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ABSTRACT 
 

This paper presents a detailed survey of various localization algorithms for WSNs; it focuses mainly on the 
computation of localization error. The error calculation is done with respect to number of nodes deployed 
randomly in a WSN. The existing localization algorithms are evaluated under similar conditions by means 
of simulation and a modified algorithm based on the results of an existing algorithm is proposed. It is 
observed that the proposed algorithms out performs the other discussed algorithms described in this paper.  
Keywords: Localization, HiRLoc, SeRLoc, Centroid, RAL, ADLA. 
 
 
1. INTRODUCTION  
 

In a matter of just few years, Wireless Sensor 
Networks (WSNs) have gained attention from 
researchers in different fields. WSNs consist of a 
large number of small sensors cooperating to 
achieve one goal. This helps leveraging several 
military and civil applications. Since these micro-
sensors have limited power and computation, we 
need special algorithms with low power 
consumption.  

 
WSNs are usually deployed in harsh 

environments (e.g. battlefields) and are operating 
unattended. This makes them more vulnerable to 
adversary attacks. Knowing a sensor location is 
essential for many sensor network applications 
including surveillance networks and habitat 
monitoring. Equipping each sensor with a GPS 
device is too expensive because the number of 
sensors in WSNs is usually in the order of 
thousands.  

 
There are several localization schemes that 

allow sensors to determine their physical locations 
in absence of special hardware. Many localization 
schemes (anchor-based) assumes that some special 
sensors (anchors) know their true physical 
locations. Other sensors determine an approximate 
relative location to anchors based on some 
measurements. However, there are some other 
schemes (anchor-free) in which there are no anchor 
nodes. In these schemes, sensors locations are 
calculated according to some virtual coordinates 
[1]. Other than the GPS, there are many 
schemes/algorithms that are recently proposed for 
localization in WSNs.  

These schemes could be classified into range-
based and range-free schemes. Our interest in this 
paper is the range-free algorithms and focussed 
only on some of the recent algorithms that are 
widely used in many applications. The paper 
discusses HiRLoc, SeRLoc, Centroid, ADLA and 
RAL schemes. In addition, the paper shows the 
implementation to these algorithms and the point of 
view on the efficiency of such schemes. In this 
paper, the localization error is considered as the 
main criteria for evaluating these schemes [11]. 

 
2. LOCALIZATION ALGORITHMS  
 
    The methods of Localization algorithms can be 
classified as: Range based localization algorithms 
and Range free localization algorithms. Range 
based localization algorithm are complex and 
depends on medium conditions and time 
synchronization. It needs high computational power 
or requirements in sensors. It is too expensive for 
large-scale WSNs. Sensors calculate absolute point-
to-point distance estimates (range) to anchors or 
angle estimates by utilizing the following methods. 
1) Time of Arrival (TOA) in which the node 
location depends on propagation time; 2) Time 
Difference of Arrival (TDOA) in which the location 
information is estimated based the distance between 
two nodes given the time difference between 
arriving of different messages; 3) Angle of Arrival 
(AOA) where sensors locations are computed based 
on estimate the angle between two neighbor nodes. 
4) Received Signal Strength Indicator (RSSI) that 
estimates the location by translates signal strength 
to distance and consider multi-path fading and 
interference. These methods are not suitable for 
WSNs due to either the usage of GPS which is 
expensive and not available everywhere or due to 
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the required hardware for nodes to apply the 
previous techniques [11]. Range free localization 
algorithms are proposed by as Ad-hoc positioning 
system. It uses a distance-vector flooding technique 
to determine the minimum hop count and average 
hop distance to known anchors positions. Each 
anchor broadcasts a packet with its location and a 
hop count, initialized to one. The hop-count is 
incremented by each node as the packet is 
forwarded [2], [3], [4], and [9]. Each node 
maintains a table of minimum hop-count distances 
to each anchor. A sensor never tries to estimate the 
absolute point-to-point distances between anchors 
and the sensors. Some of the Range free algorithms 
are- 
a) Centroid algorithm 

 
b) Secure Range- Independent localization 

(SeRLoc) algorithm 
 

c) High-resolution Robust localization (HiRLoc) 
algorithm 

 
d) Restricted Area based Localization (RAL) 

algorithm 
 
e) Active Distributed Localization (ADLA) 

algorithm 
 
a) Centroid Algorithm 
 
        The Centroid algorithm proposed by Nirupama 
Bulusu is a range free, proximity-based, coarse-
grained localization algorithm depends upon the 
connectivity of WSNs and nodes density, in which 
the error of node orientation is high and the 
calculation for the minimum error is too larger and 
the time which it takes too long. It is simple but the 
location error is high due to the Centroid formula. 
The position of the unknown node is estimated to 
be the Centroid of the anchor nodes from which it 
can receive beacon packets and connected 
adjacently. This algorithm is simple but it needs too 
many anchors. It achieves good localization 
performance. It remains independent of node 
density. It saves cost of localization algorithm. It 
reduces the complexity of algorithm. Estimation of 
localization produces large error. It remains 
difficult to realize accurate localization. Distance 
based Centroid algorithm improves positioning 
accuracy. Improved Centroid algorithm demands 
no additional hardware. Bulusu and Heidemann 
have proposed that the algorithm implementation 
contain three core steps. First, all anchors send their 
positions to all sensor nodes within their 

transmission range. Each unknown node listens for 
a fixed time period/ and collects all the beacon 
signals it receives from various reference points. 
Second, all unknown sensor nodes calculate their 
own positions by a Centroid determination from all 
n positions of the anchors in range [5].The Centroid 
localization algorithm, which uses anchor nodes 
(reference nodes), containing location information 
(xi, yi), to estimate node estimates its location using 
the following Centroid formula:-  
 

 
(1) 

 
          In Centroid algorithm the anchor node 
broadcasts one beacon containing its own ID and 
location to neighbour nodes, when the number of 
beacons of the node required localization has 
exceeded a certain threshold or a certain time, the 
Centroid of all the anchors is the localization of the 
unknown node. Basic idea behind proposed 
algorithm is to find distance between the position of 
anchor nodes and unknown nodes, and with this 
information location can be estimated with less 
error. 
 
b) Secure Range Independent Localization 

Algorithm (SeRLoc)  
 
       Lazos and Poovendran (2004) [6] propose a 
novel scheme for localization of nodes in WSNs in 
entrusted environments called SeRLoc. It is a two-
tier localization scheme for WSNs. It is 
decentralized; range-independent localization 
scheme geared for WSNs. Localization is achieved 
passively in it since there are no message 
exchanges required between any pair of nodes. 
Communication ranges of sensors and locators are 
well known before network deployment. The basic 
idea of localization in SeRLoc is simple. A sensor 
receives location information from near locators. 
Based on this information, a sensor can define an 
intersection region in which it resides. Its location 
is estimated to be the Centroid of the intersection 
region. To secure this simple localization method, 
three attacks (wormhole attack, Sybil attack, and 
compromised entities) are identified with a very 
high probability. 
 
      It can also be used in scenarios where some of 
the nodes are mobile. In this case both the anchors 
and the nodes need to update their current location 
estimation. In order to achieve this anchors are 
assumed to acquire their updated position using 
external means such as GPS signals or GPS-
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enabled fly-over nodes. The nodes then re-estimate 
their location based on the new beacons broadcast 
by the anchors with the new coordinates and sector 
information. The use of a globally shared key to 
transmit beacons might result in a malicious node 
injecting bogus beacons into the network (since the 
malicious node has knowledge of the global key). 
To prevent nodes from broadcasting spurious 
beacons, sensors authenticate the source of the 
beacons using the one-way property of hash 
functions. Each anchor has a unique password that 
is hashed ‘n’ times. The anchor contains the value 
of all the ‘n’ hash values. On the other hand, each 
sensor contains a table with the ID of each anchor 
and the corresponding final (nth) hash value. Now, 
a jth beacon broadcast from the anchor includes the 
j th hash value. The system node can verify the 
authenticity of these beacons by hashing this 
received value an additional n-j times and verifying 
with the stored value. A drawback here is that the 
system designer has to decide before hand about the 
length of the hash chain [8]. 
 
The method works as following: 
a) Receive beacons from locators. 
b) Each beacon contains the position of locator and 

the angles of sector boundary. 
c) Find four values: (Xmin, Ymin, Xmax, Ymax) among 

all the locator positions heard. 
d) Set the search area as the rectangle (Xmin – R, 

Ymin – R, Xmax + R, Ymax + R), where R is the 
radio range. 

e) Partition the search area into grids. 
 

For each beacon received do 
  
Increase the values of a grid point by one if this 
grid point is within the sector defined in this 
beacon.  
 
End for 
  
Estimated position = Center of Gravity (the grid 
points with the largest values). 
The security mechanisms are implemented as 
encryption using shared symmetric key, Anchor ID 
authentication- Each anchor has a unique hashed 
password. All sensors maintain anchor ID-hashed 
password tables. Advantages are secure, small 
overhead, more accurate than APIT.  
Drawbacks are: 
a) It needs a special anchor design.  
b) Anchors are deployed to cover all sensors. 
c) Maintaining of security tables in case of 

network changes (e.g. new anchors added).  

c) High Resolution Robust Localization 
Algorithm (Hirloc)  

 
       Lazos and Poovendran (2004) [7] introduced 
HiRLoc for WSNs. This algorithm is more accurate 
as each locator sends more information over time. 
Like SeRLoc, the locator antennas are directional. 
Unlike SeRLoc, communication range of locators is 
variable. Each locator sent beacon information 
multiple times (AKA rounds). In each round the 
locator may change its antenna direction, its 
communication range or both. This allows the 
location determination process to be more accurate 
and robust. The algorithm works as follows. First, 
sensor s determines the locators of interest. LHS as 
the locators heard by s and it determines an initial 
estimate for its location. Then, it collects beacon 
information from locators in rounds. In these 
rounds, a locator may vary its direction, 
communication range or both. After that ROI is 
calculated from the range estimates sent by all 
locators [10]. 

 
Fig.1 (A) The Sensor Is Located Within The Intersection 

Of Sectors S1 And S2, Known As ROI; (B) Shows The 
Reduction Of Range And Transmits Updated Beacons, 

Which Leads To The Reduction Of ROI. 
 
The HiRLoc technique uses the following six 
steps:-  
 
STEP 1: Initial estimate of the ROI 
 
The sensor determines the set of locators LHs that 
will be used for its localization. Based on the 
coordinates of the locators Li ε LHs; 
The maximum communication range of the 
locators, denoted as Rmax;  
The sensor calculates the first estimate of the ROI 
as follows: 
  
Let Xmin; Ymin; denote the minimum locator 
coordinates form the set LHs. 
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Xmax; Ymax; denotes the maximum locator 
coordinates form the set LHs defined as: 
 
Xmin = min Xi;   Xmax = max Xi;    Ymin = min Yi;    
Ymax = max Yi: 
Li ε LHs             Li ε LHs                Li ε LHs              
Li ε LHs           
 
STEP 2: Beacon collection (Heard) 
 
Lhs- Locator heards 
 
Option A: Antenna orientation variation 
 
The locators rotate their antennas by a pre-specified 
angle 
 

2

QM

πα = ; 

 
Where α is the angle. 
M is the number of antenna sectors at each locator. 
(Q - 1) is the total number of antenna rotations.  
 
Option B: Communication range variation 
 
If N is the total number of distinct communication 
ranges,  
 

Range of locators =
maxR

N
; at each round.                                                       

 
Here N-1 rotations are there. 
 
Option C: Combination of options A, B 
 
Locators can variate both their communication 
range and their antenna orientation. 
Here (Q-1) (N -1) both are there.  
 
STEP 3: Determination of the ROI 
Li ε LHs 
 
ROI = {gi *: i* = arg max GST (i)}                         
 
STEP 4: Computing the sector intersection at each 
transmission round 
  
In our second approach, the sensor computes the 
ROI by intersecting all collected information at 
each transmission round. 
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d) Restricted Area Based Localization 

Algorithm (RAL)  
 

       RAL algorithm considers two types of nodes 
which are normal nodes and locator or anchor 
nodes. Location determination for normal node is 
done by measuring the received signal at normal 
node according to different power levels for locator 
and using radio connectivity and principle of 
perpendicular bisectors are used to form restricted-
area-1[11]. 
 
e) Active Distributed Localization Algorithm 

(ADLA)  
 

     The localization technology provides an 
important technical support for WSNs. Based on 
the existing localization algorithms of WSNs; it 
proposed an ADLA for sensor node, on the basis of 
convex programming approach, which offers a kind 
of simple distributed approach to estimate the 
position. Through simulation, it is proved that the 
precision of localization can meet the general 
localization requirement of WSNs. 
 
Network model assumptions 
 
       The network model comprises of a grid based 
structure for capturing the sensor nodes for position 
estimation. The grid bears the complete area in 
which the deployment is done, the total number of 
sensor nodes along with the locator are a part of the 
grid. 
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Network deployment 
 
        It is assumed that sensor nodes N, with a 
density ρs are randomly deployed at unknown 
locations within an area A. It is also assumed that 
directional antenna equipped special nodes L, with 
a density ρL, called as locators are also deployed 
and ρS > ρL. The deployment of the locators is 
modelled on fixed positions and the deployment of 
sensors is modelled randomly over an area A. The 
locators are static with known locations and have 
single directional communication range and no 
obstructions are present in the network. The 
network model is shown in Figure1.   

Fig. 2.The Grid Based Network Model With Eight 
Locator Nodes 

 
Antenna model  
 
       Locators equipped with directional antennas 
are able to transmit simultaneously and have 

radiated power rW and directive gain Gd > 1. They 

can vary their transmission range from zero to a 
maximum value Rmax further it is assumed that 
locators can change their antenna direction, either 
through changing their orientation or rotating their 
directional antennas. Sensor nodes inside the 
boundary of ROI are only considered for position 
estimation and calculation of average localization 
error.  

 
The modified algorithm 
       Set of sensors N and N ⊆ ROI is considered; let 
LHs denote the messages heard by the sensor N; 
during the transmission. By collecting beacon 

messages from the set of locators L0-7 the sensors 
can obtain their location (within an area rather than 
on a single point) inside the ROI of two locators.  
In the proposed modification, it is assumed that a 
sensor only receives beacon messages from locator 
and does not receive messages from its 
neighbouring sensors. The sensors that lie in the 
ROI of two locators can receive beacon message 
only from their respective locators, where as the 
sensors that lie outside the ROI are unable to 
receive the message. The location estimation of 
sensors is based on beacon information transmitted 
from a set of locators outfitted with single beam 
directional antennas. The single beam directional 
antenna concentrates its energy only in a particular 
direction and reduces interference of surrounding 
environment to increase the localization accuracy of 
sensors that lie within the ROI. The locator 
transmits in one direction with directed gain, Gd                                                                                                                             

 
(2) 

 
 
Gd is a function of angles θ andψ , 

with ( , )φ θ ψ specified as radiation intensity in a 

particular direction. The orientation of the 
directional antenna is denoted as α. If the main lobe 
of a directional antenna is towards a specified 
direction the radiation pattern can be approximated 
considering the locator at the center. Hence Gd also 

depends on the radiated power Wr  
 

 
(3) 

 
The radiated power is a function of solid angled Ω  
and can be obtained as, 

 
 

                                                                                 (4)                                                
 
According to Eqn. (4.3), d Ω  for a directional 
antenna is calculated by 

      
                (5) 

 
The elemental surface area ds are constant and R is 
considered as the transmission range of the locator. 
Since the ROI indicates the confined region where 
the sensors are tracked, therefore reducing the size 
of the ROI leads to a decrease in average 
localization error. The size of the ROI is precisely 
reduced by reducing R of the locators having a 
fixed position on a grid. Hence the average 

4 ( , )
( , )dG

d

π φ θ ψθ ψ
φ α

=
∫
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r

G
W

π φ θ ψθ ψ =

2
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d
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localization errorLE , that depends on the real 

coordinate X and estimated coordinateiX  for the 

sensors that lie inside the boundary of the ROI is 
determined. 

 
                 (6) 

 
Algorithm presents the steps for the Modified 
HiRLoc scheme. 
 
Algorithm: Modified HiRLoc scheme 
 
1. Select locators L0-7 with single beam directional 

antennas 

2. Deploy locators over grid, such that L0-7 ∈ LHs 
3. Deploy sensor nodes in network area, A 
4. Define locator node antenna orientation = α, 

locator range = R and directed gain = Gd 
5. Estimate ROI for all locator nodes 
6. Compute sector intersection for number 

transmission rounds if any 
7. If position of nodes N ⊆ ROI is estimated then 

calculate average localization    error LE  with 
respect to X and Xi, the coordinates else, go to 
step 5 end if 

 8. Position of sensor nodes is estimated 
 
      The position of locators in the proposed scheme 
is fixed over a grid, these locators can periodically 
broadcast beacon message including their current 
locations. It is obvious that the sensors compute 
their individual locations by listening to the beacon 
information sent by each locator. By means of all of 
the beacons that a sensor detects, the sensor 
computes an approximate location based on the 
coordinates of the respective locators that form an 
overlapping region. The final computed location for 
the sensors is therefore the ROI where they lie. 
 
RESULTS AND DISCUSSION  
 
      In this section, the simulation result of the 
proposed modified scheme is discussed and the 
comparison of the results with Centroid, SeRLoc, 
HiRLoc, RAL and ADLA schemes is done. The 
impact of single beam directional antenna on the 
locators deployed over a grid was evaluated for 
reducing the average localization error in the 
modified scheme. The parameters listed in Table 
4.1 were adopted during simulations conducted on 
WSN Localization Simulator v1.1. 

 

Table 1 Simulation Parameters 
 

PARAMETER VALUE 
Types of sensors Static 

Localization parameter Estimation of position 
Locator radio range 250 m 
Beacon radio range 40 m 
Locator beam width 45◦ 
Number of beacon 

nodes 
50 

Number of random 
locators 

8 

Number of static 
sensor nodes 

200 

Number of mobile 
sensors 

20 

Number of locators 2 
Locator antenna type Directed 
Locators deployment 

strategy 
Grid with 8 locators 

Gaussian parameters 
using Gaussian 

No 

 
Fig. 3 shows the variation in the number of nodes 
versus the average localization error for the 
Centroid scheme. It was observed that most of the 
nodes remained un-localized, and the average 
localization error was high. 
 
 

 
Fig. 3.Number Of Nodes Vs Average Localization Error 

For Centroid Scheme 
 
The simulation results of the SeRLoc scheme show 
that the sensor nodes localize with higher accuracy 
compared to the centroid localization scheme. Fig. 
4 shows the performance of the SeRLoc scheme 
which is secure against varying sources of 
localization error. 
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Fig.4. Number Of Nodes Vs Average Localization Error 

For Serloc Scheme. 
 
Fig.5 shows the simulation results of RAL 
algorithm. The results are in similar order as 
achieved for modified scheme, however the 
contradictory issues lies with respect to the 
simulation time as the simulation does not provides 
the time measurement during simulation. Hence the 
results can’t be authenticated. 

 
 
 
 
 
 
 

 
Fig.5. Number Of Nodes Vs Average Localization Error 

For RAL Scheme 
 
Fig. 6 describes the results of simulation for ADLA 
algorithm. The effect of number of nodes Vs 
Average localization error impacts and more 
sensors number of simulation estimate their 
positions. 
 

 
 
 
 

 
Fig.6. Number Of Nodes Vs Average Localization Error 

For ADLA Scheme 

 

 
 
Fig. 7 refers to the results of a robust and secure 
scheme, HiRLoc. The performance of this scheme 
offers more accurate results compared to Centroid 
and SeRLoc schemes in terms of average 
localization error. 
 

 
Fig.7. Number Of Nodes Vs Average Localization Error 

For Hirloc Scheme. 
 
The position estimation accuracy for the modified 
HiRLoc scheme is shown in Figure 5. 
 
 

 
 
Fig.8. Number Of Nodes Vs Average Localization Error 

For Modified Hirloc Scheme. 

 
       The increase in accuracy offers reduction in 
average localization error due to the locators 
outfitted with single beam directional antennas 
deployed over the grid experience a decrease in 
transmission range R, and estimate closer if ROI is 
reduced. The localization of sensors is more 
accurate because the distance difference between 
the estimated position and the real position of a 
sensor node is less. The proposed scheme has 
relevance if locators are distributed over a fixed 
position on a grid, and the ROI for each locator is 
obtained through the pattern of the single beam 
directional antenna outfitted on it to arrive at a 
precise calculation for estimating the position of 
sensor nodes. The locators are authorized and know 
their true positions on the grid it is easy for them to 
estimate the position of other stationary sensor 
nodes that lie within their ROI. Table 4.8 provides 
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comparison of the proposed scheme with other 
existing schemes discussed in this thesis for the 
same order of computational complexity. The 
average localization error calculated for the 
proposed modified scheme is less; the modified 

scheme also allows more number of sensor nodes to 
estimate their positions. The only drawback that is 
observed in the proposed scheme is with respect to 
the execution time, which is on the higher side as 
compared to other schemes.

 
Table 2 Comparison Of All Range Free Algorithms

 
COMPARATIVE SUMMARY  
 
The HiRLoc scheme is modified to locate the 
sensor nodes with consistently less average 
localization error. The modified scheme utilized the 
effectiveness of a single beam directional antenna 
and increased the localization accuracy with less 
number of locators placed at known locations on a 
grid. The simulation results show that the modified 
scheme offers better results for location estimation. 
The steps of the proposed algorithm are very simple 
and comparable to other global range free 
localization schemes. The simulation studies 
confirmed that reducing the transmission 
parameters for the locators placed at a fixed 
reference points leads to better location estimation 
of more number of sensors with less average 
localization error. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8 Number of sensors Vs time 
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HiRLoc SeRLoc CENTROID RAL ADLA 

LOCALIZATION 
OBJECTIVE 

Self  Self  Self  Self  Self 
 

Self 
 

ENCRYPTION KEY Used Used Used Used Used Used 
USE OF ANCHORS Yes Yes Yes Yes Yes Yes 
EXECUTION TIME 78 ms 15 ms 78 ms 0 ms 0 ms 7 ms 
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Fig. 9 Time Vs Localization Error 

 
CONCLUSION 
 
In this paper a new algorithm is provided that aims 
at reconstructing the missing node measurement 
information, the information which most 
localization algorithms are based on. Some results 
are given on the question of what is the minimum 
numbers of sensor nodes necessary to reconstruct 
the WSNs. An important feature of the squared grid 
which is more informative than its rank is founded. 
A reconstruction algorithm is developed and tested 
the same simulation parameters for various existing 
algorithms such as SeRLoc, Centroid, RAL and 
ADLA. 
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