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Localization of wireless sensor network 
Abstract 

       Generation of communications networks demands, real-time localization 
and position-based services that are accurate, low cost, energy-efficient and 
reliable [26,35]. Every day, Wireless Sensor Networks (WSNs) technique 
can be used in many applications, such as targets tracking, natural resources 
realization,  monitoring in difficult reachable places ….etc. In these 
applications, the information is collected and transferred by the sensor nodes. 
many applications request these sensor nodes’ location information. 
Moreover, the location information is also necessary for geographic routing 
protocols and clustering [25,26]. All these mentioned above make 
localization algorithms important in WSNs services. Due to that, locations of 
sensor nodes are important for operations in WSNs.  
            In the simplest way localization mean identifying the location of the 
node. In WSN distribution of nodes will be randomly in a huge area, also to 
overcome high coast little number of sensors can be connected to GPS 
(nodes with known positions). it is important to determine the place which 
has an unstable environment under hard constraints. Global Positioning 
nodes (GPS) are not always possible GPS cannot work indoors, and power 
consumption is very high. Other sensor nodes estimate their distances to 
anchor nodes and calculate positions with multi-literation techniques. These 
methods provide a different level of accuracy with a small proportion of 
anchor nodes in WSNs [19,20]. The sensor nodes are randomly placed in 
unreachable positions by the vehicle robots or aircrafts to be used in many 
promising applications, such as health surveillance, battlefield surveillance, 
environmental monitoring, coverage, routing, location service, target 
tracking, and rescue [29].    
       Localization algorithms can be classified into two categories which are 
range free and range based. Various localization algorithms and 
methodologies have been proposed to deal with different problems in 
different applications.  
      This chapter discusses the techniques used in localization and compares 
them to  illustrate the choice of technique used in the network depend upon 
the application request. 
 
Key word: WSNs, localization error, accuracy, topologies , localization 
applications.  
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1.1 Concepts and properties of localization: 
 

         1.1.1 definition of localization and requirement 
 

  Localization is a process to compute the location of the wireless sensor in 
the WSNs figure(1) show the steps of this process.  
 

 
Figure(1):localization process. 

 
To determine the unknown node position in a large network with 

random deployment, that need a reference, those references are beacons 
which know their position by one of two methods manually or by connect to 
the GPS(global position system).first method not suitable in large network, 
many application use GPS but beacons are little in numbers in the network.  

 

Beacons have extra hardware to connect with GPS, increase the power 
dissipation. the unknown node estimates its position by beacons information 
around it, techniques used to locate unknown depend on the type of 
information between nodes .there are two localization techniques which are: 
rang-based or range The flow chart in figure(2) shows the sequence of the 
localization process.  
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        1.1.2 taxonomy of localization in WSNs 
  The WSNs localization  system requirements  are: 

Ø Large number of unknown position deployment sensors. 
Ø Small number of beacons. 
Ø Communication channel between nodes. 
Ø Measurement localization technique. 
Ø Localization algorithm to estimate location of unknown 
The taxonomy of the localization problem shown in figure (3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure(3): problem of localization. 
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1.2 Measurement Techniques for Localization in WSNs 
 
         Several measurement techniques are used to measure the signal 
exchange between nodes in WSNs as shown in figure(4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4): measurement techniques. 
      

Measurement techniques can be classified into three categories [22].  
As shown in Figure (4) .those measurements are, distance-related, Angle of 
Arrival (AOA), and the Radio Signal Strength (RSS) profiling techniques. 
we briefly discuss these techniques along with their restriction in different 
WSNs applications. 
 

• Angle of Arrival  (AoA) 
 
 

 
  

B 
Figure (5): angle of arrival(AOA). a)how to measure the angle of arrival. (b) a 

circular array of the antenna.  
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Unknown node location can be estimated using the angle of two 
anchors signals in figure (5). These are the angles at which the beacons 
signals are received by the unknown nodes [2]. Unknown nodes use the 
triangulation method to estimate their locations [1]. The AOA measurements 
classified into two categories: one from the receiver antenna’s amplitude 
response and another from the receiver antenna’s phase response. nodes used 
this method use special type of antenna called array antenna increasing the 
array that increases the accuracy of position estimation but increases node 
hardware, and power dissipation.at least use 3 antenna array to apply the 
triangulation method. The localization error could be large if there is a small 
error in measurement. The accuracy is depended on the directionality of the 
antenna and measurement s.in real environment error must happen due to 
shadowing of multi-path noise, due to that AOA has low accuracy, and not 
reliable with WSNs. 
 

 1.3 Distance Related Measurement 
 

Distance related measurements technique can be classified as  
propagation time measurements (one way, round trip and time difference of 
arrival (TDOA)), RSS based and connectivity based measurements 
 
          1.3.1. Propagation Time Measurement 
 

 The principle of propagation measurement depends on measure the 
time taken between receiver and transmitter, and measure the velocity by 
know both its easy to get distance. this type of calculation is similar to that in 
radar. If the sensor network is based on UWB radar systems, we can talk 
about UWB WSN. This type of network cans be very helpful for applications 
such as through wall or rubble or snow object location during security 
operations, etc. [13]. 
 

  Propagation Time Measurement classified into three categories which are: 
 

Ø One way propagation time measurement in this type measures the 
time difference between transmitted signal and received, and by 
knowing the velocity of signal we can determine the distance. major 
challenge is synchronization between transmitter and receiver .a 
small difference between the local times at the transmitter and the 
receiver will cause large error in estimating distance . to increase the 
accuracy of this method need to use clock synchronization in 
receiver and transmitter, that increase the cost and power dissipation, 
because that it is less attractive in WSNs. 
 

Ø Round trip propagation time measurement measures the 
difference time when a signal sent by a sensor node is returned from 
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the second sensor node to the first sensor node. In this technique, 
there is no demand to synchronization clock because time difference 
calculated at receiver .but here delay will increase because the delay 
achieves in the second sensor node to handle the signal, process it 
and send back again. 

       In general, the synchronization problem for both one way and 
round trip propagation time measurements are affected by noise, 
signal bandwidth, non-line-of-sight and multipath environment.  
 

Ø Time difference of arrival measurement measures the difference 
of arrival time by two separate receivers, assume that both receivers 
are synchronized. This technique requires three receivers to uniquely 
locate the transmitter location. the disadvantage of this technique is 
synchronization which affected by noise, and multipath. 

 
1.3.2 Received Signal Strength (RSS) Based Measurement 

 
Received signal technique measure the strength of received signal 

between two nodes to estimate the distance. the relation between received 
signal strength and distance is normal distribution as shown in figure 1.6. 

 

 
Figure (6): Log–normal distribution for the packet with rss=83db. 
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The relation between signal strength and distance is written as follow: 

 
          Where pR(d) is received signal power,pT is transmitted power and pl 

(d0) is the path loss for a reference distance of  d0 andᵑ is the path loss 
exponent. Given the model and the model parameters, which are known via a 
priori measurements, the distance between two sensor nodes can be obtained 
from the RSS measurements. Localization algorithm can then be 
execute to use this distance and estimate the position using the iteration 
algorithm. 
 
           1.3.3. Connectivity Based 
 
         In the Connectivity Based technique measure the connectivity between 
nodes, if a sensor node connects to another one which is in its range get a 
binary number (1), if there is no connection get (o). after that, account 
number of hope between connected sensor, this counting of number of hopes 
used to calculate distance. this method is very easy and gives small 
localization error .class of algorithms use this technique called rang free.  
 
1.4 Localization techniques: 
  
         Depend on the measurement of inter-sensor distance, localization 
algorithms in WSNs can be classified into two categories: centralized and 
distributed [21] as shown in figure(7).  
 

 
Figure (7): classification of localization in WSNs based on sensor interior. 

1.4.1Centralized Localization Techniques 

localization techneques
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In a centralized localization technique, all the inter-sensor measured 

distances are sent to the central location where the positions of each sensor 
node are calculated. [4],[14]. 

The Base station determines the location of each node by collected data 
and transfer them back into the network. The collection of information 
performed by message rotate between nodes, hence, with the number of 
nodes increased in-network, centralized localization algorithms become 
lower energy-efficiency, longer delay, and larger network communication 
traffic. On another hand, it will obtain a relatively high accurate location. 
Common node has light calculation burden. In general, this technique is not 
suitable in a large network.lk. figure (8) shows the physical connection of the 
centralized technique. 

 
Figure (8): centralized WSNs[10]. 

 
          The famous centralized localization algorithms are Multi-Dimensional 
Scaling-Mobile Assisted Programming (MDSMAP), Semi Definite 
Programming (SDP), Simulated Annealing based Localization (LBSA). 
 
5.5.2 Distributed Localization Techniques: 
 

In distributed localization [19], [20],[29],[18], sensor nodes perform 
the required computation themselves and communicate with each other to get 
their location in the network. Depend on range measurements, the distributed 
localization can be classified to range based: and range-free localization 
techniques. Distributed localization technique is suitable for the huge area 
and numerous environments, these methods give high accuracy for nods 
location, also low coast and power consumption due to the little number of 
nodes use GPS. most outdoor applications use a different type of distributed 
techniques. Show in figure (9). 
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Figure (9): distributed WSNs. 

 
 

The distributed technique classified into two categories which are: 
 
    1.4.3 Range Based Localization Techniques 

    
         Range-based localization employs distance  estimation angle 
information or received signal strength Obtained by measuring techniques. 
Some well-known range-based algorithms are RSSI algorithm (received 
signal strength indicator, TOA algorithm (time of arrival) ， AOA algorithm 
(angle of arrival), TDOA algorithm (time difference of arrival) [6],[1],[39].  

 
    1.4.4 Range free localization techniques 

 
        Range free algorithms do not require distance or orientation information 
between nodes for localization. Range-free algorithm provides cost-effective 
localization, but their results are less accurate than the range-based 
algorithm. Some typical range-free localization algorithms are APITA 
algorithm (approximate point-in triangle test), centroid, amorphous, DV-Hop 
(distance vector-hop) [15]. show figure (10). 
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Figure (10):range free techniques. 

 
 

• Hop Count Based 
 

    All the range-free localization techniques at most use hop count based 
information to Calculate the distance between connective nodes to determine 
the unknown position.DV-Hop and Centroid are the famous approaches of 
this type. 
 

• The centroid algorithm  
is a classical range-free localization algorithm. After Receiving the 
beacon nodes, a node estimates its location using the centroid formula 
designed for sensor nodes that have at least three neighbor beacons 
nodes. As shown in figure (11). 

 
 

 
 

 
 

 
 

 
 
 
 
 

 Figure (11): Example of centroid algorithm with three anchor nodes. 
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          Centroid has very low communication and computation cost and can 
get relatively good accuracy when the distribution of anchors is uniform. 
However, if the distribution of anchors is not even, the estimated position 
found from the Centroid algorithm will be inaccurate. 
 
• DV-HOP 

  
The main idea of DV-Hop is that the nodes exchange the traditional 

distance vector packets so that each node has the short path and knows the 
coordinates of all beacons, that make the hop count-based method of DV-
Hop and hop requires a small number of anchors. Then, each beacons 
broadcasts its average distance of each hop with data packets. When the 
unknown node receives the average distance of each hop, it calculates the 
distance to each beacon according to the recorded hop information. figure 
(12) shows an example of DV-HOP. 

 

The actual distances between beacon i and the other two beacon j and k 
are dji and  dik , respectively. Hop number hij and hik are 3 and 4, 
respectively, then beacon i can calculate the average distance to each hop, 
which is ci = (dji + dik)/(hij + hik) = (dji +dik)/(3+4). Therefore, the 
unknown node p obtains the average value of each hop to beacon i, and 
calculates the distances to beacons i, j, k are ci , 3ci , 4ci respectively. 
 
Then p calculates its coordinates using trilateration or maximum likelihood 
estimation (MLE). 
 

 
Figure(12): DV-HOP example. 
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DV-Hop propagates distance estimation among beacon nodes 
represented by the number of hops throughout a WSN. beacon nodes can 
then estimate the average distance of each hop, with which each sensor node 
calculates its estimated distances to beacon nodes. By multi iteration. there 
are two disadvantages of DV-HOP it needs uniformly distribution and the 
same attenuation of signal strength in all directions. but, both disadvantages 
can be disappeared by modify the following metric of the algorithm.  
 
• average hop distance 

 
Modifying the average hop between beacons increase the accuracy of 

the algorithm and decreases average error. Such as [17], modified the 
location accuracy by improve the network average hop distance based on 
minimum mean square error. Many modified averages hop helpful to 
decrease the localization error. 
     
Improve based on average hop distance: 
 
      In the random distribution node density and connectivity of the network, 
many works improve the average hop distance between beaccon nodes to 
modify the position estimation accuracy . it improved the location accuracy 
by modifying the network average hop distance based on minimum mean 
square error criteria as    HopSize	56 = 789:;8<:8

789:;8
=  where 𝑑5? is the straight line 

distance between beacon nodes 𝑖 and	𝑗, ℎ? is the hop segment number 
between beacon nodes 𝑖 and 𝑗. Another algorithm calculate the error 𝑒5? as 
𝑒5? = 𝑑EFG

5,?  − 𝑑GIJE
5,?  ,Where 𝑑EFG

5,?  is the estimated distance  between beacon 
nodes	𝑖 and 𝑗, 𝑑GIJE

5,?
 is the Euclidean distance between anchors 𝑖 and 𝑗.finally 

,correcting the average hop distance by HopSize	EKK
5,?  = HopSize5 − E

:,8L	E:,M

;:,8L	;:,M
 , 

Where 𝑚 is the closest beacon node 𝑖 and HopSize5 is calculated as    

HopSize5 = 
789:OPQ:	R	Q8	S

=
L	PT:	R	T8	S

=
	
		

789:	;:8	
, where (𝑥5,𝑦5) (𝑥?,𝑦?) are the 

coordinates of beacon nodes 𝑖 and 𝑗 and ℎ5? is the number of hops between 
anchor 𝑖 and 𝑗.  
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• node information and nearest beacon 

  
          Modifying average hop in anisotropic network is increase the accuracy 
of localization But, these approaches are accurate insofar only when the 
topology is isotropic. The shortest path between two sensor nodes calculated 
by Euclidian distance.in isotropic WSNs it is possible, otherwise happened in 
an anisotropic WSNS, figure (13) shows an example of anisotropic WSNs. 
 

 
  C-shape anisotropic WSN. 

Beacons=34 , nodes=170, node rang=20m 
 
 

Figure (13): example of anisotropic WSNs topologies. 
 

         Because the modification in the algorithm use methods were suggested 
using the anchor node information and the relationship between the anchor 
node and sensor node or topological deployment shape information to 
improve the DV-Hop localization method. To decrease the effect of 
holes(obstacle shape), Shang et al. [17] suggest using only four nearest 
anchors, assuming that the shortest paths to the nearest anchors may be less 
influenced by irregularities, and this does produce good results in some cases 
but with a drawback of the possibility to falsely drop some good anchors 
which can increase the localization accuracy. 
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     1.5.5 Analytical Geometry Based 
 

In this method, the average hop distance evaluated theoretically by 
using the statistical characteristics of the network deployment. The 
calculated average hop distance is locally computable at each sensor node, 
and it has to be broadcasted to other sensor nodes. 

Analytical Geometry Based dealing with anisotropic environment by 
two types of modification methods, to calculate the estimated distance 
between anchors and sensors based on whether the beacon is slightly 
detoured or strongly detoured from normal sensor nodes. 

For slightly detoured beacons, it use the information from the nearest 
beacons (namely reference station) and this reference station must be within 
three or four hops away from normal sensor nodes. That means the beacons 
distribution density must be very high. It is one of the designed methods to 
decrease the strongly detoured beacons.  However, no indication of how 
many beacons fall in the strongly detoured category because it may be 
impossible to accurately determine which beacon is little detoured and which 
are strongly detoured. Solution of this problem in [27, 24] by calculating the 
angle of the detoured path Between beacon and sensor nodes. 

Another algorithm discusses in [3] that average hop distance and 
number of hops between beacons and sensor nodes are enough to calculate 
the accurate position of the sensor nodes. It also depends on the number of 
connecting nodes (which forward any data between two nodes). By using 
this information along with other information, the solution showed that 
further accuracy can be achieved. 

1.5.6 Mobile beacon Based 

The mobile beacon navigates to the sensing field and periodically 
broadcasts its current location coordinate, Also the sensor node listens to the 
beacon messages, once the mobile beacon enters the communication range of 
the sensor node. Later, the sensor nodes choose three non-collinear 
coordinate points of the mobile beacon node and use various mechanisms to 
estimate position .depend on this basics several localization algorithms are 
designed [30,31,19,10,5]. 

 

In [31] the author discusses the geometric conjecture (perpendicular 
bisector of the chord of a virtual circle) based range-free localization 
algorithm, where a mobile beacon path through a sensing area and 
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periodically broadcasts its current location coordinates. The neighboring 
sensor nodes keep track of receiving and transmitted beacon coordinate 
points to construct a chord on its communication range. The sensor node 
repeats this process until it gets at least three coordinate points from the 
moving beacon node on its communication range. The line segments 
between these three selected coordinate points make two chords on their 
communication range. After that, the perpendicular bisector of the two cords 
gives the position estimates of the sensor nodes as shown in figure (14). 

  
Mobile beacon movement 

 
Beacons points selection 

 

 
Analytical estimation location 

 
 

Figure(14): steps of the analytical algorithm[31]. 
 

This algorithm modified in [19] geometric constraint-based 
localization scheme, in this scheme the selection process of the three anchor 
coordinate points on the communication range of the sensor node remains 
the same as in [31]. The steps to find the location are, first, the intersection of 
the selected two beacon coordinate points know the constraint area of the 
sensor node. This process is repeated with another two intersected points to 
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decrease the constraint area of the sensor node. Finally, the average of all the 
intersection points gives the position estimates of the sensor node. 

    Another algorithm in [38] modifies the main algorithm in [31] the object is 
decreasing the constraint area by the new type of moving beacons paths 
create a specific type of constraint area for the sensor node. To identify the 
potential location of the sensor node within different constraint areas, several 
intersections are created within various constraint areas until the final arrival 
of the coordinate points before the final departure of the beacon node. Each 
additional intersection narrows down the potential location of the sensor 
node within the intersection constraint areas. However, the scheme shows 
high localization error when the random waypoint mobility model is used for 
the moving anchor node. Also, the scheme is computationally expensive 
because of multiple intersection computation. 

 
Figure(15):  specific beacon transceiver 

 
 

Another approach [38] discuss a curve fitting method along with a 
mobile beacon node to calculate the location of the sensor node. In this 
approach, the received and transmitted coordinate points of the moving 
beacon nodes are saved and this is repeated as many times as the moving 
beacon re-enters the communication region of the sensor node. The 
localization begins by fitting a curve on the few selected coordinate points on 
communication range as shown in figure (15)and iteratively calculated 
through the Gauss-Newton method. The center coordinates of the fitted 
curve define the position of the sensor node figure (16). 
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Figure(16): beacon curve fitting transceivers. 
 

 

Another approach in [5], where the localization begins with an 
approximation of the geometric arc parameters. The approximated arc 
parameters are used to create the chord on the virtual circle. After that, the 
perpendicular bisectors of the chords along with the approximated radius are 
used to estimate the position of the sensor node. The accuracy is increased 
for boundary nodes too. 

Many techniques are designed so far, a common fault to all mobile 
beacons based Localization schemes achieve when considering the longer 
periodic interval of the message send by the anchor node and the irregular 
radio propagation pattern. 
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    1.5.7 Hybrid Data Fusion 

 

 
 

Figure (17):  classification of hybrid data fusion in WSNs. 
 

The basics of hybrid data fusion are to combine the information from 
different positioning systems with various physical measurement techniques 
to obtain low power consumption and higher accuracy as compared to other 
stand-alone localization techniques .today, there are two approaches, 
distributed and centralized as shown figure (17). Iterative positioning 
[27,32,33] and mutual link selection [11,41] are used with the distribution 
method. In iterative multiple literation, once the position is estimated for 
unknown nodes, this node is used as the beacon node for other unknown 
sensor nodes. Multiple iterations are needed to complete the localization 
process. 
   
     One important application is pedestrian tracking [34] show in figure (18). 
this hybrid technique combine inertial measurement and RSS information via 
a Kalman filter. 
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Figure(18): structure of WSN for road controlling. 
 

     Simple hybrid methods [36, 37] were based on fingerprinting RSS 
method or map-based method. Otherwise, another method [38] uses a 
channel modeling technique, where a propagation channel model gives a 
direct relationship between the distance of two nodes and the RSS. Then, 
triangulation or multi literation is used to estimate the node position from a 
set of distances to some known beacon nodes. This approach has minimal 
calibration cost. Additionally, fusion between inertial measurements and 
channel-based localization provides higher accuracy as compared to 
fingerprinting based methods. 

      Many applications used hybrid data fusion techniques connected to 
WLAN with the built-in camera on a smartphone for position estimation [7]. 
These applications use visual marker spree-installed on the floor for the 
position correction. Visual information is merged with the radio data to track 
a person wearing a tag using a mobile robot in indoor environments The 
author in [33]discuss a method to modify range-based sensors and ID sensors 
(i.e., infrared or ultrasound ensign sensors) using a particle filter to track 
people in a networked sensor environment.  

       Another approach is based on the fusion of video and compass data 
acquired by the beacon node [23]. This system calculates the beacon node 
location by utilize a digital comp ass (magnetometer), an image taken by a 
video camera and the exact location data for some geographically-located 
referential objects (e.g. electricity transmission towers, solitary trees, furnace 
chimneys, etc.) situated in the deployment area. This method, due to the low 
price of digital compasses, is helpful for video-based or multimedia-based 
WSNs, where the nodes already contain digital compasses may simply 
become beacon nodes or anytime the GPS receiver is not considered to be 
the suitable solution. Some approach modifies a hybrid localization system 
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in WSNs, which is contained a coarse-grained localization system and fine-
grained localization system. The coarse-grained localization system takes the 
wireless signal strength as the reference for distance and gets the harsh area 
as the unknown node. The fine-grained localization system is in charge of 
location refinement that takes an image to localize the unknown node with 
camera sensor nodes. 

    All hybrid data fusion system used to decrease localization error and 
power consumption of the network by combining more than one method in 
collecting data.  

1.6 Performance evaluation Criteria for Localization in WSNs 
 

  Evaluation of WSNs is very important to construct a fit network to a 
specific application. the main metric are accuracy, localization, coverage, 
scalability, robustness, cost, scalability, Topology etc. The decision of this 
metric is more important than the others depend on the demand of the 
application this WSN designed for it .so, evaluation metric is an interested 
branch for researchers, users, designers.  

• Researchers interested in this metric to decide which one of these 
metrics is more important than others, and use the fit algorithm for 
this application. Also, they study the relationship between this 
metric against each other to modify the network. 

• Designers take the researcher's result and built it in the real 
environments with choose the available contents of this network 
with low cost(the type of nodes, which channel suitable for 
application area, configuration,……etc.). 

• Users must have a good a knowledge about service get from the 
WSN. 

 

    1.6.1 Accuracy 

Accuracy in WSNs can be defined as how much the estimated 
location found by the localization algorithm near to the correct position in 
actual. The simplest method to calculate accuracy in 2D space is to 
determine the summation residual error between estimated algorithm 
location and actual position for each node and divide over total nodes 
number to get the average error.as in the equation		 
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																													𝐸𝑚𝑛𝑒 = 
7:YZ
[ 	OPQ:RQ:

~S=LPT:RT:
~S=L	P]:R]:

~S=

^
        (2) 

      

Where (xi,yi)is actual node position and( x͂i, y͂i)is the estimated position, and 
n number of sensor in the network.  Also, the root mean square error can be 
used to .it is similar to the average error which given by 

𝐸I_F = 	𝑚𝑎𝑥5ab…^ d(𝑥5 − 𝑥5~)g + (𝑦5 − 𝑦5~)g +	(𝑧5 − 𝑧5~)g        (3) 

 

Sometimes it's important to find the error by using distance to reflect the 
relative geometry of the network estimated by the localization algorithm and 
the relative geometry of the actual network. Which find by 

                  GER = b
^(^Rb)/g

 k∑ ∑ m<
n:8R<:8
<:8

o
g

^
?a5Lb

^
5ab            (4)   

 

The distance error between the algorithm estimated distance (d͂ij) and the 
actual distance (dij) is normalized by the known distance (dij), calculating 
the error a percentage of the known distance. 

To defining accuracy well that need to use relation reflects the root mean 
square error this error is called GDE 

                 GDE = b
p 
k∑ ∑ q

rs:8tr:8
r:8

u
=

[
8Y:vZ

[
:YZ

^(^Rb)/g       (5)  

   

   Where R is the rang of sensor node. 
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1.6.2 cost  

Cost of a localization technique involves hardware cost, 
communication cost, and computation cost. Hardware Cost includes the node 
density, the density of beacon nodes and measurement equipment [40]. 
Communication cost includes two parts inter-node communication and 
communication between nodes and Base Station (BS) or Central Server. 
Centralized Localization procedure often covers communication between 
sensor nodes and BS, unfortunately, this communication cost consumes more 
energy as compared to inter-node communication or computation cost. That 
is why distributed algorithms are often more suitable than centralized 
algorithms because in distributed approach computation cost and inter-node 
communication is less than communication between BS and nodes. 

     1.6.3 Coverage 

Coverage metric of WSNs can be defined as how many nodes 
success to identify its location by the estimated total number of network 
nodes. this metric dependent on:  

v number of beacons in the network 
 

Beacon nodes are those nodes which know their coordinates by use 
of additional hardware such as a GPS receiver or by manual handling. 
Beacon configuration has an important effect on the localization. The 
disadvantages of using beacon nodes are increasing hardware cost 
because GPS receivers are very expensive; also beacon nodes can't be 
used for indoor localization. The advantages of using beacon nodes 
are that we can easily get global coordinates which used to determine 
the unknown nodes location. 
 
v Node Density 

 
Many localization techniques are sensitive to node density. For 
example, hop-count based technique generally needs high node 
density so that the number of hops approximation of the distance is 
correct [40]. Thus, when designing the network, it is important to 
consider the desired technique in terms of node density. 
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   1.6.4Topologies 

Defining real placement of node by knowing its topology has an important 
role in WSNs accuracy. scattering node in the network can be classified into 
two strategies which are: 

• Regular deployment 
 

Sensor nodes are placed uniformly in the coverage area of the network 
this type reflects the actual deployment of most WSNs applications. 
sensor nodes in this type are scattered by aircraft .in estimation location 
nodes calculate the shortest path by the information from beacons and by 
calculating the number of hopes node can estimate its position with low 
error and high accuracy. 

• Irregular deployment 

based on hole size and shape inside the network area, the shape of the 
Irregular topologies have different known deployment which are C-
shaped, S-shaped, L-shaped, O-shaped, etc. many applications use those 
deployment .distance between nodes depend on Euclidian distance 
algorithm. the main disadvantage is the detoured path between nodes 
because of that there is a difference between the estimated hop distance 
and the actual Euclidean distance is large. Individual error is 
accumulated and result in increasing the localization error. as show in 
figure1.19 path between two nodes around obstacle. 

 

Figure (19):irregular O-shape 
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1.7 comparisons between centralized and distributed techniques 
 

    Centralized techniques depend on collect all information in BS due to that 
those techniques are high localization accuracy than distributed because in 
centralized base station has more overview of the network. But the main 
problems of centralized algorithms those are not scalable and not suitable for 
large scale networks, Other drawbacks of centralized techniques than 
distributed are their higher computational complexities, unreliability because 
of the low accuracy in accumulated information (waste information may 
happen over multi-hop) collected from multi-hop sensor nodes to the central 
node in WSN. On the other hand, distributed techniques are more complex in 
the localization algorithm and deployment of sensor nodes are difficult than 
localization techniques but it is scalable, less power consumption, accuracy 
is fair, low cost, high accuracy than centralized. In general, most application 
of WSNs depends on distributed localization techniques.  

    1. 7.1 Comparison between Range Based and Range free Localization 
Techniques 
 
 Range-based Range free 
Coast more less 
Level of accuracy High (85%-90%) Low (70%-75%) 
Power consumption more less 
deploy ability Hard essay 
Dependency on additional 
 hardware  

yes no 

Robustness High low 
 

Table (1): comparison between range free and range-based localization techniques. 
 
 

      5.7.2 comparison between range-based techniques 
 

Localization  
 algorithm 

Accuracy Hardware coast Computation 
coast 

Distance-based 
• RSSI 
• TDoA 

 
median 

 
low 

 
low 

high high low 
Angle based  

• AoA high High low 

 
Table (2):  comparison between range –based techniques. 
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Table(2) summarized the main differences between types of range-
based techniques discussed in this chapter to indicate the character of each 
one. the farmhouse one in the researcher is RSSI because it is low cost and 
suitable for many WSN application with a small localization error that 
increases the accuracy of it .but  the decision of choosing the type of 
network-dependent only on the requirement of the network.  
 
       1.7.3 Comparison between Range free Localization Techniques 
 
Technique coast Node 

density 
accuracy Overhead scalability 

APIT low >16 good small yes 

DV-hop 
medium >8 good largest no 

Multi-hope 
high >12 good large no 

Centroid 
low >0 fair smallest yes 

Gradient 
low >6 average large yes 

 
Table (3):comparison between range free techniques. 

 
The range-free localization techniques are the most widespread in 

WSNs because no need for more hardware increased in the sensor nodes 
.also, algorithms of these techniques based on distance between nodes that 
make them easy to implement and have high accuracy with low cost. 
 
1.8 applications based on localization 
 

 Many application based on localization of  WSNs, in this section make 
scope on the important applications which are: 
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  1.8.1  location-based services 
 
 

 
 

Figure (20): The common location-based service (LBS) system deployment 
contents: LBS servers, localization, communication networks, and mobile users. 

 
A typical LBS application working in a centralized network, i.e., the 

location information collected by the mobile devices of users are reported 
(using wireless communication infrastructures) at a central location server 
for processing, as illustrated in Figure (20). As shown, the architecture of 
this LBS application consists of the following four parts: (a) LBS users with 
smartphone devices; (b) positioning services, based on localization 
infrastructure; (c) communication networks (channels); and (d) third-party 
service providers. During the normal operation of the LBS application, each 
user needs to report their location-based on information to the third-party 
LBS provider due to receive the service.  

 
The Smartphone devices, used by LBS users, can embed different 

positioning systems (e.g., GPS) to know current geographic locations and 
other information. also, they can produce a wireless connection through 
communication channels (e.g., a cellular network), transmit an LBS query 
and then return the query result from the service providers. 
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     1.8.2 Ambient assisted living (AAL) and health applications 
 
 

 
 

Figure (21): different healthcare examples: ambient assisted living (AAL), 
emergency response and patient monitoring. 

 
 

The main goal of this type of application is to improve health care,   
The most beneficial category of this application are the elderly, patients need 
care in home every time, ALL help them to control their health conditions 
example of the indoor localization systems depend on the AAL applications 
are “Smart Floor Technology” to detect the presence of people and the 
“Passive Infrared Sensors” to notice the motion of people. some AAL use 
ultra-wideband (UWB) technology such as orthopedic computer-aided 
surgery as well as its integration with smart surgical tools such as a wireless 
probe for real-time bone morphing is implemented. 
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    1.8.3 Robotics 
 

 
 

Figure (22): connection between people and robots 
 

The application based on robotics applications based on a robot move 
periodically between nodes in the WSNs and the node which have a problem 
transmit its signal and the robotic define its position by identify the path 
from the nearest node information to solve the problem the main problem 
solved by this scenario in WSNs when the node has low power. robotic 
constraints can be variable like programing it to detect fire or defect  samples 
in an industrial factory,……etc. an other example Ubiquitous Networking 
Robotics in Urban Settings (URUS), an example of using localization for 
evacuation in the emergency, where the robots tell the people to the 
evacuation place. 
 
1.8.4 Cellular Networks 
 

Connect the WSN to the cellular networks increase the accuracy of 
localization. All the above Applications can be combined with cellular 
network, every generation of cellular network improved to fit with WSNs. 
 
 1.9 Conclusion 
 

In this chapter, we classify various localization techniques to 
centralized and decentralized or distributed techniques.  A comparative study 
of localization techniques is also given with a focus on their limitations, 
costs, and benefits. The designer must choose the low hardware cost and 
high accuracy. 
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