every node is not a feasible solution. This is because: 
(i)sensor nodes are deployed in a very large number. Installing GPS at every node will increase the cost as well as size, (ii) 
GPS consume power, which will effect the network lifetime. Moreover, location cannot be pre-programmed as it is un-
known where nodes will be deployed during their operational phase.In this thesis, we have made an attempt to address 
localization in static sensor networks. For static network we have proposed  distributed range based localization techniques 
called (i) Localization using a single anchor node (LUSA),this technique is proposed for grid environment. In LUSA, we 
have identified three types of node: anchor, special an unknown node. For every anchor node there exists two special node 
and they are placed perpendicular to the anchor node. Localization in LUSA is achieved by a single anchor node and two 
special nodes. Localization occurs in two steps. First special nodes are localized and then the unknown nodes. We have 
compared LUSA with a closely related localization technique called Multi-duolateration(MDL). It is observed that the 
localization error and localization time is lesser in LUSA. This not only reduces the localization time but also the 
dependency. 
 
Key words- Multi-Duolatertion(MDL), LUSA, beacon node ,Settled node. 
 
I. INTRODUCTION 
 
Wireless Sensor Networks (WSNs) has become an 
emerging area of interest among the academia and 
industry in the last one decade [1,2,3,4]. It consists of 
a large number of densely deployment nodes which 
are tiny, low power, in-expensive, multi-functional 
and have limited computational and communication 
capabilities. These nodes interact with their 
environment, sense the parameters of the interest such 
as temperature, light, sound, humidity, and pressure; 
and report it to the sink node/base station. 
Deployment of WSN may vary from a controlled 
indoor environment to a remote and inaccessible area. 
Therefore, a sensor node is configured with necessary 
extra components for on-board limited processing 
ability, communication, and storage capabilities. 
 
1.1 Key Issue: 
In Wireless Sensor Networks Some of the important 
issues in WSNs are stated below : 
 
(i) Energy Efficiency: Sensor nodes have limited 
battery capacity. This puts a constraint for other 
applications and on the lifetime of sensor node. Major 
sources of battery drainage include: (i) continuous 
sensing, (ii) transmission and reception modes of 
radio. Therefore, to increase the lifetime in 
unattended environments, efficient algorithms should 
be developed at each layer of WSN in concern with 
the less energy utilization. This includes techniques 
of data compression, data fusion (removal of data 
redundancy), rotation of cluster heads, and adaptive 
mechanisms for radio operations [5]. 

 
(ii) Localization: For robust WSN, localization of 
nodes is one of the most important issue. Information  
sensed by a sensor node becomes useful only when 
its geographical location is tagged. Geographical 
routing is possible only after the localization, and 
other issues like spatial querying and load balancing 
can also be achieved [6]. 
 
1.2 Motivation 
Data gathered by a sensor node is usually reported to 
the sink for necessary action. For initiating a prompt 
action the sink must be aware of the location 
information of the reporting node. For example, 
assume that fire has occurred in some part of the 
forest and a near by sensor report this information to 
the sink. For quick response, the reporting sensor 
should include its location along with other 
information. Tagging of location stamp along with 
the sensed information is possible only when the 
reporting node is localized. This signifies the 
importance of localizing a node prior to its data 
collection process. A few applications indicating the 
importance of localization in WSNs is listed below: 
(i) Sensors gather vital security related parameters 
such as radio communication, vigorous movements in 
an surveillance area, and report these to the back-end 
security system(a sink node). A prompt action by 
security personnel is possible only if location 
information is provided with the sensed information. 
(ii) On some occasions, some nodes may die due to 
the battery drainage or by physical forces. In such 
cases, new nodes to be injected or battery 
replacements can be achieved efficiently by adopting 
geographic routing rather than physical routing 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-3, Issue-2, Feb.-2016 

Energy Aware Localization In Wireles Sensor Network Using Lusa 
 

92 

schemes .Geographic routing eases task of locating a 
faulty node as compared to physical routing. 
(iii)Location information is also used to divide the 
WSN into different clusters to facilitate collaborative 
processing and hierarchical routing. For each cluster, 
one node is taken as cluster head which remains 
responsible for cluster interconnectivity and state 
maintenance. Sensor networks is like a distributed 
database for users to query the physical world for 
useful information. With localization, efficient spatial 
querying by a sink or a gate way node is responded 
only by the intended sensor node. 
(iv) Location based routing saves significant energy 
by eliminating the need for route discover  and  
improve   caching behaviour for applications where 
requests are location dependent. Determining the 
quality   of coverage of all active sensors using their 
position. 
 
1.3 Problem statement 
Sensor nodes are low cost devices. Use of GPS to 
obtain location information will increase their cost. 
An alternative to the use of GPS is to obtain location 
information through localization algorithms. Use of 
localization    algorithms  mandate the deployment of 
a few location aware node. The remaining nodes are 
localized with the help of these location aware nodes. 
The objective of this paper includes: (i) Localization 
using lesser number of location-aware nodes.(ii) 
Develop a localization algorithm with no extra 
hardware cost.(iii) Reduce the localization error, and 
localization time 
 
II. LOCALISATION USING SINGLE ANCHOR 
NODE [LUSA]: 
 
Localization of nodes in a sensor network is essential 
for the following two reasons: (i) to know the 
location of a node reporting the occurrence of an 
event, and (ii) to initiate a prompt action whenever 
necessary. Different localization techniques have 
been proposed in the literature. Most of these 
techniques use three anchor nodes for localization of 
an unknown node. Increasing the number of anchor 
nodes will increase the overall cost of WSN. This is 
because GPS enabled nodes need frequent battery 
replacements or a battery of large capacity. 
Furthermore, GPS does not work well in indoors and 
dense areas/forests .Localization techniques also 
differ from environment to environment. In this 
chapter, we proposed a localization technique for grid 
environment. Sensor nodes are deployed in a grid 
pattern and localization can be achieved using a 
single location aware or anchor node. 
 
2.1 Proposed Technique 
In this section, we proposed a distributed range based 
localization algorithm for a grid environment. Since, 
a single anchor node is used for localization, we call 

this technique as localization using single anchor 
node (LUSA). We made the following assumptions: 
(a) Sensors are deployed in a grid pattern as shown in 
Figure (a). 
(b) We identify three types of node: (i) Beacon node: 
A node which can locate its own position, and is 
usually equipped with GPS, (ii) Special node: Nodes 
which are perpendicular to the beacon node, and can 
determine their co-ordinates with respect to beacon 
node. For every beacon node there exist two Special 
nodes, (iii) Unknown node: Nodes which are un-
aware of their location. They use localization 
algorithm to determine their position. Special nodes 
are treated as unknown nodes. 
 

 
Figure (1): Deployment of Beacon node, Special node and 

Unknown node in a grid 
 
For localization, the beacon node initially broadcast 
its location information. Special nodes compute their 
distance from the beacon node using RSSI and 
determine their co-ordinates with respect to the 
beacon node. After computing their location 
information, Special nodes also act as beacon node. 
Unknown nodes use trilateration mechanism to 
compute their location information .Scheme using 
Figure-(2.a), (2.b). Let node 12 in the figure is a 
beacon node, node 13 and 17 are Special nodes, and 
the remaining nodes are unknown nodes. Initially,  
node 12 broad-cast its position. This is received by 
the special nodes 13 and 17 along with other 
unknown odes within the transmission range of node 
12 as shown in Figure-(2.a). Nodes 13and 17 
calculate their distance with respect to node 12, and 
localize themselves. At this stage all the nodes within 
the transmission range of node 12 has the position 
estimate of beacon node 12. In next stage, node 13 
and 17 act as beacon nodes and broadcast the 
estimated position, as shown in Figure-(2.b), which is 
received by nodes 7, 8, 11, 14, 18,22, and 23. These 
nodes localize themselves using trilateration[7,11] . 
As more and more nodes gets localized, they act as 
beacon nodes. Above process continues until the 
whole network is localized. Figure-(3) shows the 
progress of localization in the proposed scheme in a 
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9x9grid environment. Nodes encircled with same 
numerical value are likely to get localized at the same 
time instant. 

 
(2.a) 

(2.b) 
Figure (2.a) , (2.b): Localization using LUSA 

 

 
Figure (3): Localization pattern 

 
2.2 Simulation Results: 
We have simulated the proposed scheme using 
Castalia simulator that runs on top of C- Omnet++. 
Transmitting power of nodes is considered to be -5 
dBm (0.316 mW) so as to limit the communication 
range to 30 meters, and the path loss coefficient (η) to 
be 2:4. A grid network of size 9 x9 is considered for 
simulation. Metrics of interest are: (i) Localization 
time; and (ii) Localization error - which is computed 
as described below. 
Where is estimated position, θi is actual position, 
N is the total number of sensors in the Network and R 
is number of beacon nodes. We have considered the 
following two scenarios: 

 

 
Figure(4):Beacon node at the corner of grid 

 

 
Figure (5):Beacon node at the middle of grid 

 
Solar cells are the basic components of photovoltaic 
panels. Most are made from silicon even though other 
materials are also used. Solar cells take advantage of 
the photoelectric effect: the ability of some 
semiconductors to convert electromagnetic radiation  
The time for localization and the average localization 
error in the above two scenarios is shown in Table-
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II.I. It is observed from the Table-II.I, that 
localization error when the beacon node is at the 
corner of grid is lower in comparison to placing at the 
center of the grid. 

Table II.I :Evaluation of proposed algorithm, 
placing the beacon node at two different places 

within the network. 

 
 

 
Figure (6.a) 

 
Figure (6.b) 

 
Figure (6.c) 

 
Figure(6.d) 

 
Figure(6.e) 

 
Figure (6.f) 

 
Figure(6): Distribution of localization error without 

interference in LUSA and MDL 
 
Next, we have compared LUSA with Multi-
duolateration (MDL). This is because MDL closely 
resembles with LUSA. MDL is proposed for a grid 
environment. It works using internal division. First, it 
localizes the edge nodes and then the remaining 
surface nodes. In MDL, four beacon nodes are placed 
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at the four corners of the grid. For comparison with 
MDL, we also placed four beacon nodes at the four 
corners of the grid in LUSA. Metrics considered for 
comparison are localization time and localization 
error. a two scenarios:(i)without  interference, and (ii) 
with interference; and the following grid sizes: (i) 
Square grid of   size:9x9, and 6 x6, and (ii) 
Rectangular grid of size: 6 x4, for comparison. 
 

 
Figure (7.a) 

 

 
Figure (7.b) 

Figure 7: Mean  localization error  (meters) in various grid: (a) 
Without   interference  (b)With interference. 

 
2.3 Localization Error 
The geographical distribution of error without 
interference in LUSA and MDL for different grid size 
is shown in Figure - 3.6. Distribution of error in 
LUSA is shown in Figure 6(a),.6(c), 6(e) and MDL in 
Figure-6(b), 6(d), 6(f) for grid size of 9x9, 6x6, and 
6x4 respectively. In each figure dot '.' represents 
actual position of node and symbol 'x' represents 
corresponding estimated position. The  line joining '.' 
and 'x' represents the magnitude of error. From 
Figure-.7, it is observed that LUSA has lower 
localization error than MDL. Higher localization 
error in MDL is attributed to the localization of 
surface nodes. Each surface node localize itself on the 

basis of four nearest edge nodes (left, right, above, 
below) using internal division. Localization of each 
surface node is independent of other surface nodes 
and depends solely on the edge nodes. Therefore, if 
any of the edge node do not get its exact location, it 
affects the location estimation of all surface nodes 
making use of that edge node for location estimation. 
We have shown the mean localization error in the 
corresponding grids for LUSA and MDL in Figure-7. 
 

 
Figure (8.a)  

 
Figure (8.b) 

 
Figure (8.c) 
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Figure(8.d)

 
Figure(8.e) 

 

Figure (8.f) 
Figure 8: Distribution of localization error with interference in 

LUSA and MDL 
 
Next, we consider the effect of interference on 
location estimation. Effect of interference in LUSA 
and MDL is shown in Figure-8 where Figures-8(a), 
8(c), 8(e) corresponds to LUSA and Figures8(b), 
8(d), 8(f) corresponds to MDL in a grid size of 9x9, 
6x6, and 6x4 respectively. Effect of interference on 
the localization error in grid of different size is shown 
in Figure-7(b). It is observed that MDL is heavily 
affected in the presence of interference as compared 
to LUSA 

2.4 Localization Time 
Localization time of LUSA and MDL for different 
grid size is shown in Figure-(9). Higher localization 
time in MDL is attributed to the localization of 
surface nodes. In MDL localization proceed in two 
stages: (i) First, it localizes the edge nodes, and (ii) 
Next, it localizes the remaining surface nodes. In the 
second stage, each surface node   select a reference 
edge node based on shortest path. This contributes to 
higher localization time. Whereas, in LUSA, 
localization of node's proceeds simultaneously and 
does not put any constraint on the selection of 
reference nodes9. 
 

 
Fig (9): Localization Time 

 
III. CONCLUSION 
 
Localization in wireless sensor networks have 
received increasing attention over the last one decade. 
It not only provides the geographical position of a 
sensor node but also fills the requisite for geographic 
routing, spatial querying, and data dissemination. 
With the continuous research in localization of sensor 
networks, a number of effective algorithms have been 
proposed, but the stability has not yet reached. This is 
because of the storage, battery, processor) and the 
harsh deployment environments. Currently, none of 
the localization techniques is able to full-fill all these 
constraints. Most existing localization algorithms for 
static WSNs were designed to work with at least three 
anchor nodes except in those cases where directional 
antenna is used. Usage of antenna not only increases 
the cost, but also the size of node as well as 
complexity of the algorithm. As the   of anchor nodes 
required in a network increases, overall cost of the 
network also increases. In addition, energy drainage 
of the network increases, but the localization time of 
the whole network decreases. Further, anchor nodes 
installed with GPS do not work well everywhere. 
Therefore, at present we are in the need of a novel 
technology that will solve problems: (i) reduce the 
number of required anchor nodes, (ii localize sensor 
nodes in areas where GPS do not work well, (iii) 
minimize the localization error. 
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Localization Using a Single Anchor Node: First, we 
proposed a technique for localization ,in a grid 
environment using a single anchor node. It is a 
distributed, range based technique. In technique   ,we 
classify the nodes into three types. They are: (i) 
anchor node, (ii) special node and (iii) unknown   
node. Special nodes localize   themselves with   
respect to anchor   node localize  with  the help  of 
anchor node and special node. We have compared the 
proposed scheme with a contemporary scheme called 
Multi- duolateration (MDL) We have observed that 
the localization time and localization error is smaller 
in the proposed scheme. 
 
Localization problem in WSNs is not yet fully solved. 
There are several issues in localization which need 
further attention. Some of these are(i) Localization 
accuracy is mostly affected by the ranging techniques 
used. Each ranging technique in turn is severely 
affected by the wireless channel behavior in different 
environments. Therefore, for accurate localization, 
issues like signal fading, multipath, additive noise etc 
needs to be addressed. (ii)Error in distance 
measurement between nodes need to be handled with 
proper calibration because most of localization 
algorithms depend on the pair-wise distance.(iii) Not 
enough work has been drawn on the localization of 
mobile WSNs. Owing to more battery drainage in 
mobile networks, a predictive approach for 
localization can estimate the node location with less 
number of anchors required.(iv) Localization 
technique for mobile WSNs needs to be tested in 
various mobility models .This ensures that each new 
proposed technique operate properly in real time 
networks. (v) Furthermore, localization of WSN in 
certain specific environments like under-water 
environments has not been explored much. 
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