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ABSTRACT 
Wireless Sensor Networks (WSNs) are the type of networks that are currently used in many applications.  
Some of these applications are critical and their information is very sensitive e.g. battle field and health care 
monitoring.  Any transferred data has to be known from where it comes.  In other words, most of the WSNs 
applications depend mainly on the location of each node in the network. In fact, the location may affect the 
decision to be made. The importance of localization is not only due to location identification but also it 
provides the base for routing, density control, tracking, and number many of other communication network 
aspects.    Therefore, it is very important that each node reports its location accurately. Unfortunately, GPS 
is not suitable for WSNs due to its cost in terms of nodes consumed energy as well as its availability. Many 
localization algorithms are proposed for WSNs; however, their accuracy is the main concern. This paper is 
designated to help the WSNs designers in selecting suitable localization algorithm for their applications. 
The paper presents as well as implements different localization algorithms and evaluate them.  
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1. INTRODUCTION  
 

With the advanced of MEMS technology, 
sensing devices became smarter and compact. 
Sensors are capable to auto-configure themselves 
and form a wireless network. In addition, WSNs are 
used in many critical applications including health 
care, military, and environmental monitoring.  
Accurate sensors’ locations represents as one of the 
important parameters that is reported with each 
message to the base station (sink node). GPS is one 
of the technologies that are used for location 
identification. However, GPS is still an expensive 
technology; at the same time, it consumes large 
amount of energy from the sensor nodes. In 
addition, GPS is not available in many places in 
which it limits the usage of WSNs.   

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 
as shown in Figure 1. Our interest in this paper is 
the range-free algorithms and we focus only on 
some of the recent algorithms that are widely used 

in many applications. The paper discusses DIL, 
HiRLoc, SeRLoc, PAT, and RAL schemes.  In 
addition, the paper shows our implementation to 
these algorithms and our 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. 

 
Figure (1):  Localization Schemes 
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Figure (2) Location Computation Of Normal Node With 

Help Of One Beacon Node 
 

The paper is organized as follows:  in the next 
section elaborates on the different localization 
algorithms; section 3 explores the performance 
evolutions in terms of different case studied; finally 
the paper concludes in section 4.    
 
2. LOCALIZATION ALGORITHMS  
 

Fortunately, there are many localization 
algorithms proposed to solve the problem of sensor 
location determination. As mentioned, the 
algorithms could be classified to range-based and 
range-free algorithms as given in Figure 1.  In 
range-based algorithms, the node could estimate its 
location according to: 1) Time of Arrival (TOA) in 
which the node location depends on propagation 
time [1]; 2) Time Difference of Arrival (TDOA) 
 [2] [3] [4] 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 [5].  
4) Received Signal Strength Indicator (RSSI) that 
estimates the location by translates signal strength 
to distance and consider multi-path fading and 
interference  [4] [6]. These methods are not suitable 
for WSNs due to either the usage of GPS which is 
expensive and not available everywhere or due to 
the required hardware for nodes to apply the 
previous techniques.   
 
2.1 Range-Free Localization Schemes 

The main advantage of Range-free algorithms is 
minimizing the localization error without any 
additional hardware cost. The range-free 
algorithms, in most of the cases, estimate the 
location of normal nodes (which location is 
unknown) from the signals sent by locator and 
beacon nodes (which locations is known). There are 

many parameters that directly affect estimation 
error in range-free localization algorithms: 

1- Node density(ND). 
2- Anchors heard (AH). 
3- Anchors to node range ratio (ANR). 
4- Anchor percentage (AP). 
5- Degree of irregularity (DOI). 

In the following subsections, we focus on the 
most recent algorithms as well as the most used in 
WSNs. We briefly explore the operations of DIL, 
HiRLoc, SeRLoc, PAT, and RAL algorithms. 
2.1.1 Distributed localization (dil) algorithm 

DIL algorithm proposed in  [7] considers three 
types of nodes normal nodes (have no location 
information), beacon nodes (have location 
information), and anchor or locator nodes (have 
angle information). Normal and beacon nodes are 
assumed that they are deployed randomly over the 
network while anchor nodes are deployed manually 
or randomly as well. In addition, the WSN is 
divided into several clusters with each one should 
be have at least one anchor. 

For the algorithm to operate, it assumes a 
rectangular outdoor monitoring region and it 
assumes that normal nodes get their angle 
information from anchor nodes. Moreover, nodes 
are assumed to be deployed on m × n monitored 
area and the communication range of the anchor 
node is double the sensing range,   RA = 2Rs, where 
Rs is the sensing range of each normal node. 

DIL is simply described in Algorithm 1. More 
details of Algorithm 1 are discussed by explaining 
the distance measurement and computing the 
coordinate’s steps. 

• Distance Measurement 
DIL uses the received signal strength indicator 

(RSSI) to obtain the distance between the beacon 
nodes and normal nodes. Certainly, due to the 
usage of RSSI, the wireless communication channel 
could be affected by fading and shadowing. 
Therefore, average path loss is computed according 
to the Equation (1).  
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Algorithm 1:  
Initialize: 
Waiting time Tn for each normal node; 
All fields of coordinate table = {ϕ}; 
Start: Node deployment strategy; 
Do 
{ 
For each Anchor node: 
Check: Neighbors of each normal node; 
Measure: Angle information for 
each neighbor of normal nodes; 
Transmit: Angle information to each normal node; 
For each Beacon node: 
Broadcast the beacon packets; 
For each Normal node: 
Setup: Waiting time Tn; 
Do 
{ 
Listen to the network; 
If (any beacon packet is received) 
Translate: RSSI into Distance; 
Start location computation; 
Update the coordinate table; 
End If 
} While (Tn is not expired); 
Calculate: Final result from all entries of the table; 
Output: Normal node’s location; 
} 
End 

   
 

 (1) 
where n is the path loss exponent, which depends 
on the specific propagation environment, d is the 
distance between Transmitter and Receiver, Pr (d) 
represents the received signal strength indicator 
(RSSI), Pt (d0) represents the transmission power at 
reference distance (d0), and Xσ is a random 
variable, which accounts for the random variation 
of the shadowing effect and is supposed to be 
Gaussian distribution with zero mean random 
variable (in dB) with standard deviation σ (also in 
dB). 

From equation (1) we can deduce equation (2) to 
calculate the distance d as follow: 

 

   (2) 
 

• Coordinate Computation 
As assumed, normal node must have received 

location information from at least one beacon node 
and angle information from one anchor node to 
calculate its own location. In addition, normal node 
must wait for a predefined timeout Tn units to 
receive RSSI value from beacon node. Based on 
this information, Figure (2) explains the location 
information computation process.   

According to  [6], let (x, y) be the coordinate of 
the normal node, (x1, y1) be the location of a 
beacon node B1, and (xa, ya) be the location of an 
anchor node. Distance between the beacon and 
normal node is d1. 

Let the angle between the anchor node’s x-axis 
and the line joining the normal and anchor node be 
θ. Based on these information, we can obtain two 
equations as follow: 

 
    (3) 

 
where k is a constant, which is obtained by 
substituting location of the anchor node. 
 

   (4) 
 

Taking communication range of a beacon node 
as a uniform circular disc, Equation (5) can be 
obtained as follows: 

 
  (5) 

 
Substituting Equation (3) in Equation (5) and 

upon simplification, Equation (6) can be obtained. 
 

 
 where, R is 

  (7) 
 

Since Equation (6) is a simple quadratic 
equation, x coordinate of the location of the normal 
node can be calculated easily. Now y coordinate of 
the location can be obtained by substituting value 
of x in Equation (3).  
2.1.2 Hirloc: high-resolution range 

independent localization scheme 
In this section we will discuss the HiRLoc 

scheme  [8]that allows sensors to determine their 
location with high accuracy even in the presence of 
security threats. However, we are not interested in 
the security threats discussed by HiRLoc. 

Our interest here is the localization techniques 
proposed in HiRLoc. 

The algorithm considers that there are two types 
of nodes: locator/anchor nodes which transmit 
beacons with location information and normal 
nodes (unknown location nodes). 

 
 
The algorithm considers that normal nodes 

determine its own location by received beacon 
signal from locator. The beacon signal transmitted 
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by locator node contains locator coordinates, angle 
of directional antenna, and locator communication 
range. 

Locator nodes updated this information every 
time and retransmit it to normal nodes. 

Normal nodes can define Locator sector area 
Si(j) based on beacon information. 

Let LHs(j) denotes the set of locators heard by a 
sensor s during the jth transmission round. 

By collecting beacons from the locators 
Li LHs(j), the normal node or sensor can compute 
its location as the Region of Intersection (ROI) of 
all the sectors Si(j). 
The ROI after the mth round of beacon 
transmissions can be expressed as the intersection 
of all the sectors corresponding to the beacons 
available at each sensor as given by the following 
equation:   
 

 
From equation (8), the sensor position is located 

inside ROI. Therefore, localization error can be 
reduced by reducing the size of ROI. This can be 
done by reducing the size of the sector areas Si(j) 
and, increasing the number of intersecting sectors 
Si(j). In our implementation to the reduction of ROI 
will be considered by varying the direction of their 
antennas, and varying the communication range via 
power control.  

There are two different methods to determine the 
ROI as follow: 1) by computing the intersection 
between all locator sectors, and 2) by estimating 
ROI after every round and the intersection with the 
previous ROI. These two methods are called by 
HiRLoc-I and HiRLoc-II.  

In HiRLoc-I, the estimation of the ROI is 
computed by collecting all beacons transmitted by 
each locator over time, intersecting all sectors of 
each locator and then intersecting the outcome as 
given in equation (9). 

 

 
The algorithmic steps performed for HiRLoc-I is 

summarized in Algorithm 2 and described as 
follows:  

Step 1: Initial estimate of the ROI: in this step, 
the sensor determines the set of locators LHs that 
will be used to determine the location of sensor. 

Step 2: Beacon collection: here, sensors are 
updated by changes in antenna orientation and 
locator communication range by the beacons signal. 

Step 3: Determination of the ROI: it means 
achieving computation of ROI based on the 
boundary lines of locator to reduce the 
computational complexity. 

In HiRLoc-II, the sensor computes the ROI by 
intersecting all collected information about locator 
at each transmission round as per equation (8). At a 
transmission round m the sensor intersects the 
newly acquired sectors as described in step 3 of 
Algorithm 1, and computes ROIm using equation 
(10). 

 

 
Then, the sensor intersects the ROIm with the 

previous estimate ROI (m - 1) to acquire the current 
estimate, ROI (m) = ROIm. 

 
2.1.3 Serloc: a secure localization scheme 
 

In this Section we describe SeRLoc scheme 
 [9]that enables sensors to determine their location 
based on beacon signal containing location 
information transmitted by the locators. Again the 
algorithm considers two types of nodes which are 
normal nodes and anchor or locator nodes. 

The idea is that each locator transmits beacon 
signal contains locator coordinates, and angle of 
antenna to determine location sensors as shown in 
Figure 3.  

As shown in Figure 3(a), a sensor s is able to 
hear four locators which are L1, L2, L3, and L4. 
Sensor s determines its position by executing a four 
step algorithm as follows: 

Step 1: the sensor hears from different locators 
and collects the beacons signals transmitted from 
locators.  

Step 2: the sensor determines an approximate 
search area within which it is located based on the 
coordinates of the locators heard.  

Step 3: the sensor computes the overlapping 
antenna sector region using a majority vote scheme. 

Step 4:  the sensor determines its location as the 
center of gravity of the overlapping region.  
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Figure 3: (a) Locators L1 − L4 transmit beacons at each 
sector and sensor s estimates its location,  (b) 

Determination of the search area, a rectangular area of 
size less than R2, (c) A rectangular area of size greater 

than R2   [9] 
2.1.4 Power tuning of anchors (PTA)  

In PTA algorithm  [10] it is assumed that all the 
locators are capable to tune their transmission 
power and transmit beacon signals at different 
power levels starting from maximum to minimum 
received by the normal nodes or sensors. Once 
more, the algorithm considers two types of nodes 
which are normal nodes and locator or anchor 
nodes. In addition, the algorithm assumes the 
mobility of normal nodes.  

 
Algorithm 2: 

 
s : define LHs =  
s : define As = [Xmax– Ri(1), Xmin– Ri(1), 
Ymax – Ri(1), Ymin+ Ri(1)]                          
s : store S←Si(1) : { (Xi, Yi) }, 

  
j=1 
for k=1 : Q–1 
      for ω = 1: N – 1 
          j++ 
          L reduce R(j) = R(j – 1) –  

          L : broadcast  

           s : S ←Si(j) : { (Xi, Yi) }, 
  
End for 
       j++  
Ri(j) = Ri(1),   
       L rotate  

       L broadcast Li  :  
        s : store S ←Si(j) : { (Xi , Yi) }, 
  
End for 
 s : compute ROI =  
 

Location determination for each mobile node is 
done by using the received beacon signals from 
different three locators. The mobile node then 
acknowledges the locators and requests for 
retransmission of beacon with reduced power. After 
that, locators will reduce the power level and 

retransmit the beacon signals again. Mobile nodes 
select two power levels for each selected 
locator(e.g. P4 and P5 as shown in Figure 4) ; based 
on this information mobile node can determine its 
own location.  More details could be found in [10]. 

    
 

Figure 4: Beacon Packet Transmission with Different 
Power Levels  [10] 

 

 
Figure 5: Restricted-area I  [11] 

 
2.1.5 Restricted area based localization 

(RAL) algorithm 
 

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 I as shown in Figure 5. More details could be 
found in  [11]. 
 
3. PERFORMANCE EVALUATION 
 

After the implementation of the four algorithms, 
DIL, HiRLoc, PTA, and RAL, the comparison of 
between these algorithms is introduced in this 
section.  The main criterion for the comparison is 
the localization error of each algorithm in compared 
to others with different network settings.  Five case 
studies are explored in this section; in the first case 
study, the impact of locator radius on the 

Locator   

Pi power level of Locator Node 

Locator node 
Normal Node 
Intersection point 
 
Restricted-Area I 
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localization error is studied. In the second case 
study, the effect of changing the number of the used 
beacons on the localization error is investigated. In 
the third case study, the localization error is 
computed when the beacons radiuses are changed. 
The experienced location error is also computed 
when locator beam width changed in case study 4. 
In case study 5, a comparison has been made 
between all of the algorithms in terms of the 
possibility of location detection and execution time. 

Throughout these experiments, a deployment 
field of 549 x 514 units is considered.  In addition, 
the number of deployed nodes in this area is 200 
nodes. The results of these case studies are the 
average over 10 runs with different problem 
settings. A snapshot of our simulator which is a 
modification to the simulator is shown in Figure 6.  

Before going through the cases studies, we 
summarized the characteristics of the four 
localization algorithms in Table (1). 
 

Table (1): Characteristics Of The Different Algorithms 
Parameter DIL HiRLoc PTA RAL 
Locator 
Antenna type  

Directio
nal 

Directio
nal 

Omni- 
directio
nal 

Omni-  
directio
nal 

Mobility N/A limitatio
n the 
mobility 
of 
locators 
within 
the 
range of 
sensor 

No 
limitati
on for 
mobilit
y 

No 
limitati
on for 
mobilit
y 

Possibility of 
location 
detection 

Low high medium high 

Execution 
time(comple
xity) 

low high medium low 

 
Case Study 1: Localization Error vs. Locator 
Radius 

In our first case study, we study the impact of 
locator radius on the localization Error. The 
locators’ radiuses change from 250 to 500 units as 
shown in Figure 7.   The average results show that 
average localization error seems to be fixed for all 
algorithms but RAL. RAL turns to be inefficient in 
terms of localization error with changing the 
locators’ radius. However, its performance seems 
reasonable with very low locators’ radiuses.  The 
results only show that DIL is the most stable 
algorithm with different locators’ radiuses.  In 
addition, PTA and HiRloc works fine till the 
locators’ radius reaches a certain point, 400 in our 
case, then the error percentages suddenly increases. 
After deeply investigating these algorithms, we 

found that when the radius of the locator increases 
more than the radius of the sensors, the error 
percentages increases sharply.   
Case Study 2: Localization Error vs. Number of 
Beacons  

Here, we study the impact of number of beacons 
on the localization Error. As shown in Figure 8, the 
number of beacons varied from 10 to 60.   The 
average results shows that HiRLoc and RAL having 
almost the same error rate and they are stable with 
the increasing the number beacons. On the other 
hand, PTA shows a large error rate almost all the 
time and it is slightly increasing with the increase 
of number of beacons.  Another conclusion can be 
drawn from the presented result is that DIL may 
experience unexpected error fluctuation with 
increasing the number of beacon.   
Case Study 3: Localization Error vs. Radius of 
Beacons 

In this test case the radius of the beacon itself is 
changed.  As shown in Figure 9, the beacon radius 
is varied from 40 to 90 units. As can be seen in the 
Figure, the localization error is almost fixed in all 
algorithms; however, the minimum localization 
error in this case is reported by HiRLoc algorithm.   
Case Study 4: Localization Error vs. Locator 
Beam Width 

Figure 10 depicts the relation between the 
variations of locator beam width in the localization 
Error. In this set of experiments, the beam width is 
changed from 15 units to 60 units.  Again, the most 
stable algorithms in terms of location error are 
HiRLoc and RAL. In addition, PTA algorithm is 
stable as well with high location error.   However, 
DIL seems to fluctuate with beam width changing.   
Case Study 5: Possibility of Location Detection 
and Algorithm Execution Time   of all 
Algorithms 

In this case study, we compare between all 
algorithms in terms of possibility of location 
detection and algorithm execution time. In this set 
of experiments, a large number of simulation cases 
are merged including different problem settings. 
Figure 11 shows the average results of the 
comparison.  As can be seen, although DIL almost 
has the lowest running time but its possibility to 
detect nodes location is very low. On the other 
hand, it seems that RAL, on average, has best 
performance among all of the algorithms since it 
has the lowest running time   and the best 
percentage of locating the nodes.  Although 
HiRLoc has a very good percentage of location the 
nodes but its execution time is the worst. 
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Figure 6: Simulator Snapshot 

 

 
Figure 7: Impact Of Locator Radius In  

 Localization Error 
 

 
Figure 8: Impact Of Number Of Beacons In 

Localization Error 
  

 
 

Figure 9: Impact Of Radius Of Beacons In Localization 
Error 

 
Figure 10: Impact Of Locator Beam Width In 

Localization Error 
 
 

 
Figure 11: Comparative Chart Between Simulation 

Output Parameter 
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4. CONCLUSION AND FUTURE WORK 
 

In this paper, we implemented four of the main 
localization algorithms and compared among them 
with different problem settings.  Our comparison 
will be helpful for WSNs designers in selecting the 
best localization algorithm to use. In our future 
work, we will study the effect of different mobility 
models on these algorithms.  
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